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Integrating an Adapted, Low-Intensity Program to Promote
Early Childhood Development in Routine Health Visits in Rural
India: A Feasibility Study
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ABSTRACT: Objective: More than 200 million children younger than the age of 5 years fail to reach their full
developmental potential in low- and middle-income countries (LMICs). The purpose of this study was to describe
the feasibility of integrating a brief program to promote early childhood development within a health care setting
serving a predominantly rural population in India. Methods: We conducted a prospective, noncomparative,
mixed-methods study. An adapted parent-directed program was administered to caregivers of 2- to 6-month-old
children while waiting for their health care provider. Caregivers completed baseline and 4-week follow-up
surveys. Thematic analyses and generalized equation estimates were used for analyses in the following feasibility indicators: acceptability, demand, implementation and practicality, and limited efficacy testing. Results:
Forty-seven caregivers were recruited; most were women (98%) and had equal to or less than 12 years of
schooling (61%). Forty-six of 47 participants completed the follow-up at 1 month. Three administrators were
trained to deliver the program over the course of 2 days. Caregivers perceived a need for the program and found
the content and structure of the program useful. However, there were important suggestions for improvement,
including greater visual content and dissemination to nonparental caregivers and fathers. Significant increases
were seen on self-reported parenting behaviors regarding a child’s caregiving environment. Conclusion: Our
findings support the feasibility of integrating an adapted, low-intensity program in a primary care setting in India,
but important adaptations and considerations will need to be addressed before effectiveness testing on a wider
scale. We discussed implications for offering sustainable population-level interventions to promote early
childhood development in LMICs.
(J Dev Behav Pediatr 00:1–8, 2019) Index terms: early childhood development, LMICs, parenting, primary care, sit down and play.

M

ore than 250 million children younger than the age
of 5 years living in low- and middle-income countries
(LMICs) are at risk of not reaching their full developmental potential because of the negative impacts of
poverty and stunting.1 Poverty can profoundly affect
a child’s life course trajectory through its effects on
a child’s early everyday experiences and social environ-
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ment during the first 3 years of life.2 Because of its importance for healthy brain development, this period of
time offers an important window of opportunity and
vulnerability for a child. For children living in poverty and
who are exposed to increased levels of chronic stress, it
can be a period of extreme vulnerability, resulting in
a cascade of physiologic and epigenetic disruptions that
affect brain structure, function, and developmental outcomes.3 Because early child development is predictive of
long-term educational, economic, and health outcomes,
the correction of these early delays has become an international priority, with organizations such as the World
Health Organization (WHO), United Nations Children’s
Emergency Fund (UNICEF), and American Academy of
Pediatrics insisting countries address not only child survival but child development as well.4
Importantly, an abundance of multidisciplinary research demonstrates that the quality of caregiving a child
receives during these early important years of brain development can either exacerbate or mitigate the negative
effects of poverty on development.5 Specifically, studies
indicate that a cognitively enriched home with nurturing
caregiving can promote healthy development even in
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adverse conditions.6 Thus, programs that augment caregiving offer a prime opportunity for lessening the negative
developmental effects of poverty. Given the important
role of caregiving, it is necessary to consider policy-level
factors that can support families in their caregiving, including strengthening maternal well-being, assuring equitable pay, improving food provision and security, and
ensuring safe and secure governance.7
The health care setting is another important modality
that can be used to help promote and support key parenting behaviors specifically through its integration with
early childhood development programs. The health care
setting has a number of advantages, including being
nonstigmatizing, having an established location and infrastructure, and accessibility to a large population of
families. Leveraging these advantages may address some
challenges traditionally faced by home visiting and
center-based parenting programs internationally, which,
although they can be very successful, can also be costly
and have limited reach.8 Indeed, in the United States,
primary care-based parenting programs have been
shown to improve participation in cognitively stimulating activities and promote responsive interactions.9–11
There are also examples of pioneering interventions
that have used the health care setting to strengthen parenting behaviors in LMICs, many with positive impacts.
For example, in a clinic-based program in the Caribbean,
parenting groups, digital versatile disks (DVDs), community health workers, and nurse visits were used in combination to promote parenting knowledge and early child
developmental outcomes.12 The Care for Child Development, an early childhood intervention developed by
WHO and UNICEF, used pediatricians to promote positive
parent-child interactions during sick visit appointments in
Turkey and demonstrated positive impacts on the amount
of cognitive stimulation a child received in the home 1
month after receiving the intervention.13 Recognizing the
promise of the health care setting to promote key parenting behaviors that support early childhood development, international public health agencies have
called for strategies to expand access and further integrate
development promoting programs into this setting.14

Present Study
As a formative step toward an accessible and effective
program to promote early childhood development in
settings beyond the United States and in LMICs, we
sought to build on these pioneering programs and evaluate the feasibility and acceptability of integrating Sit
Down and Play (SDP) in Karnataka, India. SDP is a brief
evidence-informed primary care-based program that aims
to leverage the health care setting to enhance a child’s
early social and learning experiences.15 This mixedmethods study was suggested by the framework of
Bowen et al.16 for feasibility studies and is structured
around its following core elements: implementation and
practicality, acceptability, limited efficacy, and demand.
As described in Table 1, these key elements were oper2 Pediatric Development and Health Care in LMICs

ationalized to inform future implementation strategies
for population-level early childhood development programs, with a specific focus on clinics serving lowincome communities, for use in LMICs.

METHODS
Study Design
A prospective, noncomparative, mixed-methods study
was conducted. This study design was chosen based on
published guidelines to establish feasibility, evaluate acceptability, and gather preliminary data for future
implementation before larger-scale, more costly
studies.16,17

Study Setting
This study took place from September 2017 to November 2017 in a hospital-based primary care clinic
serving families with low income from rural villages in
the state of Karnataka in India. Karnataka is located on
the southwest coast of India and has 61 million residents,
of whom 20% live in poverty, with a disproportionately
higher number of those affected by poverty living in
rural areas.18 Study protocol approval was obtained by
the Institutional Review Boards located at the University
of Illinois at Chicago and Jawaharlal Nehru Medical
College, Belagavi, India.

Primary Care-Based Program: Sit Down and Play
Sit Down and Play (SDP) is a brief health care-based
program, with a specific focus on clinics serving lowincome communities. It is based on existing parentdirected programs (e.g., Reach Out and Read, Care for
Child Development) that strive to enhance a child’s early
social and learning experiences but with strategies to
promote sustainability and expand reach to the millions
of families who may benefit from a low-intensity
population-level approach. SDP is currently being evaluated to inform development and scalability in a large
hospital-based primary care clinic in Chicago, Illinois,
serving a predominantly low-income urban population.
Results, to date, demonstrate acceptability and suggest
benefits for key parenting behaviors that promote early
childhood development.15,19
Informed by social cognitive theory, SDP incorporates
observational learning (repeated modeling of the desired
behavior), facilitators (presence of resources to engage
in behavior), knowledge (awareness of benefits of positive parenting behaviors on child’s development), selfregulation (concrete strategies for the parent to achieve parenting behavior), and self-efficacy to affect
parenting behavior.20 It is designed to be delivered by
nonprofessionals or volunteers during the untapped time
that a family waits to be seen by their child’s health care
provider. As previously described, during each 10minute session, administrators of SDP initially provide
education on the importance of playing and interacting
with a child.19 They subsequently model examples of
Journal of Developmental & Behavioral Pediatrics
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Table 1. Application of the Framework of Bowen et al. for Feasibility
Studies
Feasibility Area of Focus

Outcome(s) Assessed in Feasibility
Area of Focus for SDP

Implementation and practicality: To what extent
can a program and measure be successfully
delivered to intended participants using
existing means, resources, and
circumstances and without outside
intervention?

Success with recruitment; ability to collect
outcome measures; establishment of training
and fidelity measures; cost of materials

Acceptability: To what extent is a new program
judged as suitable or satisfying to program
recipients?

Satisfaction with SDP

Limited efficacy: Does the new program show
promise of being successful with the
intended population, even in a highly
controlled setting?

Impacts on key parenting behaviors

Demand: To what extent is a new idea,
program, process, or measure likely to be
used?

Perceived need for SDP

SDP, Sit Down and Play.

how to use simple age-specific toys to facilitate these key
interactions while playing with a child. Caregivers are
then asked to play with their child and provided feedback, which emphasizes praising and reinforcing positive behaviors. Finally, caregivers are given the toy to
take home with a discussion on how to incorporate play
activities into every day routines and activities.

Participants
Caregivers were eligible to participate in the study if
they were: (1) older than the age of 18 years, (2) had
a child between 6 weeks to 6 months of age, (3) were
presenting for a well-child visit, and (4) self-identified as
the “primary caregiver.” Although SDP was designed for
delivery at the routine visit for children younger than 2
years of age, the time period between 6 weeks and 6
months was chosen to coincide with when routine visits
for immunizations occur most frequently in India.21
Consequently, this period allowed for relatively rapid
pilot testing to aid in the development and design of
future, potentially more costly studies. Caregivers were
excluded if their child was sick or if they could not
communicate in Kannada, Marathi, or Hindi, the primary
languages spoken by the families seen in the clinic.
A sample size of 40 caregivers was chosen a priori
based on the numbers the authors deemed would likely
be sufficient to examine questions of feasibility, explore
acceptability, and pilot the training. An additional 7
caregivers were recruited to account for the potential
loss to follow up.

Procedure
Informed consent was obtained from eligible caregivers who were consecutively approached during this
study and told that a study was being conducted to better
understand how children spend their time during the
Vol. 00, No. 00, December 2019

day. SDP was administered to caregivers after baseline
measures were obtained in the examination room while
families waited for their child’s provider. One month
after recruitment, participants were asked to return to
the clinic, where caregivers participated in a structured
interview to assess usefulness and acceptability of SDP.

Measures
A variety of qualitative and quantitative measures
were used. We present relevant data collection instruments below, organized by the core elements the
framework of Bowen et al.16 for feasibility studies:
implementation and practicality, acceptability, limited
efficacy, and demand.
Implementation and Practicality
A sociodemographic questionnaire was verbally administered to all participants. Key variables included
ages of caregivers and children, the number of children,
years of schooling, and family structure. Implementation
and practicality were operationalized as success with
recruitment, ability to collect outcome measures, establishment of training and fidelity measures, and cost of the
materials to deliver SDP.
Acceptability and Demand
Acceptability and usefulness of the program were
assessed through qualitative open-ended interviews in
participants’ native language at the follow-up visit by
a research assistant. Interviews consisted of 4 core questions with follow-up probes aimed at eliciting caregivers’
feedback about the program as follows: “Have you used
any of the play tips that were discussed during the first
visit with one of the research staff members? Those who
responded that they did were asked, “Can you tell me
which tip you have used the most?” Those who responded they did not were asked, “What are some of the
reasons why you didn’t use the play tips?” (See the Appendix for additional questions; Supplemental Digital
Content 1, http://links.lww.com/JDBP/A244.)
Limited Efficacy
Key items from the United Nations Children’s Emergency Fund Multiple Indicator Cluster Surveys Early
Childhood Development Module (MICS; http://m ics.
unicef.org/tools) were used to assess caregiver participation in cognitively stimulating activities. The MICS has
been widely used internationally with demonstrated association on child developmental outcomes.7 Participants were asked at recruitment and at the follow-up
survey whether they or any household member older
than the age of 15 participated in any of the following
activities with their child in the past 3 days: (1) read
books to or looked at picture books, (2) told stories, (3)
sang songs, (4) took the child outside the home, (5)
played together, or (6) named, counted, or drew things
together. Positive responses were summed to create
a raw score. For any positive response, caregivers were
also asked to specifically identify who participated in any
of the learning activities (e.g., mother, father, or
grandparent).
Copyright Ó 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Data Analyses
Qualitative Analyses
Research assistants conducted the interviews in the
participant’s native language. Responses were directly
recorded in English by the research assistants. The transcripts were then transcribed by a research assistant not
involved in collecting the data. The research assistants
who conducted the interview reviewed the transcribed
entries for accuracy.
English transcripts were coded using the qualitative
software Dedoose (version 7.5.9). The coding approach
followed structured guidelines for thematic analysis, including identifying themes, reviewing and revising
themes, and refining themes and subthemes.22 The coding team consisted of a behavioral pediatrician (first author) and a doctoral clinical psychology graduate student
(second author), each of whom had previous experience
with qualitative analyses. The first author generated an
initial list of provisional a priori codes based on anticipated categories from the focus group questions (deductive), which was then revised as additional codes
emerged inductively from the data. This codebook was
refined through an iterative process because transcripts
were reviewed. Coders independently coded all transcripts and then met regularly to review code applications
and reach consensus. Discrepancies were addressed by
discussion and establishing consensus on code applications or determining whether revisions of the coding
scheme were needed. Once consensus was achieved on
all coding, themes were identified through an iterative
process of considering all excerpts within a given code
and identifying patterns within the data, followed by
considering multiple codes in tandem and identifying
patterns across codes. The final stage of analysis involved
corroborating previous stages by closely examining code
application and identifying patterns and emergent themes
to ensure that final themes were representative of data
excerpts and assigned codes.23
Quantitative Analyses
Descriptive statistics were used to assess the characteristics of the sample using percent for categorical variables and means with SDs for continuous variables. The
McNemar test was used to compare preproportions and
postproportions within paired samples. Generalized estimating equation models were applied to examine changes
in parenting practices related to participation in early
cognitive stimulation with the learning items from the
MICS. The items were summed for a total score as well
analyzed individually. All statistical tests were conducted
under the significance level 0.05 and SAS 9.4 software
(Cary, NC).

RESULTS
Implementation and Practicality
Forty-seven caregivers were consecutively enrolled
over a 12-day period in September. All families who were
approached agreed to participate in this study. Most of
4 Pediatric Development and Health Care in LMICs

the caregivers in our sample were women (98%) and
younger than 30 years (81%). Sixty-one percent of participants had equal to or less than 12 years of schooling
(Table 2). Forty-six of the 47 caregivers returned to the
clinic for the follow-up interview.

Table 2. Demographic Characteristics of the Sample
Overall n 5 47
N

%

22

47

2

8

17

3

13

28

4

10

21

Child
Gender (female)
Child age, mo

5

5

11

6

11

23

46

98

18–20

6

13

21–25

17

36

26–30

15

32

31–35

7

15

36–55

2

4

47

100

No formal schooling, illiterate

1

2

Attended school

46

98

Parent
Gender (female)
Age, yr

Marital status
Married
Highest education level

Highest level of education completed
Primary school (grades 1–8)

7

15

Secondary school (grades 9–12)

22

47

Some post-secondary education
(e.g., vocational, university)

18

38

1

26

55

2

10

21

3

3

6

4

3

6

Household
No. of children in the household

5

4

9

6 or more

1

2

2

8

17

3

6

13

4

9

19

No. of adults in the household

5

7

15

6 or more

17

36
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The team implementing Sit Down and Play (SDP) in
Karnataka, India, was made up of providers located in
both the United States and India and consisted of a developmental and behavioral pediatrician, psychologist,
neonatologist, primary care pediatrician, pediatric physical therapist, pediatric speech therapist, and research
assistant. Members of the team initially held an introductory in-person meeting to discuss the objectives of
SDP and goals for the program based on the needs of the
local population in Karnataka, India. After conducting
several phone meetings, the first author travelled to India
for an in-person meeting with the remainder of the Indiabased team to further adapt the U.S.-based program for
Karnataka. Adaptations included additional education for
caregivers regarding the importance of play on a child’s
development, further emphasis regarding the potential
impact of parent-child interactions on later development,
and translation of the program’s content into Kannada,
Hindi, and Marathi, the local languages spoken in
the area.
Three individuals with various levels of education
were trained to deliver SDP in Karnataka for this study:
a pediatrician, a physical therapist, and a research assistant. The training involved group discussion regarding
the importance of play and parent-child interactions on
early child development, followed by the content delivery of SDP. Training involved demonstrations, roleplaying, and discussions to hone skills in 3 key
domains: (1) communication and education, (2) modeling of key parenting behaviors, and (3) provision of
feedback. An SDP Fidelity Checklist, which was adapted
from the Chicago Parent Program Fidelity Checklist, was
used to assess SDP administrator competencies in each
of the 3 key domains.24 Administrators delivered the
program initially in English to each other and then in
native languages to nonenrolled families. A threshold
score of 85% was used to verify each SDP administrator’s
acquisition of skills before study delivery.
Training for the administrators of SDP occurred over
a 2-day period for a total of 8 hours, with all administrators meeting fidelity criteria based on the adapted
SDP Fidelity Checklist. The major cost associated with
the program was the cost of the toys, which was approximately $3 per toy, as well as incentive and transportation cost for the follow-up portion of this study.

One aspect of the program that tended to resonate
with many families centered around their role in promoting their child’s development in the area of speech.
For example, 1 parent commented, “It [SDP] helped to
understand how child receives our speech and
responds to it. It helped to teach him how to talk, what
to talk to him. It helped in understanding how to play
with child. It helped to understand what kind of talking made him happy.” Many caregivers appreciated
having potential misconceptions addressed, including
the age at which children start understanding language
or responding to language. For example, 1 mother noted
that before receiving the program, she thought, “babies
can understand talking only at 2 years.”
Although caregivers overwhelmingly were satisfied
with the program and found it to be useful, they did have
suggestions to improve it. First, they noted that it would
be beneficial to receive information at multiple visits
versus at just 1 timepoint. Second, they wished to have
more demonstrations regarding activities to do with their
child. Parents reflected on how beyond individual conversations, they would have also liked to have this information received through other communicative means
such as books or posters in the office. Finally, parents
commented that other caregivers, and grandparents
specifically, should also receive the educational content
of the program because they often spend a significant
amount of time with children.

Acceptability

Parents’ perceived need for the program was reflected
in their recommendation to disseminate it to other families. One mother stated, “It is better if someone gives
information or knowledge as how received. Because I
can see the changes.” Parents commented that the
knowledge they gained from the program encouraged
them to engage more with their child, resulting in positive
changes in their child’s behavior. For example, 1 mother
stated, “Yes, spending more time with baby, can see
baby responding more. I can give or talk about various
things to the baby and make her more intelligent.” For
many parents, having a greater understanding regarding

Caregivers were receptive to the content of the program, particularly because it is related to education surrounding parenting behaviors that could positively affect
a child’s development. The education they valued included information regarding the importance of play,
strategies on how to play with their child, and discussions regarding interacting and responding to their
child. For example, 1 mother commented, “I got to
know so many things like how to play with a baby.”
Another mother stated, “We get knowledge about the
importance of talking, playing and using a toy.”
Vol. 00, No. 00, December 2019

Limited Efficacy
Summary scores related to stimulation activities that
promote early childhood development as assessed by
United Nations Children’s Emergency Fund Multiple
Cluster Index Surveys increased significantly among
participants 1 month after receipt of SDP (e.g., told
stories, p , 0.02, played with child, p , 0.01; Table 3).
Figure 1 demonstrates that the number of mothers,
fathers, and nonparental caregivers who participated in 3
or more learning activities with their child over a 3-day
period increased over the time of this study (p , 0.001).
Participation in activities increased significantly among
mothers and nonparental caregivers after receiving SDP
(p , 0.001); significant changes were not seen among
fathers.

Demand

Copyright Ó 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Table 3. Preliminary Effects of Sit Down and Play on Interactive
Parenting Behaviors
Behavior That Occurred by
Household Member Over the
Age of 15 Years in Past 3 Days

ba (SE)

95% Confidence
Interval

p

Read books to or looked at picture
books with child

2.27 (1.11)

0.10–4.44

0.04

Told stories to child

1.33 (0.57)

0.21–2.45

0.02

Sang songs to child or with child,
including lullabies

1.35 (0.52)

0.33–2.37

0.009

Took child outside the home,
compound, yard, or enclosure

0.92 (0.30)

0.33–1.5

0.002

Played with child

1.91 (0.76)

0.42–3.39

0.012

Named, counted, or drew things
to or with child

1.29 (0.41)

0.49–2.09

0.002

a
b, the mean difference in scores between baseline and 1 month after receipt of Sit Down and Play using the generalized
estimating equation. SE, standard error.

their involvement in their child’s development provided
a sense of permission to spend more time with their child.
One mother stated, “It will help me spend quality time
with the child.” Another parent noted, “[The baby’s] father has supported spending more quality time with the
child because of the program.”

DISCUSSION
Poverty can have profound impacts on early childhood
outcomes and a child’s subsequent life course trajectory.
However, targeting a child’s early social experiences and
environment in the first years of life provides 1 important
strategy to mitigate these negative effects. The current
study findings support the feasibility of adapting a brief
theory-informed early childhood development program
for use in a health care setting serving a low-income rural
population in India with potential to promote parental
participation in cognitive stimulating activities.

Figure 1.

Many of the barriers encountered in low-resourced
clinics in the United States—such as structural barriers,
provider access, and cost for developmental and psychosocial programs25,26—may also be parallel to those encountered in low- and middle-income countries (LMICs).
Therefore, strategies that can address these barriers, such
as those in this study, and can be successfully implemented in such health care settings could be a particularly
useful model in LMICS, which may be facing similar difficulties. The strengths of this approach include alleviating
the need for extra visits, delivery of content by administrators with a range of education, and optimizing all the
time spent at a health care facility, including often wasted
untapped time waiting for a provider.
Although our program was well-received, there were
important suggestions to improve its acceptability. Some
of these suggestions will likely bring additional challenges that will be important to consider for future
implementation. First, parents expressed a need for
more visual prompts and materials to convey the program’s content. In the United States, caregivers receiving
Sit Down and Play (SDP) are given a handout with additional suggestions for activities that they can do at
home. Given the feedback from parents, we will also
create visual content that incorporates the multiple languages spoken in this region. In addition, as in the United
States, potential limitations regarding literacy abilities
will need to be thoughtfully addressed when developing
program materials.
Second, participants commented that delivering the
program information to other caregivers in their homes
would be valuable. Interestingly, although most of the
participants in this study were mothers, there were significant changes noted in nonparental caretakers’ behaviors regarding learning activities. Although we cannot
conclude nonparental caregiver behavior change resulted
from active sharing of this information, it does suggest

Prevalence of caregivers involved in 3 or more cognitively stimulating activities with their children in the previous 3 days. NS, not significant.
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potential for “spillover” of information. Given that over
half of the participants reported having 5 or more adults
in the home, how to deliver this content to other family
members who may spend more time than parents with
young children will be an important point to consider. In
addition, how to reach fathers, who in our study did not
demonstrate a significant change in participation in cognitively stimulating activities, will also need to be
addressed. One potential strategy may be take-home information in the form of handouts as an initial first step.
Alternatively, asking participants to bring other caregivers
to an office visit may be another possible solution.
Participants also noted that it would be beneficial to
receive SDP at multiple visits versus at just 1 timepoint.
Given the brevity of the program, it likely will be beneficial to have delivery at multiple visits to reinforce the
program’s message. However, there is variability in the
recommended number of well-child visits from country
to country. For example, in the United States, there are 8
to 10 well-child visits in the first 2 years of life; in India,
there are 5 to 7. The fewer touchpoints and subsequent
potential impact of an already low-intensity program will
need to be carefully assessed.
Although in this study, we were able to provide the
toys without difficulty because of their relatively low cost
and small size, how to store and distribute the toys at
multiple time points will be another important logistical
consideration for future delivery. In addition, the feasibility and sustainability of acquiring the toys necessary for
large-scale implementation in LMICs may be limited.
However, this could, in part, be addressed by more accessible alternatives, such as the use of homemade toys or
use of a toy library. Finally, the recognition that health
workers and ancillary staff may already be overworked so
as to not cause additional burden on the existing workforce will be critical for future implementation.
One limitation to our study was that participants were
from predominantly low-income rural communities in
Karnataka, India. Combined with the fact that most of the
participants in our sample were mothers, generalizability
across genders and locations is limited. Another limitation
was that parenting outcomes were measured based on the
self-report and were subject to bias. However, parents
were administered a validated instrument used in previously published studies in LMICs to measure parenting
practices both before and after the intervention without
being told the purpose of the study. Finally, our pilot
study did lack a control group. Consequently, assumptions
regarding the efficacy of SDP compared with the passage
of time or no treatment cannot be made.
Despite these limitations, our study demonstrates
promising opportunities that routine well-child visits offer for improving early childhood development beyond
SDP. First, it provides a modality to address and integrate
services for additional comorbidities that affect child
development, specifically parental mental health. Although not specifically targeted toward parents, the utilization of the primary care setting to address mental
Vol. 00, No. 00, December 2019

health in adults is already promising in LMICs, including
India and Chile.27,28 Second, it affords access to caregivers who may not necessarily be parents but who can
have significant impacts on a child’s key early everyday
experiences. Examples of such caregivers include extended family members and those who take care of
children who have been orphaned because of parental
death or abandonment. Third, this model may be applied
to reach families who are exposed to a range of adversity
in addition to poverty, such as displacement, war, and
abuse. Finally, the primary care setting offers opportunity to integrate services with other complementary
programs, including home visiting and group-based
programs. This may offer 1 potential solution to delivering programs to caregivers who may not routinely
attend well-child visits (e.g., grandparents).
As future studies expand on these lines of inquiry, it
will be important to integrate community members’
feedback into the program development process because this is a critical component of creating an intervention that is acceptable to the target population.
This study’s rapid enrollment rate, the remarkably high
retention rate (97%), and active participation of parents
in the follow-up qualitative interview suggest that
parents were eager to engage in programs that support
their children’s development and share their feedback to
help shape such programs. Thus, it will be important to
leverage both quantitative and qualitative methodologies
to capture both parent and child voice as well as
outcomes.

CONCLUSION
Our findings demonstrate that an adapted, lowintensity, primary care-based program in a hospitalbased clinic serving low-income rural communities in
India was feasible and demonstrated potential for encouraging key parenting behaviors that promote early
childhood development. Future studies that examine the
effectiveness of Sit Down and Play, including those in
health settings beyond hospital-based clinics in low- and
middle-income countries, are warranted. In addition,
assessing impacts on parenting and child outcomes as
well as evaluating differential effects based on age at
exposure, length of exposure, and age at evaluation will
be next important steps.
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Abstract
South Asia has >50% of the global burden of low birth weight (LBW). The objective was to
determine the extent to which maternal nutrition interventions commenced before conception or in the 1st trimester improved fetal growth in this region. This was a secondary analysis
of combined newborn anthropometric data for the South Asian sites (India and Pakistan) in
the Women First Preconception Maternal Nutrition Trial. Participants were 972 newborn of
mothers who were poor, rural, unselected on basis of nutritional status, and had been randomized to receive a daily lipid-based micronutrient supplement commencing �3 months
prior to conception (Arm 1), in the 1st trimester (Arm 2), or not at all (Arm 3). An additional
protein-energy supplement was provided if BMI <20 kg/m2 or gestational weight gain was
less than guidelines. Gestational age was established in the 1st trimester and newborn
anthropometry obtained <48-hours post-delivery. Mean differences at birth between Arm 1
vs. 3 were length +5.3mm and weight +89g. Effect sizes (ES) and relative risks (RR) with
95% CI for Arm 1 vs. 3 were: length-for-age Z-score (LAZ) +0.29 (0.11–0.46, p = 0.0011);
weight-for-age Z-score (WAZ) +0.22 (0.07–0.37, p = 0.0043); weight-to-length-ratio-for-age
Z-score (WLRAZ) +0.27 (0.06–0.48, p = 0.0133); LAZ<-2, 0.56 (0.38–0.82, p = 0.0032);
WAZ <-2, 0.68 (0.53–0.88, p = 0.0028); WLRAZ <-2, 0.76 (0.64–0.89, p = 0.0011); smallfor-gestational-age (SGA), 0.74 (0.66–0.83, p<0.0001); low birth weight 0.81 (0.66–1.00, p
= 0.0461). For Arm 2 vs. 3, LAZ, 0.21 (0.04–0.38); WAZ <-2, 0.70 (0.53–0.92); and SGA,
0.88 (0.79–0.97) were only marginally different. ES or RR did not differ for preterm birth for
either Arm 1 vs. 3 or 2 vs. 3. In conclusion, point estimates for both continuous and binary
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Introduction
South Asian (S. Asian) countries, including India, Pakistan, Nepal, and Bangladesh, have wide
intra- and inter-cultural diversity but much in common to encourage a regional perspective
on women’s and children’s nutrition [1]. Despite recent declines in frequency of stunting, 38%
of children under 5 years of age in S. Asia are still stunted, with rates exceeding one-third each
in Pakistan, India, Bangladesh, and Nepal [2]. This region, because of the size of the population
and high rates of stunting, accounts for 40% of the global burden of stunting [2–7]. Though
wasting rates for children under the age of 5 years are lower, they remain unacceptably high,
especially in India, as do rates of underweight in women of childbearing age. Only in Sri Lanka
and Maldives is undernutrition now over-shadowed by excessive rates of obesity and diabetes
[2]. The causes of early childhood stunting in S. Asia, as elsewhere, are multifactorial. However, low birth weight, especially low birth size for gestational age is a major factor [3, 8–10]. S.
Asia accounts for over 50% of the global occurrence of low birth weight (LBW), with both
Pakistan and India being major contributors to this high figure [11]. Furthermore, it has been
postulated quite convincingly that recent figures are underestimates [9]. Even relatively mild
fetal growth retardation is a strong predictor of stunting by two years of postnatal age. This
applies whether the incidence of fetal growth failure is evaluated with birth weight or/and
length measurements [12].
The importance of fetal growth directs attention to the in utero and, therefore, the maternal
environment. Poverty is a common and overriding environmental cause of population fetal
and postnatal growth retardation, and the apparent ‘enigma’ of the very high level of stunting
and wasting in S. Asia has also been attributed specifically to the low social status of women in
poor rural communities [13]. However, other factors contribute, among which malnutrition
has a prominent primary and secondary role requiring specific preventive measures. In one
study, birth size was strongly positively correlated with the intake of micronutrient-rich foods
and with milk and fat intake [14]. Recent reviews of childhood stunting in S. Asia have
included recognition of the importance of maternal nutrition and have given attention to the
nutrition of non-pregnant women [4, 10, 15–20]. Priority attention to eliminating maternal
undernutrition and fetal growth retardation are recognized to be central to health and sustainable development in S. Asia and elsewhere [21–24]. Public health measures focused on attention to nutrition at a community level are contributing to recent progress in India, Nepal,
Bangladesh, and elsewhere [25–29]. However, current statistics reinforce the need to both
ramp-up the application of existing evidence-based strategies and to test new strategies to
improve women’s and, therefore, fetal nutrition [13].
Here we report the newborn anthropometric data for the combined S. Asian sites participating in the Women First Preconception Maternal Nutrition Trial [30].

Objectives
The primary objective of this study was to determine the quantitative improvements in the deficits in birth anthropometry resulting from commencing maternal nutrition supplements at
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least three months prior to conception or in the first trimester of pregnancy in the combined
S. Asian sites participating in the Women First Preconception Maternal Nutrition Trial.

Methods
Ethics
The project was approved by the Colorado Multiple Institutional Review Board, University of
Colorado; JNMC Institutional Ethics Committee on Human Subjects Research and the Indian
Council of Medical Research (India); and The Aga Khan University Ethical Review Committee
(Pakistan); and the Data Coordinating Center. All of these are registered with US Office of
Human Research Protection and with Federal-wide Assurance in place. Written informed
consent was obtained from all participants. The study protocol is available online: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4000057/. The Clinical Trial Registry number and
website is ClinicalTrials.gov #NCT01883193; https://clinicaltrials.gov/ct2/show/
NCT01883193?term=01883193&rank=1.

Study design and outcomes
This study was a secondary analysis of neonatal anthropometric outcomes in the Women First
trial [30]. The parent study was an individually randomized, non-masked, multi-site randomized controlled efficacy trial conducted in four sites. The study sites are part of the of the
Eunice Kennedy Shriver NICHD Global Network for Women’s and Children’s Health Research
(GN) and are composed of a total of 24 geographic clusters from the GN Maternal Newborn
Health Registry Each cluster has approximately 300 deliveries per year [31]. The trial included
three arms: Arm 1 started the nutrition supplement for pregnant women at least three months
prior to conception; Arm 2 commenced the same supplement near the end of the first trimester; and Arm 3 which did not receive any trial supplement. This South Asian sub-study was
not included in the original Women First Preconception trial protocol or data analysis plan
but was conceived as a separate sub-study prior to data analyses for those maternal / newborn
dyads who had gestational age determined by ultrasound in the first trimester.
The continuous outcomes reported here by study arm include newborn length, weight,
head circumference (HC), length-for-age Z-score (LAZ), weight-for-age Z-score (WAZ), HCfor-age Z-score (HCAZ), and weight to length ratio-for-age Z-scores (WLRAZ). Categorical
outcomes include small for gestational age (SGA, weight <10th percentile for gestational age),
low birth weight (LBW, <2500 g), preterm birth (PTB, gestational age <37 weeks), LAZ <-2,
WAZ <-2, WLZ <-2 and WLRAZ <-2. Also included are RR for Z-scores <-1 because of
their predictive value for subsequent infant growth [12].

Subjects and randomization
The participants included in this study were newborns whose mothers met all criteria for
inclusion and retention in the parent study and who had ultrasound measurements of crownrump length (CRL) in the first trimester. They were located in resource-poor rural communities in two S. Asian countries (India and Pakistan) and enrolled into the study between January
and December 2014; data collection was completed in March 2017. The mothers of newborns
in Arms 1 and 2 did not receive non-trial nutrition supplements during the trial intervention
period. A high percentage of Arm 3 mothers in the India site received iron-folate supplements
commencing by 12 weeks gestation, but the consumption of prenatal iron-folate was negligible
in the Pakistan site. Women who had twin pregnancies were not excluded.
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The Data Coordinating Center (DCC) created the randomization scheme and centrally
generated the allocation sequence for each site. The scheme included a permuted block design
stratified by GN clusters for assigning individual participants to a trial arm. The allocation
ratio was 1:1:1 within blocks which randomly varied between sizes of 3, 6, or 9 for each site.
Once an eligible participant was identified, the randomization assignment was generated by
the site data manager from the centralized computerized data management system maintained
by the DCC.

Nutrition intervention
The principal intervention was a lipid-based micronutrient supplement (Nutriset, Melauney,
France) which also provided a favorable balance of polyunsaturated fatty acids and small quantities of protein and energy [32]. This product had minor modifications to a product previously designed for pregnant/lactating women [33]. Participants were instructed to take one
sachet daily until delivery.
An additional protein-energy supplement was provided to women whose BMI was <20 kg/
m2 from the time of randomization for Arm 1 participants and from the beginning of the 2nd
trimester for Arm 2 participants. This protein-energy supplement was also provided to any
Arm 1 or Arm 2 participant who failed to meet guidelines for gestational weight gain in the
2nd and 3rd trimesters [34]. Once the second supplement was commenced for either reason, it
was provided until delivery. More than 90% of the women who had live births with newborn
outcome measures received this additional protein energy supplement during the second and
third trimesters.

Anthropometry and measurement of fetal crown-rump length (CRL)
Neonatal recumbent lengths, weights, and head circumferences were obtained within 48 hours
of delivery by trained and periodically certified assessment teams. Measurements were
obtained in triplicate, entered into the database, and the median value used for analysis. Equipment used were neonatal stadiometers (Ellard Instrumentation Ltd, Monroe WA), seca 334
electronic scales, and seca 201 measuring tapes (seca North America, Chino CA). CRL measurements were obtained in the first trimester by ultrasonography.

Home visits and compliance
Participants in all three arms were visited by the home visitor research assistants every two
weeks to record an interim health history and to administer a urine pregnancy test. The pregnancy testing was combined with calendar records of menses to ascertain last menstrual period
and to guide the timing of ultrasounds to be obtained between 10–12 weeks estimated gestation. For Arms 1 and 2, these visits were also used to replenish the supply of trial supplements.
Compliance with supplement(s) use was documented by inspection of calendars the women
completed daily and by collection of empty, partially eaten, and unused intervention sachets.
Compliance was calculated for Supplement 1 as the total number of sachets fully eaten divided
by the number of days between starting Supplement 1 and delivery. Supplement 2 compliance
was calculated similarly; however, the numerator is the total number of Supplement 2 sachets
fully or partially eaten.

Adverse events and safety monitoring
Adverse events were monitored continuously as per protocol [32] and reported to the overall
study principal investigators and the DCC within 48 hours for all deaths and within seven days
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for other adverse events, including adverse pregnancy outcomes, adverse neonatal events, hospitalizations, and allergic reactions. The Data Monitoring Committee reviewed the study progress for safety, trial progress, data completion, supplement compliance, and protocol violations
twice yearly.

Statistical methods
The Intergrowth-21st standards were applied to describe the results of newborn anthropometry [35, 36] in terms of Z-scores and centiles (not shown except for weight-for-age centile
<10th percentile). Study outcomes were assessed with a modified intention-to-treat approach.
The overall treatment effect and pairwise comparisons (Arm 1 vs. Arm 2, Arm 1 vs. 3, as well
as Arm 2 vs. 3) for the continuous anthropometry outcomes were obtained from linear models
for the continuous outcomes (newborn length, weight, HC, LAZ, WAZ, HCAZ, and
WLRAZ). Model-generated measures of ES with 95% confidence intervals (CI) and P values
were adjusted for site and GN cluster nested within site. For binary anthropometry outcomes
(SGA, LBW, PTB, LAZ <-1, LAZ <-2, WAZ <-1, WAZ <-2, WLZ <-1, WLZ <-2, WLRAZ
<-1 and WLRAZ <-2), generalized linear models with generalized estimating equations were
utilized to calculate relative risks with 95% CI and P values after adjusting for site while controlling for GN cluster correlations. P values are presented for descriptive purposes.

Results
Maternal characteristics
Women First participants in the combined S. Asian sites who were screened, enrolled and randomized, had eligible pregnancies, first trimester ultrasound determination of gestational age,
delivered live births, and whose newborn had measurements within 48 hours are given in
Fig 1. Nine hundred and sixty one pregnancies (972 newborns) for the combined S. Asian sites
qualified for inclusion in this analysis. The number of pregnancies ranged from 295–337 per
arm (Table 1). Baseline maternal characteristics for S. Asian mothers with a primary outcome
differed between arms only for maternal education, with a higher percentage of women in
Arms 1 and 3 having no formal education (p = 0.04, Table 1). Mean ± SD duration of exposure
to Supplement for Arm 1 was 72.6 ± 16.8 weeks with overall compliance of 89.6 ± 9.9%. For
Arm 2, duration of exposure to Supplement 1 was 26.3 ± 2.2 weeks with estimated compliance
of 87.7 ± 15.7%. Supplement 2 was started in 67% of Arm 1 women prior to conception and in
an additional 29% during gestation. In Arm 2, 92% of the women received Supplement 2 starting after 12 weeks gestation. The duration of Supplement 2 was 56.2 ± 25.5 weeks for Arm 1
and 23.7 ± 5.1 weeks for Arm 2.

Newborn outcomes
The number of newborn with anthropometric outcomes ranged from 299–340 per arm
(Table 2). Fortuitously the twin pregnancies were equally distributed between the three arms
accounting for 2.5% of total newborn included in this analysis.
Anthropometric measures for controls (Arm 3) were determined by sex. Mean ± SD
lengths were 46.83 ± 2.48 and 47.53 ± 2.67 cm for females and males, respectively. Corresponding figures for weight were 2605 ± 421 and 2731 ± 433 g and for head circumference
were 32.44 ± 1.62 and 33.12 ±1.51 cm. However, the effects of the maternal supplements on
newborn anthropometry did not vary by sex (p = 0.2133). Accordingly, sexes have been combined for all analyses.
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Fig 1. Consort Diagram for Women First Preconception Maternal Nutrition Trial in South Asian region. 1Excludes women who
became pregnant <3 months into the study. The women who had eligible pregnancies may have had delivery data obtained or they
may have exited the study prior to delivery. 2Gestational age (GA) at birth is defined as the age at the time of the ultrasound based on
the ultrasound plus time until birth if the ultrasound was done between 6 weeks + 0 days to 13 weeks + 6 days and the GA at birth is
between 24 weeks + 0 days and 42 weeks + 6 days. 3Primary outcome was obtained for live newborns with three length
measurements taken within 48 hours of delivery. 4Length-for-age, weight-for-age, head circumference-for-age, and weight-lengthratio-for age Z-scores and percentiles based on measurements within 48 hours of age are calculated using the INTERGROWTH-21st
International Standards for Newborn Size [37] and International Standards for Newborn Size for Very Preterm Infants [38] which
provide Z-scores by sex and GA at birth for infants born between 33 weeks + 0 days to 42 weeks + 6 days GA at birth and between 24
weeks + 0 days to 32 weeks + 6 days GA at birth, respectively.
https://doi.org/10.1371/journal.pone.0218960.g001

For the newborns of women who did not receive trial nutrition supplements (Arm 3),
mean LAZ and WAZ were low with WAZ more impaired than LAZ. This disparity was
reflected in the WLRAZ with a mean of -1.65, but considerable variability (standard deviation
1.39) (Table 2). Head circumference was least impaired with a mean HCAZ of -0.66. Eighteen
percent of newborns in Arm 3 were stunted (LAZ <-2) and 42% were wasted (WLRAZ <-2).
For more than two-thirds of the newborns, the WLRAZ was <-1. Twelve percent were preterm deliveries; thirty-four percent had LBW, and 49% of Arm 3 were SGA. Head circumference was <-2 Z-scores in 11% of Arm 3.
Ninety-five percent CI for the positive effect sizes of the nutrition intervention
commencing � 3 months prior to conception (Arm 1) in comparison with control Arm 3 did
not include zero for LAZ, WAZ, and WLRAZ. In contrast, corresponding CI for effect sizes
for continuous variables for the nutrition intervention commencing in the first trimester of
pregnancy (Arm 2 vs. 3) included zero with the only exception of LAZ (Fig 2).
For binary variables, there was no reduction in relative risk for preterm delivery for either
the preconception (Arm 1) or 1st trimester intervention (Arm 2) compared to the control arm
(Arm 3). The intervention commencing in the preconception period (Arm 1) resulted in a
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Table 1. Overall baseline characteristics among women in South Asian study sites who had the primary outcome and gestational age available for newborns by
treatment arma.
Variable

Arm 2
(n = 337)

Arm 1
(n = 329)

Arm 3
(n = 295)

Maternal age, n (%)
79 (24.0)

80 (23.7)

61 (20.7)

20–24

<20

148 (45.0)

146 (43.3)

124 (42.0)

25 +

102 (31.0)

111 (32.9)

110 (37.3)

152 (46.2)

137 (40.7)

133 (45.1)

28 (8.5)

48 (14.2)

46 (15.6)

149 (45.3)

152 (45.1)

116 (39.3)

Maternal education, n (%)
No formal schooling
Primary
Secondary +
Body Mass Index (BMI), kg/m2
Mean ± SD
Median (P25—P75)

19.9 ± 3.1

19.7 ± 3.0

19.7 ± 3.1

19.4 (17.8, 21.7)

19.4 (17.6, 21.4)

19.3 (17.4, 21.5)

BMI < 20.0, n (%)

181 (55.0)

190 (56.4)

174 (59.0)

BMI < 18.5, n (%)

122 (37.1)

127 (37.7)

113 (38.3)

Height, cm, n
Mean ± SD
Median (P25—P75)

152.0 ± 5.9

151.2 ± 6.5

151.9 ± 6.2

151.9 (148.5, 156.0)

150.8 (147.0, 155.1)

151.5 (148.3, 156.0)
76 (25.8)

Parity, n (%)
0 (nulliparous)

110 (33.4)

85 (25.2)

1

111 (33.7)

118 (35.0)

95 (32.2)

�2

108 (32.8)

134 (39.8)

124 (42.0)

Tally of indicators of higher SESb, n (%)
None (0 present)

6 (1.8)

2 (0.6)

6 (2.0)

1–2 present

92 (28.0)

87 (25.8)

68 (23.1)

3–4 present

159 (48.3)

183 (54.3)

160 (54.2)

5–6 present

72 (21.9)

65 (19.3)

61 (20.7)

a

Primary outcome obtained from one or more newborn of the woman.
The socio-economic status (SES) tally provides the number of indicators available from the following list: electricity, improved water source, sanitation, man-made

b

flooring, improved cooking fuels, and household assets.
https://doi.org/10.1371/journal.pone.0218960.t001

reduction of 26% in the relative risk of SGA (p<0.0001) and a reduction in the incidence of
LBW of 19% ((RR 0.81 (0.66–1.00, p = 0.0461)) in comparison with control arm (Arm 3).
There were also substantial reductions (p<0.01) in the relative risks for stunting (LAZ <-2,
44%), underweight (WAZ <-2, 32%), and wasting (WLRAZ <-2, 24%) (Fig 3). For the intervention commencing in the first trimester (Arm 2) compared with the control arm (Arm 3),
several outcomes were marginally different (P<0.05) but none of these outcomes differed at α
= 0.01 level. Direct comparison of Arm 1 vs Arm 2 showed reduced risk for SGA, WAZ<-1
and WLRAZ<-1 for the preconception intervention. The only suggestion of the intervention
commencing at either time in relation to conception having a benefit on head size was a RR
for head circumference <3rd centile for Arm 1 vs. 3 of 0.73 (95% CI: 0.53–1.00).

Discussion
These newborn anthropometric outcomes for the combined data from the two S. Asian sites
included in the Women First trial demonstrate that substantial corrections of deficits in both
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Table 2. Women First Maternal Preconception Nutrition Trial in South Asia. Growth outcomes by treatment arm among all livebirths with gestational age at birtha
available and length measurements within 48 hours after birth.
Treatment Group
Variable

Arm 2
(n = 340)

Arm 1
(n = 333)

Arm 3
(n = 299)

Length (cm)
Mean ± SD
Median (P25, P75)

47.71 ± 2.21

47.60 ± 2.59

47.18 ± 2.60

47.90 (46.50, 49.00)

47.80 (46.30, 49.20)

47.40 (45.80, 48.80)

Length-for-Age Z-Score (LAZ)b
Mean ± SD

-0.62 ± 0.99

-0.69 ± 1.13

-0.90 ± 1.15

-0.55 (-1.24, -0.03)

-0.68 (-1.44, 0.07)

-0.88 (-1.74, -0.12)

LAZ <-1, n (%)

110 (33.0)

130 (38.2)

134 (44.8)

LAZ <-2, n (%)

33 (9.9)

45 (13.2)

53 (17.7)

Median (P25, P75)

Weight (gm)
Mean ± SD
Median (P25, P75)

2757 ± 451

2714 ± 459

2668 ± 431

2785 (2480, 3030)

2730 (2455, 3003)

2660 (2400, 2955)

Weight-for-Age Z-Score (WAZ)b
Mean ± SD

-0.98 ± 0.97

-1.11 ± 0.97

-1.20 ± 0.99

-0.98 (-1.63, -0.36)

-1.16 (-1.73, -0.43)

-1.25 (-1.97, -0.53)

WAZ <-1, n (%)

164 (49.2)

198 (58.2)

180 (60.2)

WAZ <-2, n (%)

52 (15.6)

55 (16.2)

68 (22.7)

Median (P25, P75)

Weight-Length Ratio-for-Age
Z-Score (WLRAZ)b,c
Mean ± SD

-1.38 ± 1.37

-1.58 ± 1.32

-1.65 ± 1.39

-1.35 (-2.30, -0.55)

-1.71 (-2.38, -0.65)

-1.70 (-2.67, -0.72)

WLRAZ <-1, n (%)

200 (61.0)

233 (69.1)

202 (68.5)

WLRAZ <-2, n (%)

105 (32.0)

126 (37.4)

125 (42.4)

Median (P25, P75)

Head circumference (HC, cm)d
Mean ± SD
Median (P25, P75)

32.94 ± 1.43

32.87 ± 1.55

32.78 ± 1.60

33.00 (32.00, 33.90)

33.00 (32.10, 33.80)

32.90 (32.00, 33.80)

HC-for-Age Z-Score (HCAZ)b,d
-0.55 ± 1.05

-0.62 ± 1.06

-0.66 ± 1.15

Median (P25, P75)

Mean ± SD

-0.60 (-1.27, 0.15)

-0.59 (-1.31, 0.01)

-0.70 (-1.44, -0.02)

HCAZ < -1, n (%)

116 (34.9)

119 (35.1)

110 (36.8)

HCAZ < -2, n (%)

27 (8.1)

29 (8.6)

32 (10.7)

121 (36.3)

148 (43.5)

147 (49.2)

Low birth weight (<2500 gm), n (%)

92 (27.6)

98 (28.8)

102 (34.1)

Preterm birth (<37 weeks GA), n (%)

41 (12.3)

29 (8.5)

37 (12.4)

Small for gestational age, n (%)e

a

Gestational age (GA) at birth is defined as the gestational age at the time of ultrasound measurement of fetal crown-rump length plus time until birth if the ultrasound

was done between 6 weeks + 0 days to 13 weeks + 6 days and the GA at birth is between 24 weeks + 0 days and 42 weeks + 6 days.
b
Length, weight, head circumference, and weight-length-ratio z-scores and percentiles based on measurements within 48 hours of age are calculated using the
International Standards for Newborn Size and International Standards for Newborn Size for Very Preterm Infants published by the INTERGROWTH-21st Project [37–
39] which provide Z-scores and percentiles by sex and GA at birth for infants born between 33 weeks + 0 days to 42 weeks + 6 days GA at birth and between 24 weeks
+ 0 days to 32 weeks + 6 days GA at birth respectively.
c

Arm 1 n = 328; Arm 2 n = 337; Arm 3 n = 295; total n = 960.

d

Arm 1 n = 332; Arm 2 n = 339; Arm 3 n = 299; total n = 970.
Small for Gestational Age (SGA) is a classification given to infants with a low birth weight, more specifically, a birth weight that is in 10th percentile or lower based on

e

standards by gestational age at birth and sex developed by INTERGROWTH-21st Project.
https://doi.org/10.1371/journal.pone.0218960.t002
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Fig 2. Women First Preconception Maternal Nutrition Trial: Effect sizes (95% confidence intervals) for continuous newborn
continuous anthropometric outcomes in South Asian region.
https://doi.org/10.1371/journal.pone.0218960.g002

weight and linear measures of fetal growth can be achieved with maternal nutrition supplements commenced in the first trimester or earlier. Despite lack of significant differences for
direct comparisons between Arms 1 and 2, the point estimates for the effect sizes were consistently more favorable for continuous and relative risks for binary anthropometric outcomes
for the preconception intervention. These advantages of improving the nutrient and energy
intake of women of childbearing age prior to conception were documented in S. Asian trial
populations unselected for past or current nutritional status. These rural populations were,
however, characterized by low income and sub-group dietary data in the first trimester documented low intakes of multiple micronutrients and, especially in India, borderline proteinenergy intake [40].
The goal of this trial was not to evaluate a specific nutrition product or combination of
products but rather to use these products to advance our understanding of the extent to which
deficits in fetal growth could be corrected by commencing nutrition interventions very early
in pregnancy or for a substantial time prior to conception in women of childbearing age in
these and similar populations. It is quite possible that greater effects could be achieved with
further modifications of the interventions, perhaps especially if guidelines for maternal gestational weight gain could be matched, and that these may be achievable with sustainable solutions including education and dietary improvements [41]. Meanwhile, the results of this trial
extend our knowledge of the extent to which fetal growth deficits in poor S. Asian populations
are attributable to undernutrition alone and can be corrected with nutrition interventions in
women of childbearing age.
This trial addressed persistent shared and prominent challenges in this region [1]. A trial of
iron-folate supplementation (IFS) early in this century documented a modest increase in birth
weight, reduction in risk of low birth weight, and increase in head circumference [42–44]. The
additional benefits of maternal multiple micronutrient supplements beyond those receiving
IFS alone, either as trial supplements or standard of care, have been reviewed in detail [45],
including data from India, Pakistan, Nepal, and Bangladesh. This analysis confirmed

PLOS ONE | https://doi.org/10.1371/journal.pone.0218960 January 29, 2020

9 / 15

Preconception nutrition supplements and newborn size in South Asia

Fig 3. Women First Preconception Maternal Nutrition Trial: Relative risks (95% confidence intervals) for binary newborn
anthropometric outcomes in South Asian region. LAZ, length-for-age Z-score; SGA, small-for-gestational age; WAZ, weight-forage Z-score; WLRAZ, weight to length ratio-for-age Z-score.
https://doi.org/10.1371/journal.pone.0218960.g003

significantly but quite modestly lower relative risks for LBW, PTB, and SGA. A major contributor to this meta-analysis was the JiViTA-3 trial in Bangladesh, in which significant reductions
in LBW were attributable to a longer mean gestational age and lower incidence of PTB rather
than any effect on fetal growth rates [46]. This finding differed from the Women First trial in
which gestational ages at delivery were the same for the three trial arms. The prematurity incidence in the control arm for the S. Asian sites in the current study (12.4%) was similar to that
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recently estimated for S. Asia [47]. The results for the meta-analysis of Smith, et al., on birth
size were similar to those of an earlier meta-analysis of data from 12 sites [48] including four
in S. Asia, one each in Pakistan [49] and Bangladesh [50], and two in Nepal [42, 51]. There has
been only one lipid nutrition supplement trial in S. Asia that has been reported prior to
Women First [52]. In comparison with the IFS control arm, this trial in rural Bangladesh
resulted in statistically significant improvements in mean birth weight and length and in
binary outcomes associated with these measurements. However, with the exception of subgroup analyses and reduction in the rate of stunting, all improvements were very modest.
The effect sizes for continuous outcomes and relative risks for binary outcomes in the current study compared favorably with those of previous trials in S. Asian countries in terms of
improvements in fetal growth deficits whether the interventions were iron folate supplements,
multi-micronutrients, or lipid nutrition supplements. The extent of the contribution to favorable outcomes of the additional protein-energy supplements is unknown. These were provided
to two-thirds of Arm 1 participants prior to conception and to more than 90% of both Arm 1
and 2 participants during the 2nd and 3rd trimesters. Significant increases in birth weight
resulting from maternal balanced protein energy supplements during pregnancy have been
documented in S. Asia [53] and more widely [54]. However, this has not been a consistent
finding [55]. Perhaps relevant and in contrast to the results of the Women First trial [30], these
increases in birth weight in previous trials were specifically not accompanied by any increases
in birth length. Though we did not observe any statistical differences between Arms 1 and 2
for newborn LAZ, the preconception (Arm 1) anthropometric outcomes had the largest point
estimates for effect size compared to Arm 3 in this trial and compared favorably with corresponding outcomes of previous studies commenced during gestation. Both separately and
combined with the data for the first trimester arm, these results are strongly supportive of
commencing nutrition interventions as early as possible for women of childbearing age in
resource poor populations.
A limitation of this trial has been its inevitable restriction to only part of one maternal life
and to targeting only one environmental factor, namely maternal nutrition, when challenged
with a multifactorial etiology [56]. The strengths of this trial include an intervention relatively
comprehensive in nutrient content and quantity. The principal strength has been the early
start of the intervention, especially the preconception arm, and the inclusion of women of
childbearing age in these resource-poor communities irrespective of their long- or short-term
nutritional status as defined by anthropometric indices.

Conclusions
Newborn anthropometric data for the Women First trial in the S. Asian region (combined
data for the sites in India and Pakistan) provide further confirmation of the high incidence of
stunting, wasting, low birth weight, and SGA in this region. Commencing a relatively comprehensive nutrition supplement at least three months prior to conception for women unselected
for anthropometric indicators of nutritional status was associated with decreases of 44% in
stunting, 24% in wasting, and 26% SGA when compared to the control group. These results
provide quantitative information on the benefits to fetal growth achievable by improvement in
intake of energy, protein, and micronutrients commencing before the start of the second trimester of gestation without any other interventions directed to improvement of the poor environments in which the participants lived. Furthermore, the relatively large point estimates for
the effects of the nutrition supplement commenced � 3 months prior to conception support
enhanced efforts to improve the nutrition of all women of child-bearing age in resource-poor
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populations in these and similar environments in order to diminish impairment of fetal
growth.
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Objective
A primary objective of this study was to identify specific facilitators and challenges around
exclusive breastfeeding (EBF) in our community in India, from the perspective of breastfeeding mothers and their support networks.

Methods
We conducted eight focus groups incorporating 75 women and their support networks in the
Belagavi District, Karnataka State, India. We used a directed content analysis to guide the
analysis.

Accepted: March 31, 2020
Published: May 4, 2020

Results

Copyright: © 2020 Charantimath et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

The specific facilitator that emerged as a theme, broad support for and knowledge about
breastfeeding on the individual, family and community levels, was a seeming contraction to
the identified specific challenge, the paradox of the common practice of supplemental feeds.
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Conclusions
Despite voicing strong support for and knowledge about EBF, participants were familiar with
a variety of supplemental feeding practices in their communities. In place of universal condemnation of all supplemental feeding, policy makers might consider strategies to address
the most potentially dangerous of these practices.
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Challenges to exclusive breastfeeding

Background
Exclusive breastfeeding (EBF) is an important public health intervention for child health
and survival. The World Health Organization (WHO) recommends that mothers initiate
breastfeeding within the first hour of life; practice exclusive breastfeeding–that is the infant
only receives breast milk without any additional food or drink, not even water, for six
months; provide breastfeeding on demand–that is as often as the child wants, day and night,
use no bottles, teats or pacifiers [1]. EBF compared to the use of formula saves money and
benefits mothers and infants by protecting against infant mortality for the first 6 months,
diarrhea, obesity type 1 and 2 diabetes mellitus, gastrointestinal illness, otitis media, respiratory infections, and hospitalization [2,3,4].
EBF is a global child health survival strategy to provide healthy and optimal nutrition,
which is essential for normal growth and development during infancy and early childhood.
With an EBF rate of 90%, an estimated 13–15% of deaths in children under five could be
averted in low and middle income countries [5]. Achieving an EBF rate of >50% could save
520,000 under five children and generate an increased revenue of US $300 billion over 10
years as a result of reduced health costs [5].
Despite the significant results of this natural intervention, and extensive efforts by WHO
since 1990, EBF is not practiced by millions of women around the world. The 2019 Global
Breastfeeding Score card, which evaluated 194 nations, found that the average EBF rates were
around 40%, with only 23 countries have EBF rates above 60% [6]. In India, the EBF rate was
56.3% at four months; while a definite increase from the 36.8% in the year 2000, the lack of this
practice among almost half of Indian babies is troubling [6]. Even these rates are subject to
some skepticism; social desirability factors, anecdotal provider reports, and the reality that
most of these statistics are collected through maternal self-report can easily result in inflated
numbers [7].
EBF is impacted by multiple personal, family, cultural and structural factors. Knowledge,
health conditions, the attitudes of immediate and extended family, traditional practices, the
availability of peer or community health worker support, and workplace policies such as the
time and privacy to feed or pump breastmilk, all influence a woman’s ability to initiate and
maintain EBF [8]. In preparation for a future intervention and to identify specific challenges
and facilitators around EBF in our larger community in India, we conducted a series of focus
groups with breastfeeding and non-breastfeeding mothers, mothers’ support networks, and
healthcare providers working with young families. Data from our qualitative study will assure
that our intervention is culturally appropriate and targets the unique needs of our target population. Our approach builds on the identified facilitators and target identified challenges in
intervention delivery. Such information from the target area, to our knowledge, has not been
previously collected.

Methodology
Eight focus groups were conducted in the Belagavi District, Karnataka State, India among four
different populations: women who had exclusively breastfed for at least six months, women
who did not practice exclusive breastfeeding, members of breastfeeding mothers support networks, and health care providers. The study was approved by KAHERs J N Medical College
Institutional Ethics Committee (Reference letter no. KLEU/EC/2017-18/D 1077). Ethical
approval from Karnataka State Government and Health Minister Screening Committee were
obtained. The trial was registered under Clinical Trial Registry of India with registration number CTRI/2017/08/009453. The approval from the Institutional Review Board was obtained
from Health Ministry’s Screening Committee, Indian Council of Medical research.
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Sample/setting
Twenty-seven mothers who had successfully breastfed at least one child in the past three years
and 19 members of the breastfeeding mother’s support network were recruited as participants in
five focus groups. Nine women who were not able to successfully breastfeed due to some problem were specifically recruited for an eighth group. Twenty health care providers participated in
two additional groups. Recruitment occurred through snowball technique and posters in five
urban and rural primary health centers (PHC) in the Belagavi District associated with the
Women and Children’s Research Unit at the medical school at which the Indian authors worked.
The groups were conducted between January and August 2018, lasted 60–90 minutes and were
held in a private room in the PHCs or in Women’s and Children’s Research Unit, Belagavi.

Discussion guide
The focus group discussion guide centered on breastfeeding support, actual feeding practices,
including prelactal (pre-breastfeeding) feeding, and psychosocial and behavioral factors that
potentially facilitate or challenge EBF.

Data collection
Trained investigators explained the purpose of the study, answered questions, and obtained
signed consent from interested participants on forms written in Kannada, the most common
language in the Belagavi District. The voluntary nature of participation in the research was
stressed. All discussions were conducted in Kannada and lasted for 60 to 90 minutes. Participants received lunch and compensation for their travel expenses.

Data analysis
Researchers transcribed audio-recordings and translated them verbatim from Kannada to
English. All translated transcriptions were analyzed using NVivo software version 10. We used
a directed content analysis to develop an initial list of codes [9]. Participant responses were
compared across groups to determine the extent of convergence or discrepancies on major
themes. Common themes were identified and initially organized into constructs by one author
(PK) and confirmed by a second (YW). The remaining authors reviewed the analysis and their
comments integrated into the results [10].

Results
Of the 75 participants, 27 were breastfeeding women, 9 were mothers who had had breastfeeding problems, 17 were members of mothers’ support networks, and 20 were health care providers. Among the breastfeeding women and their support networks, the majority had completed
secondary (30/54.5%), 13 (23.6%) had completed primary school, and 8 (14.5) were illiterate
(Table 1). The two focus groups of 20 health care providers included three physicians, three
nurses, six health assistants, eight community workers.
The objective of the study was to identify specific facilitators and challenges around EBF in
our larger community in India. Two somewhat contradictory themes about breastfeeding were
clear from the analysis. A specific facilitator was the broad knowledge about and support for
breastfeeding from mothers and support network participants. Health care providers, were particularly supportive of EBF. A paradoxical challenge mentioned in each focus group was the
common practice of supplemental feeds, as well as a variety of psychosocial and physical issues.
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Table 1. Characteristics of mothers and support network focus group participants.
Type of Focus Group

Place

Education Status N = 55
Illiterate N = 8
(14.5%)

Primary School N = 13
(23.6%)

Secondary School N = 30
(54.5%)

University N = 3
(5.4%)

Breastfeeding mothers (n = 8)

PHC Belawadi

0

1

7

0

Breastfeeding mothers (n = 10)

PHC Kanagala

1

3

5

1

Breastfeeding mothers (n = 9)

PHC
Ventamuri

0

1

6

2

Mothers with problems breastfeeding
(n = 9)

JNMC
Belagavi

1

0

8

0

Breastfeeding mothers’ support network
(n = 10)

PHC Kanagala

3

4

3

0

Breastfeeding mother’s support network
(n = 9)

PHC Belawadi

4

4

1

0

https://doi.org/10.1371/journal.pone.0231755.t001

Facilitators of EBF
Responses from mothers with breastfeeding experiences. Participants in the each of the
focus groups had overwhelming positive beliefs about and attitudes toward breastfeeding.
Common statements among women who had breastfeed were:
“All mothers should breastfeed” (all participants in chorus)
Responses from mothers’ support network. Members of mothers’ support network
stated that perceived norms about the value of breastfeeding were equally high and reinforced
with concrete support from a variety of personal and community sources:
“After delivery, the woman’s mother-in-law or cousins will be there to help her to breastfeed. During her antenatal period, also they approve and motivate her to breastfeed. At the
time of delivery, doctors and nursing staff will motivate mothers to breastfeed.”
“Elders [grandmother and mother] give us suggestions, identify the mistakes and correct
them.”
“Villagers and community people prepare energy-rich foods like edible gum laddu and
coconut sweets to breastfeeding mother which help her in production of good amount of
milk. This is a common practice in our culture.”
“Villagers/ community people give semolina, coconut, sugar, ghee to breastfeeding mother
so that these calorie rich food help mother in production of good quality breast milk.”
“Yes, community people give ghee to the mother. They also give garden cress seeds.”
“The health worker is the first person to tell her the importance of breastfeeding.”
Enthusiasm was supported by high levels of knowledge about the benefits of breastfeeding
that were apparent in each of the groups.
“The baby will have the nutritious milk as the mother takes all the nutritious food and the
baby becomes healthy.”
“If we breastfeed the baby immediately after delivery, the baby will not get any diseases and
the baby will have all the nutritious factors.”
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“After ten minutes of my delivery the baby was cleaned and given to me and I started
breastfeeding. By breastfeeding postpartum bleeding will be controlled. By breastfeeding
the emotional bondage between the mother and the child increases.”
“Baby will be healthy and it will not have any diseases. Even if there is fever in baby we
should not stop breastfeeding; because the breast milk itself is a medicine for baby. Whatever calcium we eat in our food it goes to baby and it becomes healthy and it will not have
any illnesses.”
Responses from healthcare providers. Providers were another facilitator. All participants
from the two provider groups were clear about advising no feeds other than breast milk, at the
same time acknowledging the persistence of alternative practices.
“In spite of our advice of not to feed anything else than breast milk, people feed gripe water
to babies thinking that it improves the digestive power of the baby. People also feed water
to the babies.”
“Even though we tell the mothers to feed breast milk only, and not to feed anything else,
they feed gripe water one month after delivery, thinking that the baby sleeps well and will
have good health.”

Specific challenges for EBF
Challenges in the form of the common practice of “top feeding”, that is feeding in addition to
breastmilk, countered much of the knowledge and positive attitudes. At least half of the participants in each group reported this practice. Frequently mentioned by each group, including
providers, were cow’s milk, gutti (mixture of dates, almonds, herbs, honey, gripe water (a
homemade or store brought mixture of herbs and bicarbonate of soda), powdered milk, sugar
water, timtim (herbal drops), and finger millet porridge. All participants agreed with the following statement:
“During summer they give little water with spoon.” Quotations from respective focus
groups are as follows:

Responses from mothers with breastfeeding experiences. Taking colostrum for the first
days after birth was reported as a problem in some communities.
“Some people give it [colostrum] and some don’t give it. They give top milk for the first 3
days.”
“Some illiterate people in spite of telling them to feed, they don’t feed colostrum. They say,
‘the lips of the baby will become black, that’s why we don’t feed it.”
“They also say the baby’s stomach gets upset [from colostrtum]. That’s why they say no.”
Responses from mothers’ support network. “Initially, the mother won’t be able to
express milk and baby may cry in hunger; so, they put two drops of honey and sugar water
to baby’s mouth. When they go home, along with breast milk they feed the baby with gutti.”
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“The gutti should be fed after one and half months of delivery. Gutti is prepared by [soaking] dry dates, almond in hot water, then its coating is removed; after that they are rubbed
on water washed and clean stone. Then it is mixed in the breast milk and fed to the baby.
By feeding this, the babies will have good body weight and they will be fine.”
“In our area also we grind dry dates, almond and add a little Bajji powder (a mediational
herb) and turmeric powder; we heat this mixture in a spoon and feed it.”
“Some people feed honey; even if we tell them not to feed.”
“People think that after delivery there will be no milk for three days. During those days,
they feed honey to the baby.”
“The doctor prescribed timtim bottle to feed the children drop by drop.”

Responses from healthcare providers. “In the community where I work, they rub gold of
Mangalasutra [wedding chain] in water and feed it to the baby. They believe that by doing
so the baby will be calm and will become intelligent. I told them not to do so. But they
argue, ‘We have fed this to all children in our family and for this child also we are giving it.”
“In the hospital, the nurses tell them not to feed anything else. But the attenders feed honey
without the notice of the hospital staff.”

Psychosocial difficulties
Psychosocial challenges to breastfeeding such as depression as well as substance, alcohol, and
tobacco use was one of the realities frequently mentioned in focus groups. Alcohol and chewing tobacco use seemed to be common among mothers who recently delivered. Specific quotations from each focus group are as follows:
Responses from mothers’ support network. “If the woman delivers a male or female
baby and if it is not what she was expecting; then also she may undergo depression. This is
more common if she delivers female child.”
“If the woman has female children already and if again she delivers a female baby, then the
mother and the family members become depressed.”
“If woman is having some personal conflicts with husband and she start feeling disgusting
for her life then also she may undergo depression. This will make her to lose interest in
breastfeeding.”
“Yes, it [alcohol use] is very common.”
“I have seen some mothers taking alcohol. Whether the mother delivers normally or by caesarean they take alcohol to get relief from the pain of delivery. The elders in the family like
the grandmothers gave her cashew alcohol to drink when she told them that she was having
pain after delivery. . . It does have effect on breastfeeding. After taking alcohol the mother
becomes intoxicated and she will have deep and long sleep and even though the child is crying she cannot give attention towards breastfeeding her baby. She cannot wakeup for at
least 24 hours from the sleep and feed her baby.”
“I have seen giving one glass of alcohol to the breastfeeding mother when she was having
cough and they give one capful alcohol to the baby also when it is crying too much. Then
both the mother and the baby go into sound sleep. Even though she wakes up she cannot
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get up and take her baby to breastfeed and as the baby is in deep sleep it cannot cry for
breastfeeding.”
“They give it for one and half month or two and half month. . .They give it daily.”
“Even they take alcohol they don’t tell it in public.”
“Those who chew tobacco consume less food. Hence, the baby will also become weak.”

Responses from mothers with breastfeeding difficulties. Physical pain from C-section
and breast abscesses were mentioned in the focus group of women who were not able to successfully breastfeed as challenges to breastfeeding.
“When the mother has delivered from caesarean section she is unable to sit up, at that time
it is difficult for her to breastfeed.”
“If woman delivers by caesarean section, she may not be able to breastfeed the baby for one
or two days. In that case, they feed the baby with cow’s milk. Some people feed goat’s milk.”
“There was a mother in our community who had a wound on her breast. Because of the
wound she could not breastfeed properly. The wound was infected and she had abscess on
both of her breasts which were operated in the hospital. During that time, she was unable to
breastfeed the baby”
"I got infection in the breast and the breast was swollen. I was advised to get operated. I
went to a nearby private hospital where I was operated. A lot of pus and blood was taken
out from my breast. I got a big wound where the operation was done; for which skin grafting was done. Therefore, I could not breastfeed my baby and I am giving top feed. I gave
powdered milk to my baby when I was admitted in the hospital [for abscess] and after coming to home, I am giving cow’s milk and goat’s milk. I give the top milk with spoon during
the daytime and I give the milk with a bottle during the night time because the child cries if
the bottle is not given for feeding.

Discussion
Results of this study found that a facilitator of breast feeding was the knowledge about and support among all focus group participants, suggesting the success of national and global policies
stressing the importance of this practice [1]. Participants spoke about the specific benefits of
breastfeeding and the support offered to new mothers by family and community women.
These findings mirror those of found by researchers in United Arab Emirates, Ethiopia and
India [11,12,13].
In this study, a challenge to EBF was the mixed practices described about the use of colostrum which reflected older, traditional views and were contrary to providers’ recommendations [14]. More troubling was the apparent widespread use of a variety of supplemental
feeding practices which seemed to exist for many concurrently with the idea of breastfeeding
as best for babies. This use of additional feedings has been described by researchers in rural
Zimbabwe (cooking oil, water, porridge), United Arab Emirates (anis seed drink, grippe
water, tea), and Brazil (crackers, yogurt), and reflects a global challenge to the practice of EBF
[15,16,17,18].
Psychosocial and physical challenges included depression over having a girl baby, alcohol
use, postpartum depression, pain after delivery or Caesarean section, and breast abscesses.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231755 May 4, 2020

7 / 10

PLOS ONE

Challenges to exclusive breastfeeding

Most women are unable to address these very real difficulties on their own. Currently, there is
no community infrastructure in India to provide specific support to breastfeeding mothers.
Community-based education and support around how to deal with physical pain and breast
infection issues while breastfeeding might be necessary. The establishment of a network of
community health workers or breastfeeding peer counselors who can educate, support and
make necessary referrals may provide a strategy to both increase EBF and also address dangerous practices such as the use of alcohol and chewing tobacco [14,19].
Two challenges to EBF identified in this study were especially troubling. The first, giving
honey to newborns, is dangerous since honey is known to increase the risk of infant botulism
[20]. The second is giving water from sources that may or may not be clean because infants are
especially vulnerable to diarrheal diseases [21]. In place of universal condemnation of all supplemental feeding, policy makers and provider and community educators might consider
strategies to address these potentially dangerous practices.
Limitations of the present study was the regional selection of participants and the selfreporting of all data. A strength was the heterogenous sample of mothers, community support
members and providers.

Conclusion
Findings from this study confirmed broad support by the target population and community
members as a facilitator of breastfeeding; the challenges of the continuation of the traditional
practices of supplemental feedings and very real psychosocial and physical issues limit EBF
rates in rural India. Education on supplemental feeding to breastfeeding mothers and community members, as well as education on and support for behavioral and mental health factors
can increase EBF rates in rural India.
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S

tatus epilepticus (SE) is a common pediatric
emergency, yet understanding of contemporary
care practices remains incomplete, particularly
for children in developing countries. The clinical
profile and outcome of SE in children from developing
countries is bound to be different than those from the
developed countries. But, there are very few studies on
pediatric SE from India, especially in the last decade after
the new definition of SE was proposed, and many of the
published studies have been retrospective studies. The
current operational definition of SE is any active seizure
of ≥5 minutes duration or recurrent episodes of seizures
without gaining consciousness in between that last for
more than 5 minutes [1,2]. In this issue of Indian
Pediatrics, Chetan, et al. [3] provide some useful
prospectively collected data on pediatric SE presenting to
a tertiary-care center in India. Using the current
operational definition of SE and an objective outcome
measure, Pediatric Overall Performance Category, they
have described the clinical profile and short-come
outcome of 109 children with pediatric SE from January
2017 to April 2018. Their findings provide important
information about the etiological profile of SE, the current
protocol for management of SE, the response to various
anti-epileptic drugs and short-term outcome.

other cohorts [5].Prolonged SE or treatment delay should
not always be considered a hopeless situation and all
cases should be managed aggressively.
The cause of SE is the most important factor that
determines morbidity and mortality. Failure to treat the
underlying cause promptly and correctly will preclude
seizure control regardless of which anti-epileptic drug
one chooses. Seizures and brain injury will ensue if we fail
to address the underlying hypoglycemia/hypocalcemia
or CNS bacterial infection in a patient presenting with
refractory seizures and acute encephalopathy [6]. In the
current study, 60.6% children had acute symptomatic
etiology and measures to treat the underlying cause need
to be instituted along with the management of SE to get
good outcome. This fact needs to be stressed in the
protocol for management of SE. Infectious etiology for
both SE and RSE is common in developing countries like
India [5,7].
In the current study, the second dose of midazolam
was not effective in any of the children it was
administered. It resulted in further delay in administering
the second line anti-epileptic drugs. So, this may be taken
as evidence for skipping this step in the protocol. Due to
rapid
internalization
of
GABA-A
receptors,
benzodiazepines become rapidly ineffective in
management of SE with time [8]. After the first
benzodiazepine dose, currently there is insufficient
evidence to suggest that one antiepileptic drug is better
than the other. Choice can be made based on the cost,
availability, past use of that drug and the details of the
type of seizures. Intravenous midazolam is the preferred
anesthetic agent for management of refractory SE in view
of its safety and ease of administration, as was the case in
the present study. There is little evidence to choose
between midazolam, propofol, and thiopentone, and all
have shown comparable efficacy [5].

Amongst the various prognostic factors in SE, the
duration of convulsive SE is the only modifiable one with
proper management. Prolonged seizures are associated
with increased risk of mortality and morbidity [4].
Unfortunately, due to lack of public awareness, absence
of prompt availability of medical care, and lack of
infrastructure to transport to appropriate centers there is
significant delay in children reaching the tertiary care
centers in developing countries. In the study by Chetan,
et al. [3] the average (range) duration of seizure was 17.5
(7-60) min. A shorter interval between onset and initiation
of treatment is important for rapid control. However,
studies from developing countries have shown that
despite significant delay in initiating SE management, the
incidence of RSE and case fatality is comparable with
INDIAN PEDIATRICS
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tions (i.e. barbiturate infusions) to treat clinical
paroxysms mimicking seizure [6]. In the current study,
EEG monitoring was not done, and this is one of the
limitations of the study. Though non convulsive SE is a
poor prognostic indicator, whether aggressive treatment
of this translates into better outcome is not clear and this
is fraught with complications like prolongation of
ventilation, hypotension and other medical complications
[5].
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In the present study [3], non-administration of antiepileptic drugs (AED) prior to presentation to the hospital
was found to predict an unfavorable outcome. Preexisting epilepsy was present in around 30% children.
These children are always at a risk of having seizure
recurrence. It is important to stress on the drug
compliance and prescribe them intranasal/buccal
midazolam and train parents how to administer them. A
clear plan of treatment depending on the cause of seizures
should be given to parents, so that in case of recurrence,
appropriate steps can be taken to control the seizures
quickly.
In summary, Chetan, et al. [3] provide a much needed
insight into current care practices for pediatric SE. Their
findings demonstrate the benefits of auditing data to
better understand current treatment practices and
identify potential areas for refinement. This process helps
in the design of both local quality improvement initiatives
and future clinical investigations.
Funding: None; Competing interests: None stated.
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Abstract
Though mineralizing angiopathy is increasingly being recognised as a cause of ischemic stroke in young children, it’s cause is not
clear. As congenital infections and perinatal infections have been proposed to be associated with mineralizing angiopathy, the
authors studied the prevalence of perinatal infections in children with mineralizing angiopathy and compared it with focal
cerebral arteriopathy and non-stroke patients. Sixteen children with mineralizing angiopathy, 14 children with focal cerebral
arteriopathy and 40 non-stroke patients were enrolled. Detailed parental interview was conducted to look for perinatal infection
[Premature rupture of membranes (PROM) and neonatal sepsis]. Perinatal infection (PROM in 8 and documented neonatal sepsis
in 2) was seen in 8 patients (68.2%) with mineralizing angiopathy and none of the children with focal cerebral arteriopathy. Only
3 (7.5%) of non-stroke patients had history of PROM. This difference was statistically significant. Perinatal infections could be an
important etiological risk factor seen in children with mineralizing angiopathy.
Keywords Stroke . Mineralizing angiopathy . Focal cerebral arteriopathy . Premature rupture of membranes

Introduction

Material and Methods

Mineralizing angiopathy (MA) is being increasingly
recognised as one of the major causes of basal ganglia stroke
in infants and young children following a trivial fall, with a
reasonably good prognosis. This entity is associated with mineralization of lenticulostriate arteries in basal ganglia and internal capsule with a relatively unknown cause [1–3].
Researchers in the past decade have postulated various etiological theories like genetic, cytomegalovirus infection and
perinatal infections etc. [4]. The authors contemplated this
study so as to ascertain an association between perinatal infections and mineralizing angiopathy.

The files of children who were diagnosed as stroke in the
last year were retrieved from the records and the parents
along with the child were called for review. They were
grouped into two categories: Stroke due to MA and Focal
cerebral arteriopathy (FCA). Children who had stroke due
to underlying medical disorders like congenital heart defects, hemolytic anemia, prothrombotic conditions, inborn
errors of metabolism and neuro-infections, were excluded.
Any child with acute onset weakness or seizures following minor trauma and Computerized axial tomography
(CT) scan showing calcification of lenticulostriate arteries
was taken as a case of MA. Forty age matched children
who were otherwise healthy (no developmental delay or
focal neurological deficits) and had accompanied their
sick sibling were taken as non-stroke controls. Parents
were interviewed regarding the history of premature rupture of membranes (PROM) or neonatal intensive care
unit admission (NICU) after obtaining informed consent.
PROM, chorioamnionitis, urinary tract infection (UTI) in
the mother and NICU admission for sepsis were taken as
significant events. PROM was defined as any mother with
leaking amniotic fluid before the onset of labour. Fisher
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Exact test was used for statistical analysis. P value of
<0.05 was considered significant.

mineralizing angiopathy on CT scan but no clinical stroke,
they were excluded from the MA group.

Results

Discussion

A total of 30 patients (16-MA, 14-FCA) with stroke, satisfying the study criteria were enrolled. Among MA
group, all patients except two had definite history of trivial fall before the stroke and symptoms occurred within
12–24 h. All the patients had basal ganglia stroke and
evidence of calcification of lenticulostriate arteries on
CT scans. As mentioned in Table 1, history of PROM
was present in 8 patients (50%), of whom one mother also
had UTI. Two patients (18.18%) had a history of NICU
admission for 7 and 20 d respectively for neonatal sepsis
(one was premature also). Overall, 10 patients with MA
(68.18%) had some evidence of perinatal infection as
compared to none in the FCA group [Odds ratio: 46.85
(95%CI: 2.34 to 926.11), p = 0.01]. Serum calcium was
normal in these children. Patients were only on symptomatic treatment and physiotherapy. None of them received
aspirin and the parents were counselled to avoid head
injuries/falls. On follow-up examination, all the patients
exhibited good prognosis as 12 patients had a score of 0
on Modified Rankin scale (MRS) and 4 patients had a
MRS score of 1. None of the patients had recurrences.
In the FCA stroke group, the median age was 11.5 y (1 y 8
mo to 17 y). None of these patients had a history of PROM or
NICU admissions for neonatal sepsis. They were on antiplatelet therapy. On follow examination, 9 patients had a score
of 0 on MRS, one patient had a score of 1, three had a score of
2 and one patient had a score of 3. In the non-stroke group, the
median age was 5.5 y (3 mo to 16 y). Three (7.5%) of these
patients had a history of PROM. Two children, who were
enrolled in the control group, came to authors with traumatic
brain injury (TBI) and already had a CT scan done for TBI.
The CT scan showed bilateral calcifications in the basal ganglia suggesting mineralizing angiopathy. Both the children
had history of PROM of 8 h and were more than 5 y of age.
Both of them probably did not have any fall in the initial few
years and had not developed stroke. Because they had

Perinatal insult in the form of infections, hypoglycemia, hypoxia, prematurity, intrauterine infections like cytomegalovirus, chromosomal and genetic disorders have all been postulated to be a cause of mineralization of lenticulostriate arteries
[5]. Understanding the etiology helps in counselling the parents, taking preventive steps and management. Absence of
clustering of cases in families and non-progressive course in
majority of cases of MA, makes genetic etiology unlikely.
One of serious complications associated with PROM includes chorioamnionitis. In general, 10-fold increase in neonatal infection occurred in premature rupture of membrane
cases without complications. While severe infection in the
perinatal period can lead to neonatal sepsis with its associated
consequences, the inflammatory response to low grade infection associated with PROM could lead to mineralization of
lenticulostriate arteries [6–8]. These arteries, following a trivial trauma, undergo dissection due to shearing force or become vasospastic leading to ischemic stroke, owing to their
oblique orientation and shorter length in children less than five
years [9]. They later become linear with growth and incidence
of falls also decreases with age. Hence the incidence of MA is
high in children less than five years of age as evidenced in
present study.
The authors found that 68.18% of patients in MA group
had an evidence of perinatal infections (PROM or neonatal
sepsis) [OR- 46.85], while none of the babies in FCA group
had PROM; the incidence in the non-stroke group is similar to
the incidence in other studies i.e., 7.5% [10]. This difference
was statistically significant. The authors propose that, few of
the babies with PROM develop lenticulostriate vasculopathy
and after calcification, mineralizing angiopathy. If these children sustain minor head injury in the first 5 y, they develop
basal ganglia stroke. In the study by Lingappa L et al., out of
400 cases of brain CT performed in infants and toddlers for
unrelated symptoms, incidental lenticulostriate artery mineralization was noted in four individuals (1%) [11].

Table 1 Distribution of subjects
according to the history of
perinatal infection

Group

Total number

Mean age (range)

History of PROM / Neonatal sepsis n (%)
Yes

MA

16

15 mo (6 mo to 72 mo)

FCA
Non stroke controls

14
40

11.5 y (1 y 8 mo to 17 y)
5.5 y (3 mo to 16 y)

No

10 (68.2)

6 (37.5)

0 (00)
3 (7.5)

14 (100)
37 (92.5)

FCA Focal cerebral arteriopathy; MA Mineralizing angiopathy; PROM Premature rupture of membranes
Odds ratio: 46.85 (95%CI: 2.34 to 926.11), p = 0.01
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One of the limitations of present study is that authors relied
on parental reporting of PROM and not on objective evidence
of PROM. Because of ethical reasons authors could not do CT
scan for the non-stroke patients with history of PROM.
To conclude, there is a possible association between perinatal infections and mineralizing angiopathy. Perinatal infections
lead to mineralizing angiopathy in a proportion of children and
if these children sustain minor trauma in the first 5 y, they can
develop basal ganglia stroke. Large well designed prospective
studies are needed to confirm this observation. Parents whose
babies have had history of PROM should be cautioned about
occurence of stroke following trivial trauma and told about
measures to avoid minor head injuries, falls in infants and
toddlers.
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Letters to Editor

Comparative Study of Knowledge,
Attitude, and Practices of Hair Care
among the Final Year MBBS Students
versus Final Year Engineering Students

Sir,
Hair is an important asset for external appearance and
personality. Healthy hair looks clean, soft to feel, shiny,
untangled, has no frizz, and is bouncy when shaking the
head. To have this, you require not only a good overall
health and freedom from disease but also a daily chore
of maintenance and grooming of hair. [1] Shampoos
and conditioners of today target some of the factors
responsible for helping the hair look healthy through their
various ingredients.[2]
Hair care and styling have gained a lot of importance in
recent years, especially among teenagers. It has been seen
that modern‑day styling methods and the use of different
hair care products have resulted in hair loss and also cause
hair damage.[1,2] The process of chipping of the hair cuticle,
which results from abrasion of hair due to grooming
devices or chemicals, is a major factor in hair damage.[2]
Maintenance of hair is a daily routine for many, and it is
common to see people investing a huge amount of time
and money on hair care which has led to a huge industry
producing and selling a multitude of hair care products
to fulfill these demands. India too is undergoing a hair
revolution with markets flooded with products promising
instant beautification of hair. The practice of hair care
is essentially based on the knowledge and attributes
regarding the hair structure and physiology of hair. Student
knowledge, attitude, and practices (KAP) study is important
because they are susceptible to health education and change
of behavior.[3] In the absence of KAP study regarding hair
care, we decided to undertake such study by taking final
year medical students as cohort and compared these data
with their counterparts, i.e. final year engineering students,
so as to assess the impact of hair‑related knowledge during
undergraduate medical training. In this cross‑sectional
study, a detailed questionnaire which included various
open‑ended, semi‑open‑ended, and close‑ended questions
covering various aspects of hair care was prepared and
validated by five dermatologists, regarding hair care
KAP. After the institutional ethics committee clearance,
this questionnaire was administered to students of one
batch of final year medical and final year engineering

students and collected back on the same day. The data
were analyzed. A KAP score for each KAP variable was
defined as percentage of respondents who gave appropriate
response. Response in both the groups was compared and
analyzed statistically by Chi‑square test/Fisher exact test.
IBM SPSS Statistics for Windows, version 24 (IBM Corp.,
Armonk, N.Y., USA) was used for the statistical analysis.
A total number of 98 males and 62 females were
studied, the mean age of study population being
20.83 years ± 1.093 standard deviation, of these 48 male
medical students (mean age of 21.24 years) and 32 female
medical students (mean age of 20.03 years) were
designated as Group A and 50 males (mean age of 20.53)
and 30 female engineering students (mean age of 19.93)
were designated as Group B. Analysis revealed major
differences among the two groups.
Some interesting differences about KAP of hair were
observed. A total of four questions were studied regarding
the knowledge of hair care [Table 1] Hundred percent of
the medical students felt that diet has relation with hair
versus 87.5% of the engineering students. A fair number of
medical students (81.25%) thought that certain medications
taken orally or as injections can cause hair fall as compared
to 45% of their engineering counterparts. Nearly, an equal
number of medical (60%) and engineering (50%) students
felt that graying of hair is usually because of nutritional
deficiency, followed by the attribution of graying to a
hereditary component in 27.5% of the medical and 25%
of the engineering students. The traditional trend of the
use of shikakai for hair loss was extremely less in both
medical (83.75%) and engineering (87.50%) students’
groups. Regarding the knowledge of what type of effect
does conditioner has on hair, a fair number of medical
students (85%) felt that it moisturizes the hair as compared
to 65% of the engineering students. Interestingly, 22.5%
of the engineering students felt that it provides cleaning
effect in and 12.5% of the same engineering group felt that
it provided nutritive effect.
A total of 13 questions were asked in relation to attitude
regarding hair care, as depicted in Table 2. A great
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Table 1: Depicting knowledge regarding hair care practices among medical and engineering students
Questions

Options

Medical students (%)

Engineering students (%)

1. Do you think that diet has any relation
with hair?

Yes

100

87.50

No

‑

2.50

Not sure

‑

8.75

81.25

45

2. Do you think that certain medications
taken orally or injections can cause hair fall?

Yes
No
Not sure

3. Graying of hair is usually because of

4. What type of effect does conditioner has
on your hair?

28.75
26.25

Nutritional deficiency

60

50

Smoking

3.75

11.25

Hormonal imbalance

13.75

31.25

Hereditary

27.50

25

Cleaning effect

8

22.50

Moisturizing effect

85

65

Nutritive effect

0

12.50

Don’t know

7

0

number of medical students (67.5%) were not satisfied
with their hair compared to 55% of the engineering
students. A vast majority of both medical (93.75%)
and engineering (75.5%) students felt that sharing of
towels could transfer dandruff from one person to
another. About 32.5% of the medical students dry their
hair naturally compared to 12.5% of the engineering
students. A vast number of both medical (65%) and
engineering (56.25%) students were using a towel to
dry their hair. Majority of both medical (83.75%) and
engineering students (82.5%) believed that exfoliate scrub
or massage for the scalp is necessary for good hair. When
asked regarding which specialty of medicine dealt with
the treatment of hair problems majority in both medical
(92.5%) and engineering (86.25%) students replied as
dermatologist or skin specialist. However, 7% of the
engineering students felt that gynecologist needs to be
consulted for hair‑related problems. A vast number of the
medical (68.75%) and 75% of the engineering students
looked for lather formation as an important determining
factor while selecting a shampoo, followed by appealing
fragrance as the next determining factor. Only 25% of
the medical and 31.25% of the engineering students
felt that it was essential to use an air conditioner after
shampooing every time after hair wash. Approximately,
a total of 14.75% of the medical students and 13.75%
of the engineering students were coloring their hair by
artificial colors or mehendi. A good number of (58.75%)
the medical students and (42.25%) engineering students
were applying hair‑fixing sprays or gels for hair styles.
Five percent of the medical and 15% of the engineering
students would undergo for hair straightening or perming
procedures bimonthly. Seventy percent of both medical
and engineering students felt that the claims made in
44

0
18.75

the advertisement of hair care services or products in
popular newspaper are genuine. However, a vast majority
of both medical (88.75%) and engineering (92.5%)
students felt that there should be governing authority
that should test or validate the product claims before
they are advertised on television. About 57.50% of the
medical and 80% of the engineering students felt that
the more expensive the hair care product, the better it is.
A total of eight questions were asked regarding practices
concerning hair care among medical and engineering
students, as depicted in Table 3. About 47.5% of the
medical and 33.75% of the engineering students washed
their hair on daily basis, followed by 43.75% of the medical
and 38.75% of the engineering students washed their hair
twice a week and nearly an equal number of medical (60%)
and engineering (62.5%) students trimmed or cut their hair
once a month. Majority of engineering students (66.25%)
had a habit of vigorous shaking of wet hairs by towel or
hands versus 22.50% of the medical students. The use of
traditional shikakai for hair wash was in fairly less number of
medical (16.25%) and (12.5%) engineering students. Brands
such as Head and Shoulders, Dove, Garnier, Ayur/Nyle,
Sunsilk, and Loreal shampoo and conditioner were used in
the descending order of use among the medical students,
whereas Head and Shoulders, Garnier, Dove, Ayur/Nyle,
and medicated shampoo and conditioner were used in
descending order among the engineering students. Hair oil
was the most common homemade remedies used by both
medical (87.5%) and engineering (81.25%) students. This
was followed by the use of eggs, lemon, and yogurt among
the medical students and lemon, egg, and yogurt among the
engineering students. More than 50% of the students would
decide to buy a new hair care product depending on their
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Table 2: Depicting attitude toward hair care among medical and engineering students
Questions

Options

Medical students (%)

Engineering students (%)

1. Are you satisfied with your hair?

Yes

32.50

45

No

67.50

55

35

50

58.75

25.50

Somewhat disagree

‑

2.50

Completely disagree

7.50

20

65

56.25

2. Do you think sharing of towels can transfer
dandruff from one person to another?

3. How should you dry your wet hair?

Agree
Somewhat agree

Towel
Fan

17.50

18.75

Naturally

32.50

12.50

Hair drier

18.75

12.50

4. Do you believe that exfoliate scrub or massage
for scalp is necessary for good hair?

Yes

83.75

82.50

No

16.25

17.50

5. Which specialty of medicine deals with
treatment of hair problems?

Physician

7.50

7.5

Gynecologist

‑

6.25

Skin specialist

92.50

86.25

Plastic surgeon

‑

‑

Good fragrance

22.50

31.25

Good lather (foam)

68.75

75

Good color

6.25

3.75

NA

3.75

12.50

Yes

25

31.25

No

52.50

33.75

Don’t know

22.50

35

Weekly

‑

1.25

Monthly

7.50

‑

Bimonthly

7.25

12.50

NA

85.25

86.25

Daily

6.25

6.25

Weekly

7.50

8.75

Monthly

45

32.25

6. What type of qualities do you look for while
selecting a shampoo?

7. Is it essential every time to use an air
conditioner after shampooing?
8. How frequently are you coloring your hair by
artificial colors or mehendi?

9. How frequently are you applying hair‑fixing
sprays or gels for hair styles?

NA
10. How frequently do you go for hair
straightening, perming procedures?

41.25

52.75

Weekly

0

0

Monthly

0

0

Bimonthly

5

15

NA

95

85

11. Do you think that there should be a
governing authority that should test or validate
the product claims before they are advertised on
television?

Yes

88.75

92.50

No

11.25

7.50

12. Do you think that the claims made in the
advertisement of hair care services or products in
popular newspaper are genuine?

They are genuine/true

30

25

13. More expensive the hair care product, better it
is. Do you agree?

Completely

8.75

12.50

Somewhat agree

48.75

62.50

Disagree

27.50

20

Somewhat disagree

7.50

5

Claims are somewhat true
They are completely fake

‑

5

70

70

NA – Not applicable

own intuition, followed by influence or referral from friends
and television advertisement in the order of descendence
in both medical and engineering groups. About 62.75% of

the medical and 72.5% of the engineering students agreed
to using shampoos and conditioners which are advertised
in television, magazines, or newspapers.
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Table 3: Depicting practices concerning hair care among medical and engineering students
Questions

Options

1. How frequently you take hair bath?

Once a week

Medical students (%)
11.25

27.5

Daily

47.5

33.75

Twice a week

43.75

38.75

0

0

Once in 15 days
2. How frequently you trim/cut your hair?

Engineering students (%)

Weekly

0

3.75

Monthly

60

62.50

40

33.75

3. Do you have habit of vigorous shaking of wet hairs
by towel or hands?

Bimonthly
Yes

22.50

66.25

No

77.50

33.75

4. Do you shikakai routinely for your hair?

Yes

16.25

12.50

No

83.75

87.50

5. Which shampoo and conditioner are you using for
scalp hair?

Ayur/nyle

20

8.75

Dove

38.75

13.75

Head & Shoulders

28.75

32.50

Loreal

7.50

‑

Garnier

20

22.50

Medicated shampoo
6. Are you applying any of the homemade remedies
for your hair?

7. You decide to buy a new hair care product after

‑

7.50

Sunsilk

11.25

‑

Hair oil

87.50

81.25

Lemon

27.50

15

Yogurt

7.50

2.50

Eggs

31.25

7.50

20

25

Your friend tells you about it
Advertisement on TV

12.50

22.50

65

52.50

Yes

62.75

72.50

No

37.50

27.50

On your own
8. Are you using shampoos and conditioners
which are advertised in television, magazines, or
newspapers?

It was interesting to find significant differences between
medical students and engineering students as regard to
KAP of hair care. This study also helps in understanding
the expectations and needs of the young population
regarding hair care. This study may provide the knowledge
to pharmaceutical industries/hair care industries to
manufacture or synthesize products that can fulfill certain
demands in specific age groups. Various misbeliefs still
exist in the mind of young students regardless of their
educational background. This can be corrected by imparting
scientific knowledge of hair care in the target population.
Knowledge about trichology needs to be emphasized by
dermatology faculty in undergraduate medical teaching and
a subsequent study to demonstrate an intent to adopt more
healthy behavior could be done after the introduction of
basic knowledge of trichology in the curriculum.
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Eyebrow Whitening Induced by Imatinib
Sir,
Imatinib is a proven tyrosine kinase inhibitor (TKI) widely
used for the treatment of chronic myeloid leukemia (CML).
It is a rationally designed oral signal transduction inhibitor
that specifically targets several protein tyrosine kinases:
Abl, Arg (Abl‑related gene), the stem cell factor (SCF)
receptor (c‑KIT), platelet‑derived growth factor receptor, and
their oncogenic forms, most notably bcr‑abl. Its well‑known
adverse effects are hematological (cytopenia), edema, myalgia,
electrolyte disturbances, and rash.[1] There has been reported
a case with eyebrow whitening induced by dasatinib, another

Figure 1: The picture of eyebrow whitening of the patient (patient
consent has been obtained)

TKI.[2] Here, we present the first case of eyebrow whitening
induced by imatinib in literature, based on our experience.
A 56‑year‑old female patient was prescribed imatinib
400 mg/day for chronic‑phase CML 1 year ago in our clinic.
She had the diagnosis 3 years ago from another center and
was using imatinib for 3 years. We discovered progressive
eyebrow whitening for the last 3 months [Figure 1]. Ten
to twelve hairs of whitening was counted bilaterally; it
was <2/3rd of the total eyebrow mass and evaluated as Level
2 (according to the Eyebrow Whitening Scale: Level 0: no
whitening; Level 1: 1–3 strands; Level 2: between 3 and 10
strands, Level 3: 11 strands and 2/3rd of whitening, level
4: whitening of 3/4th or more strands).[3] There was no
previous trichoscopic image, so no comparison could
be performed. There were no other depigmented body
hairs detected. There was no particular feature at her own
medical or family history. Her CML was on complete
remission, and her blood count, iron, Vitamin B12, zinc,
and thyroid‑stimulating hormone levels were completely
normal. She did not complain of her eyebrow whitening,
and so the TKI treatment was continued.
Sunitinib is a a vascular endothelial growth factor receptor
multikinase inhibitor and usually used for the treatment
of metastatic renal cell carcinoma.A case of eyebrow
whitening, possibly because of using sunitinib is defined in
the literature. It was emphasized that the etiology is unclear
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Effect of Intraoperative Dexmedetomidine on Postoperative
Pain and Pulmonary Function Following Video‑assisted
Thoracoscopic Surgery
Vinayaka Jannu, M. G. Dhorigol
Department of Anaesthesiology, J N Medical College, KAHER, Belagavi, Karnataka, India

Abstract
Context: Acute postoperative pain following video‑assisted thoracoscopic surgery (VATS) needs considerable attention, if untreated leads to
chronic pain and postoperative lung dysfunction. Dexmedetomidine, α2 adrenoceptor agonist has shown promising results of opioid‑sparing
effects. Aims: The objectives of this study are to investigate the effect of dexmedetomidine on postoperative analgesia and pulmonary
mechanics in patients undergoing VATS. Settings and Design: This is a randomized controlled trial. Subjects and Methods: We conducted
a prospective, randomized, double‑blind study on lung cancer patients undergoing VATS. Each patient received either dexmedetomidine or
comparable volume of normal saline during the intraoperative period. In the recovery unit, postoperative visual analog scale (VAS) score, rescue
analgesic requirements, arterial blood gas values, and pulmonary function tests were recorded. Statistical Analysis Used: Data are analyzed
using unpaired t‑test, Mann–Whitney U‑test, and Fischer’s exact test. P < 0.05 was considered statistically significant. Results: VAS scores
were significantly lower (P < 0.05) in the dexmedetomidine group at rest, on coughing and on mobilization from supine to sitting position. The
partial pressure of arterial oxygen measured in postanesthesia care unit was significantly higher in the dexmedetomidine group (88 ± 8.2 vs
78 ± 9.1 mmHg). Forced expiratory volume in 1 was significantly greater in the dexmedetomidine group compared to the control group on the
first 2 postoperative days (P < 0.05). The length of hospital stay was significantly reduced by dexmedetomidine. Conclusions: Intraoperative
dexmedetomidine administration improves the quality of analgesia and postoperative lung function in patients undergoing VATS.
Keywords: Analgesia, dexmedetomidine, pulmonary function, video‑assisted thoracoscopic surgery

Introduction
Video‑assisted thoracoscopic surgery (VATS) is a minimally
invasive thoracic surgery with a wide range of applications,
including both diagnosis and treatment of lung pathology,
and has gradually replaced conventional thoracotomy.
It has known benefits of lesser postoperative pain, early
mobilization, faster recovery and reduced duration of
hospital stay.[1,2] However, the patients undergoing VATS still
experience a moderate degree of acute postoperative pain.[3‑5]
Suboptimal intraoperative management of pain has major
respiratory consequences and results in persistent chronic
pain, psychological distress and adverse effects on quality
of life.[6,7]
Dexmedetomidine is a selective α2 adrenoreceptor agonist
showed beneficial effects on postoperative pain control.[8,9] It
combines analgesic, sedative and anxiolytic properties with
Access this article online
Quick Response Code:

Website:
www.aeronline.org

DOI:
10.4103/aer.AER_9_20
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preservation of respiratory function by its opioid‑sparing
effects.[9‑14]
Although the perioperative administration of dexmedetomidine
has proven favorable outcomes after major abdominal
surgeries,[14,15] the outcome of patients undergoing thoracic
surgery remains obscure. The aims of this study are to
investigate the effects of intraoperative administration of
dexmedetomidine on postoperative pain and pulmonary
mechanics following VATS procedures.
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Subjects and Methods
After obtaining approval of the ethical committee, this
prospective, randomized, double‑blinded study was
carried out on 80 adult patients of an American Society of
Anesthesiologists Physical Status II or III, aged >20 years,
undergoing VATS. Patients were excluded from the study
if they were hemodynamically unstable, presence of
arrhythmias, severe bradycardia (heart rate <45 beats/min),
severe functional liver and kidney diseases, and psychiatric
and central nervous disturbances. Enrolled patients were
randomly allocated into two groups: Group C (control) and
Group D (dexmedetomidine) using a computer‑generated
randomized sequence.
An informed and written consent was obtained from the
patients during preanesthetic checkup 1 day before the
surgery. In the operating room, patients were premedicated
with intravenous (i.v.) glycopyrrolate 0.2 mg and midazolam
2 mg. Routine monitoring including oxygen saturation,
electrocardiogram, blood pressure, bispectral index and
capnogram was applied.
In Group D, dexmedetomidine 200 µg was mixed with normal
saline to achieve a total volume of 50 ml. Using an infusion
pump, i.v. dexmedetomidine 1 µg.kg−1 was administered over
a period of 20 min before induction and infusion of 0.5 µg.kg−1
continued until 20 min before termination of surgery.
A comparable volume of normal saline was administered in
the control group. The attending anesthesiologists, surgeons,
anesthesia and recovery nurses, and patients were all blinded
to randomization.
All patients were induced with i.v. propofol 2 mg.kg , fentanyl
2 µg.kg-1 and atracurium 0.5 mg.kg−1, and a tracheal tube
was inserted. Anesthesia was maintained using isoflurane
in the oxygen‑air mixture. For the first 72 h after surgery,
all patients received 1 g of i.v. paracetamol every 8 h. If
additional analgesic was required, i.v. tramadol 1 mg.kg−1
was administered. Patients were given i.v. ondansetron 4 mg,
if they demanded antiemetics. All patients were instructed
preoperatively on the use of the visual analog scale (VAS) and
to request supplementary analgesic if needed.

complications including atelectasis and pneumonia, time to
chest tube removal, incidence of prolonged air leakage and
length of hospital stay were documented for all the patients.

Statistical analysis

All values were reported as mean ± standard deviation for
continuous variables and numbers (percentages) for categorical
variables. Parameters showing a nonnormal distribution are
expressed as medians and interquartile ranges. Intergroup
comparisons were performed and analyzed using an unpaired
t‑test, Mann–Whitney U‑test for continuous variables and
Fischer’s exact test for categorical variables. P < 0.05 was
considered statistically significant.

Results
A total of 84 adult patients scheduled to undergo VATS were
assessed for the study. Four patients were withdrawn from the
study and 80 patients were randomly assigned to each group. As
shown in Table 1, the demographic and clinical characteristics
showed no significant differences between the groups.
Patients in the dexmedetomidine group experienced better
analgesia for first 24 h following surgery as depicted by
lower VAS values at rest, on coughing and on mobilization
from supine to sitting position [Figure 1]. Moreover, the
need for rescue analgesic was significantly reduced by
dexmedetomidine. PaO2 measured in PACU was higher in
Group D compared with the control group. Although the
respiratory rate was lower in the dexmedetomidine group
Table 1: Patient and perioperative data

−1

Pain scores were assessed at 10 min, 20 min, 60 min, 2 h,
6 h, 12 h, 24 h, and 48 h after surgery on a VAS (0 = no pain,
10 = worst pain imaginable) at rest, on coughing and on
mobilization from the supine to the sitting position. The number
of tramadol doses was recorded. Postoperative pulmonary
function was assessed using an automated flow‑sensing
spirometer for forced expiratory volume in 1 s (FEV 1)
measurement on postoperative days (POD) 1 and 2. In the
postoperative recovery unit, respiratory rate measurement and
arterial gas analysis were performed at room air, and the partial
pressure of arterial oxygen (PaO2) and carbon dioxide (PaCO2)
were assessed. Patients were discharged from postanesthesia
care unit (PACU) when the modified Aldrete score was 9, and
the time of discharge was recorded. Postoperative pulmonary

Group D

Group C

Age (years)
54±8.21
56±2.43
38/2
35/5
Gender, male/female, n
Weight (kg)
61±5.2
58±3.3
ASA status, n (%)
II
32 (80)
31 (77.5)
III
8 (20)
9 (22.5)
Smoking, n (%)
Past/current smoker
28 (70)
29 (72.5)
Nonsmoker
12 (30)
11 (27.5)
Pulmonary function tests
FEV1, L
2.5±0.8
2.6±0.6
FEV1, % predicted
95.1±11.1
96.3±12
FVC, L
3.1±0.4
2.92±0.4
FVC, % predicted
95.1±12.3
94.7±14
FEV1/FVC (%)
80.6±5.4
89.0±3.4
DLCO (%)
98.1±0.5
97.2±0.8
Duration of surgery (min)
156±12
163±16
Type of surgery
Lobectomy
21
17
Segmentectomy
11
12
Wedge resection
8
11
Data are expressed as mean±SD. FEV1=Forced expiratory volume in
1 s, FVC=Forced vital capacity, DLCO=Diffusion capacity of carbon
monoxide, SD=Standard deviation, ASA=American society of
anesthesiologists
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compared with the control group, PaCO2 was not different
between the groups. FEV1 was significantly greater in Group
D compared with the control group on POD 1 and 2 [Table 2].

systemically administered opioids through a patient‑controlled
pumps produce a potential side effects of respiratory depression
and hypoventilation.[22]

As shown in Table 3, the incidence of postoperative
complications such as atelectasis, pneumonia and prolonged
air leakage was not significantly different between the groups.
The length of hospital stay was significantly shorter in the
dexmedetomidine group compared with the control group.

Dexmedetomidine is an imidazole compound demonstrates
specific and selective α2 adrenoreceptor agonistic activity.
Presynaptic activation of the α2 receptor inhibits the release
of noradrenaline, terminating the propagation of pain signals.
Postsynaptic activation of α2 receptor in the CNS inhibits
sympathetic activity. These effects in combination produce
anxiolysis, sedation and analgesia. The locus ceruleus in the
CNS has highest density of α2 receptors and is also the site
of origin of descending noradrenergic pathway involved in
the modulation of nociceptive transmission suggesting the
supraspinal action of dexmedetomidine.[9]

Discussion
VATS is generally considered to be a less invasive and painful
offering several advantages, such as quicker recovery, enhanced
curability and shorter duration of hospital stay. Surprisingly,
VATS is associated with a prevalence of chronic pain comparable
to that of open procedures, with rates of pain ranging from 23%
to 63%, which is probably due to intercoastal nerve and muscle
damage from trocar insertion.[16‑19] Intraoperative nociception
represents only a small portion of the noxious stimuli that
could ultimately sensitize the central nervous system (CNS),
exacerbating acute pain and initiating chronic pain.
Lung volumes after thoracic surgery may be reduced by up to
50% and aggressive analgesic therapy leads to improvement in
lung mechanics and reduced rates of postoperative pulmonary
complications.[20,21]
Although thoracic epidural and paravertebral analgesic
regimens have been studied and recommended, systemic
analgesics are alternative to more invasive techniques. Even the

In one preliminary multicenter study, [23] Venn et al.
demonstrated intense analgesic properties of dexmedetomidine
in postoperative cardiac and general surgical patients. The
study has shown that dexmedetomidine significantly reduced
the requirements of rescue analgesic and sedative medications
for up to 24 h. Patients were calmly and easily aroused from
sleep to allow excellent communication and cooperation while
intubated and ventilated.
In our study, dexmedetomidine showed significant analgesic
efficacy and improved postoperative pulmonary functions
in the initial 24 h. It enhances the analgesic effects of

Table 2: Postoperative data
Group D

Group C

16±5
21±3
Respiratory rate, n
PaO2, mmHg
88±8.2
78±9.1
PaCO2, mmHg
41±6.5
42±5.1
FEV1, POD 1, L
2.2±0.4
1.8±0.5
FEV1, POD 2, L
2.3±0.5
2.0±0.3
Rescue analgesics
29 (72.5)
37 (92.5)
n (%)
Doses
63
101
Data are presented as mean±SD or n (%). PaO2=Partial pressure
of arterial oxygen, PaCO2=partial pressure of carbon dioxide,
POD=Postoperative day, FEV1=Forced expiratory volume in 1 s,
SD=Standard deviation

a

b

Table 3: Postoperative complications and length of
hospital stay
Group D

Group C

Complications, n
Atelectasis
3
2
Pneumonia
2
2
Time to chest tube removal, days
2 (1-7)
3 (1-8)
4 (10)
6 (15)
Prolonged air leakage, n (%)
Length of hospital stay, days
7 (3-9)
10 (6-13)
Data are presented as n (%) or median (IQR). IQR=Interquartile range
70

c

Figure 1: Mean visual analog scale pain scores (a) at rest, (b) on coughing
and (c) during mobilization from the supine to the sitting position
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coadministered opioids. These results are in consistent with
previous studies on postoperative patients. Dexmedetomidine
has a relatively short elimination half‑life of 2–2.5 h.[24] The
reasons for long‑lasting effects of dexmedetomidine are yet
to be elucidated.
Belleville et al.[25] reported of irregular breathing patterns
and obstructive sleep apnea in healthy young patients who
received high doses of dexmedetomidine. These results were
probably attributable to rapid and deep sedation as well as
patient anatomical variables. This study also demonstrated
marked sedation, mild hypercapnia and a decrease in minute
ventilation with little change in respiratory rate and an early
transient increase in oxygen consumption. In our study,
dexmedetomidine significantly improved oxygenation and
lung mechanics in the immediate postoperative period. Pain
modulation and opioid‑sparing properties of dexmedetomidine
are desirable to enhance recovery after thoracic procedures.
This study has several limitations. First, this trial has not
studied the effects of dexmedetomidine on intraoperative
hemodynamics, as it was conducted on patients with good
cardiorespiratory reserve. Although dexmedetomidine
administration has been related to the incidence of bradycardia
and hypotension,[9] such side effects were not encountered
in our study. Therefore, additional studies are needed to
investigate the effects of dexmedetomidine during one‑lung
ventilation. Second, the beneficial effects of dexmedetomidine
on the prevention of neuropathic pain were not studied. Further
investigations are required to focus and report the incidence
of chronic pain after VATS.

Conclusions
In conclusion, our results suggested that intraoperative
dexmedetomidine administration could improve the quality
of analgesia and postoperative lung function in patients
undergoing VATS.
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Low-dose aspirin for the prevention of preterm delivery in
nulliparous women with a singleton pregnancy (ASPIRIN):
a randomised, double-blind, placebo-controlled trial
Matthew K Hoffman, Shivaprasad S Goudar, Bhalachandra S Kodkany, Mrityunjay Metgud, Manjunath Somannavar, Jean Okitawutshu,
Adrien Lokangaka, Antoinette Tshefu, Carl L Bose, Abigail Mwapule, Musaku Mwenechanya, Elwyn Chomba, Waldemar A Carlo, Javier Chicuy,
Lester Figueroa, Ana Garces, Nancy F Krebs, Saleem Jessani, Farnaz Zehra, Sarah Saleem, Robert L Goldenberg, Kunal Kurhe, Prabir Das, Archana Patel,
Patricia L Hibberd, Emmah Achieng, Paul Nyongesa, Fabian Esamai, Edward A Liechty, Norman Goco, Jennifer Hemingway-Foday, Janet Moore,
Tracy L Nolen, Elizabeth M McClure, Marion Koso-Thomas, Menachem Miodovnik, R Silver, Richard J Derman, and the ASPIRIN Study Group*

Summary

Background Preterm birth remains a common cause of neonatal mortality, with a disproportionately high burden in
low-income and middle-income countries. Meta-analyses of low-dose aspirin to prevent pre-eclampsia suggest that
the incidence of preterm birth might also be decreased, particularly if initiated before 16 weeks of gestation.
Methods ASPIRIN was a randomised, multicountry, double-masked, placebo-controlled trial of low-dose aspirin
(81 mg daily) initiated between 6 weeks and 0 days of pregnancy, and 13 weeks and 6 days of pregnancy, in
nulliparous women with an ultrasound confirming gestational age and a singleton viable pregnancy. Participants
were enrolled at seven community sites in six countries (two sites in India and one site each in the Democratic
Republic of the Congo, Guatemala, Kenya, Pakistan, and Zambia). Participants were randomly assigned
(1:1, stratified by site) to receive aspirin or placebo tablets of identical appearance, via a sequence generated centrally
by the data coordinating centre at Research Triangle Institute International (Research Triangle Park, NC, USA).
Treatment was masked to research staff, health providers, and patients, and continued until 36 weeks and 7 days of
gestation or delivery. The primary outcome of incidence of preterm birth, defined as the number of deliveries
before 37 weeks’ gestational age, was analysed in randomly assigned women with pregnancy outcomes at or after
20 weeks, according to a modified intention-to-treat (mITT) protocol. Analyses of our binary primary outcome
involved a Cochran-Mantel-Haenszel test stratified by site, and generalised linear models to obtain relative risk (RR)
estimates and associated confidence intervals. Serious adverse events were assessed in all women who received at
least one dose of drug or placebo. This study is registered with ClinicalTrials.gov, NCT02409680, and the Clinical
Trial Registry-India, CTRI/2016/05/006970.
Findings From March 23, 2016 to June 30, 2018, 14 361 women were screened for inclusion and 11 976 women aged
14–40 years were randomly assigned to receive low-dose aspirin (5990 women) or placebo (5986 women). 5780 women
in the aspirin group and 5764 in the placebo group were evaluable for the primary outcome. Preterm birth before
37 weeks occurred in 668 (11·6%) of the women who took aspirin and 754 (13·1%) of those who took placebo (RR 0·89
[95% CI 0·81 to 0·98], p=0·012). In women taking aspirin, we also observed significant reductions in perinatal
mortality (0·86 [0·73–1·00], p=0·048), fetal loss (infant death after 16 weeks’ gestation and before 7 days post partum;
0·86 [0·74–1·00], p=0·039), early preterm delivery (<34 weeks; 0·75 [0·61–0·93], p=0·039), and the incidence of
women who delivered before 34 weeks with hypertensive disorders of pregnancy (0·38 [0·17–0·85], p=0·015). Other
adverse maternal and neonatal events were similar between the two groups.
Interpretation In populations of nulliparous women with singleton pregnancies from low-income and middle-income
countries, low-dose aspirin initiated between 6 weeks and 0 days of gestation and 13 weeks and 6 days of gestation
resulted in a reduced incidence of preterm delivery before 37 weeks, and reduced perinatal mortality.
Funding Eunice Kennedy Shriver National Institute of Child Health and Human Development.
Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Preterm birth, defined as delivery before 37 weeks,
remains a predominant driver of infant mortality world
wide, with the greatest burden of disease occurring in
low-income and middle-income countries (LMICs).1,2
Although improvements in neonatal care have resulted
www.thelancet.com Vol 395 January 25, 2020

in improved survival in high-income countries (HICs)
and some LMIC regions,3 this care is often limited or
unavailable in regions with the highest burden of
mortality. Beyond the newborn period, longitudinal
adverse effects on health and socioeconomic outcomes
have been associated with preterm birth, when compared
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Research in context
Evidence before this study
We searched PubMed for articles published in English on
low-dose aspirin therapy in pregnancy for improvement of
birth outcomes, published between Jan 1, 2000 and
Sept 27, 2019, using the search terms “aspirin” AND
“pregnancy” OR “hypertensive disease” OR “preterm birth” OR
“preeclampsia”. A secondary analysis of the Maternal-Fetal
Medicine Units Network trial of aspirin and a single trial of
preconception aspirin (the EAGeR trial) suggested a reduced
risk of preterm birth among women who received low-dose
aspirin compared with a placebo control. Meta-analyses and
systematic reviews of trials of low-dose aspirin in pregnant
women to prevent pre-eclampsia have suggested that the
occurrence of preterm birth is reduced in women receiving
aspirin, with this effect possibly increased when low-dose
aspirin is started early in pregnancy.
Added value of this study
This study is the first large trial of low-dose aspirin initiated early
in pregnancy with the prevention of preterm birth as the
primary outcome. This trial was designed to test the hypothesis
that low-dose aspirin (81 mg) administered daily and initiated

with individuals delivered at term.4–6 Despite numerous
trials of secondary prevention and tocolytic therapies,
effective strategies for the prevention of preterm birth
have proved either elusive or resource-intensive when
used in large populations of potentially at-risk groups.7–10
Meta-analyses and systematic reviews of trials of lowdose aspirin (60–150 mg a day) in pregnant women for
the prevention of pre-eclampsia suggest that women
receiving aspirin have a reduced occurrence of preterm
birth and a reduced frequency of pre-eclampsia.11–13
Secondary analyses of two trials of low-dose aspirin in
pregnancy have also suggested that the frequency of
preterm birth might be decreased in pregnant women
taking aspirin.14,15 This effect might be enhanced when
low-dose aspirin is started before 16 weeks of gesta
tion.12 Although promising as a strategy, no large-scale
definitive trial has examined low-dose aspirin initiated
early in pregnancy for the primary prevention of
preterm birth, as the main outcome. The ASPIRIN
(Aspirin Supplementation for Pregnancy Indicated risk
Reduction In Nulliparas) trial was therefore designed to
test the hypothesis that low-dose aspirin (81 mg)
administered daily and initiated early in pregnancy
(between 6 weeks and 0 days of gestation and 13 weeks
and 6 days of gestation) reduces the incidence of
preterm delivery in nulliparous women with a singleton
pregnancy. In recognising the scarcity of data on the
maternal and neonatal safety of aspirin in settings
where resources might be limited, we also prospectively
assessed potential harmful effects of this therapy as
part of our trial.
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in the first trimester reduces the incidence of preterm delivery in
nulliparous women with a singleton pregnancy. Additionally,
our data suggested that the intervention is safe for women
across the six low-income and middle-income countries (LMICs)
that were represented in the trial.
Implications of all the available evidence
This trial confirms the previously suggested benefit of low-dose
aspirin in reducing the risk of preterm birth. Nulliparous women
with a singleton pregnancy who were allocated to low-dose
aspirin in early pregnancy (between 6 weeks and 0 days of
gestation and 13 weeks and 6 days of gestation, until 36 weeks)
were 11% less likely to deliver before 37 weeks. In addition,
low-dose aspirin reduced the risk of early preterm delivery
(before 34 weeks) by 25%, and perinatal mortality by 14%.
These outcomes are consistent with previous meta-analyses that
showed similar reductions in preterm birth and perinatal
mortality. Because of the large sample size, this trial was able to
show these benefits definitively in a diverse group of women
from various LMICs. The low cost and proven tolerability of
aspirin in this population suggests that our aspirin regimen can be
readily and safely adopted across a range of clinical sites globally.

Methods

Study design
ASPIRIN was a multinational, randomised, doublemasked, placebo-controlled trial. The trial was led by the
ASPIRIN Study Group (appendix p 3) of the Global
Network for Women’s and Children’s Health Research
(Eunice Kennedy Shriver National Institute of Child
Health and Human Development [NICHD], Bethesda,
MA) and took place at seven community sites in
six countries (two sites in India, and one site each in
Pakistan, Zambia, the Democratic Republic of the Congo,
Guatemala, and Kenya) between March 23, 2016 and
April 11, 2019. Each site had several locations of
recruitment, composed of primary health-care centres
and hospital-based clinics. The trial protocol has pre
viously been published.16 Before initiation of the trial, the
protocol was approved by the relevant ethics committees
and regulatory agencies of each country, including the
ethics committees of the collaborators based in the
USA and that of the RTI International. The trial was also
done in accordance with the International Conference on
Harmonization’s Guideline for Good Clinical Practice.
No formal interim analyses were planned nor conducted.

Participants
Each site established a plan that they deemed to be most
effective for their setting to screen pregnant women
residing within the study communities.16 We identified
nulliparous pregnant women aged between 18–40 years
(minors aged ≥14 years were enrolled when permitted
by individual ethics boards in the Democratic Republic
www.thelancet.com Vol 395 January 25, 2020
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of the Congo, Kenya, and Zambia), and written informed
consent for study participation was obtained from the
women, or the parents or guardians of minors, by
trained staff. Nulliparous women were selected as they
are unlikely to undergo treatment to prevent prematurity
because of a lack of obstetrical history and have a
tendency to have higher frequencies of preterm birth
than multiparous women.17–19 Women were required to
have been pregnant for at least 6 weeks and 0 days, and
no longer than 13 weeks and 6 days, as confirmed by a
study ultrasound. We excluded women who presented
with or had a medical history of: allergy or contra
indication to aspirin; previous prescription of aspirin
for more than 7 days during the pregnancy; multiple
gestations; more than two first-trimester losses; any
other medical condition that might be considered a
contraindication to inclusion in the study (eg, diabetes
and hypertension).11 Potential participants were then
medically screened and were required to have: blood
pressure lower than 140/90 mm Hg; haemoglobin at or
higher than 7·0 g/dL; and an ultrasound evaluation
with presence of a fetal heartbeat, a single gestation,
and absence of a fetal anomaly. Fetuses or neonates
subsequently found to have an anomaly were included
in all analyses. The crown–rump length and date of
the last menstrual period were entered into a smart
phone application to determine the gestational age in
accordance with American College of Obstetrics and
Gynecology guidance.20

Randomisation and masking
Eligible and consented women were randomly assigned
(1:1) to receive aspirin or placebo. Both the aspirin
and placebo tablets were manufactured by Morepen
Laboratories (Parwānoo, Himachal Pradesh, India) and
Helix Pharma (Karachi, Pakistan). Packaging and
distribution were handled by Bilcare Global Clinical
Supplies (Pune, India). The placebo tablets were identical
to the aspirin tablets in size, weight, and appearance. The
pills were packaged into blister cards containing a 2-week
supply of medication. A certified analysis following US
Pharmacopeia reference standards was done for each lot
of tablets produced by the manufacturers. Each lot was
then independently stability tested for active ingredients
and appearance every 6 months until 24 months with
high performance liquid chromatography by Auriga
Laboratories (Sonipat, India) and the Pakistan Council of
Scientific and Industrial Research (Karachi, Pakistan),
with all analyses coordinated by the Research Triangle
Institute (RTI) International to preserve masking.
Participant randomisation was stratified by site, with the
randomisation sequence for each site provided by the
data coordinating centre (RTI) using a computer
algorithm based on a randomly permuted block design
with varied block sizes. Group allocation was incorporated
into the tablet packaging by Bilcare via sequential
numbering. Throughout the study, patients, research
www.thelancet.com Vol 395 January 25, 2020

staff, and local health providers were masked to treatment
unless in the case of serious adverse events potentially
related to study treatment that required unmasking.
Drug supply and safety was monitored by a pharmacist at
each site. The pharmacist was able to unmask drug
allocation if required in the context of a serious adverse
event. No instances of unmasking were required.

Procedures
Participants followed a daily regime of 81 mg of aspirin
or placebo from the time of randomisation until 36 weeks
and 7 days of gestation or delivery. On determination of
eligibility, women received the next available, sequentially
numbered, prepackaged 2-week medication allotment
for that site. These packs were replenished every 2 weeks
by study personnel from the site storage facilities and an
assessment of compliance, side-effects, interval medical
contacts, and concomitant medications was documented
at bi-weekly visits. Packs contained written instructions
for use, and to ensure literary levels did not affect proper
use, verbal instructions were provided by study staff
at randomisation and subsequent follow-up visits. Each
woman also received a back-up supply of tablets,
maintained throughout the study, to account for mis
placement or damage, or missed or delayed follow-up
visits. Compliance was assessed by pill counts and the
completion of a medicine compliance form each time the
pill supply was replenished, and an interval medical
obstetrical history was taken during the scheduled visits.
Blood pressure was assessed at 16–20 weeks,
28–30 weeks, 34 weeks, and then every 2 weeks begin
ning at 34 weeks until delivery. A repeat haemoglobin
assessment was obtained between 26 and 30 weeks.
Following delivery, we obtained maternal and neonatal
outcomes up to 42 days using the Global Network
Maternal Newborn Health Registry.21 All staff were trained
in the study procedures and in the assessment of harms.
Quality assessment of the ultrasound images for preg
nancy dating was done contemporaneously on 10% of
cases, at random by case order and equally distributed
across sites (appendix pp 10–11), with feedback provided
to the individual sonographer by the process we have
described previously.22

Outcomes
The primary outcome of this study was the incidence of
preterm birth, defined as the number of deliveries at or
after 20 weeks and 0 days of gestation, and before 37 weeks
and 0 days of gestation. We selected this primary outcome
as data were available to inform a power calculation, and
preterm birth is a well accepted proximal marker of both
perinatal morbidity and mortality.4,5 Predefined secondary
maternal outcomes were hyper
tensive disorders of
pregnancy (eg, pre-eclampsia, eclampsia, and gestational
hypertension; protocol updated to include increased range
of hypertensive disorders on March 18, 2019; appendix
p 4); early preterm (<34 weeks’ gestation) hypertensive
287

Articles

disorders of pregnancy; vaginal bleeding; antepartum
haemorrhage; post-partum haemorrhage; maternal mor
tality up to 42 days post partum; and late abortion
(spontaneous fetal loss between ≥16 weeks’ and <20 weeks’
gestation, or of a fetus <500 g; defined as a secondary
outcome on Feb 21, 2019). Predefined secondary fetal and
neonatal outcomes were perinatal mortality (stillbirths
and deaths in the perinatal period of 20 weeks’ gestation
to 7 days post partum); early preterm birth (before
34 weeks); small for gestational age as defined by the
INTERGROWTH-21st standard;23 birthweight lower than
2500 g and birthweight lower than 1500 g; spontaneous
abortion (miscarriage before 20 weeks); stillbirth (nonmacerated only and total stillbirths); fetal loss (defined as
stillbirth between 16–20 weeks and perinatal mortality
between 20 weeks’ gestation and <7 days post partum);
and medical termination of pregnancy. Extremely preterm

Statistical analysis

14 361 nulliparous pregnant women assessed for eligibility

2385 excluded
1534 did not meet the inclusion criteria
157 declined participation
694 did not complete the screening process

11 976 randomly assigned

5990 allocated to low-dose aspirin (81 mg daily)

5986 allocated to placebo

5943 received the allocated intervention

5936 received the allocated intervention

47 did not receive the allocated intervention due
to pregnancy loss before first dose of aspirin
or did not take any study medication

5975 completed follow-up
89 discontinued the intervention but
continued follow-up
51 withdrew consent
20 moved away from the study area
18 cases of investigator-terminated
treatment
15 lost to follow-up prior to delivery*

203 excluded from analysis
16 ineligible
15 lost to follow-up
172 with a pregnancy outcome at
<20 weeks

5787 included in mITT analysis
7 without evaluable primary outcome†

50 did not receive the allocated intervention due
to pregnancy loss before first dose of placebo
or did not take any study medication

5956 completed follow-up
69 discontinued the intervention but
continued follow-up
33 withdrew consent
21 moved away from the study area
15 cases of investigator terminated
treatment
30 lost to follow-up prior to delivery*

215 excluded from analysis
7 ineligible
30 lost to follow-up
178 with a pregnancy outcome at
<20 weeks

5771 included in mITT analysis
7 without evaluable primary outcome†

Figure: Randomisation and follow-up in the ASPIRIN trial
mITT=modified intention-to-treat. *In each group, one mother and four infants were lost to follow-up before
6 weeks’ gestation. †Women who were eligible according to the mITT criteria but for whom the primary outcome
could not be defined (aspirin group: five medical terminations of pregnancy and two with missing data; placebo
group: four medical terminations of pregnancy and three with missing data).

288

birth (before 28 weeks) was a post-hoc exploratory
outcome. Definitions of all secondary outcomes are
provided in the appendix (p 4–5). Overall adherence to
medication or placebo was defined as taking 90% or
more of the prescribed medication. Adverse events were
monitored and recorded every 2 weeks throughout the
study follow-up as detailed in the study protocol (appendix
pp 18–19).16 Serious adverse events were monitored with a
form to be completed for any event that: resulted in
maternal or fetal or neonatal death; was life-threatening;
required hospitalisation or prolonged existing hospital
isation; resulted in persistent or significant disability or
incapacity; or any other serious or unexpected adverse
event that the investigators felt should be reported. Specific
adverse events to be monitored on the basis of previous
links with aspirin were maternal upper gastrointestinal
bleeding and gastroschisis.24,25
The expected incidence of preterm birth was conser
vatively estimated to be 8%.1 Assuming a 5% risk of
miscarriage and a 2% loss to follow-up, a sample size of
11 920 participants (5960 per treatment arm) would
provide 90% power to detect a 20% reduction in the
incidence of preterm birth in women treated with lowdose aspirin, assuming a two-sided type I error of 5%.
A 20% reduction was considered to be a minimum
clinical important difference, in keeping with prior
publications of early aspirin initiation in pregnancy.12,14
In recognising that missing data were likely to occur
because of miscarriage or medical termination of preg
nancy, we planned a priori to do a modified intention-totreat (mITT) analysis for the primary outcome, to
include only women who delivered at or after 20 weeks
(appendix p 6). Randomly assigned women who were
subsequently determined to be ineligible were excluded
from the analysis as part of the mITT approach. We also
prespecified a sensitivity analysis within a per-protocol
population, defined primarily as all participants who
received 90% of their prescribed regimen (appendix p 6).
Analyses of all binary outcomes involved a CochranMantel-Haenszel test stratified by site to formally test
the primary hypothesis, followed by sensitivity analyses
based on generalised linear models, to obtain relative
risk (RR) estimates and associated confidence intervals
while adjusting for site, and to explore the treatment
effect according to site interaction. For the primary out
come, additional sensitivity analyses were: a generalised
linear model with a binomial distribution and identity
link function to estimate the adjusted absolute risk
difference (RD); a repeat of the primary model in
the intention-to-treat (ITT) population (appendix p 10)
with inverse probability weighting to include negative
outcomes for pregnancies excluded from the primary
analysis due to a pregnancy outcome before 20 weeks, a
medically terminated pregnancy at or after 20 weeks, or
otherwise missing outcomes at or after 20 weeks; and a
www.thelancet.com Vol 395 January 25, 2020
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repeat of the primary model also in the ITT population,
with multiple imputation for pregnancies with missing
gestational age. Analyses of secondary outcomes were
exploratory in nature, and therefore p values and confi
dence intervals are provided for descriptive purposes
only and no adjustments for multiple comparisons were
made. Adverse events were monitored in all women who
received at least one dose of drug or placebo and serious
adverse events were analysed according to the actual
treatment received (safety population; appendix p 6). All
data were analysed with SAS software (version 9.4).
Internal quality checks were designed to ensure highquality data, and masked reviews of outcomes and data
consistency were done prior to data locking and analysis.
An external independent data and safety monitoring
committee oversaw the trial, and monitored the results
and the occurrence of serious adverse events on a bian
nual basis. The trial was registered with ClinicalTrials.gov,
NCT02409680, and the Clinical Trials Registry-India,
CTRI/2016/05/006970.

Role of the funding source
Staff from the funder (NICHD) had input into the study
design, data interpretation, and reviewed and approved
this report. Nonetheless, the authors views do not neces
sarily represent those of the NICHD. The corresponding
author had full access to all the data in the study and
had final responsibility for the decision to submit for
publication.

Results
From March 23, 2016 to June 30, 2018, 14 361 nulliparous
pregnant women aged 14–40 years provided informed
consent and were screened for eligibility. 2385 women
were excluded or declined randomisation, and the
remaining 11 976 were consented for randomisation:
5990 were assigned to low-dose aspirin and 5986 were
allocated to placebo (figure). The low-dose aspirin group
had 5787 women in the mITT population, and the pla
cebo group had 5771. Baseline characteristics and sites of
delivery were similar between the two groups (table 1).
Overall adherence to medication or placebo, defined as
taking 90% or more of the prescribed medication, was
high (9813 [84·9%] of 11 558 patients in the mITT
population; 5109 [85·3%] in the aspirin group vs
5052 [84·4%] in the placebo group). The quality of the
drug was evaluated on manufacture and in episodic
assessments of stability by a third party, and showed
appropriate potency throughout the duration of the study
(appendix pp 7–9).
In our mITT population, in those women in whom the
primary outcome could be defined (figure), preterm
delivery before 37 weeks occurred in 668 (11·6%) of
5780 women receiving aspirin and 754 (13·1%)
of 5764 women receiving placebo (RR 0·89 [95% CI
0·81 to 0·98], p=0·012; table 2). On sensitivity analysis,
the estimated absolute difference in the probability of
www.thelancet.com Vol 395 January 25, 2020

preterm delivery with aspirin versus placebo was a
reduction of 2% (RD –0·02 [95% CI –0·03 to –0·01];
p=0·003). We also did sensitivity analyses to assess the
primary outcome according to study population and site.
Aspirin (n=5787)
Maternal age, years

··

Placebo (n=5771)
··

<20

2233 (38·6%)

2273 (39·4%)

20–29

3429 (59·3%)

3372 (58·4%)

125 (2·2%)

126 (2·2%)

>29
Number of prior pregnancies*

··

··

0

5274 (91·1%)

5226 (90·6%)

1

451 (7·8%)

469 (8·1%)

2

62 (1·1%)

76 (1·3%)

10·1 (8·6–12·0)

10·1 (8·6–12·0)

Projected gestational age at
enrolment, weeks
Maternal education
No formal schooling

··
830 (14·3%)

··
828 (14·3%)

1–6 years of schooling

857 (14·8%)

856 (14·8%)

7–12 years of schooling

3470 (60·0%)

3454 (59·9%)

≥13 years of schooling

629 (10·9%)

632 (11·0%)

Maternal height, cm

153·1 (6·9)

153·1 (7·0)

Maternal weight, kg

49·3 (8·9)

49·2 (8·7)

Maternal body-mass index,
kg/m²

21·0 (3·8)

21·0 (3·6)

5 (4–6)

5 (4–6)

Antenatal care visits
Delivery attendant†

··

··

Physician

2938 (50·8%)

2908 (50·4%)

Nurse or midwife

2240 (38·7%)

2239 (38·8%)

Traditional birth attendant

464 (8·0%)

473 (8·2%)

Family, self, or other
acquaintance

142 (2·5%)

147 (2·5%)

Delivery location†

··

··

Hospital

3479 (60·1%)

3494 (60·5%)

Clinic or health centre

1818 (31·4%)

1765 (30·6%)

488 (8·4%)

509 (8·8%)

Home or other
Delivery mode†

··

··

Vaginal

4257 (73·6%)

4324 (74·9%)

Caesarean section

1523 (26·3%)

1440 (25·0%)

Miscarriage

0

0

Medical termination of
pregnancy

5 (0·1%)

4 (0·1%)

Site
Democratic Republic of the
Congo
Guatemala

··
655 (11·3%)

··
665 (11·5%)

836 (14·4%)

835 (14·5%)

India (Belagavi)

1327 (22·9%)

1323 (22·9%)

India (Nagpur)

1026 (17·7%)

1020 (17·7%)

Kenya

673 (11·6%)

655 (11·3%)

Pakistan

771 (13·3%)

762 (13·2%)

Zambia

499 (8·6%)

511 (8·9%)

Data are n (%), median (IQR), or mean (SD). Percentages do not always equal
100% due to rounding. *Not resulting in delivery. †Numbers reflect available data
and therefore do not always reflect the total population.

Table 1: Baseline and site of delivery characteristics (modified
intention-to-treat population)
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Aspirin

Placebo

RR (95% CI)

p value

Primary outcome
Preterm delivery*

668/5780 (11·6%)

754/5764 (13·1%)

0·89 (0·81–0·98)

0·012

Secondary maternal outcomes
Hypertensive disorders*

352/5780 (6·1%)

325/5764 (5·6%)

1·08 (0·94–1·25)

0·299

Vaginal bleeding†

214/5933 (3·6%)

246/5940 (4·1%)

0·87 (0·73–1·04)

0·125

Antepartum haemorrhage*

26/5761 (0·5%)

25/5746 (0·4%)

1·03 (0·60–1·79)

0·900

Post-partum haemorrhage‡

54/5928 (0·9%)

43/5907 (0·7%)

1·25 (0·84–1·86)

0·274

9/5958 (151)

12/5948 (202)

0·75 (0·32–1·78)

0·512

23/5819 (4·0)

30/5808 (5·2)

0·77 (0·45–1·31)

0·331

21/5764 (0·4%)

0·38 (0·17–0·85)

0·015

Maternal mortality up to 6 weeks post partum† (rate per 100 000 livebirths)
Late abortion† (rate per 1000 pregnancies)
Early preterm delivery (<34 weeks) and hypertensive disorders*

8/5780 (0·1%)

Secondary fetal outcomes
Small for gestational age*

1506/5492 (27·4%)

1564/5467 (28·6%)

0·95 (0·90–1·01)

0·171

Perinatal mortality* (rate per 1000 births)

264/5779 (45·7)

309/5763 (53·6)

0·86 (0·73–1·00)

0·048

Early preterm delivery (<34 weeks)*

189/5780 (3·3%)

230/5764 (4·0%)

0·75 (0·61–0·93)

0·039

54/5780 (0·9%)

75/5764 (1·3%)

0·72 (0·51–1·02)

0·062

Actual birthweight <2500 g*

1078/5628 (19·2%)

1153/5624 (20·5%)

0·93 (0·87–1·01)

0·073

Measured and estimated§ birthweight <2500 g*

1101/5671 (19·4%)

1178/5671 (20·8%)

0·94 (0·87–1·01)

0·071

Actual birthweight <1500 g*

78/5628 (1·4%)

101/5624 (1·8%)

0·87 (0·57–1·33)

0·084

Measured and estimated§ birthweight <1500 g*

97/5671 (1·7%)

118/5671 (2·1%)

0·79 (0·58–1·07)

0·152

Fetal loss† (rate per 1000 pregnancies)

303/5818 (52·1)

353/5807 (60·8)

0·86 (0·74–1·00)

0·039

Spontaneous abortion† (rate per 1000 pregnancies)

134/5956 (22·5)

152/5946 (25·6)

0·88 (0·70–1·10)

0·261

Stillbirth macerated excluded* (rate per 1000 births)

105/5744 (18·3)

119/5717 (20·8)

0·88 (0·68–1·14)

0·324

All stillbirth* (rate per 1000 births)

141/5780 (24·4)

166/5764 (28·8)

0·85 (0·68–1·06)

0·141

Medical termination of pregnancy† (rate per 1000 pregnancies)

42/5956 (7·1)

30/5946 (5·0)

1·40 (0·88–2·23)

0·157

Post-term delivery (≥42 weeks’ gestation)*

90/5787 (1·6%)

105/5771 (1·8%)

0·86 (0·65–1·13)

0·266

Extremely preterm delivery (<28 weeks)*

Data are n/N (%) unless otherwise specified. Numbers reflect available data and therefore do not always reflect the total population. RR=relative risk. ITT=Intention-to-treat.
*Modified ITT population. †ITT population. ‡Safety population. §Visually estimated birthweights (appendix p 5) in newborn babies who could not be weighed.

Table 2: Primary and secondary outcomes

In the per-protocol population, the primary outcome
occurred in 537 (10·9%) of 4927 women receiving aspirin
and 600 (12·3%) of 4861 women in the placebo group
(RR 0·89 [95% CI 0·80 to 0·99]; p=0·020; appendix p 13).
No interaction between the study site and the primary
outcome was seen in these analyses. Additionally, ITT
outcomes were similar to the mITT analyses (appendix
p 13).
With respect to secondary outcomes (table 2), early
preterm delivery (<34 weeks) was reduced in women who
were randomly assigned to aspirin compared with those
randomly assigned to placebo. The post-hoc outcome of
extremely preterm delivery (<28 weeks) was marginally
lower in women who received aspirin compared with
placebo, but with a large confidence interval for the
relative risk spanning 1 and this difference was not
significant. Perinatal mortality occurred less frequently
in women who received aspirin than in those who
received placebo. The incidence of overall hypertensive
disorders of pregnancy was not different between women
who received aspirin and those who received placebo;
however, the incidence of women who delivered before
34 weeks with hypertensive disorders of pregnancy was
lower in women taking aspirin than in women taking
placebo. No differences in the occurrence of fetal growth
290

abnormalities, defined as birthweight lower than 2500 g
or 1500 g, were noted between the two groups. Fetal loss
(infant death after 16 weeks’ gestation and before 7 days
post partum) was also lower in women taking aspirin
than in women taking placebo. Other maternal and fetal
outcomes were similar between the groups (table 2).
RR estimates by site for the primary and secondary
outcomes are presented in the appendix (pp 14–18). For
the primary outcome of preterm delivery, we found no
evidence of an interaction between site and treatment
group. However, significant interactions between site
and treatment group were indicated for the outcomes of
early preterm birth and birthweight less than 1500 g. For
early preterm birth, results by site were consistent with
overall findings (table 2), in that RR estimates were less
than 1 for most sites (appendix p 16); however, the upper
limit of the RR confidence interval was less than 1 only
for Zambia and Nagpur. The Democratic Republic of the
Congo and Kenya had estimated RRs higher than 1, but
the associated confidence intervals were large and greater
than 1. For birthweight <1500 g (measured and estimated,
and actual birthweight), the span of the RR confidence
interval was less than 1 for Nagpur. The Democratic
Republic of the Congo and Kenya again had estimated
RRs greater than 1; however, the lower limit of the
www.thelancet.com Vol 395 January 25, 2020
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confidence interval for the Democratic Republic of the
Congo was also greater than 1 (appendix p 17).
Overall serious adverse events were similar between the
groups in the safety population (women receiving any
drug or placebo; table 3). No differences in maternal
bleeding complications (antepartum haemorrhage, postpartum haemorrhage, or upper gastrointestinal bleeding)
were detected between the groups. The proportion of
women with anaemia (those with a second haemoglobin
measurement of ≥7·0 g/dL or those with a >3·5 g/dL
decrease in haemoglobin) also did not differ between the
groups. Across both groups, 176 maternal deaths per
100 000 livebirths) were recorded, although maternal
mortality did not differ between the groups. Fetal and
neonatal serious adverse events did not differ between the
aspirin and placebo groups, with no differences in the
frequencies of overall congenital anomalies, gastroschisis,
and neonatal death.

Discussion
In this randomised, double-masked, placebo-controlled
trial, nulliparous women with a singleton pregnancy
who were allocated to receive low-dose aspirin early in
pregnancy (between 6 weeks and 0 days of gestation and
13 weeks and 6 days of gestation, until 36 weeks) were
11% less likely to deliver before 37 weeks’ gestation than
were women on a placebo regimen. Additionally, in the
aspirin group, the risk of early preterm birth before
34 weeks was lowered by 25%, and perinatal mortality
was decreased by 14%. Importantly, we saw no increase
in serious adverse events in mothers or infants in the
low-dose aspirin group, compared with the placebo
group.
These outcomes are consistent with a systematic
review11 and a meta-analysis12 that suggested similar
reductions in the frequencies of preterm birth and
perinatal mortality with low-dose aspirin. Because of its
large sample size, the current trial was able to show these
benefits definitively in a diverse group of women from
six LMICs. Additionally, our study was based on the longstanding Global Network Maternal Newborn Health
Registry, which has high community engagement,21
providing both data consistency and large populations
for recruitment and follow-up. The overall number of
preterm births was higher than that estimated for
determination of our sample size. However, accurate
estimates of preterm birth informed by early ultrasound
at our sites of interest are scarce, and we therefore chose
a conservative estimate of preterm births. Similarly,
aspirin treatment did not achieve the projected reduction
of 20% in the occurrence of preterm births, but did
cause a significant reduction in preterm births, and in
early preterm birth and perinatal mortality. Additionally,
although maternal mortality was high compared with in
high-income countries,26 rates were similar across the
groups. The simple eligibility criteria that was used in
this trial allows the intervention to potentially be applied
www.thelancet.com Vol 395 January 25, 2020

Aspirin (n=5943) Placebo (n=5936) RR (95% CI)

p value

At least one serious adverse event

832 (14·0%)

857 (14·4%)

0·98 (0·89–1·06)

0·568

At least one other serious adverse
event

495 (8·3%)

514 (8·7%)

0·97 (0·86–1·09)

0·579

Maternal death

9 (0·2%)

12 (0·2%)

0·75 (0·32–1·78)

0·514

Upper gastrointestinal bleeding

4 (0·1%)

3·99 (0·45–35·72)

0·216

10 (0·2%)

1·00 (0·42–2·39)

0·997

Maternal events

Vaginal spotting, bleeding,
or leaking

10 (0·2%)

1 (<0·1%)

Antepartum haemorrhage

35 (0·6%)

33 (0·6%)

1·06 (0·66–1·70)

0·815

Post-partum haemorrhage

50 (0·8%)

43 (0·7%)

1·16 (0·77–1·73)

0·481

Anaemia

24 (0·4%)

23 (0·4%)

1·04 (0·59–1·84)

0·893

150 (2·5%)

141 (2·4%)

1·06 (0·85–1·33)

0·591

45 (0·8%)

56 (0·9%)

0·80 (0·54–1·19)

0·271

120 (2·0%)

106 (1·8%)

1·14 (0·88–1·47)

0·325

Fever or infection

54 (0·9%)

46 (0·8%)

1·18 (0·80–1·73)

0·415

Other

57 (1·0%)

57 (1·0%)

1·00 (0·70–1·44)

0·995

Pre-eclampsia or eclampsia
Preterm labour or preterm birth
evaluation before delivery
Hypertension admission or
medical visit before delivery

Fetal and infant events
Fetal loss

142 (2·4%)

162 (2·7%)

0·88 (0·70–1·09)

0·246

Neonatal death up to 28 days

163 (2·7%)

190 (3·2%)

0·86 (0·70–1·05)

0·138

Miscarriage, abortion, or medical
termination of pregnancy

51 (0·9%)

54 (0·9%)

0·95 (0·65–1·38)

0·771

Congenital anomaly

32 (0·5%)

36 (0·6%)

0·89 (0·55–1·43)

0·626

2·01 (0·18–22·11)

0·569

Gastroschisis

2 (<0·1%)

1 (<0·1%)

Data are n (% of group), where n is participants with at least one serious adverse event form indicating the specified
event.

Table 3: Serious adverse events (safety population)

to diverse groups of pregnant women in various clinical
settings, and might be particularly relevant in LMICs.
The low cost and proven tolerability of low-dose aspirin
in women from LMIC populations suggests that this
intervention can be readily and safely adopted across a
range of clinical sites globally.
However, limitations of our study should be noted.
First the applicability of our regimen to groups of women
other than nulliparous women with singleton gestations
remains unclear. Second, previous meta-analyses have
suggested that increased doses of aspirin (>100 mg daily)
might further reduce the incidence of pre-eclampsia than
our selected dose of 81 mg daily.27 The optimal dose and
time of initiation for the prevention of preterm birth
remains unclear, and although aspirin has been endorsed
for the prevention of pre-eclampsia,11,28 we were only able
to show a significant decrease in the incidence of early
preterm hypertensive disorders of pregnancy occurring
before 34 weeks’ gestation. This absence of a difference in
overall pre-eclampsia between our aspirin and placebo
groups might be related to both our definition of
hypertensive disorders of pregnancy, and the settings in
which we performed the study. Diagnosis of pre-eclampsia
most commonly occurs at the time of birth admission. In
the care settings included in our trial, measurement of
blood pressure and assessment of proteinuria does not
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routinely occur at the time of delivery, potentially leading
to an ascertainment bias. In recognising this challenge
with our care settings, we chose to use an expansive
diagnosis of hypertensive disorders (appendix p 4) that
might have led to imprecision in this outcome. None
theless, our trial of aspirin in pregnancy is similar to other
large-scale trials that were unable to show a benefit in
terms of reducing the incidence of pre-eclampsia at
term, but noted a reduction in pre-eclampsia earlier in
pregnancy.29–31 Finally, we did not differentiate spontaneous
preterm birth from iatrogenic preterm birth. This decision
was intentional, as we recognised that a large proportion
of our births would occur in facilities that do not have the
ability to differentiate these diagnoses. As we saw no
differences in the principal drivers of iatrogenic preterm
birth (maternal preterm hypertensive disorders and fetal
growth restriction32), we speculate that the difference in
the incidence of preterm birth between aspirin and
placebo therapy might be due to a difference in the
frequency of spontaneous preterm birth. However,
ultimately, the decreases in preterm birth and perinatal
mortality with low-dose aspirin therapy are the most
meaningful outcomes to women and their children,
regardless of the causative mechanism.
In conclusion, this trial showed that the administration
of aspirin at a daily dose of 81 mg, initiated between
6 weeks 0 days of gestation and 13 weeks 6 days of
gestation up to 37 weeks, reduced the incidence of
preterm births in populations of nulliparous women
with singleton pregnancies from LMICs.
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Background: While trends in caesarean birth by maternal request in low- and middle-income countries are
unclear, age, education, multiple gestation and hypertensive disease appear associated with the indication when
compared with caesarean birth performed for medical indications.
Methods: We performed a secondary analysis of a prospectively collected population-based study of home and
facility births using descriptive statistics, bivariate comparisons and multilevel mixed-effects logistic regression.
Results: Of 28 751 patients who underwent caesarean birth and had a documented primary indication for the
surgery, 655 (2%) were attributed to caesarean birth by maternal request. The remaining 98% were attributed
to maternal and foetal indications and prior caesarean birth. In a multilevel mixed effects logistic regression
adjusted for site and cluster of birth, when compared with caesareans performed for medical indications, caesarean birth performed for maternal request had a higher odds of being performed among women ≥35 y of age,
with a university or higher level of education, with multiple gestations and with pregnancies complicated by hypertension (P < 0.01). Caesarean birth by maternal request was associated with a two-times increased odds of
breastfeeding within 1 h of delivery, but no adverse outcomes (when compared with women who underwent
caesarean birth for medical indications; P < 0.01).
Conclusion: Caesarean performed by maternal request is more common in older and more educated women
and those with multifoetal gestation or hypertensive disease. It is also associated with higher rates of breastfeeding within 1 h of delivery.
Keywords: caesarean birth, low- and middle-income countries, trends, risk factors, maternal request.

Introduction
Caesarean birth rates within the Global Network for Women’s and
Children’s Health Research (Global Network) have been increasing, paralleling the global trend.1,2 One potential driver of rising
rates is caesarean birth by maternal request (CBMR), which is
when pregnant women choose an elective caesarean birth with
no other medical indication.3,4 Caesarean birth performed without a medical indication is advised against by the World Health

Organization.3,5 There are limited studies on the phenomenon
and organizations in high-income countries, such as the American College of Obstetricians and Gynecologists, have cited insufficient evidence in the inability to make a recommendation for or
against the practice, but they have provided guidelines on criteria for using the procedure.6 A recent meta-analysis on reasons
women choose CBMR concluded that interventions should be designed to reduce this practice and promote vaginal birth.7
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The Global Network prospectively collects population-based
data on home and facility births in six low- and middle-income
countries (LMICs) that span Latin America, sub-Saharan Africa
and Southeast Asia in an ongoing registry.8 Data from this Maternal and Child Health Registry (MNHR) within the network was
previously analysed to show that over a relatively short period of
time (2010–2016), caesarean birth rates doubled at all non-subSaharan African sites, almost reaching 30% in one Indian site.2
Given these trends, we wanted to analyse the rates of caesarean
birth by maternal request (CBMR) within the Global Network to
observe changes in those rates over time and to observe factors
and pregnancy outcomes associated with CBMR.
To conduct this secondary analysis, we aimed to compare
antepartum, intrapartum and post-partum factors and outcomes associated with CBMR as compared with the population
of women who underwent caesarean birth for a clearly documented indication. Our primary outcome was factors associated
with CBMR and our secondary outcome was the association of
CBMR with pregnancy outcomes. Our hypothesis was that CBMR
has increased within the Global Network over time. Compared
with women who underwent caesarean birth for a medical indication, we hypothesized that immediate neonatal outcomes
might be better for women who underwent CBMR than in the
comparison group based on prior research.9

Methods
This was a secondary analysis of the prospectively collected
MNHR data from the Global Network between January 2010 and
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December 2013. The methodology of the MNHR has been published previously.8 In brief, the MNHR includes pregnancy-related
data and outcomes from rural or semi-urban geographical areas.
Each site includes between 6 and 24 distinct communities.8 Each
community generally represents the catchment area of a primary
healthcare centre and about 300–500 births take place annually
in each community.8 They are located at seven sites in six LMICs
(Argentina, Guatemala, Nagpur and Belagavi [India], Kenya,
Pakistan and Zambia).8 The objective of the MNHR is to enrol pregnant women as early as possible during the pregnancy
and to obtain data on pregnancy outcomes for all deliveries
of registered women, regardless of birth location (i.e. home,
health clinic or hospital).8 Data were obtained through the Data
and Specimen Hub (DASH) supported by the Eunice Kennedy
Shriver National Institute of Child Health and Human Development through a data use agreement with the University of
Colorado.
The primary outcome of this analysis was CBMR, including
trends over time, risk factors associated with the indication and
outcomes of the indication, all compared with the population of
women who underwent caesarean birth for medical indications.
Women were categorized as having one of two indications: CBMR
or medical indications. Medical indications comprised all other
indications for caesarean birth offered on the MNHR form, including ‘obstructed/prolonged labour/failure to progress’, ‘major
antepartum haemorrhage’, ‘transverse/oblique lie/breech’, ‘severe pre-eclampsia’, ‘foetal distress/cord prolapse’ or ‘previous
C-section’. Women with ‘no indication’ or the indication ‘other’ or
who were missing data on the primary indication for caesarean
birth were excluded from the analysis.
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Figure 1. Consort diagram of women included in the analysis.
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Results
Table 1. Indications for caesarean birth among those women who
underwent caesarean birth at Global Network sites, 2010–2013
n (%)
(N = 34 160)

Obstructed/prolonged labour/failure to progress
Previous C-section
Transverse/oblique lie/breech
No clear indication/other
Severe pre-eclampsia
Foetal distress/cord prolapse
Major antepartum haemorrhage
Maternal request
Missing

14 366 (42)
6573 (19)
3679 (11)
3250 (10)
1473 (4)
1408 (4)
597 (2)
655 (2)
2159 (6)

Comparisons were made between CBMR and women with a
medical indication for caesarean birth in bivariate and multivariable comparisons adjusted for site and cluster of birth. A P-value
<0.01 was used to determine statistical significance given the
large sample size and multiple comparisons. Variables significant
in the bivariate analysis to P < 0.05 were included in the multivariable model. Stata version 15.2 (StataCorp, College Station,
TX, USA) was used for the analysis.
The study protocol was reviewed and approved by the institutional review boards/ethics research committees of the
participating institutions approved by the MNHR study initially.
Individual informed consent for study participation was requested and obtained from each study participant. A data
monitoring committee, appointed by the National Institute of
Child Health and Human Development, oversees and reviews
the study semi-annually.7 This de-identified data analysis was
reviewed and approved by the Colorado Multiple Institutional
Review Board (19-0613).

Figure 2. Rates in caesarean delivery by maternal request within the Global Network sites, 2010–2013.
* Note: Zambia not visible behind Kenya line (both went from 0% in 2010 to 0% in 2013) and Belagavi not visible behind Pakistan line (both went from
3% in 2010 to 2% in 2013).
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Figure 1 illustrates the population included in this analysis. Of
294 045 births that occurred in the registry between 2010 and
2013, 34 160 were by caesarean, 28 751 of which included the
data necessary to classify them by primary indication for caesarean birth. A total of 655 women (2.3% of the study population)
underwent CBMR. The remaining 98% of women (28 096) had
a documented primary indication for caesarean birth, shown in
Table 1. Obstructed/prolonged labour/failure to progress accounted for the largest proportion of caesarean births with a
medical indication (42%), followed by a history of a previous caesarean (19%) and malpresenting foetuses (11%). Haemorrhage,
pre-eclampsia and foetal indication were all less prevalent (10%
combined).
Figure 2 shows CBMR rates over time within the Global Network; Argentina had a doubling in CBMR rates over the study timeframe. The trend in Guatemala and Southeast Asian sites (India
and Pakistan) is unclear, as we did not test the trend, although
they appear to be stable or even decreasing at those sites. The
sub-Saharan African sites did not have any caesareans attributed
to the indication of CBMR in either Zambia or Kenya.
Table 2 shows bivariate comparisons of women who underwent CBMR compared with women who underwent caesarean
birth for a medical indication. These comparisons were made using a multilevel mixed effects logistic regression adjusting for site
and cluster. The comparisons showed that women ≥35 y of age,
those with a university or higher level of education, those with a
multiple gestation and those with hypertension were more commonly delivered by CBMR (P < 0.05).
Table 3 shows the unadjusted and adjusted results of a multilevel mixed effects regression with the unadjusted model accounting for only site and cluster of delivery and the adjusted
model accounting for site, cluster, maternal age and education, number of foetuses and hypertensive disorders of pregnancy. These models reaffirm the results of the univariate comparisons with age >35 y, a university or higher level of education,
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Table 2. Univariate comparison of characteristics of women who underwent caesarean birth for a maternal indication compared with those
who underwent CBMR at Global Network sites, 2010–2013

Maternal age (years), n (%)
<20
20–35
>35
Maternal education, n (%)
No formal schooling
Primary school
Secondary school
University or higher
Parity, n (%)
0
1–2
≥3
BMI, n (%)
Underweight
Normal
Overweight
Obese
Singleton gestation, n (%)
Yes
No
Hypertension, n (%)
Yes
No

CMBR
(N = 655)

2566 (9)
24 569 (88)
913 (3)
n = 27 973

56 (9)
532 (81)
67 (10)
n = 651

4192 (15)
8089 (29)
11,306 (40)
4386 (16)
n = 27 986

91 (14)
217 (33)
234 (36)
109 (17)
n = 649

13 204 (47)
11 674 (42)
3108 (11)
n = 28 096

321 (50)
176 (27)
152 (23)
n = 655

4763 (17)
14 232 (51)
4007 (14)
5094 (18)
n = 28 080

79 (12)
271 (41)
114 (18)
191 (29)
n = 655

27 251 (97)
829 (3)
n = 28 017

630 (96)
25 (4)
n = 653

2413 (9)
25 604 (91)

27 (4)
626 (96)

P-value
LR/site/clusterc
<0.001

0.005

0.3

0.3

0.01

<0.001

a Women

with ‘no indication’ for caesarean birth not included in the analysis.
indication includes the first six indications in Table 1.
c Multilevel mixed effects regression adjusting for site and cluster.
LR, logistic regression.
b Medical

multifoetal gestation and hypertension all increasing the risk of
CBMR about twofold (P < 0.01).
Table 4 illustrates the distribution of outcomes by the key
exposure: indication for caesarean birth. In bivariate multilevel
mixed effects comparisons adjusted for site and cluster of
women who underwent CBMR compared with those who underwent caesarean birth for a medical indication, the only outcome that was more prevalent among women who had CBMR
was breastfeeding initiation rates within the first hour of delivery (P < 0.001). When this result was tested in multivariate models, the odds of breastfeeding within 1 h among women undergoing CBMR were increased twofold in both unadjusted (site and
cluster) and adjusted (for age, education, multifoetal gestation,
hypertension, site and cluster) models (unadjusted and adjusted
odds ratio 2.0 [95% confidence interval 1.6 to 2.5], P < 0.001)
(Table 5).
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Discussion
While caesarean birth rates within the Global Network for
Women’s and Children’s Health Research have been found to be
increasing, trends in rates of CBMR are less clear.2 The only site
with a rising rate of CBMR over the study timeframe was Argentina
(it increased from 6 to 12%). The Guatemalan and Southeast
Asian sites had an unclear trend, and no CBMR existed at all in
Zambia and Kenya. Our analysis found that older and more educated women, as well as those with multifoetal gestation and
hypertension were more likely to undergo CBMR than women
who underwent caesarean birth for a medical indication. We also
found that in the context of CBMR, breastfeeding initiation rates
were higher than those among women who had a caesarean
birth for a medical indication.
One interesting finding of our analysis is the increasing trend
of CBMR in Argentina. Argentina was actually not renewed within
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Table 3. Multivariate analysis of characteristics associated with CBMR within Global Network sites, 2010–2013

Maternal age (years)
<20
20–35
>35
Maternal education
No formal schooling
Primary school
Secondary school
University or higher
Multifoetal gestation
Hypertension

UOR

LLCI

ULCI

P-valueb

AOR

LLCI

ULCI

P-valueb

0.7
1
2.4

0.5
1.8

0.9
3.2

0.02
<0.001

0.8
1 (ref)
2.5

0.6
1.9

1.0
3.4

0.06
<0.001

1.1
0.9
1 (ref)
1.7
1.8
2.3

0.9
0.8
1.4

1.5
1.1
2.2

0.4
0.4
<0.001

0.8
0.7
1.3

1.4
1.1
2.2

0.7
0.3
<0.001

1.2
1.6

2.7
3.5

0.007
<0.001

1.1
0.9
1 (ref)
1.7
1.8
2.4

1.2
1.6

2.8
3.5

0.005
<0.001

a Women

with ‘no indication’ for caesarean birth not included in analysis.
mixed effects regression adjusting for site and cluster.
UOR, unadjusted odds ratio; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval; AOR, adjusted odds ratio.

b Multilevel

the Global Network after 2013 because of its increased human
development index. This raises the hypothesis that as countries advance in their development, CBMR may become more
prevalent, which deserves further exploration and has been suggested by other analyses.10 Accordingly, we intend to closely
watch the trend in the Guatemala site, as caesarean birth rates
at study sites are around 57%. We added indication for caesarean birth back into the registry as of 2020. Also of note
was the fact that the sub-Saharan African sites had zero caesarean births attributed to CBMR. A possible explanation for this
is that coders did not understand the indication, but more likely,
given the fact that the caesarean birth rates at these sites were
<2% over the study timeframe, CBMR may not have existed because overall proper access to and utilization of caesarean birth
did not exist in these settings. This also supports the hypothesis that regions with low human development have low rates
of CBMR and as wealth and development increases, so does
CBMR.
Other studies have found that older women and those with
more education are more likely to undergo caesarean birth.11
While age and education level may not be a modifiable risk
factors, providers or facilities who wish to reduce their CBMR rate
can change by discussing the risks and benefits of vaginal birth
for a multifoetal gestation. Prior research on vaginal birth in the
setting of multifoetal gestation has found vaginal birth may be
a safe delivery option for properly selected women.12 Increasing
patient and provider education regarding the likelihood of good
pregnancy outcomes for twin gestation delivered vaginally might
be a point of intervention for quality improvement. Similarly, hypertension in itself should not be an indication for caesarean
birth, and certainly women requesting CBMR for hypertensive
disease should be counselled on the evidence.13,14 More rigorous
hypertensive management in the prenatal and antepartum setting might reduce CBMR for this indication if it gives women more
time to undergo induction and to understand their condition
more fully.

Regarding outcomes after CBMR as compared with those resulting from a caesarean birth for a medical indication, we found
that breastfeeding within 1 h of delivery was more common after
CBMR than after caesarean for a medical indication. Prior research
is consistent with this finding.15 A possible explanation for this is
that CBMR is an elective procedure, not performed in an emergent setting. As such, after CBMR mothers and babies are likely
to have a more stable environment in which to initiate breastfeeding. While emergent caesarean births may require stabilization of the mother and baby prior to breastfeeding attempts, the
fact that it is happening more successfully after CBMR suggests
that whenever possible, breastfeeding immediately post-partum
should be encouraged, even in more acute environments, which
is also supported by the literature.16
This study is limited by the fact that the data are almost a
decade old and that many variables were unable to be included
in the analysis due to missing data. For example, regarding antepartum care, we hypothesized that antenatal care visits, history
of a prior live birth and anaemic status might have been associated with CBMR. Similarly, regarding outcomes, we were unable
to include the 7-d neonatal mortality rate, post-partum haemorrhage, use of oxytocics, administration of blood products and
performance of a post-procedure dilation and curettage due to
missing data. Additionally, data on maternal death were not included in the dataset from DASH and were unable to be obtained
despite follow-up requests. The strengths of the analysis include
the large (initial) sample size and the representativeness of the
data from multiple LMICs in various world regions.
In conclusion, data from 2010 to 2013 in the Global Network’s
MNHR does not provide definitive proof of any trend in CBMR in
LMICs. However, based on this analysis, entities wishing to reduce CBMR rates might observe rates in their institutions among
women with multiple gestations and those with hypertensive disease. Breastfeeding was found to be more common in women
following CBMR than in those who underwent caesarean birth for
another primary indication. More evidence on the rates, trends
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Table 4. Univariate comparison of outcomes of women who underwent caesarean birth for a maternal indication compared with those who
underwent CBMR at Global Network sites, 2010–2013

Gestational age, n (%)
Preterm
Term

Medical indicationa,b
(N = 28 096)

CMBR
(N = 655)

7626 (27)
20 470 (73)
n = 28 094

219 (33)
436 (67)
n = 655

27 655 (98)
439 (2)
n = 27 870

648 (99)
7 (1)
n = 652

403 (1)
27 467 (99)
n = 26 942

11 (2)
641 (98)
n = 610

2311 (9)
24 631 (91)
n = 27 523

33 (5)
577 (95)
n = 649

2007 (7)
25 516 (93)
n = 27 357

35 (5)
614 (95)
n = 641

12 025 (44)
15 332 (56)

3433 (68)
208 (32)

P-valuec
LR/site/cluster
0.2

Live birth, n (%)
Yes
No

0.6

Post-partum haemorrhage, n (%)
Yes
No

0.3

Maternal blood transfusion, n (%)
Yes
No

0.1

Baby received bag-mask resuscitation, n (%)
Yes
No

0.1

<0.001

Baby breastfed within 1 h, n (%)
Yes
No
a Women

with ‘no indication’ for caesarean birth not included in analysis.
indication includes the first six indications in Table 1.
c Multilevel mixed effects regression adjusting for site and cluster.
LR, logistic regression.
b Medical

Table 5. Multivariate analysis of associated of CBMR with breastfeeding within 1 h of delivery in Global Network sites, 2010–2013
Odds of outcome after CBMRa

UOR

LLCI

ULCI

P-valueb

AOR

LLCI

ULCI

P-valueb

Breastfeeding within 1 hour

2.0

1.6

2.5

<0.001

2.0

1.6

2.5

<0.001

a Women

with ‘no indication’ for caesarean birth not included in analysis.
mixed effects regression adjusting for age, education, number of gestations, hypertensive disease, site and cluster.
UOR, unadjusted odds ratio; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval; AOR, adjusted odds ratio; LR, logistic
regression.

b Multilevel

and outcomes of CBMR in LMICs are needed, especially if along
with increasing national development comes increasing CBMR
rates in these settings.
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ABSTRACT
Background: Blood transfusion is associated with altered serum creatinine levels. However, there are not many
studies available to substantiate the cause of acute kidney injury (AKI) in patients undergoing cardiac surgeries.
Aims and Objectives: The present study was aimed to assess and analyze serum creatinine levels, after blood transfusion
(post-operative) in patients undergoing cardiac surgery and to assess its significance as a potential diagnostic and prognostic
serum biomarker in predicting renal dysfunction. Materials and Methods: An observational study was performed after
obtaining the Institution’s Ethical Committee approval. Patients (n = 162) who underwent cardiac surgeries were considered
for the study and were evaluated for alterations in serum creatinine levels and creatinine clearance rate, before (pre-operative)
and after blood transfusion (post-operative). Analysis of variance, paired t-test, Chi-square test, and logistic regression test
were used. Results: Statistically significant difference (P < 0.0001) in mean creatinine levels as well as creatinine clearance
rate was observed in 70 patients who were at a greater risk of developing AKI (post-operative). Post-operative median
creatinine level as well as creatinine clearance rate were also significantly different (P < 0.001) in AKI group, compared
to non-AKI group. Mean difference between pre- and post-operative serum creatinine, for congenital procedure, was
statistically significant (P < 0.001). Conclusion: Blood transfusion is often associated with altered serum creatinine levels,
leading to unfortunate adverse effects of potentially renal dysfunction. Therefore, better blood conservation and anesthetic
techniques should be studied upon to prevent excessive bleeding and avoid unnecessary blood transfusion.
KEY WORDS: Blood Transfusion; Creatinine; Acute Kidney Injury; Cardiovascular Risk; Blood Conservation; Anesthetic
Techniques
INTRODUCTION
Cardiac surgery is associated with one of the highest rates
of blood transfusion and has become one of the leading
Access this article online
Website: www.njppp.com

DOI: 10.5455/njppp.2020.10.1135913112019

Quick Response code

contributors to acute kidney injury (AKI) which is defined
as an increase in serum creatinine ≥50% or >26.5 mmol[1] in
patients admitted to intensive care. Acute blood loss or drop
in hematocrit, due to hemodilution, is common in cardiac
surgery necessitating blood transfusion to improve oxygen
delivery to kidneys as well as to other vital organs, with the
assumption that it would prevent ischemic injury.[2] However,
it is believed that blood transfusion is no longer a benign
procedural protocol and has its own clinical implications such
as multiorgan failure including AKI in patients undergoing
cardiopulmonary bypass. Blood transfusion brings a series
of biochemical variations, leading to significant mortality as

National Journal of Physiology, Pharmacy and Pharmacology Online 2020. © 2020 Anita Teli and Ravi Ghatnatti. This is an Open Access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creative commons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

59

National Journal of Physiology, Pharmacy and Pharmacology

2020 | Vol 10 | Issue 01

Teli and Ghatnatti

Blood transfusion and serum creatinine in patients undergoing cardiac surgeries

reported in literature – AKI occurs in up to 40% of patients
undergoing cardiac surgery.[3]
The incidence of mortality among patients with AKI, after
cardiac surgery, was rare (1–5%) in the past, but of late, has
known to increase to 8%,[4] and is most often associated with
an increase in serum creatinine levels, after blood transfusion;
blood transfusion being an underlying pathophysiological
factor. Since blood transfusion is a potentially modifiable
factor in cardiac surgery-associated AKI, the association
between blood transfusion and outcomes in cardiac surgery
has been widely investigated.[5]
To date, however, most studies investigating the relationship
between blood transfusion and AKI have used creatinine or
dialysis as measures of AKI.[6] Serum creatinine is not considered
a concrete marker yet for timely diagnosis in AKI due to the
effect of several non-renal factors such as fluids, drugs, and
muscle metabolism, on serum creatinine levels.[7] Therefore,
the primary objective of the present study was to assess and
analyze serum creatinine levels, after blood transfusion (postoperative) in patients undergoing cardiac surgery and to assess
its significance as a potential diagnostic and prognostic serum
biomarker in predicting renal dysfunction.
MATERIALS AND METHODS
Study Design and Setting
An observational study was conducted for a year, from February
2018 to January 2019, in the department of physiology of a
tertiary care hospital, to assess the renal functional changes,
postoperatively. A total of 162 patients, ranging from 15
to 60 years, following blood transfusion in coronary artery
bypass graft (CABG), congenital, and valve surgeries were
considered. The study was approved by Institution’s Ethical
Committee and patients who were willing to participate in the
study and had a medical history of valvular diseases, congenital
defects, and coronary artery diseases, requiring surgery, were
included in the study. Whereas, geriatric patients, neonatal,
and infants, as well as those who were reluctant to participate
in the study, and were diagnosed with pre-operative renal
failure, pre-operative anemia, renal artery stenosis, and
allergic to blood transfusion, were excluded from the study.
Data Collection
A predesigned pro forma was used to record data of different
parameters, and the intraoperative data were collected by
the attending anesthesiologists, perfusionists, and surgeons.
After eliciting a demographic and detailed medical history of
the patients undergoing various cardiac surgical procedures,
the subjects were weighed in standardized machine with
minimum of their clothing nearest to 0.1 kg. Height was
measured using stadiometer and the body mass index (BMI)
was measured using quiet let index.[8] Depending on the
2020 | Vol 10 | Issue 01

various surgical procedures, the blood transfusion data were
recorded, and accordingly, the pre-operative data, before
blood transfusion, and post-operative data, after blood
transfusion, were evaluated and various parameters such
serum creatinine levels and creatinine clearance rate were
assessed. The creatinine clearance rate was evaluated using
the Cockcroft-Gault formula.[9]
Statistical Analysis
Data analysis was done by R i386.3.5.1 statistical software.
Data were summarized as mean ± standard deviation
for continuous variables and categorical variables were
represented using percentages. Comparison of creatinine was
done using analysis of variance. Comparison of continuous
data was done using paired t-test, Mann–Whitney U-test and
Chi-square test, whereas correlation between age, BMI, and
serum creatinine was done using logistic regression. P < 0.05
was considered as statistically significant.
RESULTS
The mean age of patients was 41.34 ± 14.74 years. Male
predominance was observed with 102 male patients among
the total of 162 [Table 1].
From Table 1, a significant association between AKI status
and BMI category and AKI and different surgical procedures
was observed. The post-operative blood transfusion values
showing statistical significance (P < 0.0001) in the rise of
mean creatinine values and reduction in mean creatinine
clearance rate were observed for overall, AKI, and no AKI
categories of patients. The analysis also revealed a statistically
significant difference (P < 0.001) between pre-operative and
post-operative blood transfusion values of serum creatinine
levels and creatinine clearance rate, in AKI group, compared
to no AKI group.
Table 2 suggests that among pre-operative low serum
creatinine level patients, 22.73% have high values,
postoperatively. Almost 58.97% of pre-operative cases
with normal serum creatinine level revealed higher values,
postoperatively [Table 2].
An association between pre-operative and post-operative
creatinine clearance rate is represented in Table 3. Almost
95.24% of the patients with normal pre-operative creatinine
clearance levels were observed to have low rates after surgery.
Interestingly, three patients with high pre-operative creatinine
clearance rate were observed to have low creatinine clearance
rate, postoperatively.
A statistically significant difference for post-operative serum
creatinine levels over various groups of pre-operative serum
creatinine levels was observed, with the mean difference
between pre- and post-operative serum creatinine for low
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Table 1: Association between age, height, BMI, and AKI
Factor

Overall n (%)

AKI n (%)

No AKI n (%)

P

Male

102 (62.96)

44 (43.14)

58 (56.86)

1

Female

60 (37.04)

26 (43.33)

34 (56.67)

Age (years)

41.39±14.80

44.24±14.62

39.22±14.66

‑

Height (cm)

166.06±9.10

164.46±8.78

167.27±9.21

‑

Weight (kg)

50.85±11.74

52.04±11.57

49.95±11.85

‑

Underweight

85 (52.47)

37 (52.86)

48 (52.17)

Normal

60 (37.04)

21 (30)

39 (42.39)

Overweight

17 (10.49)

12 (17.14)

5 (5.43)

Valve

89 (54.94)

42 (60)

47 (51.09)

Congenital

21 (12.96)

3 (4.29)

18 (19.57)

CABG

33 (20.37)

15 (21.43)

18 (19.57)

Others

19 (11.73)

10 (14.29)

9 (9.78)

Pre‑creatinine (mg/dl)

0.96±0.27

0.92±0.29

1.00±0.26

0.1374b

Post‑creatinine (mg/dl)

1.42±0.45

1.73±0.40

1.18±0.33

0.0001*b

Pre‑creatinine clearance rate (mL/min)

71.65±24.68

76.17±30.04

68.22±19.12

0.2946b

Post‑creatinine clearance rate (mL/min)

50.60±20.93

38.84±11.14

59.56±22.21

<0.0001*b

Gender

BMI (kg/m2)
0.0326*

a

Procedures
0.0369*

a

*Indicates significance, aChi‑square test, bMann–Whitney U‑test. BMI: Body mass index, AKI: Acute kidney injury, CABG: Coronary artery bypass graft

Table 2: Association between pre‑ and post‑creatinine
level
Serum creatinine
level*

Post‑operative
Low
(%)

Normal
(%)

High
(%)

Total

Pre‑operative
Low

0

17 (77.27)

5 (22.73)

22

4 (3.42)

44 (37.61)

69 (58.97)

117

High

0

3 (13.04)

20 (86.96)

23

Total

4

64

94

162

Normal

*Normal serum creatinine range in men and women is 0.7–1.3 mg/dL and
0.6–1.1 mg/dL, respectively

Table 3: Association between pre‑ and post‑creatinine
clearance level
Creatinine
clearance rate*

Post‑operative
Low
(%)

Normal
(%)

High
(%)

Total

Low

136 (98.55)

1 (0.72)

1 (0.73)

138

Normal

20 (95.24)

1 (4.76)

0

21

High

3

0

0

3

Total

159

2

1

162

From Table 5, using logistic regression, we infer that factors
such as age, BMI category, and decrease in creatinine
clearance significantly affect AKI status. For 1 unit increase in
age, odds of having AKI increase by 1.1141. For underweight
patients, odds of having AKI increase by 4.1701 times, as
compared to normal subjects, whereas for overweight patients,
odds of having AKI increase by 10.7797, as compared to
normal subjects. For 1 unit increases in difference between
creatinine clearance rates, odds of having AKI are increased
by 1.433 times.
DISCUSSION

Pre‑operative

*Normal serum creatinine clearance range in men and women
is 97–137 mL/min and 88–128 mL/min, respectively

level as well as normal level creatinine significantly more
than high-level pre-operative serum creatinine (Padj = 0.0015
and Padj = 0.0029), respectively.
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Furthermore, the mean difference in pre- and post-operative
serum creatinine, between different categories of BMI, was
statistically insignificant. However, the mean difference
between pre- and post-operative serum creatinine [Table 4]
for congenital procedure was statistically significant
than CABG and valve procedures (Padj = 0.0367 and
Padj = 0.0369), respectively.

Variations in the serum creatinine levels after blood transfusion
are the most important predictor to identify the presence of
AKI in patients undergoing cardiac surgeries. Hence, the
present study was conducted to evaluate the effects of blood
transfusion on serum creatinine levels and serum creatinine
clearance rate and to identify and establish serum creatinine
levels as a diagnostic marker for predicting AKI as one of the
most serious complications of blood transfusion in patients
undergoing various cardiac surgeries.
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Table 4: Comparison of difference in pre‑ and post‑operative creatinine over BMI category and different intervention
procedures
Pre‑creatinine categories

Low

Normal

High

P

Post‑creatinine

1.13±0.36

1.37±0.37

1.95±0.50

<0.0001

Differenceǂ

−0.57±0.42

−0.42±0.36

−0.51±0.49

0.2093

Underweight

Normal

Overweight

P‑value

−0.45±0.40

−0.42±0.37

−0.59±0.39

0.2882

22.97±29.27

17.55±19.54

23.77±14.30

0.3863

Valve

Congenital

CABG

P‑value

−0.47±0.40

−0.24±0.22

−0.51±0.39

0.0007

23.24±29.17

18.44±22.25

18.45±14.77

0.5562

BMI category
Difference in creatinineǂ
Difference in creatinine clearance rate

ǂ

Different procedures#
Difference in creatinineǂ
Difference in creatinine clearance rate

ǂ

Difference: Pre‑post, #This calculation is done only for 143 patients. Underweight: BMI is <18.5 kg/m2. Normal weight: BMI is 18.5–24.9 kg/m2.
Overweight: BMI is 25–29.9 kg/m2. BMI: Body mass index, CABG: Coronary artery bypass graft
ǂ

Table 5: Factors affecting AKI status
Parameters

Estimate

Odds ratio (confidence interval)

P‑value

Age (years)

0.1081

1.1141 (1.0571–1.1889)

0.0003*

Sex male

0.6660

1.9464 (0.5601–7.2980)

0.3030

BMI underweight

1.4279

4.1701 (1.1046–18.6067)

0.0444*

BMI overweight

2.3777

10.7797 (1.4218–123.1322)

0.0329*

Difference in creatinine clearance

+0.3600

1.4333 (1.2749–1.6910)

<0.0001*

*Difference is pre‑post, BMI‑basal metabolic rate. BMI: Body mass index, AKI: Acute kidney injury

According to our study, it was revealed that patients with
low and normal serum creatinine levels, before blood
transfusion, showed a significant rise in mean of creatinine
levels and reduction in mean serum creatinine clearance
rate, postoperatively after blood transfusion. This indicated
that 70 of 162 patients were at higher risk of developing
AKI post blood transfusion, in concordance with the study
by Karrowni et al.[10] and Khan et al.[11] According to their
reports, all patients undergoing cardiac surgery and receiving
blood transfusion demonstrated a rise in serum creatinine
postoperatively, leading to AKI.[10,11] The current study also
extends its findings to establish an association between
serum creatinine clearance rate and blood transfusion. It
was observed that patients with normal serum creatinine
clearance levels had low levels of post-operative serum
creatinine clearance rate, unlike three patients who had high
values of serum creatinine clearance rate, preoperatively
and low serum creatinine clearance rate, postoperatively.
Similarly, a study by Shlipak et al.[12] suggested that for
patients undergoing percutaneous coronary intervention,
chronic kidney disease is an independent risk factor, with
the risk for adverse events increasing with decreasing serum
creatinine clearance rate.[13] Our study demonstrated that
mean difference between pre- and post-operative serum
creatinine, for congenital procedure, was significantly more
than CABG and valve procedures, further supported by
Oka et al.[13] who had evaluated renal dysfunction detection
at an early age using Urine albumin-to-creatinine ratio
method[13] unlike the Cockcroft-Gault formula used in our
study, to arrive at similar observation. The present study also
2020 | Vol 10 | Issue 01

emphasized on the incidence of risk factor, leading to AKI,
rising with increasing age, which is in line with the study
by Funk et al.[14] stating that age affects the prognosis as
older patients may be particularly vulnerable to circulatory
or ischemic insults of the kidneys.[14] With the decrease in
BMI, the creatinine clearance rate decreases, thus, putting
the patient at greater risk of renal dysfunction post blood
transfusion, in accordance with a study by Ju et al.[15] who
established that BMI may be one of the predictors for AKI,
thus affecting treatment outcome.[16]
Therefore, the novelty of the current study is established
through extensive investigation stating that blood transfusion,
although a pivotal part of any surgery, causes serious health
complications due to alterations in serum creatinine levels,
further substantiating the fact that serum creatinine is a useful
biomarker which can serve as predictor tests for assessing
kidney functions.[17] To further consolidate the current study,
further research on alterations in serum creatinine levels
and creatinine clearance rate is warranted in post blood
transfusion in patients with cardiac disease not undergoing
surgery and compared with cardiac patients undergoing
surgery, post blood transfusion. This would further establish
blood transfusion as the major factor for renal dysfunction
ruling out acute trauma as the cause of fluctuations in serum
creatinine levels during surgery. Furthermore, a larger
sample for a multicentric study can also be undertaken in
subjects that are suffering from the same cardiac ailments
(such as congenital heart disease patients undergoing valve
replacement) to maintain uniformity and better result
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outcomes.[16,18] The limitations of this observational study
were that the data collected were influenced by unknown
confounders such as hemoglobin level and acute trauma
during surgery. The study does not mention the association
between the volume of blood transfusion and AKI.[19,20]
CONCLUSION
Blood transfusion during cardiac surgery causes an inevitable
rise in serum creatinine levels, postoperatively, leading to
significant renal dysfunction with AKI being a potentially
fatal complication. Thus, blood transfusion during various
surgical procedures often presents with unavoidable
complications with significant morbidity and mortality
and, therefore, should be judiciously used with meticulous
anesthetic techniques.
REFERENCES
1.

2.
3.

4.

5.
6.

7.
8.

9.

63

Ghatanatti R, Teli A, Tirkey SS, Bhattacharya S, Sengupta G,
Mondal A. Role of renal biomarkers as predictors of acute
kidney injury in cardiac surgery. Asian Cardiovasc Thorac Ann
2014;22:234-41.
Afshar M, Netzer G. Update in critical care for the nephrologist:
Transfusion in nonhemorrhaging critically ill patients. Adv
Chronic Kidney Dis 2013;20:30-8.
Liu W, Xi Z, Gu C, Dong R, AlHelal J, Yan Z. Impact of
major bleeding on the risk of acute kidney injury in patients
undergoing off-pump coronary artery bypass grafting. J Thorac
Dis 2018;10:3381-9.
Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, Best PJ,
et al. Incidence and prognostic importance of acute renal
failure after percutaneous coronary intervention. Circulation
2002;105:2259-64.
Karkouti K. Transfusion and risk of acute kidney injury in
cardiac surgery. Br J Anaesth 2012;109 Suppl 1:i29-38.
Sandoughdaran S, Sarzaeem MR, Bagheri J, Jebelli M,
Mandegar MH. Predictors of blood transfusion in patients
undergoing coronary artery bypass grafting surgery. Int
Cardiovasc Res J 2013;7:25-8.
Najafi M. Serum creatinine role in predicting outcome after
cardiac surgery beyond acute kidney injury. World J Cardiol
2014;6:1006-21.
Iakovou I, Dangas G, Mehran R, Lansky AJ, Ashby DT,
Fahy M, et al. Impact of gender on the incidence and outcome
of contrast-induced nephropathy after percutaneous coronary
intervention. J Invasive Cardiol 2003;15:18-22.
Parsh J, Seth M, Aronow H, Dixon S, Heung M, Mehran R,
et al. Choice of estimated glomerular filtration rate equation
impacts drug-dosing recommendations and risk stratification in
patients with chronic kidney disease undergoing percutaneous
coronary interventions. J Am Coll Cardiol 2015;65:2714-23.

10. Karrowni W, Vora AN, Dai D, Wojdyla D, Dakik H, Rao SV.
Blood transfusion and the risk of acute kidney injury
among patients with acute coronary syndrome undergoing
percutaneous coronary intervention. Circ Cardiovasc Interv
2016;9:e003279.
11. Khan UA, Coca SG, Hong K, Koyner JL, Garg AX, Passik CS,
et al. Blood transfusions are associated with urinary biomarkers
of kidney injury in cardiac surgery. J Thorac Cardiovasc Surg
2014;148:726-32.
12. Shlipak MG, Chertow GC, Massie BM. Beware the rising
creatinine level. J Card Fail 2003;9:26-8.
13. Oka H, Nakau K, Kajihama A, Azuma H. Assessment of
potential renal dysfunction in patients with congenital heart
disease after biventricular repair. Korean Circ J 2018;48:418-26.
14. Funk I, Seibert E, Markau S, Girndt M. Clinical course of acute
kidney injury in elderly individuals above 80 years. Kidney
Blood Press Res 2016;41:947-55.
15. Ju S, Lee TW, Yoo JW, Lee SJ, Cho YJ, Jeong YY, et al. Body
mass index as a predictor of acute kidney injury in critically ill
patients: A retrospective single-center study. Tuberc Respir Dis
(Seoul) 2018;81:311-8.
16. Karkouti K, Grocott HP, Hall R, Jessen ME, Kruger C,
Lerner AB, et al. Interrelationship of preoperative anemia,
intraoperative anemia, and red blood cell transfusion as
potentially modifiable risk factors for acute kidney injury in
cardiac surgery: A historical multicentre cohort study. Can J
Anaesth 2015;62:377-84.
17. Chutani A, Pande S. Correlation of serum creatinine and urea
with glycemic index and duration of diabetes in Type 1 and
Type 2 diabetes mellitus: A comparative study. Natl J Physiol
Pharm Pharmacol 2017;7:914.
18. Nuis RJ, Sinning JM, Rodés-Cabau J, Gotzmann M, van
Garsse L, Kefer J, et al. Prevalence, factors associated with,
and prognostic effects of preoperative anemia on short and
long-term mortality in patients undergoing transcatheter aortic
valve implantation. Circ Cardiovasc Interv 2013;6:625-34.
19. Garg AX, Shehata N, McGuinness S, Whitlock R, Fergusson D,
Wald R, et al. Risk of acute kidney injury in patients
randomized to a restrictive versus liberal approach to red blood
cell transfusion in cardiac surgery: A substudy protocol of the
transfusion requirements in cardiac surgery III noninferiority
trial. Canadian J Kidney Health Dis 2018;5:1-8.
20. Thongprayoon C, Cheungpasitporn W, Gillaspie EA,
Greason KL, Kashani KB. Association of blood transfusion
with acute kidney injury after transcatheter aortic valve
replacement: A meta-analysis. World J Nephrol 2016;5:482.

How to cite this article: Teli A, Ghatnatti R. Association
between blood transfusion and serum creatinine as a major risk
factor in patients undergoing cardiac surgeries: An observational
study. Natl J Physiol Pharm Pharmacol 2020;10(01):59-63.
Source of Support: Nil, Conflicts of Interest: None declared.

National Journal of Physiology, Pharmacy and Pharmacology

2020 | Vol 10 | Issue 01

ARCHIVES OF

Arch Iran Med. February 2020;23(2):113-116
http

www.aimjournal.ir

Mini Review

IRANIAN
MEDICINE
Open

Access

Research Integrity at Risk: Predatory Journals Are a Growing
Threat
Punnya V. Angadi, MDS, DNB, PhD1* ; Harpreet Kaur, MD, PhD2
Department of Oral Pathology and Microbiology, VK Institute of Dental Sciences and Hospital, KLE Academy of Higher Education and
Research, Belgaum-590010, Karnataka, India
2
Department of Physiology, JN Medical College and Hospital, KLE Academy of Higher Education and Research, Belgaum-590010, Karnataka,
India
1

Abstract
The desperation to publish among the scientific and academic community has reached new pinnacles and a new threat to
academic integrity has surfaced in the form of predatory journals. These journals try to attract the young researchers with aggressive
advertisements promising an early turnaround time for publication which is through absence of peer review and comes at a cost
in the form of article processing fees. Predatory journals are an increasing menace affecting research integrity since they assist in
author misconduct. They exploit its very foundation which aims at conducting and reporting the research in a truthful way that
in turn builds trust and confidence for science in the society. This review gives an overview of predatory journals, their modus
operandi, the ethical concerns associated with them and means to curb this menace.
Keywords: Academic misconduct, Beall list, Open access journals, Predatory journals, Research integrity
Cite this article as: Angadi PV, Kaur H. Research integrity at risk: predatory journals are a growing threat. Arch Iran Med.
2020;23(2):113–116.
Received: May 21, 2019, Accepted: October 21, 2019, ePublished: February 1, 2020

Introduction
Publishing in Journals - A Need and Necessity
Over the years, the desperation to publish among the
scientific and academic community has reached new
pinnacles with a resultant trend of a massive upsurge in
the publication of scientific manuscripts. The credit for
this trend goes to the fact that significant impetus is being
given to publications in most Indian universities not
only for faculty recruitment, promotions or increments
but are also used as the index for acquiring grants and
funding. While these requirements are planned as a
measure for propagation of good science, they challenge
the fundamentals of research as the publications incline
to be coercive and compulsive.1 This relentless pressure is
especially felt by young researchers who need to publish
their work to boost their rating (impact factor, citations,
h-index, etc) for their academic advancement.2
Advent of Open Access Era
The year 2000 heralded the advent of the open access
(OA) era. This initiative transformed the face of academic
publishing as these journals make their articles widely
available and freely accessible to the readers online,
earning better citations. Further, these journals ensure
easy accessibility of scientific literature to a significantly
larger number of lay people. The key transformation in
this model as compared to subscription-based journals

is the shorter period from submission to publication
that warrants faster dissemination. However, this usually
comes with a cost in the form of article processing charge
(APC) which can run into substantial amounts. The fee is
apparently used for covering the publication costs, as they
lack the revenue generated by traditional subscriptions.2,3
Emergence of Predatory Journals
The escalation of open access drive accompanied by an era
of “publish or perish”, led to exploitation of the open access
model and a new threat to academic integrity surfaced
in the form of predatory journals. These journals are
referred to as “predatory” as they target the academicians
for financial gains but compromise on the publishing
standards affecting science itself.4,5
Inception and History
The problem of predatory journals was first highlighted by
Jeffrey Beall, from University of Colorado who also made
a record of doubtful journals; conspicuously referred to as
Beall’s List that has several hundred OA publications on
the list. This list, however, has been recently removed due
to various reasons elaborated by Bartholomew.5
Identification of Predatory Journals (Motive and Modus
Operandi)
The motivation of these journals is monetary benefit,
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and their formula includes abuse of authentic open-access
publishing.1,2
The demarcation between predatory journals and
genuine OA journals is frequently indistinct. The last
few years have seen a rapid increase in these journals with
over 8000 predatory journals being published presently,
making their recognition an important and pertinent
aspect to maintaining scientific integrity.2,4,5
Some important characteristics that can help distinguish
these journals include:
Publicity and advertisements: Aggressive advertising is
carried out to draw authors to submit to these journals
by the publishers; the emails are characteristically very
tenacious and use complimentary words that commend
the author’s current or past work. The invitations are often
outside the recipient’s field of study. The emails tend to
have numerous grammatical and spelling errors indicating
their poor standards. These mails are especially sent to
young amateur authors predominantly from developing
countries that are easy to entice and form their main
clientele. Additionally, the emails tend to come from
private domains.2,4,5
Swift review process: These journals even claim that the
article processing time from submission to acceptance
can be as little as 72 hours. This highlights the complete
disregard towards the peer review and systematic evaluation
of the manuscript.2
Cursory review or no peer review: The scientific quality of
the manuscripts in these journals is doubtful as there is no
meticulous peer review process and at times, there may be
negligible or complete absence of peer review.2,4,5
Lack of online submission system: Genuine publishers ask the
authors to submit the manuscript through a manuscript
submission system, while most predatory journals request
the authors to send their manuscript via emails.2,4,5
Article processing fees: The predatory journals usually charge
a high article processing fee to the submitting authors.
There are cases reported where the publication fee may
not be plainly mentioned, and authors have been charged
very high prices following acceptance of the article.2,4,5
Misleading image: These journals create a deceitful
impression of being a trustworthy journal, as their website
may be exceedingly refined to mimic well-known eminent
journals. The names of these journals can be ambiguous
and may impersonate or even duplicate the names of
renowned journals. The names of the predatory journals
usually are very impressive and vague with words like
International, Global, American etc, encompassing most
areas without any mention of explicit subject area and no
distinct scope.2,4,5
Editorial deception: Most journals may have fake editorial
members. The publishers of predatory journals search for
editorial board members and send unsolicited invitations
to numerous scientists randomly to join the editorial
board without doing a background assessment on them.
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At times, some scientist’s mentioned as editors in the
journal are usually unaware of the fact. Many a time, the
publisher and the editor-in-chief credentials are given to
the same person on the website making identification of
the publisher difficult; the editors may not have obligatory
associations or the credentials also. The journal site may
not have the information needed to contact the Editor or
the existing information may be inaccurate.2,4,5
Misleading metrics: These journals provide deceptive
and exaggerated impact factors and fabricated indexing
information to attract authors. Predatory journals offer
false impact factors that are initiated by fake companies.
They wrongly assert that they are indexed in prominent
databases like PUBMED, etc, while in reality, these
journals are not indexed, thus making it difficult to trace
an article once published.2,4,5
Lack of publication ethics: The journals do not follow the
ethical practices involved in publishing with negligence
noted in all aspects, including peer review, copyediting
as well as archiving of the published articles. The work
once submitted in these journals cannot be taken back as
the majority of these journals have a stringent policy as to
retraction of the articles.2,4,5
Copyediting errors: The articles published in these journals
demonstrate sloppy copy-editing service with abundant
typos and grammar mistakes evident throughout the issue.
Additionally, the website may also be poorly constructed
with numerous errors and presence of broken links that are
not working.2,4,5
Ethical Concerns Related to Predatory Journals
Predatory journals pose an important risk for research
integrity since they permit author misconduct. They
exploit the foundation of research integrity which aims at
conducting and reporting the research in a truthful way
that in turn builds trust and confidence in science in the
society.1,6,7 The chief ethical concerns include:
Misrepresentation: Predatory journals may display false
information with regards to peer review, editorial process
and the indexing services. The editorial board may be
fake, and the listed editors may not be even aware that
their names exist in the editorial board. The websites may
lack editorial office address and the location is usually
ambiguous. The article processing charges are not usually
clear, and many a time, the authors are asked to pay
huge amounts after acceptance of the manuscript. They
may give false indexing information and deceitful impact
factors to attract authors. The journal names may resemble
an existing standard journal leading to confusion.1,6,7
Lack of Publication ethics: Predatory journals disregard
the morals and good practices involved in publication
of scholarly literature affecting the ethics and quality
of published science. These include lack of peer review,
screening for plagiarism, publishing correction, authorship
statements, conflict of interest disclosures and other best

Threats of Predatory Journals

practices as dictated by COPE. Their singular purpose is
to make money.1,6,7
Predispose to Academic Misconduct and deception: Some
authors choose to publish in these journals as they may
want to avoid the peer review process for their inferior
work which may not be accepted in legitimate journals.
Authors thus distort their scholarly efforts by listing these
publications to inflate their CV, pretending that they are
available in standard journals. These authors thus not only
cheat the system but are a significant damage to authors
who play straight and adhere to the rules of academic
publishing. They also help in growth of these predatory
journals by paying their fees.1,6,7
Research and the Funds obtained are futile: Any research
that comes out in a predatory journal is usually considered
to be questionable and of inconsistent quality and the
credibility of the work is usually questioned. The authors
may be forced to retract their work from such journals,
to resubmit and get it reviewed in a standard journal or
otherwise the work will be considered as not genuine. In
effect, it ostensibly wastes the efforts put in getting funds,
conducting the research and the involvement of human or
animal volunteers.1,6,7
No Archiving facility: Predatory journals lack archiving
facility for their published articles in sites like PubMed
Central, making it hard to find in the future. Since the
journals are established exclusively on monetary basis, they
are liable to stop publication when profits diminish.1,6,7
Damages the reliance on published research: Predatory
journals damage the trust and reliance that the readers,
layman and public, have on published research.1,6,7
Additionally, most doctors rely on published work for
practice of evidence-based medicine, thus leading to
detrimental decisions.
Why Do Authors Choose to Publish in them and Why
Predatory Journals Flourished?.
Lack of experience and awareness: Early researchers lack
experience in the publication process and may not be
aware of the existence of predatory journals. Alternatively,
the authors themselves may not be confident about their
research and fear rejection from standard journals and take
the easy way out to publish in predatory journals, enticed
by their easy acceptance policy.1,2
Rejection in serious journals: Many authors become
exasperated when their papers are rejected by serious
journals or when significant changes are suggested for their
articles. Predatory journals offer them an undemanding
way out for publishing their work.1,2,4,7,8
Effortless solution to get ahead in the rat race of publication:
The possibility of a rapid publication attracts the
academicians since these journals promise easy and early
acceptance rates, especially to some authors who may want
to avoid the peer review process. The authors embrace
these journals due to these reasons and disregard the lack

of publishing ethics to achieve their aspirations; i.e. to
gather a good number of articles to their credit in a short
period.1,2,4,7,8
Quantitative evaluation: In most universities, the quantity
or the number of publications is considered for promotions
and incentives that has encouraged this menace.1,2,4,7-9
How Can Authors and Institutions Identify a Predatory
Journal and Protect Themselves from this Academic
Threat?
Authors mostly prefer to publish in legitimate journals.
This holds true even for their affiliated institution as well
as external agencies that fund their research work. The
avenues that will help to differentiate between a legitimate
and a predatory journal include:
• Beall’s list which is still considered as significant
option for identification of predatory journals though
it does have its own limitations.2,3
• The open access publications considered to be
authentic have been listed in the directory of open
access journals which can be another approach.10
• Another approach is the “Think Check Submit”
checklist. 11
But none of these initiatives are without error in
determining the status of a journal; so, the onus still lies on
the authors. Beall in 2012 said that the authors submitting
their publications need to develop publishing literacy
that enables them to identify fake journals. Though the
assessment may be individualized, a thorough evaluation
of the journal websites for indication of the “warning sign”
characteristics will aid in making an informed decision.
Presence of more “red flags” should make you wary about
consideration of that journal for publication. Authors
should prioritize quality research and should aim to
publish only in reliable journals.2
Measures to Curb the Menace
Ethical publication: The editors and publishers of standard
journals have set up the Committee on Publication Ethics
(COPE) that aims to uphold integrity in publications.
COPE intends to encourage ethics in publication among
authors as well as publishers. A publisher wanting to
publish a legitimate journal in their field will go to great
lengths to ensure that it will publish quality work following
stringent peer review process and follow the guidelines
put forward by COPE. The uprightness involved in the
publication process will in time aid in distinguishing
legitimate journals from predatory publishers.1-3
Qualitative evaluation: A shift is called for in academic
evaluation systems where the focus should be on the
quality of the publication rather than on the number
of publications to assess the research dimensions of the
authors. This could serve as an enduring approach to
guard the academic world against these journals.1-3
Creating awareness: The senior scientists mentoring junior
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researchers must make them aware of the presence of
such fake journals and the perils of publishing in them.
The Institutions should also take the onus of educating
their research faculty and students about identification
of predatory journals and to make them understand the
consequences associated with publishing in these types of
journals.1-3
Legal action: Legal challenge could be another approach
for controlling these journals. The OMCIS group is facing
a legal challenge by the US Federal Trade commission for
their deceptive practices.1-3
Indian Scenario
India has been rated as a country with high scientific
achievement; however, several articles in recent years
have shown that Indian academicians are one of the
chief partakers of predatory journals. Also, a majority of
predatory publishers originate from India.1,12
This trend could be attributed to the increased demand
of research papers appointments as well as promotions,
lack of awareness regarding predatory journals, lethargy
of evaluators leading to ignoring these journals during
academic evaluation, lack of infrastructure and research
facilities in most institutes leading to preliminary
researches that may not get published in good journals.
Additionally, it is a mandatory requirement for research
scholars to publish at least 1–3 articles so that they can
submit their thesis. All these have led to increased growth
of predatory journals and underline the dearth of scrutiny
of published articles in India.1,12
To combat this academic problem, the University Grants
Commission (UGC) has put forward a list of trustworthy
journals recently. However, it has been noticed that this
white list may still have some predatory journals and fails
to consider good journals indexed in PubMed showing
Indian academic community in a poor light.1,12 We are in
agreement with a recent editorial that suggests that it is
better to provide a list of reliable indexing organizations to
publish rather than giving a list of journals.1

Authors’ Contribution
PVA did the review of literature, data collection and manuscript
preparation. HK did the data collection and manuscript editing.
Conflict of Interest Disclosures
None to be declared.
Ethical Statement
Not applicable.
References
1. Patwardhan B. Indian science and predatory journals.
J Ayurveda Integr Med. 2017;8(1):1-2. doi: 10.1016/j.
jaim.2017.02.004.
2. Richtig G, Berger M, Lange-Asschenfeldt B, Aberer W, Richtig
E. Problems and Challenges of predatory journals. J Eur
Acad Dermatol Venereol. 2018;32(9):1441-9. doi: 10.1111/
jdv.15039. Epub 2018 May 29.
3. Drugas M. Predatory publishing and the psychology behind
it. Psychological Thought. 2015;8(1):1-6. doi: 10.5964/psyct.
v8i1.136
4. Laine C, Winker MA. Identifying predatory or pseudo-journals.
Biochem Med (Zagreb). 2017;27(2):285-291. doi: 10.11613/
BM.2017.031.
5. Bartholomew RE. Science for sale: the rise of predatory
journals. J R Soc Med. 2014;107(10):384-5. doi:
10.1177/0141076814548526.
6. Shen C, Bkork BC. ‘Predatory’ open access: a longitudinal
study of article volumes and market characteristics. BMC Med.
2015;13:230. doi: 10.1186/s12916-015-0469-2.
7. Ferris LE, Winker MA. Ethical issues in publishing in predatory
journals. Biochem Med (Zagreb). 2017;27(2):279-284. doi:
10.11613/BM.2017.030.
8. Johal J, Ward R, Gielecki J, Walocha J, Natsis K, Tubbs RS, et
al. Beware of predatory science journal: a potential threat to
the integrity of medical research. Clin Anat. 2017;30(6):767773. doi: 10.1002/ca.22899.
9. Gasparyan AY, Naurmashey B, Udovik EE, Koroleva AM,
Kitas GD. Predatory publishing is a threat to non-mainstream
science. J Korean Med Sci. 2017;32(5):713-717. doi: 10.3346/
jkms.2017.32.5.713.
10. Think.Check.Submit. Available form: http://thinckchecksubmit.
org. Accessed May 18, 2019.
11. Directory of Open access Journals. Available from: http://doaj.
org. Accessed May 18, 2019.
12. Seethapathy GS, Santhosh Kumar JU, Hareesha AS. India’s
scientific publication in predatory journals: need for
regulating quality of Indian science and education. Curr Sci.
2016;111(11):1759-65.

© 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

116

Arch Iran Med, Volume 23, Issue 2, February 2020

Community Section

DOI: 10.7860/JCDR/2020/44048.13793

Original Article

Depression and Anxiety among Adult Patients
with Type II Diabetes Mellitus- A Descriptive
Study in Urban North Karnataka

Priyanshu Jain1, Deepti M Kadeangadi2

ABSTRACT
Introduction: Diabetes Mellitus (DM) and its complications are
the leading cardinal threats to public health. They are leading to
a potential epidemic in India with more than 69 million diabetic
individuals currently diagnosed with the disease. Depression is
a common psychiatric syndrome leading to an increase in comorbidities affecting over 300 million people worldwide. Anxiety
is another form of psychiatric disorder chronically affecting the
day-to-day life of over 264 million people worldwide. Very few
studies have been conducted that report the prevalence of
anxiety and depression among diabetic individuals in India.
Aim: To assess Type II DM patients for psychological problems
like depression and anxiety.
Materials and Methods: This was a cross-sectional study
which was conducted at Urban Health Centre (UHC) for a
period of two months. One hundred and twenty six individual

diagnosed with Type II DM for a year were recruited as study
participants (18-60 years of age). All the study participants were
interviewed personally by the investigator at the UHC or their
residence and the purpose of the study was explained to the
participants in detail before asking them to participate. The
‘Hospital Anxiety Depression Scale’ (HADS) was used to assess
the levels of anxiety, depression and the factors associated with
it by standard scoring system.
Results: Type II DM patients had 30.2% of depression and 31.8%
had anxiety; depression was prevalent in illiterate (p=0.006),
lower socio-economic class (p=0.034), sleep-deprived (p<0.001)
and in those complaining of reduced appetite (p=0.001).
Conclusion: Among the sleep deprived and reduced appetite
cases, anxiety levels were significantly high indicating several
factors playing a role in development of psychological problems.

Keywords: Co-morbidities, Psychiatric disorders, Hospital Anxiety Depression Scale

INTRODUCTION
The DM and its complications are great threats to public health
with depression being the leading psychiatric syndrome [1]. It is
expected that the burden of depression will increase, making it the
second leading cause of Disability Adjusted Life Years (DALY) next
to ischemic heart disease. Anxiety is another form of psychiatric
disorder chronically affecting the day-to-day life of over 264 million
people worldwide [2,3]. These two psychiatric disorders are two
sides of the same coin.
Various studies and surveys indicate that 60-70% of those suffering
from depression also have clinically significant symptoms of anxiety
[4]. It is estimated that half of those having anxiety also have
depression. This coexistence increases the severity of the disorder
and makes it more chronic; affecting work, lifestyle, relationships and
the overall well-being of the individuals, with medical co-morbidities
[4]. It has been documented that patients with chronic disorders like
Type II DM undergoing lifelong therapy with medicines, are more
prone to develop psychological problems. Individuals diagnosed
with DM are required to be periodically assessed with psychological
complications and treated with appropriate medical care.
Studies have been conducted in the western world, which has
revealed that the prevalence of anxiety and depression among
diabetic individuals is more, as compared to patients without
diabetes [5-8]. Very few studies have been reported from India, that
aimed to know the prevalence of anxiety and depression among
diabetic individuals [9,10]. Hence, the present study was planned
to know the prevalence of anxiety and depression in patients with
Type II DM.

MATERIALS AND METHODS
A facility-based cross-sectional study was conducted at the
urban field practice area of a tertiary care hospital and research
Journal of Clinical and Diagnostic Research. 2020 Jun, Vol-14(6): LC11-LC14

centre, Belagavi, Karnataka, India, for two months (1st June to
31st July 2015). The ethical clearance was obtained from the
Institutional Ethics Committee for Human Subjects’ Research
(vide Letter No.-MDC/DOME/355 dated 27/05/2015). Individuals
attending as out-patients in Belagavi and diagnosed with Type II
DM for a year were recruited as study participants.
Information of these diagnosed diabetic individuals was collected
by field survey through the addresses available from records.
The data was collected from the individuals attending Outpatient
Department (OPD) in UHC and through house to house visits by
the investigator. These residents diagnosed with Type II DM were
18-60 years of age. Total number of registered diabetic patients in
Belagavi was 141 during the study period.
Gestational diabetics, patients with psychiatric illness and having
chronic complications were excluded from study. Five patients
were excluded as they had history of psychiatric illness. Also, other
10 patients could not be included-three of them had migrated away
from the place, three of them had died, and three could not be
traced due to wrong address and one was pregnant woman with
gestational diabetes. So, the data was collected only from 126 study
participants. All the study participants were interviewed personally
by the investigator at the UHC or their residence and the purpose
of the study was explained to the participants in detail before asking
them to participate. Written informed consent was taken from all
the study participants before the personal interview.

Tools for Study
The study questionnaire consisted of two sections:

General Questionnaire
In this study, the present authors have used HADS questionnaire
which is well formulated and validated [11]. This included question
11
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related to demographic factors like age, gender, and socioeconomic
status including educational status, occupation, and family income
per month of study individuals. Questions about sleeping habits and
appetite were also included. The socioeconomic status of individuals
was analysed using modified Kuppuswamy’s Socio-Economic
Status Scale -A Revision of Income Parameter for 2014 [12].

Hospital Anxiety Depression Scale (HADS) Questionnaire
Prevalence of depression and anxiety was assessed among the
study subjects by using the HADS Scale [11]. It is a structured
oral questionnaire with sensitivity and specificity of 0.80 consisting
of validated questions assessing the symptoms of anxiety and
depression in the diagnosed diabetic individuals [13].
This questionnaire consisted of 14 questions out of which 7 questions
were included in HADS-D Scale and the rest 7 questions were
included in HADS-A Scale and each response was scored from 0 to
3. The patients were divided into three categories based on Geriatrics
Depression Scale (GDS) and Generalised Anxiety Scale (GAS)
separately; patients with scoring 0-7 were considered ‘Normal’, 8-10
as ‘Borderline abnormal’ and 11-21 as ‘Abnormal’ [6].

STATISTICAL ANALYSIS
The data collected was computed in MS Excel sheet and analysed
using percentages. Chi-square test was used to know the
association between diabetes and related factors with Depression
and Anxiety. The p-value <0.05 was considered as significant.

RESULTS
Among 126 individuals who participated in study, 100 (79.4%) were
from 50-60 years of age group, and 72 (57.2%) were females. All
the study participants were married. Majority (80%) of them were

www.jcdr.net

significant. Depression was more prevalent in individuals who were
illiterates, educated up to primary level (34.1%) and pre university
Education

0-7
(Normal)
Number (%)

8-10
(Borderline case)
Number (%)

11-21
(Abnormal case)
Number (%)

Total

Illiterate

9 (34.6)

6 (23.1)

11 (42.3)

26

Primary (1st-5th)

11 (26.8)

16 (39)

14 (34.1)

41

HADS scores

Secondary (6 -10 )

15 (68.2)

4 (18.2)

3 (13.6)

22

Pre University
(11th-12th)

10 (50)

3 (15)

7 (35)

20

Degree & Post
Degree

13 (76.5)

1 (5.9)

3 (17.6)

17

th

th

[Table/Fig-2]: Association between depression and educational status of the
study participants.
HADS: Hospital anxiety depression scale
χ2: 21.605; p: 0.006; d.f: 8

than other groups. The higher the educational status, lower was
the prevalence of depression and this association was found to be
statistically significant (χ2=21.605, p=0.006) [Table/Fig-2].
Prevalence of depression was found more in upper lower (IV)
and lower (V) class 27 (36.5%) study participants. Participants
with lower class 21 (28.4%) were at highest risk of developing
the same. The lower the socio-economic class, the higher was
the prevalence of depression and was found to be statistically
significant (χ24=10.401, p=0.034, df=4). Twenty-two participants
had sleep deprivation, among these 16 (72.7%) had high depression
scores. The association between sleeping habits and depression
Socio-economic status
0-7
(Normal)

8-10
(Borderline
case)

11-21
(Abnormal
case)

Total

I+II

14 (73.7)

2 (10.5)

3 (15.6)

19

III

18 (54.5)

7 (21.2)

8 (24.2)

33

IV+V

26 (35.1)

21 (28.4)

27 (36.5)

74

Total

58 (46)

30 (23.8)

38 (30.2)

126

HADS scores
Variables
Age in years
<40

Data
Number (%)
04 (3.2)

40-50

22 (17.4)

50-60

100 (79.4)

χ24: 10.401; DF: 4; p: 0.034

Gender
Male

54 (42.8)

Female

72 (57.2)

Education status

Sleep deprived

0-7
(Normal)

8-10
(Borderline case)

11-21
(Abnormal case)

Total

No, not at all

19 (86.4)

03 (13.6)

0

22

10 (17.9)

56
26

HADS scores

Illiterate

26 (20.6)

No, not much

33 (58.9)

13 (23.3)

Primary

41 (32.5)

Yes, sometimes

04 (15.9)

10 (38.5)

12 (46.2)

Secondary

22 (17.5)

Yes, definitely

02 (9.1)

04 (18.2)

16 (72.7)

22

Pre-University

20 (15.9)

Total

58 (46)

30 (23.8)

38 (30.2)

126

Graduate and Post-graduate

17 (13.5)

[Table/Fig-4]: Association between depression and sleeping habits of the study
participants.

Socioeconomic status

χ2=50.096; DF=6; p<0.001

Class I and Class II

19 (15.1)

Class III

33 (26.2)

Class IV and V

74 (58.7)

Total

126 (100)

[Table/Fig-1]: Socio-demographic variables of the participants (n=126).

literates. More than half of them (58.7%) belonged to Socioeconomic
Class IV and V [Table/Fig-1].
Depression disorder was seen in 38 (30.2%) and anxiety disorder
was seen in 40 (31.8%) patients with Type II DM. 29 (23.01%) of the
diabetic individuals had both depression and anxiety.
Depression was more prevalent in individuals aged ≤50 years;
26 (34.6%) than those with age >50 years 100 (79%). It was observed
that women 26 (36.1%) were more affected by depression than men
12 (22.2%), but the association was not found to be statistically
12

[Table/Fig-3]: Association between depression and socio-economic status of the
study participants.

Good appetite

0-7
(Normal)

8-10
(Borderline case)

11-21
(Abnormal case)

Total

Yes, definitely

28 (65.1)

06 (14)

09 (20.9)

43

Yes, sometimes

HADS scores

23 (46.9)

15 (30.6)

11 (22.4)

49

No, not much

04 (20)

07 (35)

09 (45)

20

No, not at all

03 (21.4)

02 (14.3)

09 (64.3)

14

46 (58)

30 (23.8)

38 (30.2)

126

Total

[Table/Fig-5]: Association between depression and appetite of the study participants.
χ2: 21.535; DF: 6; p: 0.001

was statistically significant (χ26=50.096, p<0.001). In this study, it
was observed that out of 14 participants with reduced appetite,
09 (64.3%) had high scores of depressions and this association
was statistically significant (χ26=21.535, p=0.001) [Table/Fig-3-5].
Journal of Clinical and Diagnostic Research. 2020 Jun, Vol-14(6): LC11-LC14
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Anxiety was more prevalent in individuals aged ≤50 years 13 (50%)
than those with more than 50 years of age 27 (27%) (χ2=7.697,
Age
HADS scores

0-7
(Normal)

8-10
(Borderline case)

11-21
(Abnormal case)

Total

Good appetite

0-7
(Normal)

8-10
(Borderline case)

11-21
(Abnormal case)

Total

Yes, definitely

28 (65.1)

07 (16.3)

08 (18.6)

43

Yes, sometimes

28 (57.1)

10 (20.4)

11 (22.4)

49

04 (20.0)

06 (30.0)

10 (50.0)

20

HADS scores

≤50

12 (46.2)

1 (3.8)

13 (50.0)

26

No, not much

>50

49 (49.0)

24 (24.0)

27 (27.0)

100

No, not at all

01 (07.1)

02 (14.3)

11 (78.6)

14

Total

61 (48.4)

25 (19.8)

40 (31.8)

126

Total

61 (48.4)

25 (19.8)

40 (31.8)

126

[Table/Fig-9]: Association between anxiety and appetite.

[Table/Fig-6]: Association between anxiety and age of the study participants.

χ2=28.493; DF=06; p<0.001

χ2=7.697; p=0.021

p=0.021) [Table/Fig-6]. Out of 40 individuals affected with anxiety,
28 (38.9%) were women and the rest 12 (22.2%) were men, but
15 (20.8%) women were at higher risk of developing the anxiety than
men, 10 (18.5%), this association was not found to be statistically
significant (χ22=5.080, p=0.079).
Anxiety was more prevalent in 9 (45%) individuals who had done
their education till pre-university, followed by the 15 (36.6%)
individuals who were educated till primary level. Nearly one-third
of participants who were illiterate, 9 (34.6%) were affected with
anxiety. However, illiterate 8 (30.8%) individuals were at higher risk
of developing anxiety than 10 (24.4%) individuals holding primary
level of education. This association was not found to be statistically
significant (χ28=14.849, p=0.062) [Table/Fig-7].
0-7
(Normal)
Number (%)

8-10
(Borderline case)
Number (%)

11-21
(Abnormal case)
Number (%)

Total

9 (34.6)

8 (30.8)

9 (34.6)

26

Primary (1 -5 )

16 (39.0)

10 (24.4)

15 (36.6)

41

Secondary (6th-10th)

15 (68.2)

2 (9.0)

5 (22.7)

22

Pre university (11th-12th)

8 (40.0)

3 (50.0)

9 (45)

20

Degree and Post degree

13 (76.8)

2 (11.8)

2 (11.8)

17

Education
HADS scores
Illiterate
st

th

[Table/Fig-7]: Association between anxiety and educational status of the study
participants.
χ2: 14.849; p: 0.062; DF: 8

Twenty-eight (37.8%) of Upper-lower (IV) and lower (V)
Socioeconomic class community were more affected with
anxiety, followed by lower middle (III) class 10 (30.3%). Individuals
with lower class 17 (23.0%) were at highest risk of developing
the anxiety symptoms. The association was not significant
(χ24=08.534, p=0.074).
Sleep deprived

0-7
(Normal)

8-10
(Borderline case)

11-21
(Abnormal case)

Total

No, not at all

18 (81.8)

02 (9.1)

02 (9.1)

22

No, not much

35 (62.5)

09 (16.1)

12 (21.9)

56

Yes, sometimes

04 (15.4)

08 (30.8)

14 (53.8)

26

Yes, definitely

04 (18.2)

06 (27.3)

12 (54.5)

22

Total

61 (48.4)

25 (19.8)

40 (31.8)

126

HADS scores

[Table/Fig-8]: Association between anxiety and sleeping habits.
χ2: 34.275; DF=06; p<0.001

The present study revealed that among the 22 participants who
were sleep deprived, 12 (54.5%), had high scores of anxiety and
were more likely to develop the same and this association was
found to be statistically significant (χ2=34.275, p<0.001) [Table/
Fig-8]. Among the 14 participants who had reported reduced
appetite, 11 (78.6%) had high scores of anxiety. The association
was found to be statistically significant (χ2=28.493, p<0.001) [Table/
Fig-9]. Most of the study participant did not had history of any bad
habits (consitence of tobacco and alcohol) [Table/Fig-10].

DISCUSSION
This study was aimed to know the prevalence of anxiety and
Journal of Clinical and Diagnostic Research. 2020 Jun, Vol-14(6): LC11-LC14

Any bad habits

Number

Percentage

No bad habits

96

76.2%

Consumption of alcohol

07

5.6%

Tobacco

14

11%

Smoking habits

06

4.8%

Both alcohol and tobacco

03

2.4%

Total

126

100.0%

[Table/Fig-10]: Distribution of study participants according to history of any bad habits.

depression among Type II diabetic individuals and factors
associated with it. It was seen that the anxiety and age were
correlated to each other. In a cross-sectional study conducted
at an UHC of New Delhi concluded that only 16.9% of the
participants had depression [6]. A multi-centric cross-sectional
study conducted in Bangladesh by Roy T et al., using Public
Health Questionnaire-9 (PHQ-9) showed the prevalence of
depression to be 34% [8]. In a cross-sectional study among 169
diabetic patients conducted in 2013 in Malaysia, prevalence of
depression was found to be 40.1% which is more as compared
to the present study [9].
In the present study, the association of age with depression was
not significant, which is similar to a study of Delhi, India [6]. In
studies conducted in Malaysia and Bangladesh, age was found
to be an important risk factor and its association with depression
was statistically significant [8,9]. In the present study, association
between depression and educational status of the study participants
was found to be statistically significant and it was observed that
illiterate group of individuals had higher levels of depression, while
participants educated till primary level were more at borderline to
develop the same. It was similar to a study by Roy T et al., [8]. It
has been observed that level of depression does relate with socioeconomic status of the study participants denoting that prevalence
is more in upper lower and lower class of community and the same
class was more prone to be affected with psychiatric co-morbidities
as observed in some of the studies [8,9].
In this study, prevalence of anxiety among individuals with diabetes
was found to be 31.8%, which is similar to the study conducted in
Hong Kong (25.7%) and Malaysia (31.4%) [7,9]. A study conducted
in New Delhi revealed that only 3.9% of diabetic individuals were
suffering from the anxiety [6]. This difference could be due to
different socio-economic and demographic variables of different
regions. Anxiety was found to be more prevalent in individuals aged
≤50 years, while individuals >50 years of age were more prone to
develop psychiatric disorders and were at borderline of developing
the same. In this study, association of age with anxiety was found to
be significant which was also supported by the study conducted in
Malaysia [9]. In this study associations between anxiety with socioeconomic status and education, variables were not found to be
statistically significant.

Limitation(s)
Some limitations of the present study were that it was conducted for
a period of two months with limited number of diabetics involved.
Authors could not collect any medication history about anxiety and
13
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depression among study participants. Another limitation was that
the sample size was small which can give a biased result, therefore
studies involving large sample size are needed for the psychological
assessment of these individuals as early interventions could improve
the quality of life among patients with chronic illness.

CONCLUSION(S)
Three out of ten type II DM patients had anxiety or depression.
Lower the education and socio-ecenomic status, the higher was
the depression and anxiety among type II DM patients. Anxiety was
associated with advancing age, history of previous hospitalisation.
Further studies involving larger community-based sample size are
needed to generalise study conclusion.
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Abstract To compare the effectiveness between topical
mometasone furoate nasal spray versus topical fluticasone
furoate nasal spray in the treatment of chronic rhinosinusitis. Randomized control trial was conducted involving
70 patients. One group received topical mometasone
furoate nasal spray and the other group received fluticasone
furoate nasal spray for 3 weeks. All patients were prescribed oral ciprofloxacin for 3 weeks and were subjectively evaluated using the Lund and Mackay staging
system and objectively using nasal endoscopy by the Lund
and Kennedy scoring system. There was no inter group
significance but all patients improved significantly after the
administration of either of the steroid sprays. Following
administration of steroid nasal sprays, there was clinically
significant improvement in the symptoms and signs of
chronic rhinosinusitis, but there was no statistical significance between the two study groups. Thus, steroid nasal
sprays significantly improve the symptoms and resolution
of signs of chronic rhinosinusitis. The choice of drug still
remains uncertain to the clinician. However, long term
studies with more sample size is needed to arrive at sound
conclusions.
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Introduction
Chronic rhinosinusitis is a group of disorders characterized
by inflammation of the mucosa of the nose and paranasal
sinus for at least 12 consecutive weeks duration [1].
Chronic rhinosinusitis is one of the most common chronic
diseases, with a prevalence as high as 15% of the population in some studies [2]. The National Institute of Allergy
and Infectious Diseases estimated that 134 million Indians
suffer from chronic sinusitis, which is more than double the
number of diabetic patients in India [3]. One in eight
Indians suffer from chronic sinusitis and the urban population is more prone to maxillary sinusitis because of
higher occupation and industrial air pollution in cities as
compared to rural areas [4].
A combination of an oral antibiotic along with an
intranasal steroid spray such as mometasone furoate or
fluticasone furoate is the commonly used treatment
modality for chronic rhinosinusitis.
However, there is paucity of literature comparing the
effectiveness of these two commonly used steroid sprays
and hence a study is needed.

Aims and Objectives
To compare the effectiveness between topical mometasone
furoate nasal spray versus topical fluticasone furoate nasal
spray in the treatment of chronic rhinosinusitis.
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Materials and Methods

Statistical Analysis

Study Design

Statistical Software

Randomized control trial was conducted in the Department
of Otorhinolaryngology and Head and Neck Surgery of a
tertiary care hospital from January 2017 to December 2017.

SPSS version 20.0 was used for the analysis of the data.

Sample Size
70 distributed in two groups of 35 patients in each group.
Inclusion Criteria
Patients meeting the established diagnostic criteria of
chronic rhinosinusitis as per 2007 guidelines and willing to
undergo treatment with oral ciprofloxacin and either of the
intranasal steroid spray and further undergo diagnostic
nasal endoscopy at the time of diagnosis and after 3 weeks
of treatment.
Age Group

• Mean and standard deviation for numerical variables.
• Unpaired t test: Used to compare the two groups with
mean scores.
• Paired t-test: Used to compare different time points in
each group for mean change.
• Mann–Whitney U test: Used to compare the two groups
with categorical outcome.
• Wilcoxon matched paired test: Used to compare the
different time points in each groups with categorical
outcome.
• Chi-square test: Used to assess the association between
two attributes.
Ethical Clearance
Obtained.

17–65 years.

Results
Exclusion Criteria
1. Patients with history of previous nasal surgery.
2. Patients diagnosed as fungal sinusitis.
3. Patients with chronic diseases like cystic fibrosis,
primary ciliary dyskinesia, immune deficiencies etc.
4. Paranasal sinus malignancy and extra paranasal sinus
malignancy involving para nasal sinuses.
5. Patients developing chronic rhinosinusitis following
trauma.
6. Diabetes mellitus and other immunocompromised
conditions like HIV and malignancies.
7. Predisposing heart conditions like arrhythmias of any
type and hypertension.
8. Nasal polyps.
Methodology
Odd numbered patients received topical mometasone
furoate nasal spray and even numbered patients received
fluticasone furoate nasal spray for 3 weeks. In addition all
patients were prescribed oral ciprofloxacin for 3 weeks and
were subjectively evaluated using the Lund and Mackay
Staging system and objectively using nasal endoscopy by
the Lund and Kennedy scoring system.
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The mean age was 34.81 years (Table 1). Most of the
patients (35.71%) were in the age group of 20–29 years. In
this study, males were slightly more than females with the
ratio being 1.18.
The presence of deviated nasal septum, middle and
inferior turbinate hypertrophy were not statistically significant between the groups and hence aided in better
comparability of the results due to even distribution of
these variables as shown in Fig. 1.
Using the Lund and Mackay symptom score (Table 2), it
was found that in the domain of facial pain, the patients
who received mometasone furoate improved significantly
compared to those who received fluticasone furoate. In the
domains of headache, nose block, nasal discharge, olfaction, facial pain, overall score and total score, there was no
inter group significance but, all patients improved significantly after the administration of either of the steroid
sprays.
In the present study we excluded patients with nasal
polyps. Using the Lund and Kennedy endoscopic scoring
system (Table 3), it was found that edema and discharge
from the nasal cavity disappeared upon using steroids. The
results were statistically significant but there was no intergroup significance.
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Table 1 Distribution of patients by age between the two study groups
Age groups

Mometasone furoate

%

Fluticasone furoate

%

Total

%

20–29 years

13

37.14

12

34.29

25

35.71

30–39 years

10

28.57

14

40.00

24

24.29

40–49 years

6

17.14

5

14.29

11

15.71

50 ? years

6

17.14

4

11.43

10

14.29

Mean age

35.23

34.40

34.81

Fig. 1 Graph showing
comparison between the two
study groups in the domains of
deviated nasal septum, middle
turbinate hypertrophy and
inferior turbinate hypertrophy

Discussion
The mean age findings is consistent with the study done by
Surapaneni et al. [5] where more than 75% patients were in
the age group of 16–45 years. Thus, the disease affects
young people who are the main workforce of a nation.
Among the patients, septal deviation was comparable
between the groups. This suggests that presence of septal
deviation does not suggest pathology contradictory to
Surapaneni et al. [5] who stated that a significant deviation
can impinge on the middle turbinate affecting the ventilation of the middle meatus predisposing the patient to
chronic sinusitis.
Anatomical variations like inferior turbinate hypertrophy and middle turbinate hypertrophy were statistically
insignificant and correlate well with the findings of Benninger et al. [1].
Using mometasone furoate, a similar study was done by
Shikani et al. [6] in the domains of symptom score. Mean
reduction in improvement of olfaction was 3.0 in their
study as opposed to 1.77 in the present study. This could be
attributed to anatomical abnormalities corrected in their
study by performing surgery which would have aided in

better improvement of olfaction. In the other domains, the
values of the present study are better indicating the fact that
the disease can be well managed by medical line of management if there are no intranasal obstructive etiologies.
Using the Lund Kennedy endoscopic score, there was a
significant improvement in the total scores in both the
groups although higher in the group receiving mometasone
furoate. The results are statistically not significant. The
average difference in mean score of edema of the either
side of nasal cavity before and after using fluticasone
furoate was identical—0.71. This indicates that the drug
caused an equal reduction in edema irrespective of the side
it is used. In the domain of discharge, in the group
receiving mometasone furoate, the mean difference was
1.26 on either sides of the nasal cavity. This indicates that
the spray acted equally on both the sides and reduced the
nasal discharge. Similar randomized control trials have not
been conducted so far and therefore the results cannot be
compared to any standard study conducted.
Till date, there have been only 5 randomized control
trials (RCT) investigating the use of topical corticosteroids
in CRS. Of these, two trials involved intra sinus instillation
of the drug. The other three involved topical treatment. The
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Table 2 Comparison between the two study groups with respect to
Lund–Mackay symptom scoring

Facial pain

Headache

Mometasone
furoate
Mean

Fluticasone
furoate
Mean

P-value

Baseline

7.34

6.37

0.1604

3 weeks

2.54

2.49

0.8280

Nasal discharge

Olfactory

Difference 4.80

3.89

0.0500*

7.83

8.00

0.2309

3 weeks

2.71

2.74

0.9345

Difference 5.11

5.26

0.7378

Overall

Total

7.11

6.46

0.4417

2.83

2.37

0.1768

Difference 4.29

4.09

0.8234

Baseline

5.51

5.49

0.8972

3 weeks

1.26

1.71

0.6724

Difference 4.26

3.77

0.3627

Baseline

Groups
Mometasone furoate

Baseline

Nose
Baseline
block/congestion 3 weeks

Table 3 Comparison between the two study groups with respect to
Lund–Kennedy endoscopic assessment

2.83

2.40

0.4920

3 weeks
1.06
Difference 1.77

1.11
1.29

0.8097
0.2402

Baseline

7.77

7.83

0.3474

3 weeks

3.29

3.54

0.4773

Difference 4.49

4.29

0.7511

Baseline

38.40

36.54

0.2695

3 weeks

13.69

13.94

0.8143

Difference 24.71

22.60

0.1883

drugs that were compared were topical budesonide and
fluticasone propionate (not significant), intrasinus budesonide, tixocortol irrigation and dexamethasone along with
tramazoline [7]. All these drugs have higher systemic
bioavailability. No studies have compared the effectiveness
of the newer steroid drugs such as mometasone furoate and
fluticasone furoate which have a systemic bioavailability
of \ 1% and hence have lesser side effects.

Mean
Polyp left
Polyp right
Edema left
Edema right
Discharge left
Discharge right
Total

Fluticasone furoate

Polyp left
Polyp right
Edema left

Baseline

0.00

3 weeks

0.00

Baseline

0.00

3 weeks

0.00

Baseline

1.80

3 weeks

1.06

Baseline
3 weeks

1.86
1.00

Baseline

1.57

3 weeks

0.31

Baseline

1.54

3 weeks

0.29

Baseline

6.77

3 weeks

2.66

Baseline

0.00

3 weeks

0.00

Baseline

0.00

3 weeks

0.00

Baseline

1.83

3 weeks

1.11

Edema right

Baseline

1.71

Discharge left

3 weeks
Baseline

1.00
1.43

3 weeks

0.49

Discharge right
Total

Baseline

1.43

3 weeks

0.31

Baseline

6.40

3 weeks

2.91

steroid nasal spray to conclusively provide the best benefit
to the patient. Hence, long term multi-centric randomized
control clinical trials with more sample size is needed to
arrive at sound conclusions for optimized patient benefit.

Conclusion
It was found that following administration of steroid nasal
sprays, there was clinically significant improvement in
chronic rhinosinusitis symptoms using the Lund–Mackay
score and signs using the Lund–Kennedy endoscopic score.
But there was no statistical significance between the two
study groups.
Clinical Significance
New steroid nasal sprays significantly improve the symptoms and resolution of signs of chronic rhinosinusitis. It is
still a dilemma for the clinician to choose a particular

123

Funding None.
Compliance with Ethical Standards
Conflict of interest The authors declare that they have no conflict of
interest.
Ethics Approval Approval was obtained from the ethics committee
of KLE Academy of Higher Education and Research (formerly KLE
University). The procedures used in this study adhere to the tenets of
the Declaration of Helsinki.
Informed Consent Informed consent was obtained from all individual participants included in the study. Patients signed informed
consent regarding publishing their data and photographs.

Author's personal copy
Indian J Otolaryngol Head Neck Surg

References
1. Benninger MS, Ferguson BJ, Hadley JA, Hamilos DJ, Jacobs M,
Kennedy DW et al (2003) Adult chronic rhinosinusitis: definition,
diagnosis, epidemiology and pathophysiology. Otolaryngol Head
Neck Surg 129(3):S1–S32
2. Suh JD, Kennedy DW (2011) Treatment options for chronic
rhinosinusitis. Proc Am Thorac Soc 8(1):132–140
3. Ramadhin A (2015) Evaluation of the change in recent diagnostic
criteria of chronic rhinosinusitis: a cross-sectional study. Clin
Rhinol An Int J 8(3):110–114
4. Harugop A, Mudhol RS, Kapoor A (2014) Subjective outcome of
endoscopic sinus surgery in patients of chronic rhinosinusitis

without nasal polyposis and chronic rhinosinusitis with nasal
polyposis—a comparative study. Biomed J 34(3):348–355
5. Surapaneni H, Sisodia SS (2016) Aetiology, diagnosis and
treatment of chronic rhinosinusitis: a study in a teaching hospital
in Telangana. Int J Otorhinolaryngol Head Neck Surg 2:14–17
6. Shikani AH, Chahine KA, Alqudah MA (2014) Rhinotopic therapy
for refractory chronic rhinosinusitis: a study of 20 cases. Ear Nose
Throat J 93:E48–E54
7. Lund VJ (2005) Maximal medical therapy for chronic rhinosinusitis. Otolayngol Clin N Am 38(6):1301–1310
Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

123

[Downloaded free from http://www.ijtonline.in on Friday, July 3, 2020, IP: 10.232.74.26]

Case Report

Small Caliber Aortoiliac Arteries in a Patient Undergoing Renal
Transplantation for IgA Nephropathy
R. B. Nerli1,2*, Vishal Kadeli1, Aarushi Mishra1, Shridhar C. Ghagane2, Neeraj S. Dixit2, Murigendra B. Hiremath3
Department of Urology, J N Medical College, KLE Academy of Higher Education and Research, JNMC Campus, 2Department of Urology, KLES Kidney Foundation,
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi, 3Department of Biotechnology and Microbiology, Karnatak University, Dharwad, Karnataka,
India
1

Abstract
IgA nephropathy (IgAN) is a common form of primary glomerulonephritis. Most cases of IgAN are discovered incidentally by abnormal
urinalysis (hematuria or proteinuria) and diagnosed by renal biopsy. Nearly 30%–50% of patients with IgAN progress to end‑stage renal
disease (ESRD) at a follow‑up of 25 years. We report a case of small caliber iliac vessels in a patient undergoing renal transplant for ESRD
secondary to IgAN.
Keywords: Aortoiliac, disease Doppler ultrasound, recipient, renal transplantation

Introduction
Kidney transplantation is the treatment of choice for end‑stage
renal disease (ESRD).[1] Compared to maintenance dialysis,
successful kidney transplantation improves the quality of life
and reduces the mortality risk for most patients.[2] All the renal
transplant recipients need to undergo a prescribed evaluation
process to estimate the risks and benefits of transplantation.[3]
The patient must be educated and counseled regarding the
risks associated with renal failure and existing comorbidities,
as well as the risk of the operative procedure and required
immunosuppression. The estimates of graft and patient survival
with various options of kidney sources should be discussed to
have realistic expectations.
All potential kidney transplant recipients should be carefully
evaluated to assess the feasibility of kidney transplantation
and to detect and treat coexisting illnesses that may affect
graft survival.[4] Certain radiological imaging procedures
are routinely performed in all recipients. These include
chest radiography, abdominal radiography, abdominal
ultrasonography, echocardiography, and coronary stress
tests. Many patients before transplants need to undergo a
detailed evaluation to assess the native urinary tract or to
evaluate whether nephrectomy is necessary (e g., patients
with complicated kidney stones or autosomal‑dominant
Access this article online
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polycystic kidney disease). In addition, a significant number
of potential kidney transplant recipients could also be having
peripheral vascular disease. Patients could be symptomatic
or asymptomatic for peripheral vascular disease. Routine
screening of the peripheral vascular system is indicated in
patients who are chronic tobacco users, diabetics or have many
cardiovascular risk factors. Screening involves the evaluation
of arterial caliber and calcifications to ascertain whether renal
transplantation (RT) is possible and whether any presurgical
procedures are necessary (e.g., aortofemoral bypass) and to
determine the optimal surgical technique.
Multiplanar and three‑dimensional images obtained with
multidetector computed tomography (CT) are useful tools to
provide the surgeon with the essential information required for
adequate management.[5] The indications for multiplanar CT
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include age >50 years, diabetes or hypertension being the cause
of chronic kidney disease, atherosclerotic disease (ischemic
heart disease or peripheral arteriopathy), and presence of
aortoiliac calcifications on plain radiograph.[5] We report the
case of small caliber iliac vessels in a patient undergoing renal
transplant for ESRD secondary to IgAN.

Case Report
A 19‑year‑old male with the diagnosis of chronic renal
failure was scheduled for RT. The patient was earlier
diagnosed to have IgA nephropathy (IgAN) and was on
maintenance hemodialysis. Renal biopsy revealed chronic
sclerosing glomerulonephritis with severe tubular atrophy and
interstitial fibrosis >50% and mild arteriosclerosis and hyaline
arteriosclerosis. The immunofluorescence study revealed a
single core composed of two viable glomeruli. There were
diffuse and global, granular deposits predominantly in the
mesangium and segmentally along the glomerular capillary
loops with antisera to IgA (2+), C3C (1+), KAPPA (1+), and
LAMBDA (2+). However, antisera to IgG, IgM, and CLG
did not reveal any staining. Echocardiography of the recipient
revealed moderate left ventricular dysfunction with an ejection
fraction of 35% and global hypokinesia of the left ventricle.
The upper limb and lower limb pulses of the recipient were of
normal volume and blood pressure was mmHg.
The mother was the donor for the live‑related renal transplant.
The donor and the recipient were prepared for the transplant
as per the hospital protocol and guidelines of the Indian
transplant act. Renal CT angiography of the donor showed a
single renal artery on the left side [Figure 1a‑c]. The caliber
of the left renal artery was 5 mm, and the left renal vein was
8 mm. Both the donor kidneys were normal in shape, size,
and appearance. The recipient carried the American Society
for Anesthesiology Class IV risk.
The recipient underwent the exploration of the right lower
abdomen using a modified Gibson’s incision. The right
external and common iliac veins were of normal caliber.
The right external iliac, right common iliac, and lower
aortic vessels appeared of narrow caliber, pale in color, and
there was evidence of perivascular inflammation. The area
around the bifurcation of common iliac vessels on the right
side appeared to be plastered to the underlying tissues. The
external iliac artery and common iliac artery were dissected

from the surrounding tissues. It was decided to perform arterial
anastomosis at the level of common iliac artery (end to side) as
the caliber was better than the rest. An end‑to‑side anastomosis
was done [Figure 2a and b]. The immediate postoperative
period was uneventful. Urine output on day 1 was 4200 cc,
and serum creatinine came down to 2.2 mg%. Serum creatinine
came down to 1.1 mg% on the 3rd postoperative day. Color
Doppler done on the 2nd and 7th postoperative days showed
normal blood flow across the anastomosis with the resistive
index of 1.

Discussion
As the indications for RT keeps on the rise, it has led to a large
number of recipients with vascular disease and more advanced
ages.[6] Patients with chronic renal failure often exhibit some
degree of atherosclerosis and arterial wall calcifications due
to end‑stage renal failure, associated cardiovascular risk
factors, and/or hyperparathyroidism. Preoperative vascular
assessment of the recipient is necessary and must be performed
before including the patient on the waiting list.[7] This initial
assessment includes vascular physical examination with
femoral artery palpation and color Doppler ultrasound to
identify external iliac artery atheroma that could compromise
anastomosis viability.[8]
Systemic vasculitis is a group of multisystem diseases
that is characterized by the inflammation of blood vessels.
The American College of Rheumatology[9] and the Chapel
Hill Consensus Conference[10] have both provided with a
classification. Currently, the classification system for vasculitis
is based on vessel size and clinicopathological features. It
is important to recognize and accurately diagnose the type
of vasculitis as it is crucial for optimal management. Some
patients with vasculitis may have features consistent with more
than one type of vasculitis syndrome.[11] Another recognized
problem is that a patient may present with one form of
vasculitis and develop years later another form.
Our patient was a case of chronic renal failure secondary to
IgAN. IgAN is the most common primary glomerulonephritis
worldwide. Most cases of IgAN are discovered incidentally by
abnormal urinalysis (hematuria or proteinuria) and diagnosed
by renal biopsy.[12,13] Patients with IgAN and histological
vasculitic/crescentic lesions are known to have a poor
prognosis.[13] The rate of IgAN progression is variable with

a

b

c

Figure 1: (a‑c) Computed tomography renal angiography showing a single renal artery and vein on the left side. The caliber of the left renal artery is 5 mm
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Figure 2: (a) Operative photograph shows right common iliac vein
of normal caliber and a small caliber right common iliac artery. (b)
End‑to‑side anastomosis between renal artery, vein, and common iliac
artery and vein

30%–50% of patients progressing to ESRD at a follow‑up of
25 years.[14] The presence of minimal (<500 mg/day) or no
proteinuria generally indicates a good long‑term prognosis,[15]
whereas hypertension is a contributing factor for the
progression of renal impairment.[16] This patient also had small
caliber iliac arteries and aorta. The reason could be probably
due to vasculitis. Initially starting with IgA vasculitis and
progressing to aortoiliac disease. Small caliber vessels make
vascular anastomosis during RT difficult and may be associated
with a higher complication rate.
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Predictors of mortality in acute exacerbations of chronic
obstructive pulmonary disease using the dyspnea,
eosinopenia, consolidation, acidemia and atrial fibrillation
score
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ABSTRACT
Background: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are common and often fatal;
however, accurate prognosis of patients hospitalized with an exacerbation is difficult. The Dyspnea, Eosinopenia,
Consolidation, Acidemia, and Atrial Fibrillation (DECAF) score uses indices routinely available at the time of hospital
admission and can accurately predict the inhospital mortality and outcomes in patients hospitalized with AECOPD.
Methodology: A cross‑sectional study was conducted in Jawaharlal Nehru Medical College, Belagavi, from January
2016 to June 2018. Consecutive patients hospitalized with an exacerbation of chronic obstructive pulmonary
disease were included. DECAF indices and inhospital death rates were recorded. The prognostic value of DECAF
was assessed by comparing the total score with the inhospital mortality. Statistical analysis was done using SPSS
version 20. Results: Two hundred and twenty‑eight patients were recruited. The mean (standard deviation) age was
61.09 ± 10.6 years; 73.68% were male and 48 patients (21.05%) died in hospital. One hundred and twelve patients
were identified as low risk (DECAF: 0–1) with 6 (5.4%) patients dying in the hospital and 56 patients were identified
as high risk (DECAF: 3–6) with an inhospital mortality of 60.1%. Length of stay for scores of 0–1, 2, and ≥3 was 6.42,
7.47, and 9.64 days, respectively, with P < 0.05. The receiver operating characteristic curve analysis showed P < 0.001,
thereby proving that the DECAF is a significant predictor of mortality in AECOPD. Conclusion: This study proved that
with an increase in the DECAF score, the mortality among patients in AECOPD increased. The DECAF score helps
clinicians predict prognosis accurately by identifying low‑risk patients potentially suitable for home‑based care or early
hospital discharge and high‑risk patients requiring escalated palliation with high‑level care to improve their outcome.
KEY WORDS : AECOPD, DECAF Score, Inhospital Mortality
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INTRODUCTION
An acute exacerbation of chronic obstructive pulmonary
disease (AECOPD) is an event characterized by the
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worsening of patients’ respiratory symptoms that are
beyond day‑to‑day changes and need a change in
medication.[1] Despite exacerbations of chronic obstructive
pulmonary disease (COPD) being both common and
often fatal, accurate prognosis of patients hospitalized
with an exacerbation is difficult.[2] Inhospital mortality
of patients with AECOPD admitted with hypercapnic
acidosis is approximately 10%. Mortality reaches 40%
in those requiring mechanical ventilatory support, and
all‑cause mortality is as high as 49% over a period of
3 years. In stable COPD, prognostic indices have been
thoroughly investigated, and tools predicting mortality
risk, such as the  BODE (Body mass index, airflow
Obstruction, Dyspnea and Exercise capacity) score,[3] are
well established. Prognostic research in exacerbations
requiring hospitalization and stable patients is very less,
and data available for predictors of mortality in stable
disease and during AECOPD are scarce.[4]
Furthermore, none of the prognostic tools developed in
stable disease have been tested on hospitalized patients,
and most require clinical measurements not routinely
available at the time of hospital admission. A simple
clinical prediction tool, using indices routinely available
at the time of hospital admission, can accurately stratify
patients hospitalized with AECOPD into clinically
relevant risk categories and could, therefore, assist
clinicians managing this frequently fatal condition. The
Dyspnea, Eosinopenia, Consolidation, Acidemia and Atrial
Fibrillation (DECAF) score uses indices routinely available
at the time of hospital admission and can accurately predict
inhospital mortality and therefore the outcomes in patients
hospitalized with an acute exacerbation of COPD.
The aim of this study was to study the predictors of
inhospital mortality in patients hospitalized with AECOPD
using the DECAF score.

METHODOLOGY
This study was conducted in the Department of Respiratory
Medicine at KLE’S Jawaharlal Nehru Medical College,
Belagavi. Consecutive patients with an exacerbation of
COPD who were admitted from January 2016 to June 2018
were included in the study. Inclusion criteria were patients
who were diagnosed as COPD in an acute exacerbation
according to the Global Initiative for Chronic Obstructive
Lung Disease Criteria 2015. Exclusion criteria were
patients with a history of chronic lung disease other than
COPD, patients with bronchial asthma, and patients on
home‑based noninvasive ventilation.
Patients admitted with repeated exacerbations of COPD
during the study period were enrolled only once and that
too at the time of the first presentation. Patients admitted
with exacerbations before the study period were included
only if they presented with AECOPD during the study
period. At the time of admission, the first hematological,
20

biochemical, arterial blood gas results; the presence
of consolidation on a chest X‑ray; and the presence of
atrial fibrillation confirmed by an electrocardiogram
were recorded. Based on the results of the investigations
obtained, the DECAF score for each individual was
calculated, and they were classified into low, intermediate,
and high risk for inhospital mortality.
The DECAF score [Table 1] predicting the risk of inhospital
mortality is as follows:
• 0–1 = Low risk
• 2 = Intermediate risk
• 3≥ = High risk
• Maximum score of 6 and a minimum score of 0.
Statistical methods
The categorical data were analyzed using the Chi‑square test
of independence and the continuous data were analyzed
using the independent t‑test. Multiple logistic regression
analysis was done as a predictor of mortality using  SPSS
version 20. P < 0.05 was considered as statistically
significant. All the patients fulfilling the selection criteria
were explained about the nature of the study, and written
informed consent was obtained before enrollment.

RESULTS
In all, 228 patients were recruited and enrolled in the
study. Table 2 shows the baseline characteristics of the
study population. The mean age of the study population
was 61.09 ± 5.63 years (mean ± standard deviation), and
the mean duration of the illness in the study population
was 5.02 ± 3.59 years. Twenty‑four patients (10.53%)
had no previous history of COPD, 102 (44.74%) had a
disease duration of 1–5 years, and 102 (44.74%) had a
disease duration of ≥6 years with the disease duration of
0, 1–5, and ≥6 years taken randomly. Of the 228 patients,
84 (36.84%) patients had no history of exacerbations in
the previous 1 year, 112 (49.12%) had one exacerbation in
the past 1 year, and 32 (14.04%) patients had two or more
exacerbations in the past 1 year.
Table 1: The Dyspnea, Eosinopenia, Consolidation,
Acidemia, and Atrial Fibrillation score
Dyspnoea:eMRCD 5a
Dyspnoea:eMRCD 5b
Eosinopenia (<0.05×109/l)
Consolidation
Acidemia (pH <7.3)
Atrial fibrillation

1
2
1
1
1
1

eMRCD: Extended Medical Research Council Dysnpoea Score

Table 2: Baseline characteristics of the population
Number of patients
Males
Females
Smoking (PYH)
Mean age (years)
BMI (kg/m2)

228
168
60
12.56 (only males)
61.09±5.63
21.07

BMI: Body mass index, PYH: Pack‑year history
Lung India • Volume 37 • Issue 1 • January-February 2020
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A total of 112 patients had a DECAF score of 0–1 (low
risk) with a 5.4% mortality, 60 patients had a score
of 2 (intermediate risk) with 13.33% mortality, and
56 patients had a score of 3 or more (high risk) with a
60.71% mortality [Tables 3‑5]. It was observed that there
was a significant relationship in the hospital mortality in
patients with a previous history of COPD and in patients
with a previous acute exacerbation of COPD [Tables 6‑8].
Multiple logistic regression analysis of mortality showed
that age, previous history of COPD, dyspnea, consolidation,
acidemia, and the DECAF score were associated with
increased mortality in patients with AECOPD (P < 0.05).
Odds ratio is significant in and increases with the body mass
index (BMI), smoking pack‑year history (PYH), acidemia,
fibrillation, dyspnea, and consolidation [Table 9].
The receiver operating characteristic (ROC) curve analysis
was done for all variables independently and the DECAF
score as a whole in predicting inhospital mortality,
and it was observed that exacerbations/year, dyspnea,
consolidation, acidemia, and the DECAF score were
significantly associated with increased mortality, thus
proving that the DECAF is an important and significant
predictor of mortality in AECOPD [Table 10 and Figure 1].
Table 3: Length of stay and mortality for each value of
the Dyspnea, Eosinopenia, Consolidation, Acidemia, and
Atrial Fibrillation score
DECAF score
0
1
2
3
4
5
6

Patients

LOS (days)

Mortality (%)

40
72
60
36
12
6
2

5.55
6.91
7.47
9.11
10.33
12.33
7

0 (0)
6 (8.33)
8 (13.33)
18 (50)
8 (66.67)
6 (100)
2 (100)

LOS: Length of stay, DECAF: Dyspnea, Eosinopenia, Consolidation,
Acidemia, and Atrial Fibrillation

Table 4: Length of stay (LOS) and Mortality for Low,
Intermediate and High risk value of the DECAF Score
DECAF score
0-1
2
≥3

Patients

LOS (days)

Mortality

112
60
56

6.42
7.47
9.64

6 (5.4)
8 (13.33)
34 (60.71)

LOS: Length of stay, DECAF: Dyspnea, Eosinopenia, Consolidation,
Acidemia, and Atrial Fibrillation

Table 5: Predictors of hospital mortality by the Dyspnea,
Eosinopenia, Consolidation, Acidemia, and Atrial
Fibrillation score
DECAF
0-1
2
≥3
Total
χ2, P

No mortality (%)
106 (94.64)
52 (86.67)
22 (39.29)
180 (78.95)

Mortality (%)

6 (5.36)
8 (13.33)
34 (60.71)
48 (21.05)
35.8761, 0.0001*

Total (%)

112 (49.12)
60 (26.32)
56 (24.56)
228 (100.00)

DECAF: Dyspnea, Eosinopenia, Consolidation, Acidemia, and Atrial
Fibrillation, *Statistically significant
Lung India • Volume 37 • Issue 1 • January-February 2020

DISCUSSION
COPD represents a significant and growing health‑care
concern as a leading cause of morbidity and mortality
worldwide. India contributes enormously to the COPD
burden which is estimated to be among the highest in
the world. Approximately half a million people die every
year due to COPD in India, which is more than four times
the number of people who died due to COPD in the USA
and Europe.[5] This number is expected to rise owing to
increasing exposure to tobacco smoke and biomass fuel.
The primary objective of this study was to predict
the inhospital mortality in patients hospitalized with
AECOPD. Of the 228 patients included in this study,
48 patients expired in the hospital with a mortality of
21.05%. Based on the risk stratification of the DECAF
score, 112 patients were identified as low risk with
a DECAF score of 0–1, 60 patients were identified as
intermediate risk with a DECAF score of 2, and 56 patients
were identified as having high risk based on the DECAF
score of 3 or more.
The mortality observed in the low‑, intermediate‑,
and high‑risk groups was 5.4%, 13.33%, and 60.71%,
respectively, implying that as the score increased, the
mortality also increased. The findings of this study were
consistent with those of Echevarria et al.[6,7] who observed
a mortality of 1.4%, 8.4%, and 34.7% for low, intermediate,
and high risks of the DECAF score, respectively.
On performing the Chi‑square test, P = 0.0001 was obtained
which was statistically significant, thereby proving that the
Table 6: Hospital mortality by chronic obstructive
pulmonary disease history
COPD history

No mortality (%)

Mortality (%)

Total (%)

24 (100.00)
76 (74.51)
80 (78.43)
180 (78.95)

0 (0.00)
26 (25.49)
22 (21.57)
48 (21.05)

24 (10.53)
102 (44.74)
102 (44.74)
228 (100.00)

0
1-5
6+
Total

COPD: Chronic obstructive pulmonary disease

Table 7: Number of exacerbations and chronic
obstructive pulmonary disease history
Exacerbations/year

0 years
0
1
2
Total

COPD history
1-5 years
≥6 years

24
0
0
24

35
53
14
102

25
59
18
102

Total
84
112
32
228

COPD: Chronic obstructive pulmonary disease

Table 8: Hospital mortality by exacerbations/year
Exacerbations/year
0
1
2
Total

No mortality (%)

Mortality (%)

Total (%)

78 (92.86)
86 (76.79)
16 (50.00)
180 (78.95)

6 (7.14)
26 (23.21)
16 (50.00)
48 (21.05)

84 (36.84)
112 (49.12)
32 (14.04)
228 (100.00)
21
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Table 9: Multiple logistic regression analysis of mortality by other variables
Independent variables

Estimates

SE of estimates

Wald statistic

P

OR

−2.40
–2.91
0.47
1.33
–4.43
–0.18
5.54
–1.03
4.01
4.78
1.70
–3.15

0.80
1.60
1.55
0.82
1.19
0.78
1.49
1.39
1.23
1.48
1.08
1.62

9.0950
3.3210
0.0900
2.6270
13.7980
0.0530
13.8080
0.5460
10.5740
10.3920
2.4940
3.7830

0.0030*
0.0680
0.7650
0.1050
0.0001*
0.8180
0.0000
0.4600
0.0010*
0.0010*
0.1140
0.0500*

0.09
0.06
1.59
3.77
0.01
0.84
254.19
0.36
55.36
119.22
5.46
0.04

Age
Sex
Smoking PYH
BMI
COPD history
Exacerbations/year
Dyspnea
Eosinopenia
Consolidation
Acidemia
Fibrillation
DECAF

95% CI for OR
Lower
Upper
0.02
0.00
0.08
0.76
0.00
0.18
13.70
0.02
4.93
6.52
0.66
0.01

0.43
1.25
33.33
18.80
0.12
3.84
4717.86
5.45
622.17
2181.43
44.84
1.03

PYH: Pack‑year history, BMI: Body mass index, COPD: Chronic obstructive pulmonary disease, CI: Confidence interval, DECAF: Dyspnea, Eosinopenia,
Consolidation, Acidemia, and Atrial Fibrillation, SE: Standard error, OR: Odds ratio, *Statistically significant

Table 10: Area under curve by receiver operating
characteristic
Test result
variable(S)

Area

SE

P

Age
Sex
Smoking PYH
BMI
COPD history
Exacerbations/year
Dyspnea
Eosinopenia
Consolidation
Acidemia
Fibrillation
DECAF

0.48
0.54
0.53
0.54
0.57
0.65
0.75
0.52
0.71
0.72
0.58
0.73

0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.07
0.06
0.05
0.07
0.05

0.7540
0.6020
0.6320
0.5590
0.3170
0.0210*
0.0001*
0.8020
0.0020*
0.0010*
0.2350
0.0001*

Asymptotic 95% CI
Lower bound Upper bound
0.35
0.41
0.40
0.41
0.45
0.54
0.62
0.38
0.59
0.63
0.44
0.63

0.61
0.66
0.66
0.67
0.69
0.77
0.87
0.65
0.82
0.82
0.72
0.84

PYH: Pack‑year history, COPD: Chronic obstructive pulmonary disease,
CI: Confidence interval, DECAF: Dyspnea, Eosinopenia, Consolidation,
Acidemia, and Atrial Fibrillation, SE: Standard error, BMI: Body mass
index, *Statistically significant

DECAF is successful in predicting inhospital mortality in
patients hospitalized with an acute exacerbation of COPD.
On assessment of individual parameters of the DECAF score
to successfully predict inhospital morality independently,
it was observed that Extended Medical Research Council
Dysnpoea Score (eMRCD) score of 5a/b, consolidation on
the chest X‑ray, and acidemia on arterial blood gas analysis
were all very strong independent predictors of mortality
with a statistically significant P < 0.01. Eosinopenia and
atrial fibrillation were not associated with higher mortality.
This observation was similar to that by Zidan et al.[8] who
did not find fibrillation and eosinopenia to be independent
predictors of mortality, whereas studies conducted by Steer
et al.,[7] Nafae et al.,[9] and Echevarria et al.[6] found all five
parameters of the DECAF score as strong independent
predictors of mortality.
Analysis of association between the length of hospital
stay (LOS) and the DECAF score was another main objective
of this study. A study by Yadavilli et al.[10] in 75 patients
observed that the LOS was associated with an increase in

22

Figure 1: Receiver operating characteristic curve

the DECAF score. LOS was highest in those with DECAF
scores of 3 or more (16.7 days) and lowest in those with
scores of 0–1 (12 days). In the present study, it was observed
that the length of stay also increased with the DECAF score,
thereby confirming the findings of Yadavilli et al.[10] The
length of stay for scores of 0–1 was 6.42 days, for a score of
2 was 7.47 days, and for scores of 3 or more was 9.64 days,
thereby demonstrating an increasing trend with each score
of DECAF. This was statistically significant with P < 0.05.
There was no statistically significant impact of the age
groups, gender, BMI, smoking history, or past history of
COPD on the mortality among the patients. However, a
previous history of exacerbations and their number in the
previous 1 year had a statistically significant impact on the
mortality in patients with AECOPD with P = 0.0011 which
was consistent with the results obtained by Zidan et al.[8]
Schmidt et al.[11] found similar results in a large cohort of
16,647 eligible patients with prevalent COPD, of whom
6664 (40%) developed an AECOPD where one or more
exacerbations in the previous year were not associated with
30‑day mortality but were associated with an increased
31–365‑day mortality.
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Multiple logistic regression analysis of mortality results
showed that age, previous history of COPD, dyspnea,
consolidation, acidemia, and the DECAF score had a
significant association with the mortality in patients with
AECOPD (P < 0.05). Odds ratio (95% confidence interval)
is significant in and increases with the BMI, smoking PYH,
acidemia, fibrillation, dyspnea, and consolidation. These
findings were similar to the results obtained from studies
conducted by Steer et al.,[7] Nafae et al.,[9] and Echevarria et al.[6]
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The ROC curve analysis was done for all variables
independently and the DECAF score as a whole in
predicting inhospital mortality, and a significant
association was observed in exacerbations/year, dyspnea,
consolidation, acidemia, and the DECAF score which was
statistically significant (P < 0.001), thereby proving that
the DECAF is an important and significant predictor of
mortality in AECOPD.
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Limitations of the study
The samples were selected from a single center. The
sample size of 228 is not adequate enough to highlight the
importance of the DECAF score. There was a disproportionate
distribution of the gender in the study population, therefore
unable to establish a definite relationship.
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Abstract Diseases of adenoids are commonly observed in
children. It indirectly leads to pathology in the middle ear
cleft. It has been demonstrated both by radiological techniques and middle ear pressure studies that adenoids can
and do obstruct the Eustachian Tube. The Adenoid—Nasopharyngeal Ratio (ANR), can offer a simple arithmetic
measure of nasopharyngeal obstruction. Coupled with
tympanometry, it also predicts the degree to which the
middle ear is affected. Multicentric study done at two
centres in India. 230 patients were studied. Children were
in the age group of 5–14 years. The nasopharyngeal and
adenoid dimensions were measured separately using the
Fujioka method. The adenoid-nasopharyngeal ratio was
derived by the arithmetic method. All patients were also
subjected to tympanometry. ANR decreased from 0.728 to
0.663 with an increase in age from 5 to 12 years. ANR
between 0.701–0.800 had maximum number of Type B
(140) and Type C (71) Tympanogram whereas between
0.801 and 0.900, all Tympanogram were found to be of
Type B or Type C with none belonging to Type A. Using
ANR and Tympanometry, the effects of the adenoids on the
middle ear can be quantified indirectly. Both these
modalities are easily available, economical, safe and can be
performed at the Out Patient Level. This aids in timely and
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appropriate management thus preventing discomforting
symptoms caused by the adenoids locally and also the
morbidity caused to the middle ear in the long term.
Keywords Adenoid nasopharyngeal ratio 
Fujioka method  Tympanometry

Introduction
Diseases of the adenoids and tonsils in children are a
common presentation to the physicians. Repeated exposure
of adenoids to upper respiratory tract infection culminates
into hyperplasia causing nasal obstruction, mouth breathing,snoring and hypo-nasal speech [1]. The result of
affecting the closely related anatomical structures such as
the nose, Para Nasal Sinuses (PNS) and Eustachian Tube
(ET) leads to potential ill effects in the middle ear cleft [2].
The effect of adenoids on the middle ear and the ET
have long been remained a challenging subject. The classical concept is that the enlargement of the adenoids or
repeated infections of adenoid results in Otitis Media with
Effusion (OME) commonly called glue ear.
Further, it has been demonstrated both by radiological
techniques and middle ear pressure studies that adenoids
can and do obstruct the ET and adenoidectomy relieves this
obstruction [3].
The absolute size of the adenoid, the size and shape of
the nasopharyngeal space differ with every individual and
are major factors that determine the nasopharyngeal
obstruction. The ratio of these two dimensions—that is
Adenoid-Nasopharyngeal Ratio (ANR), can offer a simple
arithmetic measure of nasopharyngeal obstruction.
Although an ideal means for diagnosis of OME is
myringotomy and aspiration of fluid, but the simple,
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noninvasive Tympanometry aids in the evaluation of children with OME. Ease of use, acceptance by the patient,
reproducibility of results, availability of machines with
low-cost, and less time-consuming and non-invasive nature
of the procedure have led to the widespread use of Tympanometry in evaluating OME [4].
Aims and Objectives
To analyse and assess the correlation of the Adenoid
Nasopharyngeal Ratio (ANR) with Tympanogram in children with established adenoid enlargement, in order to aid
the early recognition and management of Otitis Media with
Effusion (OME).

Materials and Methods
Source of Data
The study involved children reporting to the Out Patient
Department of ENT at:

Fig. 1 Digital X-ray film showing adenoidal measurements using the
Fujioka model [6]. ‘‘A’’ represents distance from A1, point of
maximal convexity, along inferior margin of adenoid shadow to line
b1 b2, drawn along straight part of anterior margin of basi-occiput.
‘‘A’’ is measured along line perpendicular from point A1 to its
intersection with b1 b2 (‘‘Radiographic Evaluation Of Adenoidal Size
In Children: Adenoidal-Nasopharyngeal Ratio,’’ by Fujioka M.,
Young L.W., Girdany B.R., 1979, American journal of roentogenol,
133: 401–404. Copyright 1979 by the American Roentgen Ray
Society.)

1. KLES Dr. Prabhakar Kore Hospital & MRC, Belgaum, Karnataka, India—during January 2008 to
December 2008 as part of a dissertation.
2. Further, the study was continued at ENT OPD setup at
Bhagwan Mahavir Medical Superspecialty Hospital,
Ranchi, Jharkhand from—January 2012 to December
2017.
Method of Data Collection
Children selected for the study were having a clinical
diagnosis of adenoid hypertrophy, which was made by
complete ENT examination. The parents were explained
about the need for further investigations to ascertain the
effect of the same on the middle ear and all the voluntarily
willing patients were enrolled for the study. Then every
child was subjected for a Digital X-ray of the lateral view
of the nasopharynx with the child’s head fixed in the erect
position [5]. The tube-cassette distance was set at 180cms.
The exposure was made with 100 kV and 50 mA. We used
Siemens Multiphose-15TM X-ray machine and the images
were processed using CR 30-X AgfaTM digitizer and
printed using Drystar 5302 AgfaTM Printer. By using the
reference points and lines presented in Figs. 1 and 2, the
nasopharyngeal and adenoid dimensions were measured
separately and thus the adenoid-nasopharyngeal ratio was
derived by the arithmetic method [6]. All patients willing
to get enrolled for study were also subjected to tympanometry as many a time, in children subjective tests, such
as tuning fork tests may be inconclusive. We used MAICO
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Fig. 2 Digital x ray film showing Nasopharyngeal measurements
using the Fujioka model [6]. ‘‘N’’ is distance between C1, posterior
superior edge of hard palate and D1 antero-inferior edge of
sphenobasioccipital synchondrosis. When synchondrosis is not clearly
visualized, point D1 can be determined as site of crossing posteroinferior margin of lateral pterygoid plates P and floor of bony
nasopharynx (‘‘Radiographic Evaluation Of Adenoidal Size In
Children: Adenoidal-Nasopharyngeal Ratio,’’ by Fujioka M., Young
L.W., Girdany B.R., 1979, American journal of roentogenol, 133:
401–404. Copyright 1979 by the American Roentgen Ray Society.)

MI 34TM tympanometer for our study. The data thus collected was analysed.
Study Design: Cross-sectional.
Sample Size: 230 (Centre-I: 100, at Belagavi, Karnataka, and Centre-II: 130, at Ranchi, Jharkhand).
Duration: 7 years (Centre-I: 1 year at Belgaum, Karnataka, and Centre-II: 6 years at Ranchi, Jharkhand).
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Inclusion Criteria: Children with symptoms and signs of
enlarged adenoids in the age group of 5 years to 14 years
were included in the study.
Exclusion Criteria: Children with perforation of the
tympanic membrane, with external auditory canal anomalies or disease, cleft lip and cleft palate and those who have
undergone ear or palatal surgeries previously were excluded from the study.
Statistical Methods: SPSS (Statistical Package for Social
Sciences) Software 22 was used to analyse the data.
3X3 Fisher Exact test was used to find the significant
association of Tympanogram and ANR.

Results

Fig. 4 Photograph of child with adenoid facies

Age group distribution was such that Maximum i.e., 43%
( 99 out of 230) children were in the age group of 5 to
6 years and minimum i.e., 10.4% (24 out of 230) were in
the age group of 11–12 years. The Male:Female ratio was
found to be 1.9:1.
The number of patients in the lower and middle
socioeconomic status was identical i.e. 48% (in each status
from both regions) with only 9 cases out of 230 i.e., 4%
which belonged to upper socioeconomic status as assessed
by the Modified Kuppuswamy Scale.
Most of the cases (90%) presented with nasal obstruction, the nasal discharge was observed in 88%, and mouth
breathing in 82%. Other parameters observed were snoring—42%, hard of hearing—34%, ear pain—32% and
hypo-nasal speech—24% respectively as seen in Fig. 3.
Ironically, 66% of the patients presented with complaints of nasal symptoms as compared to ear symptoms
which were complained by 34% respectively. 184 out of
230 (80%) children included in the study had adenoid
facies as seen in Fig. 4.

Tympanic membrane appearance varied from normal to
dull; with retraction and bulging and indicated the variation
in its appearance in middle ear effusion as shown in Fig. 5.
Most of the tympanogram was (were) of Type B (45%)
followed by Type C (31%) and Type A (24%) as seen in
Fig. 6.
Table 1 shows that the Adenoid nasopharyngeal Ratio
(ANR) decreased from 0.728 to 0.663 with an increase in
age from 5 to 12 years. Table 2 shows that an Adenoid
Nasopharyngeal Ratio between 0.701–0.800 had maximum
number of Type B (140) (Fig. 6) and Type C (71) Tympanogram whereas between 0.801–0.900, all Tympanogram were found to be of Type B or Type C with none
belonging to Type A.

Fig. 3 Graph showing
symptom Distribution

Discussion
The study was undertaken at two different centres which
are geographically distinct regions with different environmental conditions with a total sample size of 230 (Centre-I:

250
Belagavi (Centre I)
Ranchi (Centre II)
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Fig. 5 Graph showing the tympanic membrane status

100, Belagavi, Karnataka and Centre-II: 130, Ranchi,
Jharkhand) and at two different phases of a total duration of
seven years (Centre-I: 1 year, Belgaum, Karnataka, and
Centre-II: 6 years, Ranchi, Jharkhand).
M.Fujioka, W. Young and R. Girdany (1979) in their
study showed that the size of the adenoid varies from child

to child and also in the same individual as he/she grows.
The adenoids attain their maximum size between 4–8 years
and regress gradually till 12 years of age [6].
Male children have more incidence due to male preponderance of childhood infection, secondary to more
exposure to infectious and allergic agents compared to
female children.
In this present study, the Male:Female ratio was found
to be 1.9:1 and the number of patients in the lower and
middle socioeconomic status were(was) identical.
Socioeconomic status was based on the Modified Kuppuswamy Scale. Here the education level, occupation of
the head of the family and per capita family income was
taken into account. Generally, the adenotonsillar disease is
commonly seen in lower socioeconomic status. The equal
incidence in the middle class may indicate exposure of
children to infectious agents and allergens secondary to
change in food habits and urbanization.
To note, strikingly in this study, the majority of the
children presented with the nasal symptoms than aural

Fig. 6 Showing Type B
Tympanogram

Table 1 Adenoid-Nasopharyngeal Ratio (ANR)
Age (years)

No. of cases
Centre I

Average
Centre II

5–6

44

55

0.728

7–8

32

44

0.704

9–10

14

17

0.604

11–12

10

14

0.663

Total

100

130
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Table 2 Correlation of AN Ratio with type of Tympanogram
AN Ratio
0.501–0.600
0.601–0.700
0.701–0.800
0.801–0.900
Total

No. of cases

Type A

Type B

Type C

Centre I

18

22

6

8

Centre II

17

20

5

9

Centre I

28

18

16

22

Centre II

42

22

28

34

Centre I

48

2

62

32

Centre II

60

3

78

39

Centre I

6

0

12

0

Centre II

11

0

18

4

230

87

225

148

Total = 460 ears

symptoms indicating that the parents tend to get carried
away with nasal symptoms and ignore the aural symptoms,
which are in fact secondary to adenoids. In 1988, Larsen,
P.L, Tos, M and Stangerup, S.E studied the clinical
symptoms of adenoid hypertrophy and found that nasal
obstruction, mouth breathing and hyponasal speech were
seen in 84–90% of patients [7].
Our otoscopy findings showed varied appearances of the
tympanic membrane from normal (30%) to dull-retracted
(44%) and dull-bulging (26%), suggesting different
pathological stages of OME. According to AHRQ guidelines 1994 (Agency for Health care, Research, and Quality), Otoscopic appearance is reliable in 2/3rd of cases of
OME [8].
Ironically, symptoms and signs depend not merely on
the absolute size of the adenoid mass but are also relative
to the available space in the nasopharynx. Thus the ratio of
these two sizes, Adenoid-Nasopharyngeal Ratio (ANR)
provides an arithmetic measure of nasopharyngeal
obstruction. The ANR reliably expresses the adenoidal size
and the patency of the nasopharyngeal airway. An ANR
greater than 0.7 is subjectively judged to have enlarged
adenoids.
Analysing the results of ours, we found that the ANR
was observed to be maximum at an average of 0.728 in the
age group of 5–6 years and 0.704 in 7–8 years, in whom
the signs and symptoms of adenoid hypertrophy is more
common. The mean AN Ratio (ANR) of the present study
is 0.674. ANR gradually decreased to 0.663 in children of
11–12 years of age which correlates with a similar study by
M.Fujioka, W. Young and R. Girdany (1979) at Children’s
Hospital of Pittsburgh where 1398 patients were studied. In
their study it was stressed that the size of the adenoid varies
from child to child and also in the same individual as they
grow. The adenoids attain their maximum size between 4
and 8 years and regress gradually till 12 years of age [6].

It is to stress that after a lapse of nearly four decades of
similar studies this is the only study conducted in the
Indian subcontinent with a significant sample size to assess
any variations because of differences in geography and
environmental influences.
In 2005 a study by C.Y Chien et al. in Taiwan where 73
patients were studied, it was seen that signs and symptoms
of adenoid hypertrophy were found to be more severe in
children with high ANR and thus it was concluded that for
practical purposes the adenoid with an ANR more than
2/3rd (0.666) should be considered as pathological
enlargement [9].
To press upon, our study establishes the concept that the
ANR is a conventional and convenient radiological
parameter for determining whether adenoid hypertrophy is
clinically significant or not, rather than the size of adenoid
or the size of the nasopharynx alone.
Most of the Tympanograms were type B (49%) indicating fluid in the middle ear. Type C Tympanogram was
seen in 32% of cases indicating a negative middle ear
pressure secondary to ET dysfunction. Only 19% cases had
Type A Tympanogram which indicated normal middle ear.
Sente.M and Sente.R studied 100 children aged between
5 and 19 years in Subotica, Serbia, and concluded that in
ET dysfunction characterized by Type C Tympanogram,
the conductive hearing loss does not exceed 25 dB. While
in Type B Tympanogram conductive hearing loss was
between 20 and 40 dB [10]. As all our patients underwent
adenoidectomy, all of them had symptomatically improved
hearing after the surgery.
In one of the case–control studies involving 68 children
done by Nwosu, Ibekwe, and Onotai at Nigeria (2016), the
tympanometry findings were compared with adenoid
hypertrophy in children. It was seen that Type B tympanogram was seen in 29.4% cases and Type C in 26.5%
cases whereas the control group had only 3.7% and 11.8%
in Type B and Type C respectively. The incidence of OME
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was 55.9% amongst the cases as opposed to 15.5%
amongst the control group and a significant association
between grade 3 adenoid hypertrophy and OME was noted
[11].
Our analysis revealed the maximum number (140) of
type B Tympanogram was seen in the ANR of 0.701–0.800
followed by ANR 0.601–0.700 (44). Maximum number
(71) of type C Tympanogram were seen in the ANR of
0.701–0.800 followed by in ANR of 0.601–0.700 (56).
Our study notably enlighted that the maximum number
of pathological Tympanograms were seen in the ANR
between 0.601–0.700 and 0.701–800 which conclusively
narrates a positive correlation between AN Ratio (ANR)
and the type of Tympanogram.
Egeli E et al. (2005), studied 64 patients in Turkey and
concluded in their study that OME and negative middle ear
pressure were both related to ET dysfunction resulting
from enlargement of adenoids with ANR greater than
0.710. [12] Thus it is in agreement with our study results
wherein maximum number of B type and C type Tympanograms were also associated with the ANR between
0.701 and 0.800.
Our study appreciates the positive correlation that, as the
ANR increases, the number of B type and C type Tympanograms also increased which was clearly evident.
There was no significant difference amongst the two
regions where the study was conducted which suggests that
there is no regional variation amongst different parts of the
same country. According to available data, there are no
similar comparisons done to look for any variations arising
out of differences in geography or ethnicity.

Conclusion
Enlargement of adenoids is still regarded as a normal
physiological response by some clinicians; however when
this normal response causes subtle pathological conditions
and the resulting outcome of which if not attended to, may
result into harmful sequelae to the patient. By this study we
also stress that the effect of adenoids on the middle ear can
be quantified indirectly. The adenoids with ANR more than
0.704 is considered as a significant enlargement warranting
attention of the treating clinician as it invariably culminates
into ET dysfunction and thus middle ear effusion.
The appreciable part of this study is its feasibility and at
the same time the ability to infer from the results at the
outpatient level. Digital x-ray of the nasopharynx is a basic,
easily available and economical investigation which is very
highly effective in quantifying the pathology in the
nasopharynx. Coupled with tympanometry, which is a noninvasive OPD investigation, it aids in assessing the gravity
of sequelae of the adenoids in the middle ear.
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This study also throws light on the fact that in children
with adenoid hypertrophy revealed by digital X-ray
nasopharynx, it is sensible and advantageous to subject
them to a simple OPD tympanometry test at the earliest to
appreciate the effects of adenoid hypertrophy over the
Eustachian tube and in the middle ear, in-order to seek
timely needed intervention. Thus preventing discomforting
symptoms caused by the adenoids locally and also the
morbidity caused to the middle ear in the long term.
Also it is hereby affirmed that no matter which region
the patient is from, the tympanometry curves vary the same
manner with respect to a given ANR range. Thus, there is
no inter-regional variations.
Since there is no available data comparing the ANR at
different geographical areas, an attempt was done by this
study to observe for variations in the ANR in two different
regions. Therefore, we suggest that larger studies at different geographical areas of the world may be needed to
enlighten about racial/ethnic differences arising probably
due to variations in demography and craniofacial
development.
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Objective The aim of this article is to describe the incidence and

characteristics of pregnancy-related death in low- and middleresource settings, in relation to the availability of key obstetric
resources.
Design This is a secondary analysis of a stepped-wedge cluster

randomised controlled trial.
Setting This trial was undertaken at ten sites across eight low-

and middle-income countries in sub-Saharan Africa, India and
Haiti.
Population Institutional-level consent was obtained and all women

presenting for maternity care were eligible for inclusion.
Methods Pregnancy-related deaths were collected prospectively

from routine data sources and active case searching.
Main outcome measures Pregnancy-related death, place, timing

and age of maternal death, and neonatal outcomes in women with
this outcome.
Results Over 20 months, in 536 233 deliveries there were 998

maternal deaths (18.6/10 000, range 28/10 000–630/10 000). The

leading causes of death were obstetric haemorrhage (36.0%,
n = 359), hypertensive disorders of pregnancy (20.6%, n = 206),
sepsis (14.1%, n = 141) and other (26.5%, n = 264).
Approximately a quarter of deaths occurred prior to delivery
(28.4%, n = 283), 35.7% (n = 356) occurred on the day of
delivery and 35.9% (n = 359) occurred after delivery. Half of
maternal deaths (50.6%; n = 505) occurred in women aged 20–
29 years, 10.3% (n = 103) occurred in women aged under
20 years, 34.5% (n = 344) occurred in women aged 30–39 years
and 4.6% (n = 46) occurred in women aged ≥40 years. There was
no measured association between the availability of key obstetric
resources and the rate of pregnancy-related death.
Conclusions The large variation in the rate of pregnancy-related

death, irrespective of resource availability, emphasises that
inequality and inequity in health care persists.
Keywords Epidemiology, low and middle resource, maternal

mortality.
Tweetable abstract Inequality and inequity in pregnancy-related

death persists globally, irrespective of resource availability.
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Introduction

Methods

In 2017, an estimated 295 000 women died as a result of
pregnancy and childbirth. There are stark inequalities in
the risk of death worldwide, where the lifetime risk of
maternal mortality in sub-Saharan Africa is 1 in 37, compared with 1 in 4800 in Europe and Northern America.1
There are methodological challenges with measuring
maternal death. Many countries with the highest rates of
maternal death lack comprehensive civil registration systems and accurate reporting, and therefore pose a major
challenge. Classification of the cause of death is also challenging, especially where the certification of death is not
formalised.2 Even when a civil registration system exists, in
the absence of active case finding, maternal deaths may be
misclassified and the use of diverse sources, including
household surveys, censuses and verbal autopsies, limits
comparisons of maternal mortality worldwide.1 International comparisons are therefore usually based on modelled
estimates.1 For some countries these are given with wide
ranges (e.g. in Sierra Leone, 808–1620/100 000 births),
showing the absence of reliable, prospective data in these
countries.
The leading causes of maternal death worldwide are
haemorrhage (27%), hypertensive disorders of pregnancy
(14%) and sepsis (11%).3 These proportions vary by
region: for example, hypertensive disorders contribute to a
greater proportion of deaths in Latin America and the Caribbean (22.1%), compared with sub-Saharan Africa
(16.0%).3 A review of 14, predominantly small, regional
studies, concluded that the majority of maternal deaths
occur in hospital (from 40% in Vietnam to 92% in South
Africa).4 The proportion varied greatly depending on the
country and the data collection method, where capturing
deaths in the community can be challenging. Data modelled from a variety of sources estimate that globally, a
quarter of deaths occur antepartum (24.6%), slightly over a
quarter occur intrapartum or within 24 hours of delivery
(27.7%), a third occur within 42 days of delivery (35.6%)
and a minority occur later than this.5 The lack of reliable
country-specific data is important in research and policy,
as it is not clear where interventions should be targeted to
have the greatest impact on mortality.
The aim of this article is to describe the accurate incidence (per 10 000 deliveries) and characteristics of pregnancy-related death (defined as all deaths that occur in
pregnancy and up to 42 days after delivery, irrespective of
cause6) across ten geographical regions, collected prospectively in eight low- and middle-income countries in relation to key obstetric resources. The secondary aim is to
describe the effect of novel vital sign device and educational package on pregnancy-related death.

This is a secondary analysis of a pragmatic, stepped-wedge
cluster randomised controlled trial of the introduction of
the Community Blood Pressure Monitoring in Rural Africa:
Detection of Underlying Pre-Eclampsia (CRADLE) intervention into routine maternity care in ten regions across
Zimbabwe, Zambia, Sierra Leone, Malawi, Ethiopia,
Uganda, Haiti and India over 20 months, from 1 April
2016 to 30 November 2017 (International Standard Randomised Controlled Trial Number, ISCRTN: 41244132).7,8
The CRADLE intervention consisted of the CRADLE Vital
Sign Alert,7,9 a validated device that accurately measures
blood pressure (BP) and heart rate and calculates the shock
index, displaying the results on a traffic light early warning
system, and a simple education package on how to use the
device and respond to abnormal vital signs.10,11 This intervention was compared with routine maternity care using
local management guidelines.
Each region comprised at least one secondary or tertiary
health facility that provided comprehensive emergency
obstetric care with the main peripheral facilities that refer to
these hospitals. All secondary or tertiary hospitals were urban
or peri-urban, but the geographical regions of peripheral
facilities covered a range of settings, with the mean distance
varying from 3.3 to 74.0 km to the referral centre. Community healthcare providers were included, when they were formally involved in routine maternity care provision and
supported at the district level.7 The intervention was delivered to all healthcare professionals (HCPs) working in gynaecology and maternity in the facilities of the region.
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Core outcomes
The primary outcome of the trial was a composite outcome
of maternal mortality and morbidity (at least one of
eclampsia, emergency obstetric hysterectomy and maternal
death). In spite of a 9% reduction in the primary outcome
over time, the trial was unable to demonstrate an effect of
the intervention as a result of the unexpected degree of
variation between and within regions. All women that were
recorded as having died at any gestation or up to 42 days
after delivery, from any cause, between 1 April 2016 and 31
November 2017 were eligible for inclusion as a pregnancyrelated death case in this secondary analysis. The denominator was all deliveries in the trial area in the same period.
For each woman, data were collected on the cause of death,
maternal age, timing and place of pregnancy-related death
(community, peripheral facility or central referral facility).
The number of stillbirths and neonatal deaths up to
28 days was recorded in all women that died. These outcomes were selected as they are of great clinical importance; no core outcome set was available.
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Regions were described by the number of deliveries,
number of HCPs working in maternity, the number of
intensive care unit (ICU) beds per 1000 deliveries and the
proportion of facilities where blood transfusion was available on a monthly basis. Methods of data collection were
discussed and optimised based on the existing resources
available in each region. All data collectors were given
detailed training to ensure the comparability of results.
Outcomes were triangulated across multiple sources
depending on the reliability in each region (including referral registers, ward registers, patient records, local mortality
and morbidity records, and active case searching) to ensure
data completeness, and all outcomes were checked to avoid
double counting. The systematic reporting of community
cases, for example through household surveys, was not
undertaken. Therefore, community cases are included
where reported, and in these predominantly urban settings,
we consider that most community deaths were made
known to our researchers. All data were entered onto a
standardised electronic central database. Where possible,
cause of death was attributed to the highest-level cause in
keeping with the WHO guidance on cause of death.12

Ethics, consent and patient involvement
Ethical approval was granted by the Biomedical Sciences,
Dentistry, Medicine and Natural and Mathematical
Sciences Research Ethics Subcommittee at King’s College
London (LRS-14/15-1484) and at each study centre (excluding Haiti, for which Memorandum of Understandings
were created because of the lack of existing process). This
and all local ethical approvals were in place prior to the
start of the study. Institutional-level consent on behalf of
the cluster was obtained. Patients or the public were not
involved in the design, conduct, reporting or dissemination
plans of our research.

Statistical methods and analysis
Statistical analyses were undertaken in STATA 13.1 (StataCorp LLC, College Station, TX, USA). We used logistic
regression on monthly data with standard errors corrected
for clustering by centre ID, and with no fixed effect of centre.13 Results are reported as odds ratios (ORs) with 95%
confidence intervals. The trial protocol stated that further
details of the individual components of the primary outcome would be analysed, such as cause and place of death.7
To describe the association between death and resource
availability, pregnancy-related death rates for each centre
and time period (month) were calculated. The correlation
of ICU bed availability (average per 10 000 deliveries),
blood transfusion availability (mean percentage of facilities)
and HCPs (average per 1000 deliveries) with maternal
death by region used linear regression for the log of pregnancy-related death rate, with robust standard errors.

Analyses were corrected for clustering by centre with no
fixed effects. Individual patient data were only collected for
known cases.

Results
In this cohort of 536 233 deliveries there were 998 pregnancy-related deaths over 20 months. This gives an overall
incidence of 0.19 (18.6/10 000 deliveries); however, the
rates of mortality varied substantially between regions, as
shown in Table 1 (ranging from 2.8/10 000 in Zambia
Centre 1 to 63.0/10 000 in Sierra Leone).
The overall leading causes of mortality were obstetric
haemorrhage (36.0%, n = 359), hypertensive disorders of
pregnancy (20.6%, n = 206), sepsis (14.1%, n = 141) and
other (26.5%, n = 264), with the causes included in ‘other’
each representing individual contributions of less than 4%.
The causes of death categorised as other included anaemia
(3.4%, n = 34), early pregnancy complications (3.0%,
n = 30) and malaria (2.3%, n = 23). The proportions varied between regions, as shown in Table S1 (obstetric haemorrhage, ranging from 15.2% in India to 44.5% in Uganda
Centre 1; sepsis, ranging from 0.0% in Haiti to 27.5% in
Zimbabwe; hypertensive disorders of pregnancy, ranging
from 9.9% in Zambia Centre 2 to 68.0% in Haiti). After
planned adjustments for clustering and time trends in each
region, the implementation of the CRADLE intervention
was not associated with any significant change in the rates
of death from any cause, although unexpected variability
between regions and over time meant that we could not
rule out an effect (Table 2).
Half of pregnancy-related deaths (50.6%, n = 505)
occurred in women aged 20–29 years, 10.3% (n = 103)
occurred in women aged under 20 years, 34.5% (n = 344)
occurred in women aged 30–39 years and 4.6% (n = 46)
occurred in women aged ≥40 years. The variation in age at
death between regions is shown in Figure 1 and Table S2.
Slightly over a quarter of deaths occurred prior to delivery
(28.4%, n = 283), with similar proportions occurring on
the day of delivery (35.7%, n = 356) and after delivery
(35.9%; n = 359). Of the deaths that occurred after delivery, the majority were within the first 7 days after delivery
(24.8%, n = 248), with a further 11.1% (n = 111) occurring more than 7 days after delivery (Figure 2; Table S2).
Across all study regions, only 1.8% (n = 18) of deaths were
reported to have occurred in the community (Table S3).
Overall, 715 women died after delivery, of which 46.9%
(n = 335) had been delivered by caesarean section (ranging
from 38.3% in Uganda Centre 2 to 65.2% in Haiti;
Table S4). Nearly half of women who died after delivery
suffered a stillbirth or a neonatal death (42.5%; n = 310),
which ranged from 29.2% in Malawi to 48.5% in Sierra
Leone (Table S4).
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Table 1. Maternal death per 10 000 deliveries, by region and by intervention
Region

Overall

Ethiopia

Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N
Rate
n/N

Haiti
Sierra Leone
India
Malawi
Uganda Centre 1
Uganda Centre 2
Zambia Centre 1
Zambia Centre 2
Zimbabwe
All regions

per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries
per 10 000 deliveries

13.3
47/35 429
16.8
25/14 910
63.0
150/23 806
14.4
33/22 876
23.5
146/62 165
25.7
328/127 817
10.2
62/60 502
2.8
35/123 476
30.1
81/26 869
23.7
91/38 383
18.6
998/536 233

Pre-intervention

Post-intervention

13.1
32/24 390
7.82
6/7670
142
30/2106
14.7
17/11 531
24.3
117/48 243
28.9
72/24 886
9.7
36/37 003
6.4
31/48 252
27.6
23/8343
25
87/34 814
18.2
451/247 238

13.6
15/11 039
26.2
19/7240
55.3
120/21 700
14.1
16/11 345
20.8
29/13 922
24.9
256/102 931
11.1
26/23 499
0.5
4/75 224
31.3
58/18 526
11.2
4/3569
18.9
547/288 995

Table 2. Cause of death (% of all deaths)
Overall

Obstetric haemorrhage

Pregnancy-related sepsis

Hypertensive disorder in
pregnancy**
Other

All maternal death

Rate per 10
deliveries
n (%)
Rate per 10
deliveries
n (%)
Rate per 10
deliveries
n (%)
Rate per 10
deliveries
n (%)
Rate per 10
deliveries
n/N

Preintervention

Postintervention

Adjusted
comparison
OR (95% CI)

000

6.7
359 (36.0)

5.9
147 (32.6)

7.3
212 (38.8)

OR 0.86
(0.56–1.33)

000

2.6
141 (14.1)

2.7
67 (14.9)

2.6
74 (13.6)

–*

000

3.8
206 (20.6)

3.3
81 (18.0)

4.3
125 (22.9)

OR 0.76
(0.46–1.25)

000

5.4
292 (29.3)

5.7
156 (34.6)

4.3
136 (24.9)

OR 0.88
(0.62–1.24)

000

18.6
998/
536 233

18.2
451/247 238

18.9
547/288 995

OR 0.79
(0.30–2.09)

*Analysis did not converge.
**Eclampsia, pre-eclampsia or stroke.

Overall, the number of HCPs working in maternity services was 282 per 1000 deliveries. This ranged from 125 per
1000 deliveries in Zambia Centre 1 to 374.3 per 1000 deliveries in Sierra Leone (Table S5). There was no detectable
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association between the total number of HCPs available
and the rates of pregnancy-related death in each region
(OR 1.00, 95% CI 1.00–1.01). Two regions, Sierra Leone
and Uganda Centre 2, did not have any ICU facility
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Figure 1. Maternal age at death per 10 000 deliveries, by region and overall.

Figure 2. Timing of maternal death per 10 000 deliveries, by region and overall.

available. The number of ICU beds per 1000 deliveries in
the other regions ranged from 0.8 per 1000 deliveries in
Haiti to 24.5 per 1000 deliveries in India. There was also
no detectable association between the number of ICU beds
per 1000 deliveries and the rates of pregnancy-related death
in each region (0 beds, OR 0.69, 95% CI 0.18–2.63; 1–5
beds/1000 deliveries, OR 132, 95% CI 0.49–3.69; 6–10 beds
per 1000 deliveries, OR 0.65, 95% CI 0.34–1.23). On average, blood transfusion was available in 25.1% of facilities
(ranging from 6.5% in Zambia Centre 2 to 75% in
Malawi). There was no evidence of a significant association
between the overall availability of blood transfusion and
the rate of pregnancy-related death in that region (OR
1.00, 95% CI 0.98–1.03; Table S5).

Discussion
Main findings
Overall, we have found the pregnancy-related death rate to
be 18.6/10 000 deliveries, with large variation across individual regions. The leading causes of death were obstetric

haemorrhage (36.0%), hypertensive disorders of pregnancy
(20.6%), sepsis (14.1%) and other (26.5%). The majority of
deaths across all regions occurred in healthcare facilities
(98.1%), after delivery (35.9%) and in women aged 20–
29 years (50.6%). Overall, the implementation of the CRADLE intervention was not associated with any significant
change in the rates of pregnancy-related death, but the effect
varied across individual sites. We did not identify any significant association between the measured availability of key
obstetric resources and pregnancy-related death rates.

Strengths and limitations
The strengths of this study are the rigorous prospective
data collection methods, verified from multiple sources,
and the inclusion of multiple settings. Existing prospective
data sets are frequently small and are measured at hospital
level, with limited information on the place or timing of
death. The data presented here improve the accuracy of
incidence estimates by reporting these factors and including
cases across the health system, including cases from primary healthcare facilities and community cases.
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The data were collected during a randomised controlled
trial and therefore include measurements before and after
the introduction of the intervention, with the included
regions selected for research purposes. Although the geographical settings varied, it is a limitation of this study that
the majority were urban or peri-urban and may not be representative of nationwide mortality rates. The incidences of
mortality reported in this study are lower than recent modelled estimates in all countries except India.1 This may be
representative of the urban settings,4 or could indicate the
underreporting of community cases, as systematic community collection was beyond the capacity of this study. These
factors may also explain the lower proportion of deaths
reported in the community compared with the literature.4
As a result of the study size, it was not feasible to collect
demographic data in the denominator group, and therefore
the proportion of deaths in different age groups cannot be
presented at population level. The cause of death was based
on data reported by attending clinicians and other documented or observed factors, as determined by our trained
research team. Attributing cause of death was challenging
in all regions, because of complex and late presentations to
hospital and poor documentation; however, we have
demonstrated that the collection of maternal mortality data
and entry onto a standardised electronic database is feasible
across ten sites with varying infrastructure. It is a strength
that this paper reports resource availability, but the daily
fluctuations in resource availability remain unknown. The
number of HCPs working in maternity facilities was higher
than anticipated.14 This may be linked to the inclusion of
untrained support staff or employed staff not regularly
working, and therefore might not be a true reflection of
the coverage of trained staff providing high-quality care.

Interpretation (in light of other evidence)
In the post-Millennium Development Goal era, the global
health focus is on not just reducing mortality but also
reducing morbidity.15 Yet in this study more than 20-fold
variation in mortality was observed between regions, suggesting that the focus on maternal mortality globally should
not be lost.
In this study, the proportion of deaths from hypertensive
disorders of pregnancy was higher than previously cited
(20.6% reported compared with 14.0% worldwide and
16.0% in sub-Saharan Africa, where 94.2% of the deaths in
our study occurred). This may relate to improved case
acquisition after the introduction of the intervention,
resulting in the increased reporting of deaths from hypertensive disorder of pregnancy, or the necessity for the
research team to record a single leading cause of death
(e.g. hypertensive disorder of pregnancy instead of disseminated intravascular coagulation). This highlights the challenges of recording maternal mortality worldwide, despite
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guidance from the WHO.12 Even physician-certified death
may be complex because of limited diagnostic services and
late presentation at the facility. Continued training and
development of local policy in registering maternal deaths
is required to ensure the accuracy and comparability of the
data, which in turn is vital to inform practice.
Our data suggest that the vast majority of deaths
occurred in hospital, despite relatively good availability of
resources, probably through a combination of women who
arrive too unwell to benefit from emergency care, women
with complications who could have been treated with
timely effective interventions and women who develop serious complications whilst in hospital. Deaths from women
arriving seriously unwell indicate that delays were experienced in deciding to seek and reach care, suggesting a continued need to focus on health system and community
factors, such as referral pathways and transport. Importantly, high-quality care within health facilities is required
to reduce all causes of maternal deaths.16 Evidence from
low-income countries suggests that increasing the rate of
deliveries that occur in facilities does not necessarily equate
to improved maternal or neonatal outcomes, because of
the poor quality of care, which is estimated to contribute
to half of all maternal deaths.17 Policymakers must therefore address both coverage and service quality to achieve
improvements in maternal health.
In keeping with the literature,4 over a third of women
died on the day of delivery (35.7%) and the majority died
from obstetric haemorrhage (36.0%). The WHO makes 32
evidence-based recommendations for the prevention and
treatment of postpartum haemorrhage.18 Therefore, HCPs
and policymakers have the opportunity to target interventions to this high-risk period, focusing on access and the
timely delivery of proven, effective interventions.
In this study, the majority of deaths occurred in women
aged 20–29 years, probably reflecting the greatest proportion of births occurring in this group as opposed to a
greater relative risk. Nearly half of maternal deaths
occurred in women who delivered by caesarean section
(45.9%). This is higher than a recent systematic review, in
which a quarter of all women who died in low- and middle-income countries (LMICs) had undergone caesarean
section (23.8%, 95% CI 21.0–26.7),19 possibly reflecting the
urban setting of our study. The elevated proportion of caesarean sections in this group is likely to indicate severe
morbidity necessitating the rapid delivery of the baby; however, it may also add to the literature that mortality risk is
disproportionately high following caesarean section in
LMICs.19 This is likely to be of increasing future importance as rates of caesarean delivery increase globally.20
HCPs and policymakers need to address access to surgery
and navigate the challenging balance of under- and overuse
of delivery by caesarean section,21 alongside appropriate
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decision making for caesarean sections, such as adequate
training and supervision to manage labour and its complications.
We hypothesised that the introduction of the intervention would improve the efficiency and capacity of HCPs to
identify, escalate and manage pregnancy complications by
increasing the availability of equipment and improving
understanding through training and the traffic light early
warning system. Although this study has shown no effect
of the CRADLE intervention on maternal death, there were
trends towards reduced mortality overall and reduced mortality from haemorrhage, sepsis and pregnancy-associated
hypertension. Given that this study was not powered to
detect differences in individual components of the primary
outcome, and had unexpected variation across regions, this
warrants further research.
The effect of the intervention differed across regions. It
is possible that differing provision of community care,
acceptability and infrastructure to facilitate timely referral,
and capacity of facilities to provide high-quality, timely
care in response to deteriorating vital signs, may all contribute to these differences. Interpretation is challenging,
however, as individual sites may be influenced by changes
in mortality rates over time, irrespective of the introduction of the intervention, and therefore we considered that
this analysis may be misleading.

Conclusion
In conclusion, this analysis provides accurate contemporaneous estimates of incidence of pregnancy-related death
from a large prospective data set across eight low- and
middle-resource settings. These data highlight that mortality (for the woman and the baby) remains high, with pregnancy and the perinatal period needing continued
prioritisation in research and policy. The high proportion
of mortality in facility settings indicates that the quality of
care and delivery of effective interventions, in addition to
timely access to care, is vital. Significant variation across
regions and countries, unrelated to staffing levels and interventions, requires an evaluation to define the components
that need to be focused on in order to reduce mortality.
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Objectives: Pregnancy hypertension is associated with 7.1% of maternal deaths in India. The objective of this
trial was to assess whether task-sharing care might reduce adverse pregnancy outcomes related to delays in
triage, transport, and treatment.
Study design: The Indian Community-Level Interventions for Pre-eclampsia (CLIP) open-label cluster randomised
controlled trial (NCT01911494) recruited pregnant women in 12 clusters (initial four-cluster internal pilot) in
Belagavi and Bagalkote, Karnataka. The CLIP intervention (6 clusters) consisted of community engagement,
community health workers (CHW) provided mobile health (mHeath)-guided clinical assessment, initial treatment, and referral to facility either urgently (<4 h) or non-urgently (<24 h), dependent on algorithm-defined
risk. Treatment effect was estimated by multi-level logistic regression modelling, adjusted for prognosticallysignificant baseline variables. Predefined secondary analyses included safety and evaluation of the intensity of
mHealth-guided CHW-provided contacts.
Main outcome measures: 20% reduction in composite of maternal, fetal, and newborn mortality and major
morbidity.
Results: All 14,783 recruited pregnancies (7839 intervention, 6944 control) were followed-up. The primary outcome did not differ between intervention and control arms (adjusted odds ratio (aOR) 0.92 [95% confidence
interval 0.74, 1.15]; p = 0.47; intraclass correlation coefficient 0.013). There were no intervention-related safety
concerns following administration of either methyldopa or MgSO4, and 401 facility referrals. Compared with
intervention arm women without CLIP contacts, those with ≥8 contacts suffered fewer stillbirths (aOR 0.19 [0.10,
0.35]; p < 0.001), at the probable expense of survivable neonatal morbidity (aOR 1.39 [0.97, 1.99]; p = 0.072).
Conclusions: As implemented, solely community-level interventions focussed on pre-eclampsia did not improve
outcomes in northwest Karnataka.
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1. Introduction

2.2. Randomisation

India bears the greatest burden of maternal, fetal, and infant deaths
[1]. Within India, there remain disparities in access to health care and
death rates across states and between urban and rural populations [2].
Hypertension, complicating 10.3% of pregnancies in northwest
Karnataka [3], is associated with excess maternal, fetal and newborn
deaths and morbidities [4], potentially amenable to reductions through
standardised care [5,6].
Communities report regular use of health care services during
pregnancy (generally four antenatal care (ANC) visits) and for delivery
[7]. However, delays in care-seeking, such as declaring pregnancy or
attending first antenatal visits, persist; community-based initiatives to
encourage early disclosure of pregnancies and facility-based care could
address these delays. Also, there are significant knowledge gaps in
community perceptions of the causes, warning signs, and consequences
of pregnancy hypertension [8]. There are local words in Kannada for
‘convulsions’ and ‘hypertension’, but there are no pregnancy-specific
terms. Stress, tension, and poor diet are perceived to precipitate pregnancy hypertension, while anaemia, poor medical adherence, lack of
tetanus toxoid immunisation, and exposure to fire or water are perceived precipitants of seizures in pregnancy [8]. Sweating, fatigue,
dizziness-unsteadiness, swelling, and irritability are perceived as signs
of hypertension [8]. While hypertension is a recognised risk factor for
both eclampsia and maternal death, home remedies are used regularly
to treat seizures prior to accessing facility-based care [7,8].
Therefore, there is potential to improve outcomes by both community engagement and community-based assessment, triage, and initial treatment by India’s two main cadres of community health workers
(CHWs), Accredited Social Health Activists (ASHAs) and Auxiliary
Nurse Midwives (ANMs). ASHAs, local women who receive 23 days’
training, provide health education and promotion to ≈1000 people in
their communities [9]. In contrast, ANMs and staff nurses are responsible for providing maternal and child health services, primarily in
sub-centres and primary health centres (PHCs), each serving a catchment of 3000–5000 people.
The objective of the Community-Level Interventions for Preeclampsia (CLIP) India cluster randomised controlled trial (cRCT) was
to test the hypothesis that implementing community-level, evidencebased care focussed on pregnancy hypertension would reduce all-cause
maternal, fetal and newborn mortality and major morbidity, without
causing harm [10].

The unit of randomisation was the cluster, each defined as a PHC,
and its catchment area; each being chosen according to region (Belagavi
or Bagalkote), accessibility for surveillance, and absence of conflicting
research activity. The 12 clusters were allocated (TL, statistician) to
intervention or control groups using a restricted randomisation algorithm, balancing region (Belagavi or Bagalkote) and population size.
For the four internal pilot phase clusters, one of two possible allocations
meeting the balancing criteria was randomly selected. Similarly, for the
definitive phase, one of 14 possible allocations for the additional eight
clusters (pilot cluster allocations were fixed) was randomly selected.
2.3. Participants
Participants were married pregnant women, aged 15–49 years, who
were either resident (≥1 year) or non-resident, but planning to deliver
in the cluster. Enrolled women who migrated out of the cluster during
pregnancy were followed-up. All women (intervention and control)
provided written, informed consent for data collection in a health
registry. Intervention cluster women provided additional interventionspecific written consent. The trial surveillance team informed cluster
ANMs and ASHAs about eligible and consented pregnant women with
registration data. Recruitment ended on 31 August 2016 to permit
follow-up to delivery.
2.4. Interventions
In intervention clusters, the CLIP intervention package consisted of
both community engagement and CHW-led contacts in eligible women’s homes and PHCs, focussing on detecting and managing pregnancy hypertension (Fig. S1 and Table S2).
Community engagement involved: community leaders; pregnant
women, their mothers, mothers-in-law, husbands and other stakeholders. The content promoted: (i) awareness of signs, symptoms, and
potential consequences of pre-eclampsia and eclampsia; (ii) education
about birth preparedness and complication readiness, including prior
permissions for care-seeking, transport plans and funds for obstetric
emergencies; and (iii) the nature of CLIP visits using the PIERS On the
Move (POM) tool [17–19] and the CLIP package of care, as relevant (see
below). PHC medical officers, staff nurses, and ANMs were trained to
conduct community engagement sessions with defined topics and supported by pictograms developed with local input, which occurred from
the time of cluster randomisation until the end of trial.
CHW-led ‘CLIP’ antenatal contacts were recommended to occur:
every four-weeks (<28 weeks), fortnightly (28–35 weeks), weekly
(36 weeks until birth), <24 h of birth and on postpartum days 3, 7, and
14; the compliance target was one CLIP contact every six weeks. Homebased contacts were provided by ASHAs, or, where not available,
Anganwadi Workers (community workers). PHC-based visits were
provided by ANMs and staff nurses.
CLIP contact tasks were guided by the mobile-based CLIP POM
mobile health (mHealth) application (app) [18], that included the
miniPIERS (Pre-eclampsia Integrated Estimate of RiSk) time-of-disease
tool [19], with pictograms as visual prompts. The app directed workers
to first observe women to exclude emergency conditions warranting
immediate facility referral. In the absence of emergency conditions,
CHWs were directed to measure blood pressure (BP) twice, using
standardised methods and a semi-automated, pregnancy-validated digital device (Microlife BP 3AS1-2) [20]; a third measurement was required if there was a between-reading difference in either systolic or
diastolic BP > 10 mmHg. Special government permissions for CHWs to
measure BP and test for proteinuria were granted. All de-identified data
were synchronised directly from the POM mobiles to the central
REDCap server for data monitoring. Each visit was time stamp validated.

2. Methods
The full protocol has been published (https://clinicaltrials.gov/ct2/
show/NCT01911494 and Appendix 1), and received ethics approvals
(KLE University (MDC/IECHSR/2011-12/A-4; ICMR 5/7/859/12RHN); University of British Columbia (UBC, H12-03497)).
2.1. Study setting and trial design
The CLIP India Trial, one of three independently-powered openlabel cRCTs (others in Pakistan and Mozambique; all NCT01911494),
occurred in Belagavi (1278 villages) and Bagalkote (627 villages) districts, rural Karnataka (Fig. 1), with a population density of ≈13 persons/ha. Adult female literacy rates vary (Belagavi: 65%; Bagalkote:
58%) [11]. Operationally-active key policy factors included Janani
Suraksha Yojna (conditional cash-transfer programme promoting institutional deliveries), and provision of Madilu kits following government facility deliveries [12].
A 12-month mixed methods feasibility study preceded the internal
pilot phase (1 February to 31 October 2014) in four clusters
[7–9,13–16]. Progression to the definitive phase (additional eight
clusters (1 November 2014 to 31 October 2016)) was based on the
criterion of ≥50% acceptance of CLIP-indicated health facility referral.
167

Pregnancy Hypertension 21 (2020) 166–175

M.B. Bellad, et al.

Fig. 1. Map of study area and enrollment by cluster.

148 health workers were trained to provide the CLIP intervention:
102 ASHAs, seven Anganwadi Workers, 21 ANMs, and 18 staff nurses.
Two-day didactic and participatory training consisted of BP measurement, proteinuria assessment, and POM app use (six-monthly refresher
training). ASHAs and Anganwadi workers were trained to bring women
recommended by POM to receive community-based treatment to PHCs,
where trained ANMs and staff provided POM-indicated oral antihypertensive therapy and intramuscular MgSO4 (Fig. S1 and Table S2).
For normotensive well women, the app directed ASHAs and ANMs
to continue routine CLIP contacts at the recommended frequency (see
above).

For hypertensive women, app-directed ASHAs and ANMs entered
observations about pre-eclampsia symptoms and dipstick proteinuria
into the POM app. Embedded decision algorithms risk-stratified women
and directed CHWs to recommend appropriate care: initial management with 750 mg oral methyldopa (severe hypertension) or 10 g intramuscular MgSO4 (pre-eclampsia with adverse features (e.g.,
miniPIERS
score
>
25%
or
severe
systolic
hypertension ≥ 160 mmHg)), and referral to facility either urgently
(<4 h) for an emergency condition, severe pre-eclampsia, or decreased
fetal movement, or non-urgently (<24 h) for systolic BP
140–159 mmHg without evidence of severe pre-eclampsia or decreased
168
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fetal movement (Fig. S1 and Table S2).
In control clusters, women received routine ANC provided at PHCs
by nurses and doctors.
In both intervention and control clusters, health care providers at
secondary and higher facilities (private and public) received training
(three sessions) to promote evidence-based care of women with preeclampsia/eclampsia.

2.8. Statistical analysis (full plan, Appendix 2)
All pregnancies, except withdrawals, were included in our primary,
intention-to-treat analyses. The unit of analysis was pregnancy, classified as ‘followed-up’ (complete postpartum trial surveillance), ‘lost-tofollow-up’ (estimated date of delivery [EDD] at ≥3 weeks before trial
end), and ‘still on follow-up’ (EDD < 3 weeks before trial end).
To mitigate potential bias due to differential loss-to and incomplete
follow-up, the primary outcome (and its components) of women who
were lost-to, or still-on, follow-up was imputed 10 times (multiple imputation by chain equations) and pooled (Rubin’s rules) [24]. Imputation models were based on all primary analysis adjustment factors (see
below) and interactions between trial arm and enrolment date. In each
imputed data set, the adjusted odds ratio (OR) for the intervention effect was estimated using a multi-level logistic regression including a
random intercept term for each cluster. To improve precision, models
were adjusted for variables at individual (i.e., age, parity, maternal
primary education, previous delivery locations, and husband’s primary
education) and cluster-level (i.e., baseline neonatal mortality rate and
population density). When it was observed that the ICC was higher than
anticipated in the internal pilot phase, baseline neonatal mortality rate
was added as an adjustment factor to improve power, which would not
have been addressed by extending recruitment within clusters.
Analogous multi-level logistic regression models were fit to assess
the sensitivity of the primary result to various factors, including adjustment, imputation, missing data for a component of the primary
outcome (when others were documented), gestational age at birth, and
postpartum follow-up to <42 days (Appendix 2), as well as clusterlevel aggregate analysis. Where sensitivity analyses included imputation, results were pooled (Rubin’s rules). In an additional planned
secondary analysis, we explored within the intervention arm, whether
there was a relationship between our primary outcome and the intensity of CLIP visits, categorised as 0, 1–3, 4–7, or ≥8, to reflect prior
and current WHO recommendations for the frequency of antenatal
contacts [25]. To account for factors related to the number of POMguided contacts and confounders, the analysis was adjusted for maternal age, basic education, parity, enrolment timing in the trial, and
distance from the household to facility.
All analyses were repeated for each primary outcome component,
albeit without imputation. Secondary and other outcomes were compared by baseline factor-adjusted multi-level models, as above.
Statistical significance (two-sided) was set at p < 0.05 for the primary and p < 0.01 for other analyses using ‘R’ software throughout,
without adjustment for the interim analysis.
An interim analysis was undertaken once complete data were received for women making up half of the planned sample size and reviewed by the data safety and monitoring board (DSMB). The stopping
rule for both benefit and harm required an observed difference between
groups associated with an alpha <0.001 (power 80%). The DSMB reviewed all reported adverse events for participant safety.

2.5. Procedures for surveillance
A prospective population-based surveillance system was established
[15], modelled on the National Institute of Health Global Network’s
Maternal and Newborn Health (MNH) Registry [15]. In brief, data were
collected in the local language by cluster PHC health care workers on
three standard MNH Registry forms, three supplemental forms covering
additional CLIP-specific fields, and modified WHO verbal autopsy forms
for maternal, fetal, or newborn deaths. Data were obtained by reviewing facility medical records (when available) and interviews
(women, birth attendants, health care providers, and family members)
[21]. Completed paper data forms were keyed weekly into the database.
Completeness was confirmed by separate trained personnel. De-identified and encrypted data were transferred to the UBC central server for
analyses.
Married women of reproductive age predicted to conceive within
12 months were identified by annual household survey, followed up for
early pregnancy confirmation, and consented and enrolled into the CLIP
trial once pregnant. Data were collected at three time points: (i) soon
after enrolment; (ii) soon after delivery; and (iii) 42 days postpartum.
2.6. Outcomes
The primary outcome was a composite of all-cause maternal, fetal,
and neonatal mortality and major morbidity. Pregnancies with multiple
elements of the primary outcome were only counted once without
weighting. Mortality was assessed until 42 (mother) and 28 (offspring)
days after birth and described per 1000 identified pregnancies.
Maternal morbidity consisted of serious end-organ complications that
included, but were not limited to, those related to hypertensive pregnancy, as the CLIP intervention could have had a generally beneficial
effect. Neonatal morbidity reflected problems related to early delivery
or delivery of a baby in poor health. All deaths, as well as survived
morbidities, were reviewed by a committee masked to cluster of origin
and excluding practitioners who cared for the individual under review.
The secondary outcomes were birth preparedness and complication
readiness [7,22]; delivery in facility able to provide emergency obstetric care; proportion of facility births; and intervention-related adverse events. Other outcomes included the impact of the intensity of
contacts on the incidence of the primary outcome and its components.
For outcome definitions, see Panel 1.
2.7. Sample size

3. Results

We estimated a requirement for 12 clusters based on the following
assumptions: (i) baseline incidence of our composite primary outcome
of 5.4% (based on a maternal mortality ratio of 150/100,000 livebirths
[21], and assuming a 5:1 ratio of maternal near-miss events and a
subsequent 5:1 ratio of perinatal to maternal events); (ii) a 20% reduction in our primary outcome in intervention vs. control clusters; (iii)
10% loss to follow-up; (iv) an annual birth rate of 22/1000/year/
cluster; and (v) an intra-cluster co-efficient (ICC) of 0·001 based on
previous local experience [23]. The sample size was calculated by simulations of 5000 Monte Carlo samples based on the input parameters.
Power was calculated as the proportion of times within the 5000
samples that the difference in the primary composite outcome between
intervention and control cluster reached statistical significance
(p < 0.05).

Between 1 February 2014 and 31 October 2016, 14,783 pregnancies
were recruited in six intervention (7839 pregnancies) and six control
(6944 pregnancies) clusters (Fig. 2); 1390 of these pregnancies were
enrolled during the pilot phase (777 in two intervention and 613 in two
control clusters). The criterion for progression from the internal pilot to
definitive trial phase was met, according to 74% acceptance of referral
to facility (49/66 pregnancies). One cluster was replaced (by another
with similar characteristics) after allocation but before any recruitment
or participation in the trial, in response to issues with PHC leadership
and data integrity. There were no withdrawals and all pregnancies were
included in the primary analysis.
Pregnancies in intervention and control clusters were similar at
baseline (Table 1). The women were generally in their early 20 s and of
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Fig. 2. Trial profile – Intervention vs. control allocation clusters.

Hindu religion, and just over half of them and their husbands had basic
education. Women were generally parous and when so, not infrequently
reported prior stillbirth (≈5%) or neonatal death (≈5%) despite almost universal facility deliveries. Few women (<1%) had multiple
pregnancies. Women were usually enrolled in the first trimester and
were found to be anaemic. Migration rates were similar (15.3% [intervention] vs. 17.5% [control]).
In the intervention arm, 1379 community engagement sessions
(median 214.5 [IQR 192–266]/cluster) involving 39,619 participants
(median 6742.5 [IQR 5736–7154]/cluster) were held. All sessions involved married women of reproductive age, 1140 (82.7%) involved
mothers-in-law, and 1147 (83.2%) involved key stakeholders, primarily
members of village councils (gram panchayat), and local health committees, partners, fathers, fathers-in-law, religious leaders, traditional
health care providers and formal care providers (Table S3).
ASHA, ANM (and Anganwadi worker) coverage per cluster was
consistent between clusters (range: 10.7 [Pattadkal (Bagalkote)] to 13.5
[Sangolli (Belagavi)]) (Table S3).
≥1 POM contact by a CHW (total: 63,992 contacts) was received in
7054 pregnancies (90.0%), for a median of 8 [IQR 4, 14] contacts when
POM was received, and 84.9% were antenatal. The contact number
compliance target was met in 2948 pregnancies (41.8%). Compliance
with BP measurement at all contacts, and proteinuria testing during
first and hypertensive visits, was almost uniform (Table S3). POMguided recommendations for referral were accepted by most women;
non-urgent referral (5.4%) was accepted 76.7% of the time. Urgent

referral (1.8%), most commonly for severe hypertension (46.1%) or
absent fetal movements in the preceding 24 h (22.7%), was accepted
84.9% of the time. Community-level initiation of treatment was recommended during <1.0% of visits, with acceptance of oral methyldopa for severe hypertension higher (84.9%) than intramuscular
MgSO4 for pre-eclampsia (67.6%) (Table S3).
There was no difference in routine ANC for women in intervention
(vs. control) clusters (aOR 2.87 99% CI = (0.22, 37.69); p = 0.291).
The composite primary outcome (one or more element) complicated
162.8 per 1000 identified pregnancies, primarily due to major neonatal
morbidity (Table 2). Major maternal morbidity (≈5%) was 43-fold
more common than maternal death (1.1/1000 identified pregnancies).
Stillbirths and neonatal deaths (both ≈20/1000 identified pregnancies)
were less common than major neonatal morbidity (≈11%). The most
common major maternal morbidity was blood transfusion (3.2%), followed by obstetric sepsis (0.9%), and antepartum haemorrhage (0.7%);
others occurred in <0.5% of women. The most common major neonatal
morbidity was breathing difficulty (6.6%), followed by lethargy (5.1%)
and feeding difficulty (5.0%).
The primary outcome did not differ between intervention and
control clusters either overall (aOR 0.92 [95% CI 0.74−1.15];
p = 0.47) or in sensitivity analyses (Table S4), with variable between
cluster primary outcome rates (ICC 0.013), and without differences in
the components of the primary outcome (Table 2).
In intervention (vs. control) arms, there was no difference in birth
preparedness or complication readiness (71.3% vs. 84.5%, respectively;
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No adverse events were reported overall or related specifically to
administration of oral methyldopa or intramuscular MgSO4 in the
community by any cadre of worker.

Table 1
Baseline characteristics.
Intervention
(n = 7839
pregnancies)
Clusters
6
Population density (n/ha)a
11.6
Estimated annual birth rate/
22/1000
cluster (per year)
ANMs/cluster (n)
4 [3.5–4.5]
ASHAs/cluster (n)
17 [16–18]
Neonatal mortality ratio/1000
20.5 (20.0–25.5)
live births (in last 12 months
at baseline)a
Enrolled pregnancies
7839
Maternal age (year)a
23.0 (20.0–25.0)
Religionb
Hindu
7224 (92.2%)
Muslim
538 (6.9%)
Other
77 (1.0%)
4541 (57.9%)
Women with ≥8 years of
schoolinga
Husbands with ≥8 years of
4827 (61.6%)
schoolingb
b
Anaemia
6455 (82.3%)
Obstetric history
Parousa
4953 (63.2%)
Parity
1.0 (0.0–2.0)
Amongst previously pregnant women
Had previous stillbirth(s)b,c
235 (4.5%)
Had previous neonatal death(s)
284 (5.4%)
Delivery location in previous pregnancy
Home
533 (10.2%)
CEmOC (hospitals)
2895 (55.4%)
Non-CEmOC facility
1797 (34.4%)
ANC care sought in previous
6891 (99.8%)
pregnancy
Current pregnancy
Gestational age at enrolment
10.3 (7.7–14.1)
(week)
Multiple pregnancy
61 (0.9%)

Control (n = 6944
pregnancies)

4. Discussion

6
13.3
22/1000

In Northwest Karnataka, the CLIP intervention had no significant
impact on maternal, fetal, or newborn mortality or major morbidity, in
the primary or any sensitivity analyses. This was despite all components
of the CLIP intervention being evidence-based.
It is probable that we were underpowered to find the pre-specified
difference in maternal and perinatal mortality and morbidity; however,
this is unlikely to have influenced the outcome of the trial. While over
14,000 women were recruited, the small number of clusters (N = 12)
on which statistical power is based, had outcome rates that were more
different than anticipated (i.e., ICC 0.013), rather than the 0.001 anticipated from previous regional cluster RCT experience using the MNH
Registry [23].
Maternal health in rural Karnataka is a construct of various determinants including low autonomy of women, limited transportation,
financial constraints, and incentive-based programmes [7]. A limitation
is poor socioeconomic profiling, as health outcomes were probably
worse among women belonging to scheduled castes, scheduled tribes,
and the impoverished [7]. However, adjusting for level of education
(both maternal and paternal) did not reveal a difference between arms.
This is one of the largest prospective studies in India and the MNH
Registry surveillance and follow-up procedures ensured complete
follow-up, as observed previously [15,21]. Women were generally enrolled at quite an early gestational age, which facilitated reporting of
reliable event rates for miscarriage (≈8%) and elective termination
(≈5%) in these communities. In addition, we assessed population-level
estimates of maternal, fetal, and neonatal mortality and major morbidity that were not subject to recall bias.
The complex intervention was implemented well, but, by design,
only at community level. A total of 1379 community engagement sessions were held and 148 CHWs trained to deliver the intervention.
Seventy-six percent of enrolled women received ≥1 POM contact; this
is consistent with regional experience [26]. While only 42% of intervention arm women received the planned frequency of contacts, we
observed that receipt of ≥8 POM contacts reduced the burden of
stillbirth, at the cost of survivable neonatal morbidity apparent with
intensity of ≥4 contacts per pregnancy. An important justification for
the WHO eight-contact model of antenatal care has been the reduction
of stillbirth [15]. These data support that conjecture.
With special government permission, we engaged existing healthcare workers and strengthened evidence that ASHAs and Anganwadi
workers are capable of task-sharing, including community measurement of BP and proteinuria testing [27]. These workers were able to
observe women for emergency conditions, assess symptoms and signs of
pre-eclampsia, enter findings into the POM app, and operationalise
POM recommendations for triage, transport, and treatment (by engaging with ANMs and staff nurses). ANMs and staff nurses were able to
safely administer oral methyldopa and intramuscular MgSO4, in their
communities, as authorised by national guidelines. This should encourage others to address implementation gaps for treatment guidelines, particularly related to MgSO4 administration [9].
Other cultural norms whereby women in both arms migrated to
their mothers' homes may have confounded the relation between intervention and outcomes, as women may have received a lower frequency of antenatal and postnatal CLIP contacts. External policy factors
such as the provision of the postnatal Madilu kits and Janani Suraksha
Yojna could have influenced care-seeking among trial participants [12].

3.5 [3–4]
18 [17–21]
20.5 (20.0–21.0)
6944
22.0 (20.0–25.0)
6304 (90.8%)
637 (9.2%)
3 (0%)
3872 (55.8%)
4006 (57.7%)
5955 (85.8%)
4481 (64.5%)
1.0 (0.0–2.0)
263 (5.5%)
272 (5.7%)
517 (10.9%)
2946 (62.1%)
1270 (26.8%)
6109 (99.3%)
10.9 (8.0–15.1)
41 (0.7%)

Data presented as median (interquartile range) or number (%).
ANMs = Auxiliary Nurse Midwives. ASHAs = Accredited Social Health
Activists. CEmOC = Comprehensive emergency obstetric care.
a
Variables used as adjustment factors in analyses, chosen a priori.
b
Variable used as adjustment factor in analyses, chosen following review of
baseline data prior to knowledge of outcomes.
c
Not asked in pilot phase.

aOR 0.65 [99% CI 0.03, 14.4]; p = 0.72).
There were no differences in other secondary outcomes between
trial arms (Table 3). Miscarriage (8%), pregnancy termination (≈5%)
and preterm birth (≈13%) complicated a minority of pregnancies, with
very few home births (3.6% intervention vs. 3.9% control). There was
no difference in comprehensive emergency obstetric care facility deliveries. Most women had spontaneous vaginal deliveries (Caesarean
deliveries: ≈20%).
There was an apparent, but complex, relationship between the intensity of POM-guided contacts per pregnancy and outcomes in intervention arm women (Table 4 and Fig. S2). Compared with women
without POM-guided contacts, women with 4–7 contacts had more
adverse fetal and neonatal events (aOR 1.42 [95% CI 1.05, 1.93];
p = 0.025), based upon more neonatal morbidity (aOR 1·56 [95% CI
1.10, 2.22]; p = 0.012). Women who received ≥8 POM-guided contacts, suffered fewer stillbirths (aOR 0.19 [95% CI 0.10, 0.35];
p < 0.001), probably at the expense of more neonatal morbidity (aOR
1.39 [95% CI 0.97, 1.99]; p = 0.072).
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In addition, regular data monitoring procedures shared by health care
providers from all clusters may have obscured any direct effect of the
intervention.
Notwithstanding the careful design of the intervention, we based
our threshold for treatment and referral on systolic hypertension to
increase generalisability where functioning sphygmomanometers and
training are lacking. While the incidence of isolated diastolic hypertension was 4.8% in our study population, this was unlikely to have
affected the impact of the CLIP intervention given the overall lack of
treatment signal on mortality and morbidity for the mother and baby
[3].
Another important limitation is that the CLIP intervention was focussed on increasing responsiveness to health care within communities
(including PHCs), and not optimising facility-based care. Therefore,
outcomes may have been largely determined by secondary or tertiary
facility care; these facilities were common to both arms. Standardising
facility care improves maternal outcomes related to pregnancy hypertension [5,6], and could improve upon the minimal impact of National Rural Health Mission-related increased institutional deliveries on
national mortality rates [12]. Karnatakan facilities are constrained by
human resource shortages, inconsistent power, inadequate cleanliness,
weak information systems, poor referral chains, and poor governance
and accountability measures [9,12]. Regional MgSO4 use is hampered
by stock-outs, training gaps, and non-standardised formulations and
regimens [13].

Care-seeking in CLIP differed from District Level Health Survey-4
(DLHS-4), in terms of any ANC from a skilled provider (>99% [CLIP]
vs 88% [DLHS-4]), ≥4 ANC visits (76% [CLIP] vs 70% [DLHS-4]), and
rates of home birth (<4% [CLIP] vs 4% for delivery at home [DLHS-4])
[28]; implying that data collection sensitised women in all clusters to
the importance of birth preparedness and complication-readiness.
Most women (almost 75%) booked before 20 weeks, and many
suffered a miscarriage or elective termination of pregnancy (12.6% in
both intervention and control clusters). Preterm birth rates of 13.1%
and 12.0% in intervention and control clusters, respectively; are consistent with those from other trials in Karnataka (e.g., 14%) [29].
Our population estimates of mortality and major morbidity differ
variably from those previously published. We observed a maternal
mortality ratio of 136 per 100,000 livebirths [95% CI 90, 230], which is
consistent with data from 2014 to 6 state-level government (108) [30],
Haryana (191) [31], and national-level sources (207) [1], but considerably lower than data from Uttar Pradesh (399) [31].
The CLIP stillbirth rate (per 1000 livebirths) (31.5) is similar to that
recorded in our baseline study (28.6) and Uttar Pradesh (37.6) [15,31],
but higher than Haryana (22.3) and facility-based studies in Karnataka
(12.0) [31,32], possibly reflecting better ascertainment. The neonatal
mortality rate estimate (per 1000 livebirths) was 24.4, which is lower
than estimates from Haryana (40.0) and Uttar Pradesh (41.7) [31].
There are no comparable published estimates for miscarriage or elective
termination rates.

Table 2
Primary outcome.

Pregnancies with postpartum follow-up
Infants
Composite primary outcomeb
Maternal mortality
Maternal morbidity (including maternal deaths)
Antepartum haemorrhage
Stroke
Obstetric sepsis
Maternal coma
Interventions for major postpartum haemorrhage
Seizure
Fistula
Disseminated intravascular coagulation
Cardiopulmonary resuscitation
Blood transfusion
Mechanical ventilation
Dialysis
Perinatal mortality and late neonatal mortality
Stillbirth
Early neonatal death
Late neonatal death
Neonatal morbidity
Breathing difficulty
Lethargy
Feeding difficulty
Jaundice
Seizure
Umbilical cord infection
Coma
Hypothermia
Skin infection
Bleeding

Intervention (n = 7839 pregnancies)

Control (n = 6944 pregnancies)

Adjusted ORa (95% CI)

p-value

6908 (88.1%)
6968
1252 (16.0%)
7 (0.1%)
371 (4.7%)
68 (0.9%)
9 (0.1%)
60 (0.8%)
3 (0.0%)
4 (0.05%)
26 (0.3%)
0 (0.0%)
4 (0.1%)
3 (0.0%)
263 (3.4%)
9 (0.1%)
1 (0.0%)
367 (4.7%)
191 (2.4%)
146 (1.9%)
34 (0.4%)
813 (10.4%)
494 (6.3%)
398 (5.1%)
379 (4.8%)
154 (2.0%)
63 (0.8%)
66 (0.8%)
37 (0.5%)
11 (0.1%)
23 (0.3%)
8 (0.1%)

6109 (88.0%)
6148
1154 (16.6%)
9 (0.1%)
325 (4.7%)
42 (0.6%)
4 (0.1%)
74 (1.1%)
1 (0.0%)
6 (0.08%)
21 (0.3%)
0 (0.0%)
5 (0.1%)
1 (0.00%)
215 (3.1%)
2 (0.0%)
1 (0.0%)
292 (4.2%)
156 (2.2%)
106 (1.5%)
31 (0.4%)
790 (11.4%)
486 (7.0%)
353 (5.1%)
357 (5.1%)
148 (2.1%)
62 (0.9%)
37 (0.5%)
23 (0.3%)
39 (0.6%)
25 (0.4%)
3 (0.0%)

–
–
0.92 (0.74, 1.15)
0.59 (0.14, 2.77)
1.04 (0.76, 1.43)
–
–
–
–

–
–
0.47
0.47
0.80
–
–
–
–

–
–
–
–
–
–
–
1.05 (0.89, 1.24)
–
–
–
0.89 (0.67, 1.17)
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
0.56
–
–
–
0.39
–
–
–
–
–
–
–
–
–
–

Data presented as number (%) or number only.
CI = confidence interval. OR = odds ratio.
a
Adjusted for individual-level factors (maternal age, parity, maternal education, anaemia, stillbirth in previous pregnancy, husband’s education, delivery location
in previous pregnancy), and cluster-level factors (population density, baseline study neonatal mortality rate).
b
Defined as one/more of maternal morbidity or mortality, stillbirth, neonatal mortality, or neonatal morbidity.
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Table 3
Secondary, safety, and other outcomes.

Secondary outcomes
Birth preparedness and complication readinessb (n (%))
Proportion of facility births (n (%))
Birth at a CEmOC facility (n (%))
Other outcomes
Safety outcomes
SAEs unrelated to intervention (n (%))
Adverse events
Transport-related injury or death (n (%))
Injection site haematoma/infection after community administration of IM
MgSO4 (n (%))
Injection site complications after any administration of IM MgSO4 (n (%))
Respiratory depression, coma or death during transport following incommunity MgSO4 (n (%))
Maternal sBP < 110 mmHg on facility arrival following in-community
methyldopa
Deliveries (all pregnancy outcomes (total n)
Miscarriage (n (%))
Medically terminated pregnancies (n (%))
Live birth (n (%))
Gestational age at delivery (week) (median (IQR))
Deliveries < 37 weeks (n (%))
Deliveries < 34 weeks (n (%))
Missing (n (%))
Mode of delivery (excluding miscarriage and terminations)
Spontaneous vaginal (n (%))
Assisted vaginal (n (%))
Caesarean (n (%))

Intervention (n = 7839
pregnancies)

Control (n = 6944
pregnancies)

Adjusted ORa (99%
CI)

p-value

5587 (71.3%)
6073 (76.4%)
3949 (65.5%)

5869 (84.5%)
5334 (77.5%)
3645 (68.3%)

0.65 (0.03, 14.4)
1.06 (0.92, 1.21)
0.9 (0.60, 1.34)

0.717
0.302
0.482

0 (0%)

0 (0%)

NA

NA

0/401 (0%)
0/47 (0%)

NA
NA

NA
NA

NA
NA

4/168 (2.4%)
0/47 (0%)

NA
NA

NA
NA

NA
NA

1/51 (2.0%)

NA

NA

NA

6908
553 (8.0%)
319 (4.6%)
5842 (74.5%)
39.1 (37.0–40.4)
793 (13.1%)
304 (5.0%)
10 (0.1%)

6109
460 (7.5%)
310 (5.1%)
5182 (74.6%)
39.3 (37.1–40.4)
643 (12.0%)
236 (4.4%)
2 (0%)

4670 (77.4%)
66 (1.1%)
1297 (21.5%)

4066 (76.2%)
39 (0.7%)
1235 (23.1%)

–
1.20
0.94
0.94
–
1.07
1.13
–
1.06
–
–
–

(0.79, 1.281)
(0.66, 1.35)
(0.80, 1.10)
(0.91, 1.27)
(0.79, 1.62)
(0.92, 1.21)

–
0.259
0.682
0.291
0.032
0·265
0.377
–
0.302
–
–
–

Data presented as median (interquartile range) or number (%) or number only.
OR = odds ratio. CEmOC = Comprehensive emergency obstetric care. IQR = interquartile range. sBP = systolic blood pressure.
a
Odds ratio adjusted for individual-level (i.e., maternal age, parity, maternal primary education, previous delivery locations, and husband’s primary education)
and cluster-level (i.e., baseline neonatal mortality rate and population density) characteristics.
b
Birth preparedness and complication readiness was defined as an answer to ALL three of the following: 1) arranged for transport, 2) obtained prior permission to
seek emergency care, and 3) saved money for obstetric care.

Previously-published estimates of major maternal and neonatal
morbidity are limited. Blood transfusion was the most-common maternal morbidity (3.2%) and was twice our baseline study rate [15], and
may reflect the higher prevalence of anaemia in all clusters (84%) than
previously reported in either Belagavi (44%) or Bagalkote (56%) [33].
We systematically measured haemoglobin in all enrolled women.
Our incidence of sepsis (broad definition of fever and symptoms,
incidence: 0.9%) is similar to our baseline study (same definition,
0.8%); both of these estimates are lower than the clinically-detected
incidence of puerperal sepsis following home (1.4%) and facility (1.2%)
deliveries in a community-based study of 4975 rural Rajasthani women.
[34] The CLIP rate of antepartum haemorrhage (0.7%) is lower than
that reported in a prospective tertiary Mumbai facility-based study
(1.3%), but similar to baseline [15]. The incidence of neonatal morbidities was higher in CLIP (vs. baseline study) [15] for breathing difficulty (6.6% vs. 4.1%), lethargy (5.1% vs. 2.8%), feeding difficulty
(5.0% vs. 2.0%) as the MNH Registry matured and overcame underreporting of outcomes due to a possible social desirability bias. In addition, the baseline study may have sensitised communities to identify,
understand and report outcomes in the trial period [15,35], resulting in
a higher incidence recorded in the trial [34].
In conclusion, community-level interventions addressing triage,

initial treatment, and transport of women with pregnancy hypertension
can be successfully performed by ASHAs and ANMs, but their numbers
must be adequate to provide at least eight ANC contacts to reduce adverse outcomes. Even then, the reduction is not large, suggesting that a
community-only focus without facility enhancement is unlikely to yield
improvements in maternal and perinatal outcomes. Further study
should focus on community BP measurement and simple conditionspecific interventions, as part of a comprehensive health-strengthening
programme. Finally, our prospectively gathered, population-level estimates of maternal, fetal and neonatal outcomes inform India’s journey
to achieve universal health coverage using effective investment of
public funds.
Declaration of Interests
We declare no competing interests. BAP, LAM and PvD acknowledge
that the intellectual property related to the miniPIERS prediction model
used in the CLIP trials was transferred in its entirety from the University
of British Columbia to them, among other inventors, prior to the trial.
They have no financial benefit from the use of the model based on the
transfer.

173

Pregnancy Hypertension 21 (2020) 166–175

Acknowledgements
We would like to thank the women and their families who contributed data to this trial, in addition to the ASHA and ANMs who deliver care to the most vulnerable populations. Also, we would like to
acknowledge the key contributions of the following DSMB members:
Romano Nkumbwa Byaruhanga, Brian Darlow, Eileen Hutton (Chair),
and Lehana Thabane.
CI, confidence interval; OR, odds ratio.
a
These analyses included the women in intervention clusters who were followed-up, excluding the ## who were recruited and had pregnancy loss prior to 20 weeks.
b
Adjusted for maternal characteristics (as in the primary analysis – maternal age, parity, and basic education; enrolment timing in the trial; and distance from the household to facility.
c
Defined as one/more of maternal morbidity or mortality, stillbirth, neonatal mortality, or neonatal morbidity. This was the primary outcome in the CLIP Trials.

0.69)
0.98
–
0.98
0.55
<0.001
0.48
0.072
0.94 (0.71, 1.26)
1.00 (0.62, 1.59)
inestimable
0.99 (0.62, 1.59)
0.91 (0.66, 1.99)
0.19 (0.10, 0.35)
0.79 (0.41, 1.53)
1.39 (0.97, 1.99)
671 (19.2%)
181 (5.2%)
4 (0.1%)
180 (5.2%)
544 (15.6%)
64 (1.8%)
83 (2.4%)
480 (13.8%)
1.31 (0.99, 1.73)
1.30 (0.83, 2.04)
inestimable
1.30 (0.83, 2.04)
1.42 (1.05, 1.93)
0.90 (0.52, 1.55)
1.30 (0.69, 2.45)
1.56 (1.10, 2.22)
280 (23.7%)
88 (7.4%)
0 (0.0%)
88 (7.4%)
239 (20.2%)
61 (5.2%)
42 (3.7%)
177 (15.0%)
c

Primary outcome
Maternal outcome
Maternal mortality
Maternal morbidity
Fetal or neonatal adverse outcome
Stillbirth
Neonatal mortality
Neonatal morbidity

93 (18.3%)
31 (6.1%)
0 (0.0%)
31 (6.1%)
72 (14.2%)
20 (3.9%)
18 (3.7%)
51 (10.0%)

Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference

196 (23.1%)
60 (7.1%)
0 (0.0%)
60 (7.1%)
155 (18.2%)
46 (5.4%)
36 (4.5%)
105 (12.4%)

1.22 (0.92, 1.63)
1.16 (0.73, 1.85)
inestimable
1.16 (0.73, 1.85)
1.23 (0.90, 1.70)
1.20 (0.69, 2.10)
1.48 (0.78, 2.80)
1.16 (0.80, 1.68)

0.17
0.52
–
0.52
0.20
0.52
0.23
0.44

0.06
0.25
–
0.25
0.025
0.70
0.42
0.012

p
≥8 visits
Event rate
Adjusted OR (95% CI)b
4–7 visits
Event rate
1–3 visits
Event rate
Number of POM-guided visits
0 visits
Event rate
Adjusted OR (95% CI)b
Outcomes

Table 4
Relationship between intensity of POM-guided CLIP contacts and the primary outcome.

Adjusted OR (95% CI)b

p

p

Adjusted OR (95% CI)b
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To the Editor: Dapsone is a commonly used second-line drug
for immune thrombocytopenia (ITP) in developing countries
as it is economical and efficacious [1]. Rarely, dapsone can
cause idiosyncratic reaction leading to agranulocytosis [2].
We recently encountered a case who suffered from dapsone
induced agranulocytosis (DIA) and severe hemolysis.
A 13-y-old girl was diagnosed as a case of ITP at other center
18 mo ago. She was steroid refractory and put on dapsone
(100 mg/d) for symptomatic bleeding. After 6 wk, her platelet
counts increased from 12,000/mm3 to 95,000/mm3. However,
the other parameters of complete blood counts (CBC) were not
monitored. After 1 mo, she presented with high grade fever,
cough, dyspnea and pallor to our hospital. She was hemodynamically unstable and was admitted in the PICU.
Her CBC showed Hb – 6.8 g/dl, WBC – 1000/mm3 with
absolute neutrophil count of 40/mm3, platelets – 360,000/mm3,
corrected reticulocyte count – 2.6%. Peripheral smear showed
polychromasia. Liver function test showed unconjugated
hyperbilirubinemia. Chest radiograph revealed left lobe consolidation. Blood culture grew Klebsiella pneumoniae.
Bone marrow examination showed marked suppression of
myeloid series and maturation arrest consistent with agranulocytosis. She was treated with granulocyte colony stimulating
factor for 6 d and appropriate antibiotics. She also required
mechanical ventilation and inotropic support. After 10 d, her
clinical recovery coincided with neutrophil count recovery.

Agranulocytosis and hemolytic anemia were attributed to
dapsone which was withheld.
Various hematological adverse effects of dapsone have
been reported, like hemolysis, methemoglobenemia and pulmonary eosinophilia. Although dapsone has been reported to
cause agranulocytosis during the treatment of dermatitis
herpetiformis and leprosy, there are no case reports of DIA
during the management of ITP [3].
DIA is a rare but catastrophic complication, observed 4–12
wk after the initiation of dapsone [2]. There are no guidelines
for the maximum dose of dapsone in pediatric age group,
however, a dose of >100 mg/d is associated with high risk
of toxicity in adults [4]. Hydroxylamine, a metabolite of dapsone is implicated in maturation arrest of neutrophils which
leads to agranulocytosis [3]. Although dapsone is known to
induce mild hemolysis, in our case, patient developed significant hemolytic anemia.
This case emphasizes that patients receiving dapsone should
be regularly monitored for neutropenia and hemolytic anemia.
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Key Points

• In spite of treatment
advances, mortality associated with
transfusion-dependent
thalassemia continues
to be very high.
• Ineffective transfusion,
TTIs, and chelation
continue to be the most
significant risk factors.

In spite of advances in chelation therapy and screening of blood, mortality associated with the
most common life-threatening noncommunicable disease of children in India, transfusiondependent thalassemia (TDT), remains poorly deﬁned. This study aims at estimating death
rates and mortality risk factors associated with TDT. The clinical records of 1087 patients
from 5 thalassemia centers in India were retrospectively analyzed from 2011 to 2018.
Median patient age was 8.5 years, with 107 patients older than 18 years; 656 patients were
male and 431 were female. Demographic details and clinical parameters were analyzed at
presentation and at last visit. With 41 recorded deaths, actuarial survival at 26.9 years was
50%, and under-5 mortality was 7 times higher than in the general population. Patients with
transfusion-transmitted infections (TTIs) had 3.4 times higher risk for death (P 5 .031).
Serum ferritin higher than 4000 ng/dL had 4.6 times higher risk for mortality compared with
ferritin lower than 1000 ng/dL (P 5 .00063). A hemoglobin drop lower than 2 g/dL per week
had 7.7 times higher mortality risk compared with a drop of less than 1 g/dL per week (P ,
.0001). Social determinants (sex, economic status, and distance from center), splenectomy,
and even cardiac complications were not associated with higher mortality risk. Main causes
of death were infection, iron overload, TTIs, and allo-immunization. Patients who received
more than 4 years of adequate care had more than 66% mortality risk reduction (P , .0001).
TDT in India continues to result in high mortality. Ineffective transfusion, TTIs, and
chelation continue to be the most signiﬁcant risk factors. Comprehensive care in
dedicated day care centers from early age is likely to improve outcomes.

Introduction
Thorough understanding of mortality associated with thalassemia is essential to provide informed
counseling to patients/caretakers and enable fair comparison between various treatment options. This
understanding also helps identify key risk factors contributing to mortality to provide a baseline for further
research in the field and a risk-adjusted benchmark for thalassemia care services. This knowledge is also
essential for policymaking.
Although transfusion-dependent thalassemia (TDT), defined as a thalassemia syndrome with the inability
to keep spontaneous hemoglobin (Hb) above 7 g/dL, is the most common noncommunicable lifethreatening disease of children in Southeast Asia,1,2 to our knowledge, there is no large-scale study
Submitted 29 July 2019; accepted 28 February 2020; published online 13 April 2020.
DOI 10.1182/bloodadvances.2019000760.
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Table 1. The summary of data points that were extracted and analyzed
Time

Demographic information

Clinical features

Presentation

1. Sex

1. Number of transfusions

2. Age

2. Type of thalassemia syndrome

3. Age at first transfusion

3. Iron overload

4. Socioeconomic status

4. Transfusion transmitted infections

5. Place of residence
1. Drop out reason and date

Last Seen

1. Iron overload
2. Splenectomy status
3. Any heart disease
4. Average Hb fall rate
5. Hepatitis B vaccination status

estimating mortality associated with thalassemia care in lowermiddle-income countries; that is, where thalassemia is most
prevalent.1 The data analyzed is exclusively obtained in the oral
chelation era, which actually started in India with the approval for
clinical use of deferiprone in 1995,3 and which has represented
a quantum leap in the care of TDT.

Materials and methods
This study retrospectively analyzed mortality and life expectancy of
patients suffering from TDT (n 5 1087) from 5 thalassemia day care
centers in India between November 2011 and October 2018. There
were 50 patients already registered at the start of study, and for this
set of patients, the original registration date has been retained.
Median patient age was 8.6 (interquartile range [IQR], 5-13.3)
years, including 107 patients (9.84%) who were older than 18 years
and who can be classified as adult patients with thalassemia.
These centers were set up for systematic management of
thalassemia by the hospitals/care facilities in association with
a nonprofit organization, Sankalp India Foundation, facilitating
access to regular blood transfusions, routine laboratory investigations, complication management, and support with chelating
agents, as specified elsewhere.4 Patients who did not attend at
least 3 visits in the center were excluded from the study. We
attempted to contact all patients who had transferred to other
centers or who had been recorded as out of contact to reduce
ascertainment bias. The records of patients who were transferred
between participating centers were merged.
Each participating center used a web-based application platform
designed to assist comprehensive management of TDT (ThalCare).5 This system was used to track information associated with
treatment, including disease history at enrolment, demographic
data, and follow-up as of 31 October 2018. Patients dropped out
because they opted for bone marrow transplantation, transferred to
another thalassemia center, or died. Involved centers treated both
adult and pediatric patients in the same units, and thus the
information was not segregated.5 Collection and analysis of data on
the online database was approved by the institutional review boards
at each participating center.

autopsies are rarely performed in India to ascertain the exact cause
of death. Patient’s clinical history, complaints, laboratory reports,
caretaker’s feedback, and wherever available, the death summary
was used to classify the causes of death.

Statistics
All analyses were performed with R Statistical software (3.5.x).6
Survival analysis was performed from the age at presentation to the
center until October 2018. The reasons for mortality were
categorized. Overall survival was also separately analyzed for
patients in their first, second, third, or subsequent decades of life.
Survival analysis. Most patients were not enrolled at the time of
disease onset so that standard Kaplan-Meier survival analysis could
not be applied directly. Such a situation is usually referred to as left
censored and right truncated data and factors late entrants. The
Cnaan and Ryan approach is appropriate for analyses of data in
studies, similar to this one, in which patients enter and leave the
study cohort and observation begins only at enrolment and not at
the onset of the disease.7,8
Univariate analysis. Potential factors that may influence the
outcome were studied using log rank analysis. Analysis of the
hazard ratios for death between the different categories was done
with 95% confidence intervals (CIs), using the Cox proportional
hazards model.
Multivariable analysis. Factors that were noted to be significant in univariate analysis were further analyzed using the Cox
model with a stepwise selection to identify independent risk factors
for poor outcomes.

Results
Forty-one patients died (28 males and 13 females). The median age
at death was 15.4 (IQR, 8.4-22.6) years, and 16 patients were
adults (.18 years). The median age at first transfusion was known
for 1035 children (0.8 years; IQR, 0.5-2.1 years), and age at
enrolment was 5.4 years (IQR, 1.6-10.25 years). Median follow-up
at our centers was 2.5 years (IQR, 1.1 3.9 years). Table 2
summarizes the data from the centers, along with details of death.

The data points extracted and analyzed are summarized in Table 1.

Overall survival

Most of the deaths occurred in hospitals other than the treating
center, so that little information was available on the exact cause of
death and acute problems during the time leading to death. Routine

The actuarial overall survival at 26.9 years of age was found to be
about 50%, with the last known event having occurred at age 31.3
years. Survival is adjusted for delayed entries, as patients were
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947

The hazard of death for patients born before 2000 is 12.166 (95%
CI, 2.33-63.37; P 5 .003), as seen in Figure 2A. No deaths are
seen in the patients born before 2000 before the age of 15 years
because the centers where the study was conducted enrolled them
only after 2011.
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When study subjects were split on the basis of period of birth, the
Kaplan-Meier analysis estimated the survival for patients born after
2000 (993 patients born between 1 January 2000 and 31 October
2018) to be 85.2% (95% CI, 79.4%-91.4%) and for patients born
before 2000 (94 patients born before 1 January 2000) to be 29.4%
(95% CI, 13.3%-65.1%). Table 3 shows the survival percentage
across different timelines of birth

Univariate analysis

Adults, n

Cured (BMT), n
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Table 2. Summary of the data from the centers along with details of death
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enrolled at different points during their supportive care history. The
Kaplan Meier survival curve is shown in Figure 1.

A stepwise univariate analysis was performed using the categorical
variables, and is summarized in Table 4. Table 4 summarizes the
factors potentially associated with mortality.
Sex. Of the 1087 patients, 60% were males and 40% were females;
of the 41 deaths, 28 were males and 13 were females (Figure 2B).
Statistically, there is no difference in mortality between the sexes
(P 5 .241).
Economic status. The socioeconomic status of 1056 patients
was known, with 82.67% of the population coming from
economically weak backgrounds classified as below poverty line
defined as those who are certified to have a family income less than
Rs 27 000 or USD 380 per annum. There was no significant
difference in survival (P 5 .88; Figure 2C).
Distance from transfusion center. The distance details were
available for 1042 patients and were segregated into 2 categories:
transfusion center being less than or equal to 150 km (4 hours of
travel) or more than 150 km (.4 hours of travel). Mortality did not
seem to be influenced by the distance from center (P 5 .49;
Figure 2D).
Age of starting transfusion. In 1034 patients for whom date of
first transfusion was available, patients were categorized as those
who started receiving transfusions before the age of 2 years
(generally accepted as thalassemia majors; 771 patients) and those
who started receiving transfusion after 2 years of age (263 patients).
Difference in survival was not significant (P 5 .95; Figure 2E).
TTI status. Hepatitis B, hepatitis C, and HIV serology is
ascertained routinely at least once a year. Of the 1087 patients in
review, 18 were positive (2 HIV, 5 hepatitis C, 10 hepatitis B, and 1
positive for both hepatitis B and HIV). Although 16 patients tested
positive at enrolment, only 2 were detected after starting transfusions at participating centers. Of the 41 deaths, 4 patients were
positive for any 1 of those infections (1 HIV positive, 1 hepatitis C
positive, and 2 positive for hepatitis B). TTIs were associated with
increased mortality with log rank P 5 .031 (Figure 2F) and a hazard
factor of 3.4 (95% CI, 1.12-10.34). Three of 4 patients who died
with TTIs had abnormal liver function tests, and death was
associated directly with these infections, whereas for the fourth
patient, the circumstances of death are unknown.
Splenectomy. There were 1064 patients whose splenectomy
status was known (splenectomized 5 109; nonsplenectomized 5 955).
14 APRIL 2020 x VOLUME 4, NUMBER 7

Figure 1. The overall survival of 1087 transfusion-
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We observed 35 deaths in the nonsplenectomized group and 6 in
the splenectomized one, with no statistical significance in survival
(P 5 .23; Figure 2G).
Hepatitis B vaccination. Some patients reaching the day care
center had either not been vaccinated for hepatitis B or do not have
any immunization records. Hepatitis B vaccination was certainly
done for 917 patients and was either unknown or not done in 170.
Statistically significant higher mortality was observed in the
nonvaccinated group (P 5 .0003; Figure 2H), with a hazard ratio
of 3.45 (95% CI, 1.75-6.81).
Cardiac complications. Cardiac complications are among the
major causes of mortality in thalassemia.9 Cardiac screening was
performed for 501 patients, and abnormalities detected in 26
patients (5.19%). The most frequent abnormalities detected were
pulmonary hypertension and related secondary complications with
dilation of chambers or pericardial effusion (61.54%), followed by
mitral regurgitation or tricuspid regurgitation (23.07%), dilated
cardiomyopathy (3.84%), and left ventricular dysfunction (3.84%).
Two of the complications were not clearly classified. The survival of
patients with cardiac abnormalities was not significantly different
from those of those without any cardiac abnormality (P 5 .1;
Figure 2I).
Table 3. The table shows the survival % across different timelines

of birth
Period of birth
Born before 2000

n

OS

95% CI

94

29.4

13.3-65.1

Born between 2000 to 2004

148

84.2

73.5-96.4

Born between 2005 to 2009

291

87.0

74.2-100

Born between 2010 to 2014

387

93.7

89.9-97.8

Born between 2015 to 2018

167

98.9

96.9-100

OS, overall survival.
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Iron overload. Serum ferritin levels were measured in 1062
patients at regular intervals. All measurements right from the time of
enrolment to 31 October 2018 were considered. A median of all
values was considered for any given patient who was categorized
as described in Table 5. The difference in survival curves showed
strong statistical significance (P 5 .00063; Figure 2J). Once the
ferritin increased beyond the 4000 mark, the hazard ratio for death
was as high as 4.66 (95% CI, 1.93-11.29).
Rate of fall of Hb. The rate of fall of Hb per week was studied.
These data were available for 1060 patients. For the purpose of
analysis, patients were categorized as described in Table 6.
More than 56% of the patients were categorized as having either
a high or severe rate of fall of Hb. The difference in survival curves
showed a strong statistical significance (P , .0001; Figure 2K). The
hazard ratio for death of a patient with severely dropping Hb is 7.71
(95% CI, 2.92-20.4) compared with those who had a drop of 1 to
2 g/dL per week.
Length of follow-up with proper management. Nearly 42%
patients have a follow-up time of 2 years or less, and in this group,
6.5% death was seen. For those who progressed to follow-up
between 2 and 4 years, 2.16% patients died; this further dropped to
1.2% for those who were followed up more than 4 years. Three
fourths of all deaths happened within the first 2 years of reaching
the thalassemia day care center. Log rank analysis was highly
significant (P , .0001; Figure 2L), suggesting that as the number of
years of systematic management increases, survival improves.

Multivariable analysis
Factors showing significance univariately, that is, iron overload
levels, rate of fall of Hb per week, TTI status, and state of hepatitis B
vaccination, were entered in a multivariate model. A complete
information set was available for 1022 patients. Severe fall in Hb
level/week (.2 g/dL) and no hepatitis B vaccination maintained
LIFE EXPECTANCY WITH THALASSEMIA IN SOUTH INDIA
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Figure 2. Categorical comparison of survival. (A) Surival of patients born before and after 2000. (B) Survival between sexes. (C) Survival according to economic status.
(D) Survival based on distance from transfusion center. (E) Survival between patients based on age of start of transfusion. (F) Survival according to TTI status. (G) Survival
based on splenectomy status. (H) Survival according to hepatitis B vaccination status. (I) Survival based on cardiac status. (J) Survival against different classes of serum iron
levels. (K) Survival difference according to rate of fall of Hb per week. (L) Survival based on length of follow up at day care.
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Figure 2. (Continued).

independent significance in terms of mortality. (Only the statistically
significant ones are reported in Table 7.)

available and help prioritize areas of thalassemia care to minimize
mortality.

Causes of death

Patients registered at a median age of 5.4 years (IQR, 1.6-10.3
years), the median follow-up was 2.5 years (IQR, 1.1-3.9 years), and
median age was 8.6 years. A total of 73.3% of the patients
registered in the first, 22.5% in their second, and 4.2% in the third
decade of life. Significant corrections in blood transfusions and iron
chelation therapy were noted in these centers.4,13 Most deaths
were reported in the first 2 years (73.17%). Of these, 33.67% were
in the second and 43% in the third decade, reinforcing that initiating
comprehensive medical care may not be able to immediately
reverse the significant damage resulting from suboptimal care
received earlier. The fact that the mortality dropped from 6.52% in
first 2 years to 1.17% for those who followed for more than 4 years
highlights the effectiveness of specialized thalassemia centers.

We categorized death according to previous studies10 (Figure 3).
Of the 41 deaths, the actual or possible causes were unknown in 10
patients. Of the known remaining causes, infections (sepsis, TTI
mediated, other intercurrent ones) seem to have caused 51.6% of
deaths; about 35.4% of them were a result of severe organ iron
overload. The breakup of the causes is presented here. Among the
known causes of mortality, below the age of 10 years, infection was
the major cause (30%). Between 10 and 20 years of age, iron
overload (28.57%) and infections (42.86%) contributed to most of
the mortality. For patients older than 20 years, the major reasons for
mortality were infection (46.67%) and iron overload (40%).

Discussion
The availability of oral chelators may have vastly contributed to
reducing mortality associated with thalassemia, but as observed
earlier,11,12 death resulting from complications associated with iron
overload continues to be a problem. To our knowledge, this is the
first systemic analysis of causes of death in patients with
thalassemia in the era of oral chelation in India. In the developing
world, the absence of large registries, the poor availability of digital
data associated with chronic disease management, and the
practice of patients seeking treatment at more than 1 center
depending on resource availability add to the challenges associated
with assessment of mortality. Our analysis may provide some
insights for planning resource allocations and benchmarking
expected results. It could also help compare the various options
14 APRIL 2020 x VOLUME 4, NUMBER 7

In spite of the advancements in thalassemia care in the last 2
decades,13,14 mortality associated with thalassemia management
continues to be a significant challenge. Systemic limitations in
health care delivery, difficulty in getting blood, and out-of-pocket
expenses for medicines and diagnostics or compliance are
probable reasons. In India, the current death rate in patients with
TDT is roughly equivalent to that in the United Kingdom in the
1980s; that is, when only parenteral chelation was available.10
Only 50% survival by age 26.9 years is a reminder that thalassemia
continues to be a life-threatening disease. The fact that 58.6% of
the patients are in their first decade and 34.2% are in their second
decade, and only 7.4% beyond the age of 20 years, corroborates
our analysis. The evident rapid fall in survival during the second and
third decades emphasizes the need for adaptive management
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Table 5. Summary of ferritin categorization
Sl no.

Table 6. Summary of categorization based on rate of fall of Hb

Median ferritin levels, ng/dL

Category

No. of patients

Deaths, n

1

,2000

Moderate

392

5

2

2000-4000

High

445

8

3

.4000

Severe

225

22

approaches after the first decade and the possible lack of familiarity/
readiness facing the issues of adult patients with thalassemia.
We observed under-5 mortality 7 times higher in patients with
thalassemia (3.5%) as opposed to the general population (0.5%).15
Our observation of under-5 mortality is double the one estimated by
Modell et al.1 for Southeast Asia; mortality as high as 20%16 was
reported from Egypt. Many patients come with profound anemia
and huge hepatosplenomegaly at enrolment with late diagnosis and
poor management history.
Although there is consensus that TTI increases morbidity and
mortality, there is little quantification of the associated mortality. A
hazard ratio of 3.4 (95% CI, 1.12-10.34; P 5 .031) is alarming,
especially because the current study was conducted in centers that
have lower TTI rates (3.2%) than reported elsewhere in low- or
middle-income countries (5%-50%).4,17 Emphasis on hepatitis B
vaccination seems important, especially because vaccination rates
in the general population in regions with high thalassemia
prevalence continue to be in the 34% to 44% range.17,18 Although
vaccination for hepatitis B provided very specific protection, there is
a significant difference seen in the survival of patients with or
without hepatitis B vaccination. We believe that this reflects
immunization status as an indicator of quality of health care
received.
Splenectomy did not seem to affect survival, which may argue in
favor of conservative management with regular transfusions,
especially at younger ages,12,19,20 thus reducing the risk for
infectious and thrombotic complications.11,21 Splenectomy was
more common before 2010.
Cardiac evaluation for patients with thalassemia is being routinely
started at 10 years of age, although we have observed mortality
associated with cardiac complications even before age 10 years. In
fact, serum ferritins persistently higher than 2500 ng/mL may
increase cardiac risk,22 even below age 10 years.
Mortality associated with high ferritin increases steeply beyond age
10 years. Of the 41 deaths, the average median ferritin level was
2692 ng/dL for those younger than 10 years, 3192 ng/dL for those
aged 10 to 20 years, and 4230 ng/dL above 20 years of age.
Almost all patients maintained hemoglobin above 8 g/dL, and this
was accomplished by tailored transfusion scheduling. The rate of
hemoglobin drop is a readily available indicator with 1 g/dL per
week, equating blood requirement of 200 mL/kg per year. Transfusion requirement increases mainly because of hypersplenism/
splenomegaly, and occasionally because of allo-immunization.
23

Unlike a previous study, our findings suggest that for patients with
TDT, whether they started transfusions earlier or later than 2 years
made no difference.
Using pretransfusion hemoglobin levels and serum ferritin levels, we
had earlier reported how specific focus on delivery of equitable
14 APRIL 2020 x VOLUME 4, NUMBER 7

Sl no.

Rate of fall of Hb, g/dL per wk

Category

Patients, n

Deaths, n

1

#1

Moderate

463

19

2

1-2

High

552

12

3

.2

Severe

45

7

health care could mitigate the effect of social determinants,
including economic status, sex, and traveling distance to the
treatment center. Our earlier findings have been confirmed by using
mortality, and suggest that care delivery focused on equity bridged
the gaps of social determinants and led to similar survival.24 Once
patients are brought to centers for care, sex has no significant effect
on survival; however, there is an evident sex bias at enrolment, with
a ratio of 2:1 in favor of boys.
In countries in which good supportive care is available, the
predominant cause of death is cardiac complications.19,20 We
may not have seen cardiac complications among the leading
causes of mortality because many patients may be dying earlier
because of other causes, which is in agreement with other
studies.12 Many deaths for which the cause could not be
established may have been cardiac complications not diagnosed
as such.
Increasing the knowledge base on real-world mortality data for
severe thalassemia syndromes is critical for the development of
evidence-based recommendations dealing with its prevention and
cure. In fact, in India, the number of centers offering hematopoietic
stem cell transplantation, the only established definitive cure for
thalassemia, has expanded exponentially in recent years,21 and
transplantation has become increasingly effective,11 much less
expensive compared with the West,25 and effective across
histocompatibility barriers,23 thus potentially applicable to the
majority of patients with TDT. Given the chronic nature of TDT
and the potential for a long and productive life with supportive care
only, counseling about hematopoietic stem cell transplantation may
be challenging. Transplantation may be a cost-effectiveness
compared with long-term supportive care,26 but governments and
other health care-funding agencies will need mortality data to
benchmark outcomes and develop consensus indications and
financial coverage criteria. Counseling about prevention, prenatal
diagnosis, and pregnancy interruption also need objective and
context-relevant outcome data.
By using National Institute of Immunohematology, Mumbai, India,27
estimates of 100 000 patients living with thalassemia and an
Table 7. Significant factors associated with mortality as seen in
multivariate analysis
Category

Hazard ratio

95% CI

P

Hb drop (category 5 severe)

5.58

1.5 0-20.71

.0007

Hb drop (category 5 moderate)

3.05

1.40-6.65

.0049

No hepatitis B vaccination

2.86

1.20-6.75

.0004

TTI status 5 yes

2.05

0.63-6.74

.2349

Iron overload (category 5 severe)

0.88

0.41-1.88

.7409

Iron overload (category 5 moderate)

0.63

0.27-1.44

.2692

Bold indicates significant P values.
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Figure 3. Causes of death categorized by age.
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average of 11 000 new births annually in 2017, assuming the births
with thalassemia would have grown at the same pace as the general
population and using World Bank data on the Indian population
growth rate28 the estimated average annual death rate, even if we
consider only last 25 years, comes to 8%, which is 4 times more
than our finding. We acknowledge that several factors, including
imbalance in the sex ratio, median age of patients under care being
less than 10 years, and the fact that most patients received
suboptimal care before enrolment at these centers, suggest that the
mortality that we report may be underestimated.
Although in general thalassemia management has been improving,
mortality associated with conservative medical management of
thalassemia continues to be high in India. Suboptimal blood
transfusions, iron chelation therapy, and TTIs continue to be the
significant risk factors. Comprehensive thalassemia care in
dedicated thalassemia day care centers from a very early age is
likely to improve the long-term outcome. The current long-term
survival figures on conservative medical management in local
settings provide crucial information for counseling families about
alternative treatment options such as stem cell transplant and for
public policy makers.
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When a mother’s own milk is not available, WHO
recommends pasteurised donor human milk as the
first alternative.1 Human milk banks screen and recruit
donors, and have wide-ranging precautions to ensure
the safety of donor milk. Screened donor milk principally
feeds babies of very low birthweight, protecting them
from a range of complications,2 as well as babies with
congenital anomalies or neurological conditions.3–5 The
benefits of a human milk diet highlight the importance
of providing these infants with donor milk for short
periods—with appropriate use in the context of optimal
support for lactation, such provision can support
mothers to establish their milk supply without the need
for supplementation with infant formula milk.6
The coronavirus disease 2019 (COVID-19) pandemic
is presenting many challenges to human milk banks
worldwide and highlights a range of vulnerabilities in
service provision and emergency preparedness. For
the first time, the global human milk bank community
is coming together to share learnings, collaborate,
and plan. A Virtual Communication Network of milk
bank leaders started to form on March 17, 2020, and
now has more than 80 members from 34 countries.
Data collated from regional and country leads in the
Virtual Communication Network show that more than
800 000 infants are estimated to receive donor milk
worldwide annually. However, the inadequate quality of

the data is a major flaw, and the true global scale of milk
banking is unknown.
The group actively discusses COVID-19-specific
challenges and has developed mitigation strategies
to ensure donor milk safety and service continuation,
which will shortly be made available as a publication.
During this crucial COVID-19 response period, human
milk banks are facing the logistical challenges of
adequate staffing, difficulties in donor recruitment,
questions around the safe handling and transportation
of donor milk, and increased demand as a result of
mothers and infants being separated.
The global nature of this network supports
breastfeeding advice from WHO, which is appropriate
in both low-income and high-income nations.7
Human milk bank leaders who have lived and worked
through the HIV pandemic have brought insights into
the mistakes that occurred in the 1980s, with fear
leading to breastfeeding cessation and costing the
lives of many babies who received infant formula in
unsafe conditions.8 Unlike HIV, where transmission
via breastfeeding was a source of infection, there
is no evidence around severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) transmission
from breastfeeding or human milk,9 and the virus is
inactivated by heat treatment.10 Similar patterns have
emerged during other viral outbreaks (eg, Zika in 2016),
www.thelancet.com/child-adolescent Vol 4 July 2020
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where uncertainty about donor milk use meant that milk
was withheld, and then used again once pasteurisation
was proven to be effective or the virus shown not to be
transmissible through milk. In the meantime, vulnerable
infants have received suboptimal care. This constraint
does not affect similar services (eg, blood transfusion
and organ transplantation) to the same extent, where
oversight and rapid research are prioritised.
To avoid further straining the health system during
the COVID-19 pandemic, the best chance to keep
infants healthy is to promote breastfeeding and a
human milk diet. WHO notes that where donor milk
provision can play a part, human milk bank services
should be supported. The consensus from this Virtual
Communication Network is that a comprehensive
approach should be implemented to maintain contact
between mothers and babies, with skin-to-skin
contact and breastfeeding support. If donor milk is
provided during any separation linked to COVID-19, this
should be for as short a time as possible as a bridge to
receiving mother’s own milk. By reducing the amount
of mother–infant separation time and supporting the
use of mother’s own milk, the excess demand for donor
milk will diminish, ensuring that the global supply can
continue to be used for those who need donor milk
most, when maternal breastfeeding is disrupted or
not possible. This approach increases the chances that
these infants will leave the neonatal intensive care unit
breastfeeding exclusively, which is essential for the
long-term health of mother and baby. Emphasis on the
importance of human milk for infants within neonatal
units creates an environment where the mother’s own
milk is seen as the valuable lifesaving resource that it is.
It is imperative that human milk bank systems are not
inadvertently affected by efforts to contain COVID-19,
but milk banks are facing unprecedented challenges
to maintain safe supplies in volatile health system
infrastructures. Local issues have been deepened by the
absence of globally agreed operational safety guidelines,
no global mechanism for rapid communication among
milk banks, with little data and infrastructure to ensure
responsiveness during a crisis. The strengthening of
human milk bank systems is required to ensure that safe
provision of donor milk remains an essential component
of early and essential newborn care during routine care
or emergency scenarios, such as natural disasters and
pandemics.
www.thelancet.com/child-adolescent Vol 4 July 2020

We therefore collectively call on global policy leaders
and funding agencies to recognise and prioritise the
need to address four high-impact areas: (1) ensuring
neonatal nutrition is an essential focus during
emergencies; (2) funding research to optimise human
milk bank systems in response to new infectious threats;
(3) investing in innovation across all aspects of milk
banking processes to improve the responsivity, access,
and quality of donor milk provision; and (4) supporting
the integration of learnings and innovations by the
global milk bank community during COVID-19 into
newborn, nutrition, and emergency response planning
for future emergencies.
The Virtual Communication Network is now focused
on building a formal global alliance to enable enhanced
communication, sharing of data, and maintenance
of optimal practices. Human milk banks constitute
a necessary but chronically under-resourced service
that deserves better protection against this and future
emergencies.
NS reports funding from UK Research and Innovation, as a Future Leaders Fellow
at Imperial College London; and is a cofounder and trustee of the Human Milk
Foundation. All other authors declare no competing interests.

*Natalie Shenker, on behalf of the Virtual Collaborative
Network of Human Milk Banks and Associations†
natalie.shenker09@imperial.ac.uk
Imperial College London, London SW7 2AZ, UK
†Members of the Virtual Collaborative Network of Human Milk Banks and
Associations team are listed in the appendix.
1
2
3
4
5
6
7
8
9

10

See Online for appendix

WHO. Donor human milk for low-birth-weight infants. 2019. https://www.
who.int/elena/titles/donormilk_infants/en/ (accessed April 30, 2020).
Quigley M, Embleton ND, McGuire W. Formula versus donor breast milk for
feeding preterm or low birth weight infants. Cochrane Database Syst Rev
2019; 6: CD002971.
El-Khuffash A, Jain A, Lewandowski AJ, Levy PT. Preventing disease in the
21st century: early breast milk exposure and later cardiovascular health in
premature infants. Pediatr Res 2020; 87: 385–90.
Hoban R, Khatri S, Patel A, Unger SL. Supplementation of mother’s own
milk with donor milk in infants with gastroschisis or intestinal atresia:
a retrospective study. Nutrients 2020; 12: 589.
Tully MR, Lockhart-Borman L, Updegrove K. Stories of success: the use of
donor milk is increasing in North America. J Hum Lact 2004; 20: 75–77.
Kantorowska A, Wei JC, Cohen RS, Lawrence RA, Gould JB, Lee HC. Impact of
donor milk availability on breast milk use and necrotizing enterocolitis
rates. Pediatrics 2016; 137: e20153123.
WHO. Breastfeeding advice during the COVID-19: for health care workers.
2020. https://www.who.int/docs/default-source/maternal-health/faqsbreastfeeding-and-covid-19.pdf (accessed April 30, 2020).
Moland KM, de Paoli MM, Sellen DW, van Esterik P, Leshabari SC, Blystad A.
Breastfeeding and HIV: experiences from a decade of prevention of postnatal
HIV transmission in sub-Saharan Africa. Int Breastfeed J 2010; 5: 10.
Chen H, Guo J, Wang C, et al. Clinical characteristics and intrauterine
vertical transmission potential of COVID-19 infection in nine pregnant
women: a retrospective review of medical records. Lancet 2020;
395: 809–15.
Chin AWH, Chu JTS, Perera MRA, et al. Stability of SARS-CoV-2 in different
environmental conditions. Lancet Microbe 2020; published online April 2.
https://doi.org/10.1016/S2666-5247(20)30003-3.

485

JOURNAL OF ENDOUROLOGY CASE REPORTS
Volume XX, Number XX, XXXXXX 2019
ªMary Ann Liebert, Inc.
Pp. ---–--DOI: 10.1089/cren.2019.0084

Postpercutaneous Nephrolithotomy Ureteropelvic
Junction Obstruction

Downloaded by Mary Ann Liebert, Inc., publishers from www.liebertpub.com at 10/21/19. For personal use only.

Rajendra B. Nerli, MS, MCh,1,2 Vishal Kadeli, MS,1 Sushant Deole, MS,1 Aarushi Mishra, MS,1
Shivagouda Patil, MS, MCh,1 Shridhar C. Ghagane, MSc, PhD, MBA,3
Murigendra B. Hiremath, MSc, PhD,4 and Neeraj S. Dixit, BSc, MBA3

Abstract

Percutaneous endoscopic renal surgery such as percutaneous nephrolithotomy (PCNL) is a safe and effective
treatment for patients with large and/or complex renal calculi. However, a unique set of complications can occur
with this surgical approach that may involve the targeted kidney and surrounding structures. Renal collecting
system obstruction after PCNL is rare, but may result from ureteral avulsion, stricture formation, transient
mucosal edema, blood clot, or infundibular stenosis. Impaction of stone and trauma during PCNL could induce
stricture formation and obstruction. Use of proper percutaneous and endoscopic techniques and instruments will
help to reduce the chances of developing such strictures and obstruction.
Keywords: Clavien, complications, outcomes, percutaneous nephrolithotomy, strictures, obstruction
cosal edema, blood clot, or infundibular stenosis. Transient
renal collecting system obstruction either caused by edema or
blood clot often resolve without intervention or long-term
sequelae. However, persistent renal collecting system obstruction is associated with ureteral stricture or avulsion,
which can further lead to nephrocutaneous fistulae, hydronephrosis, or hydrocalix. Prolonged operative time, large
stone burden, and extended postoperative nephrostomy tube
drainage are known risk factors for persistent obstruction.7
We report a case of post-PCNL ureteropelvic junction (UPJ)
obstruction with secondary calculi.

Introduction

P

ercutaneous nephrolithotomy (PCNL) is considered as a standard of care in the treatment of staghorn
and/or large-volume renal calculi. It is also used in the
management of upper tract calculi refractory to other modalities, difficult lower pole stones, cystine urolithiasis, and
calculi in anatomically abnormal kidneys.1,2 PCNL is considered as a safe and well-tolerated procedure. However, like
with any other surgical intervention, PCNL is associated with
a specific set of complications.3,4
PCNL has been widely accepted by urologists all over the
world and this makes it important to standardize reporting of
complications. There have been several classifications used
for reporting surgical complications. One of the most widely
accepted classification systems within surgery and urology is
the one that was proposed by Clavien et al.5 The Clinical
Research Office of the Endourological Society (CROES)
PCNL study group adopted the Clavien–Dindo classification
system for a large prospective cohort study of 5803 patients
from 96 participating centers in 26 countries.6 The authors
found that 20.5% of patients experienced one or more complications, the majority of which were Clavien–Dindo grade I
(54%) with few life-threatening complications (0.5%) and
two deaths (0.03%).
Renal collecting system obstruction after PCNL is rare, but
may result from ureteral avulsion or stricture, transient mu-

Case Report

A 65-year-old woman presented to the urologic services of
the hospital with complaints of left flank pain, fever, and
vomiting. She had previously undergone left PCNL 3 years
ago for a 3.1 cm staghorn calculi. Urine examination revealed
plenty of pus cells with numerous bacteria. Urine culture
showed Escherichia coli. Ultrasonography showed a dilated
pelvicaliceal system (PCS) on the left side with multiple
calculi in the lower pole calix. A CT was done that showed a
cluster of small calculi (8–10 in number) measuring 3–6 mm
both in the anterior and posterior lower calices (Fig. 1a–d).
Two other small calculi were seen in the renal pelvis. The left
kidney showed moderate hydronephrosis. There was scarring
at the UPJ with a focal bend of the ureter resulting in UPJ
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FIG. 1. (a–d) CT scan showing cluster of small calculi both in the anterior and posterior lower calices. Two other small
calculi seen in the renal pelvis.

FIG. 2. DTPA renogram showing the GFR of 23.2 mL/
min on the left side and 55.5 mL/min on the right side. GFR,
glomerular filtration rate.

FIG. 3. (a, b) Retrograde pyeloureterogram shows narrowing of the UPJ. A
0.038 inch guidewire was passed into the
PCS. PCS, pelvicaliceal system; UPJ, ureteropelvic junction.

obstruction. The left kidney showed decreased renal function
when compared with the right side. A 99mTc-DTPA (diethylene triamine pentaacetate) renal scan showed prompt
perfusion of the left kidney with delayed and suboptimal
cortical tracer extraction and delayed intrarenal transit time.
The glomerular filtration rate was 23.2 mL/min on the left
side and 55.5 mL/min on the right side (Fig. 2a, b).
The patient was prepared for a repeat PCNL. Initial retrograde pyeloureterogram showed a narrow UPJ with a small
renal pelvis. A 0.038 inch guidewire was passed into the renal
collecting system; however, dilatation of the narrow portion
with Teflon dilators was not possible. The guidewire was left
in place and a 5F ureteral catheter was passed into the ureter
for instillation of contrast media (Fig. 3a, b). The patient was
positioned for PCNL in the prone position. The PCS was
punctured through the posterior middle calix and the nephroscope was introduced into the PCS after dilatation of the
tract. The stones in lower calices and pelvis were cleared. The
guidewire passed through the ureter into PCS was identified.
Using it as a guide a posterior medial endopyelotomy was
done using a hook electrode. The UPJ was dilated sufficiently
and a silicon 6F ureteral Double-J stent was passed through
the ureter into the bladder. A 14F nephrostomy was placed.
Postoperatively the patient recovered well. The Double-J
ureteral stent was removed after 6 weeks and a 99mTc-DTPA

POST-PCNL UPJ OBSTRUCTION

renogram repeated after 12 weeks, which showed adequate
drainage. The patient has been advised close follow-up, with
repeat ultrasonography every 3 months, and DTPA renogram
every year for at least 3 years.
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Discussion

UPJ obstruction after PCNL seems to be rare. Stricture
after percutaneous renal surgery occurs in <1% of cases; the
proximal ureter and the UPJ are the areas most commonly
involved.8 Impaction of stone could induce stricture formation; however, in many cases it is the trauma during the
procedure, including intracorporeal lithotripsy that is responsible for the stricture and obstruction. Patients having a
urinary diversion and proximal ureteral calculi may be at
increased risk for stricture formation owing to an intense
inflammatory response (obliterative pyeloureteritis) that may
occur. ‘‘Silent obstruction’’ from stricture formation after
PCNL has been described, which emphasizes the need for
routine postoperative imaging in patients to assess for this
occurrence.8 The vast majority of patients can be managed
effectively utilizing endourologic techniques such as endopyelotomy provided the stricture is <1.5 cm in length.
Endopyelotomy can be performed either to the antegrade or
retrograde route and it can be performed using either cold
knife, electrocautery, or laser.9 Advantages of the antegrade
approach over retrograde techniques include the ability to
remove nonobstructing renal stones and to place a stent >8F
across the incised UPJ.9 It is always recommended to visually
inspect the strictured area for arterial pulsations. Open surgical or laparoscopic reconstruction may be necessary in
patients with more extensive strictures or in those who fail an
endoscopic approach. Prevention of such strictures is important. Use of proper percutaneous and endoscopic techniques and instruments will definitely reduce the chances of
developing such strictures and obstruction.
Disclosure Statement

No competing financial interests exist.
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Abstract
The current coronavirus pandemic forces us to realize the significance of the careful
utilization of financial and health-care resources. At the same time, it is important to
ensure the ability of urologists to function through this crisis to provide essential and
emergency services. With regards to urological procedures, a triage of non-emergent
operations is hence recommended considering various disease-related factors. Case
conduct should also be categorized based on the up-to-date information of the evolving
national, regional and local conditions of this pandemic, as marked variation in these
conditions can lead to significant differences in decision-making. Over the coming weeks
and months, we are bound to face an increasingly difficult task of treating Coronavirus
disease 2019 (COVID-19) infected patients presenting with urological ailments. Instituting
well-thought plans to perform the un-deferrable urological procedures and emergencies
during this pandemic will go a long way in keeping the surgeons and health-care workers
safe to perform essential duties.
Keywords: Urology, Surgery, Coronavirus, COVID-19, Pandemic

Introduction
The world was taken by surprise when in December
2019, Chinese authorities reported to the World Health
Organisation (WHO) about a rapidly spreading unusual
pneumonia. This was thought to have originated from
a Huanan sea-food market in the Wuhan city of Hubei
province (1). All efforts were then concentrated on finding
the causative agent of this illness. Chinese researchers
were successful in identifying a novel coronavirus as the
pathogen for this flu-like illness. The genetic sequencing
of this virus was deciphered and was then reported to
WHO in January 2020 (2). It was termed severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and
the illness as coronavirus disease 2019 (COVID-19).
Thailand, on 13th January 2020, reported the first case
outside China in a woman with travel history to Wuhan
(3). Soon the viral illness spread in South-East Asian
countries. Human to human transmission was established
when two individuals contracted the disease from affected
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family members along with health care workers (4). This
rapidly became a public health emergency across the
world and WHO declared this outburst as a pandemic on
11th March 2020 (5).
As of 12th April 2020, the number of COVID-19 cases
was 1 696 588 with 105 952 COVID-related mortalities
according to WHO COVID-19 Situation Report (6).
The United States has emerged as a new epicenter for
COVID-19 with mortality and morbidity increasing
daily. It became the first country in the world to record
more than 2000 coronavirus deaths in a single day.
Statistics from the Johns Hopkins University showed that
2108 people died in 24 hours (7). There has been a daily
increase in the number of cases and associated mortality
that has forced lockdown in several countries to check the
spread of the virus.
According to WHO, the new coronavirus so far has an
average R0 (contagion metric) between 2 and 2.5, which
means a person infected with COVID-19 can pass it on to
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more than two people, which is more than a seasonal flu
(R0 at 1.3), Influenza A virus subtype H1N1 (R0 at 1.2 and
1.6) and Ebola (R0 at 1.6 to 2), but less than severe acute
respiratory syndrome (SARS) (R0 at 4) and Middle East
respiratory syndrome (MERS) (R0 at 2.5 and 7.2) (8,9).
COVID-19 pandemic is perhaps a massive challenge to the
global health-care systems. In these testing circumstances,
the field of urology also faces a great challenge as we strive
to find solutions for this global health emergency.
COVID-19 and Bacillus Calmette-Guérin
Historically, Bacillus Calmette-Guérin (BCG), a weakened
strain of Mycobacterium bovis, has been used as a vaccine
against tuberculosis. It is given to children in their first year
of life in most countries across the world and is known to
prevent tubercular meningitis and miliary tuberculosis in
them. The protection against active tuberculosis is variable
among different countries and studies, but it is estimated
to be approximately 60% (10). It has been observed that
BCG vaccination could lead to trained immunity, which
often helps to eliminate various non-Mycobacterium
infections such as staphylococci, candidiasis, yellow fever,
and influenza. This innate immune system and trained
immunity can be considered in the fight against bladder
cancer, but more importantly in the fight against viruses
including COVID-19 (11).
Protection of health-care workers and triage of
urological surgeries
A pandemic of such enormous magnitude puts a lot
of burden on the health-care delivery system. As the
hospitals are preparing to meet the demands of ventilatorlevel care for COVID-19 patients, we need to safeguard
the valuable health-care resources. It is essential to
encourage extreme vigilance and ensure that the highest
standard of hygiene is being practiced by health-care
workers, paramedics and support staff. This starts right
from the patient entry point inside the hospital where a
temperature screening can be employed by using noncontact infra-red thermometers (Figure 1a). Other
measures like widespread use of banners portraying good
hygiene practices and information regarding the disease
displayed at the entrance and corridors of the hospital can
create awareness and reduce the risk of transmission of
COVID-19 amongst non-infected patients and attendants.
Elective surgical procedures may need cancellation if they
are judged non-essential in these circumstances. The term
“elective” certainly appears ambiguous and is open to
clarification and debate. Howsoever difficult it may seem,
but we are forced to make a choice about which surgeries
should continue at the time of a pandemic. On the other
hand, the choice of urgent surgeries that should continue
will be subject to demand and capacity. This must also be
counterbalanced by the risks of delaying such procedures.
This is principally essential for patients with urological
cancer and obstructive calculus disease. In the urology

community, we must also weigh the risks of non-surgical
therapies such as systemic chemotherapy, which will leave
patients at a greater risk for contracting and possibly
succumbing to COVID-19.
In this regard, various organizations like American
Urological Associations (AUA), American College of
Surgeons, European Association of Urology (EAU) and
the Urological Association of India (USI) have proposed
that surgeons should restrict the performance of
elective procedures. While some cases can be postponed
indeterminately, a majority of cases need careful
assessment as they can continue to progress at variable,
disease-specific rates. Some conditions like cancers might
even advance in the absence of surgical intervention,
hence, it becomes extremely important to recognize certain
realities. The decision to cancel or perform a procedure
should be judiciously made from the perspective of
several concerns, both medical and logistical. Given the
uncertainty of the impact this pandemic will have over
the next few months, postponing some cases at present
can increase the burden on health-care at the time of
maximum COVID-19 caseload.
Hospitals should consider both the patient’s needs and
their logistical capability to meet the needs. Logistical
viability for a surgery should be determined by
administrative personnel taking into consideration the
hospital limitations, beds, staff, equipment and supplies.
The American College of Surgeons suggests the use of
the Elective Surgery Acuity Scale (ESAS) conceived by
St. Louis University to determine whether a procedure
needs consideration or can be postponed (12). As per the
Scale most cancers and highly symptomatic patients are
considered Tier 3, requiring high acuity surgery, which
should not be postponed.
With regards to urological procedures a triage of
operations is recommended considering various diseaserelated factors (Table 1) (13). Triage is important to
minimize the demand on resources like ventilators, ICU
beds and personal protective equipment (PPE). Triage will
also help free-up manpower, increase bed availability and
avoid the risk of transmission of COVID-19 to patients
without compromising outcome. Case conduct should
also be decided based on the up-to-date information of
the evolving national, regional and local conditions of
the COVID-19 pandemic, as marked variation in these
conditions can lead to significant differences in decisionmaking.
Shifting landscape of genitourinary oncology during
the COVID-19 pandemic
Marandino et al (14) reported that patients with cancer
had a higher risk of developing serious complications
and dying from COVID-19 (15,16). They carried out a
nationwide survey among Italian medical oncologists
that focused on the management of patients with
genitourinary malignancies. A total of 72 physicians
Journal of Emergency Practice and Trauma, 2020, 6(2), 98-101
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Table 1. Triage of urological operations for decision-making algorithm.
Stage 1: First cancellation

Stage 2: Optional/Secondary
Cancellation

Stage 3: Not to be Cancelled

Stage 4: Emergency cases

Vasectomy, circumcision,
scrotal cyst, cystoscopy

Radical cystectomy (low risk
cancer)

Radical Cystectomy (high risk
cancer)

Obstructed kidneys, Infection
in diabetics/emphysematous
pyelonephritis

Radical prostatectomy
(Low risk cancer)

TRUS biopsies (LA)

Radical nephrectomy (time
sensitive)

Emergency urology – abscesses/
washouts, Grade IV, V renal
trauma

TRUS biopsies (GA)

TURBT (low risk cancer)

TURBT (High risk cancer)

Benign nephrectomy/
Partial nephrectomy

Radical prostatectomy
(High risk cancer)

Nephroureterectomy (High risk
cancer)

Andrology cases, female
urology
Brachytherapy
Functional reconstruction
Elective URS/PCNL
TURP/HoLEP/BPH
Ureterolysis

URS with stents or Ureteric stones
Nephroureterectomy (low risk
cancer)

Testicular torsions, intraperitoneal
bladder rupture

IVC Thrombectomy with Radical
Nephrectomy

TRUS: Trans-rectal ultrasound; GA: General anaesthesia; URS: Uretero-renoscopy; PCNL: percutaneous Nephrolithotomy; TURP: Trans-urethral
resection of prostate; HoLEP: Holmium laser enucleation of prostate; BPH: Benign Prostatic Hyperplasia; LA: Local anesthesia; TURBT: Transurethral resection of Bladder Tumour; IVC: Inferior vena cava.

provided the feedback. There was a consensus among
the oncologists to pursue treatment, possibly without
delays or interruptions, for patients with locally advanced
or metastatic disease, particularly patients suffering
from prognostically aggressive disease requiring timely
treatment. Despite the public health care emergency
brought about by the COVID-19 pandemic, Italian
oncologists still opted for close adherence to guidelines
regarding the administration of perioperative therapies,
such as neoadjuvant chemotherapy in patients with
clinical T3-4 N0 M0 urothelial bladder cancer and adjuvant
therapy in high-risk, clinical stage I germ-cell tumors.
The authors also felt that telemedicine would be critical in
managing follow-up visits and oral drug delivery.
Anesthetic considerations
A careful anesthetic planning is of paramount importance
to minimize the chances of cross-infection from an
infected patient to health-care workers. An experienced

anaesthesiologist should utilize the intubation technique
with maximum odds of success to avoid repeated
instrumentation of the airway (17). The staff must be
equipped with standard PPE which should include
disposable long-sleeve waterproof gowns, disposable head
caps, gloves, protective goggles, shoe covers and FFP2/
FFP3 (Filtering Face Piece) or N95 respiratory depending
on the risk the procedure carries for generating aerosols
(Figure 1b). Technical modifications can also help in
carrying out high-risk procedures like intubation. Our
team of anaesthetists devised a method to contain the
spread of aerosols in case the patient coughs during the
time of intubation or extubation (Figure 1c). The patient’s
head and upper torso are surrounded by a shielded
orthopaedic walker which is commonly used for lower
limb rehabilitation. When a general anesthetic is required,
a high-efficiency particulate air filter should be connected
at the patient-end of the re-breathing circuit. At the end
of the case after extubation both the air-filter and soda-

Figure 1. Hospital(s) prepared standards for patients admitted into the hospital during COVID-19 pandemic.
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lime must be changed (17). The staff should immediately
discard the PPE and replace it with new ones in case of
heavy contamination.
Urologists role in this pandemic
In dealing with the COVID-19 pandemic, we have been
reminded of our essential duty as doctors. Urologists may
not be trained for the management of infectious diseases
or providing emergency medical services, but we must
remember the Hippocratic oath we took at our graduation
ceremony. The oath acts as a moral compass. It helps us in
circumstances where we are unsure of our actions. It gives
a sense of purpose to our medical practice and reminds us
to put our patients at the heart of our decisions. We must
adopt strategies to protect ourselves from contracting
infection when caring for COVID-19 patients. In these
testing times of the COVID-19 pandemic, we do have a
significant role to play in serving the humanity.
Conclusion
Over the coming months we are bound to face an
increasingly difficult task of treating COVID-19 infected
patients presenting with urological ailments. Instituting
well-thought plans to perform the un-deferrable urological
procedures and emergencies during this pandemic will
go a long way in keeping the surgeons and health-care
workers safe to perform essential duties.
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Background and aims: Erectile Dysfunction (ED) is more common in diabetic men and, unfortunately,
occurs at an earlier age in diabetic patients when compared with the general population. The study aims
to evaluate the independent predictors of ED in adult men with type 2 diabetes mellitus (DM) at a
tertiary care center of South India.
Methods: A total of 720 men aged 30e70 years who had been diagnosed with type 2 DM were enrolled
for the study from January 2017 to January 2020 from the outpatient diabetes clinic of the Hospital. All
patients completed the abridged version of the International Index of Erectile Function (IIEF-5)
questionnaire.
Results: The mean age of the patients was (58.4 ± 7.8 years). 68.6% of subjects had varying degrees of
erectile dysfunction, of which 54.6% had moderate to severe ED. 55.8% had poor glycemic control
(HbA1c  7%). Subjects with ED had a longer duration of DM than those without ED (mean DM duration
was 8.1 ± 4.9 years versus 4.4 ± 3.5 years; p < 0.001). Longer duration of DM, poor glycemic control,
hypertension, peripheral arterial disease, testosterone deﬁciency were all independent predictors ED
(p < 0.05).
Conclusions: A high incidence of erectile dysfunction was observed in type 2 DM patients attending the
diabetic clinic, and over half of the people affected were of moderate-to-severe in intensity. Poor glycemic control, testosterone deﬁciency, peripheral arterial disease were the modiﬁable risk factors for ED
in diabetic subjects. At the same time, a longer duration of type 2 DM was noticed as a glaring nonmodiﬁable risk factor, according to our study.
© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
Erectile dysfunction (ED) signiﬁes an increasing health concern
causing a substantial impact on the quality of life (QoL) of men
worldwide. It is deﬁned as the consistent inability to acquire or
sustain a penile erection of sufﬁcient rigidity for satisfactory sexual
intercourse [1]. The prevalence of ED increases with age, and wide
variation has been stated globally. Two landmark studies, namely,
Massachusetts Male Ageing Study (MMAS) and the European Male
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E-mail address: rbnerli@gmail.com (R.B. Nerli).
https://doi.org/10.1016/j.dsx.2020.04.039
1871-4021/© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.

Ageing Study (EMAS) [2,3] have reported notable results. In men
aged 40e70 years, 52% had an incidence of mild to moderate
erectile dysfunction and this was strongly correlated with age,
health status, and emotional status as reported by the MMAS [7].
Whereas, the EMAS, European multicentre population-:based
study of men (40e79 years), based on different age subgroups,
reported an incidence of 6%e64% and with an average prevalence of
30%. The physiology of attaining and maintaining an erection involves a combination of psychological, hormonal, neurological, and
vascular pathways. ED is thus a symptom of a wide array of pathologies. According to the Massachusetts Male Ageing Study
(MMAS) 2, the age-adjusted probability of complete impotence was
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three times greater than controls (9.6%) in patients with diabetes
mellitus (28%) on treatment.
ED tends to occur at a younger age in the diabetic populace as
compared with the general population [2,4]. Poor glycaemic control
results in both microvascular and macro-vascular complications in
type 1 and type 2 diabetes, making ED a major problem in the
diabetic population. Evidence suggests ED as a risk factor for cardiovascular diseases and an early indicator of coronary artery disease, which is the important cause of mortality in patients with DM
[5]. Men with diabetes who develop ED experience a substantial
waning in quality-of-life as well as a rise in depressive symptoms
[6]. Regrettably, ED may go unnoticed as many clinicians do not
question about sexual health. A sizeable epidemiologic survey reported that the majority of diabetic men with ED had never been
enquired about their sexual function by the clinicians and thereby
did not receive treatment [7]. This study was done in men with type
2 DM attending the diabetic clinic to determine the incidence and
predisposing factors for ED at a south Indian tertiary healthcare
center.
2. Methods
2.1. Study design
This observational, cross-sectional study was initiated after
obtaining clearance from the Institutional Ethics Committee. A total
of 720 males aged 30e70 years who had been diagnosed with type
2 DM were enrolled for the study from January 2017 to January
2020 from the outpatient diabetes clinic of our Hospital. Exclusion
criteria were patients with conditions that could signiﬁcantly affect
penile erection that include genital anatomic deformities, spinal
cord injuries, and known or suspected chronic debilitating illnesses
such as chronic heart failure, chronic renal failure, chronic liver
disease, chronic obstructive pulmonary diseases, tuberculosis, and
malignancy, regardless of diabetes. Subjects who took phosphodiesterase inhibitors in the past month were also excluded. Written
informed consent was obtained from all participants.
2.2. Deﬁnitions
Demographic and clinical data such as age, cigarette smoking,
and duration of DM were reported through a designed questionnaire. Waist circumference (WC) 94 cm was outlined as Central
obesity. A point midway between the inferior border of the costal
margin and the iliac crest in the mid-axillary line was taken to
measure WC [8]. The ratio of ankle systolic blood pressure (BP) to
that of the arm according to a standardized method was calculated
as the ABI and was used to assess peripheral arterial disease(PAD)
[9]. ABI ranging from (0.91e1.3) was considered as normal,
(0.7e0.9) as mild obstruction, (0.4e0.69) as moderate obstruction,
and (<0.4) as severe obstruction. A value of 0.9 or less in at least one
leg is a diagnosis of PAD, while subjects with ABI >1.3 were classiﬁed as “poorly compressible” and were excluded from the study.
2.3. Assessment of erectile function
All patients completed the abridged version of the International
Index of Erectile Function (IIEF-5) [10]. It is a 5-stem questionnaire
used to address the erectile function of male sexuality and has been
used across diverse cultures and ranges from 0 to 25. ED severity
levels of the subjects were categorized as follows: normal (>21),
mild ED (17e21), mild-to-moderate ED (12e16), moderate ED
(8e11), and severe ED (<8).

2.4. Laboratory assessment
Patients with HbA1c <7% were considered as having good glycaemic control. Dyslipidaemia was diagnosed if any of the following
was present: total cholesterol >4.5 mmol/L, low density lipoprotein
>2.6 mmol/L, triglycerides >1.7 mmol/L, high density lipoprotein
<1.1 mmol/L, or non-high density lipoprotein >3.4 mmol/L. Total
testosterone concentrations were deﬁned as low (<8 nmol/L),
borderline (between 8 and 12 nmol/L), and normal (>12 nmol/L),
respectively, as per expert recommendations [11].
2.5. Statistical analysis
Statistical analysis was done using SPSS Software Version 20.
The data collected was analyzed using descriptive statistics.
Discrete variables were denoted by frequencies and percentages,
while continuous variables were denoted by means and standard
deviations. For correlation with ED, the Chi-Square test was used to
analyze discrete variables, while continuous variables were
analyzed using Student’s t-test. Uni-variable analysis was performed Pearson c2 statistics or Fischer’s exact test for categorical
data. A stepwise (backward) binary logistic regression of all the
variables that showed signiﬁcant association with ED at the univariate level of analysis was done to compute their odds ratio and
conﬁdence intervals to assess for independent determinants of ED.
P values < 0.05 were deemed signiﬁcant.
3. Results
3.1. Demographics
A total of 745 men were enrolled in this study; 25 patients were
excluded as they did not complete the study, leaving 720 patients in
the analysis. Table 1 shows the baseline characteristics of the patients. Subjects were stratiﬁed into four age groups: 31e40 years
(78 subjects), 41e50 years (198 subjects), 51e60 years (286 subjects), and 61e70 years (158 subjects). The mean age was 58.4 ± 7.8
years. Central obesity was present in 53.6% of men. The mean
duration of DM was 7.6 ± 4.7, and the majority (76.1%) of the patients were on oral hypoglycaemic agents and insulin. 55.8% had
poor glycaemic control (HbA1c  7%). The mean value of HbA1c
was 8.2 ± 1.9. Concerning concomitant conditions, hypertension
and dyslipidemia were present in 62.2% and 64.4% of the men,
respectively. Of the patients, 32.5% were smokers. Low levels of
serum testosterone (<8 nmol/L) was found in 37.2% of the study
group.
3.2. Evaluation of erectile function
Of the 720 men who completed the study, 494 (68.6%) had
varying degrees of erectile dysfunction. The erectile function scores
of the subjects are represented in Table 2.
3.3. Relations of variables with erectile dysfunction
Table 3 shows the results of the demographic, clinical, and
laboratory variables between the patients who had ED and controls.
Subjects who had ED were signiﬁcantly older than control subjects
(mean age of 60.6 ± 7.9 years versus 54.7 ± 10.6 years; p < 0.001).
Subjects with ED had a longer duration of DM than those without
ED (mean DM duration was 8.1 ± 4.9 years versus 4.4 ± 3.5 years;
p < 0.001). Hypertension, Peripheral arterial disease, poor glycaemic control, and testosterone deﬁciency were all signiﬁcantly
associated with ED (p < 0.001). Waist circumference (p < 0.15) and
dyslipidemia (p < 0.21) were not signiﬁcantly associated with ED.
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Table 1
Baseline features of the subjects.
Variable
Age (years)
31e40
41e50
51e60
61e70
Waist Circumference
<94 cm
>94 cm
Cigarette smoking (pack-years)
Never smoked
<5
6e10
>10
Onset of T2DM (in years)
1 to 5
6 to 10
11 to 15
>15
Treatment modality for T2DM
OHA alone
Insulin alone
OHA þ Insulin
Hypertension
Present
Absent
Peripheral arterial disease
Present
Absent
HbA1c
<7%
7e10%
>10%
Dyslipidaemia
Present
Absent
Serum testosterone (nmol/L)
Normal (>12)
Borderline (8e12)
Low (<8)
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Table 3
Associations among variables and erectile dysfunction.
Frequency (n)

Mean (±SD)

Percentage (%)

58.4 ± 7.8
78
198
286
158

10.8
27.5
39.7
21.9
94.7 ± 10.8

Variable

No ED (n ¼ 226)

ED (n ¼ 494)

P value

Age (years)
Waist circumference (cm)
Cigarette smoking, n (%)
Duration of diabetes (years)
Hypertension, n (%)
Peripheral arterial disease, n (%)
HbA1c (%)
Dyslipidaemia, n (%)
Serum testosterone (nmol/L)

54.7 ± 10.6
93.8 ± 10.4
55(24.7)
5.6 ± 4.5
97(42.9)
32(14.1)
6.6. ± 0.9
72(31.8)
17.8 ± 8.9

60.6 ± 7.9
95.1 ± 11.7
144(29.1)
8.1 ± 4.9
303(61.3)
221(44.7)
8.4 ± 1.7
181(36.6)
11.4 ± 6.5

<0.001*
0.15
0.22
<0.001*
<0.001*
<0.001*
<0.001*
0.21
<0.001*

334
386

46.38
53.62

486
165
39
30

67.5
22.9
5.4
4.2

Data are in means (standard deviations) or numbers (percentages).
* ¼ signiﬁcant with P value < 0.05. ED ¼ erectile dysfunction; HbA1c ¼ glycated
haemoglobin.

378
142
122
78

52.5
19.7
16.8
10.8

Table 4
Independent predictors of ED in the study subjects.

152
20
548

21.2
2.7
76.1

448
272

62.2
37.8

258
462

35.8
64.2

7.6 ± 4.7

Predictors

OR for ED

95% CI

P-value

Age (>60 years)
Duration of DM (5-year increments)
Hypertension
Peripheral arterial disease (present)
HbA1c  7%
Testosterone < 8 nmol/L

1.19
1.17
3.95
3.69
7.24
6.74

0.86e1.13
1.06e1.29
3.45e12.62
2.54e21.07
2.67e16.77
1.78e6.69

0.067
0.021*
0.019*
0.012*
<0.001*
<0.001*

DM ¼ diabetes mellitus; ED ¼ erectile dysfunction; HbA1c ¼ glycated haemoglobin.
* ¼ signiﬁcant with P value < 0.05. OR Odds ratio CI conﬁdence interval.

8.2 ± 1.9
318
344
58

44.6
47.7
8.1

448
272

62.2
37.8
14.1 ± 7.7

306
146
268

42.6
20.2
37.2

Data are in numbers (percentages) or means (standard deviations). T2DM e Type 2
diabetes mellitus. HbA1c ¼ glycated haemoglobin.
OHA ¼ oral hypoglycaemic agents.

Table 2
Erectile function scores of the study subjects.
Erectile function scores

Incidence

Percentage

No ED (IIEF-5 score > 21)
Mild ED (17e21)
Mild-to-moderate ED (12e16)
Moderate ED (8e11)
Severe ED (<8)
Total

226
102
112
98
182
720

31.3
14.1
15.6
13.7
25.3
100

ED ¼ erectile dysfunction; IIEF ¼ International Index of Erectile Function.

The mean HbA1c of the ED patients to that of controls was
8.4 ± 1.7% and 6.6. ± 0.9% respectively.

3.4. Independent predictors of erectile dysfunction
Following a stepwise (backward) logistic regression of the
calculated variables, Age, duration of DM (p < 0.021), hypertension
(p < 0.019), peripheral arterial disease (p < 0.012), poor glycaemic
control (p < 0.001), and testosterone deﬁciency (p < 0.001) were
found to be substantial independent prognosticators of ED in the
study population Table 4.

4. Discussion
Almost three-quarters of the participants in this study had
varying degrees of ED, stating that ED is a common complication of
DM, as has been widely reported in literature [4]. The global
prevalence of ED has been found to vary widely, which may be
reﬂective of differences in the study population ages [12e15]. Most
authors agree that ED is frequently underdiagnosed and one of the
common complications of DM. This high incidence of ED in men
with diabetes is bothersome owing to the profound negative
impact of ED on the quality of life of diabetics, which in turn poorly
affects diabetes control [16]. Almost all microvascular complications of type 2 DM are associated with poor glycaemic control,
making diabetes-related ED a major problem requiring key attention. On univariate analysis, patients with ED were notably older
than controls. Increasing age has constantly been shown to be an
important risk factor for ED in both general and diabetic populations. A linear relationship between increasing age and
increasing ED prevalence was also being reported in all studies.
Vascular changes in the penis brought about by Physiological aging
processes have been implicated; however, cardiovascular comorbidities, such as diabetes and HTN, appear to accelerate and exacerbate the process [17]. On regression analysis, though after
restraining the other risk factors, older age failed to be an independent predictor of ED (adjusted OR: 1.19; P 0.067). Development
of ED in older age patients with diabetes may be through other risk
factors, and this emphasizes the importance of controlling these
other risk factors since aging is non-modiﬁable.
Cigarette smoking possibly speeds up atherosclerosis, which is
the main pathway for vasculogenic ED, and is a notable risk factor
for ED in diabetics [18]; this was not the case in our study. The
rationale for this ﬁnding is unclear. This may be due to the relatively
smaller number of subjects who had ever smoked cigarettes
actively (32.5%) in our study. Though the number of current
smokers was not evaluated in this study, it is likely that a considerable number of those who smoked might have quit the habit due
to a relentless campaign against smoking as part of lifestyle
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modiﬁcation programs in our diabetes center.
A large prospective study in the United States had reported that
former smokers were not at increased risk of ED compared with
non-smokers, stating that the impact of smoking on erectile function wears off with time after cessation of smoking [4]. A longer
duration of DM was observed to be an independent risk factor for
ED (OR: 1.19, 95% CI ¼ 1.06e1.29, and P ¼ 0.021). We noted that
each 5-year increment in the duration of DM led to an 18% rise in
the risk of developing ED. This has also been demonstrated in many
other studies [19e22]. Therefore, the prevalence of diabetesrelated ED, which is predominantly neurogenic and vasculogenic
in etiology, escalates with a longer duration of DM. Poor glycaemic
control and testosterone deﬁciency are other risk factors for ED that
tend to be graver with increasing duration of DM [23,24]. Another
risk factor for ED is hypertension. ED is more severe in subjects with
hypertension than in the general population, as reported in our
results [25]. Arterial narrowing and loss of elasticity secondary to
hypertension substantially interferes with blood ﬂow to the
corpora cavernosa and can lead to partial or complete loss of
erection. Quite a lot of antihypertensive medications are reportedly
associated with erectile dysfunction. In our study, the incidence of
ED was signiﬁcantly increased in patients on regular antihypertensive medications. Antihypertensive drugs that have been more
related are thiazide diuretics, beta-blockers, and least associated
with ED are angiotensin-receptor blockers, angiotensin-converting
enzyme inhibitors, and calcium channel blockers [26].
Our study reported the incidence of PAD in subjects with type 2
diabetes increases the risk of ED nearly fourfold. All the subjects
who had moderate arterial obstruction and majority of those who
had a mild obstruction in our study had ED. 44.7% of all the subjects
who had ED suffered from PAD compared to 14.1% of those who did
not have ED with a ratio of more than 3:1. This suggests the close
association between PAD and ED in diabetics. Peripheral arterial
disease is described as an occlusive and aneurysmal disease of the
aorta and its branches apart from the coronary arteries [27]. Diabetes accelerates atherogenesis resulting in microvascular and
macrovascular complications. The most common clinical presentation of PAD is lower limb claudication [28]. Erectile dysfunction
secondary to PAD often precedes the occurrence of the classic
symptoms of PAD by many years due to the smaller diameter of
penile arteries as compared to that of femoral and popliteal arteries.
Atherosclerosis of the penile arteries has been shown to be a
prognostic marker of atherosclerosis, and ED is known to be an
early risk marker of cardiovascular diseases [29,30]. Poor glycaemic
control was the most effective independent predictor of ED (OR:
7.24, 95% CI ¼ 2.67e16.77, and p < 0.001) reported in this study. Our
study showed that patients with poor glycaemic control
(HbA1c  7%) were at least six times more likely to develop ED
compared to those with good glycaemic control. This incidence is
consistent with those of many other studies [31e34]. Persistent
hyperglycemia is a well-known risk factor for almost all diabetic
complications. Based on ﬁndings, our study strongly implies a likely
beneﬁcial role of optimizing glycaemic control in the prevention of
ED in persons with type 2 diabetes. The effect of optimizing glycaemic control was not researched by this study; this area requires
further evaluation. We observed that patients with ED had a
markedly low testosterone concentration as compared to that of
normal erectile function (p < 0.001).
Patients with low testosterone were six times more prone to
develop ED. Diabetic men with ED have notably lower levels of both
bioavailable testosterone and free testosterone, which was also
reported in studies done by Kapoor et al. [35] and Hackett et al. [36].
Testosterone has a wide array of mechanisms as it regulates arterial
ﬂow and vasodilatation, nitric oxide synthesis increases libido and
the spread of signals in the spinal cord [37]. Androgen deﬁciency

negatively affects erection, and about a third of men with ED tend to
have androgen deﬁciency as reported in a meta-analysis [38].
Improvement in both libido and sexual performance with testosterone therapy in hypogonadal men has been reported [39]. All
patients with ED must be evaluated for testosterone levels before
initiating treatment for ED as per the recommendations of The
European Association of Urologists (EAU) and the British Society for
Sexual Medicine (BSSM). Neither total cholesterol concentration
nor any of the lipoprotein fractions (HDL, LDL, and TG) were notably
associated with ED in this study. Two large population-based
observational studies also reported no signiﬁcant association between the circulating lipid levels and the risk of ED and stated that
although dyslipidemia is common in diabetics, it has no substantial
role in the pathogenesis of diabetic ED [4,40].
Although we did not particularly evaluate for atherogenic dyslipidemia, we noted that the prevalence of dyslipidemia in this
study was generally low. Measurement of apolipoprotein-B (apo-B)
would have facilitated to elucidate further the correlation between
lipids and ED in this study. The results of our study should be
inferred in the perspective of several limitations. Its cross-sectional
nature does not allow us to conclude about cause and effect. The
inability to evaluate the impact of antihypertensive therapy on
erectile function also is a limitation requiring further assessment.
Besides, there is a probability that the therapeutic recommendations for diabetic patients may inﬂuence certain components of
lifestyle positively or negatively.
5. Conclusion
In the current study group of men with type 2 diabetes, a high
incidence of erectile dysfunction was observed, and over half of the
people affected were of moderate-to-severe in intensity. Poor glycaemic control, testosterone deﬁciency, peripheral arterial disease
were the modiﬁable risk factors for ED in diabetic subjects. At the
same time, a longer duration of DM was found to be a nonmodiﬁable risk factor. ED is not merely a result of physiological
aging. ED has been detected as a risk factor for cardiovascular
morbidity and mortality, as well as all-cause mortality. Therefore,
early detection of ED can increase primary prevention of CVD and
mortality and enhance QoL by treating ED itself. Based on our results, we reckon that periodic evaluation of erectile function should
be a part of diabetes care, as information may not be volunteered by
all patients. Attention should be focused on the modiﬁable risk
factors as this could help to prevent ED, or delay its progression, or
reversing diagnosed ED in patients with type 2 diabetes.
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Sir,
Iwata et al. (2019) found that blonanserin (40 mg/day, 80 mg/
day), administered as a skin patch, was safe and dosedependently effective for the management of positive, negative,
and general psychopathology symptoms of schizophrenia in
schizophrenia patients with acute exacerbation of illness. We offer
comments on the study and its ﬁndings.
The easiest way to take medicines is to take them orally in pill,
capsule, or liquid form. Taking a drug as a patch would make sense
only if there is a need to bypass the gut, as with selegiline patches,
or a need to maintain uniform blood levels, as with nicotine
patches. Given the inconvenience of using patches, compliance in
schizophrenia, and especially in acutely ill patients, could be poorer
with patches than with tablets; in this (mostly) inpatient study,
almost a quarter of the sample dropped out; one might expect an
even higher drop out rate in outpatients. So it is hard to think of
a justiﬁcation for an antipsychotic patch for blonanserin. If poor
oral bioavailability is a concern, this can be addressed through
higher dosing and dose up-titration to clinical efﬁcacy or adverse
effects, as done with other orally administered antipsychotic drugs.
Oral blonanserin is dosed at 12e24 mg/day for schizophrenia
(Kishi et al., 2013). The true effective dose would be lower, because
of the poor oral bioavailability (that can be enhanced by administration with food) (Deeks and Keating, 2010). Assuming that absorption from a patch is complete, the dosing examined by Iwata
et al. (2019), at 40 and 80 mg/day, was therefore far above approved
levels. The authors provided no justiﬁcation for the choice of
dosing. They did not comment, either, on the drug blood concentrations with the patch as compared with concentrations in studies of
orally dosed blonanserin.
Finally almost half of the sample in each treatment group
received concurrent psychotropic medication; the authors did not
provide information about the use of rescue antipsychotic treatment. Additionally, at the end of the 6-week study, patients in
even the highest dosing group were still considerably symptomatic
(mean PANSS total of about 80). These ﬁndings do not speak well
about the efﬁcacy of the drug in acutely psychotic patients.
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Abstract
Context: Cognitive impairment (CI) is emerging as an important health problem of the elderly population in India. As the impact
of this illness at various levels is not well understood, so situation analysis is the need of the hour. Aims: (1) To know the
prevalence of CI in elderly population residing in an urban area. (2) To assess the burden of health care among the care givers.
Settings and Design: A cross‑sectional study was carried out among 770 elderly aged ≥60 years residing in two Urban Health
Centres of Belagavi District. Methods and Material: Socio‑demographic profile of the participant was collected using a predesigned
and pretested questionnaire by personal interview at the participants’ residence. To assess the CI and burden of healthcare, Mini
Mental State Examination and Zarit Caregiver Burden Scale were used, respectively. Statistical Analysis Used: IBM SPSS version 22
was used. Chi square test and Fisher’s Exact test were applied. Results: The overall prevalence of CI was 8.4% in our study. The
risk factors noted for CI were advancing age, female sex, unmarried or widow/widower, illiterate, not working presently, staying
alone, and poverty. Out of 65 caregivers, 67.7% of them had mild or moderate burden of caring for the cognitively impaired elderly.
Conclusions: It is important to assess older people for any CI, when planning geriatric health care. Priority must be given to the
older age group and female, as they are more vulnerable to CI.

Keywords: Cognitive impairment, elderly, MMSE, prevalence

Introduction
Cognitive impairment (CI) is when a person has trouble
remembering, learning, concentrating, or making decisions that
affect their daily life. The Dementia India Report estimated that
3.7 million people were affected by dementia in the year 2010[1]
and this graph will continue to rise with time. The main concern
is to avoid a situation where diseases like CI limit the life of an
elderly. Much more in‑home care and unpaid assistance by family
will be needed in the future. Considering this background, the
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present study was undertaken to study the prevalence of CI and
the burden on the caregiver.

Aims and Objectives
(1) To know the prevalence of CI in elderly population residing
in an urban area
(2) To assess the burden of health care among the care givers.

Subjects and Methods
A community based cross‑sectional study was conducted among
elderly population aged 60 years and above residing in Ashok
Nagar and Rukmini Nagar Urban Health Centres (UHC) of
Belagavi District, Karnataka. The sample size was calculated
considering the prevalence of CI as 7.02%[2] and an absolute
error of 1%. The population covered by UHCs was 68,799.
This is an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to
remix, tweak, and build upon the work non‑commercially, as long as appropriate credit is
given and the new creations are licensed under the identical terms.
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According to the 2011 Census[3] people aged 60 years and above
constitute 9% of the total population. Taking both the factors
into consideration, the corrected sample size calculated was
770. People aged 60 years and above residing in urban areas
were 6192. A sampling frame was prepared first using a random
number table, 770 elderly were selected for the study. Ethical
clearance was obtained from the Institutional Ethical Committee.
(Ref. No. MDC/DOME/143 Dt. 03/05/2018).

were staying in three‑generation and joint families. In relation
to the literacy status of study population, about 1/4th (22.9%)
were illiterate, 175 (22.7%) and 42 (5.5%) were graduate and
postgraduate respectively. According to Modified BG Prasad
Classification,[6] 572 (74.3%) belonged to Class I and II, remaining
198 (25.7%) to Socioeconomic classes III, IV, and V.
About 280 (36.4%) and 274 (35.6%) of the study participants
had Diabetes Mellitus and Hypertension respectively. Regarding
personal habits, out of 311 male elderly, 57 (18.3%) of them
were smokers, 33 (10.6%) chewed tobacco and consumption
of alcohol was noted in 28 (9.0%). Practicing active and healthy
ageing 10.3%, 7.1%, and 12.9% of elderly had stopped smoking,
chewing tobacco, and consuming alcohol, respectively.

Inclusion criteria: Persons aged ≥60 years who were permanent
residents of the study area.
Exclusion criteria: People aged ≥60 years who were deaf/dumb/
unable to read properly and who had any motor deficits that affect
writing/drawing skills. Data collection: Written informed consent
was obtained from the study subjects. Socio‑demographic
profile of the participant was collected using a predesigned and
pretested questionnaire by personal interview at the participants’
residence. To assess the cognitive impairment Mini Mental State
Examination (MMSE)[4] was carried out. The scale has a total
score of 30 and covers 5 domains of cognitive function namely,
orientation, immediate memory, attention and concentration,
delayed recall and language. A score more than or equal to 24
was considered as No CI. A score between 20 and 23, 10 and 19,
and <10 was Mild CI, Moderate CI, and Severe CI, respectively.
For those participants’ who were cognitively impaired their
caregivers were assessed for burden using the Zarit Caregiver
Burden Scale.[5] The scale has a total score of 88. A score between
0 and 20, 21 and 40, 41 and 60, and 61 and 88 was considered
little or no burden, mild or moderate burden, moderate or severe
burden, and severe burden, respectively.

The overall prevalence of CI was 8.4% in our study. Among
them 51 (6.6%) had mild CI, 14 (1.8%) had moderate CI, and
none had severe CI. The mean ± SD MMSE score for CI and
not CI elderly was 20.2 ± 3.18 and 28.9 ± 1.69 respectively.
Assessment of cognitive domains revealed that the first one
to be lost among our study population was attention and
concentration (100%), followed by delayed recall (95.4%),
orientation (76.2%), language (32.3%), and the last one was
immediate memory (21.5%). The risk factors identified for
prevalence of CI were advancing age, female sex, unmarried or
widow/widower, illiterate, not working presently, staying alone,
and poverty [Table 1]. Among studied risk factors, seven and two
risk factors were significantly associated with CI on Univariate
and Multivariate Logistics Regression analysis, respectively
[Table 2 and 3]. Other factors like suffering from Hypertension
or Diabetes Mellitus and Habits (Smoking and alcohol) were
also studied but were not found to be statistically significantly
associated with CI.

Data analysis
IBM SPSS version 22 was used for statistical analysis. Descriptive
analysis was carried out by mean and standard deviation (SD) for
quantitative variables, frequency, and proportion for categorical
variables. Demographic factors were considered as primary
outcome variables and CI was considered as primary explanatory
variable. Categorical outcomes were compared using Chi square
test and Fisher’s Exact test and P value of 0.05 was considered
statistically significant.

Out of 65 caregivers, the mean ± SD age was 39.8 ± 15.0 years,
median 34 years and range of 19–72 years. Most (63.1%) of
the caregivers belonged to the productive age group, 13 (20.0%)
were young adults and 11 (16.9%) were themselves elderly caring
for the CI elderly. Majority (83.1%) of caregiver were female.
With respect to the relationship of cognitively impaired elderly
with caregiver, 29 (44.6%) were daughter‑in‑law, 12 (18.5%)
were spouse, 15 (23.1%) were grandchildren, least 9 (13.8%)
were children. In relation to the education of the caregiver,
5 (7.7%) were illiterate, most of them (73.9%) had studied
until primary and higher secondary level. With regards to the
occupation of the caregivers, 12 (18.5%) were employed in
private and government firms, 8 (12.3%) were students, they
were managing health care burden along with their jobs and
studies. Majority (69.2%) were homemakers who spent majority
of their time in taking care of the cognitively impaired elderly
and also doing their household activities. The caregivers of the
cognitively impaired were assessed for the burden using the Zarit
Caregiver Burden Scale. Majority 67.7% of the caregivers had
mild or moderate burden of caring for the cognitively impaired
elderly. Nearly 18.5% caregiver experienced moderate to severe
burden and 13.8% little to no burden. The mean ± SD burden

Results
Out of 770 elderly population studied, 555 (72.1%) were
between 60 and 70 years of age, followed by 71 and 80 years
accounted for 174 (22.6%), and 41 (5.3%) were above 80 years
of age. The mean ± SD age was 67.7 ± 6.9 years, median
66 years and ranged between 60 to 92 years. More than half of
the (59.6%) study participants’ were female, as women out live
men after the age of 60 years and nearly 2/3rd (76.9%) of the
study subjects were Hindu by religion. Regarding the marital
status, most (91.4%) of the study subjects were married. Almost
263 (34.2%) elderly were retired from job and 118 (15.3%) were
still working and keeping themselves active and healthy. Nearly
484 (62.8%) of the elderly had a good family support, that is they
Journal of Family Medicine and Primary Care
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Table 1: Association between socio‑demographic factors
and CI
Variable
Age (in years)
60‑65
66‑70
71‑75
76‑80
>80
Sex
Male
Female
Marital status
Married
Unmarried
Widow/widower
Religion
Hindu
Muslim
Christian
Literacy status
Illiterate
Primary education
Secondary education
PUC* and Diploma
Graduate
Postgraduate
Occupation
Working
Retired
Staying at home
Type of family
Joint
Three generation
Couple
Single
Socio‑economic status
Class I
Class II
Class III
Class IV
Class V

Cognitive impairment
Present
Absent

Chi‑square
value

P

<0.001

20 (5.4%)
10 (5.4%)
14 (11.1%)
11 (22.9%)
10 (24.4%)

350 (94.6%)
175 (94.6%)
112 (88.9%)
37 (77.1%)
31 (75.6%)

34.287

15 (4.8%)
50 (10.9%)

296 (95.2%)
409 (89.1%)

8.838

51 (7.2%)
2 (20.0%)
12 (21.4%)

653 (92.8%)
8 (80.0%)
44 (78.6%)

15.255

<0.001

37 (6.3%)
25 (14.8%)
3 (33.3%)

555 (93.7%)
144 (85.2%)
6 (66.7%)

19.714

<0.0001

38 (21.6%)
3 (2.7%)
10 (5.6%)
4 (4.6%)
6 (3.4%)
4 (9.5%)

138 (78.4%)
109 (97.3%)
168 (94.4%)
83 (95.4%)
169 (96.6%)
38 (90.5%)

53.439

4 (3.4%)
17 (6.5%)
44 (11.3%)

114 (96.6%)
246 (93.5%)
345 (88.7%)

9.371

0.009

20 (16.3%)
30 (8.3%)
13 (4.7%)
2 (16.7%)

103 (83.7%)
331 (91.7%)
261 (95.3%)
10 (83.3%)

15.632

0.001

30 (8.9%)
28 (11.9%)
2 (1.9%)
3 (3.6%)
2 (25.0%)

307 (91.1%)
207 (88.1%)
105 (98.1%)
80 (96.4%)
6 (75.0%)

15.081

0.005

Table 2: Univariate Logistic Regression
Variable
Age (in years)
60 - 65
66 - 70
71 - 75
76 - 80
>80
Sex
Male
Female
Marital status
Married
Unmarried
Widow / widower
Religion
Hindu
Muslim
Christian
Literacy status
Illiterate
Primary education
Secondary education
PUCǂ and Diploma
Graduate
Postgraduate
Occupation
Working
Retired
Staying at home
Type of family
Joint
Three generation
Couple
Single
Socio-economic status
Class I
Class II
Class III
Class IV
Class V

0.003

<0.001

95% CI Ɨ of
OR

P

Ref
1.00
2.19
5.20
5.65

0.46 - 2.18
1.07 - 4.47
2.31 - 11.69
2.43 - 13.12

1.000
0.032
<0.001
<0.001

Ref
2.41

1.33 - 4.38

0.004

Ref
3.20
3.49

0.66 - 15.47
1.74 - 7.03

0.148
<0.001

Ref
2.60
7.50

1.52 - 4.47
1.80 - 31.19

0.001
0.006

0.88 - 7.79
0.06 - 1.22
0.17 - 1.90
0.11 - 1.93
0.09 - 1.25

0.084
0.088
0.356
0.287
0.105

Ref
1.97
3.64

0.65 - 5.99
1.28 - 10.34

0.232
0.016

Ref
0.47
0.26
1.03

0.25 - 0.86
0.12 - 0.54
0.21 - 5.06

0.014
<0.001
0.971

Ref
1.38
0.20
0.38
3.41

0.80 - 2.39
0.05 - 0.83
0.11 - 1.29
0.66 - 17.65

0.242
0.027
0.121
0.143

2.62
0.26
0.57
0.46
0.34
Ref

*OR- Odd’s Ratio, Ɨ CI- Confidence Interval, ǂ PUC- Pre-University Course

*PUC: Pre‑University Course

in India is showing an upward trend since 1990s.[2,7‑9] According
to the extensive studies done in both developed and developing
countries, it is proven that there is a higher prevalence rate of CI
in developing countries. Dementia is more common in groups
with low educational attainment, which can be one of the causes
of a higher prevalence in developing countries.[10]

score was 32.2 ± 8.6, median 34 and range of 11–47. The
important reasons for caregiver burden noted in our study were:
financial constraint because health care expenditure of elderly
and other expenses of the house need to be managed, impact
on physical and mental health because of the responsibility as
they are the sole caregiver and feeling stressed because many
of the caregivers were managing the household responsibilities
along with caring for the elderly.

Age ( χ2 = 34.287, p=<0.001) and sex ( χ2 = 8.838, P = 0.003)
of the study participants were found to be statistically
significantly associated with CI in our study. These factors were
also found to be associated in a study done in Eastern Uttar
Pradesh.[11] According to Kaplan and Sadock, one of the leading
risk factor for dementia is older age.[12] Also, the incidence of
dementia increases with age, almost doubling every 5 years after
the age of 65 years.[13] Female sex is a risk factor independent
of the greater longevity of women, and also women who carry
an Apo ε4 allele are more susceptible.[10] The reason for female

Discussion
The overall prevalence of CI was found to be 8.4% in our study.
Whereas, studies conducted in Kerala and Lucknow, stated that
the prevalence was 14.95%[7] and 14.42%[8] respectively. A study
done in Thiruvananthapuram, Kerala, states a prevalence of
mild cognitive impairment as 26.06%.[9] The prevalence of CI
Journal of Family Medicine and Primary Care
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Conclusion

Table 3: Multivariate Logistic Regression
Variable
Age (in years)
60 - 65
66 - 70
71 - 75
76 - 80
>80
Sex
Male
Female

Unadjusted OR*

Ɨ

95% CI of OR

P

Ref
1.17
3.80
8.65
13.47

0.50 - 2.70
1.73 - 8.36
3.26 - 22. 96
4.87 - 37.26

0.716
0.001
<0.001
<0.001

Ref
2.94

1.00 - 8.63

0.050

From our study, we can conclude that as age advances the
prevalence of CI increases, imposing a greater demand on
health care. But, Government is still grappling with issues of
communicable diseases and maternal and child health, whereas
geriatric health care is in dire need for more resources. The
findings of our study have implications for primary health care
and geriatric societies.
At Primary Health Centre (PHC), screening for Non‑Communicable
Diseases (mainly Diabetes and Hypertension) is ongoing since
2012. The assessment of cognitive function using MMSE, can
be done by health worker with minimum training.Therefore,
we suggest that when the health worker is screening for
non‑communicable diseases he/she can spend another
10 minutes for assessment of CI. This small step will go a long
way in improvement of rural elderly’s quality of life.In India, the
burden of dementia care in rural area is still with families, and
very little help is available.So, urgent action is needed in the form
of day care and residential care for the elderly with dementia by
government and geriatric societies.

*OR- Odd’s Ratio, Ɨ CI- Confidence Interval

preponderance is, in postmenopausal women there is oestrogen
deficiency which may promote development of central obesity
and metabolic syndrome. This syndrome has been implicated in
the development of age related CI and Dementia among women.
But a study done in Gujarat, India, showed a higher prevalence
among male than female of the study group.[14]
The prevalence of CI in our study was found to be higher among
widow/widower (p=<0.001) which is similar to a previous
study[11] and a study done in Brazil.[15] This may be due to a
better social life in married subjects, although this has not been
reported in other studies and needs more evaluation. Prevalence
of CI was found to be high among the illiterate population in our
study which was similar to a study done in Eastern Uttar Pradesh.
The study states that a prevalence of 12.6% was found among
uneducated participants and it gradually decreased as the
educational level increased (p = 0.000).[11] A study performed on
Indians residing in Singapore suggests that lower education was
independently associated with CI.[16] This proves that education
even of the primary level reduces prevalence of CI in older
age. Mathuranath et al.[17] also reported the association of low
education with dementia. But, in a study conducted by Shaji[7]
there was no significant difference in the total MMSE scores
between the literate and the illiterate.

Summary of the study
Proven risk factors for CI, age, sex, and literacy status were
confirmed in our study. New risk factors like losing their spouse,
less social interaction, and involvement and staying by themselves
as a couple or alone were identified. Religion as a risk factor for
CI needs further studies to evaluate the aetiology.
We conclude that priority must be given to the older–older age
group and females, as they are more vulnerable to impaired
cognitive function. Further, the entire society including the health
care sector, governmental and non‑governmental organizations,
need to join hands in order to enable effective social participation
for improving the living conditions of the older adults.

The prevalence was found more among participants practicing
Christian religion (33.3%) compared to Hindu and Muslim, but this
needs further evaluation. According to our study, the prevalence
was also higher among population staying at home (11.3%), maybe
because they have limited social interaction and activities. A study
conducted in Beijing states that less social interaction (OR = 1.011–
2.147, P = 0.044), is an independent risk factor for CI.[18] Similarly, an
association between type of family and status of dementia showed a
lower prevalence (4.7%) among elderly residing in three generation
families. This is possibly because of a healthier atmosphere and
number of helping members in the family, which strengthens the
relevance of Indian culture in the study.
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Abstract
Globally, more than 5 million stillbirths and neonatal deaths occur annually. For many, the cause of death (CoD) is
unknown. Minimally invasive tissue sampling (MITS) has been increasingly used in postmortem examinations for
ascertaining the CoD in stillbirths and neonates. Our study compared the counseling and consent methods used in
MITS projects in five countries in Africa and south Asia. Key informant interviews were conducted with researchers
to describe the characteristics and backgrounds of counselors, the environment and timing of consent and
perceived facilitators and barriers encountered during the consent process. Counselors at all sites had backgrounds
in social science, psychology and counseling or clinical expertise in obstetrics/gynecology or pediatrics. All
counsellors received training about techniques for building rapport and offering emotional support to families;
training duration and methods differed across sites. Counselling environments varied significantly; some sites
allocated a separate room, others counselled families at the bedside or nursing stations. All counsellors had a
central role in explaining the MITS procedure to families in their local languages. Most sites did not use visual aids
during the process, relying solely on verbal descriptions. In most sites, parents were approached within one hour of
death. The time needed for decision making by families varied from a few minutes to 24 h. In most sites, extended
family took part in the decision making. Because many parents wanted burial as soon as possible, counsellors
ensured that MITS would be conducted promptly after receiving consent. Barriers to consent included decreased
comprehension of information due to the emotional and psychological impact of grief. Moreover, having more
family members engaged in decision-making increased the complexity of counselling and achieving consensus to
consent for the procedure. While each site adapted their approach to fit the context, consistencies and similarities
across sites were observed.
Keywords: MITS counseling, Informed consent processes, Comparative, PURPOSe Pakistan, PURPOSe India, CHAMPS
Bangladesh, SIP Ethiopia, PRESS 2 Kenya
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Background
Globally, there are approximately 2.7 million neonatal
deaths every year; with 2.6 million annual deaths, the
number of stillbirths is similar [1]. In order to reach the
United Nations Sustainable Development Goals (SDG)
target for stillbirth and neonatal mortality of 12 deaths
per 1000 live births by 2030, accurate causes of death
must be identified to effectively design and implement
programs to reduce preventable mortality [2].
Since 2006, minimally invasive tissue sampling (MITS)
has been increasingly used to help establish causes of in
stillbirths and neonates, especially infectious causes.
MITS is a needle-based postmortem examination that
uses very fine needles to percutaneously collect body
fluids and organ tissue samples that are then analyzed
through histopathological and microbiological techniques. Unlike a complete diagnostic autopsy, MITS can
be performed with limited infrastructure and by trained
medical technicians such as histopathologist or mortuary
assistants [3]. Compared with complete diagnostic autopsy, MITS is faster, less expensive, and markedly less
invasive, and has demonstrated potential to support accurate cause of death determination in stillbirths and neonates [1, 4]. MITS may be more acceptable to parents
because it is non-disfiguring, and can be performed
quickly, with fewer delays for the potential burial practices. MITS also provides researchers, policy-makers and
society with high quality pathology-based postmortem
data to inform the design and implementation of interventions to prevent neonatal deaths and stillbirths [5].
The hypothetical acceptability of MITS has also recently been assessed across diverse geographic settings,
including north India [3], Kenya [6], Mali [6],
Mozambique [6], Pakistan [5], and the United Kingdom
[7]. These studies have demonstrated a high theoretical
acceptability of MITS across a range of participants, including parents, relatives of the deceased, healthcare
providers, and religious and community leaders [3, 5–7].
However, these studies have also reported some perceived barriers in the acceptability of MITS, which include lack of knowledge about the procedure, lack of
trust in health professionals, lack of rapport with patients, lack of sensitivity on the part of health professionals when discussing MITS and a sense of next of kin
feeling rushed in their decision making [3, 5–7]. Many
of the barriers cited in recent publications have the potential to be addressed through the MITS counselling
and consent processes. A detailed understanding of the
current consent and decision making processes for the
MITS procedure is required to overcoming perceived
barriers to acceptability of MITS.
To understand the various approaches to MITS counseling and consent in stillbirth and neonatal populations,
we aim to describe practical experiences of how MITS
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counseling has been approached at five different sites in
Asia and Africa. More specifically, we sought to look at
the similarities and differences in the MITS counselling
and consent processes including the selection and training of MITS counsellors, attributes of the environments
where counselling and consent occurred, and the specific way MITS is described and explained. Further, the
study explored the decision-making process for MITS
among families and identified facilitators and barriers in
the consent process across these sites.
Projects descriptions

The MITS Surveillance Alliance is a network of researchers and institutions using MITS in postmortem
examination with funding from the Bill & Melinda Gates
Foundation. Comprised of representatives from 25 MITS
projects across 17 different countries in Africa, Asia and
South America and coordination from RTI International,
the MITS Surveillance Alliance aims to improve cause
of death ascertainment through the expansion of MITS
globally. The MITS Alliance facilitates a global MITS
community of practice and convenes technical working
groups to share best practices and lessons learned. Technical working groups include cause of death, pathology
as well as social and behavioral sciences.
Within the Social and Behavioral Sciences Technical
Working Group, five projects in the MITS Alliance were
initially selected, to understand their experiences with
MITS counseling and consent (Table 1). The projects included in this study were selected because their study
population was focused on stillbirths and neonates. Further, these five projects represent diverse geographical
regions where MITS was conducted and had progressed
sufficiently enough in their study implementation to
have perspectives to share. These projects include Study
of Illness in Preterms (SIP) in Ethiopia, Pediatric Respiratory Etiology Surveillance Study (PRESS2) in Kenya,
Project to Understand and Research Preterms and Stillbirths (PURPOSe) in India, PURPOSe Pakistan and
Child Health and Mortality Prevention Surveillance
(CHAMPS) study in Bangladesh. All are participants in
the MITS Surveillance Alliance, an organization of investigators studying MITS in low-and-middle-income
countries, however each study was distinct and had its
own Principal Investigator, study protocol and funding.
Table 1 Overview of projects
Project name

Sample population age range

Country

PURPOSe

Stillbirths and neonates

Pakistan

PURPOSe

Stillbirths- 5 years

India

CHAMPS

Stillbirths – 5 years

Bangladesh

SIP

Neonates

Ethiopia

PRESS2

1–59 months

Kenya
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The information presented here is a result of key informant interviews with researchers from five MITS Alliance member projects working with stillbirth and
neonatal populations. Key informant interviews with researchers were conducted to describe the characteristics
and backgrounds of counsellors, the environment and
timing of consent and perceived facilitators and barriers
encountered during the consent process. It should be
noted that each MITS project conducted their own formative assessments and those results informed the design and implementation of their consent process,
described in detail elsewhere [5, 8–10].
The Project to Understand and Research Preterm
Pregnancy Outcomes and Stillbirths-in South Asia
(PURPOSe) [PURPOSe Pakistan & PURPOSe India]: In
South Asia, where most stillbirths and neonatal deaths
occur [11], a cohort study [PURPOSe] was conducted in
hospitals in Davengere, India and Karachi, Pakistan to
prospectively obtain detailed information on causes of
stillbirths and preterm neonatal death [10].
Child Health and Mortality Prevention Surveillance
(CHAMPS) [CHAMPS Bangladesh]: A prospective study
was conducted at the CHAMPS site in Baliakandi (Rajbari District), Bangladesh to identify the etiology of
death among children less than five years of age. The
data on cause of death is made available to policy
makers and communities on a public database to inform
public health programming.
Study of Illness in Preterm (SIP) [SIP Ethiopia]: A prospective, multicenter, cross-sectional, observational study
was conducted in five hospitals in Addis Ababa, Gondar
and Jimma, Ethiopia to define the major causes of mortality in preterm neonates [12].
Pediatric Respiratory Etiology Surveillance Study
(PRESS 2) [Kenya]: A prospective study was conducted
to identify causes and etiologies associated with respiratory disease-related deaths among children (age 1–59
months) with respiratory illness admitted to the Kenyatta National Hospital (KNH) in Nairobi, Kenya [13].
Ethics approvals

Each study was reviewed by the respective ethics review
committee of their institutions. All informants provided
informed consent to participate in the research study.
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and with basic skills in patient counseling were recruited
for the counselling roles. In CHAMPS Bangladesh, one
female and four male counsellors, aged 28–35 years, with
backgrounds in social sciences or psychology were recruited and given the title ‘Field Research Officer’s Assistant’. The CHAMPS Bangladesh team were striving
for more gender balance but experienced difficulties in
identifying eligible female counsellors who were willing
to stay at the field site (outside of the capital Dhaka). In
PRESS2 Kenya, the primary study counsellor was a 40year-old female with 17 years’ prior experience in grief
counseling and a degree in psychology/counselling. The
primary counsellor was responsible for several study
nurses who were also involved in the counselling and
consent process. In SIP Ethiopia, healthcare providers
directly involved with the patient prior to death, including pediatric residents and bachelor’s prepared nurses
ranging in age from 20 to 35 years old agreed to participate in the study as counsellors for the MITS procedure.
In PURPOSe India, obstetrics and gynecology residents
and pediatric residents, aged between 25 and 27 years,
posted in the labor room and neonatal intensive care
unit, respectively were selected for the counsellor roles.
Counsellors’ training

Across all sites, counsellors participated in training for
their roles as MITS counsellors. In SIP Ethiopia, the
counsellors were trained on the counselling techniques
and the consenting process, which helped them in approaching the parents of the deceased child. Since the
counsellors were part of the health facility staff, and
were directly involved in providing care to the neonates;
this helped them establish good rapport with the parents
and allowed easy communication. In PURPOSe Pakistan
and CHAMPS Bangladesh, counsellors received oneweek intensive training with on-the-job coaching and
the training included didactic lectures and role-plays.
The PURPOSe Pakistan team also prepared a counseling
manual, which served as guidebook for training staff on
counseling techniques. In PURPOSe India, the obstetrics
and gynecology residents were provided with three hours
training by study coordinators, once every two months.
In PRESS2 Kenya, the primary study counsellor and
study nurses participated in a 3-day grief counseling
course.

Main text
Counsellors’ selection

Counsellors’ role in the study

For all projects, study staff responsible for patient consent and counselling all had backgrounds in either social
sciences, psychology, counselling or clinical expertise in
obstetrics, gynecology or pediatrics. In PURPOSe
Pakistan, female healthcare providers including midwives, and lady health visitors, nurses with clinical backgrounds in either obstetrics, gynecology, or pediatrics

In all five projects, the counsellors were responsible for
building rapport with the families and offering counselling support to the parents and other family members of
the deceased stillbirths and neonates. In PURPOSe
Pakistan and CHAMPS Bangladesh, counsellors participated in patient rounds with the attending physician as
part of rapport-building strategy. However, in CHAMPS
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Bangladesh, frequent visits by counsellors prior to death
were not well received by parents and families and
therefore counsellors adjusted their procedure to wait
until after a death to introduce themselves. The initial
rapport was built up by study physicians and study medical technologists as they participated on ward rounds
with facility physicians. Once notified of a death, the
MITS physician introduced the family/guardian to the
counsellor. At this time, the counsellor’s primary role
was to provide grief support to the family prior to seeking informed consent. It was only after this that the
counsellors proceeded with consent for MITS. In SIP
Ethiopia, a counsellor first approached the parents
(mother/father) and counselled them for a complete
diagnostic autopsy. If they refused the complete diagnostic autopsy, the counsellor then briefed the parents and
sought consent for the MITS procedure. In PURPOSe
Pakistan and PRESS2 Kenya, soon after death, the counsellors approached the family about the MITS procedure
and sought consent to determine the cause of death. In
all settings, as soon as the death occurred, the counsellor
notified study pathologists/physicians and on-duty technicians so that they could begin preparations for the
pending/possible MITS procedure. The counsellors in
all sites were responsible for ensuring that the body was
respectfully handed over to parents following the procedure. In PRESS2 Kenya, in cooperation with the study
pathologists, the study counsellor was responsible for
communicating MITS results to the family. In PURPOSe
India, counsellors had a very important role in explaining the study purpose, MITS procedure and its associated benefits to the parents.
The counselling environment

In PURPOSe Pakistan, in an effort to minimize interference from other clinical activities and limit the counselling to the parents, corners in both the Emergency
Room (ER) and the neonate intensive care unit (NICU)
corridor were allocated for MITS counselling. While the
counselling environment was not ideal, the counsellors
were diligent in maintaining privacy and confidentiality
of the family. In PRESS2 Kenya, a separate room at the
mortuary department was allocated for counseling and
ensured privacy and confidentiality for families. The
room was equipped with chairs and was spacious
enough to comfortably accommodate immediate family
members and the counsellor. Occasionally, if the
counsellor was on the wards at the time of death, counselling was conducted at the bedside or in a physician’s
office in the pediatric department. In SIP Ethiopia, there
were no separate rooms for the counselling. The parents
were counseled either at the bedside or at the nurses’
station, near the NICU. Despite the counsellors’ attempts to safeguard parents’ privacy and confidentiality,
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due to the high-traffic nature of the area, the counsellors
felt that at times, the parents found the counselling environment unwelcoming and overwhelming. In CHAM
PS Bangladesh, initially counselling was carried out in
the wards and open spaces. However, the counsellors
were concerned that the setting was not sufficiently private and subsequently a new, relatively quieter place was
allocated for counselling purposes. The PURPOSe India
team carried out the counselling in a separate room to
ensure privacy and facilitate communication between
parents and the counsellors.
Who explains the study and the consent process?

The consent process involves obtaining an informed consent from parents for conducting the MITS procedure on
their deceased child. Informed consent is a process in
which a health care provider educates parents about the
risks, benefits, and alternatives of a procedure. The parent
then makes a voluntary decision about whether to undergo
the procedure. Implicit in providing informed consent is an
assessment of the parent’s understanding, and documentation of the process. It is a collaborative process allowing
parents and healthcare providers, and counsellors to make
decisions together, accounting for the parent’s unique preferences and priorities. In SIP Ethiopia, PURPOSe Pakistan,
PURPOSe India, CHAMPS Bangladesh and PRESS2 Kenya,
all counsellors had a central role in explaining the study
purpose and MITS procedure to families in their local languages. The counsellors explained that the procedure will
help identify the cause of death and should ultimately aid
the treatment of other children. While explaining the MITS
procedure, the counsellors at all five sites explicitly emphasized that MITS is less-invasive [requiring only a small incision/ minimal damage of body tissue] and is carried out
with a fine-gauge needle to draw small samples of tissue
from body organs. Also, the parents were reassured that the
intact body would be handed over to them immediately
after the procedure, so that parents could proceed with burial practices. In SIP Ethiopia, if the parents desired more detailed information, the counsellors expounded on the initial
description and described other details related to MITS
such as how the sampled tissues would be processed for
analysis. In PURPOSe Pakistan, counsellors gave parents
the option to see the body immediately after MITS to assure them that the body was intact and in the same condition as was described. Few families accepted this offer and
were satisfied with the counsellors’ descriptions.
Tools used to aid counselling process

In SIP Ethiopia, PURPOSe Pakistan, PURPOSe India
and PRESS2 Kenya, no visual aids were used to aid
counselling and counsellors solely relied on a verbal description for families. In most cases, the CHAMPS
Bangladesh team shared basic mortality data via simple
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mortality charts and documents containing information
about grief. While not intended to provide additional
insight into the MITS procedure, both the PURPOSe
Pakistan and SIP Ethiopia teams had Quranic evidence
in the form of written verses on permissibility of MITS
procedure from the local Muslim religious leader to facilitate the counselling process. The Quranic evidence
helped teams to clarify parents’ misconceptions related
to permissibility of the MITS procedure in Islam. The
counsellors of the CHAMPS Bangladesh obtained a
Fatwa from the Islamic Foundation of Bangladesh which
they shared with families at their request during the informed consent process.
The consent and decision-making process with parents
and family
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respectively in counselling sessions to help build trust
with the family, as the counsellors were not hospital
staff.
 Who gives consent?

In SIP Ethiopia, only parents gave consent for the
MITS procedure. However, in PURPOSe Pakistan, PURPOSe India and CHAMPS Bangladesh, extended family
was also involved in the consent process including inlaws, grandparents, etc. However, in CHAMPS
Bangladesh in most cases either the father or mother ultimately gave the final consent. In PRESS2 Kenya, most
consent decisions were made by the parents; however,
grandparents were also involved in a few instances.
 Time taken by family/parents to make a decision

 Timing of approaching bereaved parents

In SIP Ethiopia, CHAMPS Bangladesh, PURPOSe
India and PURPOSe Pakistan, parents were approached
by the counsellor within 1 h of the death. This was necessary in all four sites because families typically leave
the hospital immediately following death to initiate burial practices. However, in PRESS2 Kenya, the window of
time for approaching parents was within 6 h after death
ensuring that MITS could be conducted within first 12
h, per the study protocol. In SIP Ethiopia, the study
team realized that if there was a delay in approaching
the family for MITS counselling, then a refusal of consent was likely because most families reside in rural
areas and were in a hurry to reach the bus station with
the body of the deceased child, to return home. In PURPOSe Pakistan, sometimes counsellors had to delay approaching the family for consent until the father arrived,
as in most cases, the father was the decision maker for
consenting for MITS.
 Who obtains consent?

In SIP Ethiopia, the consent was obtained by nurses
with bachelor’s degrees and pediatric residents, both of
whom were already actively involved in the patient management. The first person to approach the parents were
the nurses, but if the parent seemed to be unwilling, the
pediatric resident was engaged to facilitate the consent
process. This approach was utilized as residents are perceived to be more credible by parents. In PURPOSe
Pakistan, PURPOSe India, CHAMPS Bangladesh and
PRESS2 Kenya, the counsellors, principally recruited for
the MITS study project, obtained the consent from the
parents. In a few cases, counsellors at the PURPOSe
Pakistan and CHAMPS Bangladesh sites involved the attending physician and CHAMPS study physicians,

In all five settings, the time taken by family members
to make a decision varied from a few minutes up to 24
h. At times, parents agreed immediately during the
counselling session; however, at other times the decision
was made the next day following consultation with the
family members. In PURPOSe India, the family members
took 30–45 min on average to decide whether to consent
to MITS. In SIP Ethiopia, when a father was not present
during the counselling session, mothers typically waited
until the father’s return before making the decision. In
PURPOSe Pakistan, when extended family was involved
in the consent process, at times it was difficult for all to
agree and to come to a decision.
Challenges encountered during counseling and
consenting process

Several challenges were encountered during counseling
and consenting process. In all five settings, the emotional turmoil and dynamics of grief reduced the families’ capacity to comprehend and understand the
procedure and contributed to delays in the consenting
process. Further, deaths occurred at all hours and counsellors found that in order to reach families immediately
they had to approach them during the very early morning or late at night when they were especially exhausted
and were frequently not in the optimal frame of mind to
grasp the importance of MITS with regards to their
loved one. In PURPOSe Pakistan, rapport building with
families and particularly, with the mother was challenging because the counsellors were not directly part of
the health facility compared to other sites where the
study staff were also attending physicians and NICU/ER
nurses employed by the facility. Also, counselling was
challenging when the mother’s stay was short as in cases
of stillbirth and early deaths of preterm births. Nonavailability of both parents and other family members
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prolonged the process of counselling and decision making. In PURPOSe Pakistan, PURPOSe India, PRESS2
Kenya and CHAMPS Bangladesh, where extended family
was involved in decision making, at times it was difficult
to bring all family members to a consensus. In addition,
the PURPOSe Pakistan team conducted counselling on
two different floors [ground floors (ER) and 6th floor
(nursery)] which made staffing administratively difficult
to manage. In SIP Ethiopia and PURPOSe India, counsellors felt that many parents were unable to understand
the study purpose in general and also the MITS procedure. In families with lower levels of education, counsellors found it quite difficult for them to really understand
the rationale for conducting MITS. Generally, making a
decision about MITS was challenging when there was
only one parent present. At times, the mother was admitted to the intensive care unit (ICU) and it was difficult for the father to decide on his own. In the case
where the father was not present at the time of death,
the mother was not able to make a decision about the
procedure, perhaps due to cultural reasons. In some
cases, the parents’ religion was a barrier to consent. In
PRESS2 Kenya, PURPOSe India and PURPOSe Pakistan,
a few families and parents belonging to the Muslim religion refused to give consent for the MITS procedure as
they believed that it was against their cultural values and
not permissible in their religion.
Facilitators for MITS consent process

In all five settings, counsellors found that higher levels
of education within a family increased the likelihood
they would understand the importance of the MITS procedure and facilitated consent. Also, use of local languages for explaining the procedure and study purpose
facilitated the consent and decision-making process. In
SIP Ethiopia, PURPOSe India, PURPOSe Pakistan and
PRESS2 Kenya, two factors facilitating MITS consent included a fast turnaround time of the procedure, and the
MITS technique being less invasive than conventional
autopsy. In some cases, MITS was conducted while the
parents were completing the discharge process, and the
body was handed over to the parents for burial rituals at
the same time as the parents were ready to leave the facility. Additionally, the SIP Ethiopia team and PURPOSe
Pakistan team received Quranic evidence on permissibility of MITS procedure from the local Muslim religious
leader to facilitate the counselling process. And as mentioned earlier, CHAMPS Bangladesh received a Fatwa,
signifying that MITS was acceptable in the Muslim faith.
However, neither site systematically assessed if that
really influenced the decision making process of MITS.
In PURPOSe Pakistan, the team observed that the presence of an attending physician during the counselling
session facilitated the consent and decision-making
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process. In CHAMPS Bangladesh, the most common
reason for giving consent for the MITS procedure included parents’ desire to know about the cause of child
death, especially in cases where parents had already experienced multiple stillbirths and neonatal deaths.

Conclusion
Our study described the counseling and consent
methods and approaches used in MITS projects across
five countries in Africa and South Asia. Key informant
interviews were conducted with researchers to describe
the characteristics and backgrounds of counsellors, the
counselling environment and timing of consent and perceived facilitators and barriers encountered during the
consent process. Despite the geographical and cultural
differences between sites, some commonalities were observed. Ensuring that counsellors had the skills and
knowledge necessary to establish relationships with parents and families was consistent across all five sites. All
selected counsellors had backgrounds in social science,
psychology and counseling or clinical expertise in obstetrics/gynecology or pediatrics. All sites reported providing training for counsellors in rapport building and
offering emotional support to families. Counsellors also
consistently found that using the local language to describe the MITS procedure helped to build rapport and
facilitated consent at all sites. While the physical locations identified for MITS counseling varied between
sites, only a minority of sites had a dedicated and private
room for meetings with families. However, counsellors
at all sites aimed to optimize the resources available to
maintain parents’ privacy and confidentiality. In most
sites, counsellors adapted the consent process to accommodate for extended family to take part in the decision
making. Typically, this meant delaying consent until all
family members could be engaged in the process. Most
sites noted that the inclusion of extended family increased the complexity of counseling and sometimes
achieving consensus among extended family had the potential to be a barrier to consent. However, counsellors
across sites found that highlighting the less invasive nature of MITS and ensuring MITS would be conducted
quickly so that parents could proceed with burial facilitated consent. The expansion of MITS globally creates
opportunities to further study these commonalities,
identify those that are sustained across broader contexts,
and has the potential to inform MITS counselling approaches and strategies for the future.
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The Community-Level Interventions for Pre-eclampsia (CLIP)
cluster randomised trials in Mozambique, Pakistan, and India:
an individual participant-level meta-analysis
Peter von Dadelszen, Zulfiqar A Bhutta, Sumedha Sharma, Jeffrey Bone, Joel Singer, Hubert Wong, Mrutyunjaya B Bellad, Shivaprasad S Goudar,
Tang Lee, Jing Li, Ashalata A Mallapur, Khátia Munguambe, Beth A Payne, Rahat N Qureshi, Charfudin Sacoor, Esperança Sevene, Marianne Vidler,
Laura A Magee, and the CLIP Trials Working Group*

Summary

Background To overcome the three delays in triage, transport and treatment that underlie adverse pregnancy outcomes,
we aimed to reduce all-cause adverse outcomes with community-level interventions targeting women with pregnancy
hypertension in three low-income countries.
Methods In this individual participant-level meta-analysis, we de-identified and pooled data from the CommunityLevel Interventions for Pre-eclampsia (CLIP) cluster randomised controlled trials in Mozambique, Pakistan, and India,
which were run in 2014–17. Consenting pregnant women, aged 12–49 years, were recruited in their homes. Clusters,
defined by local administrative units, were randomly assigned (1:1) to intervention or control groups. The control
groups continued local standard of care. The intervention comprised community engagement and existing community
health worker-led mobile health-supported early detection, initial treatment, and hospital referral of women with
hypertension. For this meta-analysis, as for the original studies, the primary outcome was a composite of maternal or
perinatal outcome (either maternal, fetal, or neonatal death, or severe morbidity for the mother or baby), assessed by
unmasked trial surveillance personnel. For this analysis, we included all consenting participants who were followed up
with completed pregnancies at trial end. We analysed the outcome data with multilevel modelling and present data
with the summary statistic of adjusted odds ratios (ORs) with 95% CIs (fixed effects for maternal age, parity, maternal
education, and random effects for country and cluster). This meta-analysis is registered with PROSPERO,
CRD42018102564.
Findings Overall, 44 clusters (69 330 pregnant women) were randomly assigned to intervention (22 clusters
[36 008 pregnancies]) or control (22 clusters [33 322 pregnancies]) groups. 32 290 (89·7%) pregnancies in the
intervention group and 29 698 (89·1%) in the control group were followed up successfully. Median maternal age of
included women was 26 years (IQR 22–30). In the intervention clusters, 6990 group and 16 691 home-based
community engagement sessions and 138 347 community health worker-led visits to 20 819 (57·8%) of 36 008 women
(of whom 11 095 [53·3%] had a visit every 4 weeks) occurred. Blood pressure and dipstick proteinuria were assessed
per protocol. Few women were eligible for methyldopa for severe hypertension (181 [1%] of 20 819) or intramuscular
magnesium sulfate for pre-eclampsia (198 [1%]), of whom most accepted treatment (162 [89·5%] of 181 for severe
hypertension and 133 [67·2%] of 198 for pre-eclampsia). 1255 (6%) were referred to a comprehensive emergency
obstetric care facility, of whom 864 (82%) accepted the referral. The primary outcome was similar in the intervention
(7871 [24%] of 32 290 pregnancies) and control clusters (6516 [22%] of 29 698; adjusted OR 1·17, 95% CI 0·90–1·51;
p=0·24). No intervention-related serious adverse events occurred, and few adverse effects occurred after in-community
treatment with methyldopa (one [2%] of 51; India only) and none occurred after in-community treatment with
magnesium sulfate or during transport to facility.
Interpretation The CLIP intervention did not reduce adverse pregnancy outcomes. Future community-level
interventions should expand the community health worker workforce, assess general (rather than condition-specific)
messaging, and include health system strengthening.
Funding University of British Columbia, a grantee of the Bill & Melinda Gates Foundation.
Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Pregnancy hypertension (ie, all hypertensive disorders of
pregnancy, including chronic hypertension, gestational
hypertension, and pre-eclampsia) complicates appro
ximately 10% of pregnancies in low-income and
www.thelancet.com Vol 396 August 22, 2020

middle-income countries.1 Pre-eclampsia, the form of
pregnancy hypertension associated with proteinuria or
end-organ complications, or both, is associated with the
greatest risk of maternal, fetal, and neonatal mortality and
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Research in context
Evidence before this study
We identified evidence from randomised controlled trials of the
benefit of community mobilisation, task-sharing, and use of
magnesium sulfate to improve pregnancy outcomes, and
evidence from observational studies of the use of methyldopa in
initial management of hypertensive emergencies in volumerestricted patients (eg, women with pre-eclampsia).
The individual country Community-Level Interventions for
Pre-eclampsia (CLIP) trials were done in India, Pakistan, and
Mozambique between 2014 and 2017 to investigate pregnancy
hypertension focused and solely community-level community
engagement, antenatal assessment, risk stratification, initiation
of life-saving therapies, and transport to hospital.
Added value of this study
The CLIP trials are the first to run a solely community-level
intervention for pregnancy hypertension, designed to address the
so-called three delays: triage, transport, and treatment.
The existing community health workforce was scaled up to
provide community engagement and community health workerled app-guided triage, treatment, and transport to a facility for
women with pregnancy hypertension. Overall, the CLIP
intervention did not improve the primary composite of maternal,
fetal, and newborn mortality and morbidity. Community health

For full list of feasibility studies
completed see https://pre-empt.
bcchr.ca/media/publications
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morbidity.2 Globally, pre-eclampsia is the second leading
cause of direct maternal mortality, resulting in an
estimated 76 000 maternal deaths and 500 000 fetal and
newborn deaths every year.3 More than 99% of these deaths
occur in low-income and middle-income countries,
primarily in south Asia and sub-Saharan Africa.4
Generally, research in this field has focused on
institutional-level interventions with magnesium sulfate
(for eclampsia prevention and treatment) and paren
teral antihypertensive therapy for severe hypertension.4
However, many women die or are irreversibly affected by
pre-eclampsia because they never reach an inpatient
facility, either because they die at home or on the way to a
facility, or because they are already in a critical condition
on arrival. As such, the concern is that if research
continues to be restricted to inpatient, facility-level
interventions, maternal lives will be lost due to preeclampsia and eclampsia from delays in triage, transport,
and treatment (ie, the so-called three delays).5 A solution
to these delays might be to provide care to women in
their communities.
The Community-Level Interventions for Pre-eclampsia
(CLIP) study (NCT01911494) comprised three cluster
randomised controlled trials that aimed to reduce the
burden of adverse maternal and perinatal outcomes
related to pregnancy hypertension by addressing the
three delays via community-level intervention. Trial
design was informed by extensive feasibility studies
between 2011 and 2014 with pregnant women, mothers,
household proxy decision makers, health-care workers,

workers were able to undertake all aspects of the app-guided
visits, and approximately 10% of pregnant women were found to
be hypertensive using a device validated for use in pregnancy;
however, few women were eligible for in-community treatment,
and the numbers of community health workers were
inadequate to reach all women who could have benefited.
An increased number of app-guided visits was associated with
improved outcomes, with substantial improvements from
eight such contacts.
Implications of all the available evidence
Our findings suggest that community-level interventions
addressing triage, initial treatment, and transport of women
with pregnancy hypertension can be successfully completed by
community health workers, but their numbers must be
adequate to provide at least eight antenatal care contacts to
reduce adverse outcomes. A focus on community-level
intervention without facility enhancement is unlikely to yield
the improvements in maternal and perinatal outcome as hoped
or needed by the global health community. Further studies
should assess a more comprehensive health strategy that
involves facility strengthening and community-level activities
restricted to accurate measurement of blood pressure and
simple condition-specific interventions.

traditional birth attendants and faith-based caregivers,
community and opinion leaders, and health adminis
trators. Literature and document reviews and qualitative,
quantitative, and participatory methods were used to
explore the societal context; acceptability of the inter
vention to women, community health workers (who
delivered it), and health-care providers (who provided
support, as required); government stakeholders (who
would support imple
mentation); and facility assess
ment of staff and resources (including commodities).
Each of the three CLIP trials in India, Pakistan, and
Mozambique, which were completed, was indepen
dently powered and designed a priori to contribute to
an individual participant-level data meta-analysis that
would improve power for assessment of maternal
mortality or morbidity, and other components of the
composite maternal and perinatal primary outcomes of
the CLIP trials.6–9

Methods

Study design
This individual participant-level meta-analysis included
data from the CLIP cluster randomised controlled trials
in India (run from November, 2014, to October, 2016),
Pakistan (January, 2015, to December, 2016), and
Mozambique (February, 2015, to February, 2017)7–9 as
agreed by all CLIP principal investigators (ZAB, MBB,
SSG, AAM, KM, RNQ, CS, ES) and detailed in the CLIP
trial protocol. The included trials were cluster randomised
controlled trials with 12 (India and Mozambique) or
www.thelancet.com Vol 396 August 22, 2020
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20 clusters (Pakistan) comprising complex health system
interventions.
The Individual Patient Data (IPD) proposal was prospec
tively registered with PROSPERO, CRD42018102564, as
were the individual CLIP trials (NCT01911494; the protocol
is in the appendix [pp 12–120]). Ethical approval for the
trials and individual participant-level data meta-analysis
was granted by the University of British Columbia,
Vancouver, BC, Canada (H12-03497) and each country’s
relevant research ethics board (Aga Khan University,
Pakistan, 2590-Obs-ERC-13; KLE University, India, MDC/
IECHSR/2011-12/A-4, ICMR 5/7/859/12-RHN; and Centro
de Investigação em Saúde da Manhiça [CIBS-CISM/038/14],
Mozambique National Bioethic Committee [219/CNBS/14]).
All eligible pregnant women provided written informed
consent to participate.

Study procedures
The units of randomisation (clusters) in India were
primary health centres, in Pakistan were Union Councils
(in Pakistan, provinces are divided into divisions, sub
divisions [tehsil], and thereafter into Union Councils,
comprising a large village and surrounding areas, often
including nearby small villages) and all associated primary
health centres, and in Mozambique were Administrative
Posts (in Mozambique, provinces are divided into districts,
which are further divided into Administrative Posts). Local
teams chose potential clusters according to similar healthcare infrastructure, accessibility for the surveillance team,
and the absence of conflicting concurrent research acti
vity. In India and Pakistan, internal pilot trials (each in an
initial four clusters per country) preceded definitive trials.
Pregnant women aged 15–49 years (12–49 years in
Mozambique) were identified in their homes or local
primary health centres by trained community health
workers. Clusters were randomly assigned (1:1), via
restricted, stratified randomisation according to popu
lation size, to either the intervention or control group. The
trials were unmasked given the nature of the intervention.
Partici
pants in control clusters continued current local
practice around antenatal care, referral to facilities, and
initiation of therapy. The intervention aimed to address the
so-called three delays in triage, transport, and treatment
related to maternal mortality risk. The first step was
community engagement involving women and their
mothers, household male decision makers, mothersin-law, and community leaders regarding pre-eclampsia
awareness and education about birth preparedness
and compli
cation readiness, supported by culturally
appropriate pictograms. Community group meetings were
held in all countries, with additional one-on-one healthcare worker-led meetings in women’s homes in clusters in
Pakistan. In the second step, community health workers
were trained to task-share pregnancy-hypertensionoriented care at CLIP visits in women’s homes, using the
CLIP Pre-eclampsia Integrated Estimate of Risk (PIERS)On-the-Move (POM) mHealth app for risk stratification.10
www.thelancet.com Vol 396 August 22, 2020

The team of community health workers already in place
was trained to make the intervention scalable, if found to
improve outcomes in a trial setting.5 Community health
workers responded to emergency conditions (aided by
country-specific picto
grams), took women’s blood pres
sure using the Microlife BP 3AS1-2 device (Widnau,
Switzerland) and assessed dipstick proteinuria at the first
contact and any subsequent contact when hypertension
was detected. Per-protocol, the minimum number of CLIP
visits should have been at least every 4 weeks, with
additional visits recommended at days 3, 7, and 14 after
birth. Community health workers were directed by the
POM app to either administer oral methyldopa 750 mg for
blood pressure of 160/110 mm Hg or higher; administer
intramuscular magnesium sulfate 10 g for suspected
severe pre-eclampsia (miniPIERS11 risk for an adverse
maternal outcome of at least 25%, severe systolic
hypertension [at least 160 mm Hg], eclampsia, stroke, or
vaginal bleeding); or refer the woman to a comprehensive
emergency obstetric care facility for suspected preeclampsia or increased risk of stillbirth (4+ dipstick
proteinuria value, or absent fetal movements for at least
12 h). In referral facilities shared by both intervention and
control groups, evidence-based care was promoted through
a small number of continuous professional development
events (three in India, three in Pakistan, and six in
Mozambique) spaced throughout the trial periods that
focused on the WHO’s recommendations for prevention
and treatment of pre-eclampsia and eclamspia.12
In intervention and control clusters, surveillance teams
were trained to do regular cross-sectional surveys of
households (every 3–6 months), except in India, where a
prospective population-based surveillance system was
established. After individual participant consent was
obtained, data were collected on baseline individual-level
and household-level information, antenatal care, and
adverse maternal, fetal, and neonatal outcomes up to
6 weeks after birth (for the mother) or 28 days after birth
(for the neonate). Women were defined as withdrawing
from the trial if they declined further trial surveillance.
Women were lost to follow-up if they were more than
6 weeks post partum (based on estimated delivery date) and
more than one surveillance cycle from trial end. Women
were defined as still on follow-up if they either had not
delivered their baby or were post partum within 6 weeks of
their estimated delivery date and within one surveillance
cycle from the trial end. Overall coordination and data
management was done by the Pre-eclampsia – Eclampsia
Monitoring, Prevention and Treatment research group at
The University of British Columbia.7–9

Data analysis
We assessed the risk of bias of each trial according to the
five criteria for cluster randomised controlled trials in the
Cochrane Handbook: recruitment bias, baseline imbal
ance, loss of clusters, incorrect analysis, and comparability
with individualised randomised trials.13
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Within Research Electronic Data Capture (REDCap;
version 5, Vanderbilt University, Nashville, TN, USA) we
extracted data, by trial group, for characteristics of: the
trial, women enrolled, and the intervention, and outcomes.
For this meta-analysis, as for the individual trials, the
primary outcome was one or more of the maternal

or perinatal mortality or morbidity outcomes, and
the secondary outcomes were birth preparedness and
complication readiness, the proportion of births that
occurred in a facility, and delivery in a facility that is able to
provide comprehensive emergency obstetric care (panel).
Secondary outcomes included components of the primary

Panel: Outcome definitions for Community-Level Interventions for Pre-eclampsia trials and this meta-analysis
Primary outcome
The primary outcome is a combined maternal or perinatal
outcome (either maternal, fetal, or neonatal death, or severe
morbidity for the mother or baby).
Maternal outcomes
Maternal death was defined as the number of deaths during
pregnancy or within 42 days of pregnancy (or last contact day
if contact was not maintained to 42 days) per 1000 identified
pregnancies, defined as the maternal death rate.
Maternal morbidity was defined as the number of women with
one or more life-threatening complication of pregnancy during
pregnancy or within 42 days of pregnancy or last contact day
if contact was not maintained to 42 day, per 1000 identified
pregnancies. Complications of pre-eclampsia were defined as
follows:
Serious end-organ complications of pre-eclampsia
• Eclampsia: occurrence of generalised convulsions during
pregnancy, labour, or within 42 days of delivery in the
absence of epilepsy or another condition predisposing to
convulsions
• Stroke: hemiparesis, blindness, or both, developed during
pregnancy or in the 42 days post partum, lasting longer
than 48 h
• Coma: unconsciousness for ≥12 h
• Antepartum haemorrhage: vaginal bleeding of ≥15 mL with
or without pain before the onset of labour
• Disseminated intravascular coagulation: abnormal bleeding
from mucosa (mouth, ears, or both)
Other major causes of maternal mortality
• Obstetric sepsis: in the community, defined as fever and
one of abdominal or uterine tenderness, foul smelling vaginal
discharge or lochia, productive cough and shortness of
breath, dysuria or flank pain, or headache and neck stiffness
• Vesicovaginal or rectovaginal fistula: continuous loss of
urine, faeces, or both, after delivery
Life-saving interventions
• Cardiopulmonary resuscitation: a set of emergency
procedures including chest compressions and lung
ventilation applied in cardiac arrest victims
• Dialysis: haemodialysis, peritoneal dialysis, or both
• Mechanical ventilation (other than for caesarean section):
intubation and ventilation not related to anaesthesia
• Blood transfusion: one or more units of blood product
• Interventions for major post-partum haemorrhage:
brace sutures, external and internal uterine compression,
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antishock garment use, internal iliac artery ligation,
or hysterectomy with or without transfusion
Perinatal outcomes
Perinatal and late neonatal death was defined as stillbirth
(gestational age ≥20 weeks, ≥500 g, or both), early neonatal
mortality (within 0–7 days of birth) and late neonatal
mortality (within 8–28 days of birth) per 1000 identified
pregnancies.
Neonatal morbidity was defined as occurrence of a primary
neonatal morbidity during 0–28 days of birth per
1000 identified pregnancies. Primary neonatal morbidities
were:
• Feeding difficulty: including inability to suckle normally or
latch on to the mother’s breast to feed even if the mother’s
milk is not let down
• Breathing difficulty: including grunting and in-drawing of
the abdomen under the ribs
• Seizure: occurrence of any seizure event (fits)
• Lethargy: baby not appearing normally wakeful after
activities such as feeding or sleeping
• Coma: a non-medically induced period of unconsciousness
of any length
• Hypothermia: baby is cold to touch
• Umbilical cord infection: characterised by discharge from
and redness around the umbilical stump
• Skin infection: any appearance of abnormally red, black,
swollen, or blistered skin with pus
• Bleeding from anywhere on the body
• Jaundice: yellow skin and eyes
• CNS-related morbidity: abnormal amount of vomiting as
defined by the parents or caregiver with bulging or sunken
fontanelle
Secondary outcomes
Birth preparedness and complications readiness: defined as
having completed three or more of arranging for transport,
obtaining prior permission for transport, saving money for
obstetric care, identifying a skilled birth attendant, and
identifying a facility for birth.
In-facility birth, defined as any birth at a health-care facility.
Birth at a comprehensive emergency obstetric care facility,
defined as birth at any centre that provides basic functions and
capability of doing a caesarean section, giving safe blood
transfusions, and provision of care for sick and
low-birthweight neonates, including resuscitation.
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outcome (including a composite of maternal mortality or
morbidity, and a composite of stillbirth, neonatal death, or
neonatal morbidity) and safety outcomes. Adverse events
that we assessed were transport-related injury or death
and infection-site haematoma or infection after intra
muscular magnesium sulfate in the community. In India
(given trial surveillance informed by facility data), we also
included as part of this meta-analysis maternal systolic
blood pressure of below 110 mm Hg on arrival at a facility
after in-community methyldopa; respiratory depression,
coma, or death during transport after in-community
magnesium sulfate; and infection-site haematoma or
infection after intramuscular magnesium sulfate incommunity or at a facility. We were unable to follow up the
details of a woman’s management and clinical courses
after she was referred to facility. Serious adverse events
were defined as being serious, unexpected (in nature,
severity, or frequency), and thought to be related to the
study intervention.
For the primary individual participant-level data metaanalysis, we included all CLIP participants who were
followed up with regards to the primary outcome of this
meta-analysis. However, women who withdrew, were lost
to follow-up, or still on follow-up at trial end were included
in a sensitivity analysis in which we used the imputation
from the primary trials in the individual participant-level
data meta-analysis. Each trial was independent, no
potential overlap existed between enrolled participants.
With a planned sample size of approximately
60 600 women in 44 clusters, we would have 80% power
to find a 20% reduction in the composite maternal and
perinatal outcome, from a baseline of 10·2% and with
an intraclass correlation coefficient (ICC) of 0·006.
Furthermore, this sample size would give similar power
to find a 20% reduction in maternal mortality or
morbidity if the baseline rate were 1·7% and the ICC
were less than 0·001 (appendix pp 122–54). A 20% reduc
tion was chosen a priori as being clinically relevant by
consensus within the CLIP group of experts and the
research programme technical advisory group.
We combined data from each trial dataset by study
group. We summarised data as median (IQR) for con
tinuous variables and n (%) for categorical variables. While
in the primary trials we imputed outcomes for women
with incomplete data, in this meta-analysis we only include
data from women with complete follow-up.7–9 We assessed
the treatment effect on the various outcomes using
generalised mixed-effect models with random effects for
both country and cluster, and fixed effects for the study
group and baseline characteristics of maternal age, basic
education, previous pregnancy (parity), and neonatal
mortality rate from each country’s baseline survey as part
of the feasibility studies. We used a one-stage approach, in
which a single model is fitted directly using the results
from each study, to make optimal use of data.14 The
summary statistic was the adjusted odds ratio (OR; fixed
effect for maternal age, parity [nulliparous vs parous], and
www.thelancet.com Vol 396 August 22, 2020

maternal education, and random effects for country and
cluster) with Wald-type 95% CI. We assessed between-trial
heterogeneity using the τ² (estimated as the variance term
of the random effect for treatment in the mixed-effect
model) and R² statistics (as the ratio of the SEs of the
treatment effect from a model with fixed slope and a model
with a random slope).15 A τ² close to 0 and R² close to 1
were taken as indicating a lack of heterogeneity. Statistical
significance (two-sided) was set at a p value of less than
0·05 for the composite maternal and perinatal outcome,
and a p value of less than 0·001 for other analyses.
We did four types of sensitivity analyses for the primary
outcome and its components to assess the effect of potential
sources of bias on our results. First, women who were
defined as lost to follow-up or still on follow-up at the end
of the trial were included to assess the potential effect of
missingness. As for the primary analysis of the individual
CLIP trials, mixed imputation was used to account for the
risk associated with each woman, depending on her
personal baseline characteristics, cluster characteristics,
and time of enrolment relative to the beginning of the trial.
Second, we restricted the adjusted analysis to women
whose pregnancies continued to at least 20 weeks, because
the average gestational age at recruitment was much earlier
in India (approximately 11 weeks) than in Pakistan (approxi
mately 21 weeks) and Mozambique (approxi
mately
26 weeks).7–9 As for the individual CLIP trials and according
to the statistical analysis plan (appendix pp 122–54),
inclusion for this sensitivity analysis was: restricted to
women who had 42 days of post-partum follow-up data;
restricted to women with anticipated birth (according to
estimated delivery date) or anticipated birth and 42 day of
post-partum follow-up data within the trial timeline, to
assess the effect of the intervention independent of
gestational age at birth; and expanded to include women
who were enrolled into trial surveillance only post partum,
which might have reflected an effect of community
engagement but was a protocol deviation. Third, we did an
unadjusted analysis without accounting for baseline
individual-level and cluster-level characteristics. Fourth, we
did a so-called on-treatment analysis of women who
received at least one community health worker-led POMguided visit in intervention versus control clusters.
In an additional planned secondary analysis, we explored
in the intervention group whether an association existed
between our primary outcome and the number of CLIP
visits, measured as 0, 1–3, 4–7, or 8 or more visits, to reflect
previous and current WHO recommendations for the
frequency of antenatal care contacts.16 To account for
factors related to the number of POM-guided visits and
confounders, the analysis was restricted to women whose
pregnancies continued beyond 20 weeks and was adjusted
for maternal age, basic education, parity, time of enrol
ment in the trial, and distance from the household to a
facility.
We used R statistical software (version 3.5.2) for all
analyses.
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Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all data in the study and final responsibility for the
decision to submit for publication.

Results
The general characteristics of the CLIP trials, their
participants, intervention implementation, and outcomes
are presented in the appendix (pp 4–5).
In the three CLIP trials, comprising 44 clusters
(n=22 intervention, n=22 control), 69 330 participants
were enrolled (36 008 pregnancies in the intervention
group and 33 322 in the control group), some of whom
were pregnant more than once, such that we had a
third more births than expected per cluster (appendix
pp 11–121). 61 988 (89·4%) pregnancies were successfully
followed up (32 290 [89·7%] in the intervention group
and 29 698 [89·1%] in the control group), at similar and
high rates across countries (appendix pp 4–5). Few
women withdrew from the study (four [<0·1%] in the
intervention group and five [<0·1%] in the control
group). Loss to follow-up, which only occurred in
Pakistan and Mozambique, was slightly lower (by 0·7%)
in intervention clusters; loss to follow-up was attributed
to migration and cyclical surveillance cycles by study
site staff. Just under 8% of pregnancies (2811 [7·8%] in
the intervention group and 2555 [7·7%] in the control
group) were ongoing and still on follow-up on the trial
end date.
The median maternal age of included women was
26 years (IQR 22–30) across all countries (appendix
pp 4–5). Basic education, as measured by each country,
had been received by over 60% of women in India (ie, at
least 8 years of schooling) and Mozambique (ie, at least
grade 5), but by no more than 20% in Pakistan (ie, at least
5 years of schooling). Overall, over 70% of women in all
countries were parous. The median gestational age at
trial enrolment was 19·0 weeks (IQR 12·5–26·8), with
the earliest in India (approximately 11 weeks), followed
by Pakistan (approximately 21 weeks) and Mozambique
(approximately 27 weeks).
23 681 (6990 group and 16 691 home-based) community
engagement sessions were held by the CLIP country
teams (appendix pp 4–5). Training (of 2–15 days’ duration)
was delivered to 450 health-care providers, with refresher
training every 1–6 months. Methyldopa and magnesium
sulfate were sourced in-country. Trained community
health workers provided 138 347 visits for a median of
six visits per pregnancy, four (IQR two to six) antenatal
and two (IQR one to three) post partum. 20 819 (57·8%) of
36 008 women in the intervention group had one or more
POM-guided visits, approximately half of whom had
visits that were compliant with the minimum frequency
(11 095 [53·3%] of 20 819). Blood pressure was measured
at almost all visits (137 705 [99·5%]), and dipstick
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proteinuria was done at 21 257 [96·4%] of 22 051 relevant
visits as per the protocol (ie, first and all subsequent visits
at which hypertension was detected). POM-guided
visits resulted in recommendations at 136 755 (98·9%)
visits. As previously published, hypertension was iden
tified in 2111 [9·9%] of 21 306 pregnancies (636 [10·3%] of
6149 in India; 1010 [9·3%] of 10 904 in Pakistan;
and 465 [10·9%] of 4253 in Mozambique).1 181 (0·9%) of
20 819 women were eligible for treatment with oral
methyldopa for severe hypertension and 198 (1·0%) were
eligible for intramuscular magnesium sulfate for preeclampsia, and 1255 (6·0%) women were referred to a
facility. Most women accepted the community health
workers’ POM-guided recommendations to administer
oral methyldopa (162 [89·5%] of 181 eligible pregnancies)
and intramuscular magnesium sulfate (133 [67·2%] of
198), and referral to a comprehensive emergency obstetric
care facility (864 [81·6%] of 1255 pregnancies with recom
mended referral).
Protocol deviations occurred in few pregnancies
(295 [0·9%] of 32 290) in the intervention group, of
which 46 (15·6%) were related to treatment or referral
not recommended as per the POM app and protocol
(n=40 in India, n=4 in Pakistan, and n=2 in Mozambique)
and 249 (84·4%) were antenatal CLIP visits by the
community health workers among women only enrolled
by the trial surveillance team during their post-partum
period (n=6 in India, n=23 in Pakistan, and n=220 in
Mozambique); pregnancies that had protocol deviations
did not result in withdrawals or adverse events.
No effect of the CLIP intervention was seen on the
primary composite maternal and perinatal outcome
(7871 [24·4%] pregnancies in intervention group had
one or more of the predefined maternal or perinatal
mortality or morbidity outcomes vs 6516 [21·9%]
pregnancies in the control group; adjusted OR 1·17,
95% CI 0·90–1·51) or its components, as was the case in
each included cluster randomised controlled trial
(table 1, figure).7–9 Most events were morbidities for the
mother (6062 [9·8%] of 61 998 pregnancies) and neonate
(6299 [10·2%]). Death was rare for mothers (143 [0·2%]),
but not so for fetuses and neonates, with similar rates of
stillbirth (2591 [4·2%]) and neonatal death (2677 [4·3%]).
The ICC was 0.059. Similar patterns were seen across
countries (appendix pp 4–5). The intervention had no
effect on secondary outcomes (table 1). Approximately
half of women in both groups showed birth preparedness
and complication readiness. Most women delivered in
a facility, with approximately half of women overall
delivering in a comprehensive emergency obstetric care
facility. We found no evidence of between-trial hetero
geneity in outcomes. The gestational age at delivery was
39 weeks (IQR 37–41) for both intervention and control
clusters.
No serious adverse events related to the intervention
or study occurred (appendix p 5) and few adverse events
occurred. In one (2·0%) of 51 women in the intervention
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Event rate
Intervention clusters
(n=32 290 women)
Primary composite maternal and
perinatal outcome†
Maternal outcome

Adjusted odds
ratio*

p value

τ²

R²

Control clusters
(n=29 698 women)

7871 (24·4%)

6516 (21·9%)

1·17 (0·90–1·51)

0·24

0·007

1·08

3369 (10·4%)

2781 (9·4%)

1·20 (0·84–1·74)

0·32

0·003

1·01

66 (0·2%)

1·05 (0·67–1·64)

0·84

0·002

1·24

Maternal mortality

77 (0·2%)

Maternal morbidity

3319 (10·3%)

2743 (9·2%)

1·20 (0·83–1·74)

0·32

0·003

1·00

5618 (17·4%)

4760 (16·0%)

1·10 (0·89–1·37)

0·38

0·003

1·06

Stillbirth

1322 (4·1%)

1269 (4·3%)

1·03 (0·89–1·19)

0·69

0·003

1·00

Neonatal mortality

1408 (4·4%)

1269 (4·3%)

1·10 (0·96–1·27)

0·17

0·005

1·44

Neonatal morbidity

3463 (10·7%)

2836 (9·5%)

1·09 (0·73–1·62)

0·69

0·025

1·12

15 875 (53·4%)

13 530 (45·5%)

0·91 (0·41–2·02)

0·82

0·001

1·01

Perinatal mortality, late neonatal
death, or neonatal morbidity

Secondary outcomes
Birth preparedness and
complication readiness‡
Proportion of facility births

25 397 (85·5%)

23 282 (78·7%)

1·06 (0·82–1·36)

0·66

0·01

1·13

Birth at a comprehensive
emergency obstetric care
facility

14 657 (49·3%)

14 398 (48·5%)

0·84 (0·59–1·19)

0·32

0·001

1·01

Data are n (%) or adjusted odds ratio with 95% CI in parentheses, unless otherwise stated. τ² is estimated as the variance term of the random effect for treatment in the mixed
effect model and R² is the ratio of the SEs of the treatment effect from a model with fixed slope and one with a random slope. CLIP=Community-Level Interventions for
Pre-eclampsia. *Adjusted for maternal age, parity, and maternal basic education. †Defined as one or more of maternal morbidity or mortality, stillbirth, neonatal mortality,
or neonatal morbidity; the primary outcome in the CLIP trials. ‡Birth preparedness was defined as a “Yes” answer to all of the following: arranged for transport, obtained prior
permission to seek emergency care, and saved money for obstetric care.

Table 1: Primary and secondary outcomes

group in India, in-community receipt of methyldopa was
associated with a decrease in blood pressure from a
median of 167/108 mm Hg (IQR 162/100 to 178/113) to
160/100 mm Hg (146/90 to 170/110) after a median of
97 min (75–150). Injection-site haematoma or infection
was reported only after receipt of magnesium sulfate infacility (four [2·4%] of 168 in intervention group vs
1386 [3·5%] of 26 698 in the control group, in India only)
and none was reported after in-community administra
tion. No injuries related to transport to facility occurred.
Recruitment bias was regarded as low in all included
trials. Although participants and their care providers were
aware of their assignment to intervention or control
clusters in this complex health system intervention study,
enrolment in the trials was based on household residence.
Clusters were defined by the unit of the primary healthcare system associated with a woman’s household;
therefore, she could not simply choose to participate
in another study area. Enrolment was slightly higher
(by 8·7%), and loss to follow-up lower (by 0·7%) in
intervention clusters than in control clusters (p<0·0001),
which could cause concern about the risk of bias
associated with baseline imbalances in the clusters. In
India, one cluster was replaced by another with similar
characteristics early in the pilot phase, and clearly before
data analysis, in response to issues with primary health
centre leadership and data integrity; otherwise, there
were no concerns related to loss of clusters, incorrect
analysis, or variability between clusters (because each
www.thelancet.com Vol 396 August 22, 2020

Stillbirth and neonatal outcomes
Maternal outcomes
Composite outcomes
Country
Pakistan
Mozambique
India
Overall
0·75

1·00

1·25

1·50

1·75

2·00

Favours intervention Favours control
Adjusted odds ratio

Figure: Forest plot of primary composite outcome and its components in
each CLIP trial and overall
Data points are adjusted odds ratios with 95% CIs indicated with whiskers.
CLIP=Community-Level Interventions for Pre-eclampsia.

trial accounted for clustering and reported ICC for each
outcome).
In sensitivity analyses, the CLIP intervention had no
effect when data for women defined as lost to or still
on follow-up were imputed, unadjusted for baseline
maternal characteristics, restricted to women whose
pregnancies continued to at least 20 weeks, or in our
on-treatment analysis restricted to women who received
at least one community health worker-led POM-guided
visit (adjusted OR 1·12, 95% CI 0·86–1·47, p=0·40;
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0 visits

1–3 visits

4–7 visits

Adjusted
odds ratio†

Event rate
(n=4309)

Primary outcome‡ 2928 (27·2%)

1 (ref)

1251 (29·0%)

1·07 (0·98–1·18)

0·16

2340 (26·1%)

Maternal outcome 1246 (11·6%)

1 (ref)

539 (12·5%)

0·96 (0.84–1·08)

0·49

1040 (11·6%)

Event rate
(n=10 754)

Adjusted odds
ratio†

p value

Event rate
(n=8974)

≥8 visits
Adjusted odds
ratio†

p value

Event rate
(n=6684)

Adjusted odds
ratio†

p value

0·95 (0·88–1·03)

0·21

1242 (18·6%)

0·88 (0·80–0·97)

0·0079

0·92 (0·82–1·02)

0·11

436 (6·5%)

0·86 (0·74–0·99)

0·032

Maternal
mortality

24 (0·2%)

1 (ref)

11 (0·3%)

0·96 (0·42–2·18)

0·92

14 (0·2%)

0·57 (0·28–1·19)

0·14

5 (0·1%)

0·32 (0·11–0·92)

0·035

Maternal
morbidity

1229 (11·5%)

1 (ref)

535 (12·4%)

0·97 (0·86–1·10)

0·63

1032 (11·5%)

0·93 (0·83–1·03)

0·16

435 (6·5%)

0·87 (0·76–1·01)

0·060

2132 (19·9%) 1 (ref)

922 (21·5%)

1·16 (1·05–1·28)

0·0047

1634 (18·2%)

0·96 (0·88–1·05)

0·37

928 (13·9%)

0·86 (0·77–0·95)

0·0037

Fetal or neonatal
adverse outcome
Stillbirth

505 (4·7%)

1 (ref)

279 (6·5%)

1·54 (1·30–1·81)

<0·0001

396 (4·4%)

0·88 (0·76–1.02)

0·098

142 (2·1%)

0·41 (0·33–0·51)

<0·0001

Neonatal
mortality

545 (5·3%)

1 (ref)

260 (6·5%)

1·34 (1·14–1·58)

0·0005

414 (4·8%)

0·93 (0·81–1·08)

0·35

188 (2·9%)

0·66 (0·54–0·81)

<0·0001

Neonatal
morbidity

1266 (11·8%)

1 (ref)

485 (11·3%)

0·87 (0·76–0·99)

0·034

986 (11·0%)

0·99 (0·89–1·10)

0·79

725 (10·9%)

1·24 (1·09–1·41)

0·0016

Data are number of events and proportion of total events by visit number category, and adjusted odds ratio with 95% CI in parentheses, unless otherwise stated. CLIP=Community-Level Interventions for
Pre-eclampsia. POM=Pre-eclampsia integrated estimate of risk-On-the-Move. *These analyses included the 30 721 women in intervention clusters who were followed-up, excluding the 1341 women who were
followed-up (ie, excluding 1341 women from the total population who were recruited and had a miscarriage before 20 weeks). †Adjusted for maternal characteristics (as in the primary analysis: maternal age,
parity, basic education, and gestational age at enrolment; enrolment timing in the trial; and distance from the household to facility. ‡Defined as one or more of maternal morbidity or mortality, stillbirth,
neonatal mortality, or neonatal morbidity; the primary outcome in the CLIP Trials.

Table 2: Sensitivity analysis of the association between number of community health-care worker POM-guided CLIP visits and the primary outcome among 30 721 pregnancies in CLIP*

appendix p 6). However, there was an association
between number of visits and outcomes (table 2). Fewer
women with eight or more CLIP visits had a CLIP
primary outcome or its components than those with
no visits, an effect that was seen in each of the three
countries (table 2; appendix p 8). The exception was
neonatal morbidity, which was increased among those
with eight or more visits (vs no visits) and not associated
with a difference in gestational age at delivery (median
39 weeks in both intervention and control clusters;
appendix p 9). Women with four to seven visits had an
incidence of outcomes that were intermediate between
those with eight or more visits and those with one to
three visits. However, women with one to three visits
had more adverse perinatal outcomes than did women
without a POM-guided visit; we have previously reported
that these women were enrolled 2–4 weeks earlier than
those without a POM-guided visit, but we did not identify
other baseline differences.7–9

Discussion
The three CLIP cluster randomised controlled trials in
India, Pakistan, and Mozambique involved just over
60 000 pregnancies in 44 clusters. 23 681 community
engagement sessions were run, in groups in all countries
and one-on-one with women and their immediate
community in Pakistan. Community health workers
proficiently carried out POM-guided visits for pregnant
women in their communities, successfully measuring
blood pressure and proteinuria, and providing POM appguided triage and initial treatment of severe hypertension
(with methyldopa) and suspected severe pre-eclampsia
(with magnesium sulfate). Nevertheless, our communitylevel intervention for pregnancy hypertension had no
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effect on a composite of all-cause maternal and perinatal
mortality or morbidity compared with care as usual, as
observed in the individual country-level trials.7–9
Our findings are unlikely to be related to low statistical
power, despite our higher than anticipated ICC (ie, 0·059
vs 0·006 anticipated). The event rate (14 387 [23·2%] of
61 988 pregnancies) was higher than anticipated (10·2%),
as it was for the combined maternal outcome of maternal
mortality and morbidity (ie, 6150 [9·9%] of pregnancies vs
1·7% anticipated). Also, the 95% CI of the adjusted OR of
the combined outcome and its maternal, fetal, and
neonatal components did not include the 20% reduction
considered a priori to be important.
The CLIP intervention did not reach all women who
could have benefited from it. First, only about two-thirds
of women enrolled in intervention clusters received at
least one CLIP visit, and just over half of these women
had visits at the target frequency of once every 4 weeks.
This limitation in human resource capacity in study
areas came from our decision to use the existing
community health worker workforce for scalability.
However, expansion of this workforce might be
worthwhile given that a higher number of POM-guided
CLIP visits reduced the odds of the composite primary
outcome and its components, other than survivable
neonatal morbidity, which increased. This benefit was
seen with eight or more visits, consistent with the WHO
recommendations for eight antenatal care contacts.16
Second, the POM-guided care algorithm focused on
referrals for systolic hypertension, detected in 1255 visits
(0·9% of 138 347 visits; 6·0% of 20 819 pregnancies).
This approach was taken to direct resources to women at
highest risk of stroke and not overwhelm referral
facilities, and to enable measurement of blood pressure
www.thelancet.com Vol 396 August 22, 2020
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by palpation (using an inflatable cuff) given inadequate
access to accurate and affordable equipment in our study
settings. However, in this young maternal population,
isolated diastolic hypertension predominated (1314 [62%]
of 2111 women with hypertension),1 and the blood pres
sure device used in CLIP has proven to be both usable
and affordable.17 Whether referral of more women with
hypertension to the relevant facilities would have been
possible without overwhelming their scarce resources, or
whether com
munity-level treatment of hypertension
could have improved outcomes is unknown.
Despite the importance of hypertension as a cause
of maternal and perinatal mortality and morbidity,
treatment of severe hypertension and use of magnesium
sulfate for eclampsia prevention were aspects of the
CLIP intervention for which only a small proportion of
women were eligible. Despite the evidence base for
effectiveness and safety of these treatments18,19 and shown
safety in our study settings, the rarity that women were
eligible to receive them makes the likelihood that these
treatments would have had an effect on outcomes overall
is low. Notably, considerable training and permissions for
task-sharing are required for community health workers to
administer intramuscular magnesium sulfate. Although
oral methyldopa for severe hypertension was indicated
for a similarly small proportion of women, adminis
tration was straightforward, which raises the potential
for community-level treatment of low-risk hypertension
(ascertained by miniPIERS risk prediction11) and managed
by a simple antihypertensive algorithm.20 By contrast,
blood pressure measurement, using the Microlife
BP 3AS1-2 device validated for use in pregnancy, showed
that at least 10% of women in our study settings had
pregnancy hypertension that was usually gestational
hypertension without proteinuria, a condition amenable to
enhanced surveillance and timed delivery.1
This individual participant-level meta-analysis is a novel
meta-analysis of trials testing a combination of com
munity engagement and mHealth-supported task-sharing
with community health workers focused on pregnancy
hypertension. In a 2015 Cochrane review of communitybased interventions in pregnancy,21 eight of 26 cluster
randomised controlled trials included studied a package
of community mobilisation and home visits. Six of these
cluster randomised controlled trials were in India or
Pakistan. Three cluster randomised controlled trials
focused on home counselling and education22,23 or home
visits by traditional birth attendants who inquired
about warning symptoms of pregnancy complications.24
However, five cluster randomised controlled trials focused
on newborn interventions25–29 and five focused on
strengthened labour and delivery care, with or without
provision of clean delivery kits.24,25,27–30 Community-based
intervention packages were associated with a nonsignificant decrease in maternal mortality and significant
decreases in maternal morbidity, stillbirth, and neonatal
mortality; neonatal morbidity was not reported.21 The
www.thelancet.com Vol 396 August 22, 2020

decrease in maternal morbidity was driven by results of
one trial in Pakistan where the traditional birth attendants
received clean delivery kits and strengthened the provision
of facility care in the intervention group.24 By contrast, the
CLIP trials used community-level hypertension-focused
antenatal care, with minimal facility-enhanced quality of
care in both intervention and control groups. With regards
to the reduction in stillbirth, two of three trials provided
broad additional antenatal care training to community
health workers who also worked with traditional birth
attendants to enhance the quality of labour and delivery
care.27,28 CLIP focused only on pregnancy hypertensionrelated antenatal care with minimal facility enhancement
in all clusters. Finally, five of six trials that reported
neonatal mortality had newborn care as part of the
intervention.25,27–30 CLIP focused entirely on communitylevel interventions for the mother and fetus, but not for
the neonate.
Strengths of our analysis include the planned metaanalysis and harmonisation of study processes and
outcome definitions; the large size of the trial popula
tions and comprehensive recruitment of almost all
eligible unselected pregnant women to mirror routine
antenatal care; successful implementation of community
health worker-led POM-guided antenatal care visits
oriented around hypertension in women’s community
with regards to reach and fidelity; that the intervention
and outcome assessment were done by different teams;
and the consistency of findings across three countries.
Limitations include potential ascertainment bias, which
cluster randomised controlled trials are susceptible to;
nevertheless, any difference in recruitment and loss to
follow-up in intervention clusters was very small.
Another limitation is our reliance on the existing
community health-care workforce, which affected the
extent to which the intervention could be delivered.
Although designed to reflect the scalability and
sustainability of the intervention, our study has
emphasised that the health systems at our study sites are
currently inadequate to implement a complex, conditionspecific, community-level intervention. A focus on the
community without facility enhancement was an
additional limitation, but we have gathered unique
information about the merits of community-level inter
vention in isolation. We were unable to assess the effect
of the CLIP visit content on outcomes. Strengths of
the CLIP visit content were that blood pressure and
proteinuria were measured at almost all relevant visits
and that community health workers were proficient with
the POM app; however, the number of women who were
eligible to receive oral methyldopa or intramuscular
magnesium sulfate was too small to make an analysis of
acceptance of in-community treatment feasible. A full
process evaluation is planned to explore more compre
hensively the context (including cost), implementation,
and mechanisms of effect of our intervention in each of
the three CLIP countries.31
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https://www.un.org/
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Management and detection of pregnancy hypertension
provide a gateway to excellence in maternity care. Ideally
a health system should be able to identify and respond to
pregnancy hypertension, induce labour, and provide
both safe caesarean deliveries and care in the postpartum period. Achievement of these markers of good
quality maternity care would contribute substantially to
achievement of Sustainable Development Goal 3.1.
In summary, our findings suggest that communitylevel intervention addressing triage, initial treatment,
and transport of women with pregnancy hypertension
can be successfully implemented by community health
workers, but their numbers must be adequate to provide
at least eight antenatal care contacts to reduce adverse
outcomes. Even then, the reduction is not large, sug
gesting that a focus only on community-level inter
vention without facility enhancement is unlikely to yield
the improvements in maternal and perinatal outcome
as hoped or as needed by the global health community.
Further study should include community-level care
restricted to adequate measurement of blood pressure
and simple condition-specific interventions as part of a
comprehensive health-strengthening programme.
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Abstract:
Background: Patients with retroviral disease are prone to opportunistic infections (OIs) of the central nervous
system which cause significant mortality and morbidity. Cryptococcosis, tuberculosis, and toxoplasma are the
most commonneuroinfections occurring at all stages of the disease.
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with acquired immunodeficiency syndrome (AIDS).
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fever (65.7%), altered sensorium (37.1%), and seizures (25.1%). Cryptococcal meningitis was the most
commoninfection (67) followed by tuberculosis (32), mixed meningitis (24), and toxoplasmosis (10),
and 16 patients had progressive multifocal leucoencephalopathy. Pathogenic organism could not be
identified in 18 patients. Fifteen patients died during hospital admission. Mortality was the highest in mixed
meningitis (16.7%) followed by cryptococcal meningitis (10.4%). Opportunistic neuroinfection occurred as
AIDS‑defining illness in 59.3%. Prior use of highly active anti‑retroviral therapy did not affect the outcome.
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with AIDS, with cryptococcal meningitis being the most commonopportunistic neuroinfection occurring as
AIDS‑defining illness in one‑third of the patients with neuro‑AIDS.
Key Words:
Cryptococal meningitis, highly active anti-retroviral therapy, opportunistic neuroinfection, progressive multifocal
leucoencephalopath
Key Message:

Department of
Neurology, Jawaharlal
Nehru Medical College,
KLE Academy of
Higher Education and
Research, Nehrunagar,
Belagavi, Karnataka,
India
Address for
correspondence:
Dr. Nikhil G Panpalia,
Department of Neurology,
Jawaharlal Nehru Medical
College, KLE Academy
of Higher Education and
Research, Nehrunagar,
Belagavi - 590 010,
Karnataka, India.
E‑mail: nikhilpanpalia2000
@gmail.com

Cryptococcal meningitis is the most common opportunistic neuroinfection in patients with neuro-AIDS. Mortality
was higher in patients with mixed meningitis and cryptococcal meningitis.

T

he emergence of acquired immunodeficiency
syndrome (AIDS) pandemic constitutes
a great public health challenge. According
to the recent available data, approximately2
million people are infected with human
immunodeficiency virus (HIV) in India. [1]
AIDS‑related opportunistic infections (OIs) cause
significant morbidity and mortality. A host of
new OIs have been added to the existing list
earlier dominated by tuberculosis. [2] Many
studies on HIV have described the spectrum of OI
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of the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0
License, which allows others to remix, tweak, and build upon the work
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worldwide, including in India.[3,4] Tuberculosis
is the most commonly reported OI among
HIV‑infected individuals in India.[5,6] Other OIs
include oral candidiasis, cerebral toxoplasmosis,
cytomegalovirus retinitis, herpes zoster, and
cryptococcal meningitis.[2,6‑10]
Neurological manifestations are seen throughout
the course of HIV infection from early till terminal
stages. Symptomatic neurologic dysfunction
develops in more than50% of the individuals
infected with HIV. Neuropathological lesions are
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Naik KR. Retrospective Hospital-based Study of
Opportunistic Neuroinfections in HIV/AIDS. Neurol
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documented at autopsy in approximately 90% ofthe cases due
to neurotropism of HIV and poor penetration of antiviral drugs
through the blood–brain barrier.[11Neurological manifestations,
natural course, and outcome of HIV disease could be different
in India from other countries because of prevailing endemic
infections, poverty, lack of awareness, and inability to take
highly active anti‑retroviral therapy (HAART). This study
was carried out to assess the spectrum of opportunistic
neuroinfections in HIV‑infected patients and to assess the
relation of neuroinfections to HAART status and factors
predicting the outcome in patients with OI.

Materials and Methods
This retrospectivestudy was conducted at a teaching hospital
over a period of 14 years from 2001 to 2014. Patients with
HIV infection confirmed by enzyme‑linked immunosorbent
assay (ELISA) were included in the study. The diagnosis of
AIDS and AIDS‑related OIs was made using World Health
Organization (WHO) guidelines.[12] Detailed demographic,
clinical, laboratory, and radiological data were obtained from
case records. Information on the laboratory investigations
including hemogram, renal, and liver parameters were
obtained. Findings of the chest radiogram and cerebral imaging
using computerized tomography or magnetic resonance
imaging were documented. Cerebrospinal fluid (CSF) analysis
was performed based on clinical and radiological findings.
CSF evaluation included India ink preparation, fungal culture,
estimation of adenosine deaminase (ADA), Venereal Disease
Research Laboratory (VDRL), toxoplasma serology, Gram’s
stain, and bacteriological culture. Anemia was defined when
the hemoglobinlevel was less than 12 g/dL in women and
less than 13 g/dL in men. Hyponatremia was considered with
sodium levels less than 130mEq/L.
Patients with opportunistic neuroinfections were grouped
into those having cryptococcal, tubercular, toxoplasma, and
progressive multifocal leucoencephalopathy (PML). They were
grouped under meningoencephalitis of undetermined etiology
when the search for pathogen was negative. When a patient had
more than one pathogen, they were grouped as having mixed
meningitis. Their clinical presentations were divided into acute,
subacute, and chronic. Status and duration of HAART were
collected and patients were grouped into those on HAART
and HAART‑naïve. Outcome of the patients was grouped as
improved, partially improved, or dead. Neurological status at
discharge was stratified using modified Rankin score (mRS)
as good functional status (mRS <2), moderate impairment
(mRS2–4), and severe impairment as mRS 5.
Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS) software for Windows version 20.
Descriptive data were tabulated, and mean, standard deviation,
and median of the data were calculated. Chi‑square and Fisher’s
exact tests were used for categorical variables. Student’s t‑test
and analysis of variancewere used for continuous variables. For
all the tests, P value of 0.05 or less was considered significant.

Results
During the study period, 277 patients with HIV and AIDS
with neurological manifestations were treated. Among them,
876

167 patients (60.28%) had meningoencephalitis, of whom
131 were men (78.44%) and 36 were women (21.56%) with
a male‑to‑female ratio of 3.63:1. Their age ranged from 16 to
67 years (39.25 ± 8.85 years). The age of men (39.47 ± 8.24 years)
and women (38.44 ± 10.87 years) was similar. The etiological
factors detected were isolated cryptococcal meningitis in
67 patients, tuberculosis in 32, toxoplasmosis in 10, and
PML in 16. In 18 patients, causative pathogen could not be
identified. About 24 patients had concurrent infection with
two pathogens [Table 1].
A total of 68 patients had been diagnosed to have
HIV infection earlier while HIV status was detected
during the admission for OI as AIDS‑defining illness in
99 patients (59.3%). Among these 99 patients detected to
have HIV infection, 40 had cryptococcal meningitis (11
with coexistent tubercular meningitis), 20 had isolated
tubercular meningitis, 16 had PML, 8 had toxoplasmosis,
and 15 had meningoencephalitis of undetermined etiology.
Among the 68 patients with known HIV infection, 38 were
on HAART and a total of 129 patients were HAART‑naïve.
Clinical presentation was acute in 97 (58.1%) patients,
subacute in 53 (31.7%), and chronic in 17 patients [Table 1].
Clinical features of the patients with different etiologies of
meningoencephalitis are shown in Table 1. Headache was the
most common symptom (85.8%), followed by fever (65.7%),
altered sensorium (37.1%), and seizures (25.1%). Sixteen
patients had hemiparesis and 44 had cranial nerve deficits
[Table 1].
Localized abnormalities in cerebral imaging were seen in
49 patients (29.3%) consisting of granulomas in 21 patients
(12.5%), PML in 16 (9.58%), infarctions in 9 (5.3%) patients, and
features of acute disseminated encephalomyelitis (ADEM) in
3 patients. In all, 28 (16%) patients had hyponatremia and 108
had anemia (64.67%). Renal dysfunction during hospital stay
occurred in 19 patients (11.37%) and 11 (6.58%) had hepatic
dysfunction.
Fifteen patients died during admission (8.98%). Mortality was
the highest in patients with mixed meningitis (16.7%) followed
by meningoencephalitis of undetermined cause (11.1%),
cryptococcal meningitis (10.4%), and neurotuberculosis (6.2%).
Hospital stay was shorter in patients who died (9.53 ± 9.14 days;
median 5 days) in comparison to those who recovered
(14.34 ± 12.03 days; median 10 days) and those who partially
improved (17.76 ± 20.03 days; median 9 days).
Cryptococcal meningitis was the most common cause of
meningoencephalitis in 88 patients (52.7%). Among these
patients, 67 had isolated cryptococcal meningitis in whom the
presentation was subacute to chronic in 76% [Table 1]. About
38 of the 67 patients with cryptococcal meningitis had been
diagnosed to have HIV seropositivity earlier, among whom
only 11 (28.9%) were on HAART [Table 2]. Two patients had
cerebral infarctions and the remaining 65 patients had normal
cranial imaging. Ten patients developed transient azotemia
during treatment with amphotericin, three had seizures, and
one had hepatic dysfunction. In all, 52 (77.6%) improved with
treatment, 8 (11.9%) partially improved, and 7 died while on
treatment.
Neurology India | Volume 68 | Issue 4 | July-August 2020
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Table 1: Clinical presentation and clinical profile in patients with meningoencephalitis in relation to presentation
and etiology
Fever (n=110) Headache (145) Seizures (42) Altered sensorium (62) Hemiparesis (16) Cranial neuropathy (44)
Presentation
Acute (97)
Subacute (53)
Chronic (17)
Etiology
Cryptococcal (67)
Tubercular (32)
Mixed (24)
Toxoplasma (10)
PML (16)
Undetermined (18)

62 (63.9)
37 (69.8)
11 (64.7)

78 (80.4)
52 (98.1)
15 (88.2)

31 (31.9)
7 (13.2)
4 (23.5)

41 (42.2)
14 (26.4)
7 (41.1)

15 (15.5)
1 (1.9)
2 (11.8)

24 (24.7)
14 (26.4)
6 (35.3)

45 (67.2)
22 (68.8)
16 (66.7)
8 (80)
6 (37.5)
13 (72.2)

63 (94)
26 (81.3)
22 (91.7)
9 (90)
10 (62.5)
15 (83.3)

10 (14.9)
13 (40.6)
6 (25)
6 (60)
1 (6.2)
6 (33.3)

19 (28.4)
16 (50)
7 (29.2)
1 (10)
6 (37.5)
13 (72.2)

3 (4.4)
7 (21.9)
1 (4.2)
2 (20)
2 (12.5)
1 (5.6)

17 (25.4)
10 (31.3)
8 (33.3)
3 (30)
4 (25)
2 (11.1)

PML=Progressive multifocal leucoencephalopathy. Numbers in parenthesis in column 1 are the number of patients and in the remaining columns are the percentages

Table 2: Relationship of HIV and HAART status in relation to presentation, etiology, and outcome in patients
with meningoencephalitis
Presentation
Acute (97)
Sub‑acute (53)
Chronic (17)
Etiology
Cryptococcal (67)
Tubercular (32)
Mixed (24)
PML (16)
Undetermined (18)
Toxoplasma (10)
Outcome
Improved (121)
Partially improved (31)
Deceased (15)

Known HIV‑positive (68)

HIV newly detected (99)

P

On HAART (38)

HAART‑naïve (129)

P

27 (39.7)
31 (45.6)
10 (14.7)

70 (70.7)
22 (22.2)
7 (7.1)

<0.001

28 (73.7)
7 (18.4)
3 (7.8)

69 (53.5)
14 (10.9)
46 (35.7)

0.083

38 (55.9)
12 (17.6)
13 (19.1)
0
3 (4.4)
2 (2.9)

29 (29.3)
20 (20.2)
11 (11.1)
16 (19.1)
15 (15.2)
8 (8.1)

<0.001

11 (28.9)
15 (39.5)
6 (15.8)
0
4 (10.5)
2 (5.3)

56 (43.4)
17 (13.2)
18 (13.6)
16 (12.4)
14 (10.9)
8 (6.2)

0.004

51 (75)
9 (13.2)
8 (11.8)

70 (70.7)
22 (22.2)
7 (7.1)

0.241

29 (76.3)
6 (15.8)
3 (7.9)

92 (71.3)
25 (19.4)
12 (9.3)

0.831

HIV=Human immunodeficiency virus; HAART=Highly active anti‑retroviral therapy; PML=Progressive multifocal leucoencephalopathy. Numbers in parenthesis in
column 1 are the number of patients and in the remaining columns are the percentages

Among the 56 patients with neurotuberculosis, 32 patients had
only tubercular meningoencephalitis, of whom 28 had acute
presentation and 4 had sub‑acute presentation [Table 1]. Fifteen
of the 32 patients with tuberculosis were on HAART. About
13 patients had tuberculoma, 6 had arteritis, 1 patient had
ADEM, and 12 had normal cerebral imaging. Five patients each
had seizures and hepatic dysfunctions. A total of 23 (71.8%)
recovered with treatment, 7 (21.9%) partially improved, while
2 died during hospital stay.

cases acute presentation was seen in majority (P = 0.0004).
Cryptococcal meningitis was the most commonOI in patients
with known HIV infections (P < 0.0001; Table 2). Among the
patients on HAART, tuberculosis was more frequent, whereas
cryptococcal meningitis was more frequent in HAART‑naïve
patients (P = 0.004). All the patients with PML were newly
diagnosed to have HIV/AIDS. There was no significant
difference in the outcome in relationship to HAART therapy
and nature of HIV illness [Table 2].

Among 24 patients with mixed meningitis, 21 patients had
tubercular and cryptococcal meningitis and 3 patients had
tubercular meningitis with bacterial meningitis. Thirteen had
known retroviral infection, while 11 were newly detected. Six
patients were on HAART and 18 were drug‑naïve [Table 2].
Hyponatremia was present in eight patients. Twenty improved
with treatment and four died. All the 10 patients with cerebral
toxoplasmosis had acute presentation and HIV status was
identified after admission in 8. Seven patients improved
completely and three partially improved with treatment.

Discussion

Among patients with known HIV infection, subacute
presentation was common (45.6%), while in the newly diagnosed
Neurology India | Volume 68 | Issue 4 | July-August 2020

There is a gradual decline in overall incidence and prevalence of
HIV infection and occurrence of opportunistic neuroinfections
due to the availability of HAART and increasing awareness
of AIDS.[13] Developing countries continue to havepersons
with HIV infection and there is paucity of recent studies
on opportunistic neuroinfections. The prevalence of HIV
infection in India is estimated to be 0.26% amounting to
about 2.1 million HIV patients makingIndia the third largest
country for HIV infection.[14] Due to the decline in immunity
and fall in CD4 cells, patients in AIDS are prone to several
opportunistic systemic and nervous system infections.[15] The
877
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occurrence of neurological manifestation is reported to be
about 16%–70%.[16,17] In this study, opportunistic neuroinfection
occurred in 60%.
Central nervous system (CNS) could be involved primarily due
to direct viral invasion or due to opportunistic neuroinfections.[16]
Opportunistic neuroinfections can occur at any stage of disease
including cryptococcal meningitis, tuberculosis, syphilis,
toxoplasmosis, JC virus infections, amoebic meningoencephalitis,
and cytomegalovirus infections.[18] PML occurs during the late
stages of disease.[19] CNS lymphoma, cerebrovascular accident,
peripheral neuropathy, and AIDS dementia complex are
other neurological complications.[4] Tuberculosis is the most
common systemic OI occurring in AIDS in India.[20] The most
common neuroinfections noted in this study are cryptococcal
meningitis andneurotuberculosis similar to a study from Indian
subcontinent which reported cryptococcal meningitis in 46%
and neurotuberculosis in 30%.[15] The most common type of
mixed meningitis wasconcurrenttuberculous and cryptococcal
meningitis.[15] This study reports 59.3% of neurological OI
occurring as AIDS‑defining illness in patients with neuro‑AIDS,
with cryptococcal meningitis being the most common. There
is a variable prevalence of systemic and nervous system OI
from different countries with pneumocystis carini being the
most common in the West.[21] About a tenth of our patients
with meningoencephalitis had no organism detected in CSF.
This group would have probably been smaller if more sensitive
microbiological assays were available.
The majority of the studies report younger age and male
predominance in relation to neuroinfections as observed in
this study.[20] Opportunistic neuroinfections can present as
acute, subacute, or chronic forms of meningoencephalitis
or as cerebral granulomas. Tuberculosis and cryptococcal
meningitis present as subacute to chronic meningitis.[15] In this
study, we found that acute presentation was more common in
tuberculosis and subacute to chronic presentation in patients
with cryptococcal meningitis. Headache and fever were the
most common symptoms in all neuroinfections and tended to
occur more frequently in patients with cryptococcal meningitis
and toxoplasmosis. Seizures and hemiparesis were common in
tuberculosis compared with other groups similar to a previous
study.[15]
Cerebral imagingin HIV patients revealsfeaturesof cerebral
edema, exudates and granulomata, symmetrical or asymmetrical
white matter hyperintensities, infarction, cerebral atrophy,
and space occupying lesions.[22] Contrast‑enhanced cerebral
imaging is essential in the diagnosis of OIs. In this study, the
most common imaging abnormality revealed granulomas in
21, PML in 16, and cerebral infractions in 9 patients.
In our study, we observed tuberculosis to bemore frequentin
patients on HAART and cryptococcal meningitis more common
in HAART‑naïve patients. The majority of our patients were
HAART‑naïve (77.24%). This is attributed to lack of awareness,
low socioeconomic status, and social stigma of the disease in
our country.[4]
PML is an uncommon neuroinfection and is caused by JC
virus which affects oligodendroglial cells and is characterized
by cognitive deficits, language abnormality, gait ataxia,
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sensorimotor deficits, and rarely seizures. [16] Western
literatures have described the presence of PML in up to 5%
cases.[23] A recent report reported an incidence of PML of 1.2%
in HIV‑positive patients followed up in HAART clinic. PML
was the AIDS‑defining illness in 10 of their 18 patients.[24]
PML occurred as AIDS‑defining illness in 16 patients in our
study. Higher incidence of PML in our cohort is probably
due to patients with neurological consequence secondary to
HIV/AIDS being included in this study.
Studies from the West report higher mortality in patients
with tuberculosis.[25] In our study, mortality was higher in
cryptococcal meningitis group, similar to previousIndian
studies. [15,16] This is probably due to delay in diagnosis,
severity of infection, and drug intolerance. Patients with
tuberculosis meningitis had better outcome and no death
occurred due to toxoplasmosis or PML during hospital stay.
Due to retrospective nature of the study, complete data were
unavailable regarding the disease burden including CD4 count
and viral load. In addition, in some patients, causative organism
could not be identified. Prospective studies evaluating disease
severity and use of sensitive microbiological assays with
long‑term follow‑up would address these issues.

Conclusion
We report the clinical spectrum of opportunistic neuroinfections
in a large cohort of patients with HIV/AIDS. Cryptococcal
meningitis was the most common AIDS‑defining illness in
these patients. Tuberculosis was more frequent in patients on
HAART and these patients had better prognosis. In‑hospital
mortality was highest among patients with cryptococcal and
mixed meningitis.
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Objective To assess the maternal characteristics and causes

associated with refractory postpartum haemorrhage (PPH).
Design Secondary analysis of the WHO CHAMPION trial data.
Setting Twenty-three hospitals in ten countries.
Population Women from the CHAMPION trial who received

uterotonics as first-line treatment of PPH.
Methods We assessed the association between sociodemographic,

pregnancy and childbirth factors and refractory PPH, and
compared the causes of PPH between women with refractory PPH
and women responsive to first-line PPH treatment.
Main outcome measures Maternal characteristics; causes of PPH.
Results Women with labour induced or augmented with

uterotonics (adjusted odds ratio [aOR] 1.35; 95% CI 1.07–1.72),
with episiotomy or tears requiring suturing (aOR 1.82; 95% CI
1.34–2.48) and who had babies with birthweights ≥3500 g (aOR
1.33; 95% CI 1.04–1.69) showed significantly higher odds of
refractory PPH compared with the reference categories in the

multivariate analysis adjusted by centre and trial arm. While atony
was the sole PPH cause in 53.2% (116/218) of the women in the
responsive PPH group, it accounted for only 31.5% (45/143) of
the causes in the refractory PPH group. Conversely, tears were the
sole cause in 12.8% (28/218) and 28% (40/143) of the responsive
PPH and refractory PPH groups, respectively. Placental problems
were the sole cause in 11 and 5.6% in the responsive and
refractory PPH groups, respectively.
Conclusion Women with refractory PPH showed a different

pattern of maternal characteristics and PPH causes compared with
those with first-line treatment responsive PPH.
Keywords Postpartum haemorrhage, refractory, uterotonics.
Tweetable abstract Women with refractory postpartum
haemorrhage are different from those with first-line treatment
responsive PPH.
Linked article This article is commented on by G Vilchez et al.,
p. 635 in this issue. To view this mini commentary visit
https://doi.org/10.1111/1471-0528.16177.
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Refractory PPH

Introduction
Postpartum haemorrhage (PPH) occurs in approximately
6% of all live births and despite multiple efforts it remains
a leading cause of maternal morbidity and mortality in
low- and middle-income countries (LMIC).1 The World
Health Organization (WHO) recommends a set of interventions as first-line treatment for women who start to
bleed. These include administration of uterotonic drugs
and tranexamic acid, and uterine massage.2,3 For women
who continue to bleed despite the implementation of the
first-line treatment (a condition denoted as ‘refractory
PPH’), and before proceeding to invasive surgical procedures, the WHO recommends the administration of additional uterotonics, a second dose of tranexamic acid and
the use of an intrauterine balloon tamponade (UBT).2,3
However, there is limited information about the causes of
PPH in women with refractory bleeding, to allow targeted
use of interventions. Uterine atony, or failure of the uterus
to contract after delivery, is the most common cause of
PPH.2 However, in an analysis of routinely collected data,
Mousa et al. reported that in women with PPH who did
not respond to first-line treatment, the main cause of PPH
was trauma, accounting for 50% of the cases in either vaginal or caesarean births.4
If uterine atony was not the main cause of refractory
PPH, then the currently recommended treatment interventions would have limited impact to treat this complication,
as they mainly target PPH caused by uterine atony. The
results of a stepped-wedge cluster randomised trial of a
condom catheter UBT as an option for treatment of unresponsive postpartum bleeding in Egypt, Senegal and
Uganda showed that this intervention was ineffective to
reduce PPH-related morbidity and mortality, and raised
safety concerns.5 One of the possible reasons for this negative finding may be that the primary cause of poor outcomes in the study patients was not atony (which is what
the UBT was intended to treat) but other causes.
A better understanding of the association of maternal
characteristics with refractory PPH and of the causes of the
PPH in women who experience refractory PPH is relevant
to guide the approaches to management of PPH cases that
do not respond to first-line treatment. We, therefore, conducted a secondary analysis of the WHO CHAMPION trial
data. The WHO CHAMPION trial was a large study
(n = 29 645) comparing heat-stable (HS) carbetocin with
oxytocin for PPH prevention.6

Methods
Study aims, design and participants
This is a secondary analysis of the WHO CHAMPION trial
data (Trial registration number: ACTRN12614000870651).

The aims were to assess the maternal characteristics associated with refractory PPH, and to assess the causes of PPH
by comparing women with PPH unresponsive to first-line
treatment with uterotonics (refractory PPH), and women
with PPH who responded to first-line treatment. Additionally, we describe the treatment interventions received by
women with refractory PPH.
The WHO CHAMPION trial was a randomised, doubleblind, non-inferiority trial comparing the effectiveness of
an intramuscular injection of HS carbetocin with oxytocin
administered immediately after vaginal birth. The trial
methods and results are described in detail elsewhere.7
Briefly, the study randomly assigned almost 30 000 women
across 23 sites in 10 countries, to a prophylactic HS carbetocin arm or a prophylactic oxytocin arm. The primary
outcomes were the proportion of women with blood loss
of ≥500 ml or the use of additional uterotonic agents, and
the proportion of women with blood loss of ≥1000 ml.
Secondary outcomes included the proportion of women
having additional surgical interventions to control bleeding.
Results of this trial were published in June 2018.6

Analysis population
As the main interest was to analyse the women with PPH
according to their response to first-line treatment, the
population for the comparison of maternal characteristics
included the women enrolled in the trial who received
uterotonics as first-line treatment of PPH. However, for
the comparison of causes of PPH, we had to use the subpopulation of women who received uterotonics as firstline treatment of PPH and who had blood loss of
≥1000 ml (severe PPH), because in the CHAMPION trial
the causes of PPH were collected only for women with
severe PPH.

Definition of refractory PPH
For this analysis, refractory PPH was defined as PPH in
which women received interventions considered as second-line treatment: three or more uterotonics for treatment, or treatment procedures (at least one of suturing
cervical or high vaginal tear, bimanual uterine compression, UBT use, exploration of the uterine cavity, uterine
or hypogastric artery ligation, uterine compressive sutures
(e.g. B-Lynch), or hysterectomy). The cut-off point of
three uterotonics or more was adopted because, in the
CHAMPION trial, 60% of the women receiving two additional uterotonics for PPH treatment received them within
a 5-minute time frame, implying that two uterotonics
were often used as first-line treatment. Based on this
assumption, we preferred to be conservative, and selected
a more demanding threshold of three uterotonics or more
(n = 344, 11.2% of women receiving additional uterotonics in the CHAMPION trial).
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Maternal and childbirth characteristics, and causes
of PPH in women with severe PPH
The variables collected in the CHAMPION trial that were
selected for the analysis were: maternal age, parity, previous
caesarean section, previous PPH, gestational age, uterotonics for labour induction, uterotonics for labour augmentation, instrumental vaginal birth, perineal trauma leading to
suture, newborn status at birth and birthweight.
The causes of PPH collected in the trial and used in the
analysis were: uterine atony, vaginal/perineal/cervical tear,
retained placenta and coagulopathy as clinically defined by
the investigators at each of the hospitals. More than one
cause could be assigned to each woman with severe PPH.

Statistical analysis
For the analysis of maternal characteristics, counts and percentages of women with refractory PPH in each category of
the maternal variables were reported. We conducted logistic
regressions with refractory PPH as dependent variable and
each exposure variable as independent variable, adding in
the model study centre and trial arm, as these were design
variables. From these models, odds ratios were obtained for
each exposure variable, adjusted only for centre and trial
arm, with 95% CIs.
Multivariate logistic regression was used to obtain odds
ratios (with 95% CIs) adjusted for centre and arm and for all
the other characteristics to separate the effects of each characteristic from other confounding characteristics. The use of
logistic regression is appropriate given our aim of studying
the association between maternal characteristics and refractory PPH, as it gives the output of odds ratios with confidence intervals, conveniently measuring this association. We
performed the selection of independent variables to be
included in the model based on scientific knowledge and
clinical experience, without performing any stepwise procedure. For the continuous variables (age of the woman and
gestational age at birth), we made three categories based on
biological knowledge, so that a non-linear gradient could be
assessed. We used Wald confidence intervals for the odds
ratios, and the P-values were obtained from the likelihood
ratio chi-square statistic. We assessed the goodness of fit
using residual plots and used the log-likelihood as a measure
of goodness of fit, but we did not compare different models
(see Supplementary material, Table S1). In the tables, we
report the relevance and significance of each variable in the
model. We did not assess the interaction between independent variables in the model.8
For the analysis of causes of severe PPH, counts and percentages were calculated for the refractory PPH and the
responsive PPH groups. We did not make any statistical
inferences for this comparison because of the small numbers and consequent lack of power. All the analyses were
performed with SAS software version 9.4.
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The original research that generated the data for this secondary analysis and the conduct of the secondary analysis
were supported by MSD, through the MSD for Mothers
Program, an initiative of Merck, and HRP.

Results
Of the 29 539 women randomised in the CHAMPION trial
who had a vaginal birth and satisfied consent requirements,
3061 (10.4%) received additional uterotonics.6 Of these,
497 (16.2%) were unresponsive to PPH first-line treatment
and constituted the ‘refractory PPH’ group. The 2564
(83.8%) women who responded to first-line treatment constituted the ‘responsive PPH’ group. Of the 497 women
with refractory PPH, 143 (28.8%) had blood loss of
≥1000 ml (Figure 1). There were three maternal deaths
among women who received additional uterotonics; all
three in the group of women with refractory PPH. The
three maternal deaths were PPH related: one associated
with placental abruption, another with placental retention
and the third with uterine atony.
Table 1 shows the association of refractory PPH with
maternal and delivery characteristics. Nulliparous women,
women whose labour was induced or augmented with
uterotonics, who delivered beyond 41 weeks of gestational
age, had babies with birthweights ≥3500 g, or had an episiotomy or tear requiring suturing, showed significantly
higher odds of refractory PPH compared with the reference
categories in the analysis adjusted only by centre and trial
arm. After adjustment for the other maternal characteristics, induced or augmented labour with uterotonics, episiotomy or tears requiring suturing, and having babies
weighing ≥3500 g remained statistically associated with
refractory PPH.
For the subgroup of women receiving additional uterotonics and having blood loss of ≥1000 ml (n = 361), Figure 2
shows the percentages of women with different causes of severe PPH as the sole cause, by the refractory PPH group
(n = 143) and the responsive PPH group (n = 218).
Although atony was the sole PPH cause in 53.2% (n = 116)
of the women in the responsive PPH group, it only
accounted for 31.2% (n = 45) of the sole causes in the group
of women with refractory PPH. Conversely, although tears
were the sole cause in 12.8% (n = 28) of the women in the
responsive PPH group, it was the sole cause in 28% (n = 40)
of those in the refractory PPH group. Placental problems
were the sole cause in 11% (n = 24) and 5.6% (n = 8) of the
women in the responsive and refractory PPH groups, respectively. Combinations of the above causes were observed in
22.5% (n = 49) of women in the responsive PPH group and
in 35.0% (n = 50) of those in the refractory PPH group.
Most of the combinations in either group included atony as
one of the causes (data not shown). A sensitivity analysis
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Women randomized in
CHAMPION trial
n = 29 645

Consent issues: n = 11
Emergency CS: n = 95

Vaginal births
n = 29 539
Women not receiving
addional uterotonics
n = 26 478

Women receiving
addional uterotonics
n = 3061

Refractory PPH group
n = 497

Responsive PPH group
n = 2564

Women with
blood loss less
than 1000 ml
n = 2346

Women with
blood loss less
than 1000 ml
n = 354

Women with blood loss
1000 ml or more
n = 218

Women with blood loss
1000 ml or more
n = 143

Figure 1. Study diagram. Refractory Group: three or more additional uterotonics (n = 344); exploration of the uterine cavity (n = 27); bimanual
uterine compression (n = 58); UBT (n = 31); suturing cervical or high vaginal tears (n = 149); uterine compression sutures (n = 0); artery ligation
(n = 1); hysterectomy (n = 7).

broadening the definition of refractory PPH to also include
the use of two additional uterotonics administered separately
by more than 5 minutes showed similar results (data not
shown).
Of the 143 women in the refractory PPH group with
severe PPH, 68.5% received second-line treatment procedures. Suturing of cervical or high vaginal tears was the
most frequently used intervention (n = 59, 41.3%), followed by bimanual uterine compression (n = 32, 22.4%),
UBT (n = 22, 15.4%) and hysterectomies (n = 5, 3.5%).
There was only one artery ligation, and no use of compressive uterine sutures (e.g. B-Lynch).

Discussion

respond to such treatment and received additional interventions. These women with refractory PPH were more
likely to have been induced or augmented with uterotonics,
have had episiotomies or tears requiring suturing, and have
babies weighing ≥3500 g. The causes of severe PPH in
women with refractory PPH showed a different pattern to
those in women with responsive PPH. While for women
with responsive PPH atony was the sole cause in 53% of
the cases and traumatic causes were not more than 13%, in
refractory PPH both atony and trauma showed similar
rates between 28 and 31%. In the same direction, the second-line treatment received by women with refractory PPH
showed similar frequencies for interventions to treat cervical or vaginal tears (41.3%) and to treat uterine atony
(compressive maneouvres or UBT 36.4%).

Main findings
In this secondary analysis of a large PPH prevention trial
in vaginal births, we have shown that 16.2% of the women
receiving uterotonics as first-line PPH treatment did not

Strengths and limitations
This analysis has several strengths. The WHO CHAMPION
trial is the largest PPH prevention trial conducted so far,
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Table 1. Refractory PPH according to maternal and delivery characteristics
All PPH
n = 3061

Refractory
PPH
n (%)

Age (years)
<20
170
29 (17.1)
20–34
2471
405 (16.4)
>34
420
63 (15.0)
Parity
Parous
1678
245 (14.6)
Nulliparous
1383
252 (18.2)
Gestational age (completed weeks)
<37
211
31 (14.7)
37–41
2795
445 (15.9)
>41
55
21 (38.2)
Uterotonic for labour induction or augmentation
No
958
146 (15.2)
Yes
2103
351 (16.7)
Pre-eclampsia during labour or childbirth
No
2950
473 (16.0)
Yes
111
24 (21.6)
Instrument-assisted vaginal birth
No
2710
444 (16.4)
Yes
351
53 (15.1)
Perineum
Intact or tear without suturing
919
94 (10.2)
Episiotomy or tear with suturing
2142
403 (18.8)
Birthweight (grams)
<2500
150
24 (16.0)
2500–3499
1920
301 (15.7)
≥3500
991
172 (17.4)
Vital status at birth
Alive
3031
489 (16.1)
Stillbirth
30
8 (26.7)
Caesarean section in previous deliveries
Nulliparous
1383
252 (18.2)
No
1551
233 (15.0)
Yes
127
12 (9.4)
PPH in previous deliveries
Nulliparous
1383
252 (18.2)
No
1583
221 (14.0)
Yes
95
24 (25.3)

OR*
(95% CI)

Lower
CL

Upper
CL

P-value

OR**
(95% CI)

Lower
CL

Upper
CL

P-value

1.44
Ref
0.98

0.89

2.31

0.1475

0.82

2.19

0.2463

0.71

1.32

0.8367

1.34
Ref
1.05

0.76

1.45

0.7810

1.06

1.62

0.0123

Ref
1.06

0.83

1.36

0.6433

0.53

1.26

1.75

0.7070

3.54

1.09
Ref
1.71

0.68

1.04

0.3547
–
0.0416

0.92

3.20

0.0971

Ref
1.42

1.12

1.79

–
0.0029

Ref
1.35

1.07

1.72

0.0127

Ref
0.96

0.58

1.59

–
0.8719

Ref
1.00

0.60

1.67

0.9972

Ref
1.11

0.75

1.64

–
0.6115

Ref
0.90

0.60

1.35

0.6172

Ref
1.89

1.44

2.48

–
<.0001

Ref
1.82

1.34

2.48

<.0001

0.41

1.09

1.21

0.2077

1.73

0.72
Ref
1.33

0.43

1.08

0.0977
–
0.0101

1.04

1.69

0.0225

Ref
0.84

0.36

2.00

–
0.6944

Ref
0.87

0.35

2.18

0.7724

Ref
0.66

0.34

1.27

–
0.2005

Ref
0.65

0.34

1.24

0.1740

Ref
1.33

0.77

2.32

–
0.3156

Ref
1.52

0.88

2.64

0.1415

Ref
1.31
0.82
Ref
1.91

0.67
Ref
1.36

*Adjusted by study centre and trial arm.
**Adjusted by center, trial arm and all the variables shown in the table.

has a wide representation as women are enrolled from different regions, and collected high-quality data. The fact that
it collected detailed information on the use of additional
uterotonics, surgical procedures to treat PPH and postpartum blood loss measurement in each woman, allowed us to
conduct a thorough analysis on women with PPH.
However, the analysis has several limitations. First, it is
an observational secondary analysis of a trial with different
aims, which did not collect data on whether women with
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PPH responded or not to first-line treatment. Second, in
the absence of a formal refractory PPH definition, we constructed our own definition based on the additional treatment received by a woman with PPH. Although a similar
approach was used by Mousa et al. in another observational analysis, it has limitations.4 On one hand, it assumes
that every woman with unresponsive PPH received an
additional treatment intervention among those pre-defined
in the study. This is likely to have been the case as all
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Refractory PPH

Coagulopathy

Retenon of placenta

Vaginal/perineal/cervical tear

Atony

0.0%

10.0%

20.0%

30.0%

Refractory PPH

40.0%

50.0%

60.0%

Responsive PPH

Figure 2. Percentages of women with different causes of severe PPH as the sole cause, for women with refractory PPH and for women who
responded to first-line treatment (in women with blood loss ≥1000 ml).

participating hospitals are referral facilities with surgical
capacities to treat emergency obstetrical complications. In
fact, the three maternal deaths in the women included in
this analysis were all in the refractory PPH group, meaning
that all received additional surgical procedures. However,
we cannot exclude that substandard quality of care could
have resulted in misclassifying some refractory PPH cases
as responsive PPH cases. On the other hand, our definition
of refractory PPH did not include those women who
received two additional uterotonics for treatment, assuming
that most of these cases were first-response treatment of
PPH, which might not be the case. However, expanding
the definition to also include those who received two additional uterotonics – but not within a 5-minute timeframe – did not change the results. Finally, as the trial collected the causes of bleeding only in those women who
bled ≥1000 ml, the comparison of causes of bleeding can
only be applicable to women with refractory and severe
PPH. Similarly, these results are only applicable to women
with PPH after single vaginal births at facility level.

Interpretations
Women with refractory PPH were more likely to have been
induced with uterotonics, have had episiotomies or tears
requiring suturing, and have had large babies. These factors

have already been identified as risk factors of PPH, so it is
not surprising that they are also associated with refractory
PPH.9 This finding suggests that the timely administration
of a proven effective treatment with a different mechanism
of action, like a different uterotonic from the one used for
induction or tranexamic acid, may be important as part of
the first-line treatment.3,10 When we compare the causes of
PPH, the relative contribution of uterine atony decreased
from around half of the causes in responsive PPH to onethird in refractory PPH. Conversely, trauma doubled its
contribution. This different pattern is very plausible. Uterotonics are known to be very effective first-line treatments
for PPH caused by atony. However, high vaginal or cervical
tears are not usually identified as the source of bleeding
until exploration under anaesthesia, which is often performed only as a second-line intervention.2
Both the rate of refractory PPH and the observed different pattern of causes are consistent with what Mousa et al.
reported in another observational analysis. The authors
reported that in vaginal births, 21% of women with blood
loss of ≥1500 ml failed to respond to first-line treatment.
Considering that our analysis reported refractory PPH in
women with PPH overall, our 16% seems consistent with
their 21% figure. Regarding causes, uterine atony was
shown to contribute to 52 and 36% of responsive and
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refractory PPH cases, respectively, while trauma was 15%
in responsive PPH and 50% in refractory PPH. Other studies also reported that the contribution of trauma among
the causes of PPH increases with the severity of the
PPH.11,12

Supporting Information
Additional supporting information may be found online in
the Supporting Information section at the end of the
article.
Table S1. Criteria for assessing goodness of fit. &

Conclusion
Women with refractory PPH represent a small, but important group where the majority of the burden related to
PPH can be found. The causes of severe PPH showed a
rather different pattern in women with refractory PPH
compared with those women with responsive PPH. It is
important to identify whether trauma is the main cause of
refractory PPH, because it might have implications for clinical practice. Women with refractory PPH may benefit
from being transferred without delay to a setting in which
upper vaginal or cervical trauma could be effectively treated
early. Studies to address this issue are a priority.
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Abstract
Introduction: Absenteeism is an important factor determining the productivity of a given industry, and it
depends upon worker’s health, and also on other factors including personal and socioeconomic conditions
of workers. Recorded sickness absences accurately reflect the health of working populations, when health is
understood in terms of physical and social functioning.
Materials and Method: A cross sectional study was conducted among individuals working in Foundry
in Belagavi district. The study was conducted from January 2018 to June 2018 with a universal sample
size of 250. Data was collected from the patients regarding the socio-demographic details, employment
status, details regarding their leaves. Further the absence details were cross checked with the records of the
attendance in the foundry.
Results: The prevalence of sickness absenteeism among foundry workers was 61.6%, the mean days lost per
worker per year was 21.09 days. Common causes for sickness absenteeism included social factors followed
by medical factors. Among medical factors, diseases related to musculoskeletal system were more common.
90% of sickness absenteeism was seen among blue collar workers, which shows the amount of stress they
bear.
Conclusion: Foundry workers are more prone for sickness absenteeism and injuries due to various factors
related to the work pattern. To overcome that various recreational activities, medical checkups, cross
trainings can be conducted.
Keywords: Sickness Absenteeism, Foundry Workers, Occupational Health.

Introduction
Sickness absenteeism is the major occupational
health problem in developing countries where the majority
of working population are engaged in hazardous sectors,
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such as foundry; causing loss of work-hours, reduced
productivity and workplace injuries. Absenteeism is a
complex phenomenon whose predictors vary according
to the frequency – related to workers’ tasks, aspects of
leadership and work shift, to the company’s organization
and to lack of measures to control absences – and the
duration of the periods of absences1,2,3,4 (influenced by
age, working conditions, benefits and access to medical
care).1 A few days of absence are mainly associated with
organizational culture, which allows absences i.e., more
related to labour structure and process than to health
problems. Long-term absenteeism is considered a reflex
of health conditions and family problems.1 Sick leaves
might be better explained by the influence of complex
interrelation mechanisms between individual-related
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factors and factors related to the physical and social
environment.5
Sickness absenteeism is dependent on various
individual factors like age, sex, education status, marital
status, duration of employment, distance of workplace
from home, socioeconomic conditions, health conditions,
habits and occupational factors like type of work, shifts,
physical environment, workplace injuries, workplace
relations, pschycosocial environment etc.
The study of illnesses causing absence of workers
from work in industries is a practical method to obtain
health status of industrial workers and to identify
occupational health hazards.6 Absenteeism is an
important factor determining the productivity of a given
industry, and it depends upon worker’s health, and also
on other factors including personal and socioeconomic
conditions of workers.7 Recorded sickness absences
accurately reflect thehealth of working populations,
when health is understood in terms of physical and
social functioning.8
Study of health conditions of workers is important
to identify health problems and studying the health of
workers in relation with their social and family related
factors provides understanding of the burden of health
problem, in relation to social context, which can help to
bring necessary changes in labour welfare policies and
to create healthy working conditions of workers. Since
sickness absenteeism has not been stressed upon among
foundry workers in India, the present paper was aimed
to analysethe prevalence and risk factors of sickness
absenteeism among foundry workers in Belagavi.
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Materials and Method
A cross sectional study was conducted among
individuals working in foundry in Belagavi district, after
obtaining a written permission from the management
of the foundry. The study was conducted from January
2018 to June 2018 with a universal sample size of 250.
All the workers working in the day shifts were included
in the study. Written informed consent was obtained
from the participants. Data was collected from the
participants regarding the socio-demographic details,
employment status, details regarding their leaves on
one on one interview. Further the absence details were
cross checked with the records in the foundry. Ethical
clearance was obtained from ethics committee of
Jawaharlal Nehru Medical College (JNMC), Belagavi.
Thedata was analysed using the software SPSS version
24.0.

Results
A total of 250 foundry workers participated in the
study. Out of these, 34.4% were between the age group
of 26-35 years, with mean age being 36.8 ± 10.1 years.
84.4% participants were males, 71.2% were literates
and 49.2% belonged to socio economic status Class 3.
A complete demographic profile of participantsis given
in Table 1.
An overview of participants’ work pattern and work
related variables is given in Table 2. 90.8% participants
have blue collar jobs, 80.7% are temporary workers and
almost half of participants have work experience of 5
years.

Table 1: Sociodemographic Variables
Age Group

Number (%)

Education

Number (%)

Type of Family

Number (%)

<25

32 (12.8)

Illiterate

47 (18.8)

Nuclear

185 (74)

26 – 35

86 (34.4)

Primary

42 (16.8)

Joint

60 (24)

36 – 45

77 (30.8)

Secondary

85 (34)

Broken

05 (02)

46 – 55

49 (19.6)

PUC

36 (14.4)

Socio Economic Status

Number (%)

>55

06 (2.4)

Degree

40 (16)

Class 2

30 (12)

Class 3

123 (49.2)

Class 4

93 (37.2)

Class 5

04 (1.6)

Religion

Number (%)

Marital Status

Number (%)

Sex

Number (%)

Hindu

247 (98.8)

Married

218 (87.2)

Male

212 (84.8)

Muslim

03 (1.2)

Unmarried

32 (12.8)

Female

38 (15.2)
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Table 2: Work Related Variables
Type of Work
White collar
Blue collar

Number (%)

Work Experience

Number (%)

23 (9.2)

<5 years

142 (56.8)

227 (90.8)

≥5 years

108 (43.2)

Number (%)

Hrs of Work in a Day

Number (%)

Temporary

202 (80.7)

08 hrs

182 (72.8)

Permanent

48 (19.3)

12 hrs

68 (27.2)

Employment Type

The prevalence of sickness absenteeism among the workers was 61.6%. Among the participants, 61.6% of
workers missed atleast a working day due to the reasons of sickness or injury in the past 12 months. The missed
working days was further confirmed with the records.(Table 3).
Table 3: Prevalence of Sickness Absenteeism
Sickness Absenteeism

Number

Percentage (%)

154

61.6

No

96

38.4

Total

250

100

Yes

Among the reasons for sickness absenteeism, most common reason was due to any social commitment (61.03%),
followed by medical (46.10%), non occupational (37.01%) and economic (31.81%). (Table 4).
Table 4: Reasons for Sickness Absenteeism
Reasons

Number(*)

Percentage

Economic

49

31.81

Social

94

61.03

Medical

71

46.10

Non occupational

57

37.01

*- Multiple answers

Among blue collar workers health problems related to musculoskeletal system (36) and gastrointestinal system
(11) were found to be high whereas among white collar workers musculoskeletal system (5) was the only health
problem seen. The comparison of health problems is shown in Table 5.
Table 5: Health Problems among Blue and White Collar Workers
Gastrointestinal

Respiratory

Musculoskeletal

Others

Total

White collar

00

00

05

00

05

Blue collar

11

04

36

15

66

Total

11

04

41

15

71

Overall 21.09 days were lost per worker per year due to sickness absence (see Table 6). A blue collar worker lost
21.9 days compared to 13.2 days by a white collar worker (p = 0.02).
Table 6: Number of Workdays Lost Per Worker Per Year
Variables
Type of work

Mean Work Days Lost Per Worker/12 Months

White collar

13.2

Blue collar

21.9

p value - 0.024
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Discussion
Our study estimated 61.6% of sickness absenteeism
among workers, with a loss of 21.09 days per worker
per year due to sickness absenteeism, which was higher
in men as compared to women. When compared with
previous studies on sickness absenteeism in India, our
study had higher values. 9,10 The higher prevalence could
be due to the work pattern of the study participants who
were involved, as the iron and steel industry is believed
to be a more strenuous place of work, resulting in higher
sickness absenteeism, than other industries.11,12
The reasons for sickness absenteeism were most
common due to social reasons. This can be explained
by the fact that majority of the workers never got leave
for their social commitments, so they had get it under
sickness absenteeism.
Blue collar workers experienced more health
problems than white collar workers, among which
problems related to musculoskeletal system (57.7%)
and gastrointestinal system (15.5%) were found to be
high. Similar finding were seen in a study conducted by
Manjunatha R et al in 2011.13
The proportion of hospitalization among blue
collar workers was also found to be high (11.2%) and
blue collar workers had higher sickness absenteeism
than white collar workers; they lost more number of
working days (21.9 days) due to sickness absenteeism
when compared to white collar workers (13.2 days).
As workers in Blue collar work are exposed to harmful
physical and chemical work environments,14 it increases
the risk of having health problems, mainly involving
musculoskeletal system and respiratory system,15
resulting inhigher sickness absences.14

Conclusion
Sickness absenteeism is high among foundry
workers when compared with other workers due to the
stress and work pattern they have. Blue collar workers
loose significant number of days due to sickness absence,
and they face more problems related to musculoskeletal
system and gastrointestinal system in comparison to other
workers. It was not possible to visit each unit so current
picture was not assessed completely. Personal biases of
the respondents might have affected the responses. Only
small sample was considered which doesn’t reflect the
exact picture. Further studies with larger sample size
need to be conducted for the same.
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Recommendations: We can offer employees
medical, dental checkups and rehabilitation of chronic
absentees as healthy employees are happy employees. A
set schedule and recreational facilities can be provided,
so that employees get a chance to rest.Cross training
should be done to avoid burnout. Employer should have
positive mindset and should have healthy relationship
with employees.
Conflict of Interest: Nil
Source of Funding: Nil
Ethical Clearance: No intervention was done in
the study and only the data was collected and analysed
retrospectively.
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Association of Anatomical site and clinical outcome
in Intracerebral Hemorrhage Patients with or without
Intraventricul ar Extension
Vijayakumar G Somannavarr', Griger Cherry Williams2
Furthermore, few studies have been
conducted on the outcome depending
on the site and volume of hemorrhage'

The above facts PromPt extensive
research to explore insights of ICH in
the context of determining prinrary
preventive measttres, predictors of
early outcome, and treatment of
ICH. Hence, the current studY r'l'as
planned to determine the association of
inatomical site and clinical outcome in
intracerebral hemorrhage patients with

or rvithottt intraventricular extension'

Materials and Methods
Study design

The current 1^-year cross-sectional
study was conducted from lanuary 2015
to December 2015 at the DePartment

of Medicine, Belagavi, Karnataka' An
ethical clearance was obtained from
the Institutional Ethical Committee'

A rvritten consent was obtained from
the patients before their participation
in the studY.
Selection criteria

lntroduction

fi o o ntane ous i n ti a ce reb raI
)ilu*o.rllrge (ICH) has been reported

to be a formidable diseise, which

continues to disable and kill majority of
the inclividuals.t Worldlt'ide, stroke is
the thircl most leading cause of mortality

and morbidity after cardiovascular
disease and cancer.2'3 In India, it is a

leading health issue due to the altering
epidemiological transition and an
increasing Iife expectancy.3 The surveys
conducted in clifferent regions of India
reveated that the crude prevalence rate

of stroke of vascular origin rvas 200 per
100,000 Person.-"

Spontaneous ICH accounts for
approximateiy 70%-15'k of all strokes'a

ile morbiclity pattern revealed that

stroke increases with increase in age and
predominantly constitqted of ischernic

it.ok"s {73'l%).ICH occurs n'rostly in
tlre pntamen (35'%-50%), follor'ved by

the lobar (30%), thalamus (L0%-15%),

pons (59/,-12016), caudate (7%), and
ihe cerebellum (5%).s Modifiable risk
firctors for stroke include hypertension,

dyslipidernia, cigarette srnoking,

hypeihon",ocysteinemia, and alcohol
consurnption.6 Nonmodifiable risk
factors include age, gender, ethnicity,
ancl heretlit,v. Irnproved detection
ancl moclification of risk factors could

ti-re burden of this disease'
Studies revealed that ger-retic factors
play a vital role in the occurrence o[
ieriri,', forms of ICH, such as lobar

reduce

hemorrhage.T
Advancement in imaging technology
ancl computed tomographv (CT) allorvs

accutate localizltion of small as r'r'ell
as medirtm-sized hemolrirages'Ilris

not only shows clinicians whether
a lesion is hemorrhagic, but also

accurately shows the location,.size,

spread within the brain, drainage
into the ventricles, gpaces around the
brain, presence of edema, and mass
effect. i\levertheless, old infarcts and

hemorrhages can aPpear similar on CT'
It is a difficult task for a physician to

predict the functional outcome with a
bT r."r-, alone of the brain.s Therefore,
magnetic resonance imaging (MRJ),

wiih its caPabilitY of showing the
presence of hemosiderin, can helP
io c{efine whether the lesions are old

hemorrhages'e Hou'ever, in India, very
few' studies have been .conducted on

ICH with intraventricuiar extension
(IVE),

J$i
1: Demographic including clinical

TabJe

IVE, and traumatic intraventricular

characteristics of the studY

hemorrhage rvere excluded fronr the

patients

strldy.
Data collection

The selected Patients

Age (years)
1(1*79)

<30
31 to 50

to70

57

l8

I

>70

Gendec Male

(32.14)

2e (5"1.78)
(14.29)

MVg.sn

Habits
No habits

29 {sL.7A\

Smoking tobacco and
alcohol corsumption

27 (48.30)

Comorbid conditions

11'ere

intervieu,ed for the demographic
data, history of Presenting illness, and

other comorbid conditions. Further,
these patients Lrilderwent clinical
examination followed by a systemic

examination. The findings rvere

noted on a Predesigned and pretested
proforma. Venous blood samples (10
mL) were collected immediately from

Hypertension

37 (661

I-Iypertension with Diabetes
mellitus
llypertension with old CVA

7 (12.5)

the selected Patients after admission to
the intensive care unit and subjected to

3 (s.36)

complete blood count, routine urine

Diabetes mellitus

1(1.79)

No co-morbid condition
Duration of hypertension (Years)

I

(14.29)

investigations including fundoscopy,
examination/ blood sugar, blood urea,
serum creatinine, lipid Profile, serum
electrolytes, 12-lead electrocardiogram,

< 5 years

33 (s8.e2)

5-10<

14 (24.99)

CT/MRI.
Outcome variables
ANd

Clinical features
Neurodefcits
Speech disorder

st (e1.07)
42(7s)

Cranial nerve PalsY
Altered sensorium

36 (64.29\

Vomiting

25 (44.&)

I{eadache

17 (30.%)

Seizures

3 (s.35)

Vertigo

2Q.sn

Sensory deficit

2psn

25(44.#)

I\{odi6ed Ranking Ecale
0

t {r.79\

1

3 (5.36)

2

8 (14.2)

3

9 (16.07)

4

le

5

16(285n

(33.e2)

ECG Findings

LWI

2t (37.s)

Shus tachYcardia

2 (3.s)

LVHwithLAD

1(1.7e)

LAD

1 (1.79)

DVT

1(1.79)

Sitc of bleed on neuroimaging
Putamen

1e (33.93)

Thalamus

18 (32.14)

Lobar Region

12(21.43)

Intraventriculat extension
based on CI/I\'IRI findings

24(42.86)

LYH,left aentriculu hvpertrophy: LAD, left oxis
dedatiott; f)YT, Dcep oeruttts l/:roarl'osis; CT,
C onlruted Iorrrogr ap,lr"y,' MRI, Ivld1n etic rcson aic P

ltl|iltlty

A total of 56 Patietrts Presenting l rith

spontaneous ICH rvith or $'ithout iVE
agecl > 18 1's315 l^/ere included in the
study. While the patients lvith Primary
IVE, IVE secor-rdar)' to subar'achnoid

hemorrhage, cerebral infarct lvith
secorlclarY lrerntlrr'hage leading to

ICH and the volume score of ventricular

bleed was made out from CT/MRI
imaging. A sirnple Srading system to
estimate IVH volume u'as develoPed.r0
The ventricles received a score of
0 for no blood, 1 for sedimentation
of blood in the Posterior Part, 2 for

partly filled with blood, and 3 for

completely fitled with blood. The total
amount of intraventricular blood (the

IVH score) was the total of the four
scores and ranged from 0 (no IVH)
to 12 (all four ventricles filled with
blood). The volumetric analysis was
also performed to find out hematoma
volume. ICH volume rl'as determined
using the ABC/2 method.tl ICH location

the anatomic
structure that coutained maiority of

w'a6 determined bY

the hernatoma. Clinical outcome of the
patient r,r'as assesseti based on modified
12

and Glasgon'
Outcome Scale (GOS). The mRS is the
most practical instrument for olttcome
evaluation after stroke; the mRS has 0 to
S-point scale system rvhere 0 indicates
no functional disability and 5 indicates

severe disabilitv' recluiring constant
atterrtion.l'r Patients u'ere divided into
2 groups according to their GOS scores:
a

terms of mean t standard deviation.
The cornparison of categorical data was
done using chi-square or Fisher's exact
test. Continuous data were compared
using indePendent sample t-test' At
95% confidellce interval, P < 0'05 was
considered as statistically significant'

Results
The rnean age of the studY Patients
!\,as 60.38 I 10.81 years with slightly
male predominance (78.57%). Most
of the patients (51.78%) were in the

age-group of 51-70 Years. Most of

the patients (5L.79'/.) did not have

habits such as smoking, tobacco and
alcohol consumption. Nearly three-

o/o) reported
fourths of the patients (66
hypertension as the maior risk factor

found among ICH Patients with

duration of < 5 years (58'92 %). The

The location of anatomical site of

Rankin scale (mRS)

rates, ratios, and Percentages and the
continuous data were exPressed in

favorable outcome grouP (GOS scores

of 4-5) al-Id an unfavorable outcome
group (GOS scores of 1*3).r{
Statistical analytis
Dtrta u'ere analyze cl using statistical

package SPSS r'21 Thc categorical

cl;tta trrcre cxpressetl

in tcrms ol

most common clinical manifestations
among ICH patients rt'as Neurodeficits
(91.07 "/") followed by speech disorder

(75 %) and cranial nerve palsy (64.29

%). With resPect to mRS score, most of
the patients (33.92%) reported score of

(moderately severe disability). Nearly
three-fourths of the patiEnts (53.53%)
had a normal ECG. Most common site
of bleed was Putamen (33-93%). Nearly
three-fonrths of the patients (42.86 %)
with ICH had IVE.

4

Age, gender, habits, severitY of
hypertension, duration of hyPertension,
and site of bleed (P > 0'05) were not
significantly associated with outcome'
However, clinical features including
neuronal deficits (P = 0.01), cranial nerve
palsy (p = 0'0002), altered sensoriunt
ip = O.OO+), vomitin6; (P = 0.0006), and
IVE of ICH (P =0.A26; significantlY
affected the outcome (Table 2).
The rnean volume (P = 0'0002),
volume score (P =A.0077) and midline
shilt (P = 0.0036) were significantiy high
in patients rvith unfavorable outcome
than.favorable outcome (Table 3).

Discussion
Intra cerebral hemorrhage was

associated significantiy in patients u'ith

alterecl sensotium. neuronal deficits,
quantunr of bleed, ancl intraventricular
extension of bleed.

In this sttidY, ICFI rvas mostlY
reportcrl among Patients in the

age-sroLrp of 51-70 1'ears rvith sligl-rtiy
m

a

1

e

p r.-,

i.,

o n.1 e ra n ce, rt'lr

ic

h u'a s

s i

uri

I

a

I

1]" {,E

T:ble 2: Assogiatio4 of outcome
with
various variables

Table3: Association of guantum
of bleed with outsome

Age (years)

Unfavorablo

18-30

0

Total

31-50

s (27.77)

13 (72.22)

5L-70

12 (47.38)

17 (58.62)

4 (s0)

4 (s0)

41

Favorable

>70

i

(100)

0.642

O5.gt) 37 (s1.09)
S@1.6n 76g.33)
7

0.126

Alcohol
4(80)
and 1 e3.j3)
smokrnt
Alcoholand 0

0.365

4(100)

tobamo

Alcohol

0

tobacat and
smoking

I

(100)

<

s

Q6.37)

12

s to 10
>10

6

6 (s0)

140
147-1ffi
161-180

3 (30)
4?8.sn
6 (10)
s(47.0s)

The most common site of
intracerebral

>180

bleed was the putamen

7 Qo)

followed by the thalamus. Si*tf".f:r,

rcQ1.43)
9

a study by Suthar et al.,t? repo.tej
q_a,nqli a (ae%), foflowed Uy .n"
flsat
tobar (27"io) and the thalamus (i+%;
regions were the most common
sites oi

0.701

(60)

9(s2.es)

Clinical features

Neurodeficits
Cr.:nial

g

(17.65)

nerve 7 (lg.M)

palsy

Altered

I

42

(S2.3S) 0.0103-

29

(E0.55)

h_ematoma. Also, a study conducted
by

0.SS40

24(s6)

0.0040,

(zo.?y"):

thatamus (12.i%), pons (9.2%),
c_erebellum (S.g%), and caudate
nucleus

2l (8.1) o.sz42
Y.Tnis 6 4(t6,
Headache
(As.29) Ll (6q.71) 0.1880
Seiztrres 1(33.33) 2(66.62) O.gggg
Scnsory dcficit I (50.00) I (50)
0.9000
vertigo
0
2(100) o.ggss

(5.3%) r.r,ere the common sites
of ICH.

The patients who presented with

neuronal deficits, cranial.nerve
palsy,
altered sensorium, and vomitini
hJj

Site of bleed

Lobar
S 91.67) Z (ss.zl)
Putamen z e6.u) tz (63.16)
Thalamus 6 (33.33) t2 {66.6n
others
j@2.86) 4(57.14)

0.960

.

Absent

16

(50)

5

*Sii{ttif.cant;

NE, Intra

16
19

(50)

hemorrhage

o.o2d-

77)

yen tricu la r extension;

ICIf

to other studies in tire Iiterature.i5.r6
Neuronal deficits, follorved by speeclr

disordcr, cranial nen.e palsr.,, on.,iring.
headache, and seizuies rvere forrntJ

to be

significantly unfavorable ort*.o*.
rvhen compared to other clinical
symptoms, rvhich correlate with
the

findings by ]uvela et al.rs No significani

IVE of ICH

Present

reported tie

lobatugiol
Iitt:i "r
(23.8%),
follor,r,ed by the putairen
al.s

(1)

sensorium

tl-re most common clinical

presentations in this stud1,. This is
in

accordance rarith study clone br, fi4oirr
et al.16 A sy.stemic revictv bv Aric,serr

et al.ri found hypertension as the
rnost

by Suthar et

association n,as observed betw-een
habits and outcomc in our studt.

Horvever, Juvela et al.ls shorved
th'at
poor outcome lr.as directiy associated
rvith the anrount of alcohol consnmed
in the 1 rveek before ICH (p = 0.03).

Patients vr..ith ICH often present
rvitl.r significantly elcr.ated biood
pressure. Elevated systolic blood

pJressui:e is associated r,vith

neurological

deterioration, haernatoma expansion,
and poor 0utcoDtes after: JCH.re,:t
Similarly, a stuclv conductecl bv Russel

et

a1.,2

j

reperlet-l that acute hypertension

al.,17

(volume

P < 0.05; ICH score, p < 0.0001;
shift, p < 0.0001).

ICH;

"f
midline

In our studl,, site of haemorrhage

.
ditl
not differ statistically u-.rri,
tlre patients with f""o"rrUte ani

with

ICH.

3000)

Severity of hypertension
<

favorable outcomes. The volurne
of
ICH, its score, and midline shift in
Cii
MRI, all associated significantly
with
the outcome. These iirrdirrg, ;."
i;
accordance rvith the study cinducted

no studies
have conducted studies on ECG
anJ
LVH to establish its association

21 (63.63)

60)
o

rvith clinical outcome. In our studv_
mcan volume of the,bleed in paUenis
r,r,ith unfavorable outcome _o,
40 ,rrl
compared to 10 mL in those with

with ICH, which could probably,
,: the. undertying Iong_s16n4il,
l::
nypertension. However/

0.454

significantly with ICH

. were not associated significantly

In

3(37.5). s(62.s)

l-o
hvprrtension

0.0036

\4,as associated

- this study, LVH was the most
obsen'ed ECG abnormality in patients

Duration of hlpertension (years)

5.39+4.29

(P < 0.05). However, in our
study,
severity and duration of hypertension

mortality in patients with ICH was
due
to prolonged hypertension.

Smoking 203.33) 4(66.67)
Tobac.co O(37.5) 5(62.5)
Absent
n e7.93) tB (62..0n

0.00

6.42x3.89

0.a077

performed by J ared et al.16 observed
that 60% of pa tients with ICH had
hypertension. In this study, patients
rvith ICH had hyperten sion for <
5
years, which is in accordance
with
the study conducted by Suthar
et al.,t?
wherein increased morbidity and

1G0)
2 (65.6n

!0.65

2.36x?.97

0.0002

significant risk factor in the occurrence
of ICH, rvhich is similar to this
studv
Wherein, a pooled prosrpective
study

Habits
Alcohol

0.27

2.89 *.3.09

33.57 +25.93

P value

Gender

lr4ale
Female

70.02!6.76
i[0.00 1 25.52

unfavorable outcome. The fincting
was

simiiar to the studv bv Bhatia
ut.ri
among the patients who survived
"i vs.

who died; ganglionic (67.4% vs.
Z2.g%),
thalamic (17.4% v s. lS.Zo/,), lobar (5.5;/"

t,s. 7.4"/,), respectively.
Conclusion

The outcome in patients lvith

intracerebral bleed was significantly
influenced by clinical pre-sentatiorl

volume of ICH, IVE, ind midline
shift in the CT/MRI ir""gi.,g. No

significant association was established
betn,een demographic variables (age,

gender, smoking, and alcohol) aid
the outcome of the patients. Thcre
rs,.a need to explore the study
by
adjusting comorbid conditions sucir

as hypertension, age, sex, habits,
ancl

anatomical site of bleed to determine
rvhether these patients har.,e true

association. Due to smaller sample

size, it n'ill be difficult to draw straight
forr,va.rd information, studies with
lalge
sample size are rvarranted to overcoJe
these iimitations.
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Coxsackie Myocarditis with Severe Methicillin-resistant
Staphylococcus aureus Sepsis, Multi-organ Dysfunction
Syndroffio, and Posterior Epidural Spinal Abscess:

A Case Repofi
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r-3Department

Myocarditis, an inflammatory disease of heart mLscle, often results
from an infection caused by a spectrum ofviruses. Patients usually

Belagavi, Karnataka, lndia

present with dyspnea, chest discomfort, or chest pain of acute
onset. The insult can be directly caused by the virus, or the body's
immune response can cause damage to cardiac myocytes.
There is. a greater incidence o.f viral myocarditis in
immunocompromised individuals, those with unhygienic habits, or
poor living conditions. We present a case of a young individual who
was found to have <oxsackie myocarditis and had a complicated

course in the hospital.
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Cnse DrscRrPTroN
A 21-year-old male patient, from a village in rural Karnataka (lndia),
presented to the ER with complaints of breathlessness since 1 day,
acute onset, present at rest, progressive, associated with cough and
scanty sputum. Palient had a history of fever for 4-5 days associated
with chills and neck pain and was treated for the same in a teathing
hospital near his hometown. He'tas informed that he has recluced
cardiac fr,rnction following the development of breathlessness and
rrras referred to a higher center for further management. There was
no history of rash or polyartl.rralgia. There v;as no history of alcohol
consumption, exposureto a case oftuberculosis, ancl deaths in young
age in the family.Therewas alsc no historyof preexisting heart disease.

On examinatiorr, pulse rate was 160 bpm, blood pressure
80/52 mm Hg, and respiratory rate was 40/minute SpOr 78%. Patient
uras not febrile. Extremities were cold, and pr-rlse was thready.

Coarse crackles were present in the bilateral infrascapular
region, ancl basa! air entry was reduced on both sides, Neck
movements were very painful. No obvious sensory or motor deficits
were seen. ECG re.,realed sinus tachycardia (Fig. 1).
Patient was irntnediately administered 8 L/minute oxygen,
inotropes, dir.rretics, low-dose aspirin, and atorvastatin. Empirical
antibiotics were starled after blood culture, and routine tests urere
performed. 2D-Ecirocardiogram showed a left ventricular ejection
(ht tp s :/'/creativ

e

co m

n

o n

s.

Coxsackie lv'lyocarditis rvitir Unforeseen Compiications

Fig. 1:

ECG

at admission

Table 1: lmportant laboratory investigations
Lab reports

Day

Hb (s/dL)

12.5

Platelets (/mm3)

1'l 7,000

TotalwBc (/mm3)

5100 N-93, L-3

Peripheral smear

1

Day

2

9600

Day 3

Day

10

Day

15

Day 20

9.6

7.7

9.0

65,000

745,00A

889,000

450,000

16,900

37,40C

19,100

'I 1,100

Toxic granules seen

Neutrophilia with

thrombocytopenia
5. creatinine (mg/dL)

1.49

S. urea

66

{mg/dL)
Total bilirubin (mg/dL)
D.

bilirubin (mg/dL)

1.85

2.01

0.73

't.43
1.05

Sodium (mEq/L)

131

136

Potassium (mEqiL)

4.41

3.43

Troponin T (ng/mL)

0.12

CK-MB

36

5.

procalcitonin (ng/mL)

0,80

32

2.48

82.49

S. lactate (mg/dL)

23.5

Urine examination

Protein 1+, RBC-7, WBC-4

scor{rull)
sGPT (rU/L)

45

Total proteins (g/dl)
Albumin (g/dL)

5.2
2.7

g/dL

A:G ratio

l.l

INR

1.94

PT

C-1

Derrgue serology

N5-1.lgG, lgM negative

Wida,test

Negative

l'"'lalaria

Serology and smear
negative

1

.2s, T-21 .4s

Biood culture

fraction of 2A0io. Chest X-ray revealed bilateral mild-to-moderate
pleural effr"rsion. lntravenous ilV) tramaCol was administereC in
viern; of severe neck pain, and the presenting symptoms were
all attributed to 5uspectecJ viral infection, with a background of
ongoing dengue epidemic in the region.

MRSA

Lab results indicated bacteria I sepsis, and dengue serology was
negative (Table 1). Sequential organ failure assessment score was
calculated to be 8. Total \,vhite blood cell (WBC) counts and serum
(S,) creatinine levels were on an increasing trend, and the blood
culture grew methicillin-resistant Staphylacorcus arireus (MRSA)

lit'

I

Coxsackie Ir'Iyocarditis rvith Unforeseen Complications
on day 3 of admission. Subsequently, lV vancomycin and linezolid
were started according to a sensitlvity report. Fever spikes persisted,
accompanied by tachycardia and tachypnea.
lnotropes were tapered dolvn by the sixth day of admission
with blood pressure mairrtaining at 1a4/66 mm Hg. However,
the total counts increased to 25,600/mm3. As the tachypnea was
still persistent, the USG chest was done on day 6 that showed
approximately 800 mL fluid on the left and 700 mL on the right side
of the chest with septations. lt was decided to drain the fluid by
placing an intercostaltube on the ieft side. Pleuralfluicl was turbid,

dark-colored, with pus cells but not remarkable for tuberculosis or
malignancy.
Patient developed icterus, liver functions were found to be
deranged. Serum creatinine was returning to normal and found to
be 1.07 mg/dL on day7. ln view ofcontinuous fever and tachypnea,
netilmicin (according to culture sensitivity) was added. lntercostal
tube was removed oncethe drain reduced to less than 50 mL bydayB.
Meanwhile, the neck pain had increased, but still no
neurological deficits were present. MRI spine (Fig. 2) on day 8
showed a posterior epidural abscess, extending along the cervical,
and visualized dorsal spine, maximum width 4.5 mm at the level
of C4. Neurosurgeon's opirrion was taken; honrever, it was decided
not to drain the abscess and wait for a response to the ongoing
antibiotics. lntravenous tramadol was administered for pain relief.
CT scan of thorax (Fig.3) on day 10 revealed multiple loculated
pleural collections, soft tissue densities in both lungs, and moderate
effusion in bilateral pleura. lntercostal tube was put on the other
side, to tryand remove possible infectious foci.Visible improvement
in tachypnea was seen by day 15.
Antibiotics were continued, and totalcounts started normalizing
(ll,l00/mm3 on day 20),and fever spikes reduced. Repeat echo on
day 20 showed improved left ventricle ejection fraction (600/o).

Meanwhile, incentive spirometry with chest physiotherapy
helped in improving lung function. and patient could maintain
saturation without oxygen support.

Fig.2: MRI (spine) showing posterior epidural abscess with maximum
width at the level of C4 (4.5 nrm)

Neck pain had reduced, and repeat lilRl spine on day 22 showed
reduced thickness of epidural abscess.
lnitial lgM coxsockie investigation was reported as strong
positive on day 22, and hence a certain diagnosis was established.

Figs 3A to D: CT (thorax) shoraring multipie loculated pleural collections, softtissue den:ities in

both lungs, and moderate effusion in bilateral pleura

lnCian lournalof Crirical Care Medicine, Volume 24 Issue 1 (January

2020) '

'iU

tx.

i

tri^ii.i,1a Voiume

7-4

lssile 1 (January 2CZ0)

:'*'
ffib

Surg
Indian J Otolaryngol Head Neck
{

I

https://doi.org/

0. 1007/s12070-020-01925

-'7

ChangingClinicalscenarioofTuberculousotitisMedia:ACase
Series
Priti

S.

Hajarel

Received:

'Shama A' Belladl

'O' Padmavathyl

l7 April 2020/Accepted: 20

June 2020

of lndia 2020
O Orr".O,i"t of Otolaryngologists

global health problem' ExtraAbstract Tuberculosis is a
to be a challenge in the

tuberculosis-'"*Iiot

\"r.irr*"r".y
diagnosis uro t."ut*"nt.

Tuberculou:

::T

*"111::':

media '
Kevwords Tuberculous otitis
Sinuses
;il;;ilt otomastoiditis' Middle ear'
r c ulo sis
My c ob acte rium tub e

due to its varied presentatron'
not so commonly diagnosed
challenge'

remains
early diagnosi' unO t?tut*ent
-':rO-" ^
unusual
is to present the varied and

The aim of this study
presenrations

i'oio"untt ol' histopathological
""d ;;; oiug'o'tit tools like CBNAAT
confirmation
test) which aids
"'d "h;(cartridge uu'"0 o"ilit aciiamptntation
treatment

stari anti-tubercular
in the confirmation and to
otitis media within a
iuU"t"utoos
(ATf). Five cases oi
the
i'"toO"a in the study' Among
period of two years *"'"

sinuses'
presented with.discharging
frve cases three cases
*O one with tuberculous otitis
one with mastoid "O"i*
conorigin' All .five cases were
media with pulmonary
two
and
examination
firmed with ptop"''nt"opattological
ampliacid

cBNil; 6;;ridge"based nucleic treatment
Anti-tubercular
fication test) "onn'to'io''
were disease free'
patients
was statt"J and the

cases with

(ATT)

-

to be a rare complication
in
and i1.has to be kept
'orrttui*J
suppurative otitis media'
mind white treaiinf "trroni"
are not
of tuberculous-.otitis media
Classical present;;i;s
is
ai'"u'" extending to the mastoid
seen nowaday' #;;
pr.esentation' A proper

Tuberculous
of chronic

t"*uio'

"titit;;i; *iti' *"aiu

the initial
the changing tt"nO as
suspicion
the gold

remains to be
*l'r' t"int*ution of the disease
treatment with antiand for

"-dtd;;;;iugnoti'
tubercular theraPY'

Introduction
health care problem

be global
Tuberculosis remains to
i*ttupulmonary tuberculosis
d";th*
leading to 2 million
disease' Tuberculous otitis
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and the importance for an early confirmation of the disease
to start antitubercular treatment (ATT).

Case Reports
Case

I

discharge and decreased hearing since

tivity and continued on antibiotics.
ear painless

I year with multiple

small swelling behind the ear since 20 days. On exami_
nation left pinna was pushed downward and forwards. post
auricular area showed painless multiple discharging sinuses
with an inflammatory swelling. (Fig. t) Otoscopic exami_
nation revealed purulent discharge with a small polyp in
posterosuperior aspect with rest of the tympanic membrane
normal. Pure tone audiometry revealed mild hearing loss of
25 dB. High Resolution Computed Tomography (HRCT)
of temporal bone showed soft tissue density filling middle
r

ear and mastoid without any bone erosion. Incision and
was done and pus was sent for ZN staining suspecting tuberculosis which was reported negative. In view
of disease clearance exploration mastoidectomy was done.
Intraoperatively abundant pale granulation tissues filling
the middle ear and mastoid were noted and ossicles were
intact. Tissues were sent for histopathological examination
and was suggestive of tuberculosis. patient was started on

vdrainage

anti-tubercular treatment (ATT).

was noted in pars tensa. The boy had a mild conductive
hearing loss of 25 dB on left side and a normal hearing on
the right side. X ray showed extensive pneumatisation of

mastoid with classical haziness suggestive of rarifying
ostitis. Incision and drainage was done. About 1-2 ml
minimal pus was drained and sent for culture and sensi-

A 1 0 year old girl presented with history of left

,

the post auricular region. Postero-superior retraction pocket

After I year patienr

was

disease free.

On 5th postoperative day he developed another swelling
postauricular area just behind

in the upper l/3rd of

retroauricular groove about 2 x 2 cm in size which was
soft-firm and non-fluctuant. HRCT temporal bone showed
opacification of middle ear and mastoid air cells extending
upto pertrous apex with erosion of mastoid cortex. Mastoid
exploration was planned suspecting cholesteatoma. On
exploring granulations and necrosed tissue were found and
necrosis of incus was noted. Modified radical mastoidectomy proceeded with drilling the mastoid posteriorly by
extending the incision for exteriorisation ofthe diseased air

cell and removal of fistulous tract. Tissues sent for

histopathological examination confirmed the diagnosis of
tubercular granulation tissue and patient was started on
anti-tubercular treatment (ATT).

On 15th pod one more swelling developed in post
auricular region. The swelling got ulcerated covered with
sprouting pale granulation tissue and sero-sanguinous discharge with undermined edges. (Fig. 2) Patient started
showing regression of granulation tissue after 2 weeks of
antitubercular treatment (ATT) and complete healing was
noted after 6 months.

Case 2

A

13 year old boy presented with peanut size painless
swelling behind his left ear for 4 months. Local examination revealed 2 x 2 cms soft-firm well deflned swelling in

\-o'

2 Collage of image showing swelling behind left ear. X ray
showing extensive pneumatisation of mastoid. HRCT temporal bone
showing opacification of middle ear and mastoid air cells and an
ulcerated swelling covered with sprouting pale granulation tissue
Fig.

Fig.

1

Multiple small swelling with discharging sinus behind the left

ear

Q
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Case 3

A 45 years old male presented to us with right ear

discharge since one year associated with profound hearing
loss. Otoscopy revealed mucopurulent discharge filling the
entire extemal auditory canal. On suctioning a posterosuperior retraction pocket was noted in pars tensa with no

signs

of

cholesteatoma. Pure tone audiometry showed

mixed hearing loss of 55 dB. Patient refused surgery. After
a few days patient developed persistent cough for which
respiratory medicine opinion was taken. CT thorax
revealed fibro cavitatory lesion in upper lobe of both the
lungs. Patient was started on antitubercular treatment
(ATT) after sputum confirmation. After 2 months patients

otorrhea subsided and his hearing improved. Pure tone
audiometry after 3 months revealed mild hearing loss of
20 dB. Patient was disease free after 6 months and was
regularly followed up.
Fig. 3 Multiple discharging sinuses behind and above the left

L

pinna

A

conductive hearing loss of55 dB. Soft tissue density filling
middle ear and mastoid were noted in the HRCT temporal
bone. Incision and drainage was done. Pus sent was neg-

l4-year old boy presented to casuality with right ear
discharge since two years with painful swelling behind the
right ear since l0 days which was insidious in onset started
as a small swelling behind the ear progressed to the neck.
Examination revealed a diffuse swelling behind the right
ear extending to the neck below the pinna till the angle of
mandible mimicking a Bezolds abscess. Otoscopic examination revealed retraction pocket in posterior superior
quadrant of pars tensa. Audiometry showed moderate
hearing loss of 45 dB on right side. HRCT temporal bone
revealed soft tissue opacification of mastoid air cells and
middle ear cavity with destruction of scutum, incus and

handle

u

ear

Case 4

of

malleus. Incision and drainage was done.

Exploration mastoidectomy was planned suspecting cholesteatoma. Intraoperatively extensive pale granulation
tissues were seen in the middle ear and mastoid, extending
beyond the sinus plate with necrosis of incus and malleus
ctrere noted. Modified radical mastoidectomy with Type 3
tympanoplasty was done. Granulation tissue was sent for
histopathological examination and CBNAAT which confimed tuberculosis. Patient was stafied on anti-tubercular
treatment(ATT) and a healed mastoid cavity was noted in
the follow up after 4 months.
Case 5

A

72 year old girl presented with history of ear discharge
since I year associated with multiple discharging sinuses
behind and above the left ear pinna since 15 days (Fig. .j).
Otoscopy revealed granuloma in the deep part of external
auditory canal. Tympanic membrane could not be visu-

alised. Pure tone audiometry showed moderately severe

ative for ZN staining. Exploration mastoidectomy

was

planned in view of multiple sinuses and for clearance of the
disease. Intra operatively the tympanic cavity was full of
fleshy granulations which were biopsied for histopathological examination and CBNAAT (cartridge based nucleic
acid amplification test). There were no ossicles and graft
was placed over stapes footplate. A second stage ossiculoplasty was planned later. Histopathological features were
suggestive of tuberculosis and CBNAAT was positive.
Otorrhea subsided within 3 weeks of starting anti-tubercular treatment (ATT). Patient remained disease free with a
proper healed cavity.

Discussion
The global burden of tuberculosis (TB) is enormous. More

than

9 million new

Mycobacterium tuberculosis (MTB)

cases and 2 million deaths occur annually worldwide. Most

of them occur in resource-limited settings. The incidence
oftuberculosis is still persisting in developing countries. In
India, the prevalence of tuberculosis in all forms is estimated to be 5.05 per 1000. Tuberculosis chiefly affects the
pulmonary system but it can also involve extrapulmonary
sites including the head and neck region. Head and neck

manifestations

of

tuberculosis

,ue

caused

by

the

hematogenous or lymphatic spread of the bacteria to affect
the larynx, oropharynx, maxillofacial structures, etu, mas-

toid, and cervical spine [1, 5].

Q
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Tubercular mastoiditis was first described by Jean Louis
Petit in the eighteenth century. Wilde in 1853 discussed the
classical picture of tuberculosis otitis media. Politzer discussed the destructive nature of this disease in 1882; it was
in 1892 that Koch demonstrated the tubercle bacilli. The
incidence of tuberculosis otitis media has been reported to
be 0.047o to 0.97o of all Chronic suppurative otitis media(CSOM) in the developed countries [2, 3].
Tuberculosis of the middle ear is characterized by
painless otorrhoea, multiple tympanic perforations, abundant granulation tissue, bone necrosis and severe hearing
loss [6, 7]. However these classical presentations does not
occur these days but was seen in our series with additional

hearing impairment, and intracranial dissemination of

unusual involvement of mastoid. Among the fives, three
cases presented with discharging sinuses, one with mastoid

CBNAAT. With early diagnosis, appropriate treatment and

abscess and one

L

of new techniques like
CBNAAT(cartridge based nucleic acid amplification test)
plays an important role for early diagnosis of the disease.
CBNAAT provides a robust and a promising role in early
diagnosis of tuberculosis in head and neck as well as other
cases of smear negative tuberculosis. Its high specificity
and less time taking procedure rnakes it an excellent tool
for timely diagnosis of such cases [5]. Diagnosis through
CBNAAT has started in our institute since one year and in
our series the last two cases showed positive for CBNAAT
which helped in the confirmation of the disease.
Histopathological examination of the granulation tissue
r ofrom the affected ear remained to be an important conflr- mative diagnostic tool for tuberculosis. But it is difficult if
there is less tissue sample. With the development of
CBNAAT it is possible to make an early diagnosis even
with a limited sample to start the patient on anti-tubercular
treatment (ATT). Untreated tuberculous otitis media can
Tl%o t8-101. Development

Q

in

Springer

suspicion and timely diagnosis

are of

paramount

importance.

Conclusion
The series demonstrates changing trend in the tuberculous
otitis media and its diagnostic challenge. Therefore suspicion of tuberculosis should be kept in mind in all unusual
presentation as seen in our series. The diagnostic challenge
can be overcome with newer diagnostic tools like
surgical approach patient can be successfully managed.

with tuberculous otitis media with pul-

monary origin. All patients in our series were screened for
pulmonary tuberculosis with chest x-ray but found negative
except for one patient. The disease extension to the mastoid
.Jeading to mastoiditis, sinuses and swelling is the changing
irend that has been noted in our series.
Due to the unusual and rare presentations, diagnosis of
tuberculous otitis media is challenging and requires a high
index of suspicion. Demonstration of acid fast bacilli in the
ear discharge is very difficult. Smears and culture of M.tuberculosis is not positive always and varies from 10 to

result

infection which was not seen in our series. Therefore, early

severe complications such as facial paralysis,

Funding No funding.

References

I

(2002) Tuberculous otitis media: two
I 8l:'792-:194
2. Ravi Kumar A, Senthil K, Prasanna Kumar S, Gopinath, Gaurav
Bambha (2007) Primary tubercular mastoiditis-a rare presentation. Sri Ramachandra J Medicine 4:129-l3l
3. Scorpecci A,Bozzola E, Villani A, Marsella P (2015) Two new
cases of chronic tuberculous otomastoiditis in children. Acta
Otorhinolaryngol Ital 35(2): 125-128
4. Djeric D, Tomanovic N, Boricic (2013) Tuberculous otitis
media-diagnosis and treatment of four cases. J Int Advanced Otol

1. Awan MS, Salahuddin

case reports and literature review. Ear Nose Throat

I

9:255-259

5. Sachdeva K, Shrivastava T (2018) CBNAAT: a boon for early

I

diagnosis of tuberculosis-head and neck. Indian Otolaryngol
Head Neck Surg 70(4):572-577
6. Marlowe FI (1972) Primary tuberculous otomastoiditis. Ann Otol

Rhinol Laryngol 8 l(2):288-290

7. Mjoen S, Grontved A, Holth V, Mair IW (1992) Tuberculous
otomastoiditis. ORL J Otorhinolaryngol Relat Spec 54(1):57-59

8. Yaniv E (1987) Tuberculous otitis: an underdiagnosed

disease'

Am J Otolaryngol 8(6):35G360
9. Buname G, Namwagala J, Ndoleriire C' Alele D (2013) Tuberculous Mastoiditis: a rare occuffence. J Infect Dis Ther 1:113
10. Emmett JR, Fischer ND, Biggers WP (1977) Tuberculous mastoiditis. Laryngoscope 87(7):1 1 57-1163
Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations'

Pediatric Neurology 110 (2020) 97e98

Contents lists available at ScienceDirect

Pediatric Neurology
journal homepage: www.elsevier.com/locate/pnu

Clinical Letter

CAD DeﬁciencydAnother Treatable Early Infantile Epileptic
Encephalopathy
Mahesh Kamate, MD, DM Pediatric Neurology a, *, Supriya Patil, MD Pediatrics b
a
b

Division of Pediatric Neurology and Child Development Centre, KAHER’s J N Medical College, Belgaum, Karnataka, India
Department of Pediatrics, KAHER’s J N Medical College, Belgaum, Karnataka, India

a r t i c l e i n f o
Article history:
Received 30 March 2020
Accepted 2 May 2020
Available online 21 May 2020
Keywords:
Epileptic encephalopathies
CAD deﬁciency
Treatable neurometabolic disorder
Drug-resistant epilepsy

Early infantile epileptic encephalopathies (EIEEs) are caused
by a variety of structural brain abnormalities, genetic defects and
inborn errors of metabolism. Although most conditions do not
have deﬁnitive treatment, a very few of these are treatable like
pyridoxine dependency, pyridoxal phosphateeresponsive seizures, folinic acideresponsive seizures, biotinidase deﬁciency,
glucose transporter type 1 deﬁciency syndrome, creatine deﬁciency, and KCNQ2 and SCN2A encephalopathies.1 We now have
another condition in EIEE that is easily treatable, i.e., EIEE-50
caused because of mutations in CAD gene that can be treated
with uridine supplementation.2 We here report a child who had
neonatal-onset seizures and was conﬁrmed to have EIEE-50
based on next generation sequencing (NGS) testing after
obtaining written informed consent from the parents. Only six
cases of CAD mutation have been reported so far in the literature
and most had seizure onset in infancy or at age ﬁrst two to
three years.3

Conﬂict of interest and source of funding statement: The authors declare no
conﬂict of interest or ﬁnancial disclosures concerning the materials or methods
used in this study or the ﬁndings speciﬁed in this article.
* Communications should be addressed to: Dr. Kamate; Division of Pediatric
Neurology and Child Development Centre; J N Medical College; KLE University;
Belgaum 590010, Karnataka, India.
E-mail address: drmaheshkamate@gmail.com (M. Kamate).

Patient Description
Born to consanguineously married couple with a birth weight of
2.7 kg, the index child developed recurrent seizures starting on day
four of life. Seizures were both focal and generalized clonic type
with occasional myoclonic seizures. The frequency varied from
three to 15 per day. Two female siblings were normal. Complete
blood counts showed normocytic normochromic anemia (hemoglobin 10 g/dL). Routine metabolic screening including lactate,
tandem mass spectrometry, urine gas chromatography mass
spectrometry, and cerebrospinal ﬂuid examination was normal.
Magnetic resonance imaging of brain with spectroscopy was
normal, and electroencephalography (EEG) showed multifocal
epileptiform discharges. Seizures continued despite correct doses
of phenobarbitone, phenytoin, levetiracetam, lacosamide, and clonazepam. Suspecting metabolic encephalopathy, a trial of pyridoxine, pyridoxal phosphate, folinic acid, and biotin was given with
no beneﬁt. Blood was sent for epileptic encephalopathy gene panel
by NGS. At age four months, he continued to experience three to
four seizures per day and had not attained any milestones. His
hemoglobin was 7.0 g/dL despite iron supplementation. The NGS
test revealed a homozygous missense variation in exon 3 of CAD
gene (c.239G>T), which was reported as likely pathogenic suggestive of EIEE-50. The observed variation lies in the carbamoyl

https://doi.org/10.1016/j.pediatrneurol.2020.05.001
0887-8994/© 2020 Elsevier Inc. All rights reserved.
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phosphate synthase domain of the carbamoyl-phosphate synthetase 2, aspartate transcarbamylase, and dihydroorotase protein. The
Gly80Val variant has not been reported in the 1000 genomes and in
exome aggregation consortium databases and has a minor allele
frequency of 0.02% in the internal database of the laboratory, which
did the testing. The damaging effects of the variant were predicted
by in silico tools (scale-invariant feature transform and
MutationTaster2).
Child was given uridine supplementation (100 mg/kg in three
divided doses), phenytoin was continued; phenobarbitone was
tapered and stopped. Within two weeks, the seizures stopped and
child started attaining milestones. EEG at one year was normal. At
age 15 months, child had auditory myoclonus and few clonic seizures with fever, so phenytoin was stopped and child started on
levetiracetam along with clobazam. At age 18 months, child is
seizure free, has mild motor delay with few meaningful words.

youngest child with CAD deﬁciency to have seizures reported in the
literature is six months, whereas our child had seizures in neonatal
period itself.3 Anemia is prominent in patients with CAD deﬁciency
but usually mild or moderate like in our child and should give a clue
to CAD deﬁciency. Magnetic resonance imaging is normal in the
beginning and as the disease progresses there is generalized
supratentorial and infratentorial atrophy. EEG shows slow background activity with multifocal epileptiform discharges, which
shows improvement with uridine treatment.
CAD deﬁciency is a clinically recognizable condition presenting
with normocytic anemia, global developmental delay, and seizures.
It is likely to be underdiagnosed. It can present with seizures in
neonatal period also. Provisional uridine administration should be
considered in severely affected children with anemia, anisopoikilocytosis, and epileptic encephalopathy, before a conﬁrmed genetic
diagnosis.

Discussion

Acknowledgments

The number of epileptic encephalopathies for which there is
convincing evidence of beneﬁcial treatment effects is rather
limited.1,2 To this list of treatable epileptic encephalopathies, CAD
deﬁciency is a recent addition and can be considered a treatable
neurometabolic disorder. CAD encodes a multifunctional enzyme
complex that catalyzes the ﬁrst steps of de novo pyrimidine
biosynthesis.4 Uridine monophosphate plays a pivotal role in protein glycosylation, lipid metabolism, and polysaccharide
biosynthesis.
Many of them present at age two to three years of age with
developmental delay, refractory seizures, and anemia with anisopoikilocytosis. The cases showed regression of cognitive and motor
functions, and children developed hypotonia and minimal
conscious state leading to death if untreated in a few years.2 The
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Developmental regression in a young child is always a challenge to investigate and treat [1]. Before we consider inherited
metabolic conditions it is always important to rule out acquired conditions that are mostly treatable such as nutritional
deficiencies like vitamin-B12 presenting as infantile tremor
syndrome (ITS) and protein energy malnutrition; infections
like human immunodeficiency virus and slow viral infections
and environmental toxins like lead exposure etc.
Infantile tremor syndrome has been reported from India in
the last six decades but the exact cause and treatment of this
condition is not clear from the published literature [2]. Many
studies done in the past have implicated many etiological factors like deficiency of zinc, vitamin-B12, iron, magnesium etc
[3]. Role of vitamin-B12 deficiency in the causation of ITS is
also not clear with many patients of ITS having normal
vitamin-B12 levels. Is ITS really due to vitamin-B12 deficiency in these cases and if yes, how do work up these cases
further is always a difficult task.
Many of us depend on the tremors to suspect and diagnose
babies with ITS but it may not always be there in a given case
and just regression of milestones with skin color change could
be the only manifestations. Though previously termed as preITS in literature this has not been correctly characterized.
Sankhyan and colleagues have done a detailed evaluation of
92 children and their mothers with ITS and pre-ITS using
detailed clinical examination, standard psychometric tests, hematological tests and extensive biochemical tests to study the
role of vitamin-B12 in the causation and treatment of ITS [4].
As presented in the study by Chaudhary et al., the tremors
were seen only in 21.7% (20 out of 92) children and almost
all of them had skin changes in the form of pallor and hyperpigmentation of skin. The absence of tremors in a given case
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may dissuade a physician from considering ITS in an infant
with neuro-regression. The term Neurocutaneous infantile B12 (NIB) aptly describes the key clinical features, provides
clue to the underlying cause and can lead to prompt treatment
of this condition and there is a need to change from ITS/ preITS to neurocutaneous infantile vitamin B12 to label these
children.
Serum vitamin-B12 levels were less than the normal cut off
(211 pg/ml) in only 42% children in the current study which is
similar to that reported by Goraya et al. [5]. The practice of
many medical professionals prescribing multivitamin syrups
as appetite stimulants could be one of the main reasons for
getting normal vitamin-B12 levels in most of the cases.
However other evidence of vitamin-B12 deficiency in the
form of increased homocysteine levels in 96.5% cases, elevated C3:C2 ratio in 79.5% cases and increased urine
methylmalonic acid in urine was seen in 70.1% cases. Only
3 out of the total 92 did not have any biochemical evidence of
vitamin B-12 deficiency [4]. If we combine hematological
findings, all children with ITS had some evidence of
vitamin-B12 deficiency and none of them had folate deficiency in the study population.
As only 42% of cases had low serum vitamin-B12 levels, it
would be a wise decision to do serum homocysteine levels in
the baby if he has received vitamin-B12 supplementation in
last few days. Estimating vitamin-B12 and homocysteine in
the mother also is a good option if there is history of receiving
oral vitamin-B12 for long time or if injectable vitamin-B12
was given to the baby in the past. As most of the babies are
exclusively or predominantly breastfed, a low vitamin B12 in
the mother would be a surrogate marker for vitamin-B12
levels in the child.
Majority of the children with ITS, are borne to exclusively
breast-fed mostly vegan mothers who themselves are vitaminB12 deficient and because of delayed weaning the vitaminB12 deficiency in the baby gets exaggerated. Presentation
with developmental delay and/or regression and response to
vitamin-B12 supplementation confirms the role of vitaminB12 in the causation of ITS. If vitamin-B12 levels are normal
in a given case of ITS, then other tests should be done.

170

Indian J Pediatr (March 2020) 87(3):169–170

Compliance with Ethical Standards
Conflict of Interest None.

References
1.
2.

Clarke JTR. A Clinical Guide to Inherited Metabolic Disease, 2nd
ed. Cambridge: Cambridge University Press; 2004.
Kaul KK. Infantile tremor syndrome: still a mystery! Indian Pediatr.
2015;52:628–31.

3.

4.

5.

Agarwal R, Singh RN, Gupta BD, Agarwal DK, Arora AK. Serum
magnesium, calcium, zinc in infantile tremor syndrome. Indian
Pediatr. 1993;30:374–6.
Chaudhary H, Verma S, Bhatia P, Vaidya PC, Singhi P, Sankhyan N.
Infantile tremor syndrome or a neurocutaneous infantile B12 deficiency (NIB) syndrome? Indian J Pediatr. 2020. https://doi.org/10.
1007/s12098-019-03117-w.
Goraya JS, Kaur S. Infantile tremor syndrome: a review and critical
appraisal of its etiology. J Pediatr Neurosci. 2016;11:298–304.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Comments on Published Articles
Remarks on “Crossdisciplinary Appraisal of
Knowledge and Beliefs
Regarding the Diagnosis of
Autism Spectrum Disorders
in India: A Cross-sectional
Survey”

J

ain et al.1 reported a cross-disciplinary appraisal of knowledge and
beliefs regarding the diagnosis of autistic spectrum disorders (ASD) in India.
We have some comments on the objectives and methods of the study.
We believe that comparing knowledge
about ASD across different groups of
professionals is unwarranted. The three
groups of professionals studied, clinical
psychologists, speech therapists, and occupational therapists, by virtue of their
training and expertise, could almost by
definition be expected to have different
levels of knowledge and would be expected to play different roles at different
stages while managing ASD. Comparing
knowledge across these three groups
would therefore serve no scientifically useful purpose. It would have been
more appropriate had the authors, for
example, defined minimum thresholds
of knowledge for each group of professionals and then studied their actual
knowledge of the field. In this context, it
should be noted that nobody can be expected to know everything.

The authors also reported modifying
and adding to an existing instrument2
without piloting the new instrument to
understand its strengths, limitations,
and psychometric properties.
Finally, the last paragraph of the Introduction contains a repetition for aims
and objectives of the study. It would have
been more meaningful for the authors to
have instead stated primary and secondary objectives, with appropriate justification. The primary and secondary outcome measures should also have been
stated and justified.3
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Rather than narrowly focusing on depression and
PTSD, future studies should investigate how ongoing
social unrest might lead to both positive (eg, increase
in solidarity and sense of community among citizens,
awareness of human rights and democracy, and
civic engagement) and negative (eg, stigmatisation,
socio
political polarisation, and intergroup conflicts)
psychosocial consequences that can affect citizens’ mental
and physical health.6 Future studies should also extend
to the adolescent population, as they play an important
role in rallies and protests, and be truly longitudinal to
capture how specific sociopolitical factors and levels and
forms of participation might affect adolescents’ social and
mental health over time, especially given they are at their
formative stage of development neurologically, mentally,
physically, and socially.5 Additionally, specific subgroups
(ie, parents and their children, protesters, and police
officers) and social minority groups (ie, citizens in poverty,
ethnic minorities, immigrants from mainland China, and
people with lived experience of mental illness) deserve
more attention from researchers and service providers
as they might be susceptible to specific sociopolitical and
environmental stressors.
The authors conclude that the increases seen in
probable depression and suspected PTSD would add an
extra 12% service requirement to the public sector queue
or equivalent.4 This is assuming that clinical treatment
offered by specialist psychiatric care is the only route
towards treatment of depression and PTSD. Certainly,
inadequate mental health service capacity is a problem
that has long needed to be addressed in Hong Kong.
What is left unspoken are the structural and sociopolitical
ways in which our society can respond to this crisis. If the
social situation and political climate in Hong Kong are left
unchanged, the distress of citizens stemming from this
social unrest cannot be completely addressed and healing
cannot commence. This is evident from the historically

high voter turnout of 71·23% in the district council
election in November, 2019, and the landslide results
of pro-democracy camps winning 17 of 18 districts in
Hong Kong.7 Citizens are crying for political and structural
changes. Mental morbidity cannot be treated in isolation
from the larger sociopolitical context, and stakeholders
beyond health-care providers can contribute actively to
improve population mental health. It is a challenge for the
government and service providers to see beyond clinical
services as piecemeal solutions to population mental
health concerns and take a multipronged and sustainable
approach to tackle citizens’ needs on all fronts.
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Simple and safe: preventing preterm birth with aspirin
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Preterm birth is one of the most common causes of death
and disability in children in high-income and low-income
countries around the world.1 Wealthy nations have tar
geted the problem with expensive interventions, including
ultrasounds of the cervical length at mid-trimester,
multidisciplinary specialist hospital clinics, and expensive

pharmaceuticals. However, many cases of preterm birth
can be better addressed using a public health approach.2–7
In The Lancet, Matthew Hoffman and colleagues8
report a randomised, double-blind, placebo-controlled
trial that adds to the evidence in support of low-dose
aspirin as an additional intervention in the public
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Before routine prescription of aspirin becomes a
potential recommendation in high-resource settings,
a randomised trial would need to establish that global
implementation can achieve superior clinical and cost
outcomes to selective clinical screening, via patient
histories, examinations, and any proposed biomarkers.
In resource-limited settings, an observational postglobal implementation trial would also be useful to
monitor subsequent trends in preterm birth.
Overall, the paper adds to the body of evidence in
support of this approach for the prevention of preterm
birth. Before funding expensive hospital-based inter
ventions, health-care providers need to ensure national
maternity policies deliver minimum standards of
evidence-based care. A public health approach mandates
the implementation of low-cost community interventions
of known efficacy as a priority. For example, robust data
have shown that cessation of smoking in early pregnancy
reduces the risk of preterm birth.2 As an intervention for
smoking, behavioural modification by maternity-care
providers is effective in helping pregnant women to
quit,3 yet a systematic review found that many pregnant
women identified as smokers are not given formal
follow-up or support to quit.4 Likewise, nutrition is
another public health strategy known to prevent
preterm birth. Dietary advice and supplements in cases
of deficiency can reduce the risk of preterm birth. A 2018
Cochrane review involving 19 927 women reported a
42% reduced risk of early preterm birth (relative risk 0·58
[95% CI 0·44–0·77]; nine trials, 5204 participants) and
an 11% reduced risk of preterm birth (0·89 [0·81–0·97];

www.thelancet.com Vol 395 January 25, 2020
Downloaded for Anonymous User (n/a) at Jawaharlal Nehru Medical College from ClinicalKey.com by Elsevier on November 02, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

Giacomo Pirozzi/panos

health arsenal. In their study of pregnant women
aged 14–40 years from the Democratic Republic of
the Congo, Guatemala, India, Kenya, Pakistan, and
Zambia, participants were assigned 81 mg (low-dose)
aspirin (n=5990) or placebo (n=5986) from the first
trimester of pregnancy. The primary outcome was
preterm birth before 37 weeks; among women in
whom this outcome could be defined, it occurred in
668 (11·6%) of 5780 women who took aspirin and
in 754 (13·1%) of 5764 who took placebo (relative
risk 0·89 [95% CI 0·81–0·98], p=0·012). Perinatal
mortality, fetal loss, early preterm delivery, and the
incidence of women who delivered before 34 weeks
with hypertensive disorders of pregnancy were also
significantly reduced in women taking aspirin. Other
adverse maternal and neonatal events were similar
between the groups.8
The story of aspirin in pregnancy is decades old.
Originally investigated as a drug to stabilise the
endothelium of the microvasculature, so as to reduce
the risk of recurrent early onset pre-eclampsia, its role
has expanded in recent years into a prophylactic for
women at increased risk of hypertensive disorders of
pregnancy and subsequent preterm birth.9 However, the
trial by Hoffman and colleagues is the first major study
to my knowledge that evaluates if the protective effects
are sufficient to justify use of the medication as a global
pregnancy measure for the prevention of preterm birth.
The main strength of the paper is the observed
generalisability of the benefit across six countries. The
intervention was safe, with no increase in maternal
or fetal morbidity, and high compliance was observed
through residual pill counting. The intervention has
many merits: aspirin is cheap to produce, has a long
shelf life, and can be easily stored without the need for
refrigeration, making it simple to implement even in
low-resource settings.
However, the study did have some limitations. The
benefits cannot be assumed to hold true for multiparous
women or those with multiple pregnancies, who were
excluded from participation. The benefits might also
not apply in high-resource obstetric settings, where
rates of preterm birth might already be low, and clinical
guidelines already in place recommend clinical screening
of pregnant women to identify those at increased risk
of hypertensive diseases of pregnancy, and prescription
of prophylactic aspirin in identified cases.10
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26 trials, 10 304 participants) if a pregnancy supplement
of docosahexaenoic acid was prescribed from week 12 of
pregnancy.5
The findings are encouraging. They contribute to the
argument that the way forward in tackling the global
concern of preterm birth is to deliver an improved
standard of universal maternity care. Before resources
are diverted to expensive interventions, governments
need to ensure they have the basics right when it comes
to maternal care and preterm birth risk reduction.
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Eplerenone is not superior to placebo for chronic central
serous chorioretinopathy
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There is no consensus on the optimal treatment for
chronic central serous chorioretinopathy (CSCR).
In drug trials for CSCR, the relapsing–remitting
nature of this visually impairing condition makes
distinguishing treatment efficacy from improvements
unrelated to the intervention nearly impossible in the

absence of a placebo control group. Unfortunately,
the number of randomised controlled clinical trials
providing safe guidance are scarce. In the absence of
compelling evidence, so-called promising therapies
have become abundant, including, but not limited to,
laser photocoagulation, photodynamic therapy (PDT),
subthreshold laser treatment, intravitreal anti-vascular
endothelial growth factor therapy, Helicobacter pylori
eradication, carbonic anhydrase inhibitors, rifampin,
and, more recently, mineralocorticoid receptor (MR)
antagonists.1,2
Over the past 5 years, MR antagonists, particularly
eplerenone, which has fewer anti-androgenic effects
than spironolactone, have become more popular
among retina specialists for the treatment of chronic
CSCR, and these antagonists are becoming part of the
standard of care.2 The mineralocorticoid pathway has
recently been the focus of research as there is some
evidence that the detrimental effect of glucocorticoid
on patients with CSCR might be due to the activation
of choroidal MRs.3 In a preclinical study, Zhao and
colleagues4 showed that intravenous injection of
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Aim: Speciﬁc amino acids have been linked to regulation of insulin secretion from pancreatic b-cells; on
the contrary, increased concentration of certain amino acids is associated with insulin resistance (IR) and
development of type 2 diabetes mellitus (T2DM). Nowadays, urine as a biological sample has attracted
more attention for diagnosis of disease for its special superiority; insufﬁcient research in the study of
urinary amino acid (UAA) pattern in patients with T2DM has led to the present study with the aim to
determine the levels of UAAs, their excretory patterns and the association of UAA to plasma glucose and
IR in patients with T2DM.
Methods: Quantiﬁcation of total urinary amino acids was done spectrophotometrically and the patterns
of amino acid excretion was elucidated by thin layer chromatography technique. Fasting blood samples
were used for plasma glucose and insulin estimation by fully automated analyzer.
Result: The levels of UAA in patients with T2DM in comparison to healthy controls were higher
(p < 0.0001). The frequency of urinary phenylalanine, arginine, tryptophan, tyrosine and cysteine were
signiﬁcantly higher in patients with T2DM than controls. There was also a strong positive correlation of
UAA levels with blood glucose levels and HOMAeIR in patients with T2DM.
Conclusion: Our study has shown subtle abnormalities in UAA patterns in patients with T2DM. The
measurement of UAA levels and excretory pattern can be used as an index of hyperglycemia and IR which
could serve as an inexpensive and non-invasive marker for T2DM. More studies are required to conﬁrm
this association.
© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.

Keywords:
Urinary amino acids
Type 2 diabetes mellitus
Insulin resistance
Thin layer chromatography
Phenylalanine
Tryptophan

1. Introduction
According to the World health organization (WHO), diabetes is
currently one of the major health concerns, worldwide. Many
epidemiological studies have raised alarm on the prevalence of
diabetes; current global scenario of diabetes is 425 million and is
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expected to rise to 629 million i.e., 48% increase by 2045 [1]. The
prevalence is highest in the Asian continent, especially in India and
China [2]. Prevalence rates also suggest that one in eleven adults are
living with type 2 diabetes mellitus (T2DM) and 2/3rd of people
with diabetes around the globe approximately 327 million are of
working age group i.e., between 20 and 64 years [1]. Diabetes is a
chronic disease that occurs either when the pancreas do not produce enough insulin or when the body cannot effectively use the
insulin that is produced. The b-cells of pancreas secrete insulin in
response to hyperglycemia and in turn, insulin enhances uptake of
glucose by the peripheral cells and regulates blood sugar. Therefore
any hindrance in insulin action or its production leads to hyperglycemia. Amino acids being the building blocks of proteins are also

https://doi.org/10.1016/j.dsx.2020.04.006
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known to enhance insulin secretion from primary islet b - cells and
b - cell lines under appropriate conditions [3]. Their levels in blood
are maintained at fairly constant levels and most of them undergo
efﬁcient glomerular ﬁltration but are reabsorbed in proximal renal
tubules by saturable transport systems. Increased aminoaciduria is
due to increased plasma concentration or tubular impairment
related to hereditary disorders or tubular injury. The urinary amino
acid patterns are known to reﬂect changes in the blood levels [4].
This is also true in patients with T2DM, in whom it has been proposed that hyperglycemia leads to alterations in the urinary amino
acid patterns [5,6]. Homeostasis model assessment (HOMA) is a
method used to quantify insulin resistance and has proved to be a
robust clinical and epidemiological tool for its assessment[7].
Urine, as an analytical matrix, has its own superiority in comparison to blood because of its non-invasiveness, reduce risk of
percutaneous injury and does not require the trained medical
personnel, which makes it more cost effective. Nowadays urine as a
biological sample has attracted more attentions for diagnosis of
disease for its special superiority; however there was a little
research in the study of urinary amino acid pattern for persons with
diabetes. Therefore we aimed to determine the levels of urinary
amino acids and their patterns in patients with T2DM and to
investigate the association of urinary amino acid to blood glucose
and insulin resistance in T2DM.
2. Materials & methods
2.1. Study design
This was a cross sectional study carried out in the department of
Biochemistry and Medicine, after obtaining approval by Institutional Ethics Committee on human subjects research (MDC/DOME/
81). The samples were collected from patients attending Medical
outpatient department of a tertiary care hospital. A total of 100
subjects were enrolled with 50 subjects in each of the group i.e.
patients with T2DM and healthy controls, after obtaining written
informed consent.
2.2. Inclusion and exclusion criteria
Selection of study participants within the age range (40e70
years), both normal and patients was random. The normal subjects
were considered for the study only after following a routine clinical
screening procedure and taking their consent before enrolment in
the study. Similarly, the recently diagnosed T2DM patients with
fasting blood sugar 126 mg/dl were included. The patients diagnosed with type 1 diabetes mellitus, suffering from any acute or
chronic infections, receiving any medication known to affect amino
acid reabsorption from renal tubules such as canagliﬂozin, and
dapagliﬂozin [Sodium-glucose co-transporter-2 (SGLT2) inhibitors]
were excluded from the study. All patients with T2DM were
screened for diabetic nephropathy or any kidney diseases
(measuring urine microalbumin, urine protein and kidney function
tests) before enrolment in the study and were excluded from the
current study.

for 15 min. Clear supernatant was used for the further estimations.
Thin layer chromatography (TLC) [10] was performed with standard
amino acids and sample supernatant. TLC was performed on plates
of silica gel using the Acetic acid/Butanol/DDW (2:4:1) as eluent.
The plates were dried and sprayed with Ninhydrin solution (0.1%)
and incubated at a temperature of 60  C for 15 min. The plates were
visualized under UV light of 254 nm and 365 nm in a UV chamber.
The observed spots were marked. The respective retention factor
(Rf) values were considered to determine amino acid pattern in
both the groups.

2.4. Statistical analysis
All the ﬁndings were statistically computed and results were
obtained. Statistical analyses were performed with IBM SPSS
version 23.0. Mean, Median and SD was calculated for each
parameter. Chi-square test, Student’s t-tests, and Mann Whitney
Uetests were used to assess differences between the groups. Urinary amino acid pattern was expressed by percentage distribution
and signiﬁcance was determined by Chi-square test. Spearman’s
correlation coefﬁcient was used to determine association of urinary
amino acid to plasma glucose and HOMA-IR. A probability of 5% or
less was considered signiﬁcant.

3. Results
3.1. Comparison of urinary amino acids in patients with T2DM and
healthy control groups
The mean levels of urinary amino acids was signiﬁcantly higher
(p < 0$0001) in the T2DM group (Fig. 1a). No signiﬁcant difference
was observed in urinary creatinine levels between the groups
(Fig. 1b). Because of all patients with T2DM were screened for
kidney diseases or diabetic nephropathy, the observed urinary
creatinine levels reﬂected an invariable renal function in both the
groups. The amount of amino acid excreted in urine was calculated
in terms of ratio of amino acid to creatinine (AA/Cr). It is evident
from the data (Fig. 1c) that there was a signiﬁcantly higher
(p ¼ 0$0001) urinary amino acid level in T2DM group as compared
to the control group.

3.2. Comparison of percentage urinary amino acid patterns in both
study groups
The percentage excretory pattern of amino acids in patients
with T2DM, based on thin layer chromatography, demonstrated
that phenylalanine was the most common amino acid, followed by
glycine, histidine, cysteine, tyrosine, serine, alanine, arginine and
tryptophan in decreasing order of frequency. The frequency of
amino acids such as phenylalanine, cysteine, arginine and tryptophan were signiﬁcantly seen (p < 0$05) in patients with T2DM
compared to controls. The amino acid glycine was signiﬁcantly seen
(p ¼ 0$038) in control subjects than T2DM group (Fig. 2).

2.3. Sample collection and technique
Fasting blood samples were collected from the patients with
T2DM and control subjects and assessed for fasting glucose and
insulin to determine the HOMA-IR. Fasting urine samples were
collected from both the groups and analyzed for amino acids. The
total amino acid levels in urine was quantiﬁed by Ninhydrin
method [8] and creatinine by Jaffe’s method [9]. Samples were
deproteinized by adding methanol and centrifuged at 10,000 rpm

3.3. Association of urinary amino acid with fasting blood glucose
and insulin resistance in patients with T2DM
There was a positive correlation (p < 0$05) between fasting
blood glucose and urinary amino acids (r ¼ 0$290; Fig. 3) as well as
a positive correlation (p < 0$0001) between urinary amino acids
and insulin resistance (HOMA-IR; r ¼ 0$614) in T2DM groups
(Fig. 4).
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Fig. 1. Urinary levels of amino acid (mg/ml) in patients with T2DM and healthy controls: Urinary levels of (A) amino acid concentration (panel A; p < 0$0001), (B) creatinine
concentration (panel B; p ¼ 0$29) and (C) amino acid/creatinine ratio (panel C; p < 0$0001) in both T2DM and control subjects. A 2-tailed unpaired Student’s t-test was employed to
determine statistical signiﬁcance. Each bar represents the mean ± SD for 50 samples from each respective category.

Fig. 2. Percentage comparison of urinary amino acid patterns in patients with T2DM and healthy controls: Percentage of patients with T2DM and control excreting the individual amino acids based on thin layer chromatography. All 100 study subjects (50 in each groups) were evaluated for urinary amino acid pattern on TLC and calculated percentage
of subjects having amino acid pattern. Values are presented as numbers (%) and chi-square test was applied to determine statistical signiﬁcance. (*p < 0.05, **p < 0.001 and
***p < 0.0001).
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Fig. 3. Association of urinary amino acid with fasting blood glucose in patients with T2DM: Correlation is signiﬁcant at the 0$05 level (2-tailed). Spearman’s Correlations
Coefﬁcient: 0$290 (p ¼ 0$048). AACr ratio, amino acid to creatinine ratio.

4. Discussion
The present study ﬁndings revealed increase in urinary excretion of amino acids and ratio of AA/Cr in patients with T2DM
compared to healthy controls. The excretory pattern of amino acids
in patients with T2DM had shown subtle abnormalities. The frequency of urinary levels of aromatic amino acids such as phenylalanine, tryptophan, and sulfur containing amino acid i.e., cysteine
and basic amino acid i.e., arginine were signiﬁcantly higher and
glycine was signiﬁcantly lower in patients with T2DM than control
subjects. We also observed the positive correlation between urinary AA/Cr ratio and blood glucose levels in T2DM group.
Our study ﬁndings of increased urinary amino acid levels in
patients with T2DM are in agreement with the study conducted by
Bingham et al. [5], Krishnaprasad [6], Ganguly [11], and Leutscher
[12]. The probable explanation for the rise in amino acid excretion
can be the reduction in renal amino acid reabsorption; since the
glucose may depolarize and dissipate the electrical gradient of
sodium-dependent amino acid transporters in the proximal renal
tubule. However, the mechanism is not yet completely understood.
Bingham et al. [5] reported generalized aminoaciduria associated
with glucosuria in all types of diabetes. They found evidence of
generalized aminoaciduria in HNF-1a mutation carriers who
exhibited increased urinary excretion of 14e16 amino acids in
comparison to age matched controls. However, this generalized
aminoaciduria has proved to be a feature in all subtypes of diabetes
rather than speciﬁc to HNF-1a mutation carriers as seen in

subsequent studies with patients of type 1 and T2DM. If there is an
association between aminoaciduria and glucosuria, then there has
to be an evidence of aminoaciduria even in conditions of glucosuria
without diabetes. There are studies which report aminoaciduria
with glucosuria. In another study, two patients with renal glucosuria and aminoaciduria was reported [13].
Despite normal glucose level and glucose tolerance test, a familial condition of renal glucosuria was associated with a defect in
the SGLT-2. Manifestations of the renal Fanconi syndrome were
seen in acute lead poisoning with glucosuria, aminoaciduria, and
phosphaturia. Up to 13 years after lead poisoning, persistent glucosuria and aminoaciduria were reported [14]. The renal Fanconi
Syndrome presents with glucosuria and aminoaciduria, which are
its general features and it may be primary or secondary to other
causes such as inborn error of metabolism or myeloma in addition
to lead [15]. Other than these examples, an infusion of a 10% glucose
solution in four non-T2DM individuals have been shown to produce
glucosuria and aminoaciduria, with increased excretion of 16
different amino acids [16]. It is known that urinary amino acid
patterns are a true reﬂection of changes in the blood levels. The
increased urinary amino acid levels represent increased blood
levels and, vice versa. Our ﬁndings show indirectly elevated blood
levels of aromatic amino acids, basic amino acids, and cysteine and
decreased blood levels of glycine and alanine. The speciﬁc aminoaciduria pattern in patients with T2DM was contradicting the study
conducted by Bingham et al. [5], which had shown the generalized
aminoaciduria in diabetes.
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Fig. 4. Association of urinary amino acid with insulin resistance in patients with T2DM: Correlation is signiﬁcant at the 0$0001 level (2-tailed). Spearman’s Correlations
Coefﬁcient: 0$614 (p ¼ 0$0001). AACr ratio, amino acid to creatinine ratio, HOMA-IR, homeostatic model assessment of insulin resistance.

Urinary amino acid pattern in patients with T2DM shows
increased frequency of aromatic amino acids viz-phenylalanine,
tryptophan and tyrosine, and basic amino acids such as histidine
and arginine; and sulfur-containing amino acid cysteine in our
study. These ﬁndings are in agreement with the review report by
Adams, who put forth that the changes in the blood concentrations
of selected essential amino acids such as cysteine, tyrosine, and
phenyl alanine were apparent with obesity and insulin resistance,
often before the onset of clinically-diagnosed T2DM [17]. Our
ﬁndings were also corroborating to Krishnaprasad [6] who found
that a greater proportion of patients with T2DM excreted cysteine
followed by arginine and isoleucine. The pattern of amino acids
commonly encountered in patients with T2DM was cysteine, arginine, serine, threonine, isoleucine, proline, leucine, alanine, glycine,
glutamic acid, methionine, tyrosine, and lysine in that order of
frequency [6]. Fiehn et al. [18] suggested that there were increased
concentrations of cystine and histidine and a decrease in concentration of glycine in patients with T2DM, which was in agreement
with our study.
T2DM is a disease of abnormal intermediary metabolism of an
array of nutrients including glucose [18]. The intracellular level
alterations in the oxidative metabolism rates of selected amino
acids inﬂuences the circulating concentrations of metabolites and
are affected by impaired insulin action and T2DM [17]. These perspectives are greatly inﬂuenced by classic metabolic “crossover”
analysis concepts in which reduced activity of a speciﬁc enzyme

within a biochemical pathway increases or decreases the precursor
or product concentrations respectively. Insulin resistance and the
low levels of circulating insulin in diabetes are said to be associated
with marked elevation in the plasma concentrations of branchedchain amino acids (BCAAs). A number of studies have reported
the increase in BCAA levels in patients with T2DM. Studies conducted by Vannini [19], Wang [20], Lu [21], and Adeva [22] show an
increase in the blood levels of BCAAs. In contradiction to these
studies, the presence of BCAA in patients with T2DM in our study
was not well reﬂected. This may be due to the limitations of our
study that the simple technique of chromatography could not
highlight the presence of BCAA. We found that proportion of
glycine and alanine were higher in controls, which was in agreement with Bingham et al. [5] and Krishnaprasad [6] study.
Decreased levels of circulating alanine may be responsible for
development of diabetes. Alanine and glutamine play important
role in insulin secretion from pancreatic b cells [1]. In diabetes,
there is continuous gluconeogenesis occurring that contributes to
hyperglycemia and breakdown of the fat and protein. The main
gluconeogenic amino acids i.e. alanine and glycine, get diverted
towards glucose production decreasing its blood levels in patients
with T2DM. Studies have shown that perfusion of alanine and
glycine are proved to be nephroprotective [23]. Therefore, the
altered amino acid pattern associated with deﬁciency of alanine
and glycine would be vulnerable to kidney damage and can be
linked to renal damage. Thus it is being claimed that there is a
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possibility of these varied amino acid patterns to serve as an
inexpensive marker for development of nephropathy [6]. Diabetic
nephropathy is preceded by a window period where differences in
functional and/or structural patterns may occur [24,25]. Since there
are different mechanisms of speciﬁc tubular reabsorption for
different amino acids, the study of urinary amino acid could be
interesting as it has been already described on experimental basis
[26]. Therefore signiﬁcant aminoaciduria could be due to tubular
malfunctions and may aid in early detection of tubular lesion or
silent diabetic nephropathy.
The association of urinary amino acid with blood glucose levels
was positive with a signiﬁcant correlation of 0$290 (p < 0$05). This
was in agreement with the study done by Ganguly R [7] but study
done by R. Krishnaprasad [6](r ¼ 0$245) depicted the contrast. The
association of amino acid with HOMA-IR values also had a positive
Spearman’s correlation (0$614). The renal handling of glucose is not
completely understood, there are two sodium coupled transport
proteins that aid in the luminal transport of glucose in the proximal
convoluted tubule (PCT). Sodium dependent glucose transporter-1
(SGLT-1) is present in the S3 segment of the PCT and small intestine,
SGLT-2 is speciﬁc to kidney and has a high capacity for bulk reabsorption of glucose in the S1 and S2 segments of PCT. The SGLT-1
has a high afﬁnity and reabsorbs the glucose in proximal tubule
ﬂuid in normal subjects. Like the glucose, even amino acids are
nearly completely absorbed in the proximal tubules in normal individuals. There are different amino acid transport systems identiﬁed and it is likely that there are transport systems yet to be
identiﬁed. The aminoaciduria seen in patients of T2DM can be a
direct effect of glucose on amino acid reabsorption but still needs to
be conﬁrmed. Since the glucose present in proximal tubule depolarizes and dissipates the electrical gradient of sodium dependent amino acid transporters the reabsorption of amino acids is
reduced [5].
5. Clinical signiﬁcance & conclusion
Aminoaciduria is known to provide clinical clues in diagnosis,
genetic surveys and interpretation of metabolic defects in various
syndromes. Urinary amino acid excretion is distinct in a given
disorder forming the basis of differentiation amongst metabolic
syndromes. Therefore, study of urinary amino acids is clinically
useful. The study of urinary amino acid excretion in diabetic might
fascinate not only in the context of diabetic nephropathy, but also in
the revealing of partial aspects of amino acid metabolism, and
probably, in the metabolic control of Type 2 diabetes. The present
study explores the association of urinary amino acids in T2DM. The
urinary levels of amino acids and their speciﬁc pattern could serve
as an inexpensive early marker to diagnose the diabetes. One of the
limitation of this study was quantiﬁcation of separated amino acids
on TLC. Further research needs to be conducted in large sample size
with different types of diabetes and also in individuals with high
risk for diabetes.
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Abstract: A novel coronavirus infection coronavirus disease 2019 (COVID-19) emerged from Wuhan, Hubei Province of China, in December 2019 caused by SARS-CoV-2 is
believed to be originated from bats in the local wet markets.
Later, animal to human and human-to-human transmission of the virus began and resulting in widespread
respiratory illness worldwide to around more than 180
countries. The World Health Organization declared this
disease as a pandemic in March 2020. There is no clinically
approved antiviral drug or vaccine available to be used
against COVID-19. Nevertheless, few broad-spectrum
antiviral drugs have been studied against COVID-19 in
clinical trials with clinical recovery. In the current review,
we summarize the morphology and pathogenesis of
COVID-19 infection. A strong rational groundwork was
made keeping the focus on current development of therapeutic agents and vaccines for SARS-CoV-2. Among the
proposed therapeutic regimen, hydroxychloroquine,
chloroquine, remdisevir, azithromycin, toclizumab and
cromostat mesylate have shown promising results, and
limited benefit was seen with lopinavir–ritonavir treatment
in hospitalized adult patients with severe COVID-19. Early
development of SARS-CoV-2 vaccine started based on the
full-length genome analysis of severe acute respiratory
syndrome coronavirus. Several subunit vaccines, peptides,
nucleic acids, plant-derived, recombinant vaccines are
under pipeline. This article concludes and highlights
ongoing advances in drug repurposing, therapeutics and
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vaccines to counter COVID-19, which collectively could
enable efforts to halt the pandemic virus infection.
Keywords: antiviral drugs; coronavirus; SARS CoV-2;
vaccines.

Introduction
In December 2019, a novel coronavirus (CoV) infection
emerged from Wuhan, Hubei Province of China, has spread
to many countries worldwide [1, 2]. It is believed to be
originated from bats, linked initially to animal-to-human
transmission in local wet markets. Subsequently, humanto-human transmission of the virus commenced, resulting
in widespread respiratory illness worldwide to around 183
countries [1, 2]. On February 11, 2020, the World Health
Organization (WHO) named the virus 2019-nCoV
(SARS-CoV-2), and the syndrome was named coronavirus
disease 2019 (COVID-19), and on March 11, 2020, the WHO
declared this disease pandemic as a global health emergency [3, 4]. The ongoing spread of this virus could
potentially bring major challenges to worldwide health
systems and consequences on the global economy and
ﬁnancial market if not controlled effectively [5].
As a part of the response to this outbreak, researchers
from many nations are focusing their efforts on finding
possible therapeutic options to save lives and to implement
appropriate preventive and control strategies [6, 7]. Currently
registered clinical trials under the WHO are evaluating a wide
variety of interventions for SARS-CoV-2 and include mainly
repurposing agents already known. A team of researchers
reported recently to the Food and Drug Administration (FDA)
that approximately 70 drugs and experimental compounds
may be effective in treating the CoV [7].
In this review article, a literature search was performed
using PubMed and Google Scholar to identify relevant
English-language articles published on CoV infections. We
have outlined different potential treatment options that
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could be pursued as a therapy for 2019-nCoV-2 virus,
keeping the focus on agents that could be rapidly tested in
patients today and broadly effective in spite of limited
knowledge about virology of SARS-CoV-2. The information
included in this report provides a strong intellectual
groundwork for the ongoing development of therapeutic
agents and vaccines.

Virology and protein targets of SARS-CoV-2
CoV is an enveloped virus with a positive sense singlestranded ribonucleic acid (RNA) genome (26e32 kb) which
causes illness in humans and animals [8]. There are four
classes of CoVs designated as alpha, beta, gamma and
delta. The beta CoV is named after the crown-like spikes
that its genome encodes several structural proteins,
including the glycosylated spike (S) protein that functions
as a major inducer of host immune responses [9, 10]. The
viral genome also encodes nonstructural proteins which
can be potential drug targets including RNA-dependent
RNA polymerase (RdRp), CoV main protease (3CLpro) and
papain-like protease (PLpro) [11, 12]. The beta CoV class
includes severe acute respiratory syndrome (SARS) and
severe acute respiratory syndrome coronavirus
(SARS-CoV), Middle East respiratory syndrome (MERS) and
Middle East respiratory syndrome coronavirus (MERS-CoV)
and SARS-CoV-2, the COVID-19 causative agent [8, 9].
Similar to SARS-CoV and MERS-CoV, SARS-CoV-2 attacks
the lower respiratory system to cause viral pneumonia, but
it may also affect the kidney, gastrointestinal system,
heart, liver and central nervous system leading to multiple
organ failure [9].
Entering a vulnerable cell (fusion and endocytosis)

viral proteinases 3CLpro and PLpro in making of more
copies of the CoV [14, 15].
Assembling new copies and spreading the infection
The immune system acts as a natural harbor and helps
assemble new copies of the virus which were carried to the
outer edges of the cell. Before the cell finally breaks down
and dies, each infected cell can release loads of copies of
the virus. The viruses may infect nearby cells or end up in
droplets that discharge from the lungs.
These viral lifecycle steps propose potential targets for
novel drug therapy. ACE2 is an ectoenzyme that converts
angiotensin II to angiotensin (1–7) at well-known sites of
infection, including the lung and intestine. ACE2 acts as a
potent negative regulator restraining, and overactivation
of the renin-angiotensin system that may be involved in
elicitation of inflammatory lung disease and further
elevated pH can interfere with ACE2 glycosylation [12, 13].
Further promising drug targets which share homology with
other CoVs include nonstructural proteins (3CLpro and
RdRp) and a deubiquitinase, PLpro that deubiquinates
certain host cell proteins, including interferon factor 3 and
NF-κB, resulting in immune suppression in the host [14–
16]. Table 1 summarizes the potential targets and major
pharmacologic parameters of selected drugs with high
target speciﬁcity and/or recognition of existing drugs that
could be repurposed to treat SARS-CoV-2.

Investigational antiviral drugs
Human Immunodeficiency Virus (HIV) protease inhibitors

Releasing viral RNA and translation

Lopinavir and ritonavir
These showed potential activity for other CoVs (SARS-CoV
and MERS-CoV) in preclinical studies [17]. They may act by
binding to M pro, a key enzyme for CoV replication, and
suppress CoV activity [18, 19]. Various clinical studies done
till now conﬁrmed that there was no difference noted in the
duration of viral shedding and no observed beneﬁt with
lopinavir–ritonavir treatment in hospitalized adult patients with severe COVID-19 [19, 20]. Certain adverse effects
such as risk of cardiac arrhythmias (e.g., QT prolongation),
risk of use in hepatic disease or hepatitis and signiﬁcant
drug interactions concern their use in critically ill adults
with COVID-19 [19–22].

After CoV enters the cell, it releases a snippet of genetic
material called RNA which is read by the host cell. Infected
cells begin to churn out new spikes and other proteins by

Arbidol (ARB)/umifenovir
Arbidol (ARB)/umifenovir is an indole‐derivative molecule
which functions as a virus–host cell fusion inhibitor

Several reports confirmed that the first step of the human
COVID-19 pathogenesis is that the virus specifically recognizes the angiotensin converting enzyme 2 (ACE2) receptor by its spike protein, and it is well known that the
ACE2 receptor is widely distributed on the human cell
surface, especially the alveolar type II cells and capillary
endothelium [13, 14]. Following receptor binding, a host
type 2 transmembrane serine protease (TMPRSS2) facilitates cell entry of the virus via the S protein [14].
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Table : Stages of virus replication and key proteins involved in SARS-CoV- infection and potential drug candidates under research.
Stage of virus replication and key proteins involved

Possible classes of selective inhibitors

Potential drug candidate for SARS-CoV-

Cell entry, attachment and penetration
S Protein: viral spike glycoprotein (a viral surface
protein for binding to the host cell receptor ACE)
TMPRSS (a host cell–produced protease that
primes S protein to facilitate its binding to ACE)
Endosome/ACE
Uncoating
Release of viral genome
Transcription of viral genome
Transcription of viral mRNA
Replication of viral genome
PLpro (papain-like protease)
CLpro (coronavirus main protease)
Translation of viral proteins
Regulatory proteins (early)
Structural proteins (late)
RdRp (RNA-dependent RNA polymerase)
Posttranslational modiﬁcations proteolytic
cleavage myristoylation, glycosylation aspartyl
protease
Assembly of virion components

Soluble receptor decoys,
Antireceptor antibodies,
Fusion protein inhibitors

Umifenovir (brand name Arbidol) [, ]
Camostat mesylate [, ]
Hydroxychloroquine/chloroquine [,
]

Ion channel blockers,
Capsid stabilizers
Inhibitors of viral DNA polymerase,
RNA polymerase, reverse transcriptase,
helicase, primase or integrase

-

Interferons, antisense oligonucleotides,
ribozymes, inhibitors of regulatory
proteins

Remdesivir [, ]
Ribavirin [, ]
Favipiravir [, ]

Protease inhibitors

Nelﬁnavir [] (anti-HIV drug)
Hydroxychloroquine and chloroquine

Interferons, assembly protein inhibitors

Release
Budding, cell lysis

Neuraminidase inhibitors, antiviral antibodies,
cytotoxic lymphocytes

Interferons (α-b, α-b, β -a, β-b) [–
]
-

Lopinavir [–]
Ritonavir [–]
Darunavir

TMPRSS: type  transmembrane serine protease.

targeting the S protein–ACE2 interaction to prevent viral
entry into host cells [22, 23]. It is currently licensed in
Russia and China for prophylaxis and treatment of inﬂuenza and other respiratory viral infections, as well as for
hepatitis C virus [24]. The current dose of 200 mg orally
every 8 h for inﬂuenza is being studied for COVID-19
treatment, but this lacks enough clinical experience [24–
26].
Anti-Hepatitis C Virus (Anti-HCV), nucleotide inhibitors
Remdesivir is a monophosphoramidate prodrug of
remdesivir triphosphate (RDV-TP), an adenosine analog
that acts as an inhibitor of RdRps [27, 28]. RDV-TP competes
with adenosine triphosphate for incorporation into nascent
viral RNA chains [28, 29]. Once incorporated into the viral
RNA, RDV-TP acts as a delayed RNA chain terminator by
evading viral exoribonuclease’s proofreading process [30].
In both preclinical trials and clinical studies, remdesivir
has demonstrated signiﬁcant activity against CoV and a
high genetic barrier to resistance [30, 31]. Sofosbuvir and
Ribavirin can tightly bind to the newly emerged CoV RdRp
and hence contradict the function of the protein leading to
viral eradication hence under investigation for COVID-19

treatment. But the dose required to inhibit viral replication
is high (e.g., 1.2–2.4 g orally every 8 h) hence, limit their use
only in combination with other drugs [31, 32].

Other investigational drugs with potential
antiviral effect
Several other antiviral drugs are being investigated, predominately those with activity against various influenza
subtypes and other RNA viruses such as rintatolimod
(Ampligen; toll-like receptor 3 agonist) [33], betaD-N4-hydroxycytidine (NHC, EIDD-2801) [34], azvudine
(nucleoside reverse transcriptase inhibitor) [35], danoprevir (NS3/4A HCV protease inhibitor) [36], plitidepsin (targets EF1A) [37] and favipiravir (viral RNA polymerase
inhibitor) [38,39]. Chymotrypsin‐like (3C‐like) inhibitor,
Cinanserin a serotonin receptor antagonist shown promising results as inhibitor of replication of SARS-CoV [40].
Promazine, an antipsychotic drug, has been found to
exhibit a signiﬁcant effect in inhibiting the replication of
SARS-CoV by blocking the interaction of S protein and
ACE2 [41]. Niclosamide is an anthelmintic agent that targets the viral reservoir in the gut to decrease prolonged
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infection and transmission. It is under phase 2a/2b study
for its promising antiviral actions [42]. Camostat mesylate,
an approved drug for medical use in Japan for the treatment of chronic pancreatitis and postsurgery reﬂux
esophagitis, has shown to prevent CoV cell entry in vitro
through inhibition of the host serine protease, TMPRSS2
[43, 44]. This novel mechanism provides an additional drug
target for future research.
Hydroxychloroquine and chloroquine
Hydroxychloroquine and chloroquine are commonly used
antimalarial drugs and are also used to treat autoimmune
conditions because of their immunomodulatory effects
[45]. As inhibitors of hemepolymerase, they are recently
believed to have additional antiviral activity via alkalinization of the phagolysosome, which inhibits the pH-dependent steps of viral replication [46].
The pharmacological activity of chloroquine and
hydroxychloroquine was tested using SARS-CoV-2–infected Vero cells [47]. Hydroxychloroquine was found to be
more potent than chloroquine in vitro; possible mechanisms may include inhibition of viral enzymes or processes
such as viral DNA and RNA polymerase, viral protein
glycosylation, virus assembly, new virus particle transport
and virus release [48]. Other mechanisms may also involve
ACE2 cellular receptor inhibition, acidiﬁcation at the surface of the cell membrane inhibiting fusion of the virus and
immunomodulation of cytokine release [49–51]. Though
the studies on hydroxychloroquine for postexposure prophylaxis in healthcare workers or household contacts are
underway, however, several countries have already
adopted this as a measure to combat COVID-19 (Table 2)
[52, 53]. Despite these promising results, this drug has

several major limitations like risk of cardiac arrhythmias
(e.g., QT prolongation) and retinal damage, especially with
long-term use [54]. Patients with G6PD deﬁciency and diabetics should be cautious as it may cause signiﬁcant drug
interactions [54].
Hydroxychloroquine plus azithromycin
Azithromycin is a macrolide antibacterial having immunomodulatory properties in pulmonary inflammatory disorders [55]. In one study, the patients receiving
combination therapy had initially lower viral loads, when
compared with patients receiving hydroxychloroquine
alone with similar viral burden [56]. This may be explained
by their ability to downregulate inﬂammatory responses
and reduce the excessive cytokine production associated
with respiratory viral infections [57]. Other antimicrobial
actions include reducing chemotaxis of Polymorphonuclear Leucocytes (PMNs) to the lungs by inhibiting cytokines (i.e., IL-8), accelerating neutrophil
apoptosis, inhibition of mucus hypersecretion, decreased
production of reactive oxygen species and blocking the
activation of nuclear transcription factors [58–60]. However, their direct effects on viral clearance are uncertain
and awaits further research.
Ivermectin is an antiparasitic agent that has shown
antiviral activity against a broad range of viruses, mainly
HIV1 and dengue by various mechanisms [61]. Based on the
hypothesis, ivermectin may interfere with viral replication
process by acting as a speciﬁc inhibitor of importin-α/
β-mediated nuclear import in RNA virus, ivermectin shows
synergistic activity when combined with HCQ [62, 63].
Nitric oxide (NO) is a gas with diverse biological activities and is produced from arginine by NO synthases [64]. A

Table : Medical management protocol for health workers and household contact of suspected/conﬁrmed COVID- cases. (Indian Council of
Medical Research, ICMR guidelines) [, ].
Category

For prophylaxis

For treatment

Hydroxychloroquine

Hydroxychloroquine +
azithromycin

Lopinavir ( mg)/
ritonavir ( mg)

Dosage

Dosage

Description

Dosage

Category 

Asymptomatic healthcare workers
involved in the care of suspected
or conﬁrmed cases of COVID-

Category 

Asymptomatic household contact
of laboratory conﬁrmed cases
of COVID-

 tablets BD for  days or  days
Hydroxychloroquine
 mg BD on
after becoming asymptomatic.
mg TID for  days
day , f/by
(whichever is earlier)
+
 mg once weekly
azithromycin
for seven weeks
 mg BD on
 mg OD foe ﬁve days
day , f/by
 mg once weekly
for three weeks

COVID-: coronavirus disease .
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phase 2 study of iNO is underway in patients with COVID-19
with the goal of preventing disease progression in those with
severe Acute Respiratory Distress Syndrome (ARDS), and
also, NO was also found to inhibit the synthesis of viral
protein and RNA synthesis [65, 66].

Renin–angiotensin–aldosterone system
(RAAS) blockade and COVID-19
As per literature search, SARS-CoV-2 is known to utilize
angiotensin-converting enzyme 2 (ACE2) receptors for entry into target cells [13, 14]. It was therefore hypothesized
that any agent that increases expression of ACE2 could
potentially increase susceptibility to severe COVID-19 by
improving viral cellular entry. However, physiologically,
ACE2 converts angiotensin-II to angiotensin(1–7), which
may protect against lung injury by lowering angiotensin 2
receptor binding and vasodilation [67]. There are also
conﬂicting data regarding whether to continue or discontinue drugs that inhibit the renin–angiotensin–aldosterone system (RAAS), namely angiotensin-converting
enzyme inhibitors (ACEIs) and angiotensin receptor
blockers (ARBs) in patients with COVID-19 and comorbidities such as hypertension, cardiovascular disease and
diabetes which are often treated with ACEIs and ARBs [67–
69]. A trial is currently under evaluation for the use of
losartan in patients with COVID-19 [70].

Biologics for CoV-associated disease
(immunomodulators)
Most CoV infections cause fever as the immune system
response to clear the virus. In severe cases, the immune
system can overreact and start attacking lung cells, making
it difficult to breathe as the lungs become obstructed with
fluid and dying cells which can lead to acute respiratory
distress syndrome and possibly death [71].
Interferons (IFNs)
During a viral infection, the most prominent cytokines
produced are interferons (IFNs) that have the ability to
interfere with viral replication [72]. A vivid correlation between the innate immune response threshold and the fatality rates in COVID-19 can be found. The higher threshold
of IFN-mediated immune responses can increase mortality
rates in the elderly [73]. The authors concluded that the
delayed IFN-related antiviral response is a possible strategy implemented by CoV to evade the immune response
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[71, 74]. The virus also circumvents the immune system by
hiding its double-stranded RNA in vesicles, causing less
IFN induction [75]. The key for success in reducing the
disease fatality might be stimulation of the innate immune
responses to trigger IFN production at the very early stages
of the disease, which might be done through administration of agents that are able to augment IFN production.
Interferon-γ combination with an interferon-I might induce
synergistic beneﬁts [76]. However, in-depth research is
needed to validate it and determine the optimum dosage
and timing to prevent unwanted results. Interferon–human serum albumin fusion proteins (HSA-IFNs) have
signiﬁcantly lengthened the plasma half-life of IFNs (e.g.,
from 10 h to 12 days for HSA-IFN-α2b) due to slower free IFN
release into the plasma and thus may prolong the duration
of action of IFN for each injection [77].
Numerous studies have indicated a “cytokine storm”
with release of interleukin-6 (IL-6), IL-1, IL-12 and IL-18,
along with tumor necrosis factor alpha, and other inflammatory mediators may cause severe disease in patients
with COVID-19 [71, 78, 79]. IL-6 is a proinﬂammatory
cytokine that is involved in diverse physiological processes
such as T-cell activation, immunoglobulin secretion induction, hepatic acute-phase protein synthesis initiation
and hematopoietic precursor cell proliferation and differentiation stimulation. The increased inﬂammatory
response from lungs may result in increased alveolar–
capillary gas exchange, making oxygenation difﬁcult in
patients with severe illness [71, 78, 79]. IL-6 inhibitors may
remediate severe damage to lung tissue caused by cytokine
release in patients with serious coronaviral infections [80].
Initial data of few studies suggest that tocilizumab and
sarilumab, IL-6 inhibitors, may have clinical beneﬁt as
adjunctive therapy which inhibits IL-6–mediated signaling
by competitively binding to both soluble and membranebound IL-6 receptors [81, 82]. However, the drug increases
the risk of GI perforation and hepatotoxicity in patients
with thrombocytopenia and neutropenia and infusionrelated reactions. Leronlimab is an investigational humanized monoclonal antibody to the chemokine receptor
CCR5 [83]. This drug is currently under study for its ability
to enhance immune response while mitigating cytokine
storm in patients with COVID-19.
RNA therapies
Virus’ RNA genome first enters a cell; it interacts with the
host’s protein-making machinery, using it to make proteins
that can copy RNA molecules, and these RNA-copying
proteins are called as “polymerases” [84]. By blocking
these RNA polymerases, the virus can no longer reproduce
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that may reduce infection and can make a promising target
for therapies. One such drug, remdesivir, was originally
developed in the hope that it would limit Ebola virus and its
relatives [27, 28]. CoV RNA encodes certain proteases that
help RNA polymerase to get fully functional in order to
adopt their mature conﬁguration. Scientists have now
found that HIV-1 protease inhibitor, nelﬁnavir, strongly
inhibits the replication of the SARS-CoV, despite the fact
that these viruses are unrelated [85].
Antisense oligonucleotides have also been developed
to reduce the severity of SARS virus infections and to prevent or treat SARS virus–associated disease [86, 87]. Antisense oligonucleotides may also target disease-related
proteins involved in the inﬂammatory process.

shown to be effective in COVID-19 and needs further
evaluation.
High-dose intravenous vitamin C treatment for COVID-19
The results of several meta-analyses have been established
that intravenous (IV) high-dose vitamin C has significant
benefit in the treatment of sepsis and septic shock, which
may be because of its role as a prooxidant for immune cells
but as an antioxidant for lung epithelial cells improving
alveolar fluid clearance. Furthermore, vitamin C treatment
known to inhibit lactate secretion produced by the activated immune cells may protect innate immunity [95, 96].
This effect may beneﬁt patients with COVID‐19 as they
SARS-CoV-2 mainly affects the lower respiratory tract.

Antibody-directed therapy
The data indicate that the S protein is a putative target for
SARS-CoV-2 antibody development as in viral infection but
not the other structural proteins, M, E, and N in SARS-CoV,
elicits an immune response [10]. A neutralizing antibody
targeting the S protein on the surface of COVID-19 is likely
the ﬁrst therapy contemplated by biomedical researchers
in the academia and industry, providing passive immunity
to disease [88]. Certain monoclonal antibodies, for
example, 80R, CR3014, F26G18, F26G19, m396, 1A9 and
4D4, which are used to target spike protein in SARS-CoV
and MERS-CoV showed promising results in vitro and in
vivo that could be potentially effective against SARS-CoV-2
[88–90].
Corticosteroids
Corticosteroid therapy is not recommended for viral
pneumonia; however, use may be considered for patients
with refractory shock or acute respiratory distress syndrome and there is no enough evidence-based data supporting its role in patients with COVID-19 [91, 92].
Convalescent plasma or immunoglobulins
Convalescent plasma is an antibody-rich product that is
collected from eligible donors who have recovered from
COVID-19 and FDA states its use only to confirmed patients
having severe or immediately life-threatening COVID-19. It
is important to determine its safety and efficacy via clinical
trials before routinely administering to patients with
SARS-CoV-2 [93, 94]. One possible explanation for the efﬁcacy of convalescent plasma therapy is that the antibodies from convalescent plasma might suppress viremia
[94]. However, convalescent plasma has not yet been

Stem cells, a therapeutic strategy
One of the concerns based on preclinical science is
that the virus can infect the stem cells rendering them
ineffective. It was recently brought to the light that
ACE2 and umbilical cord mesenchymal stem cells
(UC-MSCs) may benefit the patients with COVID-19 via
immunoregulatory function. The first CoV case, treated
with umbilical cord cells, was reported from China
[97], leading to further to speculation and further investigations. It was known that UC-MSCs have been
reported responsible of the bacterial clearance in
preclinical models of sepsis, ARDS and cystic ﬁbrosis
infection. (ref) In patients with COVID-19, mesenchymal stem cell (MSC) therapy can inhibit the overactivation of the immune system and promote
endogenous repair by improving the microenvironment. After entering the human body through IV
infusion, part of the MSCs accumulate in the lung,
which could improve the pulmonary microenvironment, protect alveolar epithelial cells, prevent pulmonary ﬁbrosis and improve lung function [98, 99].
Therefore, the fact that the transplantation of MSCs
improved the outcome of patients with COVID-19 may
be due to regulating inﬂammatory response and promoting tissue repair and regeneration which needs
further evaluation and research.

Progress and prospects on vaccine
development against SARS-CoV-2
Presently, the epidemic is still spreading, and there is no
effective means to prevent the infection. Vaccines are the
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most helpful and cost-effective means for prophylaxis and
treatment of infectious diseases. Previously, lot of research
has been done to develop vaccines against human CoV
infections such as MERS and SARS. Conversely, till date, no
licensed antiviral treatment or vaccine is available for
MERS and SARS CoV infections [100, 101].
Lot of research work is directed toward the design and
development of vaccines for SARS-CoV-2. Currently, those
at the highest risk of acquiring COVID-19 like frontline
healthcare workers, individuals aged 60 years and older or
those with underlying diabetes and hypertension need
vaccination [2]. Therefore, such populations might be
prioritized for vaccine clinical trials. Important points to be
considered while producing a vaccine against human
COVID-19 are they should minimize immunopotentiation,
must be suitable for stockpiling and can be given to
healthcare workers, elderly and adults with underlying
diabetes or hypertension [102]. Herewith, we provide a
brief overview of the major candidates or vaccines under
development.
COVID-19 and target product profile
Numerous approaches are adopted for the development of
CoV vaccines; most of these target the surface-exposed spike
(S) glycoprotein or S protein as it is the key inducer of
neutralizing antibodies. The S protein molecule contains two
subunits, S1 and S2. The S1 subunit has a receptor-binding
domain (RBD) that interacts with its host cell receptor,
angiotensin-converting enzyme 2 (ACE2), whereas the S2
subunit causes fusion between the virus and host cell
membrane and then releases its viral RNA into the cytoplasm
for further replication [102, 103]. Therefore, S protein–based
vaccines can induce antibodies which block viral receptor
binding and also virus genome uncoating in the cytoplasm.
The S protein has a major role in the induction of protective
immunity during infection with SARS-CoV by eliciting
neutralizing-antibodies and T-cell responses [103].
The SARS-CoV-2 shares high genetic similarity with the
SARS-CoV, based on the full-length genome phylogenetic
analysis approximately 89% nucleotide similar to
SARS-like CoVs (genus beta-CoV) found in Chinese bats
[104, 105, 106]. On this basis, the early development of
SARS-CoV-2 vaccine started and also suggested that the
receptor of SARS-CoV-2 might be the same as that of
SARS-CoV receptor (ACE2) [107].
Major COVID-19 vaccine development programs (Table 3)
a) Whole virus vaccines or live-attenuated or inactive whole virus vaccines: Whole virus vaccines

7

represent a standard approach for viral vaccinations.
The whole cell antigens include all the elements of the
virus, i.e. proteins, lipids, polysaccharide and nucleic
acids [108]. A major advantage of whole virus vaccines
is their inherent immunogenicity and ability to stimulate toll-like receptors. But live virus vaccines often
require extensive testing to validate their safety. This is
especially an issue for CoV vaccines, given the ﬁndings
of increased infectivity following immunization with
live or killed whole virus SARS CoV vaccines [109].
Following are the live attenuated vaccines under
development.
– The US Healthcare giant Johnson & Johnson has started developing a vaccine against the Wuhan novel CoV
SARS-CoV-2. The vaccine program is using Janssen’s
adenovirus-vectored vaccine and PER.C6 technologies
to rapidly upscale production of the optimal candidate
[110] and has planned to initiate phase 1 clinical trials
by September.
– The researchers at the University of Hong Kong have
developed a live inﬂuenza vaccine that expresses
SARS-CoV-2 proteins [111].
– The US Codagenix, Inc. is collaborating with the Serum
Institute of India, Ltd. to develop a live-attenuated
vaccine against SARS-CoV-2. They have developed a
“codon deoptimization” technology to synthesize
“rationally designed” live-attenuated vaccines. This
technology helps for the rapid generation of multiple
vaccine candidates against the virus [112, 113].
– The US Healthcare giant Johnson & Johnson has started developing a vaccine against the Wuhan novel CoV
SARS-CoV-2. The vaccine program is using Janssen’s
adenovirus-vectored vaccine and PER.C6 technologies
to rapidly upscale production of the optimal candidate
[110] and has planned to initiate phase 1 clinical trials
by September.
– The researchers at the University of Hong Kong have
developed a live inﬂuenza vaccine that expresses
SARS-CoV-2 proteins [111].
– The US Codagenix, Inc. is collaborating with the Serum
Institute of India, Ltd. to develop a live-attenuated
vaccine against SARS-CoV-2. They have developed a
“codon deoptimization” technology to synthesize
“rationally designed” live-attenuated vaccines. This
technology helps for the rapid generation of multiple
vaccine candidates against the virus [112, 113].
b) Subunit vaccines: The subunit vaccines with one or
more antigens induce strong immunogenicity and efﬁciently stimulate the host immune system. These vaccines
are safer and easier to manufacture and require the addition of adjuvants to elicit a strong protective immune
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Table : List of various vaccine candidates for COVID- under development.
Type of vaccine

Vaccines under development [reference]

Whole virus vaccines: live-attenuated/inactive
whole virus vaccine

–
–
–

Subunit vaccines

–
–
–

Nucleic acid vaccines

–
–
–
–
–
–
–

Live vector vaccines

–
–
–

Synthetic peptide or epitope vaccine
Plant biopharmaceuticals

–
–
–
–
–
–

Johnson & Johnson – using adenovirus-vectored vaccine [110]
University of Hong Kong – live inﬂuenza vaccine that expresses SARS-CoV-2 protein [111]
Codagenix, Inc. in collaboration with the Serum Institute of India – live-attenuated
vaccine by codon deoptimization technology. [112, 113]
University of Queensland – based on the “molecular clamp” technology developing a
subunit vaccine against spike protein. [114]
Novavax – using recombinant protein nanoparticle technology [115, 116].
Clover biopharmaceuticals Inc. – using their patented Trimer-Tag® technology developed a subunit vaccine. [117]
Texas Children’s Hospital Center – developed SARS-CoV-2 RBD vaccine. [118, 119]
MNA-embedded SARS-CoV-2 vaccine [123]
Inovio Pharmaceuticals /Beijing Advaccine Biotechnology Co developed a DNA vaccine
“INO-4800” [125]
LineaRx and takis biotech – analyzing DNA vaccine for SARS-CoV-2 [126]
Zydus Cadila – recombinant DNA vaccine for COVID-19.[127]
Moderna Therapeutics (mRNA-1273, encoding S protein) is in phase I clinical trials. [128]
Fudan University/Shanghai Jiaotong University and Bluebird Biopharmaceutical Company – mRNA vaccine. [129]
CureVac AG – mRNA vaccine [131]
Stermirna Therapeutics [132]
Houston-based Greffex Inc. developed SARS-CoV-2 adenovirus vector vaccine with
Greffex vector [133]
Tonix Pharmaceuticals – (TNX-1800) vaccine [134]
Johnson & Johnson – (AdVac®) vaccine [135]
University of Oxford – (ChAdOx1 nCoV-19) [136]
CanSino Biologics – (Ad5-nCoV) [137]
Hong Kong University of Science and Technology – peptide vaccine for COVID-19 138
Rapid response vaccines [140, 141]

COVID-: coronavirus disease ; RBD: receptor-binding domain; MNA: microneedle array.

response. Subunit vaccines for SARS-CoV-2 are directed
against the S-spike protein to prevent its docking with the
host ACE2 receptor [109].
– The University of Queensland along with Viroclinics is
synthesizing a subunit vaccine based on the “molecular clamp” technology, which locks the ‘spike’ protein into a shape which allows the immune system to
be able to recognize and then neutralize the virus. It
uses rapid response vaccine technology to develop a
vaccine, and within three weeks, the candidate vaccine will be produced. This project is funded by the
Coalition for Epidemic Preparedness Innovation
(CEPI) [114].
– Novavax, Inc. created the COVID-19 vaccine candidates using its proprietary recombinant protein
nanoparticle technology to produce antigens derived
from the CoV spike (S) protein. Novavax is awarded
funding from the CEPI [115]. Novavax is using its proprietary Matrix-M™ adjuvant with its COVID-19 vaccine candidate which stimulates the entry of antigenpresenting cells into the injection site and enhances

–

–

antigen presentation in local lymph nodes, boosting
immune responses [116]. It is assessing the efﬁcacy in
animal models to identify an optimal vaccine candidate for human testing. Phase 1 clinical testing is expected to begin in late spring of 2020 [115].
Clover Biopharmaceuticals Inc. successfully produced
2019-nCoV subunit vaccine candidate against spike
protein (“S-Trimer”) via mammalian cell expression
system. They detected cross-reacting antibodies from
sera of multiple infected patients. Clover is the ﬁrst
company in the world to disclose a 2019-nCoV vaccine
candidate, announced on 10th February, 2020. The
vaccine development was carried out with the support
of leadership teams from Chengdu Hi-Tech Park and
Chengdu Clinical Center for public health in China
[117].
Texas Children’s Hospital Center for Vaccine Development at Baylor College of Medicine (including University of Texas Medical Branch and New York Blood
Center) has developed and tested a subunit vaccine
comprising the RBD of the SARS-CoV S-protein [109,
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–

–

118, 119]. The RBD in spike protein located on the outer
membrane of CoV mediates receptor binding and plays
a major role in virus entry into the host cell [120]. This
protein is used as a potential vaccine candidate as it is
the major target for neutralizing antibodies [121]. When
formulated on alum, the SARS-CoV RBD vaccine elicits
high levels of protective immunity on the homologous
virus challenge. The RBD-based vaccine minimizes
host immunopotentiation [109].
Pasteur Institute, Johnson & Johnson and Chongqing
Zhifei Biological Products Co., Ltd. also started subunit
vaccine development against SARS-CoV-2 [122].
Microneedle array (MNA)–embedded SARS-CoV-2 S1
subunit vaccine [123]: The MNA technique is a minimally invasive subcutaneous approach, with low dose
requirement, low cost and less toxicity, when
compared to traditional needle injection [124]. In this
preclinical study, C57BL/6 female mice (ﬁve animals
per group) were inoculated intracutaneously with
MNAs loaded with of SARS-CoV-2-S1 or SARS-CoV-2S1fRS09 protein or phosphate buffered saline (PBS) as
a negative control. In this study, by 2 weeks after immunization with the MNA delivered SARS-CoV-2, S1
subunit vaccine showed potent antigen-speciﬁc antibody responses [123].

c) Nucleic acid vaccines
DNA vaccines are characteristically composed of plasmid
DNA molecules that encode one or more antigens.
– Inovio Pharmaceuticals, Inc. in collaboration with
Beijing Advaccine Biotechnology Co. has developed a
DNA vaccine “INO-4800”, which is through the preclinical studies, and also, phase 1 human testing is
done to evaluate the safety and immunogenicity, and
the project is being funded by the CEPI [125].
– Another DNA vaccine for SARS-CoV-2 is in preclinical
studies being tested by collaboration of Applied DNA
Sciences Subsidiary, LineaRx and Takis Biotech. They
are working on preclinical development of a linear
DNA vaccine based on polymerase chain reaction, and
the vaccine constructs were produced at a scale using
plasmid-based vaccine templates [126]. The initial data
from preclinical animal tests showed immunogenicity
and a strong antibody generation across all ﬁve vaccine candidates.
– Zydus Cadila is developing a DNA vaccine against the
major viral membrane protein responsible for the cell
entry of the novel CoV. Also, it is planning to develop a
live-attenuated recombinant measles virus–vectored
vaccine against COVID-19 [127].
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mRNA vaccines have high potency, short production cycles, low-cost manufacturing and are safe for administration in comparison to the conventional vaccines [128].
– Moderna Therapeutics has developed a SARS-CoV-2
mRNA vaccine (mRNA-1273, encoding S protein) which
is in phase I clinical trials on healthy volunteers [129].
This phase 1 study is being conducted by the National
Institutes of Health under its own Investigational New
Drug application. The safety and immunogenicity of
the vaccine is being evaluated by using three dose
levels of mRNA-1273 (25, 100, 250 μg) with 2 doses per
schedule, given 28 days apart. In this study, 45 healthy
adults will be included. Participants will be followed
during 12 months after the second dose vaccination.
The primary objective of this study is to evaluate the
safety and reactogenicity, and the secondary objective
is to estimate the immunogenicity to the SARS-CoV-2 S
protein [129]. Moderna is working to begin its phase 2
clinical trials.
– Fudan University in collaboration with Shanghai
Jiaotong University and Bluebird Biopharmaceutical
Company is developing SARS-CoV-2 mRNA vaccine
using two different strategies. The ﬁrst is to use mRNA
to express the SARS-CoV-2 S protein and RBD domain;
the efﬁcacy of this vaccine is now under evaluation in
mice [130].
– In addition, German biopharmaceutical company
CureVac AG [131], Stermirna Therapeutics [132],
BDGENE Therapeutics, Guanhao Biotech, ZY Therapeutics Inc., CanSino Vaccines Biologics Inc., Baylor
College of Medicine, University of Texas, Tongji university also announced their progress on mRNA vaccine development against SARS-CoV-2 [123].
d) Live vector vaccines: Live vector vaccines are the live
viruses (the vector) that express a heterologous antigen(s),
and they are broadly used to induce cellular immunity. They
are characterized by combining the strong immunogenicity
of live-attenuated vaccines and the safety of subunit
vaccines [123]. Below mentioned are few live vector vaccines.
– Houston-based Greffex Inc. has completed the construction of SARS-CoV-2 adenovirus vector vaccine
with genetically engineered Greffex Vector Platform
and is planning for animal testing on approval by the
USFDA [133].
– Tonix Pharmaceuticals announced research to
develop a potential SARS-CoV-2 vaccine TNX-1800
(live modiﬁed horsepox virus vaccine for percutaneous administration), based on Tonix’s proprietary
horsepox vaccine platform [134].
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Johnson & Johnson in collaboration with the U.S.
Biomedical Advanced Research and Development
Authority to develop a vaccine against CoV has
adopted the AdVac® adenoviral vector platform for
vaccine development [135].
The University of Oxford is testing their vaccine candidate (ChAdOx1 nCoV-19), an adenovirus vaccine vector
against the COVID-19 spike protein. It has initiated their
phase I/II randomized, placebo-controlled, multicentre
clinical trial in healthy volunteers aged 18–55 years to
determine the efﬁcacy, safety and immunogenicity of
the vaccine against COVID-19. The vaccine is administered via intramuscular route [136].
CanSino Biologics has developed a adenovirus type-5
vector-based recombinant COVID-19 vaccine, Ad5nCoV, which has completed phase I studies, and sooner,
they are initiating phase 2 clinical trials in China. The
phase 2 randomized study has three primary endpoints:
ﬁrstly, to evaluate adverse reactions within the ﬁrst 14
days of vaccination; secondly, on day 28 to check for
serum levels of anti-SARS-CoV-2 neutralizing antibody
and antibody against the CoV’s spike protein and lastly,
to follow up participants for 6 months [137].

e) Synthetic Or peptide vaccine: the Hong Kong University of Science and Technology has screened a set of B- and
T-cell epitopes from S and N proteins of SARS-CoV; these
epitopes are highly conserved in SARS-CoV-2 which guides
toward the development of SARS-CoV-2 vaccines [138].
These peptide vaccines generally are prepared by chemical
synthesis techniques and contain only certain fragments of
intact antigens. Because of their low immunogenicity, they
need additional structural modiﬁcations, delivery systems
and adjuvants in the formulation [139].
f) Plant biopharmaceuticals: Plant expression systems for
production of candidate vaccines offer advantage of affordable cost and rapid production, which aids in global vaccination programs. They produce “rapid response vaccines” as
it produces more protein in a short time [140]. The plantbased biopharmaceutical production against 2019-nCoV will
include the identiﬁcation of potential epitopes and production of full-length viral surface proteins present in the envelope region or production of subunit vaccines expressing
the immunogenic region or chimeric proteins [141].

Previously, by introducing hACE2 gene into the mouse
genome, a SARS-CoV transgenic mouse model was developed [142]. Recently, in an animal study, they used the
hACE2 transgenic mice infected with SARS-CoV-2 to evaluate the pathogenicity of the virus. In these transgenic
mice infected with SARS-CoV-2, weight loss and virus
replication in the lung tissue was seen. On histopathology,
typical interstitial pneumonia ﬁndings were observed, and
also, viral antigens were detected in the bronchial epithelial cells, alveolar epithelia and alveolar macrophages.
This mouse model may facilitate the development of therapeutic drugs and vaccines against SARS-CoV-2 [143].
Cell culture systems for SARS-CoV-2
SARS-CoV-2 isolation has been attempted in Vero and the
Huh-7 cells (human liver cancer cells) [144]. The monoclonal antibodies (fully human/humanized) that target
both the S1-RBD and non-RBD, as well as the S2 domain of
CoV, have been developed and tested in cell cultures for
virus neutralizing capability, as well as in animal models
for prophylactic and postexposure efﬁcacies [145].

Bacille Calmette-Guérin vaccine (BCG)
and COVID-19
Bacille Calmette-Guérin vaccine (BCG) is a live attenuated
strain derived from an isolate of Mycobacterium bovis used
broadly across the world as a vaccine for tuberculosis, with
many countries, including India, Japan and China, having
a universal BCG vaccination policy in infants. BCG vaccination has been shown to produce positive “heterologous”
or nonspeciﬁc immune effects (trained immunity) leading
to improved response against other nonmycobacterial
pathogens and is proposed to be caused by metabolic and
epigenetic changes leading to promotion of genetic regions
encoding for proinﬂammatory cytokines speciﬁcally IL-1B,
which has been shown to play a vital role in antiviral immunity [146, 147]. One study data suggested that BCG
vaccination seems to signiﬁcantly reduce mortality associated with COVID-19 [148] as this vaccination has been
shown to produce broad protection against viral infections
and sepsis [148]. The correlation between the beginning of
universal BCG vaccination and the protection against
COVID-19 needs further exploration.

Animal models for evaluation of SARS-CoV-2
virus

Conclusion

In the process of preclinical evaluation, animal models are
vital to study the efficacy of vaccine candidates.

This article concludes that, at present, neither vaccines
nor direct-acting antiviral drugs are available for the
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treatment of human or animal CoV infections. The drug
repurposing effort summarized in this review is applicable only to adult patients and focused primarily on
agents currently known to be effective against other RNA
viruses including SARS-CoV, MERS-CoV, influenza, HCV
and Ebola, as well as antiinflammatory drugs. The biologics for treatment of COVID-19 have potential impacts
as they have shown promising results, including bioengineered and vectored antibodies, cytokines and
nucleic acid–based therapies targeting virus gene
expression, as well as various types of vaccines. Finally, a
concerted effort to develop effective drugs and vaccines
against existing and potential future CoV infections and
other highly pathogenic virus outbreaks is necessary to
reduce overwhelming impacts on human life and worldwide healthcare systems.
Research funding: None declared.
Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.
Competing interests: Authors state no conﬂict of interest.
Informed consent: Informed consent was obtained from all
individuals included in this study.

References
1. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission
dynamics in Wuhan, China, of novel coronavirus-infected
pneumonia. N Engl J Med 2020. Available from: https://doi.org/10.
1056/NEJMoa2001316.
2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in wuhan, China.
Lancet 2020;395:469–70.
3. WHO. WHO Director-General’s opening remarks at the media
brieﬁng on COVID-19; 11 March 2020. Available from: https://
www.who.int/dg/speeches/detail/who-director-general-sopening-remarks-at-themedia-brieﬁng-on-covid-19—11-march2020 [Accessed 24 Mar 2020].
4. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel
coronavirus from patients with pneumonia in China, 2019. New
Engl J Med 2020;382:727–33.
5. Coronavirus is now expected to curb global economic growth by
0.3% in; 2020. Available from: https://www.forbes.com/sites/
sergeiklebnikov/2020/02/11/coronavirus-is-now-expected-tocurb-global-economic-growth by-03-in-2020/#5de149ad16da.
6. Lu H. Drug treatment options for the 2019-new coronavirus
(2019-nCoV). Biosci Trends 2020. https://doi.org/10.5582/bst.
2020.01020.
7. Race to ﬁnd COVID-19 treatments accelerates. Kai Kupferschmidt
and Jon Cohen Science;367:1412–13. https://doi.org/10.1126/
science.367.6485.1412.
8. Perlman S, Netland J. Coronaviruses post-SARS: update on
replication and pathogenesis, Nat Rev Microbiol 2009;7:439e450.

11

9. Chen Y, Liu Q, Guo D. Emerging coronaviruses: genome structure,
replication, and pathogenesis. J Med Virol 2020;92:418–23.
10. Su S, Wong G, Shi W, Liu J, Lai ACK, Zhou J, et al. Epidemiology,
genetic recombination, and pathogenesis of coronaviruses.
Trends Microbiol 2016;24:490−502.
11. Yang H, Bartlam M, Rao Z. Drug design targeting the main
protease, the Achilles’ heel of coronaviruses. Curr Pharm Des
2006;12:4573–90.
12. Anand K, Ziebuhr J, Wadhwani P, Mesters JR, Hilgenfeld R.
Coronavirus main proteinase (3CLpro) structure: basis for design
of anti-SARS drugs. Science 2003;300:1763–7.
13. Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et al. A crucial role of
angiotensin converting enzyme 2 (ACE2) in SARS coronavirusinduced lung injury. Nat Med 2005 Aug;11:875–9.
14. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell 2020 Mar 4. https://doi.org/10.1016/j.cell.2020.02.052
[Epub ahead of print].
15. Baez-Santos YM, St John SE, Mesecar AD. The SARS coronavirus
papain-like protease: structure, function and inhibition by
designed antiviral compounds. Antiviral Res 2015;115:21−38.
16. Gordon DE, Gwendolyn MJ, Mehdi B, Jiewei X, Kirsten O, White
KM, et al. A SARS-CoV-2-human protein-protein interaction map
reveals drug targets and potential drug-repurposing. bioRxiv
2020. https://doi.org/10.1101/2020.03.22.002386.
17. Chu CM, Cheng VC, Hung IF, Wong MML, Chan KH, Chan KS, et al.
Role of lopinavir/ritonavir in the treatment of SARS: initial
virological and clinical ﬁndings. Thorax 2004;59:252–6.
18. Huang J, Song W, Huang H, Sun Q. Pharmacological therapeutics
targeting RNA-dependent RNA polymerase, proteinase and spike
protein: from mechanistic studies to clinical trials for COVID-19. J
Clin Med 2020;9:1131.
19. Jin Z, Du X, Xu Y, Deng Y, Liu M, Zhao Y, et al. Structure of Mpro
from COVID-19 virus and discovery of its inhibitors. bioRxiv 2020
Jan 1. https://doi.org/10.1101/2020.02.26.964882.
20. Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A trial of
lopinavir–ritonavir in adults hospitalized with severe Covid-19. N
Engl J Med 2020. https://doi.org/10.1056/NEJMoa2001282.
21. Li Y, Xie Z, Lin W, Cai W, Wen C, Guan Y, et al. An exploratory
randomized, controlled study on the efﬁcacy and safety of
lopinavir/ritonavir or arbidol treating adult patients hospitalized
with mild/moderate COVID-19 (ELACOI). medRxiv 2020. https://
doi.org/10.1016/j.medj.2020.04.001.
22. A new antiviral drug heading into clinical trials offers hope for
COVID-19 treatment – in part because it can be taken as a pill.
Emery University; 2020 Apr 06. Available from: https://news.
emory.edu/stories/2020/04/covid_eidd_2801_lung/index.html.
23. Sheahan TP, Sims AC, Zhou S, Graham RL, Pruijssers AJ, Agostini
ML, et al. An orally bioavailable broad-spectrum antiviral inhibits
SARS-CoV-2 and multiple endemic, epidemic and bat
coronavirus. Biorxiv 2020 Mar 20. https://doi.org/10.1101/2020.
03.19.997890.
24. Kadam RU, Wilson IA. Structural basis of inﬂuenza virus fusion
inhibition by the antiviral drug Arbidol. Proc Natl Acad Sci USA
2017;114:206214.
25. Khamitov RA, SIa L, Shchukina VN, Borisevich SV, Maksimov VA,
Shuster AM. Antiviral activity of arbidol and its derivatives
against the pathogen of severe acute respiratory syndrome in the
cell cultures [in Russian]. Vopr Virusol 2008;53:9–13.

12

Gudadappanavar and Benni: Review on emerging therapeutic and preventive strategies to treat SARS-CoV-2

26. Youseﬁfard M, Zali A, Ali KM, Neishaboori AM, Zarghi A, Hosseini
M, et al. Antiviral therapy in management of COVID-19: a
systematic review on current evidence. Archives of Academic
Emergency Medicine 2020;8.
27. Elﬁky AA. Anti-HCV, nucleotide inhibitors, repurposing against
COVID-19. Life Sci 2020 Feb 28:117477. https://doi.org/10.1016/
j.lfs.2020.117477.
28. Al-Tawﬁq JA, Al-Homoud AH, Memish ZA. Remdesivir as a
possible therapeutic option for the COVID-19. Travel Med Infect
Dis Published online March 5, 2020. https://doi.org/10.1016/j.
tmaid.2020.101615.
29. Yethindra V. Role of GS-5734 (Remdesivir) in inhibiting SARS-CoV
and MERS-CoV: the expected role of GS-5734 (Remdesivir) in
COVID-19 (2019-nCoV)-VYTR hypothesis. Int J Res Pharm Sci 2020
Mar 6;11:1–6.
30. Ko WC, Rolain JM, Lee NY, Chen PL, Huang CT, Lee PI, et al.
Arguments in favour of remdesivir for treating SARS-CoV-2
infections. Int J Antimicrob Agents 2020 Jan 1. https://doi.org/10.
1016/j.ijantimicag.2020.105933.
31. Sheahan TP, Sims AC, Leist SR, SchäferA, Won J, Brown AJ, et al.
Comparative therapeutic efﬁcacy of remdesivir and combination
lopinavir, ritonavir, and interferon-beta against MERS-CoV. Nat
Commun 2020;11:222.
32. Khalili JS, Zhu H, Mak A, Yan Y, Zhu Y. Novel coronavirus treatment
with ribavirin: groundwork for evaluation concerning COVID‐19. J
Med Virol 2020 Mar 30. https://doi.org/10.1002/jmv.25798.
33. Overton ET, Goepfert PA, Cunningham P, Carter WA, Horvath J,
Young D, et al. Intranasal seasonal inﬂuenza vaccine and a TLR-3
agonist, rintatolimod, induced cross-reactive IgA antibody
formation against avian H5N1 and H7N9 inﬂuenza HA in humans.
Vaccine 2014 Sep 22;32:5490–5.
34. Pruijssers AJ, Denison MR. Nucleoside analogues for the
treatment of coronavirus infections. Curr Opin Virol 2019 Apr 1;
35:57–62.
35. Sheahan TP, Sims AC, Zhou S, Graham RL, Pruijssers AJ, Agostini
ML, et al. An orally bioavailable broad-spectrum antiviral inhibits
SARS-CoV-2 and multiple endemic, epidemic and bat
coronavirus. bioRxiv 2020 Mar 20. https://doi.org/10.1126/
scitranslmed.abb5883.
36. Lythgoe MP, Middleton P. Ongoing clinical trials for the
management of the COVID-19 pandemic. Trends Pharmacol Sci
2020 Apr 9. https://doi.org/10.1016/j.tips.2020.03.006.
37. Sorbera LA, Graul AI, Dulsat C. Taking aim at a fast-moving
target: targets to watch for SARS-CoV-2 and COVID-19. Drugs
Future 2020;45. https://doi.org/10.1358/dof.2020.45.4.
3150676.
38. Vafaei S, Razmi M, Mansoori M, Asadi-Lari M, Madjd Z. Spotlight
of remdesivir in comparison with ribavirin, favipiravir, oseltamivir
and umifenovir in coronavirus disease 2019 (COVID-19)
pandemic. Favipiravir, oseltamivir and umifenovir in coronavirus
disease. 2019. https://doi.org/10.2139/ssrn.3569866.
39. Qingxian C, Yang M, Liu D, Chen J, Shu D, Xia J, et al. Experimental
treatment with Favipiravir for COVID-19: an open-label control
study. Engineering 2020. https://doi.org/10.1016/j.eng.2020.
03.007.
40. Basha SH. Corona virus drugs–a brief overview of past, present
and future. J Peer Scientist 2020;2: e1000013.
41. Mani D, Wadhwani A, Krishnamurthy PT. Drug repurposing in
antiviral research: a current Scenario. J Young Pharm 2019 Apr 1;
11:117.

42. First Wave Bio to Initiate Phase 2a/2b Study of FW-1022. A
proprietary form of Niclosamide, to treat COVID-19. First wave bio
2020 Apr 09. Available from: https://www.ﬁrstwavebio.com/
ﬁrstwave-bio-to-initiate-phase-2a-2b-study-of-fw-1022-aproprietary-form-of-niclosamide-to-treat-covid-19/.
43. Bittmann S, Luchter E, Moschüring-Alieva E, Villalon G,
Weissenstein AC. 19: Camostat and the role of serine protease
entry inhibitor TMPRSS2. J Regen Biol Med 2020;2:1–2.
44. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell 2020 Mar 5. https://doi.org/10.1016/j.cell.2020.02.052.
45. Pastick KA, Okafor EC, Wang F, Lofgren SM, Skipper CP, Nicol MR,
et al. Review: hydroxychloroquine and chloroquine for treatment
of SARS-CoV-2 (COVID-19). Open Forum Infect Dis, ofaa130
https://doi.org/10.1093/oﬁd/ofaa130.
46. Chen Z, Hu J, Zhang Z, Jiang S, Han S, Yan D, et al. Efﬁcacy of
hydroxychloroquine in patients with COVID-19: results of a
randomized clinical trial. MedRxiv 2020 Jan 1. https://doi.org/10.
1101/2020.03.22.20040758.
47. Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al.
Hydroxychloroquine, a less toxic derivative of chloroquine, is
effective in inhibiting SARS-CoV-2 infection in vitro. Cell
discovery 2020 Mar 18;6:1–4.
48. Fantini J, Di Scala C, Chahinian H, Yahi N. Structural and
molecular modeling studies reveal a new mechanism of action of
chloroquine and hydroxychloroquine against SARS-CoV-2
infection. Int J Antimicrob Agents 2020 Apr 3:105960. https://
doi.org/10.1016/j.ijantimicag.2020.105960.
49. Colson P, Rolain JM, Lagier JC, Brouqui P, Raoult D. Chloroquine
and hydroxychloroquine as available weapons to ﬁght COVID-19.
Int J Antimicrob Agents 2020 Mar 4:105932–1016. https://doi.
org/10.1016/j.ijantimicag.2020.105932.
50. Gao J, Tian Z, Breakthrough YX. Chloroquine phosphate has
shown apparent efﬁcacy in treatment of COVID-19 associated
pneumonia in clinical studies. Biosci Trends 2020 Mar 16;14:
72–3.
51. Gendrot M, Javelle E, Le Dault E, Clerc A, Savini H, Pradines B.
Chloroquine as prophylactic agent against COVID-19?. Int J
Antimicrob Agents 2020 Apr 12. https://doi.org/10.1016/j.
ijantimicag.2020.105980.
52. What’s Up? @St John’s Hospital SPECIAL ISSUE ON COVID-19
PANDEMIC Issue 41, Supplement 1. Release Date; 01/04/2020.
53. Post-exposure prophylaxis for SARS-coronavirus-2.
ClinicalTrials.gov 2020 Mar 23. Available from: https://
clinicaltrials.gov/ct2/show/NCT0430866 [Accessed 24 March
2020].
54. Brunton LL, et al. editors. Goodman & Gilman’s: The
Pharmacological Basis of Therapeutics, 13e New York, NY:
McGraw-Hill; 2018. p. 969–86.
55. Ohe M, Shida H, Jodo S, Kusunoki Y, Seki M, Furuya K, et al.
Macrolide treatment for COVID-19: will this be the way forward?.
BioScience Trends 2020. https://doi.org/10.5582/bst.2020.03058.
56. Dahly D, Gates S, Morris T. Statistical review of
hydroxychloroquine and azithromycin as a treatment of COVID19: results of an open-label nonrandomized clinical trial.
Preprint. Posted online 2020 Mar 23:23.
57. Lane JC, Weaver J, Kostka K, Duarte-Salles T, Abrahao MT, Alghoul
H, et al. Safety of hydroxychloroquine, alone and in combination
with azithromycin, in light of rapid wide-spread use for COVID-19:

Gudadappanavar and Benni: Review on emerging therapeutic and preventive strategies to treat SARS-CoV-2

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

a multinational, network cohort and self-controlled case series
study. medRxiv 2020 Jan 1. https://doi.org/10.1016/s26659913(20)30276-9.
Gabriels J, Saleh M, Chang D, Epstein LM. Inpatient use of mobile
continuous telemetry for COVID-19 patients treated with
hydroxychloroquine and azithromycin. HeartRhythm Case
Reports 2020 Apr 1. https://doi.org/10.1016/j.hrcr.2020.03.
017.
Gautret P, Lagier J, Parola P, Hoang VT, Meddeb L, Mailhe M, et al.
Hydroxychloroquine and azithromycin as a treatment of COVID19: results of an open-label non-randomized clinical trial. Int J
Antimicrob Agents 2020 Mar 20. https://doi.org/10.1016/j.
ijantimicag.2020.105949.
Lane JWJ. Safety of hydroxychloroquine, alone and in combination
with azithromycin, in light of rapid wide-spread use for COVID-19: a
multinational, network cohort and self-controlled case series study.
Available from: https://data.ohdsi.org/
Covid19EstimationHydroxychloroquine/ [Accessed 17 April 2020].
Wagstaff KM, SivakumaranH, HeatonSM, HarrichD, JansDA.
Ivermectin is a speciﬁc inhibitor of importin alpha/beta169
mediated nuclear import able to inhibit replication of HIV-1 and
dengue virus. Biochem J 2012;443:851–6.
Patrì A, Fabbrocini G. Hydroxychloroquine and ivermectin: a
synergistic combination for COVID-19 chemoprophylaxis and/or
treatment?. J Am Acad Dermatol 2020 Apr 10. https://doi.org/10.
1016/j.jaad.2020.04.017. Epub ahead of print. PMCID:
PMC7146719.
Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The
FDA-approved Drug Ivermectin inhibits the replication of
SARS-CoV-2 in vitro. Antivir Res 2020 Apr 3:104787. https://doi.
org/10.1016/j.antiviral.2020.104787.
Regev-Shoshani G, Vimalanathan S, McMullin B, Road J, Av-Gay
Y, Miller C, et al. Gaseous nitric oxide reduces inﬂuenza infectivity
in vitro. Nitric Oxide 2013;31:48–53.
Chen L, Liu P, Gao H, Sun B, Chao D, Wang F, et al. Inhalation of
nitric oxide in the treatment of severe acute respiratory syndrome:
a rescue trial in Beijing. Clin Infect Dis 2004;39:1531–5.
Nitric oxide gas inhalation for severe acute respiratory syndrome
in COVID-19. ClinicalTrials.gov 2020 Mar 06. Available from:
https://clinicaltrials.gov/ct2/show/NCT04290871 [Accessed 17
April 2020].
Kreutz R, Algharably EA, Azizi M, Dobrowolski P, Guzik T,
Januszewicz A, et al. Hypertension, the renin–angiotensin
system, and the risk of lower respiratory tract infections and lung
injury: implications for COVID-19European Society of
Hypertension COVID-19 Task Force Review of Evidence.
Cardiovasc Res 2020.
Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA,
Solomon SD. Renin-angiotensin-aldosterone system inhibitors in
patients with Covid-19. N Engl J Med 2020 Mar 30.
Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan KB, Tallant
EA, et al. Effect of angiotensin-converting enzyme inhibition and
angiotensin II receptor blockers on cardiac angiotensin-converting
enzyme 2. Circulation 2005 May 24;111:2605–10.
University of Minnesota. Losartan for patients with COVID-19
requiring hospitalization (NCT04312009). ClinicalTrials.gov 2020
Mar 17. Available from: https://www.clinicaltrials.gov/ct2/
show/NCT04312009?term=NCT04312009&draw=2&rank=1
[Accessed 27 March 2020].

13

71. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections
and immune responses. J Med Virol 2020 Apr;92:424–32.
72. Mantlo EK, Bukreyeva N, Maruyama J, Paessler S, Huang C. Potent
antiviral activities of type I interferons to SARS-CoV-2 infection.
bioRxiv 2020 Jan 1.
73. Coronavirus age, sex, demographics (COVID-19) – worldometer.
[Internet]. Available from: https://www.worldometers.info/
coronavirus/coronavirus-age-sexdemographics/ [Accessed on
20 April 2020].
74. Mosaddeghi P, Negahdaripour M, Dehghani Z, Farahmandnejad
M, Moghadami M, Nezafat N, et al. Therapeutic approaches for
COVID-19 based on the dynamics of interferon-mediated immune
responses 2020. https://doi.org/10.20944/preprints202003.
0206.v1.
75. Deng X, Yu X, Pei J. Regulation of interferon production as a
potential strategy for COVID-19 treatment. arXivpreprint arXiv:
2003.00751. 2020 Mar 2.
76. Prokunina-Olsson L, Alphonse N, Dickenson RE, Durbin JE, Glenn
JS, Hartmann R, et al. COVID-19 and emerging viral infections: the
case for interferon lambda. J Exp Med 2020 May 4:217. https://
doi.org/10.1084/jem.20200653.
77. Liu C, Zhou Q, Li Y, Garner LV, Watkins SP, Carter LJ. Research and
development on therapeutic agents and vaccines for COVID-19
and related human coronavirus diseases. Acs Central Sci 2020.
https://doi.org/10.1021/acscentsci.0c00272.
78. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson
JJ. COVID-19: consider cytokine storm syndromes and
immunosuppression. Lancet 2020 Mar 28;395:1033–4.
79. Ye Q, Wang B, Mao J. Cytokine storm in COVID-19 and treatment. J
Infect 2020 Apr 10.
80. Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we use interleukin-6 (IL6) blockade for coronavirus disease 2019 (COVID-19)-induced
cytokine release syndrome (CRS)?. J Autoimmun 2020 Apr 10:
102452. https://doi.org/10.1016/j.jaut.2020.102452.
81. Michot JM, Albiges L, Chaput N, Saada V, Pommeret F, Griscelli F,
et al. Tocilizumab, an anti-IL6 receptor antibody, to treat Covid19-related respiratory failure: a case report. Ann Oncol 2020 Apr
2. https://doi.org/10.1016/j.annonc.2020.03.300.
82. Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. The cytokine release
syndrome (CRS) of severe COVID-19 and Interleukin-6 receptor
(IL-6R) antagonist Tocilizumab may be the key to reduce the
mortality. Int J Antimicrob Agents 2020 Mar 29:105954. https://
doi.org/10.1016/j.ijantimicag.2020.105954.
83. Velavan TP, Meyer CG. The COVID-19 epidemic. Trop Med Int
Health 2020 Mar 1;25:278–80.
84. Lo IL, Lio CF, Cheong HH, Lei CI, Cheong TH, Zhong X, et al.
Evaluation of SARS-CoV-2 RNA shedding in clinical specimens
and clinical characteristics of 10 patients with COVID-19 in
Macau. Int J Biol Sci 2020;16:1698.
85. Yamamoto N, Matsuyama S, Hoshino T, Yamamoto N. Nelﬁnavir
inhibits replication of severe acute respiratory syndrome
coronavirus 2 in vitro. bioRxiv 2020 Jan 1. https://doi.org/10.
1101/2020.04.06.026476.
86. Rangan R, Zheludev IN, Das R. RNA genome conservation and
secondary structure in SARS-CoV-2 and SARS-related viruses.
bioRxiv 2020 Jan 1. https://doi.org/10.1101/2020.03.27.012906.
87. Rabaan AA, Al-Ahmed SH, Sah R, Tiwari R, Yatoo MI, Patel SK,
et al. SARS-CoV-2/COVID-19 and advances in developing
potential therapeutics and vaccines to counter this emerging

14

Gudadappanavar and Benni: Review on emerging therapeutic and preventive strategies to treat SARS-CoV-2

pandemic virus–A review. https://doi.org/10.20944/
preprints202004.0075.v1.
88. Shanmugaraj B, Siriwattananon K, Wangkanont K,
Phoolcharoen W. Perspectives on monoclonal antibody therapy
as potential therapeutic intervention for Coronavirus disease-19
(COVID-19). Asian Pac J Allergy Immunol 2020 Mar 1;38:10–8.
89. Jiang S, Hillyer C, Du L. Neutralizing antibodies against
SARS-CoV-2 and other human coronaviruses. Trends Immunol
2020 Apr 2. https://doi.org/10.1016/j.it.2020.08.003.
90. Tian X, Li C, Huang A, Xia S, Lu S, Shi Z, et al. Potent binding of
2019 novel coronavirus spike protein by a SARS coronavirusspeciﬁc human monoclonal antibody. Emerg Microb Infect 2020
Jan 1;9:382–5.
91. Yang Z, Liu J, Zhou Y, Zhao X, Zhao Q, Liu J. The effect of
corticosteroid treatment on patients with coronavirus infection:
a systematic review and meta-analysis. J Infect 2020 Apr 10.
https://doi.org/10.1016/j.jinf.2020.03.062.
92. Russell CD, Millar JE, Baillie JK. Clinical evidence does not
support corticosteroid treatment for 2019-nCoV lung injury.
Lancet 2020 Feb 15;395:473–5.
93. Chen L, Xiong J, Bao L, Shi Y. Convalescent plasma as a
potential therapy for COVID-19. Lancet Infect Dis 2020 Apr 1;
20:398–400.
94. Yoo JH. Convalescent plasma therapy for Corona virus disease
2019: a long way to go but worth trying. J Kor Med Sci 2020 Feb 17:
35. https://doi.org/10.3346/jkms.2020.35.e150.
95. Erol A. High-dose intravenous vitamin C treatment for COVID-19.
OSF Preprints 26 Feb. 2020. https://doi.org/10.31219/osf.io/
p7ex8. Web.
96. Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB, Aliano
JL, et al. Evidence that vitamin D supplementation could reduce
risk of inﬂuenza and COVID-19 infections and deaths. Nutrients
2020 Apr;12:988. https://doi.org/10.3390/nu12040988.
97. Liang B, Chen J, Li T, Wu H, Yang W, Li Y, et al. Clinical remission of a
critically ill COVID-19 patient treated by human umbilical cord
mesenchymal stem cells. China Xiv; 2020. p. 202002. 00084.
98. Leng Z, Zhu R, Hou W. Transplantation of ACE2 Mesenchymal
stem cells improves the outcomes of patients with COVID-19
pneumonia. Aging Dis 2020;11:216–28.
99. Shetty AK. Mesenchymal stem cell infusion shows promise for
combating coronavirus (COVID-19)-Induced pneumonia. Aging
and disease 2020 Apr;11:462.
100. Dhama K, Sharun K, Tiwari R, Dadar M, Malik YS, Singh KP, et al.
COVID-19, an emerging coronavirus infection: advances and
prospects in designing and developing vaccines, immune
therapeutics, and therapeutics. Human Vaccines &
Immunotherapeutics. Available from: https://doi.org/10.1080/
21645515.2020.1735227.
101. Graham RL, Donaldson EF, Baric RS. A decade after SARS:
strategies for controlling emerging coronaviruses. Nat Rev
Microbiol 2013;11:836–48.
102. Chen W-H, Ulrich S, Hotez PJ, Elena Bottazzi M. The SARS-CoV-2
vaccine pipeline: an overview. Curr Trop Med Rep; March 2020;
03. Available from: https://doi.org/10.1007/s40475-02000201-6.
103. Du L, He Y, Zhou Y, Liu S, Zheng BJ, Jiang S. The spike protein of
SARS-CoV–a target for vaccine and therapeutic development.
Nat Rev Microbiol 2009;7:226–36.
104. Jiang S, Du L, Shi Z. An emerging coronavirus causing
pneumonia outbreak in Wuhan, China: calling for developing

105.

106.

107.

108.
109.

110.

111.

112.

113.

114.

115.

116.

117.

therapeutic and prophylactic strategies. Emerg Microb Infect
2020;9:275–77.
Wu F, Zhao S, Yu B, Chen Y-M, Wang W, Hu Y, et al. Complete
genome characterisation of a novel coronavirus associated with
severe human respiratory disease in Wuhan, China. bioRxiv
2020. https://doi.org/10.1101/2020.01.24.919183.
Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic
characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding. Lancet 2020;
6736:1–10.
Veljkovic V, Vergara-Alert J, Segalés J, Paessler S. Use of the
informational spectrum methodology for rapid biological
analysis of the novel coronavirus 2019-nCoV: prediction of
potential receptor, natural reservoir, tropism and therapeutic/
vaccine target. F1000Research 2020;9:52.
Minor PD. Live attenuated vaccines: historical successes and
current challenges. Virology 2015;479–480:379–92.
Jiang S, Bottazzi ME, Du L, Lustigman S, Tseng CT, Curti E, et al.
Roadmap to developing a recombinant coronavirus S protein
receptor-binding domain vaccine for severe acute respiratory
syndrome. Expert Rev Vaccines 2012;11:1405–13.
J&J working on coronavirus vaccine. The pharma letter. 2020.
Available from https://www.thepharmaletter.com/article/j-jworking-on-coronavirusvaccine [Accessed 14 April 2020].
Cheung E. China coronavirus: Hong Kong researchers have
already developed vaccine but need time to test it, expert
reveals. South China Morning Post. Available from: https://
www.scmp.com/news/hong-kong/healthenvironment/article/
3047956/ china-coronavirus-hong kong-researchers-have
[Accessed 14 April 2020].
Shieber J. Codagenix raises $20 million for a new ﬂu vaccine and
other therapies. Tech Crunch. Available from: https://
techcrunch.com/2020/01/13/codagenix-raises-20-million-fora-new-ﬂu-vaccine-and-othertherapies/ [Accessed28 Feb 2020].
Codagenix and serum Institute of India initiate Co-development
of a scalable, live-attenuated vaccine against the 2019 Novel
coronavirus, COVID-19. BioSpace 2020. Available from: https://
www.biospace.com/article/releases/codagenix-and-seruminstitute-of-indiainitiate-co development-of-a-scalable-liveattenuated-vaccineagainst-the-2019-novel-coronavirus-covid9/ [Accessed 14 April 2020].
UQ News. International partnership progresses UQ COVID-19
vaccine project. Published on 09-04-2020. Available from:
https://www.uq.edu.au/news/article/2020/04/internationalpartnership-progresses-uq-covid-19-vaccine-project [Accessed
14 April 2020].
NOVAVAX press release. Novavax advances development of
Novel COVID-19 vaccine. Available from: https://ir.novavax.
com/news-releases/news-release-details/novavaxadvances-development-novel-covid-19-vaccine [Accessed 14
April 2020].
Novavax advances development of Novel COVID-19 vaccine.
Drug development and delivery. April 2020. Available from:
https://drug-dev.com/novavax-advances-development-ofnovel-covid-19-vaccine/ [Accessed 14 April 2020].
Clover Biopharmaceuticals. Clover successfully produced
2019-nCoV subunit vaccine candidate. CHENGDU, China.
Published on 10th February 2020 http://www.cloverbiopharma.
com/index.php?m=content&c=index&a=show&catid=
11&id=41 [Accessed 16 April 2020].

Gudadappanavar and Benni: Review on emerging therapeutic and preventive strategies to treat SARS-CoV-2

118. World Health Organization. Public statement for collaboration
on COVID-19 vaccine development. Published on 13th April
2020. Available from: https://www.who.int/news-room/detail/
13-04-2020-public-statement-for-collaboration-on-covid19-vaccine-development [Accessed 16 April 2020].
119. Chen WH, Chag SM, Poongavanam MV, Biter AB, Ewere EA,
RezendeW, et al. Optimization of the production process and
characterization of the yeast-expressed SARS-CoV recombinant
receptor-binding domain (RBD219-N1), a SARS vaccine
candidate. J Pharmacol Sci 2017;106:1961–70.
120. Song Z, Xu Y, Bao L, Zhang L, Yu P, Qu Y, et al. From SARS to
MERS, thrusting coronaviruses into the spotlight. Viruses 2019;
11:59.
121. Peiris J.S., Guan Y., Yuen K.Y. Severe acute respiratory
syndrome. Nat Med 2004;10:S88–97.
122. Zhang J, Zeng H, Gu J, Li H, Zheng L, Zou Q. Progress and prospects
on vaccine development against SARS-CoV-2. Vaccines 2020;8:
153. https//doi.org/10.3390/vaccines8020153.
123. Kim E., et al. Microneedle array delivered recombinant
coronavirus vaccines: Immunogenicity and rapid translational
development. EBioMedicine 2020 https://doi.org/10.1016/j.
ebiom.2020.102743.
124. Balmert SC, Carey CD, Falo GD, et al. Dissolving undercut
microneedle arrays for multicomponent cutaneous vaccination.
J Contr Release 2020;317:336–46.
125. Inovio Pharmaceuticals. Inovio collaborating with beijing
advaccine to advance INO-4800 vaccine against New
coronavirus in China; 2020 http://ir.inovio.com/news-andmedia/news/press-release-details/2020/Inovio-CollaboratingWith-Beijing-Advaccine-To-Advance-INO-4800-VaccineAgainst-New-Coronavirus-In-China/default.aspx. Accessed 28
Feb 2020 [Accessed 15 Apr 2020].
126. Pharmaceutical Technology News. Applied DNA supplies Covid-19
vaccine candidates for preclinical tests. Published on April 13,
2020. https://www.pharmaceutical-technology.com/news/
applied-dna-ships-covid-19-vaccine-candidates/ [Accessed 16 Apr
2020].
127. BloombergQuint. Zydus Cadila launches research programme to
develop coronavirus vaccine; 2020. Published on Feb. 15
https://www.bloombergquint.com/business/zydus-cadilalaunches-research-programme-to-develop-coronavirusvaccineLast [Accessed 17 Apr 2020].
128. Pardi N, Hogan MJ, Porter FW, Weissman D. mRNA vaccines—a
new era in vaccinology. Nat Rev Drug Discov 2018;17:261–79.
129. Moderna Press releases. Moderna announces ﬁrst participant
dosed in NIH-led phase 1 study of mRNA vaccine (mRNA-1273)
against Novel coronavirus. Published on March 16, 2020
https://investors.modernatx.com/news-releases/newsrelease-details/moderna-announces-ﬁrst-participant-dosednih-led-phase-1-study [Accessed 16 Apr 2020].
130. Genetic Engineering & Biotechnology News. Vanquishing the virus:
160+ COVID-19 drug and vaccine candidates in development.
Published on April 13, 2020. https://www.genengnews.com/alists/vanquishing-the-virus-160-covid-19-drug-and-vaccinecandidates-in-development/4/ [Accessed 16 Apr 2020].
131. Smith J. CureVac bids to develop ﬁrst mRNA coronavirus vaccine;
2020. Available from: https://www.labiotech.eu/medical/
curevac-coronavirusoutbreak-cepi/ [Accessed 28 Feb 2020].
132. Xinhua. China fast-tracks novel coronavirus vaccine
development Xinhua. Published on January 29 2020. Available

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

15

from: http://www.xinhuanet.com/english/2020-01/28/c_
138739378.htm [Accessed 16 Apr 2020].
Innovationews. Greffex completes COVID-19 vaccine, prepares for
FDA animal testing. Published on March 12, 2020. Available from:
https://www.innovationews.com/ [Accessed 16 Apr 2020].
Tonix Pharmaceuticals, Releases Press. Tonix Pharmaceuticals
announces research collaboration with southern research to
develop a potential vaccine to protect against New coronavirus
disease 2019 (COVID-19) based on horsepox virus (TNX-1800).
Published on february 26, 2020. Available from: https://www.
tonixpharma.com/news-events/press-releases/detail/1191/
tonix-pharmaceuticals-announces-research-collaboration-with
[Accessed 16 Apr 2020].
J&J News. Johnson & Johnson announces a lead vaccine
candidate for COVID-19.Published on March 30, 2020. Available
from: https://www.jnj.com/johnson-johnson-announces-alead-vaccine-candidate-for-covid-19-landmark-newpartnership-with-u-s-department-of-health-human-servicesand-commitment-to-supply-one-billion-vaccines-worldwidefor-emergency-pandemic-use [Accessed 16 Apr 2020].
Trial site news. University of Oxford Commences clinical trial for
vaccine candidate (ChAdOx1 nCoV-19) targeting COVID-19.
Published on March 31, 2020. Available from: https://www.
trialsitenews.com/university-of-oxford-commences-clinicaltrial-for-vaccine-candidate-chadox1-ncov-19-targeting-covid19-2/ [Accessed 18 Apr 2020].
FiercePharma, Vaccines. China’s CanSino Bio advances
COVID-19 vaccine into phase 2 on preliminary safety data.
Published on April 10; 2020. Available from: https://www.
ﬁercepharma.com/vaccines/china-s-cansino-bio-advancescovid-19-vaccine-into-phase-2-preliminary-safety-data
[Accessed 18 Apr 2020].
Ahmed SF, Quadeer AA, McKay MR. Preliminary identiﬁcation of
potential vaccine targets for 2019-nCoV based on SARS-CoV
immunological studies. BioRxiv 2020;12:254.
Azmi F, Ahmad Fuaad AA, Skwarczynski M, Toth I. Recent
progress in adjuvant discovery for peptide-based subunit
vaccines. Hum Vaccines Immunother 2014;10:778–96.
Shanmugaraj BM, Ramalingam S. Plant expression platform for
the production of recombinant pharmaceutical proteins. Austin J
Biotechnol Bioeng 2014;1:4.
Emergence of Novel coronavirus 2019-nCoV: Need for rapid
vaccine and biologics development. Balamurugan shanmugaraj
1,2, ashwini malla 1,2 and waranyoo phool charoen. Pathogens
2020;9:148.
Yang XH, Deng W, Tong Z, Liu YX, Zhang LF, Zhu H, et al. Mice
transgenic for human angiotensin-converting enzyme 2 provide a
model for SARS coronavirus infection. Comp Med 2007;57:450–59.
Bao L, Deng W, Huang B, Gao H, Ren L, Wei Q, et al. The
pathogenicity of 2019 Novel coronavirus in hACE2 transgenic
mice. BioRxiv 2020. https://doi.org/10.1101/2020.02.07.939389.
Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir
and chloroquine effectively inhibit the recently emerged novel
coronavirus (2019-nCoV) in vitro. Cell Res 2020a. https://doi.
org/10.1038/s41422-020-0282-0.
Xu J, Jia W, Wang P, Zhang S, Shi X, Wang X, et al. Antibodies and
vaccines against Middle East respiratory syndrome coronavirus.
Emerg Infect Dis 2019;8:841–56.
Kleinnijenhuis J, Quintin J, Preijers F, Benn CS, Joosten LA,
Jacobs C, et al. Long-lasting effects of BCG vaccination on both

16

Gudadappanavar and Benni: Review on emerging therapeutic and preventive strategies to treat SARS-CoV-2

heterologous Th1/Th17 responses and innate trained immunity.
J Innate Immun 2014;6:152–8.
147. Moorlag SJ, Arts RJ, van Crevel R, Netea MG. Non-speciﬁc effects
of BCG vaccine on viral infections. Clin Microbiol Infect 2019 Dec
1;25:1473–8.

148. Miller A, Reandelar MJ, Fasciglione K, Roumenova V, Li Y, Otazu
GH. Correlation between universal BCG vaccination policy and
reduced morbidity and mortality for COVID-19: an
epidemiological study. medRxiv 2020 Jan 1. https://doi.org/10.
1101/2020.03.24.20042937.

From: "jehp" <editor@jehp.net>
To: "benni_jyoti@yahoo.co.in" <benni_jyoti@yahoo.co.in>
Cc:
Sent: Fri, 2 Oct 2020 at 1:30 PM
Subject: [jehp]:Decision on your article:jehp_624_20

Dear Dr. Benni,
The Editorial Board of Journal of Education and Health Promotion is pleased to inform you
that your manuscript entitled “Effectiveness of The Game Based Learning Over Traditional
Teaching Learning Strategy To Instruct Pharmacology For Phase II Medical Students”, with
manuscript number jehp_624_20, is acceptable for publication in the Journal.
We will be sending you the page proofs through the manuscript management site before
publication of the manuscript. At that time, you may place the order for the extra reprints.
If you have not sent the copyright form signed by all the contributors and the images, if any,
till now, you are requested to do so at the earliest. Copyright form can be emailed to
copyright@medknow.com Copyright form can be emailed to copyri ght@medknow.com
Please note that the journal reserves the rights to make changes in the language, grammar,
presentation, etc. to suit the journal's requirements.
We thank you for submitting your valuable research work to Journal of Education and
Health Promotion.
With warm personal regards,
Yours sincerely,
The Editorial Team
Journal of Education and Health Promotion

Original Article
Effectiveness of the game-based learning over traditional teaching –learning strategy to
instruct pharmacology for Pphase II medical students
Anupama M. Gudadappanavar, Jyoti M. Benni, Shivalingappa B. Javali 1
Department of Pharmacology, KAHER J.N. Medical College, 1 Department of Community
Medicine
(Statistics), USM-KLE International Medical Programme, Belagavi, Karnataka, India
Address for correspondence: Dr. Jyoti M. Benni
Received: 05-06-2020
Accepted: yes
Abstract:
BACKGROUND: Game-based education is fast becoming an innovative teaching approach in the
field of medical education. Traditional review sessions (tutorials) are mainly focused on instructorbased learning and they help to review concepts previously taught in the lecture class.
OBJECTIVES: The primary objective was to evaluate the cognitive learning of students in game based learning (GBL) as compared to the conventional review sessions. The secondary objectives
were to assess the perception and feedback of students regarding GBL and conventional review
sessions.
MATERIALS AND METHODS: An interventional GBL study was designed for 2 nd -year MBBS
students. The enrolled students were randomly assigned to either tutorial (Group A) or GBL (Group
B), and informed consent was obtained. The Group B students were further divided into smaller
groups, and for Group A, the traditional tutorial method was followed. For both the groups, a
multiple-choice question (MCQ) pre-test and post test was conducted` on the selected topics. A t
Total of 15 MCQs with gradually increasing difficulty were used in the GBL. For each group of
students, one student would be on hot seat by answering the questions and then continued the
game. Lifelines were provided.
RESULTS: From the pre-test and pos-ttest scores, students performed better in Group B (39.53%)
than Group A (18.43%) with respect to the knowledge score, and the difference was statistically
significant. Students’ perception and feedback regarding GBL were very enthusiastic and promising
than the tutorial group. Largely, students commented that GBL was unique, active participation, fun,
and novel learning style.
CONCLUSIONS: GBL is a student -centered learning and showed more effective than the traditional
tutorials in understanding the topic and was more enjoyable by students.
Key-words: Game- based learning, motivation, pharmacology, review session, student centered
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Abstract
Introduction: Pre-operative fasting aims to decrease the volume and increase the pH of gastric contents, hence reducing the risk
of aspiration. According to the past literature gastric contents of 25 ml (0.4 ml/kg) and with pH ≤ 2.5 predisposes the patient to
pulmonary aspiration hence pre-operative fasting was recommended. Use of two-dimensional ultrasonography is an accurate
non-invasive tool to determine gastric volume. We compared the gastric volume using ultrasonography and pH of gastric aspirate
by pH strip in patients after overnight fasting and after ingestion of 200 ml clear fluids (water) 2 h prior to surgery.
Methodology: The study was conducted in 60 ASA I patients undergoing elective surgery after obtaining institutional ethical
committee clearance & written informed consent from all the patients. Patients were randomized based on computer generated
randomization table into one of the two groups; Group A - patients with overnight fasting, and Group B - patients with overnight
fasting, but receiving 200 ml of clear fluids (water) 2 h before surgery. Gastric antral dimensions were noted and gastric volume
was calculated. Gastric aspirate pH was measured by pH strips.
Results: Age and gender distribution was comparable between the two groups. The mean gastric volume by USG was 29.7 ± 8.0
ml and 19.2 ± 4.9 ml in Group A and B respectively. The reduced gastric volume in Group B was statistically significant (< 0.00001).
The mean pH of gastric aspirate in Group A was 1.4 and Group B was 2.63. The results reveal that Group B has a better result in
terms of pH of the gastric contents and was statistically significant (p < 0.00001).
Conclusion: We conclude that the surgical patients who fasted overnight may be allowed 200 ml of clear fluids 2 h prior to surgery
as it results in lesser residual gastric fluid volume and higher mean pH at the time of surgery, resulting in a reduced risk of
aspiration.
Key words: Gastric volume; Ultrasound; Fasting
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ventilation, and carries a risk of mortality as great as
5%. Pulmonary aspiration is the cause of around 9% of
all anesthesia related deaths.1,7,8 In particular,
aspiration of particulate material, volumes more than
25 ml with low pH is associated with high morbidity.
The physiological protective reflexes that prevent
aspiration (tone of lower esophageal sphincter and

1. Introduction
Aspiration of gastric contents in the peri-operative
period is a serious complication. The overall incidence
of aspiration pneumonia ranges from 0.1% to 19% in
the patients undergoing surgical procedures.1-6
Aspiration pneumonia is associated with significant
morbidity,
including
prolonged
mechanical

307

Estimation of gastric volume

Patil MC, Prajwal B.

upper airway reflexes) are inhibited by sedation and
general anesthesia.9,10

not included in the study. Patients were randomized
based on computer generated randomization table into
one of the two groups; Group A: patients with
overnight fasting, and Group B: patients with
overnight fasting, but receiving 200 ml of clear fluids
(water) 2 h before surgery.

Some of the interventions to reduce the risk of
aspiration include optimizing the time of anesthesia
and surgery, regional vs. general anesthesia, method of
induction, airway management technique and preoperative fasting. Preoperative fasting aims to reduce
the volume and acidity of the gastric contents, hence
reducing the risk of aspiration. Inspite of the
recommendations as per the recent guidelines11,12 to
allow the intake of clear fluids upto 2 h before
surgery,13 it is a common practice to restrict oral intake
after mid-night for liquids as well as solids.

Preoperatively the patient’s intravenous (IV) line was
secured with 18 or 20G IV cannula and infusion was
started at 5 ml/kg/h. Patient was positioned in rightlateral position and using USG probe 3-5 MHz, the
gastric antrum was visualized by placing the probe in
sagittal plane which was seen as round to ovoid and
has been compared with a ‘target’ or ‘bulls eye’
pattern. Then antral cross-sectional area (CSA) was
measured by using two perpendicular diameters and
the formula of the area of an ellipse, e.g., CSA =
(AP×CC×π)/4

Previous studies have shown that the aspiration risk is
more in patients with gastric volume of ≥ 25 ml (0.4
ml/kg). However, Cochrane database has reviewed
several studies and concluded that avoiding the intake
of clear fluids will not increase the pH of the gastric
contents and also that the gastric volume increases with
the increase in the hour of fasting.14 Prolonged fasting
before surgery is uncomfortable to the patient.14

AP = Antero-posterior diameter (in cm)
CC = Craniocaudal diameter (in cm)
And gastric volume (GV) was calculated using the
formula;

The volume of gastric contents can be assessed by
various methods like aspiration through a nasogastric
tube, absorption of paracetamol, electrical impedance
tomography, dilution of polyethylene glycol, diet
containing radio-active labelled substances, etc. which
are all invasive methods to determine gastric volume
and gastric emptying time.15-19

GV = 27+14.6×rt-latCSA (in cm2)-1.28×age (in years)
Then the patient was shifted to the operation theatre
and routine monitors including electrocardiograph
(ECG), pulse oximeter and non-invasive blood
pressure were attached and baseline readings recorded.
The patient was preoxygenated for 3 min and
premedicated with glycopyrrolate, midazolam,
fentanyl and induced with thiopentone and
vecuronium. The airway was secured with an
appropriately sized endotracheal tube. Patients were
maintained with oxygen, nitrous oxide and
vecuronium. Gastric aspirate was obtained via a 16G
or 14G nasogastric tube while the upper abdomen was
massaged by an assistant to facilitate the aspiration of
the gastric contents. The volume of the gastric aspirate
was noted and the pH was recorded using the
standardized pH strip. The parameters noted include:
sex, age, gastric volume by ultrasonography, gastric
aspirate volume, duration of fasting and interval
between ingestion of water and surgery.

The size of viscera have been assessed using
ultrasonography (USG), so is the gastric volume. Two
dimensional USG can be a non-invasive tool to
determine the gastric volume.20
Primary Objective: To compare the gastric volume
using ultrasonography in patients after overnight
fasting and after intake of clear fluids (water) 200 ml 2
h before surgery.
Secondary Objective: To assess pH of gastric aspirate.

2. Methodology
Following approval by institutional ethical committee,
a written informed consent was obtained from all
patients. Adults aged between 18 to 50 y, of ASA
physical status 1, posted for elective surgery under
general surgery were included in the study. Patients
with body mass index (BMI) >30 kg/m2, gastro
esophageal reflex disorders and pregnant women were

Using the formula,
Sample size (n) = 2 (Zα/2 + Z1-β)2 (SD2)
d2
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Level of significance was taken as 5%; power of the
test used was taken as 80%; type I error rate α = 0.05
and type II error rate β = 0.2

The mean pH of gastric aspirate in Group A was 1.4
and Group B was 2.63. Which shows that Group B has
a better outcome in terms of gastric pH and was
statistically significant (p < 0.00001).

Taking the level of significance at 5% (α=0.05),
Power of the test as 90% (β=0.2), and using two-tailed
test we get

Gender

Group A

Group B

Male

33 ± 11.1

32.08 ± 11.4

Z1-β=0.84

Female

36.16 ± 8.76

27.61 ± 7.7

SD= Standard deviation of mean gastric volume of
overnight fasted patients.

Overall

35.43 ± 9.57

29.4 ± 9.45

Zα=1.96

Table 1: Age distribution according to gender in the
two study groups (Mean ± SD)

d = effect size = 1.65 (6% of the mean gastric volume
value of 27.48 in fasted patients)

4. Discussion

The clinical significance of the effect size value was
that any difference of mean value upto 1.65 between
the fasting and 2 h 200 ml clear fluid group this study
will be able to detect.

Fasting is considered a mandatory prerequisite for
elective surgery. It has been widely believed that the
goals of pre-operative fasting are (a) to increase the
alkalinity of gastric juice and (b) to reduce the volume
of gastric contents and thereby reducing the likelihood
of pulmonary aspiration.33 The concept of empty
stomach has been universally followed to safeguard
against vomiting, regurgitation and aspiration during
anesthesia.40 However stomach can never be
completely empty even after a midnight fast since it
continues to secrete gastric fluid. On the contrary,
studies have shown that prolonged fasting has been
associated with reduced gastric pH and increase in
gastric volume, placing the patients at risk category for
aspiration. Current guidelines11,12 recommend clear
liquids upto 2 h before surgery, which was a
compromise between comfort, cooperation and
hydration, on the one hand and safety on the other.55

The study result was expecting to find a mean gastric
volume value less than 27.48 ± 2
Hence,
Zα = 1.96
Zβ = 1.28
Mean gastric volume for fasted patients = 27.48
SD = 1.98 =2
d =1.65
Hence sample size (n) = 2 (1.96 + 0.84)2 (22)
(1.65)2
n = 22.94
For ease of calculations and sake of consistent result,
sample size was taken as 30. There were two groups of
30 patients each.

Gastric emptying is affected by many factors like
obesity,56 gastrointestinal disorders and systemic
diseases.29 The rate of gastric emptying depends on
several variables including the volume of oral fluids.33
Previous investigations in adults demonstrated
different emptying rates for different fluids, with
caloric load,57 carbonation, carbohydrate levels58 and
nutrient composition.59

The results are mentioned as mean ± standard
deviation (SD) Data collected was analyzed using
Student’s t-test. Difference was considered significant
if p < 0.05

3. Results

The volume of gastric contents can be assessed by
various invasive methods to determine gastric volume
and gastric emptying time.15-19 Many of these are not
applicable in perioperative period.52,60-63 Gamma
scintigraphy was a noninvasive method considered a
gold standard.64,65 It has the drawbacks of cost, use of
radiation, and was not a practical examination tool.

The age, weight and sex ratio of the groups were
comparable.
Table 2 shows that the mean gastric volume by USG in
Group A was 29.7 ± 8.0 ml and Group B was 19.2 ±
4.9 ml. The reduced gastric volume in Group B was
statistically significant (p < 0.00001).
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(Mean ± SD)

Calculated
Unpaired t-test
value

p value

1.4 ± 0.50

2.63 ± 0.61

9.69

< 0.00001*

Mean gastric volume by gastric aspiration
during intra-operative period

26.7 ± 7.5

13.47 ± 4.8

9.70

< 0.00001

Mean Gastric volume by USG

29.7 ± 8.0

19.2 ± 4.9

6.07

< 0.00001**

Group A

Group B

(Mean ± SD)

Mean pH of gastric aspirate during intraoperative period

Variables

Table 2: Showing the values of Gastric volume and pH of the gastric contents in the two groups.
*The mean pH of gastric aspirate in Group A is 1.4 and Group B is 2.63. Which shows that Group B has a better outcome in terms
of gastric pH and is statistically significant (p<0.00001)
**The mean gastric volume by USG in Group A is 29.7 ± 8.0ml and Group B is 19.2 ± 4.9 ml. The reduced gastric volume in Group
B is statistically significant (<0.00001).

Measurement of residual gastric volume by an
aspiration using a nasogastric tube usually
underestimates the gastric volume. MRI was used by
Schmitz et al.38 to study the effects of different
quantities of sugared clear fluids on gastric emptying
and residual volume in children aged 6 - 14 y. Gastric
fluid volume decreased rapidly with a median half-life
of < 30 min after drinking 7 ml/kg of standardized clear
fluids. Body weight corrected gastric air volume
(GAVw) continued to increase until 30 -90 min post
syrup in most children, but declined below initial value
after 120 min (p < 0.008).

developed for gastric volume calculation using the
gastric antrum image and calculating its crosssectional area20,22,41.
A Perlas et al.41 reported accurate linear model based
on gastroscopic fluid assessment with a mean
difference of 6 ml between the predicted and measured
volumes. This study had 108 patients. It was applicable
to adult, non-pregnant subjects with BMI up to 40
kg/m2. It can predict volumes up to 500 ml.
In our study ultrasound was used and gastric volume
was determined using the above mentioned formula,
60 patients posted for elective surgery were examined.
30 each belonging to overnight fasting group and 30
patients after 2 h of intake of 200 ml clear fluids. There
were no incidence of vomiting or aspiration in both the
groups.

Previous MRI studies in adults have shown the
following elimination half-lives: 38 min for 500 ml of
glucose 10%,66 100- 130 min for several meals and
liquid nutrients,67,68 21 min for water, 31 for noncarbonated carbohydrates, 47 for carbonated
carbohydrates and 107 min for carbonated cola. 69

In our study the distribution of sexes and ages were
comparable in both groups. The majority of them
between 26-41 years old.

It has been shown that a pH < 2.5 and volume of gastric
aspirate > 25 ml (0.4 ml/kg) predisposes patients to
pulmonary aspiration.14

The differences in mean gastric volume by
ultrasonography and in mean pH were statistically
significant in favor of Group B (p < 0.00001).

Until recently there was a lack of a non-invasive
diagnostic method that could promptly assess gastric
content and be applied perioperatively. Ultrasound has
been the first non-invasive technique that provides
both quantitative and qualitatively validated
information of gastric contents at bedside,20,41 Studies
have revealed that gastric antrum was the region which
will be easily accessible to ultrasonographic
examination.56-58It can be identified in 98-100% of
cases20,22,50.Several mathematical models were

Malcolm Scar and J Roger Maltby28 studied the effect
of oral fluids on residual gastric volume and acidity
before elective surgery in 211 healthy patients. Patients
were allowed to have 150 ml of tea or coffee or apple
juice or water until 3 h before surgery. The differences
between the groups was statistically insignificant.
Effects of fasting interval on gastric volume and pH
was also studied by Riaz hussain29 in 65 patients aged
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15-50 years undergoing elective surgery under general
anesthesia. Both the gastric volume (p = 0.998) and pH
(p = 0.408) changes between the groups were
insignificant. This study concluded that prolonged
fasting had no added benefits but added to patient
discomfort.
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the Editor,

Healthcare providers are
at the front line of the covrD-19
outbreak response and as
such are exposed to hazards
that put them at risk of infection.
Hazards include pathogen
exposure' long working
hours, psychological distress,
fatigue, occupational burnout,
stigma, and physical and psychological
violence. t1t Health care
workers, particularly those
involved in airway-related
procedures such as
endotrachear intubation
are at high risk of
infection. t2,31
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More than 80% of people
infected with covrD-r.9
infection are asymptomatic
and
could present to the urologists
for compraints of urinary stone
disease, prostatic
enlargement or tumours'
Anaesthetists, operation
theatre nurses, surgeons
can be
exposed to the virus during
surgical procedures that
need intubation in such
asymptomatic
patients. percutaneou
-::'^::::,rt nephrolithotomy (pcNL)
is one such procedure that
needs
;^_:" change in position
intubation'
from supine to prone for puncture
and again change in
position for extubation'
This process may read
to spread of the virus through
the air.

The sterile plastic drape
used to cover the c-arm
during the pcNL procedure
was
modified by our team to
create a protective device
(Figure 1). Three smalr
apertures were
made at the midportion
of the drape. Two of these
apertures were used by
the
anaesthetist to introduce
arms rnro
into the drape and the third
"": his
','5 dr,s
one was used to guide the
ventilator
circuit' ;:.
Adhesives were used
^r^" .,.^,.,*
to sear the apertures and
make it reak proof. The
drape was passed around
the patients head and spread
across the head end of
the tabre.
The laryngoscope' facemask
and the endotrachear tube
were praced within the drape.
After induction of anaesthesia,
the intubation procedure
*r, o"uormed, by visuarizing the
o':'::t' airway through the transparent drape.
The drape surrounded
the patient,s head
and the tube' thus preventing
spread of air droprets
and aerosor contamination.
The other
end of the drape was tightened
around the patient's neck.
At the end of the procedure,
the extubation process
was carried out similarly
within the two tayers of
the drape. This
simple procedure using
a sterile c-arm covering
drape is cost effective, safe
and efficient.
Conflict of tnterest: Declared
as None
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Figure 1a. sterile prastic drape used for
covering c-arm during pcNL.
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To the Editor: Epilepsy surgery is emerging as an important
modality for treatment of drug resistant epilepsy (DRE) in
children in India in the last 1–2 decades [1]. If properly chosen, epilepsy surgery provides good seizure control in almost
2/3rds of cases [2]. Advantages of epilepsy surgery include
seizure freedom in majority of children and reduction of burden of anti-epileptic drugs (AEDs) in almost all children [2].
The main barrier for epilepsy surgery in children in India is the
availability of the epilepsy surgery services. Currently it is
available in very few government hospitals, where there is
long waiting lists and in private hospitals in metropolitan cities
where the cost is very high. Proper pre-surgical evaluation is
very important before surgery and this needs modalities like
video assisted EEG, 3-Tesla MRI, PET (positron emission
tomography) scan, functional MRI, electrocorticography and
stereo-EEG which are very expensive [3]. This deters many
pediatricians from referring cases for surgery and many parents
reject this option. However, not all cases need such detailed
evaluation and many of these children can be operated with
good results in resource-limited settings also. These procedures
include functional hemispherotomy for hemispheric epilepsies;
corpus callosotomy for refractory drop-attacks in Lennox
Gastaut syndrome (LGS) and reflex epilepsy and anterior
temporal lobectomy for unilateral mesial temporal sclerosis
with 70–80% seizure freedom rates [4]. Hemispheric epilepsies
and LGS form a major chunk of refractory epilepsies in children
in our country [5]. Unfortunately, many pediatricians, pediatric
neurologists and neurosurgeons are not aware of this.

We operated on 6 cases of DRE with good results in last 2 y
with available limited resources using government schemes.
Three cases with hemiparetic cerebral palsy and symptomatic
epilepsy, and 1 with hemiconvulsion–hemiplegia–epilepsy syndrome underwent functional hemispherotomy; 1 with temporal
lobe epilepsy underwent anterior temporal lobectomy and 1
with LGS underwent one-stage corpus callosotomy. While
two patients who underwent hemispherotomy and one with
temporal lobectomy are off medications after 6 mo of surgery,
remaining three are maintaining on minimal AEDs (antiepileptic drugs) 12–18 mo post-surgery. There was no worsening in
the hemiparesis after surgery but in two, it actually improved.
All the cases reported improvement in cognition, behavior and
quality of life. In all the cases, there was a delay of 2–6 y before
surgery was considered and all had failed more than 5–6 AEDs.
Epilepsy surgeries like hemispherotomies, corpus
callosotomies and temporal lobectomies which are needed
by many patients in developing countries can be easily done
in many centers with limited resources.
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Abstract: Intake of dietary docosahexaenoic acid (DHA 22:6n-3) is very low among Indian
pregnant women. Maternal supplementation during pregnancy and lactation may benefit offspring
neurodevelopment. We conducted a double-blind, randomized, placebo-controlled trial to test
the effectiveness of supplementing pregnant Indian women (singleton gestation) from ≤20 weeks
through 6 months postpartum with 400 mg/d algal DHA compared to placebo on neurodevelopment
of their offspring at 12 months. Of 3379 women screened, 1131 were found eligible; 957 were
randomized. The primary outcome was infant neurodevelopment at 12 months, assessed using
the Development Assessment Scale for Indian Infants (DASII). Both groups were well balanced on
sociodemographic variables at baseline. More than 72% of women took >90% of their assigned
treatment. Twenty-five serious adverse events (SAEs), none related to the intervention, (DHA group
= 16; placebo = 9) were noted. Of 902 live births, 878 were followed up to 12 months; the DASII
was administered to 863 infants. At 12 months, the mean development quotient (DQ) scores in
the DHA and placebo groups were not statistically significant (96.6 ± 12.2 vs. 97.1 ± 13.0, p = 0.60).
Supplementing mothers through pregnancy and lactation with 400 mg/d DHA did not impact
offspring neurodevelopment at 12 months of age in this setting.
Keywords: maternal supplementation; pregnancy; lactation; docosahexaenoic acid (DHA);
neurodevelopment; randomized controlled trial (RCT); India
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1. Introduction
The first 1000 days are crucial for a child’s neurodevelopment [1]. The brain develops rapidly
through neurogenesis, axonal and dendritic growth, synaptogenesis, synaptic pruning, myelination,
and gliogenesis [2]. These events build on each other, such that even small perturbations can have
long-term effects on the brain’s structural and functional capacity [3]. Maternal nutrition during this
time influences both pre- and postnatal growth, and development of the offspring [4–6].
It has been suggested that n-3 long-chain polyunsaturated fatty acids (LCPUFA)
(especially docosahexaenoic acid [DHA]) levels enhance infant neurodevelopment [7–11]. The DHA
is an important structural component of the human brain and retina. DHA accumulates in all of the
brain regions and retinal photoreceptors [12]. These long-chain fatty acids regulate the fluidity of
cell membranes as well as the activity of ion channels, enabling synaptic transmission and providing
substrate binding to membrane receptors. The deposition of DHA in human brain phospholipids
occurs primarily during the last trimester of pregnancy such as week 30 until the early postnatal periods
continuing during the first two years of life [13–15]. Human fetuses and young infants have limited
ability to synthesize n-3 LCPUFA de novo and are supplied via maternal (placental transfer, breast milk)
or external (formula, dietary) sources [16,17]. Approximately 67 mg of DHA is accrued by the fetus
per day [18]. Deprivation of n-3 LCPUFA, whether prenatally or after birth, has deleterious effects on
learning abilities, memory, and visual grating acuity in monkeys, rats, and human infants [19,20].
DHA can be obtained from marine algae, fatty fish, and marine oils. Endogenous synthesis of DHA
is limited, especially in the presence of excess n-6 LCPUFA. The Food and Agriculture Organization
and World Health Organization (FAO/WHO) Expert Committee recommends a diet with a 5–10:1 ratio
of n-6/n-3 LCPUFA and 300 mg/day of preformed DHA during pregnancy [21,22]. Since cereal-based
diets are rich in n-6 LCPUFA but largely deficient in DHA-rich sources, population levels of plasma
DHA are low in India. Studies report [23,24] that mean DHA intake was lowest (11 mg) among Indian
pregnant women in the third trimester [25] compared to pregnant women from other developing
countries like Bangladesh, Burkina Faso, Chile, China, India, and Mexico.
Studies conducted around the world to assess the association between intakes of DHA during
pregnancy or lactation and neurodevelopmental outcomes in childhood have been inconsistent [7,26–35].
Few studies have assessed the effect of both prenatal and postnatal intake of DHA [36,37]. There is a
paucity of data on the potential benefits of maternal DHA supplementation in infants, especially in
the Indian population. The present study examines the hypothesis whether 400 mg/d maternal DHA
supplementation from ≤20 weeks through 6 months postpartum influences infant neurodevelopment
at 12 months of age. The present study DHANI (Maternal DHA supplementation and offspring
Neurodevelopment in India) is the first to examine the effects of maternal DHA supplementation from
mid-pregnancy through six months postpartum on postnatal neurodevelopment in India.
2. Materials and Methods
2.1. Study Design
DHANI was a randomized, double-blinded, placebo-controlled trial to test the effect of
providing pregnant women 400 mg/d algal DHA compared to placebo from ≤20 weeks of
singleton gestation through 6 months postpartum on offspring neurodevelopment. The trial
protocol has been published elsewhere [38]. The protocol was reviewed and approved by
institutional review boards (IRBs) of all participating institutions: Center for Chronic Disease Control
(CCDC-IEC_04_2015), Public Health Foundation of India (TRC-IEC-261/15), Jawaharlal Nehru Medical
College (MDC/IECHSR/2016-17/A-85), and All India Institute of Medical Sciences (IEC-28/17.11.2015).
2.2. Participants
Healthy pregnant women (18–35 years; ≤20 weeks single gestation; with no medical complications
or chronic diseases) attending the Department of Obstetrics and Gynecology at the Prabhakar Kore
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hospital (PKH) in a large city in southwest India for their prenatal check-ups were approached
by designated project staff. The consulting obstetrician on site, considering obstetric history and
complications, affirmed final eligibility. After signing a witnessed informed consent form in their
preferred local language (Kannada, Marathi, or Hindi), consenting women (n = 957) were randomized
to receive either 400 mg of DHA or a placebo until six months postpartum as explained later.
Baseline assessments at enrollment included sociodemographic characteristics, dietary intake, obstetric
history, anthropometric measurements, blood investigations including a non-fasting blood draw,
vital signs. The women received their first 15-day supply of supplements in the form of coded bottles.
Further supplements were provided at the women’s homes every fortnight by fieldworkers.
The next study hospital visit was at delivery (referred to as E0). A research officer stayed in
close contact with each mother after she entered her last trimester and visited the mother within
24 h of delivery to collect information on the type of delivery, complications if any, and newborn
anthropometry, and obtained a breast milk sample. We also collected and stored maternal and cord
blood samples from the enrolled mother–child dyads.
Postpartum visits for mother–child dyads at 1 month (E1), at 6 months (E6), and at 12 months (E12)
postpartum were scheduled. E1 data collection (neonatal anthropometry, maternal anthropometry,
breastfeeding pattern, breast milk sample (transported to site in ice box), overall health of both mother
and child, etc.) was carried out at home by trained fieldworkers. Infant neurodevelopment was
assessed at the hospital at E6 and E12 by trained and certified psychologists.
A pre-piloted and validated semi-quantitative food frequency questionnaire (FFQ) with n-3
LCPUFA-rich Indian foods was administered to all women at enrollment. Dietary data were also
collected in a subsample of women (n = 278) using a 24-h diet recall within 1 month of recruitment.
Nutrient intakes were calculated using DIETSOFT software (http://dietsoft.in/) based on standardized
nutritive values of Indian foods [39]. A study physician reviewed adverse events.
2.3. Randomization and Masking
A computer-generated randomization using a permuted block design was used to generate the
randomization list. The code list was generated for 1200 women to allow for potential loss to follow
up. The assignment code list was placed in a sealed envelope at the beginning of the study and was
held in a sealed location by a staff member at Gurugram, Public Health Foundation of India (PHFI).
This list was used by this person to pre-code the supplement bottles in the warehouse before the
bottles arrived on site, ready for distribution. All study participants and members of the study team
(including members at the study site) remained blinded to the treatment allocation until the analysis
of all data collected was carried out. Blinded preliminary descriptive analyses were presented to
Data Safety Monitoring Board (DSMB) and once approved, full statistical analyses were undertaken.
Unblinding occurred only after primary tables were generated.
The intervention was either 400 mg/d algal DHA or a matching placebo (soy/corn oil) delivered in
the form of similar-looking softgel capsules, donated by DSM Nutritional Supplements, Mumbai.
The composition of all capsules was same except for the DHA. Enrolled women received the intervention
from the date of randomization until six months postpartum.
The shelf life of the capsules at room temperature (25 ◦ C) was 24 months from the date of
manufacture (90 days once the bottle was opened). The coded capsule bottles were stored in an on-site
refrigerator for extra safety to slow down oxidation. Each bottle contained a fortnightly supply of
capsules. Bottles were distributed by fieldworkers during scheduled home visits. The women were
instructed to take two capsules (each with 200 mg DHA or placebo) daily, preferably at the same time
each day. They were told to keep them in a cool, dry place. Supplements were provided for more than
two weeks in cases where the woman shared plans to travel.
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2.4. Procedures
Subjects were asked to maintain a daily record in an easy-to-fill log (piloted and found suitable
for population with low literacy levels) of their supplement consumption. Weekly calls were made
to encourage compliance and inquire about the general well-being of the women. The used bottles
were collected (for pill count) by the fieldworkers during the fortnightly home visits. Red blood cell
(RBC) phospholipids were analyzed for DHA levels. The analyses of breast milk samples have not
been presented here.
2.5. Outcomes
Development quotient (DQ) as a marker of neurodevelopment, among infants at 12 months of age,
was assessed by a trained psychologist using the Developmental Assessment Scale for Indian Infants
(DASII). The DASII tool is the Indian modification of the Bayley Scales of Infant Development (BSID),
using Indian norms for 67 motor and 163 mental items. DASII provides a measure of development
for Indian infants below 30 months of age. DQ is defined as the ratio of functional to chronological
age. Third, 50th and 97th percentile norms have been generated for Indian children (DQ range of
35–160 ± 3.5). The maximum DQ score is 160. In terms of interpretation of scores, DQ score ≥85
is normal and 71–84 is mild to moderate delay. Severe developmental delay is defined on DASII
as DQ score ≤70 (≤2 SD). The inter-correlation between the motor and mental performance on the
two sections of the scale ranges from 0.24 to 0.62 [40]. The motor development items cover the child’s
development from supine to erect posture, neck control, locomotion, and manipulative behavior such
as reaching, picking up, handling things, and so forth. The mental development items record the
child’s cognizance of objects in the surroundings, perceptual pursuit of moving objects, development
of communication and language comprehension, spatial relationship and manual dexterity, imitative
behavior, social interaction, and so forth.
2.6. Biomarkers
Fatty acid composition of plasma phospholipids and red blood cell (RBC) membrane phospholipids
are appropriate biomarkers of fatty acid status and related to dietary intakes [41,42]. Since the plasma
(reflecting short-term intake) and RBC (reflecting long-term intake) fatty acid composition are related, the
markers of longer-term intake RBC phospholipid fatty acids (linoleic acid (18:2n-6); alpha-linolenic acid
(18:3n-3); arachidonic acid (20:4n-6); eicosapentanoic acid (20:5n-3); DHA (22:6n-3)) were measured.
Lipids were extracted from RBCs using the method of Rose and Ocklander [43], phospholipids were
separated by thin-layer chromatography. The phospholipids were trans-esterified using the method by
Lepage and Roy [44] and fatty acids were identified by gas chromatography with flame ionization
detector. Thirty-seven fatty acid methyl ester mix from Supelco (SIGMA-ALDRICH) was used to
identify the fatty acids using their retention time.
Maternal nonfasting blood samples (5 mL) were obtained by venipuncture at recruitment, delivery,
and six months postpartum. Neonatal blood samples were obtained from the umbilical cord vein
immediately after delivery using the syringe method. A 2 mL venous blood sample was obtained from
infants at 6 and 12 months of age. All samples were collected into tubes containing disodium ethylene
diamine tetra acetic acid (EDTA). Plasma was separated the same day by cold centrifugation (4 ◦ C) at
800× g for 10 min and RBCs were washed thrice using equal volumes of saline. Plasma and washed
RBCs were stored at −80 ◦ C for later analysis.
Breast milk samples (one day, one month, and six months postpartum) were collected. The milk
samples were from a morning feed but not the first one, preferably between 08:00 am and 12:00 pm.
Infants were allowed to suckle the nipple for a few minutes, and then a breast milk sample (10 mL)
was expressed manually by the mother herself, after which the feeding continued. The samples were
refrigerated immediately to prevent bacterial growth and later aliquoted into smaller 2 mL containers,
filled nearly to the top to minimize oxidation, and frozen at −80 ◦ C until analysis. Although the
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amount of fat may change within and between feeds, the proportion of fatty acid remains relatively
constant. Since breast milk PUFA were being expressed as a percent of total fatty acids, complete breast
expressions were not required [45]. RBC phospholipids were analyzed by gas chromatography using
standard methods.
2.7. Statistical Analysis
The primary study outcome was infant development quotient (DQ) score (composite score of
motor and mental development) obtained at 12 months of age. We required 674 mother–child pairs to
detect an effect size of 0.25 with 90% power [46].
Maternal household and offspring characteristics in the two treatment groups were summarized to
assess the effectiveness of randomization. Continuous, normally distributed variables were summarized
as means and standard deviations, while skewed variables were summarized as medians and
interquartile ranges. Categorical/binary variables were summarized using proportions. Analysis was
done using the intent to treat (ITT) principle. Per protocol analyses were also carried out including
infants who had a valid 12-month DQ score (DASII test administered at 12 months postpartum
± 4 weeks) and whose mothers’ compliance rate >80%. All protocol deviation cases were excluded
from per protocol analyses. We compared baseline characteristics between the final study sample and
those who were lost to follow-up.
For the primary outcome, we used a two-sample t test to compare the mean DQ (mental and
motor) score at 12 months between the DHA and placebo group using DASII. We performed
the subgroup analysis using a two-sample t-test for the difference in mean DQ score between
DHA and placebo group stratified by pre-specified subgroups, that is, mother’s age (18–20, 21–25,
26–30, 31–35 years), mother’s BMI (<18, 18.0–22.9, 23.0–24.9, ≥25 kg/m2 ), gravidity (multigravida,
primigravida), gestational age at delivery (<37, ≥37 weeks), duration of supplementation (≤10,
10.1–12.0, ≥12.1 months), vegetarian diet (yes, no), physical activity (inactive/low, moderate, high),
and gender of the child (male, female). The p-value for interaction was calculated by including the
interaction term between the characteristic of interest and treatment group in the linear regression model.
Heterogeneity was assessed based on the significance of the interaction term between the characteristic
of interest and treatment (p < 0.05). All the statistical analysis was done using STATA 16.0 version
(College Station, TX, USA) and R 3.6.2 version.
3. Results
Enrollment began in January 2016 and ended in August 2017. Figure 1 shows the CONSORT flow
chart. We screened 3379 women for eligibility and found 1131 to be eligible. A total of 957 mothers
were enrolled and randomized (DHA = 478; Placebo = 479). Of the 902 live births, 878 were followed to
12 months and the DASII was administered to 863 of those. Loss to follow-up (8.2% from randomization
through 12 months) and mean ± SD compliance did not differ by group (DHA: 93.0 ± 10.1; Placebo:
92.7 ± 10.7). Baseline maternal and household characteristics were similar by treatment group (Table 1).
Overall, the mean age of the mothers was 23.9 (3.6) years, the mean BMI of the participating women
was 20.6 ± 3.6 kg/m2 , and the mean hemoglobin was 11.1 ± 1.3 gm/L. Based on the semiquantitative
FFQ administered at baseline, the dietary intake of n-3-rich foods was similar across the two groups.
Additionally, there was no significant difference in the baseline characteristics between those who
completed the study and those who did not complete the study (Table S1).

MUAC, (cm), mean ± SD
Biochemical measures
Hb (gm%), mean ± SD
DHA (mol % of fatty acid) *-, mean ± SD

24·3 ± 3·0

24·3 ± 3·1

11·1 ± 1·3
0.86 ± 0.78

11·2 ± 1·3
0.88 ± 0.71

BMI: Body mass index; MUAC: Mid upper arm circumference; Hb: Hemoglobin; DHA:
Docosahexaenoic
acid; *- N = 258 (DHA); N = 224 (Placebo). Data are presented as mean ± standard 6 of 15
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Figure 1.1. Consort.
Consort. ## Reasons
Figure
Reasonsfor
for exclusion:
exclusion:gestational
gestationaldiabetes
diabetes(n(n= =69);
69);Hb
Hb< <7 7gm%
gm%(n(n= =46);
46);
gestational
age
>20
weeks
(n
=
673);
high-risk
pregnancies
(n
=
118);
chronic
conditions
(n
=
246);
under
gestational age >20 weeks (n = 673); high-risk pregnancies (n = 118); chronic conditions (n = 246);
under any other trial (n = 4); delivery plan other than PK (n = 835); missing/wrong contact information
(n = 257). * Others included: abortion (n = 1); abruptio placenta (n = 1); fresh stillbirth (n = 4);
macerated stillbirth (n = 3); neonatal death (n = 2); maternal death (n = 1); congenital anomalies (n = 1);
infant death (n = 2) in DHA group. ** Others included: fresh stillbirth (n = 4); macerated stillbirth
(n = 2); medical termination (n = 1) in Placebo group.
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Table 1. Baseline Characteristics.

Maternal age (years), mean ± SD
Gestational age at enrollment (weeks),
median (p25, p75)
Primigravida, n (%)
Education, n (%)
College graduated and above
High school/secondary
Employed, n (%)
Household income (>Rs 20,000), n (%)
Dietary habits—vegetarian, n (%)
Consuming fish/seafood, n (%)
Anthropometric measurements
Height (cm), mean ± SD
Weight (kg), mean ± SD
BMI (kg/m2 ), mean ± SD
MUAC, (cm), mean ± SD
Biochemical measures
Hb (gm%), mean ± SD
DHA (mol % of fatty acid) *-, mean ± SD

DHA (N = 478)

Placebo (N = 479)

23.5 ± 3.5

23.6 ± 3.7

15.0 (12, 18)

15.0 (12, 18)

180 (37.7%)

206 (43.0%)

88 (18.4%)
371 (77.6%)
119 (25.0%)
65 (13.6%)
73 (15.3%)
258 (53.9%)

82 (17.1%)
386 (80.6%)
104 (22.0%)
47 (9.8%)
87 (18.2%)
202 (57.8%)

154.1 ± 5.6
48.9 ± 9.0
20.5 ± 3.5
24.3 ± 3.0

153.9 ± 5.7
48.9 ± 8.5
20.7 ± 3.6
24.3 ± 3.1

11.1 ± 1.3
0.86 ± 0.78

11.2 ± 1.3
0.88 ± 0.71

BMI: Body mass index; MUAC: Mid upper arm circumference; Hb: Hemoglobin; DHA: Docosahexaenoic acid;
*- N = 258 (DHA); N = 224 (Placebo). Data are presented as mean ± standard deviation or median (p25, p75) or
number (%).

The proportion of live births was similar across both the groups (DHA vs. Placebo: 94.1% vs.
94.3%) (Table 2). Initiation of breastfeeding in 1 h did not differ across groups (DHA vs. Placebo: 79.9%
vs. 81.7%) (Table 3).
Table 2. Offspring characteristics at delivery.
At Delivery
Live births, n (%)
Gestational age at the time of delivery (weeks),
median (p25, p 75)
Delivery place—study center, n (%)
Delivery conducted by doctor, n (%)
Spontaneous labor, n (%)
Caesarean, n (%)
Male child, n (%)

DHA
N = 450

Placebo
N = 452

450 (94.1%)

452 (94.3%)

39.0 (38.0, 40.0)

39.0 (38.0, 40.0)

372 (84.7%)
416 (94.5%)
410 (93.2%)
154 (35.0%)
234 (52.0%)

375 (85.2%)
423 (96.1%)
407 (92.5%)
175 (39.8%)
243 (54.0%)

Data are presented as median (p25, p75) or number (%); denominator for live births DHA (N = 478); Placebo
(N = 479).

Table 3. Feeding practices.

Initiation of breastfeeding in 1 h, n (%)
Exclusively breastfed until 6 months, n (%)
Age at which complementary feeding
initiated (months) *, mean ± SD

DHA n/N (%)

Placebo
n/N (%)

346/433 (79.9%)
236/426 (55.4%)

357/437 (81.7%)
237/421 (56.3%)

5.4 ± 0.67

5.3 ± 0.83

Data are presented as number (%); * DHA (N = 166); Placebo (N = 156).

The age at which complementary feeding started was similar across groups (DHA vs. Placebo,
mean ± SD: 5.4 ± 0.67 vs. 5.3 ± 0.83 months) (Table 3).
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The maternal RBC DHA concentrations (mol % of fatty acid) (mean ± SD) were not different
between the groups at baseline (DHA; 0.86 ± 0.78, Placebo: 0.88 ± 0.71) but significantly higher in the
DHA group compared to placebo group at delivery (DHA: 1.94 ± 1.42, Placebo: 0.84 ± 0.56; p < 0.001)
(Table 4).
Table 4. Mean DHA (mol % of fatty acid) levels in RBC phospholipids.
DHA

Placebo

Mean Difference * [95% CI]

p-Value

DHA at baseline

N = 258
0.86 ± 0.78,
0.56 (0.32, 1.21)

N = 224
0.88 ± 0.71,
0.55 (0.37, 1.28)

0.02 [0.11,0.15]

0.77

DHA at the time of
delivery

N = 271
2.03 ± 1.75,
1.41 (0.61, 2.99)

N = 242
1.12 ± 0.86,
0.83 (0.42, 1.72)

−0.91 [−1.16, 0.67]

<0.001

DHA in cord blood

N = 265
2.61 ± 1.45,
2.64 (1.38, 3.81)

N = 232
1.83 ± 0.90,
1.76 (1.16, 2.48)

−0.77 [−0.99, 0.56]

<0.001

DHA in infant blood
at 6 months

N = 263
1.94 ± 1.42,
1.65 (0.64, 3.08)

N = 240
0.84 ± 0.56,
0.77 (0.43, 1.12)

−1.09 [−1.29, −0.9]

<0.001

DHA in infant blood
at 12 months

N = 227
1.71 ± 1.18,
1.50 (0.60, 2.64)

N = 204
1.27 ± 0.93,
1.03 (0.43, 1.89)

−0.44 [−0.64, −0.24]

<0.001

Data are presented as mean ± standard deviation, median (p25, p75); DHA: Docosahexaenoic acid; p-value calculated
using unpaired t-test; * difference = Placebo minus DHA.

In the placebo group, there was no change in RBC DHA concentrations over the period of
intervention while in the DHA group, concentrations increased by 1.04 (0.86, 1.23) mol % of fatty acid,
paired t-test, p < 0.001.
The DQ score (mean ± SD) at 12 months for the DHA and placebo groups was 96.6 ± 12.2 and
97.1 ± 13.0, respectively, and the mean difference (placebo minus DHA) was 0.46 (95% CI: −1.23, 2.14;
p = 0.60). The motor and mental scores also did not differ significantly across the groups at 12 months
(Table 5). There were 25 serious adverse events, all determined to be unrelated to intervention
(DHA group = 16; placebo = 9; p = 0.154) (Table S2). The last 12-month assessment (including DASII)
was conducted in early April 2019.
Table 5. DQ score and components of DQ (motor and mental scores) at 12th month.
At 12th Month
DQ score
Motor score
Mental score

DHA
(n = 433)

Placebo
(N = 430)

Difference * [95% CI]

p-Value

96.6 ± 12.1
47.6 ± 3.7
106.0 ± 7.0

97.1 ± 13.0
47.6 ± 3.7
106.7 ± 7.6

0.46 [−1.23,2.14]
0.03 [−0.47,0.52]
0.63 [−0.35,1.61]

0.60
0.92
0.21

Data are presented as mean ± standard deviation and [95% CI]; unadjusted model: t-test for difference between
mean values at 12 months; DQ: development quotient. * Placebo minus DHA.

The per protocol analysis also showed no difference in 12-month DQ scores between the two groups
(Table S3). The mean infant DQ, mental and motor scores at six months did not differ significantly
across groups (secondary outcomes not shown in this paper). The mean DQ score did not differ
significantly across mother’s age group, BMI, gravida, gestation age at delivery, compliance rate,
duration of supplementation, physical activity (Figure 2).

The per protocol analysis also showed no difference in 12-month DQ scores between the two
groups (Table S3). The mean infant DQ, mental and motor scores at six months did not differ
significantly across groups (secondary outcomes not shown in this paper). The mean DQ score did
not differ significantly across mother’s age group, BMI, gravida, gestation age at delivery, compliance
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rate, duration of supplementation, physical activity (Figure 2).

Figure 2.2.Subgroup
Subgroup
analysis.
Difference:
Placebo
DHA; Difference
mean
score
Figure
analysis.
Difference:
Placebo
minusminus
DHA; Difference
in meanin
DQ
scoreDQ
between
between
DHA
and
placebo
group
at
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was
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using
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for
each
DHA and placebo group at 12 months was calculated using two-sample t-test for each subgroup;
psubgroup; p-value for interaction calculated using linear regression model including interaction term
for characteristic of interest and treatment group.

However, the mean DQ score for female child was higher in placebo as compared to DHA
[mean difference (placebo− DHA) (95% CI): 2.74 (0.40, 5.09)]. The p-value for interaction was significant
for gender of the child (p = 0.013). The pre- and postnatal maternal supplementation with 400 mg/d
DHA did not improve the infant’s DQ score as measured by DASII at 12 months of age.
4. Discussion
In this well designed and executed RCT (CONSORT checklist enclosed as Table S4), pre- and
postnatal maternal supplementation with 400 mg/d DHA did not improve the infant’s development
score as measured by DASII at 12 months of age. Our findings are in accordance with some other
trials [46–49]. The reviews published so far in this field to understand the association between maternal
DHA supplementation and infant neurodevelopment have also reported the evidence of a positive
association between maternal DHA supplementation and infant neurodevelopment to be either
too low or inconsistent, with a majority of the RCTs showing no positive effect [36]. Makrides et al.
provided 800 mg/d and [50] showed no difference in children’s cognitive scores between the intervention
and control group at 18 months. Similarly, Helland et al. [49] found no effect of prenatal supplementation
with cod liver oil on cognitive development among 288 three-month-old children in Norway. On the
other hand, the randomized trial of Colombo et al. [51] found that lower doses of DHA supplementation
of the infants (4 to 9 months of age) showed better cognitive outcomes in terms of their attention
span. Studies have reported maternal DHA status in pregnancy to be positively associated with
infant’s brain volume at 1 month [52], improved infant’s attention [53], and enhanced problem-solving
skills at 12 months [54]. Rees et al. [26] showed that the infants of mothers who had a higher dietary
DHA intake during the second and third trimesters of their pregnancy performed better on cognitive
assessment measures (habituation and sustained visual attention) at 4.5 and 9 months of age. However,
it was also observed that the infants from the medium dietary DHA group [0.64% of fatty acids from
DHA (34 mg/100 kcal)] performed significantly better than the low-DHA [0.32% (17 mg/100 kcal)]
and high-DHA group [0.96% (51 mg/100 kcal)], with the latter showing the worst performance [26,51].
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Additionally, some studies have reported improved cognition among older children whose mothers
were supplemented with 400–600 mg/d DHA prenatally, after they turned four years old [27,30,35].
The neurodevelopment in the current study was assessed with the help of the DASII test
which is BSID’s adaptation. Although BSID is a global standardized test for assessing cognitive
functioning and has been frequently utilized in neurodevelopment effects of LCPUFA in infants [55],
its sensitivity to pick up some subtle differences in infant cognitive ability has been questioned [56].
Experts suggest that differences in intellectual functioning that are sensitive to pathways influenced
by n-3 fatty acids may only be detected with more sensitive measures of neurodevelopment such as
neuroimaging techniques [57], neuropsychological testing [58], distinct cognitive abilities, or executive
functioning [59]. The suitability of these approaches for large field-based trials in low resource settings
warrants further exploration.
Few possible limitations of our single-center trial may include lack of details on home environment
and detailed dietary data on the children which may have influenced the neurodevelopment in the
first year of life. The measure of neurodevelopment used in the study (i.e., the DQ score) has not been
validated against the functional magnetic resonance imaging (fMRI) which is currently considered the
gold standard noninvasive hemodynamic-based neuroimaging technology. The fatty acid composition
of the blood and breast milk collected from the enrolled women are not currently available. We also
did not estimate dietary n-3 LCPUFA intakes in all the study subjects; however, the biomarker
(RBC phospholipid DHA) is very responsive to intake and was measured at both enrollment and
immediately after birth as an indicator of prior status and study DHA intake. Further, other fatty
acids like AA and DHA:AA ratios may play a key role in neurodevelopment [60]. To the best of our
knowledge, our study is the first one to examine the effects of in utero and early-life DHA exposure
(through maternal supplementation from mid-pregnancy through six months postpartum) on postnatal
neurodevelopment of Indian infants. Through a long supplementation phase and follow-up period,
the participants of our trial reported good compliance and very low attrition. Genetic predisposition,
prenatal and postnatal care and nutrition, and social and physical environment may all be critical in
shaping the neurodevelopment of an infant. We collected maternal dietary data at baseline but not at
later visits. Changes throughout the pregnancy with respect to not only n-3 LCPUFA but also other
nutrients such as vitamin D or iron [61,62] may affect offspring neurodevelopment.
While DHA is a key intrinsic factor constituting more than 40% of brain polyunsaturated fatty
acids [63,64], external factors like care and stimulation in the home environment also play a significant
role in a child’s cognitive development [65,66]. Poor physical conditions of home and limited access
to age-appropriate learning materials have been linked with social–emotional problems in children.
Ramakrishnan et al. [46] indicated a possible attenuating effect of DHA on the positive association
between home environment and psychomotor development. DHA may be especially helpful for
children living in home environments characterized by reduced caregiver interactions and opportunities
for early childhood stimulation [67]. It might have been useful to have these data in the present study.
Further, the mean DQ score of girl children in the placebo group was higher. This inconsistency may
be due to chance. Some studies also attribute gender-related differences in neurodevelopment to sex
hormones [68] and/or social context [69], but since these were not assessed in our trial, we cannot be
certain of this.
In summary, supplementing mothers through pregnancy and lactation with 400 mg/d
DHA (vs. placebo) did not benefit offspring neurodevelopment at one year of age in this
Indian setting. Deeper insights into maternal dietary patterns, young child feeding practices,
home environment, and the interactions amongst these factors are warranted to understand what
shapes early neurodevelopment.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/10/3041/s1,
Table S1: Comparison of baseline characteristics of those who completed the study and those who did not,
Table S2: Listing of serious adverse events by group, Table S3: Primary outcome (per protocol analysis), Table S4:
CONSORT checklist.
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Abstract Tympanoplasty is the most common surgery
performed for Chronic Otitis Media. Here we have
com_
pared.the minimally invasive endoscopic tympanoplasty
with the conventional microscopic tympanoplasty. it,, u

!

comparative prospective study, involving cases of Chronic

otitis media with dry perforation analysed from

January

2009 to October 2019. Equally 312 patients were
divided

into two groups, 156 in each group and subjected for
Endoscopic and Microscopic Tympanoplasty. Various
parameters were studied. Graft success rate of 9g.\g%o
and
93.58Vo in group A and B respectively were comparable,
hearing improvement in both groups was not statistically
significant rvith p-value > 0.05, whereas the postoperative
hearing improved significantly to preoperative in both
groups. Endoscopic and Microscopic tympanoplasty
has
similar outcomes, in terms of graft success rate, hearing
and duration of surgery. Cosmetic results were better in
Endoscopic group whereas canalplasty rates were evident
in Microscopic group.

.\

Keywords Endoscopic ear surgery
Microscopic ear surgery . Tympanoplasty .
Chronic otitis media . Minimally invasive surgery
Leaming curve
.

Introduction
Tympanoplasty is the most common surgery performed
for

Ckonic Otitis Media (COM) and the most conventional
technique in use since ages is by using an operative
microscope with a postauricular approach. Endoscopic_

assisted ear procedures were inculcated for diagnostic
and
pictorial purposes I l-3] which over a period of time gained
popularity. Since the 1990s, endoscopic tympanoplasty
was

put more into practice [1] and evolved as a minimally

invasive transcanal approach [4].
With a surgical approach to repair the tympanic mem_
brane perforations, different variables are to be considered
such as the size of perforation, location of the perforation,
ossicular status, hearing loss, status of middle ei.r mucosa,
post-operative wound healing or cosmetic, time taken
for
the surgery to perform [5]. The Conventional microscopic
method, is a well-known procedure since more than three
decades in the history ofear surgeries and even with recent
advances in technicality still limits the complete access
to
areas that are tricky to visualize such as epitympanum,
retrotympanum, protympanum and hypotympanum which
can be overcome with the newly adapted transcanal
endoscopic approach with wide angled view
[6]. Mer and
colleagues introduced the middle ear endoscopy in 1967,
since then endoscopes are increasingly used for various
rniddle ear surgeries with recent reports showing benelit in
surgery for cholesteatoma [7]. Endoscopes do offer a wide

field of vision with 2D magnification. Operating surgeon
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can obtain close-up and wide-angle views accordingly by
inserting or withdrawing the endoscope, surgeons can also

rotate an angled endoscope to obtain all-round vision,

thereby enabling visualization of the anterior margin of the
perforation; the anterior canal wall, attic, and hypotympa_
num in the middle ear [8].

Q
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scopic tympanoplasty which includes the assessment of
Graft success rate, Hearing outcomes, Canalplasty rate,
Cosmetic results and Surgical operative time.

Gelfoam placed in the middle ear, underlay technique used
to place the graft and the tympanomeatal flap was repositioned. Medicated gel foam placed in the external auditory
canal. Frequent withdrawal of the endoscope was done to
avoid the heat-induced caloric effect or thermal injuries.

Methodology

Microscopic Tympanoplasty

This was a prospective, comparative study done at
KAHER's Department of ENT & HNS, JNMC, Belgaum,

All of the conventional microscopic

Inclusion Criteria

l

g-

f

[;
e
{

Subjects with dry, central tympanic membrane perforation
willing to give

due to CSOM with conductive hearing loss,
consent for the study.

Exclusion Criteria

i*
F

h

h

r

i,cr
I

ET

E:

'a
f

ia

with overhangs, for close-up and angled views. Medicated

India from January 2009 to October 2019.

Lr

E

This study has been conducted to analyze and compare

the outcomes of Endoscopic tympanoplasty with Micro-

I

Subjects with marginal or attic perforations, patients with
cholesteatoma, otitis externa. otomycosis, uncontrolled
diabetes mellitus, revision cases, and those with upper

Post-operative Follow-Up

respiratory tract infections at the time of surgery and
patients u'ith other complication following COM.
We analyzed all the cases which satisfied the inclusion
criteria constituted atotal of 312 cases, which were equally
divided into 2 groups depending on the surgical approach
as Group A who underwent Endoscopic Tympanoplasty
(ET) and Group B Microscopic Tympanoplasty (MT) were
analyzed. Respective surgeries were conducted by a single
surgeon in each group to maintain uniformity. The patient's
details and examination findings were recorded and were
subjected to respective surgical procedures.

Subjects in both groups were followed up for a minimum
period of 06 months. Postoperative follow ups were done
on lst week, lst month, 3rd month and 6th month. Tympanic membrane uptake on 3rd month and Pure Tone
Audiometry @TA) on 6th month post-operatively.
An intact mobile tympanic membrane with closure of
air-bone gap less than or equal to 15 dB at 6 months post
surgery was considered as a good outcome. Postoperative
wound healing, Pure Tone Audiometry, Graft uptake were
analyzed to compare the results between both groups.

Surgical Technique

Outcomes

The surgeries were performed either under local or general
anaesthesia. Temporalis fascia was used as graft material in

cases, parameters studied were age and gender

both groups. Intraoperative findings, duration of surgery
were documented for the procedures done in both groups
and B.

A

t-

:\

1-

tympanoplasties were

performed using Carl Zeiss Microscope via the postauricular approach with post-aural William Wilde's incision.
Temporalis fascia graft harvested, posterior meatotomy
done, margins of the perforation freshened, canalplasty
done whenever required, tympanomeatal flap elevated,
ossicular status assessed, middle ear disease clearance was
done, medicated Gel foam placed in the middle ear and
underlay technique used to place the graft and secured by
doing anterior tucking and the tympanomeatal flap was
repositioned. Medicated gel foam placed in the extemal
auditory canal and wound closure done. The Mastoid

Endoscopic Tympanoplasty

In endoscopic tympanoplasty, a zero degree, 18 cm long,
4 mm wide rigid Hopkins rod endoscope with camera and
monitor was used. Temporalis fascia graft was harvested
through a2-3 cm incision in the hairline above the helix.
Margins of the perforation freshened, tympanomeatal flap
elevated, ossicular status assessed, middle ear disease
clearance done.

A

Springer

A 30-degree endoscope was used in

cases

dressing was done and advised care accordingly.

Out of 312 cases grouped into two groups, each of 156
distribution

amongst the demographic profile and the following surgical parameters; Graft success rate, Hearing outcomes,
Canaloplasty rate, Cosmetic results and Surgical Operative
time.
The age distribution ranged from 10 to 65 years in both
groups, mean age in group A was 32.90 years and group B
was 32.53years. Maximum was seen in age ranging from
30 to 39 years (27.88Vo). Least was seen in 50 + years
(ll .86Vo). We had 165 (52.88Vo) females arrd 147 (47 .t2%o)
males. Group Ahad12 (46.15Vo) males and 84 (53.85Vo)
females and Group B had 75 (48.08Vo) males and 8l

(51.92Vo) females, constituting 156 in each group.
According to our study groups, the incidence of the CSOM

-\
"tt

u,i u u,"'l

u.r.'l

l-

jl

flu":,td.:
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is more in females than males. There
were 7l (22.76Vo)
{th BzL CSOM, 139 (44.55Vo) with Left CSOM and.102

(32.69Eo) with Right CSOM
out

of 312 ,oi;""*. Furrher_
more, 141 (45.19V0) were affected
in the right ear and

l7l(54.81%o) were lefr ear. Both groups
were'comparable
with p vatue > 0.05 (Table t).

Graft

it was 93.59Vo. The failure rate was I.92Vo in
and 6.42Vo in Group B. The overall
success rate

was seen to be 95.93Vq failure rate
was 4.l7Vo. With ref_
erence to the graft success rate,
both groups had good

success rates.

Hearing Outcomes
The average preoperative hearing
loss in group A was 3 1 . I
,. in Broup B. In rotal, we had t{Z
@s.stE") MtM
?,
Lonoucrrve Hearing Loss (CHL);
90 (2g.g5vo) with Mini_
mal CHL; 68 (21.79Vo) with Moderate

*3 1*

with Moderate to severe CHL;
hearing. (Table 2 and Fig. l).

9

CHL; 3

(2.gg%o)

(O.g6Ea)

with normal

The average postoperative hearing
loss in group A was
.
21.4 dB and 21.6 dB in group B. Fuihermo
re 90 (2g.g4Vo)
with Mild CIn_; DO (40.38Vo) with
Minimat CHL; 5
(0.02Vo) Moderate CHL; gg (2g.S3Eo)
with Normalhearing
levels. (Table 2 and Fig. 1).

We

noted that preoperatively, the number
of subjects
.
with Mild CHL in Group A were 4 (2.56Vo)
which
increased n 46 e9.497o) postoperatively.
Whereas in
Group B, 5 (3.21V0) had Mild CfiL p."op".atively
which
increased to 43 (27.5620) posroperaiiuety.
: anO

lfaUte

Fig. 2).

berween groyps
@-value: 0.75). postoperatively,
lereyce
the improvement noticed in group
a ari S was 21.42 dB
and 21.63 dB, with p-value
= 0.g-2 showing no significant
difference in borh groups. (Table 2).

A

and

i, loti, the groups
B, but no significant statistical difference was

noticed with p-value: 0.0001 in both groups.
(Table 3 and
Fig. 2).
Canaloplasty Rates
Among Group A, none of the subjects
required the need for
canaloplasty, even in the presence
of canal wall bulge.
Whereas in Group B, 16 (10.25Vo)
required canaloplasty
for visualization of tympanic membrane providing
ade_

quate exposure.

Duration of Surgery
We observed the time consumption
of surgical procedures
individually and compared ttrem, G*r;;
(Endoscope
tympanoplasry) required un ur'".ug"
of 55 min
T:trl"^d
(40-:70 min range) and Group
B (Micrlscopic tym_

panoplasty) an ayerage of 60 min (45_:15
min range). Time

consumed
(Fie. 3).

by both groups is

considerably the

same.

Cosmetic Result
We noted that the cosmetic results in
Group A revealed that
yoly (Ofr) ofrhe parients had a visible scar and in Group B
8.97Vo had a visible scar. The patient

wound healing
excellent and

()

I

in

Group

A,

satisfaction with

99.35Vo patients rated as
(0.64Vo) as poor, whereas in Group
B 5g

Table 1 Dernographic findings
Variable

Group A

Group B

p value

Age (years)
Mean
Range

32.90

12-65 years

Gender

Male
Female

72 (46.15qo)
84 (53.85Vo)

Side

Right

Left
*Chi-square test

A

dif_

showed significant hearing impiovement

croscopic)

A

with no significant

The preoperative and postoperative
hearing thresholds

Success Rate

After a follow-up period of 06 months,
success rate in
Group A (Endoscopic) was 9g.0g7o
and in Group B (Mi_

group

Preoperatively, the mean pTA
scores in both groups
and B were 31.10 and 31.4g dB,

72 (46.15Vo)
84 (53.85Eo)

32.53

0.9030*

l6-58 years
75 (48.08Eo)

0.7342*

81 (51.9280)
69 (44.23Vo)

0.7332*

87 (55.77Vo)

Q
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Table

Comparison

Variable
Pre Op

Post op

Changes

Fig.

I

of two groups with pre op and post op pTA scores
by independent
Groups
N
Mean
SD

r_test

SE

Group A

156

10.39

Croup B

0.83

156

10.86

0.87

Group A

156

Group B

156

8.05

0.64

8.32

0.67

Group A

156

9.68

6.01

Group B

0.48

1s6

9.85

6.28

0.50

Comparison of group A

p value

-

0.3181

0.7506

-

0.2283

0.8196

-

0.24s9

0.8059

40

and B with preoperative (pre op)
and postoperative (post op) pTA
scores

''*v

,-value

-o
'b

X
&

cRoupA
GROUPB

30

o)
(U

q)

o^^
A)

.)

(B

I

a
o

t:
10

::

0

:,

PRE OP

c

POSTOP

Table 3 Comparison of pre op and post
op PTA scores in two groups A
and B by dependent ,-test
Groups Time
Mean Std. Dv
Mean. Diff
SD. Diff

Vo

Group A

Pre op

Group B

31.10

r0.39

Post op

21.42

8.05

Pre op

31.48

10.86

Post op

21.63

8.32

9.68

9.85

Of

effect

paired r

p value

6.01

31.12

20.1121

0.0001*

6.28

31.28

195926

0.0001*

*p < 0.05

(37.18Vo) excellent wound
healing, g9 (57.05Vo) had sar_
isfactory,

and,9 (5.t7vo) was

poor'w""j

l;;irr.

chronic ear disease. Two-main goals
of Tympanoplasty is
to achieve dry ear by eradicatin!
tne aiseasei, ,rr"
-iaat"
ear and to reconstruct the hearing

panic_membrane grafting with
or

Discussion

struction [10].
Tympanoplasty is the most
common surgery done for
chronic oritis media with perforati"r.
Wullstein
introduced the term tympanoplasty
to describe the
[9]
surgical techniques for reconstruction

ill;;i

of the middle

ear

hearing mechanism thar had
been impaireO o. a"r,_y"O Uy

In

mechanism with tym_
ossicurar recon_

,ithort

1967, Mer and colleagues introduced
the middle ear

iblrontic endotoscopy [11]. Later fV"*r*

rigid endoscopes. Since then endoscop", fiif
u." in"."urirgty

introduced

used for various middle ear
surgeries. The Endoscopic lens
brings the surgeon,s view into
o.ptt, oi

and can provide

ti" opi.utiu"

n"fA

a wide fielA of ulrloo ,Jitf, minimal

ii

$ x **

*r k ##fi$#

jT

r.TJ,:sgry

"
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Fig. 2 Comparison of group A
and B with Pre and post
operative PTA scores
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Group A
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Fig. 3 Comparison of duration
of surgery in both groups A and

Group

B
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B
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X
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L

exposure, looking behind the obstructions,
narrow external
auditory canal [3] or overhangs
[13], especially with the
angled scopes obtaining all-round visionltl
including the
hidden areas like retrotympanum, facial
.L."*r, epitympa_

num, posterior mesotympanum, and hypotympanum.
There

is no need to frequently adjust the puti"rt,,
head or do
canalplasty thereby saving operative time
[14_16]. The

need to perform one_handed operations
as the surgeon must
use one hand to hold the endoscope
but does not constitute

a shortcominl tl7l. However, the disadvantages
include
the lack of sufficient microscopic magnification
with 3D
depth perception, frequent conraminaion

of the surgical
site secondary to bleeding, and instrument
crowding within
the surgical area [13, lg]. There is an ongoing
need to

develop specialized instruments

to

complement the

GroupA M GroupB

minimally invasive endoscopic techniques that
are rapidly
gaining interest. An endoscope holder
may prove useful to
surgeons to be able to use both hands
[19]. Endoscopic ear
surgery is a safe and effective technique
and is less invasiv_e- than microscopic ear surgery
[16,2A1.
Whereas conventional tympanoplasty
by using operative

microscope, provides binocular

ririor-ard excellent mag_

nified images in a straight line extending
from objective
lens and direct exposure with good depth
lerception of the

structures despite always requiring frequent
adjustments to
visualize the hidden areas and also in

th, p."r"n." ofcanal
wall bulge or sagging [15]. Areas as hypotympanum
and
sinus tympani are minimalry accessibre
even wittr extensive postauricular mastoidectomy
The

[l].

most often

preferred approach with a microscope
is a postaural than

Q
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Correlation Between Allergic Rhinitis and Body Mass Index:
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Abstract Allergic rhinitis is one of the most rampant
diseases in the world and many studies have been con-

Keywords Allergic rhinitis . Absolute Eosinophil Count
Body Mass Index

ducted to find its risk factors. Various studies have shown

that there is a correlation between allergic rhinitis and
increased Body Mass Index (BMI). Obesity has several

Introduction

effects on the immune system that could play a major role
in increasing allergic disease. Allergic rhinitis is known to
produce mild eosinophilia. The pulpose of this study is to

Allergic rhinitis is one of the most prevalent diseases in the
world. The complex inteqplay between genetic and envi-

BMI and allergic rhinitis

ronmental factors is what leads to the manifestation of this

assess the correlation between

using the Absolute Eosinophil Count (AEC). Over a period
of 6 months, 55 cases of allergic rhinitis were selected. The
patients were investigated by Absolute Eosinophil Count
and their Body Mass Index values were calculated based on
weight and height measurement. There was a positive
correlation between Absolute Eosinophil Count and BMI
with a p value of < 0.0001 which in tum revealed a posi-

tive correlation between BMI and allergy. We conclude
that patients with high BMI are more prone to allergic
rhinitis and have higher Absolute Eosinophil Counts
probably due to the immunological effects of adipose tissue
on the progress of the allergic disease.

X
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condition. Many times there are several forms such
asthma, allergic rhinitis, rhinoconjunctivitis, and

as

eczema-

all due to the same underlying pathophysiology. There is
an increasing prevalence of allergic rhinitis observed in
India [1].
The association between allergic rhinitis and obesity in
terms of increased body mass index (BMI) has been suggested but has not been conclusively proven [2].
Allergic rhinitis causes a considerable level of economic
burden to the country. Obesity, a lifestyle disorder caused
mainly due to physical inactivity and changing trends in the
modem life-style may lead to several ill effects on the
immune system. This may in tum lead to an increase in
allergic diseases [31.

Numerous studies have formulated the correlation
between obesity and asthma, atopic dermatitis, and allergic
sensitization to edible items. However, often the results
have been conflicting with no clear conclusive evidence

rsmudholTT@gmail.com

t2).
Eosinophils have been recognized to play a role as proinflammatory granulocytes and are known to have a role in
allergic rhinitis, asthma, and atopic dermatitis. They are
known to be in circulating in higher amounts in peripheral

Department of ENT and Head and Neck Surgery, J.
N. Medical College, KLE Academy Of Higher Education and
Research, Belagavi, Karnataka, India

blood in conditions such as allergic rhinitis [4].
Obesity is closely linked to the immune system and this
could explain its possible role in allergic diseases [3].
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The Body Mass Index (BMI) is widely referred
to as far
as overweight and obesity are concerned
in

was assessed. Patients were also assessed
based on whether

several epi_

they were taking medications for allergic
rhinitis or not.
Statistical Methods Used:

demiological data. The relationship between
BMI and
allergic rhinitis is not clear
[5_7J. Hence this led us to

The analysis was done using IBM Statistical package
for

investigate these parameters in this study.

Social Sciences (SpSS) software. Diagrammatic
represen_
tation, mean standard deviation, and karl pearsons
corre_

lation coefficient method was applied to
check

Objective

correlation wherever relevant.

lfe a1m of this study is ro assess the correlation between
allergic rhinitis and Body Mass Index (BMI)
using the

Results

Absolute Eosinophil Count (AEC)

Out of total 55 patients of allergic rhinitis
in the study there
were 22 females (40Vo) and 33 (60Vo)
males.
The mean age among all the patients was
35.60 years
with a standard deviation of 16.14. The patients
were dis_
tribured into five groups as shown in Frg.
l. The highest

Materials and Methods

L

This is an observational study conducted
at the ENT and
HNS.outpatient deparrment of KLES Dr. prabhakar
Kore
Hospital and MRC, Belgaum. 55 patients

symptoms

of

with signs

allergic rhinitis aged between

ll-

(18) of patienrs
::.b..
20-29 years

and

patients having s),mptoms

of

and

L

Obese:

allergic rhinitis_

BMI > 30 kg/mz

The Absolute Eosinophil Count was
measured using
Pilot's Solution [9].
After obtaining AEC values, patients

^ groups of less than 400,
3
than 1000 respectively.
The correlation betw

were divided into
between 401_10-6;rd greater

usingtheAbsorureu",,""JJJ'#;',::;#lf flT,JTT:I
0

Springer

in the age group of

to the age group of 10_19 years (l213Eo).
height of the patienrs ranged from 124
ro lg0 cm
.The
with a mean of 163.2g cm andl standard
deviation of
10.20. The average weight was
67.7g kg and

-congestion
sneezing, nasal pruritis, rhinorrhea
or nasal
(a
combination of 2 or more) and patients
who are taking

medication for ailergic rhinitis urd
ur" willing to discon_
tinue medications for a period of 4g
h befole giving a
blood sample for AEC were included
in the study. pregnant
women, patients with tumors of the
nose and paranasal
sinuses, known cases of asthma
on medication, and those
with congenital defects affecting the
BMI were excluded.
Informed consent and detailed history
were obtained for
the duration of allergic rhinitis and
the nature of any pre_
vious treatment. Also, a detailed ENT
examination to
assess the common signs of allergic
rhinitis were assessed.
Body Mass Index: Study participanr,s
height was mea_
sured with individuals standing
upnght with"out shoes by
using rhe merer scale. By dividinj
wI;Sm i, kilograms Uy
the square of height in meters g/^\:,
the SMt was caltt
culated and classified into four
!.oup, u""o.ding to th"
World Health Organization BMI curoffs
a, iottows tgl,
Underweight: BMI < 1g.5 kg/m2
Normal weight: BMI
= lg.5_24.9 kilm2
Overweight: BMI = 25-2g.g kg*2"

were

(32.73Vo) and the lowesr number"(7)
belonged

70-years during January 20t9_June
ZOig were included in
the study.

All

the

4l

ranged fiom

to 87 kg.

The calculated mean BMI (body mass
index) was 25.29

wtrich falls into the pre_obese criteria
as per the WHO.
There was a standard deviation of 3.3g
*irh rnirirnu_
being 16 kglmz and, maximum BMI being
Zt.i rlgt^r. Oi
of all the patients there were 37 over
weigit patients and lg
in the normal category.
. The Absolute Eosinophil Counr was as high as 4g9.gl/pl

in the overweight patients ranging from
250 to 625/ytl. The
same count was relatively low in patients
with normal
weight with mean AEC being 2gl367gand
minimum and
.Tl-ul values being 150 and 500/pl as seen in Fig. 2.
The Pearsons correlation coefficient was
applied to
formulate the association between
Body Mass Index and

Absolute Eosinophil Count among
all tle 55 patients. As
the Body Mass Index increased, the
AEC count increased

with a Pearson coefficient of 0.7950 indicating
a good
AGE DISTRISUTION
18

l5
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I
5

4
z
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Fig. 1 Showing bar diagram of age distribution
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Engeli S et al. suggested that the plasma adiponectin is
inversely related to obesity. Therefore as the BMI increa-

MEAN AEC SCORE

600
500

:o

400

u
r

300

ses, the adiponectin levels decrease [21].

\

Eosinophils were once regarded as protective cells are

now considered as pro-inflammatory cells which mediate
allergic disease. This is mainly due to the presence of
granules such as Major Basic Protein (MBP), Eosinophilderived Neurotoxin (EDN), Eosinophil Cationic Protein

G

200
100

.I

(ECP), and Eosinophil Peroxidase (EPO). These are toxic
0
NORMAI

to tissues and cause damage in the brain, heart, skin, and

OVERWEIGITT

lungs. At the cellular level, eosinophils are known to react

2

Showing Absolute Eosinophil Count (AEC) Values in normal
and over weight patients

Fig.

correlation. The p value was < 0.0001 suggestive
highly significant correlation as depicted below.

of

a

Discussion
Skin conditions such as dermatitis, allergic rhinitis, asthma,
diabetes, gastroesophageal reflux disease, sleep disorders,
and cardiovascular diseases are attributed due to weight
gain during adolescence and adult life [10]. The increasing
role of obesity in its contribution to allergy is due to its
impact on the immune system. This could possibly be due
to the production of adipokines and macrophages [3, 1 1]. A
commonly used indicator for obesity is BMI. A positive
correlation between BMI and allergy does exist according
to a few studies U2, 131. Leptin is known to be elevated in
obese individuals and this is known to activate and increase
the survival of eosinophils [1a, 15].
The mean age in our study was 35.60 years. According
to a study done to assess the impact of high BMI on allergic
rhinitis patients by Vatankhah et al., the mean age of cases
was 31.92 years and controls werc 34.94 and there was no
difference between the age groups on comparison [2]. This
suggests that the most common age group affected is the
fourth decade of life. This is when obesity and its ill effects
on the immune system start manifesting and showing
symptoms. The average BMI observed in our study was
25.29 kgtm?. There was also a statistically significant difference in the average Absolute Eosinophil Count amongst

the overweight patients (489.81/pl) as opposed to

the

normal patients (281.361fi). Studies done by Ciprandi et al.
and Forno E et al. have suggested a positive correlation
between BMI and allergic rhinitis fiz,131. On the contrary,
there is evidence that there is no relationship between

obesity and allergic rhinitis according to a few studies
[16, 17].

Eosinophil specific chemokines such as eotaxins are
elevated in obesity due to the continuous stimulation of
adipocytes by leptin t15, 18-201. Also, a study done by

with Antigen Presenting Cells, Mast Cells, and T-lymphocytes. This is could possibly explain the need for
Absolute Eosinophil Count as an easy marker for diagnosis
and its role in the pathophysiology allergic rhinitis [10].
There is also evidence that there is a higher prevalence
of allergic rhinitis amongst the female population [2]. Our
study also had 607o of the patients as females and this
could attribute to the increased prevalence of allergic
rhinitis in this study. A possible explanation could be due
to the hormonal influence of the adipose tissue on the
immune system [22,23).
Ciprandi et al. concluded that allergic rhinitis and obesity are closely associated with males. But this could be
due to the differences in the gender distribution of the study
population [2]. Hence, muticentric studies with a larger
sample size could give us a better understanding of the
association between BMI and allergic rhinitis.

Conclusion

with allergic rhinitis have mild eosinophilia
(> 450/trl) and tend to have higher Body Mass Index val-

Patients

ues. There is a correlation between being overweight and
having an allergic predisposition. With a healthier lifestyle

and an active one, patients with allergic rhinitis can
improve the overall quality of life. Though it often
adversely affects the quality of life; in India, allergic
rhinitis is often regarded as a trivial disease and patients
fail to attribute the ill-health to symptoms of allergic
rhinitis. Allergic rhinitis has a negative impact on the
quality of life. Allergic rhinitis can haye a signiflcant
impact on the physical, psychological, and social aspects
and impact work productivity. Hence controlling the BMI
will definitely help to reduce the burden of the disease.
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Abstract
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Background and Aim Several patient-l'elated f actors have been identified which are responsible fbr the develoPment of rotakrr cult tears. The purpose of the study was to assess varit>tts parameters which can be risk f'acklrs tirr the development of
supraspinatus tendon tear.
Methods A total of 100 patients with symptomatic rotator cuff tear, aged> l8 years, of either gender, presenting to the
outpatient department were included in this cross-sectional study. Magnetic resonance imaging was done and based on its
results; patients were iclentified iol the type of tear. I)enrographic, clinical, and bittchenrical facklrs affecting the tears wet'e

logistic regression analysis.
Factors
such as age, gender, pain radiation, night pain, and analgesic intake had significant association with supraspiResults
natus tendon tears.
Conclusion "Pain radiation" and'Analgesic intake" were two new parameters lound associated with the supraspinatus tendon
tears. New parameters that have been assessed as risk lactors will help in better understanding ofsupraspinatus tendon tears.
assessed using

Keywords Magnetic resonance imaging . Shoulder pain . Rotator

lntroduction
Shoulder disorders rank among the most prevalent musculoskeletal disorders. Shoulder pain can be a debilitating condition and is estimated to be the third most common cause of musculoskeletal consultation in primary
care [1]. A supraspinatus tear is a tear or rupture of the
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cuff Analgesics

Partial tear

tendon of the suprasoinattts mltscle. The supraspinattls is
a part,;i in. rrrIalor ctttl trl ihe shrlLtiti;r iltlci is aicl,nlpa
nied with another rotatol cuff muscle tear iu most cases'
Trauma or repeated micro-trauma can cause such tears' It

is present as a partial or full-thickness tear [2]. The incidence of partial tears in a study was lound to be 28.lVo
and the incidence of complete rupture was found to be
30.3% L3l.
There are a number of risk factors which can lead to
supraspinatus tear; genetics 12, 4, 5),demographic factors
such as age [4,6], gender [4, 7], smoking [2, 4,8], and
alcohol [2]; biochemical factors such as hormonal influence
[2], hypercholesterolemia [4, 9]; clinical factors including repetitive stress of lifting heavy objects [4], history of
tralrma [4], Iack of blood supply [4, 10], ageing of rotator
cuft l1il, impingement lesions [2], diabetes [13, 14], and
athletes have a greater risk of having a rotatol'cuff injury
[-5]. For partial tear, increased body mass density (BMI),
diabetes, and practice of heavy work can be risk lactors and
may, eventually, lead to the development of complete/fullthickness tear ! 61.
It is important lor surgeons to know the risk factors lor
tear progression, especially when non-surgical treatment
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is considered [ 7] The kno*'ledge of the risk factors
concerning tear progression alter cljnical exarnination is
important to identify, the high-risk i:roup of patients that
needed iuriher \1RI .liacnostic antl lss essrrent.'l'he urpose of the study' w'as Io aSSESs various
can be risk factors for the development of supraspinatus
tendon tear.

Results
Ol the I 00

sLrbjects, 69 subjects were

with supruspinltus

tendi

.91=9.e,$s!.ctsl

-t

of the subjects in the group were

in the age group of 5l-70 years. There was a linear trend
in the proportion of tear (partial + complete) by age group
(p = 0.01 88). Mean age

of subjects with complete/full-thick-

ness tear and partial-thickness tear was significantly dift'er-

Methods
One hundred thirty-four consecutive patients with symptomatic rotatof cuff tears visited our centre between June 2015
and Augr,rst 2011 . Of these, 100 new patients (100 shoul-

t'

\r,

i

ders) who underwent evaluation by history taking, clinical
examination and magnetic resonance imaging (MRI) were
enrolled. Patients aged more than I 8 years, of either gender.
were included. Patients with shoulder fractures, previously
treated rotator cufi teals, frozen shoulder, arthritis, previous dislocation shoulder, and instability rvere excluded. The
study was initiated after obtaining ethical approval by the

Institutional ethical committee. After obtaining informed
consent, all patients were evaluated by an orthopaedic
surgeon. All patients underwent I\'IRI ol the shoulder, on
the sanre day. Based on its linding-q, t)'pe of supraspinatus
tear was identified as partial-thickress tear, complete/fullthickness tear, or no tear. The clinical examiners and MRI
reporters were not the same and rvere blinded at each other's
fi ntlr

ngs.

Variables *,ere selected based on AIC (Akaike informaii'-rr cr::::i.-r:l IC'Bi..e:i:r lrfr:-rrlriiL',r i:-liel-ir-rlt'r '":Llli.
Il E1. Demographic detarls incluciing age, gender, occupation, and clinical leatures such as night pain, reduced range
of motion, weakness, duration of pain, and biochemical
data(serum cholesterol level) of the patients were collected
using a structured questionnaire.

ent (p=0.0199). Out ol 100 subjects, male predominance
was observed. Type of occupation and trauma did not show
any statistical significance in this study. Proportion of tear
among male subjects was significantly (p:0.0296) more
than that of temale subjects (Tables l, 2).
Using logistic regression, age, gender, pain radiation,
night pain, analgesics intake, and weakness was observed
to significantly affect the k)tal tear (Table 3).
VAS visual activity score, ROM range of motion, BM^/
body mass index, ADL activities of daily living.
Age, gender, pain radiation, night pain, analgesics intake,
and weakness significantly af,lected the complete/fullthickness tear. While, for partial tear gender, radiation of
pain, duration of pain, and night pain aff'ected partial tear.
For elder subjects (> 50 years), odds of having complete/
full-thickness tear was 40.65 higher than in subjects of
age < 50 years. Odds of having complete/full-thickness tear
was 10 and partial tear was 4.34 times higher for female
subjects, as compared to male subjects. Odds of having
complete/full-thickness tear was 8.67 times higher for subjects with weakness. Subjects with night pain are 3.8 times
rlr:l't l:1..::: 1r lir:;'i,':i:fil::l ,a::'r'. i-r'-.1 '.ll :::ll-i:-r ,i;:1i--l.rif,l
full-thickness tear was 4.59 times higher for subjects with
analgesics intake (Table 4).

Discussion
Statistical Analysis

t\
Data analysis was done using R i386.3.5.1. Continuous
data were represented in the form of mean + SD and the

categorical variable was represented by the frequency
table. Association between categorical variables was studied using Chi-square test/Fisher's test. Continuous data
were compared using / test/Mann-Whitney U test. Trend

test was done using Cochran-Armitage test. Logistic
regression was used to study the factors alfecting different
stages of tear. p value of< 0.05 was considered statistically
significant.

Q

Springer

The knowledge of the risk factors concerning supraspinatus
tendon tear progression is important to identify the highrisk group of patients that needed further MRI diagnostic
and assessment, which also helps in avoiding unnecessary
MRI prescriptions, and reducing the financial bttrden on the
patients.
In the present study, demographic, clinical, and biochemical factors were evaluated. The most important findings of
the present study were the lactors such as age more than or
equal to 50 years, male gencler, radiation of pain, rveakness,
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Table

_

1

Demographic detarls of the participants

Factor

Sub-category

Jotal

screened

With tear (partial tear+com- Without
plete/full-thickness

Agegroup <30
3l-50
5 I -70
>tt
Age
Mean+sd
Gender Male
Female
Occupation Govt. worker
Private worker
Security

tear)

l(16.6'/%)
t] (58.62%)
44 (7"7 .t9%)
7(81 .s%)
53.59+12.56 56.20+11.37
67
41 (61 ,19%)
28 (84.85%)
33
21
20 (14.01%)
16
9 (56.25%)
2
0
7 (58.33V0)
Self employed 12
Housewife 34
27 (79.41%)
I
6(66.67%)
Others
18
56(71.'19%)
Occupation Lightjobs
Heavy jobs
22
13 (59.097c)
t

6
29
51
8

tear

With partial

tear

With complete/full-thickness

5(83.33%) l(100%)
t2(4t.38%) t4(82.35%)
t3 (22.8t%) 32 (12.73%)
t(12.s%) 3(42,86%)
41 .7't+13.29 54.26+ll.16
26 (38.81%) 30 (73.17%)
5 (15.15%) 20 ('/1.43%)
'7 (25.93%) 16 (80Va)
I (43.75%) 8 (88.89%)

0(0%)

3(t1

.65Va)

t2 (21 .21ra)
4(57.14V0)

61.32+ 10.55

lt

(26.83%)

8 (28.57%)

4 (20%)
1 (11.11%)

2(100%)

.6'7%) 4 (57.t4%)
(20.59%) 18 (66.61Va)
3(33.33%) 4(66.61%)
22(28.2t%) 42(15%)
9 (4031%)
8 (61 .54Va)
5 (41

3 (42.86%)

7

9 (33.33%)

2(33.33%)

t4(25%)
5 (38.46%)

VASvisualactivityscore, ROMrangeof motion, BMlbody massindex,ADLactivitiesof dailyliving

L
night pain, and analgesic intake had statistically significant
relationship with the presence of supraspinatus tendon tears.
In the present study, 11% of patients aged between 51
and 70 years had s)'mptomatic supraspinatus tendon tears
and 83% of patients aged less than 30 years had no tears.
For elder subjects (> 50 yeals), odds of having complete/
full-thickness tear was 40.65 higher than in subiects of
age < -ii; \cir-r 1.an Kampen et ai. {191 stLrdy lbund similar
results. Present study also reveals that partial-thickness tears
were more common than full-thickness tears with the prevalence of 50% and l9Vo, respectively, which was also reported

f1

q-

by Fukuda et al. [20]. Increasing incidence of asymptomatic
rotator cuff tears, as high as 54Vo, above 60 years of age has
been reported [21] suggesting rotator cuff ]esions as natural
correlate ofaging.
In the present study, male patients were more in number than females which shows similarity with Van Kampen
et al.'s [9] study. In the study conducted by Sgroi et al. [2:],
mean age was found to be 57.3 + 12.0 years and f'enales
were more in number in their study which is in contrast with
our study.
In the present study, types of occupation did not show
any statistically significant correlation wlth the presence of
tears. The prevalence rate of rotator cuff teat's repolted in
other studies on French workers exposed to repetitive work
was even higher, ranging between 29Vo in highly exposed
workers and 16% in weakly exposed workers [231.

Radiation of pain in this study was seen inllVo of patients
with tear, and its p value was 0.0064, suggesting highly

significant association of this factor with tear. Though this
feature was mentioned in various literature [15,2:1], its statistical significant association with supraspinatus tear was
not reported. This is the first study to report the same. Pain
radiation to lateral part of ar:-n. eltror,,'. fcre arlTi end thurnl,.
side orthe hanci is expiained by the C5 ano Co nelre suppiy
of the dermatomes; C5 and C6 nerves also supply supraspinatus and infraspinatus muscles [2-5].

In the present study, weakness when lifting or rotating
the arm was seen in 90Vo of patients with tear. This was
statistically significant (p:0.03). It is difficult to assess
il the patient has both pain and weakness. In such cases,
weakness can be assessed after giving sub-acromial anaesthetic injection as explained in Neer' s impingement test.
41% of patients of rotatol' cttIl tear experienced weakness

in other studies [l 9].

In this study, we found that night pain was present
in 80% of patients with tear. This was strongly statistically significant (p - 0.0005). Similar results were seen
by Holtby et al. [2-5]. The cause for the pain at night was
when patients lie on the painful side at night, they experience pain and which disturbs their sleep.
In this study, we found that the history of analgesic
intake for shoulder pain was present in 80% of patients

with tear. This was strongly statistically significant

O
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2

Ciinical fearures of rhe participants

Factor

Sub-category

Total screened With tear (partial

Without tear With partial tear With complere/

tear + cornplete/fu I I_th ick_
ness

arm

3t (3t.63%) 48 (11.64%) tg (28.i6%)

2 (t00%)

0

(0%)

28 (90.32%)

3

O.6Bra) n

69

4t

86
14

\.{5

5.54 + I .29

5.35

5 [3, e]

Pain location in shoulder

Median[range] 5.5 [3, 9]
Anterior
35

6 [3,

Lateral

60

13 (-11.61%)

s [3, e]
t2 (34.29%) t4 (60.81%)
t7 (28.33%) 34 (19.01y0)

\\'eakn ess

Reduced

RO\{

3

I

5.48

+

1.31

(s9.42%)

2 (100a/.)

0 (0%)
15 (53.51%)

G6.43%)

28

4 (9 76%)

59 (68.670)

(40.s8%) 37 (9A.24Va)
2'1 (31.4%) 44 (14j8%)

t0

4 (28.5',17a) 6 (60%)

4 (40%)

(71 ,43%)

23 (6s.7 1%)

+

1,38

e]

ls

5,42+ t.34

Posterior

I

0

t

(100%\

Others

4

3 (7s%)

|

(25%)

Radiation of pain

No

35

t9 (54.29Va)

Yes

65

50 (76.92Va)

Night pain

Present

l7

62 (80.52Vo)

t6 (45.71%) t4 (13.687a)
t5 (23.08%) 36 (t2%)
t5 (t9.48%) 45 ('12.587a)

Absent

23

'7

(30.43%)

16

(69.57%) 5

(25.42%)

5.84+ l.l2
6 t4, 8l
9 (39,13Va)
9 (20.93%)

2 (66.61%)

| (33

(11.437c)

33%)

5 (26.32%)
14 (28%)

lt

(21.42%)

2 (28.577c)

Pain in which shoulder

Right

66

46 (69.1%)

20

(30.3%) 3t (67.39%)

ts (32.61%)

3.1

23 (61 6s%)

|

(32.3s%)

1 (17.39%)

Duration of pain

Left
< I month

(42.86%)

l-<3

Are you taking analgesic?

Is si,loulder comfortable u ith
arm at lour side?

:,.:.]L :::::'.::.:

..:

ing) limited'l

-:--: -.

elbow?

History of trauma?
History of smoking?
t-'

Comorbidities?

BMI

months

Springer

1 (51 .t4%\

3

19 (57.58%)

14

19 (82.61%)

2 (s0%)

2 (507a)

(42.42%) t0 (52.63Va)

9 (47.37%)
6 (18.1s%)

-1,5

12 (7 ).11%)

r3 (28.89%) 26 (81.25Ea)

> I lear

l_i

1il (93.31%)

1

Yes

61

54 (80.6%)

13

,\o

33

t5 (45.4s%)

Yes

95

64 (67.37%)

l8 (54.55%) t3 (86.67yc)
3t (32.63%) 46 (71.88%)

No

5

5 (t00va)

0

-l

No

51

i i;:.;!t:,,

38 (66.67%)

:

(6.67%)

12 (85.1 t%)

(19.4%) 3t (68.s2%)

(0%)
- -'i.j
,

,':;

i at t

-i i ..i:;..,

17 (31.48%)

2 (13.33%)

r8 (28. t3%)

|

4 (80%)

,

2 (11.29%)

(.20vc)

,-->

19

(33.337a) 34 (89.47%)

ir5.-:':':r:
4 (10.s3%)

(39.66yi

32 (9t .43%)

3 (8.s7%)

(r9.0s%)

18 (52.94%)

t6 (47.06%)

r

Yes

58

35 (60.34%)

23

No

42

34 (80.9s%)

8

No

73

s0 (68.49%)

23 (31.s)Va)

37 (74%)

t3 (26%)

Yes

27

19 ('t0.3t%)

8 (29.63%)

t3 (68.42%)

6 (31.s8%)

No

80

s3 (66.2s%)

27 (33.7s%)

39 (73.58%)

t4 (26.42%)

Yes

20

t6 (80%)

4 (20%)

n

(68.7s%)

5 (31.25%)

t9 (36.547a) 25 (75.767a)
t2 (25%)
25 (69.44Va)
25.77 +2.50 26.10+3.59

8 (24.24%)

No

52

33 (63.46%)

Yes

48

36 (7570)

Mean +sd

26.16+3.27

26.33

VAS visual activity score, ROM nnge of motion,

Q

1

33

.:.-

Do you lifting weight to shoulder level without bending

'\-

98
2

rear

Right
Left
Present
Absent
Absent
Present
Mean +sd

Dominant

t

lull-thickness

teJr)
6i (6g.37%)

+3.56

BMt body mass index, ADL activities of daily living

11 (30.567a)
26.95 +3.52

I
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Table3 Factors alleciine rhe ur.erall tear
Factors

Complete/full-thickness tear

E.timare

OR [95% CI]

2 value

In the current study, subjects with comorbid conditions
were less in number which is similar to the study done by
Cadogan er al. 127J.
Nuntber ol stLrclies have invesLigatet] risk lactols asso-

As€lwarsl
ciated with the progression of asymptomatic tears into
>50
1.1661 4.3315t1.6711*l l.98l8l 0.0032', sympromatic tears like age [2g, 2g], gender
t2g, 301,
<50
Reference
occupation [28], dominant arm, and history of, trauma,
oettcer
combination of aging, and precarious vascularity of the
\{ale
- 0 9410 0.3903 [0.1550-0.9468] 0.0402* supraspinatus tendon at the critical portion, repeated use
Female
Reference
of the arm above the horizontal level, injury, and subacRaciarion of pain
romial impingement [24] preoperative latty infiltration of
Yes
- 1.3699 0,2541 [0.0.0900-0.6550] 0.0064* the rotator cuii [30] which have shown sigliflcant ef1'ect
No
Reference
on rotator cLrff tear [29]

Durcilion of pain (month.s)

<

1

nronth

Reference

l-3 nonths
3 months-<

I year

> I year

0.781

1

0.4579 [0.AQ4,4.30791

0.5090

In the current study, risk lactors such as genetics, hypercholesterolemia, duration of pain, trauma, smoking, comorbidities, obesity, pain severity (VAS) did nor show any
statistically significant correlation as seen in other studies.

- L0364 0.3547 [0.0325,3. I g35]
1.4866 4.4221[0.2st0.153.94411

0.3434

Diff'erence in the results can be due to the dilference in study
types and designs.

3.0846 [1.1340,8.8177]

0.0300x

13.4150 13.s60t,12.2s82)

0.0005x

5 6667

0.0003*

Assessing the effect of parameters like radiation of
pain, night pain, weakness, analgesic intake on the tendon
tears, and shoulder pain is the novelty of our study as these
parameters have not been correlated with the tendon tear
before. However, some limitations are small sample size
and a single-centre study. Future prospective is a study
with a large number of patients in multiple centres for
better understandins.

0.3119

Weakness

i"'-i.

Present

1.1246

qt

Absent

Reference

Night pain
Present

2.5964

Absent

Reference

Analgesic intake
Yes

1.1346

No

Reference

Residual deviance is f -i9.62

AIC:

[2.2890,15.1494]

169.62

Conclusion
i-nere aie

(p = 0.0003). Inirially, the pain may be mild and only present when lifting the arm over the head, such as reaching

{!

U

into a cupboard. Over-the-counter medication, such as
aspirin or ibuprofen, may relieve the pain initially. Over
time, the pain may become more noticeable at rest, and
does not reduce even with medications [26]. Its statistically significant association with supraspinatus tear was
not reported. This is the first stucly to report the same.

arions r;si{ tactors tiral aiiect titc .si_ipi-asprnattis
tendon tears. Factors like age, gender, radiation of pain,
night pain, aualgesics intake and weakness significantly
alt'ect supraspinatus tendon tear. Insight into these risk
factors is essential to identify the "high-risk group,, of
patients that needed further MRI diagnostic and assessment. This knowledge of risk factors will reduce unnecessary prescription of MRI and thus are helpful in loweconomy countries.
r,
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Table

Factors aliecting the eompleteilLtll-thiukness tear and paltial tear

Factors

Estimate
-50
a rO

>

Partial tear

Completeifull-thrckness tear

J

p

OR [95% CI]

Estirrate

OR [959/. CI]

0.6070

1.834e

[0.6167,5.4589]

0.2'752

0035,, -

1.4693

0.2301

[0.0s91,0.8962]

0.0342*

0.0081* -

0.3659

0.6936 [0.23'/'t

0.6943

2.5751

0 1267

0.2444

t.2'7

1 2135

0.21

vzrlue

40.6523t8.7214,189.48951 <0.0001"

U-:U

Reterence

Gender

)rlale
Female

-

7 2351

0. l 070

[0.0239,0.4787]

0

Reference

Radtation of puin

Yes
No

1; value

-

1,6136

0. l

992 [0.064,0.6570]

,2.0243)

0.0532x

Reference

Duratiort of pain (months)

12
3-<12
l-3
<I
>

1.7437 [0. 1089,27.9 t09)

0.5560

-

1.4801

0.6083

0.22'7

6 10.034 t, 1 .52 t 2)

-

l 3. l 330

[0.9620,119.2966)
69 t0.2236,1 .29 191
99 [0.0444,1 .7 648]

0.0535*
0.7833

0.t753

0.5443 [0.0824,3,5934]

0.5276

8.667 2 [2.5 1 90,29.821 t)

0.0006*

0.6164

1.8522

[0.5854,5.8605]

0.2942

0.9121

1.3374

3.8091

n.0981,13.2132)

0.0351x

0.0t 39x

0.8479

2.3347 [0.8001 ,6.8 l3

Reference

Wectkness

t

'i

$

Present
Absent

2.1595
Reference

Night pain

Present
Absent

-

0.9290 {251r,3

0.0131

.13641

Reference

Analgesic intake

Yes
No

1.5219

4.59.+6 [ 1.36 I 9, I 5.5004]

.{uthgrcontributions
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1

I

Accuracy =

7-5

l, :ll:l l
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Designing Of An Integrated Team Based Learning Module To Teach Undergraduate
Students- Tuberculosis
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Dr. Jayasheela Bagi*****, Dr. Shilpa Bhimalli******
*Department of Microbiology, **Departemnt of Pathology,***Department of Pharmacology,****Department of Pulmonology,
*****Department of Physiology, ******Department of Anatomy, KAHER University’s J. N. Medical College, Belagavi, Karnataka

Abstract: Background: Medical curriculum has been revised and proposed to be competency based medical
education. The curriculum proposes integrated teaching sessions. An integrated training module where in
all the faculty would contribute to active learning and bring about the integration of the knowledge. The
module was designed with the aim that students should illustrate the steps in clinical and laboratory
diagnosis of pulmonary tuberculosis, and would demonstrate their competency by scoring more than 80%
in a post test multiple choice questions based assessment. Materials & Methods: The committee of faculty
from microbiology, pathology, pharmacology, respiratory medicine, anatomy, physiology was constituted
to design and validate the multiple choice questions, application exercises. The faculty were trained by the
expert on team based learning methodology. Team based learning was conducted on a batch of 64
students, whose perception and performance was assessed. The module was redesigned, as per student’s
feedback recommendations. The module was re-administered on another set of 62 students. The
perception and performance of the students was analysed. The faculty feedback was gathered. Results: An
integrated module was designed wherein the students were able to illustrate the steps of clinical and
laboratory diagnosis of a case of tuberculosis, with 80% accuracy. And 95% students scored ≥80% marks on
a multiple choice question test(paired t-test=9.122 p <0.001). Faculty feedback was encouraging to
implement the module. Conclusion: Integrated module can be designed on other topics adopting principles
of Team based learning [Harakuni S Natl J Integr Res Med, 2020; 11(2):70-73]
Key Words: team based learning. Integrated, Medical education.
Author for Correspondence: Dr. Sheetal Harakuni, Department of Microbiology, KAHER University’s J N
Medical College, Belagavi –590010 E-Mail:sheetalharakuni@gmail.com Mobile: 9845867527
Introduction: Medical council of India(MCI) has
learning. There was discussion on content of
recently proposed implementation of new
integrated teaching session, mode of teaching. It
curriculum that is competency based medical
was decided the topic for the session would be
1
education . The curriculum proposes integrated
pulmonary tuberculosis. As tuberculosis is an
teaching sessions within the subject-wise teaching
prevalent infection, and would be taught by
schedules. The level of integration that can be
different departments throughout the medical
attained as per Harden’s integration ladder is till
course, it was chosen as a topic for integration.
level 4 i.e., nesting 2. There is a need for faculty to
This would avoid repetitive teaching and also
exchange their ideas about a topic. Co- teaching
students would have an holistic approach in
sessions have been found to be effective involving
diagnosis and treatment of the infection.
two faculty from different departments3.The
results vary with the teaching capability of faculty.
The faculty were introduced to Team Based
Learning (TBL) methodology4,5. They were
We describe the process of designing, impleinstructed to prepare multiple choice questions
mentation and evaluation of a multi instructor led
pertaining to their speciality on the topic chosen,
team based integrated teaching session. The
i.e., pulmonary tuberculosis.
module was designed to study the effect and
feasibility of such sessions within the traditional
The MCQs were pre-validated by the faculty. The
curriculum.
10 MCQs were chosen based on the blueprint
designed by the allotted faculty. Final MCQs were
Material and Methods: The study was accepted
drafted.
by the institutional ethical committee. The head
of the institute allotted an expert from the
Students’ Orientation: The students were briefed
department of anatomy, physiology, pathology.
about the methodology and consent was taken
Pharmacology, respiratory medicine departments.
from each one of them. The time for practical
session was chosen to conduct ITBL, which is two
Faculty Training: All allotted faculty were oriented
hours duration. The students attend the practical
about the project of integrated team based
session in two separate batches, on two different
NJIRM 2020; Vol.11(2) March-April
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days, divided as per their roll call. Thus, firstly a
batch of 64 students attended integrated TBL
methodology. A Google group was created to
distribute reading material on pathogenesis and
treatment of pulmonary tuberculosis.
The students were instructed to read the material
before ITBL session.
ITBL Session: The session was conducted for 2hrs,
which was allotted within the routine timetable.
No extra time was required. The allotted faculty
attended the ITBL sessions.The students were
divided randomly into seven groups of nine
students each. The sitting arrangement was
designed to have a group discussion. Each student
in a group could see all the others of the group.
The students were given the formatted MCQs as a
hard copy and were asked to solve them
individually within 15mins.The tests were
collected back and were evaluated. Irrespective of
their score, the students were allowed to progress
to next level of TBL, i.e., group readiness
assurance test. The MCQs for this round were
projected through LCD as a PowerPoint
presentation. For every MCQ a time of 3mins was
given for the group to decide on the correct
option. The groups were given placards with
options A-D. At the end of 3mins, all the groups
were asked to raise the placard of appropriate
option simultaneously. An observer would assure
that each group raises a placard and records the
response.
A faculty representative from the foresaid
departments attended the ITBL session.
Any discrepancy in the answers would be
discussed by the faculty contributing to the
explanation on a MCQ.
Application exercise, was a case, was projected
and the groups are asked to work on the
investigation and treatment aspects for 10 min.
The groups presented their work, and there was a
session on discussion by the faculty and the
groups, to clarify the doubts. Faculty gave an
expert opinion on case work-up. Students’
feedback was collected through a validated
questionnaire. Pre and post test were conducted
to evaluate the effectiveness of the session,
before and after the TBL session.
Based on the evaluation of students’ feedback, a
meeting of the involved faculty was called to
NJIRM 2020; Vol.11(2) March-April

rectify the deficits. The faculty exchanged ideas to
make students’ interaction more effective. MCQs
were modified and were validated. The positive
aspects of the process were retained.
Another batch of 62 students was taken to
carryout second pilot study. The students were
briefed on the process of ITBL. Same faculty
attended the session. The process of individual
readiness assurance test, group readiness
assurance test, application exercise was
conducted allowing the faculty to interact.
Pre and post test were conducted. Students’
feedback was collected. Faculty also were asked
to give their feedback on the process of organising
ITBL session, through a questionnaire.
Statistical Analysis: Pre test and post test scores
were compared by paired t test. Student
evaluation of educational quality, faculty feedback
on pre-validated questioner was analyzed by
percentage of positive response.
Result:
Pilot study 1: 64 students participated: Mean of
Pre test score and post test scores are 7.5± 1.45
and 8.6 ±0.93 respectively. Post test the
performance of students improved,[t=5.23, Df=63,
p<0.001].
Feedback: 60% students felt the lessons learnt
were valuable, >55% students opined TBL was
challenging, interactive. About 40% students
opined the faculty needs to be more organized.
Thus a meeting was called for and the entire
faculty was sensitized to the process, the
questions of TBL session were evaluated and
modified. Then again the TBL was engaged with
another batch.
Pilot study 2: 62 students participated: Mean of
Pre test score and post test scores are 7.9± 1.28
and 9.3± 0.92 respectively. Performance of
students improved, t=9.12, Df=61,p<0.001
Table:1 Student Performance: Pilot Study I(N=64)
Pre
Post
Increase
T
Df P
7.5±1.45 8.6±0.93 0.99±1.51 5.228 63 <.001

Table2 : Student Performance: Pilot Study II (N=62)
Pre
Post
Increase
T
Df P
7.9±1.28 9.3±0.92 1.33±1.14 9.122 61 <.001
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Graph- 1: Students’ Agreement On Various Points- Comparison Between Two Pilot Studies.

Faculty Feedback: All the six faculty involved in
ITBL liked the interdepartmental discussion and
coordination offered to each other. They all did
agree that ITBL improved the understanding and
application of basic science knowledge, help the
students to perform better in the clinical practice.
They opined ITBL to be an interesting experience.
Totally disagreed that ITBL preparation is time
consuming.

consuming. As the faculty were well versed with
all the MCQs, cases presented in TBL, they could
coordinate and contribute in ITBL sessions. They
had to attend only two hour session along with
other faculty on one day. And all of them got
scope to interact with the students following
every MCQ. Thus faculty enjoyed the session and
found it less stressful as is reported in few of the
studies7,8.

Discussion: The study was designed following the
twelve tips recommended by Malik (2011), for
integrated curriculum 6.

Scope of Integration: Tuberculosis is a prevalent
infection in India. It can mimic any other disease.
Thus it is included in the syllabus of all the
subjects. The departments teach the topic at
various phases of undergraduate course.
Tuberculosis was thus aptly decided by the faculty
to take as a topic of integration. The topic was
further restricted to pulmonary Tuberculosis for
discussion in ITBL of 2hours.

Faculty were identified from the basic science
department and from chest physician department.
A letter through head of department asking for
allotment of a staff for integrated teaching was
sent to concerned departments. This made the
involvement more authentic. The staffs were
relived from other duties as they were asked to
design the MCQs and attend meetings. This
reduces the chances of staff reverting back from
the assignment. The MCQs designed were
validated by all the staff involved in ITBL; this
increased the coordination between the staff.
These are few positive points to reduce faculty
coherence, which is a problem raised in some
studies3,7.The feedback of the faculty was also
encouraging where in all the involved faculty
found the process to be enjoyable and not time
NJIRM 2020; Vol.11(2) March-April

It is advisable to have subject-wise teaching and
few sessions of integrated session in a
curriculum6. ITBL allows such change in the
present discipline based curriculum. The study can
be further broadened by involving other
departments like community medicine/Public
health department. The sessions involve faculty
from various departments thus would be difficult
to be practiced in an institute with minimum
faculty intake. Faculty training is most important
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to bring about effective discussion in sessions and
should form the integral part of ITBL sessions.
Conclusion: Integrated team based learning
module can facilitate integration of knowledge in
the minds of students with no demarcation of
subjects in MCQ discussions. The sessions are
enjoyed by students and the faculty with a good
learning experience.
References:
1. Competency
Based
Undergraduate
curriculum for the Indian Medical Graduate
2018. Available on: www.mciindia.org › CMS ›
wp-content › uploads › 2019.
2. Harden RM. The integration ladder: a tool for
curriculum planning and evaluation. Med
Educ 2000; 34: 551-7.
3. Lee MW, Soborowicz MB. Evaluation of
team-teaching as a means of integrating
microbiology and pharmacology. Med Sci
Ed. 2015;25(4):497–502.
4. Haidet P, Levin RE, Parmelle DX, Crow S,
Kennedy F, Kelly PA, et al. Perspective:
Guidelines for reporting team based learning
activities in the medical and health sciences
education literature. Acad Med 2012;
87:292‑9.
5. Parmelee D, Michaelsen LK, Cook S, Hudes
PD. Team‑based learning: A practical guide:
AMEE guide ni. 65. Med Teach 2012;
34:e275‑87.
6. Malik A S, Malik R H. Twelve tips for
developing an integrated curriculum. Med
Teach 2011; 33:99-104.
7. Kate M S, Kulkarni UJ, Supe A, Deshmukh Y A.
Introducing
integrated
teaching
in
undergraduate
medical
curriculum.
International journal of Pharma Sciences and
research 2010; 1: 18-22.
8. Kayani ZA, Gilani I. Perceptions of medical
teachers about integrated curriculum. Adv
Health Prof Educ. 2016; 2(1):30-37.
Conflict of interest: None
Funding: None
Cite this Article as: Harakuni S, Davanageri R,
Netravati A,Patil B, Bagi J, Bhimalli S.
Designing Of An Integrated Team Based
Learning Module To Teach Undergraduate
Students- Tuberculosis. Natl J Integr Res
Med 2020; Vol.11(2): 70-73

NJIRM 2020; Vol.11(2) March-April

eISSN: 0975-9840

pISSN: 2230 - 9969

73

A l A m e e n J M e d S c i 2 0 2 0 ; 1 3 ( 2 ) : 1 3 0 - 1 3 4 ● US National Library of Medicine enlisted journal ● I S S N 0 9 7 4 - 1 1 4 3
ORIGINAL ARTICLE

CODEN: AAJMBG

Efficacy and safety of ropivacaine and lidocaine in patients
undergoing peribulbar anaesthesia for small incision
cataract surgery
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Abstract: Background: Ropivacaine is found to be a suitable choice for local anaesthesia showing a short and
predictable onset of surgical anaesthesia with better control of post-operative pain relief. Objectives: To
compare the intra-operative clinical properties of 0.75% Ropivacaine and 2 % Lidocaine for small incision
cataract surgery. Methods: Patients (n=64) undergoing cataract surgery with Posterior Chamber Intraocular
Lens (PCIOL) implantation, were randomized into two groups i.e Ropivacaine group and Lidocaine group to
receive peribulbar injection. Antibiotic drops were instilled in the patient’s eyes a day prior to the surgery and
dilating eye drops were instilled in the eye to be operated on the day of the surgery. The test dose was given to
check the sensitivity followed by procedure involved for peribulbar anaesthesia. Results: The mean time of
onset of analgesia for Lidocaine group is 118.13±60.93 seconds whereas for Ropivacaine group is 60.94±36.93
seconds. The mean time of onset of akinesia for Lidocaine group is 237.19±87.67 seconds whereas for
Ropivacaine group is 183.75±89.76 seconds .The median of analgesia (p<0.0001) and akinesia (p=0.0294) was
significantly higher for Lidocaine group than Ropivacaine group. Conclusion: 0.75% Ropivacaine has better
analgesic and akinesia effect than Lidocaine group for small incision cataract surgeries.
Keywords: Akinesia, Analgesia, Intraoperative Procedures, Lidocaine, Ropivacaine

Introduction
Safer surgical techniques have been followed
with a need for safer techniques of anaesthesia
[1]. For a simple and trouble-free cataract
surgery, various approaches are used for
anaesthesia technique e.g.topical anaesthesia,
retrobulbar and peribulbar anaesthesia with
various anaesthetics in different combinations.
Generally, the retrobulbar anaesthesia and
peribulbar anaesthesia are the standard local
anaesthesia (LA) techniques for cataract surgery
because it gives good analgesia and akinesia [23]. Posterior peribulbar anaesthesia is a safer
alternative to retrobulbar anaesthesia for
ophthalmic surgery. Retrobulbar anaesthesia has
high margin of error with its adverse effect being
retrobulbar haemorrhage, globe rupture or
inadvertent entry into cranial cavity. To enhance
the permeability and spread of anaesthesia,
adjuvants or additives are used such as
hyaluronidase, epinephrine, bicarbonates etc.

Hyaluronidase improves spread of solution in
tissue planes enhancing the effect of the
anaesthesia because of its depolymerising and
hydrolysing action on the glycosaminoglycan,
hyaluronan.
LA agents namely lidocaine, bupivacaine,
mixture of both lidocaine and bupivacaine and
ropivacaine
are
commonly
available.
Bupivacaine is very often used as the local
anaesthetic for peribulbar block. Ropivacaine
is a new long-acting aminoamide local
anaesthetic that is structurally related with
bupivacaine [4]. Furthermore, Lidocaine is
known for its fast onset and good penetrating
properties [5]. A mixture of lidocaine and
bupivacaine may lead to the reduction of
advantages of both the agents [6].
Till now there is no consensus regarding the
best anaesthetic agent that can be used during
cataract surgery. Some studies have reported
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that Ropivacaine may be a suitable choice for LA
because of its favourable cardiovascular,
neurologic, pharmacological profile and also for
better quality of post-operative analgesia with
decreased
incidence
of
post-operative
subconjunctival haemorrhage [7-10]. In the
current study, two anaesthetic agents (Lidocaine
and Ropivacaine) are compared for the intraoperative clinical properties for small incision
cataract surgeries.
Material and Methods
A comparative randomized controlled study was
conducted in a tertiary care hospital setting and a
medical research centre under the department of
ophthalmology from August 2018 to February
2019. The study was approved by the institutional
ethics committee on Human Subject Research.
Study Population: Total 64 patients were enrolled
to receive peribulbar injection. Patients aged >18
years and recommended to undergo a cataract
surgery with Posterior Chamber Intraocular Lens
(PCIOL) implantation and were recruited based
on the inclusion criteria. Patients with pre senile
and senile immature cataract, senile mature
cataract, hyper mature cataract, traumatic cataract
and having no previous history of intraocular
surgery were study inclusions. Whereas the
patients excluded from the study include those
having congenital cataract, associated systemic
disease and hypersensitivity to the drug.
Randomisation and masking: A computergenerated randomisation list was used for random
allocation sequence. The patients were masked to
the type of agent. All the peribulbar blocks were
done by the same resident surgeon.
Sample Size: We took into account the time of
onset of anaesthesia and akinesia results of a
previous study [8]. Sample size calculation was
carried out using a two-sided two-sample t-test.
The power analysis was carried out based on the
onset of anaesthesia and akinesia, which were the
primary outcomes. Sample size of 32 patients per
group would achieve an 80% power with
estimated means of 2.14 and 3.04 and with
estimated group SDs of 0.18 and 1.81 and with a
significance level (a) of 0.05.
Study Procedure: Eligibile patients were
randomly divided into two groups. Informed
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consent was taken from all the patients prior
to the initiation of the study. The groups
received not more than 10 ml of 2% lidocaine
with 75 units hyaluronidase or 0.75 % of
ropivacaine with 75 units hyaluronidase. On
the day prior to surgery, a thorough history of
the patients was noted, complete ophthalmic
evaluation
and
routine
laboratory
investigations were performed and duly filled
in the proforma. On the day of surgery, test
dose of the drug was given to check for
sensitivity followed by peribulbar anaesthesia
where a 26-gauge 0.5-inch disposable needle
was used.
The sites of injection were chosen between
medial 2/3rd & lateral 1/3rd of lower orbital
margin adjacent to infraorbital notch or just
infero-medial to supra orbital notch or
between medial canthus & caruncle or all
three. The bevel of the needle was directed
towards globe and advanced parallel to orbital
floor with no redirection as in retrobulbar
block. Hub of the needle was not supposed to
cross the inferior orbital rim. After negative
aspiration for blood, 4 to 5ml of local
anaesthetic agent was injected.
Administration of the local anaesthetic was
stopped when either firmness of the globe or
resistance was felt. After injection, the globe
was massaged with the index and middle
fingers placed over a sterile gauze pad. Gentle
pressure was applied over the eyeball for 2
minutes. Pressure was released for 5 seconds
at 30 second intervals to allow for vascular
pulsations to occur. At the end of the second
minute, a second injection infero medial to
supraorbital notch-peribulbar block or medialperibulbar block was administered using the
same 26-gauge 0.5-inch disposable needle to a
depth of 15 to 20 mm.
After the second injection, the globe was
massaged again using gentle pressure. A total
volume of not more than 10 ml local
anaesthetic solution was used. The efficacy of
the block was evaluated for every 30 seconds
till 300 seconds. Modified visual analog scale
[11] for subjective assessment was used and
cotton swab test was performed for objective
assessment to check the adequacy of
analgesia. Sensory blockade was graded as
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achieved-1, not achieved -2. Adequacy of
akinesia was assessed using the scoring system
specified in a study conducted by Bhrama et al
[12]. Full movements were graded as 3, moderate
movement as 2, flicker movement as 1, and no
movement as 0. Ocular movements were scored
for each direction of gaze in the superior, inferior,
medial and lateral directions, with a possible
maximum score of 12 points. Adequacy of
anaesthesia was assessed by considering the onset
of anaesthesia and akinesia which was graded for
every 30 second interval and noted.
If adequate analgesia and akinesia was not
achieved after 5 minutes, a supplementary
injection either at the inferolateral quadrant or
medial peribulbar site using 3 to 5 ml of the test
solution was given. Patients were asked to
communicate with the surgeon regarding pain if
experienced during or after surgery. Pain during
surgery was recorded as nil-0, mild-1, mod-2,
severe-3. After surgery, the surgeon graded the
efficacy of anaesthesia from 0 to 5 [13].
Statistical Analysis: The data was summarised as
mean ± SD for continuous variable and
categorical variables using Ri386 3.5.1 statistical
software which were represented using
percentages. The comparison between the groups
was done using independent t-test/ Mann
Whitney U-test. Categorical variables between 2
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groups were compared by using the chisquare/Fisher exact test. P<0.05 is considered
as significant.
Results
The mean time of onset of analgesia for
Lidocaine group was 118.13±60.93 seconds
whereas for Ropivacaine group was
60.94±36.93 seconds (sec). The mean time of
onset of akinesia for Lidocaine group was
237.19± 87.67 sec whereas for Ropivacaine
group was183.75±89.76 sec. We conclude that
median of analgesia (p<0.0001), as well as
akinesia (p=0.0294), was significantly more
for group A than group B (figure 1). There is
no significant association between adequacy
of blocks and anaesthetic agents as only
12.5% individuals in lidocaine group needed
supplementary injection as compared to nil for
Ropivacaine group.
Almost 100% patients in both groups were
graded 5 for efficacy. There was no
significant
association
between
subconjunctival haemorrhage and the
anaesthetics used whereas there was an
association between chemosis and anaesthetic
agent. Hence, we observed that in both the
groups, none of the subjects had the problem
of diplopia (Figure 1 and Table 1).

Fig-1: Comparison of analgesia and akinesia between 2 groups
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Table-1: Comparison of different factors between 2 groups
Variables
Analgesia (Seconds)
Akinesia (Seconds)
Block sufficient

Sub conjunctival haemorrhage

Chemosis

Diplopia

Group A

Group B

Mean ± SD

Mean ± SD

118.13 ± 60.93

60.94 ± 36.93

237.19 ± 87.67

183.75 ± 89.76

Yes

28 (87.5%)

32 (100%)

No

4 (12.5%)

0

Yes

2 (6.25%)

0

No

30 (93.75%)

32 (100%)

Yes

11(34.38%)

0

No

21 (65.62%)

32 (100%)

Yes

0

0

No

32(100%)

32 (100%)

P-value
#

<0.0001*

#

0.0294*

0.1132a
0.4921a
0.0009 aa*

-

a

indicates Fisher exact test; aa indicates chi-square test; # indicates Mann-Whitney U-test
Group A: Lidocaine and Group B: Ropivacaine

Discussion
The characterstics of an ideal peribulbar
anaesthetic agent are safety, ease of
administration, efficacy of ocular akinesia and
anesthesia with least complications. In our study
the clinical properties of 0.75% ropivacaine and
2% lidocaine was compared to assess their
analgesia and akinesia intraoperatively.
Our study shows a better analgesia property in the
group receiving 0.75% Ropivacaine of
approximately 1 minute than the group which
received 2% Lidocaine of approximately 2
minutes. Onset of akinesia was faster in the group
receiving 0.75% Ropivacaine group of
approximately 3 minutes compared to the 2%
Lidocaine of approximately 4 minutes.
Ropivacaine had a quicker onset and prolonged
effect [9]. Ropivacaine with 94% plasma protein
binding capacity has longer duration of action as
compared to lidocaine with 64%, justifying the
need for supplemental injection in 12.5%
individuals of that group. Therefore, we firmly
believe that ropivacaine is able to sustain
analgesia during a longer operation time in
peribulbar block.
It is known that retrobulbar injection gives a more
prominent block of the nerves but it has its own
limitations. Peribulbar injection can overcome

these limitations by keeping the sharp needle
away from the orbital apex. With minimal
complications cataract surgery is one of the
commonest surgeries performed under local
anaesthesia. However, there are some cases of
post-operative
complications
eg.
sub
conjunctival haemorrhage (SCH), chemosis,
diplopia. In our study, none of the subjects in
ropivacaine group had the above mentioned
complications. Out of 32 subjects in the
lidocaine group 2 had sub conjunctival
haemorrhage, 11 had chemosis but none of
them suffered from diplopia. In the
postoperative period significant number of
patients attained grade 5 block in Ropivacaine
group than in Lidocaine group. Also, time of
onset of pain was observed to be earlier in
lidocaine group than in ropivacaine group.
Limitation of the study: Our study concluded
that Ropivacaine is the ideal anaesthetic agent
for cataract surgery by covering all the factors
linked to it. As a post-operative practice, we
cover the operated eyes with a sterile gauze
pad and remove it the next day. We didn’t
make an exception where the post-operative
anaesthesia was being observed, this posed a
minor limitation to the study as the exact time
for termination of sensory and motor blockade
could not be ascertained.

© 2020. Al Ameen Charitable Fund Trust, Bangalore

133

Al Ameen J Med Sci; Volume 13, No.2, 2020

Mudhol R et al

Conclusion
Ropivacaine has better analgesic as well as
akinesia effect as compared to Lidocaine. This
indicates that Lidocaine induces lesser pain
bearing capacity than Ropivacaine. The akinesia
effect was found to have faster onset in
Financial Support and sponsorship: Nil

Ropivacaine group than in Lidocaine, which
means that movement of the muscles were
more impaired in Ropivacaine group. It can be
inferred that 0.75% Ropivacaine is better than
lidocaine under the same standard conditions.
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Abstract: Background: Superficial mycosis is prevalent in tropical and subtropical countries including India
where heat and humidity play an important role in promoting growth of these fungi. Objectives: To identify
superficial mycotic infections and correlate clinical types with dermatophytes. Material and methods: A total of
112 samples were collected from patients clinically diagnosed to have superficial mycotic infections of hair,
nail and skin, after recording demographic details. Direct microscopy using 10%KOH was performed for the
presence of branched hyaline hyphae and the samples were cultured on Sabourauds dextrose agar for species
identification. Results: Among the various clinical types, Onychomycosis was the common clinical type
(41.1%) in age group of 20-40years and it was seen predominantly in men. Out of total 112 samples, about 38
subjects were culture positive with dermatophytes strains. Among the isolates, Trichophytonmentagrophyte was
the mostcommon (16.96%), followed by T.rubrum (8.03%). Superficial mycotic infection and dermatophyte
infection was seen to be more for males as compared to females (P=0.00049). Conclusion: Onychomycosis was
the common clinical type. By comparing the strains of the clinical types we can classify the disease according
to its severity and occurrence, which will further help in designing effective treatment strategies. Since fungal
culture takes time, direct microscopy using KOH for fungal elements helps in starting empirical treatment.
Appropriate management for fungal infection should be done by adapting healthy habits like not sharing the
daily utilities and cleaning body on regular basis.
Keywords: Superficial Mycosis, Dermatophytes, Onychomycosis, T. Mentagrophytes, Tinea.

Introduction
Superficial fungal infection affects millions of
individuals, worldwide [1-2]. Though the
infection does not have significant health
outcomes, cosmetic appearance is affected.
Superficial
mycotic
infections
include
dermatophytosis,
pityriasisversicolor,
and
onychomycosis. The most common infection
among the three is dermatophytosis; the
causative-dermatophytes include 3 genera:
Trichophyton,
Microsporum,
and
Epidermophyton. The infection is commonly
designated as tinea or ringworm. The clinical
manifestation of these infections is affected by
several factors, viz. the site of infection, host’s
immune response and the mycotic agent [3].
Superficial mycosis is more common in India
where heat and humidity play an important role
inaccelerating the growth of these fungi [3].This

is mostly seen in males as compared to
females, which may be due to their use of
closed footwear, exposure to public baths and
sporting activities. It can also be seen that
youths are more affected than the other groups
due to carelessness and untidy habits like
sharing of personal utilities and lack of
cleanliness. The nature of these mycotic
infections may vary with passage of time,
living conditions and adoption of preventive
measures in the society [4].
Susceptibility to chronic and persistent
superficial mycotic infection, particularly
dermatophytosis has been associated with a
number of underlying conditions such as
diabetes mellitus, immune-compromised
states, and defective cell mediated immunity
responses like collagen vascular diseases, that
alter the clinical appearance and the course of
infection [5-7].
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Many serological tests have been carried out for
diagnosis of fungal infections; alternative
diagnostic tests are required to rule out false
positive results produced by one test. KOH test is
one such diagnostic tool used to differentiate
dermatophytesand Candida albicans symptoms
from
other
skin
disorders
like psoriasis and eczema [8]. This study was
undertaken to identify superficial mycotic
infections and to identify dermatophyte.
Material and Methods
This one-year (March 2018-February 2019),
clinical study was performed in the Department
of Microbiology of a tertiary care hospital in
Karnataka after approval from Institutional Ethics
Committee and written consent of patients.
Patients clinically diagnosed with superficial
mycosis, for over a period of a year, by observing
lesions or piedra (Figure 1.a), were included in
the study. Patients unwilling to take part in the
investigation, those with infections for more than
a year, and those already treated for the same
were excluded from the study.
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Scalp scrapings were also collected from
affected patients for further examination.
Sample analysis: Samples were examined by
direct microscopy after preparation of the
respective KOH mounts. Incubation time with
KOH was dependent on the thickness of the
sample, along with examination at 5-min
intervals. Each slide was thoroughly examined
under 40X magnification for the presence of
fungal elements (filamentous, branched
hyalinehyphae, with or without arthrospore
crossing the margins of the squamous
epithelial cells) [Figure 1.b].
Fig-1(b): Direct microscopy of the sample using
10% KOH wet mount preparation
showing
branched hyaline hyphae which indicates fungal
elements

Fig-1(a): Teniacorporis of the upper part of the body
over the chest showing hypopigmentedpatches

Fig
1(c):
SDA
slant
of
Microsporumgypseumshowing cinnamon colored
colonies

Specimen
collection:
After
collecting
demographic details such as age and gender from
the patients, the skin scrapings and the hair
samples, with respect to affected area was
collected for examination. In case of nail
infection, the affected part of the nail was cleaned
with 70% ethyl alcohol for 1-2 mins. With the
help of sterile scalpel blade, scrapings were
collected from discoloured, dystrophic or brittle
parts of the nail in sterile glossy paper packets.
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Fig 1(d): Lactophenol cotton blue mount of
Microsporumgypseum under microscope showing
rough walled spindle shaped macroconidia
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from age group of 21-44 years (39.29).
Majority of the clinical samples were of skin
scrapings (64%), whereas onychomycosis
(41.1%) was the predominant clinical type of
superficial infection observed. Of the
dermatophyte species identified, prevalence of
Trichophytonmentagrophytes (44.74%) was
more followed by T. rubrum (28.95%) [Table1].

Results
A total of 112 patients were included in the
investigation after clearing inclusion criteria.
Male predominance (70.54%) was observed
among the patients and the patients were majorly

Number of
subjects
(%)

≤ 20

20 (17.86)

21-40

44 (39.29)

41-60

32 (28.57)
16 (14.29)

Male

79 (70.54)

Female

33 (29.46)

Nail

47 (41.96)

Skin

64 (47.14)

Hair

1 (0.89)

Onychomycosis

46(41.1)

T.corporis

20 (17.9)

Gen
der

61-80

Clinical
sample
Clinical types of mycotic
infections

Statistical analysis: The data was recorded in
Microsoft Excel and analysed using R version
3.6.0. Demographical details along with
distribution of clinical samples and clinical types
of infections, specifically dermatophytes, and the
comparisons between these factors was
represented in the form of frequency table. Chisquare test was used to determine the dependence
between clinical presentation and factors such as
age, gender, and dermatophytes extracted from
the clinical samples, and to determine
dependency between age, gender, and superficial
mycoticinfections. In addition, the strength of the
association
between
superficial
mycotic
infections and factors such as age and gender
were evaluated by calculating odds ratio.

Dermatophyte
species

The fungal cultures isolated from the clinical
specimens were further processed by inoculating
them onto Sabouraud’s dextrose agar (SDA)
supplemented with cycloheximide (0.50 g) and
chloramphenicol (0.04 g) and incubated at room
temperature for a period of four weeks. It was
considered negative for fungal growth if no
growth was found after four weeks.Growth
obtained on SDA was identified based on colony
morphology and microscopic appearance using
lactophenol cotton blue(LPCB)staining (Figure
1.c and d).

Sub-category

Age (in
years)

Variable

Table-1: Distribution of age, gender, clinical
types and dermatophytes

T.corporis + T.cruris

32 (28.6)

T.corporis + T.fasciae

1 (0.9)

T.incognito

3 (2.7)

T.cruris

6 (5.4)

Pityriasisversicolor
T mannum

1 (0.9)
1 (0.9)

0T capitis

2 (1.8)

Microsporum Gypseum

1 (2.63)

Trichophytonmentagrop
hytes
Trichophytonrubrum

17 (44.74)
11 (28.95)

Trichophytonterrestre

2 (5.26)

Trichophytontonsurans

7 (18.42)

With respect to distribution of clinical types
with age, all age groups demonstrated clinical
symptoms of onychomycosis. However, the
factors i.e., clinical presentation and age was
statistically not significant (P = 0.9215; Table
2). On the other hand, gender and clinical
presentation was found to be dependent and
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significant (P< 0.0001), with onychomycosis
being predominant presentation in females
(54.55%); in males, onychomycosis(35.44%) and
T.corporisand T.cruris (31.65%) were common
(Table 3). Also, the odds of the patients being
affected by superficial mycotic infection was
3.063 (CI: 1.1360, 8.2629) times more for males
than females. Based on the culture identification,

higher number of clinical types was positively
identified by KOH method (59.82%; Table 4).
Interestingly, there was no growth observed
for 36.61% cultures on SDA which in turn
were identified to be positively identified by
KOH method (Table 5). However, there was
no statistical significance in between SDA and
10% KOH (P=0.306) methods.

Table-2: Distribution of clinical types with respect to age
Age distribution

Clinical presentation
Onychomycosis
Pityriasisversicolor
T corporis
T corporis + T Cruris
T corporis + T fasciae
T Capitis
T Cruris
T Incognito
T Mannum

Less than 20
11 (55.00%)
0
5 (25.00%)
3 (15.00%)
0
0
1 (5.00%)
0
0

21-40
16 (36.36%)
0
6 (13.64%)
13 (29.55%)
1 (2.27%)
2 (4.55%)
4 (9.09%)
1 (2.27%)
1 (2.27%)

41-60
13 (40.63%)
1 (3.13%)
6 (18.75%)
11 (34.38%)
0
0
0
1 (3.13%)
0

p-valueƢ
Ƣ
61-80
6 (37.50%)
0
3 (18.75%)
5 (31.25%)
0
0
1 (6.25%)
1 (6.25%)
0

0.9215

ǂp-value obtained by Monte-Carlo simulation

Table-3: Distribution of clinical types with respect to gender
Gender
Clinical presentation
Female
Male
Onychomycosis
18 (54.55%)
28 (35.44%)
Pityriasisversicolor
1 (3.03%)
0.00%
T corporis
5 (15.15%)
15 (18.99%)
T corporis + T Cruris
7 (21.21%)
25 (31.65%)
T corporis + T fasciae
0.00%
1 (1.27%)
T Capitis
1 (3.03%)
1 (1.27%)
T Cruris
1 (3.03%)
5 (6.33%)
T Incognito
0.00%
3 (3.80%)
T Mannum
0.00%
1 (1.27%)

P-value

0.0004998*

* p-value obtained by Monte-Carlo simulation.

Table-4: Distribution of clinical types with respect to medium
Clinical presentation
KOH Positive
Culture Positive
Onychomycosis (46)
22 (47.83%)
12 (26.09%)
Pityriasisversicolor (1)
1 (100.00%)
0
T corporis (20)
14 (70.00%)
8 (40.00%)
T corporis + T Cruris (32)
20 (62.50%)
12 (37.50%)
T corporis + T fasciae (1)
1 (100.00%)
0
T Capitis (2)
2 (100.00%)
1 (50.00%)
T Cruris (6)
4 (66.67%)
3 (50.00%)
T Incognito (3)
2 (66.67%)
2 (66.67%)
T Mannum (1)
1 (100.00%)
0
Total
67 (59.82%)
38 (33.92)
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Table-5: Comparison of results of 10% KOH
medium and culture medium
Culture medium

10% KOH
medium

Negative

Positive

Negative

33 (29.46)

12 (10.71)

Positive

41 (36.61)

26 (23.21)

With respect to assessment of clinical types of
dermatophytes, 12 onychomycosis presentations

were identified to be of dermatophytes. The
other major clinical presentation identified to
be of dermatophytes was the mixed culture of
T.corporis + T.cruris (12). However, the
presentations were identified to be majorly of
T. mentagrophytes (17) and T. rubrum (11).
The clinical presentations were observed to be
associated with the extracted dermatophytes
(P=0.018; table 6).

Table-6: Distribution of clinical types with respect to isolateddermatophytes

Total

M. gypseum

T. mentagrophytes

T. rubrum

T. terrestre

T. tonsurans

Negative for
dermotophytes

Isolated Dermophytes

Onychomycosis

12

0

5

6

1

0

34

Pityriasisversicolor

0

0

0

0

0

0

1

T corporis

8

0

4

3

0

1

12

T corporis + T Cruris

12

0

7

2

0

3

20

T corporis + T fasciae

0

0

0

0

0

0

1

T Capitis

1

0

0

0

0

1

1

T Cruris

3

1

0

0

0

2

3

T Incognito

2

0

1

0

1

0

1

T Mannum

0

0

0

0

0

0

1

38

1

17

11

2

7

74

Clinical presentation

Total

p-values

0.01849**

** For Chi square test, negative to dermophytes column is not considered and 0.5 is added to each cell and p-value is
obtained by Monte-Carlo simulation.

Discussion
Superficial mycosis is the common fungal
diseases affecting most of the people worldwide.
The incidence of superficial mycosis in the
present investigation was highest in 21- 40 years
of age which is consistent with findings by
researchers [9-11]. A socioeconomic analysis in
previous studies indicates that most patients with
superficial mycotic infection belongs to lower
socioeconomic group that could be due to
physical activity induced by perspiration [8-10].
Male predominance was observed in the present
study, in accordance with the published literature.
This can be due to sporting activities and

preference for closed footwear among other
factors, resulting in higher perspiration which
facilitated fungal growth. Additionally, the
social stigma surrounding the females in rural
areas limits the report of fungal infection. This
could be due to less immunity and more
exposure to various environment. Frequent
shaving of scalp and sharing of caps can also
be a contributory factor. Patients on
immunosuppressant
could
experience
extensive disease with mixed clinical types.
Additionally, these infections thrive among
populations of tropical countries due to hot
and humid weather conditions resulting in
higher prevalence in Indian population [12].
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Cutaneous mycoses have been reported to be
increasing in the Indian population as reported by
Tripathy in 2016. In accordance with the report,
the present study also observed higher number of
samples from the affected skin regions. Upon
observation of the clinical presentations,
onychomycosis was most observed. The
incidence of onychomycosis is reported to be
increasing in the worldwide scenario and
accounts for almost 50% of nail related
infections. The findings of the present study were
similar to other studies conducted in the Indian
population
T.mannum,
T.pedis,
and
Pityriasisversicolor
exhibited
the
lowest
incidencesimilar to other studies [9-15].

and clear examination without warming and
prevents the rapid drying of fluid [14-23].
Comparison of different strains of clinical
types can help in distinguishing the severity
and occurrence of the diseases which can
further help in designing adequate treatment
strategies. Limitation of present study is the
lack of record of follow-up treatment, small
sample size, non-dermatophyte exclusion and
comparison with other demographic factors.
In future it is recommended to follow up with
the patient so that the reoccurrence of
infection can be prevented, and adequate
treatment is provided.
Conclusion

The present study is concurrent with earlier
observations
[19]
that
have
suggested
T.mentagrophytesto be the commonetiological
agent for most of thedermatophytes clinical types.
This was similar to several observations in the
literature, especially the research conducted in
India [20, 21]. Since fungal culture takes time,
therefore 10% KOH has been used as a clearing
agent for direct demonstration of fungi in skin,
hair and nail scrapings [12, 15]. It permits quick
Financial Support and sponsorship: Nil

The fungal disease can be controlled and
treated with a systematic approach, but in
most people the disease reoccurs due to lack
of local immunity or inadequate treatment. If
treatment is stopped before all fungi are shed,
then the disease will re-establish itself and
cause more damage to the patient. Therefore,
a proper follow up is required to totally
eradicatethe disease.
Conflicts of interest: There are no conflicts of interest.
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ABSTRACT
Background: Maternal malnourishment has significant, serious, long term effects on both mother and
child. Therefore, it is necessary to assess the nutritional status of pregnant women to avoid various
complications.
Objective: To assess nutritional status of pregnant women in rural area of Belagavi.
Methodology: An observational, cross-sectional study was conducted to assess the nutritional status
of 103 pregnant women attending ANC clinics in rural areas of Belagavi. Subjects were selected by
simple random technique. Ethical clearance and Informed consent was obtained. Data to assess
nutritional status was obtained by using predesigned structured questionnaire which included sociodemographic profile, anthropometric measurements, biochemical investigations and dietary intake (24
hrs dietary recall). Data was analyzed using SPSS software and was tabulated statistically using
percent and proportion and chi-square test was applied.
Results: The study revealed that, 35% of subjects had monthly family income <10,000, 35% had
between 10,000-20,000, 20.4% had between 20,000-30,000 while 9.7% had >30,000. 19.4% of
subjects were underweight, 51.5% had normal BMI, 23.3% were overweight, while 5.8% were obese.
53.4% of subjects had mild anemia, 23.3% had moderate anemia while 2.9% had severe anemia.
Calorie intake of 92.2% pregnant women was below Recommended Dietary Allowance (RDA)
whereas only 7.8% pregnant women consumed calories equivalent to RDA.
Conclusion: Nutritional status of pregnant women was affected due to factors like Income,
Hemoglobin levels, Poor dietary intake compared to Recommended Dietary Allowance (RDA) among
rural areas of Belagavi city, India.
Keywords: Nutritional Status, Pregnant Women, Anemia, Calorie Intake, RDA, Socio-economic
Status.

INTRODUCTION
Pregnancy
is
a
beautiful
physiological phase in which rapid fetal
development takes place within the
mother’s womb and a zygote develops into
3.175 kg of newborn baby within 40 weeks
(9 months). [1] Pregnancy is a period of
dynamic change for women requiring a lot
of concentration and care in pregnancy
where the foetus is nourished directly
through placenta of a mother. [2] There is a
need of nutritional requirement to satisfy

needs of fetus and mother. [3] Maternal
nourishment and health are important
factors for embryo development. Healthy
women tend to produce a healthy child. If a
woman is malnourished then she is more
prone to give birth to weak or malnourished
babies resulting high infant mortality rate. [4]
India is a vast country and ranks
second most populous country in world and
continues to contribute about quarter of
maternal deaths. It has distinct contribution
to 20% of the global births. It means that
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every year about 30,000,000 women are
pregnant and about 27,000,000 among these
go for delivery. About one lakh thirty six
thousand mothers and new-born babies die.
National Family Health Survey (NFHS)
revealed that every third woman in India is
undernourished (33.0% have low BMI) and
every second woman is anemic (56.2%
women are anemic in the child bearing age).
A healthy and varied diet with RDA
+350kcal/day enhances health. The anabolic
process of foetus depends on healthy and
sufficient amount of food intake by mother.
If the mother is unable to gain optimal
weight during pregnancy the nutrients
transferred to the baby will be of poor
quality and quantity. If the mother is
overweight, it will hamper the blood
circulation of uterus and restrict quantity of
nutrients transferred from placenta to baby.
Both low or excessive weight gain are
harmful to the pregnant woman and
developing foetus. [5] About 75% of
pregnant women in India are anaemic and it
remains a major factor responsible for
maternal morbidity, mortality and even low
birth weight. [6]
Maternal malnourishment can lead
to intrauterine growth retardation and even
it can be a cause for reduced birth weight of
baby. LBW (low birth weight) baby (birth
weight less than 2500 gms) are more prone
to diseases and even has lesser chance for
survival compared to the normal weight
baby (birth weight more than 2500 gms).
LBW babies even if they survived, their
cognitive development may impair and they
are more likely to be malnourished. [7]
During
pregnancy
additional
nutritional requirement occurs to enable the
foetus to grow normally in the uterus. [8]
High prevalence of malnutrition attributes to
a range of adverse health consequences on
the women and their offspring. [9] Therefore,
maternal nourishment is an overall public
health problem and it is necessary to assess
the health status of pregnant women and
identify the associated risk factors related to
maternal malnourishment which lead to
poor outcome

METHODOLOGY
A
cross-sectional
study was
conducted on pregnant women of rural areas
of Belagavi, for 10 months period (1st
March to 31st December 2019). They were
recruited by simple random sampling
technique during the ANC (Ante-Natal
Checkup) clinics. So the total participants
recruited in this study were 103 pregnant
women. Data was collected by questionnaire
method which included information about
Anthropometric
measurements,
Biochemical Investigation, Calorie intake
related questions.
Inclusion Criteria: Pregnant women who
gave consent.
Exclusion Criteria: Pregnant women who
did not attend ANC during data collection
period.
Ethical Clearance:
 Ethical clearance from Institutional
Ethics Committee (I.E.C) of JNMC.
KLE Academy of Higher Education and
Research, Belagavi was obtained for this
study.
 Informed consent obtained from the
pregnant women attending ANC
checkup.
Sample Size Calculation:
As per study conducted in Beed district,
Maharashtra, India; prevalence of anemia in
pregnant women is 7.3.

Where n= number of subjects required,
Z= 1.96
p= 7.3%
q= 92.7
d=5% (possible error)
Hence, sample size = (1.96)2 x 7.3x 92.7
(5)2
= 3.84×676.71
25
= 103 samples.
Data Analysis:
Data was analyzed using SPSS software.
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Inferential data was analyzed using Chisquare test to see the association between
nutritional status & demographic variables.
Descriptive data was analyzed & presented
in percentage & proportion.
RESULTS
Total 103 pregnant women were
included in the study. Out of 103 pregnant
women majority 62.1% of them were in the
age group of 20-25 years, 23.3 % of them
belonged to the age of 26-30 years, 12.6%
were below the age of 20 years and 1.9%
was above the age n 30 years. Majority
35.0% of the participants had secondary
level education, 4.9% participants were
under-graduate and 1.0% was illiterate.
81.6% were unemployed and 18.4% were
employed. Most of the participants had an
income of RS.10000 to 20000 per month
and only 9.7% had income above Rs. 30000
per month. Similarly 78.6% were from Joint
family and 21.4% were from nuclear family
(Table.no.1)

were normal, 24(23.3%) were overweight,
20(19.4%) were underweight and 6(5.8%)
were obese.
Table No.3: Distribution of Study Participants according to
their Hemoglobin Levels.
Hemoglobin Levels
Frequency Percent
Mild Anemia (10-11 gm/dl)
55
53.4
Moderate Anemia (7-9.9 gm/dl) 24
23.3
Severe Anemia (<7 gm/dl)
3
2.9
No Anemia
21
20.4
Total
103
100.0

Hemoglobin was estimated by Sahli’s
method. 55(53.4%) pregnant women were
mild anemic, 24(23.3%) were moderate
anemic, 3(2.9%) were having severe
anemia. Only 21(20.4%) were normal with
normal Hb level.

Table No. 1: Socio-demographic characteristics of study
participants.
Variable
Age

Qualification

Occupation
Monthly Income

Type of Family

Category
<20 years
20-25 years
26-30 years
>30 years
Illiterate
Primary
Secondary
HSC
Undergraduate
Graduate
Employed
Unemployed
<10,000
10,000-20,000
20,000-30,000
>30,000
Joint Family
Nuclear Family

Table No.2: Distribution of Study
their BMI.
Body Mass Index
(<18.5) Underweight
(19-24.9) Normal
(25-29.9) 0verweight
(<30) Obese
Total

Frequency
13
64
24
2
1
32
36
13
5
16
19
84
36
36
21
10
81
22

Percent
12.6
62.1
23.3
1.9
1.0
31.1
35.0
12.6
4.9
15.5
18.4
81.6
35.0
35.0
20.4
9.7
78.6
21.4

Participants according to
Frequency(%)
20 (19.4)
53 (51.5)
24 (23.3)
6 (5.8)
103 (100.0)

Table no.2: Reveals that out of total 103
participants, 53(51.5%) pregnant women

Graph No.1: Distribution of Study Participants according to
their Calorie Intake.

Graph No.1: Reveals that out of 103 study
participants 95(92.2%) pregnant women had
less energy intake than that of recommended
dietary allowance, while 8(7.8%) were
taking energy intake equal to the
recommended dietary allowance.
DISCUSSION
The present study aimed to assess
the Nutritional Status of Rural Areas of
Pregnant Women as to seek information
regarding their health status i.e., nutritional
status. This study was conducted on 1st, 2nd
3rd trimester’s pregnant women in Belagavi
for 10 months period (1st March to 31st
December 2019).
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Socio-Demographic Profile:
In the present study the majority of
participant’s age ranged between 20-25
years. Another cross sectional revealed that
in rural areas of Sri Lanka majority of study
participants age ranged between 20-29
years. [3] Another similar study conducted in
south-west region of Bangladesh had study
participants aged between 18- 34. [2] These
study findings are similar to our study
results
A study done in rural areas of SouthWest Region of Bangladesh reported that
34.50% participants had primary schooling,
30.50% 6th to 10th, 16.50% Secondary
School
Certificate
(SSC,
10.75%
Uneducated, 5.25% Higher Secondary
Certificate, 2.50% Graduate. [2] In our study
almost all are educated except 1% who was
illiterate.
In our study, 81.6% were
Unemployed while 18.4% were employed.
A study in Sri Lanka, reported that 83.46%
were Unemployed while 16.54% were
Employed. [3] The results are similar to
present study.
In our study 35% had monthly
income <10,000 and 35% had monthly
income between 10,000-20,000, 20.4% had
monthly income between 20,000-30,000
while 9.7% had monthly income >30,000.
In the previous study 60% had <5,000
monthly income, 20% had between 50008000, 13.25% had between 8000-10,000
while 6.75% had >10,000. [2] In our study,
most of the participants have good income
as compared to past study.

2.9% were severe anemic. In previous
study, 61.84% had moderate anemia,
18.15% had mild anemia, and while 5.52%
were severe anemic. [1] In our study, mild
anemic are more as compared to other
studies.
Dietary Intake: In present study,
92.2% pregnant women were consuming
food
below
Recommended
Dietary
Allowance (RDA) and 7.8% pregnant
women were consuming equal to
Recommended Dietary Allowance (RDA. In
Previous study, out of 133 pregnant women
66.92% were consuming food above
Recommended Dietary Allowance (RDA)
and 33.08% were consuming food below
Recommended Dietary Allowance (RDA).

Anthropometric Measurements:
In present study, BMI of participants
was recorded according to WHO
classification. 51.5% were normal, 23.3%
were overweight, and 19.4% were
underweight while 5.8% were obese. In
Previous study, 44.36% were normal,
35.34% were overweight, and 15.04% were
underweight while 5.26 were obese. [3]
Biochemical Investigation:
In our study 53.4% were mild
anemic, 23.3% moderate anemic, while
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[10]

CONCLUSION
The study concluded that calorie
intake by pregnant women was less as
compared to RDA though most of the
participants belonged to normal BMI.
Nutritional status of most of the pregnant
women was affected due to factors like
income, hemoglobin levels, poor dietary
intake compared to Recommended Dietary
Allowance (RDA) among rural areas of
Belagavi city, India.
Recommendations:
This study recommends that though there are
ongoing nutritional programs in community,
anemia is still prevalent in pregnant women due
to negligence, lack of knowledge or improper
cooking practices thus, nutrition education
should be initiated.

BIBLIOGRAPHY
1. Dr. Rahman Md H, Karim Md R, Hossain
Md I, et.al. A Study on Nutritional Status of
Pregnant Women in South-West Region of
Bangladesh. Int. Res J Pharm. App Sci.,
2013; 3(2):54-58.
2. Adikari. A.M.N.T, Sivakanesan .R,
Wijesinghe .D.G.N.G, et.al. Assessment of

International Journal of Health Sciences and Research (www.ijhsr.org)
Vol.10; Issue: 4; April 2020

80

Dhanashree R K et.al. Assessment of nutritional status in pregnant women

3.

4.

5.

6.

Nutritional Status of Pregnant Women in a
Rural Area in Srilanka. Tropical
Agricultural Research Vol. 27 (2): 203-211
(2016).
Rahman .S and Singh .K. Analysis of
Nutritional Status of Pregnant Women in
Rural Areas of Bihar State. International
Journal of Home Science 2017; 3(1): 376379.
Kumar M, Bharti .K and Prasad .P. Health
and Nutritional Status of Pregnant Women:
An Assessment of Rural Anganwadi Centre
and Primary Health Centre. Food Sci. Res.
J. Apr., 2016; 7(1): 130-136.
Khandat M. Nutritional Status of Pregnant
Women in Beed District of Maharashtra of
India. International Conference on Food
Security and Nutrition IPCBEE 2014; Vol.
67.
Andresen, L., Thilsted, S., Nielsen, B., &
Rangaswamy, S. (2003). Food and Nutrient
Intakes Among Pregnant Women in Rural
Tamil Nadu, South India. Public Health
Nutrition. Cambridge University Press;
2003;6(2):131-137.

7. Rao BT, Kumar A, Kumar R. Dietary Intake
in Third Trimester of Pregnancy and
Prevalence of LBW: A Community-Based
Study in a Rural Area of Haryana. Indian
Journal of Community Medicine; Oct 2007;
Vol. 32, No. 4.
8. Hossain .B, Sarwar .T, Reja .S, and Akter
.N. Nutritional Status of Pregnant Women in
Selected Rural and Urban Area of
Bangladesh. J Nutr. Food Sci. 2013, Vol. 3,
Issue 4, ISSN: 2155-9600 JNFS.
9. Rahman S. Assessment of Nutritional
Profile of Pregnant Women in Rural Area
(Mymensingh District) of Bangladesh. J.
Adv. Lab. Res. Biol. July 2012, Vol. 3,
Issue 3, e-ISSN: 0976-7614.
10. B.Srilaxmi, Dietetics Textbook, Seventh
Edition, Chennai: New Age International
Publications, Jan 2014, pg no. 8.
How to cite this article: Dhanashree RK,
Ashwini N, Mubashir A. Assessment of
nutritional status in pregnant women. Int J
Health Sci Res. 2020; 10(4):77-81.

******

International Journal of Health Sciences and Research (www.ijhsr.org)
Vol.10; Issue: 4; April 2020

81

Indian Journal of Obstetrics and Gynecology Research 2020;7(3):374–378
Content available at: https://www.ipinnovative.com/open-access-journals

Indian Journal of Obstetrics and Gynecology Research
Journal homepage: www.ipinnovative.com

Original Research Article

Ureteral endometriosis – Our experience
R B Nerli1, *, Sreeharsha Nutalapati1 , Priyeshkumar Patel1 , M B Bellad2 ,
Shridhar C Ghagane3
1 Dept. of Urology,, JN Medical College KLE Academy of Higher Education & Research, Belagavi, Karnataka, India
2 Dept. of Gynecology & Obstetrics, JN Medical College KLE Academy of Higher Education & Research, Belagavi, Karnataka,

India
3 Dept. of Urology, Urinary Biomarkers Research Centre, KLES Dr. Prabhakar Kore Hospital & Medical Research Centre,
Belagavi, Karnataka, India

ARTICLE INFO

ABSTRACT

Article history:
Received 28-11-2019
Accepted 27-04-2020
Available online 12-09-2020

Introduction: Ureteral endometriosis is a rare disease affecting women of childbearing age, which
presents with nonspecific symptoms and may lead to severe morbidity. The ureters can be involved either
extrinsically and/or intrinsically by endometriosis. In this study we have retrospectively assessed the
patients presenting to us with ureteral endometriosis.
Materials and Methods: Between July 2009 and December 2019, (17) women of childbearing age
presented to the urological services of the hospital with complaints of lower abdominal pain, dysmenorrhea,
dysuria and a range of other symptoms.
Results: Pain in lower abdomen was the most common symptom and was cyclical in the majority of the
patients. Only 2 patients had undergone surgery (diagnostic laparoscopy) previously for pain in abdomen
and normal ultrasonography.
Conclusions: Ureteric endometriosis is rare but a cause of severe morbidity in those that have deep
infiltrating endometriosis. Can lead to ureteric obstruction and at times loss of function. An index
of suspicion in women in child bearing age is important. Hormonal manipulation along with surgical
intervention is beneficial in most patients.
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of genitourinary tract endometriosis. 3,4 Ureters are the
second most common site of the urinary tract affected
by endometriosis, however there has been an increase in
incidence over the years probably because of the increased
awareness. 5,6

1. Introduction
Endometriosis is a clinical disorder characterized by the
ectopic presence and growth of functional endometrial
tissue, glands, and stroma, outside the uterus. 1 It is
estimated that about 5%–20% of women are believed to
be affected, however most are asymptomatic. 2 The ovaries,
the uterosacral ligaments, the fallopian tubes, the cervix,
and the cul-de-sac are the organs that are commonly
involved. Ureteral endometriosis is a rare disease affecting
women of childbearing age, which presents with nonspecific
symptoms and may result in severe morbidity. 1 This was
first described by Cullen in 1917 and constitutes 0.1%–0.4%

The theory of retrograde menstrual endometrial
implantion onto peritoneal surfaces and persisting is a
plausible explanation for most lesions and is most widely
accepted. 7 An alternative theory is that of coelomic
metaplasia with differentiation of mesothelial cells into
endometrium like tissue, has also been proposed. 8 Stem
cells have also been linked to the pathogenesis of disease. 9
However none of the proposed theories have independently
proved the exact mechanism of the development of
endometriosis.
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Ureteral
endometriosis
involves
the
ureters
asymmetrically, with the left pelvis more commonly
involved than the right, due to the anatomical differences
of the pelvis. 10 The distal segments of the ureters and
bladder are frequently involved due to their proximity to
the reproductive organs. 5 The ureters can be involved either
extrinsically and/or intrinsically by endometriosis. In the
extrinsic type, the endometrial glandular and stromal tissue
involves only the adventitia of the ureter or surrounding
connective tissues, whereas in the intrinsic type, the
muscularis propria, lamina propria, or the ureteral lumen is
involved. 11 We report our series of patients diagnosed to
have ureteral endometriosis.
2. Materials and Methods
Between July 2009 and December 2019, (17) women of
childbearing age presented to the urological services of
the hospital with complaints of lower abdominal pain,
dysmenorrhea, dysuria and a range of other symptoms. The
hospital case records of these patients were retrospectively
reviewed and analysed following permission obtained
from the institutional/university ethical committee. The
demographic data, clinical status, principal symptoms, and
any previous treatment was noted. Pain intensity was
classified into four subtypes: mild, moderate, severe, or
incapacitating. It was defined as mild when no medication
was required for its control, moderate when over-thecounter analgesics administered at home were capable
of controlling it, severe when parenteral medication
administered in a hospital was required, and incapacitating
when it prevented the patient from carrying out routine
activities.
The blood and urine biochemistry reports, imaging
records were reviewed. Similarly, the biopsy records and
Histopathological reports were reviewed and analysed. The
images of all patients undergoing video-laparoscopy as well
as all surgical findings were recorded and tabulated. The
disease was staged based on the American Society for
Reproductive Medicine (ASRM) classification (1996). The
number of sites of endometriosis, the presence of ovarian
endometriosis and the side of the affected ovary, and the
presence of peritoneal endometriosis or of the deep form
of the disease (>5 mm of depth) in the retrocervical and
rectum-sigmoid sites were noted, as well as the presence
of lesions in the bladder and ureter. Statistical analysis was
carried out using the SPSS soft- ware program. Statistical
significance was defined as P<.05.
3. Results
The clinical data of the (17) patients was as shown
in the Table 1. Pain in lower abdomen was the most
common symptom and was cyclical in the majority of
the patients. Only (2) patients had undergone surgery
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(diagnostic laparoscopy) previously for pain in abdomen
and normal ultrasonography. Physical examination revealed
no obvious clinical sign or finding. Ultrasonography in all
the patients revealed partial fullness of the pelvicalyceal
system on the affected side. Cystoscopy was normal in all
the patients and retrograde ureterogram showed narrowed
lower ureter on the affected side.
The video-laparoscopy findings are summarized in
Table 2. The bladder was not affected by endometriosis in
any of the patients with ureteral endometriosis (Figure 2).
Lesions were unilateral in eight of the patients, and bilateral
in the remaining nine patients. All the lesions were localized
in the lower third of the ureter.
Laparoscopy and ureterolysis was performed in
13(76.47%), open nephroureterectomy was done in three
(17.6%) patients with non-functioning kidney and bilateral
double J stenting done in one patient. All patients were put
on hormonal therapy.
Table 1: Demographics of patients with ureteral endometriosis.
S. No
1

2

3
4
5
6
7

Characteristics
Age
Symptoms – Pain in
abdomen
Dysuria
Dysmenorrhea
Haematuria/Pyuria
Infertility
Previous surgeries
Previous Pregnancy
Previous deliveries
Caesarean deliveries
Abortion

n (%)
34.88±2.75
17(100%)
10(58.8%)
4(23.5%)
3(17.6%)
2(11.7%)
11(64.7%)
11(64.7)
4(23.5%)
5(29.4%)

Table 2: Video laparoscopic finding
S. No
1
2
3
4
5
6
7

Stage 1 or II
Stage III or IV
Number of sites affected
Peritoneum
Ovary
Retrocervical
Rectosigmoid

n (17)
0
17(100%)
4.64±1.96
7(41.1%)
8(47.05%)
11(64.7%)
9(52.9%)

4. Discussion
Making a clinical diagnosis of Ureteral endometriosis is
a challenge. The complaints of are usually non-specific,
making it necessary for multiple medical specialties to
be involved. Patients may present with incapacitating
dysmenorrhea, dyspareunia, pelvic pain, symptoms related
with the involvement of rectovaginal septum, uterosacral
ligaments, broad ligaments, and the ovaries. 12–14 Patients
could also present with more specific symptoms associated
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Fig. 1: a: Contrast CT showing bilateral hydronephrouretrosis with thickened bladder wall; b: CT scan showing left ovary with cystic
appearance; c: Retrograde uretertopyelography showing dilated upper ureter and narrow lower ureters

Fig. 2: a: Video laparoscopy showing bilaterally cystic ovaries medially focused like kissing ovaries; b: Video laparoscopy showing the
course of the Rt. Ureter being involved by retroperitoneal endometriosis

Nerli et al. / Indian Journal of Obstetrics and Gynecology Research 2020;7(3):374–378

with the urinary tract such as flank or abdominal pain,
renal colic, hematuria associated with flank pain, or cyclic
gross haematuria. Unexplained hypertension and silent renal
failure may also occur as the disease may run asymptomatic
for a long period of time. The risk of renal failure in such
cases could be as high as 25%-50%. 15
Whenever patients of childbearing age present with
either no symptoms or non-specific symptoms, a high
index of clinical suspicion is required. Evaluation of the
urinary tract is a must in all such cases whenever deep
infiltrating endometriosis is suspected and more particularly
if the rectovaginal septum is affected by nodules of >3
cm. 16 Patients with rectocervical endometriosis have a
7-fold greater chance of having ureteral endometriosis,
whereas patients with rectum-sigmoid endometriosis have
a 22-fold greater chance. 17 Most patients may not have
physical findings, however large endometriotic nodules may
be palpated in the rectovaginal septum and their presence is
highly related to ureteral endometriosis. 16
Renal function should be assessed in all patients and
urine should be examined for presence of blood, and
cytology to rule out urinary tract malignancies. Imaging
techniques are of limited value in providing an accurate
depiction of the extent of the disease and the infiltration of
the ureteral wall. Abdominal ultrasonography is routinely
used as a screening tool to rule out urinary tract obstruction,
because of the high rate of asymptomatic presentations. 18
Periodic renal ultrasonography is generally suggested
in the follow-up of these patients. 15,18 Intravenous
pyelography has been traditionally used to assess renal
function in women suspected of having obstruction or
urinary tract endometriosis. Radiological findings include
hydroureteronephrosis, narrowing of the pelvic ureter
and, rarely, an intraluminal ureteral mass which are
considered to be nonspecific for the condition. However,
intravenous pyelography demonstrates the precise location,
extent and degree of ureteral narrowing. Transitional cell
carcinoma can be radiologically indistinguishable from
ureteral endometriosis. Computed tomography provides the
same information in identifying endometriosis, however the
high radiation dose associated with it, has limited its use
especially in fertile women.
Magnetic resonance imaging (MRI) may reveal direct
signs such as a nodule or a mass invading the ureter along
its course or at the ureterovesical junction. 19 Magnetic
resonance imaging allows evaluation of all locations and
can potentially distinguish intrinsic from extrinsic form
of ureteral endometriosis and also help to make decision
regarding the surgical approach. 20 Magnetic resonance
imaging is more sensitive (91% vs. 82%) but less specific
(59% vs. 67%) than surgery for the diagnosis of intrinsic
ureteral endometriosis. 21 Ureteroscopy can help to diagnose
intrinsic endometriosis, although absence of findings does
not exclude the presence of ureteral endometriosis. Apart
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from the macroscopic recognition of endometriotic lesions,
which may appear as oedematous and irregular with
different shapes and colors, ureteroscopy allows biopsy,
histological confirmation and ablation. 22,23
The treatment of ureteral endometriosis is controversial,
however the aims of treatment include the relief of
urinary obstruction, preservation of renal function and
prevention of relapse of the disease. Hormonal therapy
(HT) alone has been associated with variable results.
Hormone manipulation helps shrink the tissues affected
by endometriosis, but obstruction usually does not resolve.
HT is usually considered as an option for patients of
childbearing age who desire to have children in future, with
close follow-up with ultrasound at 6-monthly intervals to
rule out an obstruction. 23 The commonly used therapies
include: gonadotropin-releasing hormone agonists and
antagonists, progestins and combined oral contraceptives.
All these drugs help in to alleviate the severity of
pelvic pain, dysmenorrhea and dyspareunia, however the
symptoms often recur when therapy is discontinued 23,24 and
these drugs are frequently associated with suboptimal safety
and tolerability and they do not improve fertility.
The main indications for surgical treatment
of UE are the presence of symptoms and/or the
hydroureteronephrosis. 23,25 Open surgery was the preferred
treatment in cases of extensive disease prior to the laparorobotic era. 24 The success of surgery has been correlated
with the extent of excision because of a high risk of
recurrence, estimated to be around 30%. It corresponds
to the actual persistence of deep infiltrating endometriosis
left in place as the result of an incomplete initial surgical
removal. Presently, laparoscopic interventions such as
ureterolysis, ureterostomy and ureteral reimplantation for
ureteral stricture disease secondary to endometriosis is
being performed by embracing the same principles of
traditional urologic surgery, with a magnified view, superior
exposure and a greater ability to identify the disease in
the pelvis and retroperitoneal space as well as in the lower
urinary tract. 5,26
Giannini et al 27 reported on their study to assess the
feasibility and to describe the perioperative outcomes of
minimally invasive treatment of deep ureteral endometriosis
using robotic assistance, highlighting the technical benefits
and the limits of this approach. Their case-series
included 31 consecutive patients affected by highstage endometriosis including ureteral endometriosis using
robotic assistance between November 2011 and September
2017. All procedures were successfully completed by
robotic technique, resulting in full excision of the
parametrial nodules involving the ureter. Mean operating
time was 184.8 ± 81 min. Mean hospital stay was 4.02 ± 3
days. Perioperative complications occurred in five patients
and 4 out of 5 involved the urinary tract.
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The involvement of the ureter in deep pelvic
endometriosis is asymptomatic in a large percentage
of women, however it may lead to the silent loss of renal
function. Ureteral endometriosis is usually diagnosed
incidentally during gynaecological/urological examination
or on investigation for lower abdominal pain. The treatment
is usually surgical, with the technique chosen according
to the type of ureteral involvement, the site of lesion and
the distance to the ureteral orifice. In specialist centres the
urologists and gynaecologists need to work together to
treat such patients. The surgical urological treatment can
have good results in terms of both patient compliance and
prognosis.
5. Conclusions
Ureteric endometriosis is rare but a cause of severe
morbidity in those that have deep infiltrating endometriosis.
Can lead to ureteric obstruction and at times loss of function.
An index of suspicion in women in child bearing age
is important. Hormonal manipulation along with surgical
intervention is beneficial in most patients.
6. Source of Funding
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None.
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Abstract In a country such as India, popularly known for
its rich diversity and traditions, chewing tobacco and its
many other forms is a commonly practised entity' The
resultant of this leads to oral submucous fibrosis (OSMF)
which causes permanent morbidity in the form of trismus

and also can lead to potential possibility of oral cancer'
Intra oral injections of steroids such as hyaluronidase and
placentrex have been postulated by many studies' But this
study was done to evaluate the efficacy of both these
commonly used treatment modalities' A 1 year hospital
based study was performed over 30 patients diagnosed to
be having oral submucosal fibrosis. They were randomly
given injection hyaluronidase and injection placentrex' In
addition to this, routine haemogram was done and the inter
incisor distance was measured before and after the treatment along with histopathological study of the oral lesions'
With a prevalence of 0.317o, the males out numbered
females. Majority of the patients were in their third decade'
All patients chewed tobacco in one or the other form and
gOVo of them presented with buming sensation in the
mouth. The mean inter incisor distance in our patients was
3.17o. Athird of the cases were anaemic and two thirds had

X

Rajesh Radhakrishna Havaldar
rajeshhavaldar@ Yahoo.com

t
2
3
a

ChandraSuperspecialtyHospital, Anantapur, AndhraPradesh
515001, India
Department of ENT and Head and Neck Surgery, KAHER's
J. N. Medical College, Belagavi, Karnataka, India
College Of Medicine, Shaqra University, Shaqra, Kingdom
Saudi Arabia

an elevated erythrocyte sedimentation rate and serum
globulin level. More than half the cases had an elevated
absolute eosinophil count. All 30 biopsy specimens showed
atrophic oral mucosa with subepithelial dense collagenised
fibrous tissue. The group of patients who were treated with
injection placentrex showed slightly better results than
corticosteroids. The results were not statistically significant
although clinically they were noteworthy. Being a silent,
chronic disease, oral submucosal fibrosis affects the most
productive population fraction of our country causing
morbidity and also acts as precursor for oral cancer' Since
the etiological agent is chewing areacnut in one form or the

other, considerable efforts have to be made in sensitizing

the workforce of the nation at the community level in

understanding the ill effects of chewing tobacco' Understanding the associated conditions such as anaemia, elevated erythrocyte sedimentation rate, serum globulins and
absolute eosinophil count should prompt the otolaryngologist in treating these patients holistically' Though injec-

tion placentrex yielded better improvement in the inter
incisor distance, the results with steroid injection was also
comparable with no statistical significance' Hence, keeping
the premalignant nature of the disease, screening the
patients promptly and treating them on time would lead to
considerable reduction in the morbidity caused by the
disease. Coupled with health education, the results could be
even more encouraging'

Keywords Arecanut ' Oral submucosal fibrosis '
Placentrex' Hyaluronidase' Inter incisor distance
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Introduction
Human beings are subjected to stress and tension in this
century due to growing fast industrialization and civilization. Most of them fall into the tension relieving habits like
smoking, alcoholism, pan, tobacco or betel nut chewing'
These habits not only relieve tension to some extent but
also produce bad effects on human body apart from being
addictive. Oral submucous fibrosis (OSMF) is one of the
conditions resulting from these tension relieving habits'
Oral submucous fibrosis has been well established in
Indian medical literature since the time of Sushruta' In the
modern literature it was first described by Schwartz [l]' In
India, Joshi (1953) was the first to describe the condition
and he called the condition "submucous fibrosis of the
palate and pillars" [2].
Oral submucous fibrosis is an insidious chronic disease
of unknown etiology affecting the mucosa of any part of
the oral cavity and occasionally extending to pharynx and
oesophagus and rarely to larynx. The condition is some
times preceded by and or associated with vesicle formation
but always associated with juxta epithelial inflammatory
reaction followed by a fibro elastic change of the lamina

propria with epithelial atrophy leading to stiffness of the
oral mucosa causing trismus and inability to eat [3, 4]'
Thus patients do not enjoy food in OSMF'
OSMF predisposes a patient to develop oral cancer' The
most vulnerable people are Asians and amongst them'
predominantly Indians t3, 51. If the habit of betel chewing,
smoking and alcohol are not relieved, then there is an
increase in the probability of developing leukoplakia and
squamous cell carcinoma [6]. Most commonly males are
the victims of this disease owing to the higher prevalence
of the above mentioned habits in them Ul.
Owing to the immunosuppressive and anti-inflammatory
properties of steroids and the hormonal and bio-moulding
capacity of placentrex, this study was done to understand
the role of these two agents in the management of OSMF'

Study period: 1 year from October 2005 to October
2006.
Sample size: 30.

Inclusion criteria: all patients with history of burning

sensation in the mouth on eating hot and spicy food with
trismus on examination and presence of blanching of the

oral mucosa with presence of fibrotic bands'
Exclusion criteria: all patients having <2 cm trismus
were excluded. Patients having pale oral mucosa secondary
to anemia. In addition to this, patients who have already
undergone oral surgeries in the past and those patients
giving tristory of consumption of caustics were excluded'
Methodology: every patient of OSMF attending the
ENT out patient department was subjected to a detailed
examination. The lips, labial mucosa, buccal mucosa'
gingiva, tongue, floor of mouth and palate were examined'
Lddltionatty, to assess trismus, the inter incisor distance
was measured with the help of callipers and recorded as
follows:

1.
2.
3.

More than 3.5 cm.
3-3.5 cm.

2-3 cm.

the patients were subjected to hematological investigations to assess the hemoglobin percentage (tlb7o)'
Erythocyte sedimentation rate (ESR), absolute eosinophil

All

count (AEC) and serum globulin (gm%o)'

Biopsy: biopsy was taken from the site of clinically

noticeable fibrous bands using a Luc's forceps under the
effect of 47o topical xylocaine anaesthesia'

The 30 patients were randomly put on

either

injectable corticosteroid (triamcinolone) 40 mg along with
1500 ru hyaluronidase or injectable placentrex 2 ml submucosal injection biweekly for a period of 8 weeks with a
follow up period of 4 months.

Results

In our study, the prevalence of OSMF was 3'10 per
Objective
To study the effectiveness of intraoral submucosal injections of corticosteroids and placentrex in the management
of OSMF.

Materials and Methods
This study was carried out in The Department of ENT,
KLES Dr Prabhakar Kore Hospital and MRC, Belgaum.
Study design: prosPective studY.

4) Sorinser

1000

patient population (O.3lEo). The youngest patient was aged
18 years. The oldest was 53 years. The maximum number

of

cases (13 out

of 30) were in the third

decade forming

43Vo. This was followed by nine cases in their second
decade accounting for 307o. SOVo of the patients in the
present study were males.
Out of 30 cases, 23 (76.770) were in the habit of eating
pan masala. l7 (56.7Vo) were in the habit of eating only pan
masala and 6 (ZOVo) were in the habit of eating pan masala
with betel nut and tobacco as seen in Table 1. The duration
of chewing habits varied from minimum of 3 months to
maximum of 31 years. Maximum number of patients that is
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Table

2

Duration of symptoms

Duration (months)

No. of cases

0-6

11

37

7-t2

10

J.'

t2-24

7

23

>24

2

7

30

r00

Total

Percentage

The duration of chewing habits varied from minimum of
3 months to maximum of 31 years. Most of our patients i.e.
20 (67Vo) were chewing for more than 2 years. This was
followed by 23Vo patients who chewed for a range between
I and2 years. Canniffet al. (1986) reported chewing habits
ranging from 1 to 46 years in their study [13]. This was
also stressed upon by Seedat et al. wherein the duration of
chewing ranged from a few months to over 70 years [6].
The same author also found that majority of their study
subjects chewed tobacco less than five times in a day as
observed in our study as well.
Burning sensation in the mouth and difficulty in opening
mouth were the most routinely observed symptom which
was also seen in the works of Gupta et al. (1980) and
Canniff et al. (1986) [4, 13]. Our patients presented with
more than one chief complaint. Buming sensation was the
commonest chief complaint. Few patients also complained
of impaired taste which could be perhaps due to loss of

lingual papillae. The time duration between onset of
symptoms and presentation to hospital was variable. The

2 Image showing measurement
slide calipers

of inter-incisor distance

Fig.

with a peak inidence at

using

very slow progression and hence many ofthe patients learn

years [10]. The same was
also documented by Khanna and Andrade (1995) wherein
100 patients were studies and a peak incidence was documented in the age group of 20-30 years respectively II].
Male predominance in OSMF as in our study was also
observed by Khanna and Andrade (1995) wherein the
male:female ratio was 2.1:l [11]. Lai et al. (1995) in their
20_125

study of 150 cases reported a male:female ratio of 29:l l7).

In the present study the maximum number of patients were
in the habit of chewing betel nut in one or the other form.
The same etiology has been stressed in the study done by
Murti et al. in 1995 wherein 275 patients were studied over
a period of5 years [2]. Their study involved assessing the
results of several studies done in India, Pakistan and South
Africa. Areca nut emerged as the most frequently used
substance for chewing. This was also reiterated by the
study done by Canniff et al. (1986) where almost 1007o of
patients were involved in tobacco chewing [3].

Table

3

minimum was 1 month and maximum was 3 years. Canniff
et al. (1986) reported that the symptoms ranged 6 months
to 20 years [13]. This indicates that OSMF undergoes a

to cope up with the morbidity caused by the

disease and

avoid presentation to the hospital.
There were ten (33Vo) patients having hemoglobin percentage less than 10 gmVo. Canniff et al. (1994) found
hemoglobin concentration below ll.5 gmTo in 307o of his
cases [3]. Khanna et al. (1995) found hemoglobin concentration below 10 gmTo in 407o of his cases [11]. All the
30 specimens were subjected to histopathological exami-

nation. Atrophic oral mucosa with subepithelial areas
showing dense collagenised fibrous tissue was present.
There was absence of malignant transformation. Our findings are in agreement with the works of Gupta et al. (1980)

I4). Also a

the clinical and
not be established.

correlation between

histopathological findings could

According to Kiran Kumar et al., the fibrosis in later stages
of OSMF could be explained due to more collagen bands
being formed in the posterior region thus leading to trismus
eventually fl41. Also the inflammatory mediators were
inconsistent with respect to the duration of the disease with

Comparison between the different treatment modalities used
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LLD inter incisor distance
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Conclusions

In a land of unique diversity with a number of
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primary prevention. The preventive measures should
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Our study results concluded that both steroid
effective with
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Abstract
Background: Aphasia is a common consequence of stroke. To optimize recovery, it becomes critical as there are early identification and
treatment of language deficits. The rising burden of stroke aphasia and lack of screening tools in the Indian context necessitates the need
for a screening tool. Objective: We aimed to adapt and validate the Frenchay Aphasia Screening Test (FAST) to the Indian context in two
widely spoken Indian languages, Telugu and Kannada, for the literate and illiterate population. Methods: A systematic process of adaptation
and culturally appropriate modifications of the original FAST were done in 116 healthy controls and 115 patients. The validity of the adapted
test was established. Results: The optimum cut‑off values for detecting aphasia in our sample ranged from 25 to 25.5 (literate) and 13.5 to
15.5 (illiterate) with high sensitivity and specificity. There was also a significant correlation between aphasia scores for adapted FAST and the
Western Aphasia Battery (WAB), establishing good convergent validity. Discussion: Results of the adaptation and validation of two Indian
versions of FAST, suggest that it is an easy‑to‑use screening measure for detecting stroke‑related language disabilities. The psychometric
properties of the Indian version of FAST met the standardised requirements for adaptation and validation. Conclusions: The Indian version
of FAST was found to be a reliable and valid bedside screening tool for aphasia in stroke patients. We aim that this study will facilitate the
use of the test across other Indian languages and a large clinical population in the future.
Keywords: Adaptation and validation, aphasia testing, language, screening, stroke

Guest editor’s notes: The Frenchay Aphasia Screening Test is popular and well established all over the world.
Adaptations are not easy. It is not mere translation. Rigorous attention must be paid to cultural and linguistic
parameters. This work was part of an ICMR project. It is expected that busy clinicians will carry the FAST in their
smartphones and use it at bedside and in OPD.

Introduction
The global rise in stroke and stroke‑related disabilities has led
to an increase in numbers of persons with aphasia.[1] Post‑stroke
aphasia persists as a major disability in 20%‑40% of stroke
survivors across the globe[2] and ranges from 11% to 40% in
the Indian context.[3,4] Early and accurate diagnosis of aphasia
and intervention through appropriate, intensive therapy is
critical for recovery,[5] and consequently facilitates the process
of rehabilitation.[6]
Standard diagnostic aphasia tests like the Boston Diagnostic
Aphasia Evaluation[7] and the Western Aphasia Battery,[8]
require provision of specialized speech and language services,
are time consuming and may be a challenge for wider use
in low‑resource countries like India. Screening tests are,
therefore, required to detect aphasia in the acute stroke setting
and busy clinical practice. In such situations, there is a need

for easy to use, bedside aphasia screening tools that have
greater efficacy in early diagnosis of aphasia. Commonly used
screening tests for aphasia include Frenchay Aphasia Screening
Test (FAST),[9] Mississippi Aphasia Screening Test (MAST)[10]
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and Acute Aphasia Screening Protocol.[11] These tests have
however typically been developed for English speaking
educated populations. There are fewer screening tests available
in non‑English languages such as Language Screening Test
in French (LAST)[12] and Mississippi Aphasia Screening Test
in Spanish (MASTsp),[13] established predominantly for the
developed countries. Very few screening tools are available
from low‑  and middle‑income countries (LMICs) (e.g.,
Chinese version of Language Screening Test).[14] Therefore,
given the increased burden of aphasia in LMICs and the
paucity of appropriate screening tools, there is a critical need
to develop simple, easy‑to‑use measures that are culturally and
linguistically relevant, to screen for aphasia.
India is socio‑demographically diverse, with a significant
portion of the population that is illiterate. Development of a
culturally, linguistically, and educationally appropriate tool to
evaluate stroke aphasia is, therefore, a challenge.
In meeting this challenge, we adapted and validated the FAST[9]
for the Indian context. FAST is one of the best‑known screening
instruments that comprehensively evaluates language skills, has
high sensitivity and specificity in diagnosing aphasia in stroke
patients and is easy to use, especially, in low‑resource settings
like India. This was a part of a larger project, supported by the
Indian Council of Medical Research (ICMR), which involved
the standardization of a wide range of cognitive, behavioural
and functional tests as a part of the ICMR Neuro Cognitive Tool
Box (ICMR‑NCTB), across several languages and educational
levels.[15] The adaptation of FAST was done in five Indian
languages (Hindi, Bengali, Telugu, Kannada, and Malayalam). In
this paper, we report the adaptation of FAST in two widely spoken
Indian languages, Telugu and Kannada, for both literate and
illiterate patients. We also report the validity of the adapted FAST.

Methods
Participants

A total of 116 healthy controls (47 Telugu and 69 Kannada
speakers) and 115 patients with post‑stroke aphasia (58 Telugu
and 57 Kannada speakers) were recruited for the study using
consecutive sampling. Healthy controls were recruited randomly
from the local community and from attendants of patients
visiting hospitals. The inclusion criteria for healthy controls
included: No history of cognitive or behavioural complaints,
no history of psychiatric and neurological illness, head injury,
drug abuse and severe alcoholism. Post‑stroke aphasia patients
were prospectively recruited from the out‑patient departments
of Nizam’s Institute of Medical Sciences, Hyderabad for Telugu
and, NIMHANS, Bengaluru and Apollo Hospitals, Mysuru
for Kannada. All patients were subjected to a systematic
demographic, medical, neurological, and radiological evaluation
for stroke characteristics, including the time after stroke and
history of prior stroke by an experienced neurologist. Inclusion
criteria included patients with ischemic or haemorrhagic stroke,
older than 18 years, evaluated at least 1 month after stroke.
Standard protocols for evaluation were conducted by neurologists
S144

certified in stroke diagnosis and care. Exclusion criteria for
patients included: History of dementia, other major neurological
or psychiatric disorders, sensory and motor disability in no more
than one upper extremity, and hearing impairment.
A broad range of participants were included with varying levels
of education, a number of languages spoken, social and economic
backgrounds and ages to be more representative of the population,
and to explore the impact of these variables on test performance.
All participants were tested in their native language, which was
the predominant language of use. Language history was obtained
by interviewing a reliable family member. The native language
of each participant, the number of languages spoken, language
choice and the proficiency levels in these different languages
were also noted using language use questionnaires.[16]
Patients were grouped into either literates or illiterates. The
operational definition used in this study was based on Census
operations of India report,[17] which defines illiterates as those
who have had no formal education and were unable to read
and write in any language.

Test description

The original FAST was developed for use by non‑specialist
staff working in a busy ward not requiring training in speech
and language therapy, to detect the presence of language
impairments in patients with acute and post‑acute stroke
evaluating major aspects of language.[9] The aim was to have
a short, simple, standardized measure to diagnose and screen
for aphasia and accompanying language deficits.
The test consists of four parts (1) comprehension: Instructions
are given to point to various objects on cards portraying a scene
and geometric shapes; (2) expression: Participants are asked to
describe the picture and are also tested on verbal fluency; (3)
reading: Participants are provided with five written instructions
with graded difficulty; and (4) writing: Participants are asked
for a written description of the picture and the scoring depends
on spelling and grammatical construction. The test takes about
5‑10 minutes to administer. The maximum score is 30 and the
cut‑off values for detecting aphasia in stroke patients up to
60 years and >61 years are 27 and 25, respectively.

Adaptation

There was a series of steps that were followed:
• Acquiring permissions from the test publisher (STASS
publications) and the test developer (Dr. Pamela Enderby).
• Constituting a multidisciplinary panel of experts comprising
stroke specialists, cognitive neurologists, speech‑language
pathologists, neuropsychologists and linguists who made
the following suggestions: (1) the modified sketch should be
culturally appropriate while remaining faithful to the original
concept, (2) ensure the familiarity and nameability of the
geometric figures in the Indian languages, and (3) ensure that
the test is applicable for literate and illiterate populations.
Culturally appropriate modifications were made by the expert
panel following cross‑cultural adaptation guidelines by
Guillemin, Bombardier and Beaton (1993).[18] The English
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version was initially developed and piloted on a sample of 10
controls (5 literates and 5 illiterates). Two raters administered
and scored the test on pilots independently. Inter‑rater
reliability was determined by Cohen’s kappa. It was found
that there was 91% agreement between the two raters and
inter‑rater reliability coefficient was 0.84. Based on the pilot
group performance, ambiguities in the adapted items were
resolved. Every item in the four sub‑sections of the test was
critically evaluated for cultural relevance and appropriateness
while ensuring we tapped into the same domains as in the
original test. The section given below lists out the specific
changes that were made in the Indian version of FAST:

c.

All three men were redrawn to look more “Indian” in
facial features, skin tone and clothing.

Comprehension: In this section, some of the shapes were
modified to be more culturally appropriate and familiar, that
is, “oblong” was replaced with “arrow”, “pyramid” with “hill”
and “segment of orange” with “half‑moon”.
The expression, reading, and writing sub‑sections of the
original test were retained in the Indian version of FAST.
The illiterate version of this test was developed by omitting or
modifying the literacy dependent reading and writing sections
of the test. The black and white line drawings were replaced
with coloured pictures as line diagrams are difficult to name
for illiterates. Following this, a literal word‑to‑word translation
and back‑translation of the adapted English version of FAST
were done in two Indian languages: Telugu and Kannada.

Picture Stimuli (the river scene): We retained the essence of the
river scene from the original FAST while modifying some of
the elements of the scene to make the setting more culturally
appropriate and representative, including modifying the images
of people, animals and types of boats that were used in the
original sketch. Care was taken to retain all the elements of
the original picture and the original placements of as many
elements as possible. However, some of the placement of
items had to be changed to ensure that picture balance and
perspective were maintained [Figure 1]. The following changes
were made to the specific elements in the picture:
a. The “dog” was replaced with “goat”, as the man with a
goat was deemed more representative of a pastoral, rural
scene from India, than a man walking a dog.
b. In the original version, the “canoe” was tied to the shore
near the bridge, which was replaced with a “ship” sailing
behind the bridge, as “canoe” was not a familiar concept
and not easily recognizable across India.

Language evaluation

Patients and controls were administered the Indian version of
FAST and Western Aphasia Battery[19,20] adapted for Telugu and
Kannada. WAB was used as a gold standard test to diagnose
aphasia. It is widely used to evaluate language functions
to determine the presence, type, and severity of aphasia.[21]
The examiners were either speech‑language pathologists
or psychologists. The study was approved by the Research
Ethics Committee of Nizam’s Institute of Medical Sciences,
Hyderabad, and National Institute of Mental Health and
Neurosciences, Bengaluru. Informed consent was obtained
from all the participants and their family caregivers.

Statistical analysis

The demographic profile of the study cohort was analysed
using independent t‑test or Mann Whitney U test for continuous
data and Chi‑square or Fisher’s exact test for categorical data.
Internal validity was assessed using the intra‑class correlation
coefficient (ICC) or Cohen’s kappa statistics. External validity
and area under curve (AUC) was determined using Receiver
Operating Characteristic (ROC) curve analysis. Optimum
sensitivity and specificity of the Indian version of FAST in
diagnosing stroke aphasia patients were established along with
the corresponding cut‑off values.

Results
Overall the study consisted of a total sample of 231 participants:
116 controls and 115 patients with aphasia. In 42.2% (49) of

Figure 1: Picture stimuli (river scene) of original FAST (left) and the Indian
version of FAST (right)

Table 1: Demographic profile of Telugu- and Kannada-speaking healthy controls and patients with aphasia
Telugu
Controls (n=47)

Aphasia (n=58)

Kannada
Controls (n=69)

Aphasia (n=57)

p

Age (years)
52.4 (15.0) [25-87]
56.7 (16.4) [22-93]
0.169
60.8 (9.5) [43-88]
Education
8.8 (9.01) [0-22]
6.5 (5.8) [0-18]
0.126
6.2 (7.2) [0-16]
Male
23 (48.9%)
44 (75.9%)
0.008
41 (59.4%)
Literates
21 (44.7%)
34 (58.6%)
0.155
28 (40.6%)
Bilinguals
32 (68.1%)
28 (48.3%)
0.066
52 (75.4%)
Note: Data represented as Mean (SD) [Range] or Number (percentage) wherever applicable

p

56.7 (16.9) [25-90]
7.1 (6.2) [0-17]
43 (75.4%)
33 (57.9%)
38 (66.7%)

0.085
0.445
0.088
0.079
0.373
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Table 2: The FAST scores and WAB AQ of Telugu- and Kannada-speaking healthy controls and patients with aphasia
Literates

n

Telugu Literates
Controls
Aphasia
Kannada Literates
Controls
Aphasia

FAST (Total=30)

p

WAB AQ (Total=100)

< 0.001
21
34

27.8 (1.5)
8.7 (7.3)

28
33

28.7 (1.5)
9.8 (6.2)

n

FAST (Total=20)

96.3 (2.4)
33.6 (25.4)
< 0.001

Illiterates

p
< 0.001

< 0.001
98.7 (1.2)
40.2 (24.8)

p

WAB AQ (Total=100)

p

Telugu Illiterates
< 0.001
< 0.001
Controls
26
16.5 (1.1)
93.9 (1.6)
Aphasia
24
5.7 (3.4)
38.7 (21.4)
Kannada Illiterates Controls
40
17.3 (1.8)
< 0.001
94.9 (2.1)
< 0.001
Aphasia
24
7.4 (2.3)
47.3 (17.8)
Note: Data represented as Mean (SD) wherever applicable. FAST: Frenchay Aphasia Screening Test; WAB AQ: Western Aphasia Battery Aphasia Quotient;
AUC: Area under curve

Table 3: Sensitivity and specificity of the Indian version
of FAST in Telugu and Kannada literate and illiterate
speakers in detecting aphasia at optimum cut-off values
Language

AUC

Cut-off
Values

Sensitivity

Specificity

Telugu Literates
1
25.5
1
0.91
Telugu Illiterates
1
13.5
1
1
Kannada Literates
1
25
1
0.96
Kannada Illiterates
1
15.5
1
0.98
Note: FAST: Frenchay Aphasia Screening Test; AUC: Area under curve

Table 4: Common Indian version of FAST cut-off values
with sensitivity and specificity levels in detecting aphasia
for literates and illiterates
Language

AUC

Cut-off
Values

Sensitivity

Specificity

Literates
1
25.5
1
0.94
Illiterates
1
14
1
1
Note: FAST: Frenchay Aphasia Screening Test; AUC: Area under curve

Table 5: Number of patients correctly identified as having
aphasia on the Indian version of FAST
115 TP
3 FP
116 TN
0 FN
Note: FAST: Frenchay Aphasia Screening Test; TP: True Positive;
FP: False Positive; TN: True Negative; FN: False Negative

controls and 58.3% (67) of patients were literates. Telugu
and Kannada speaking controls and patients were matched
across the different socio‑demographic variables [Table 1].
Both Telugu‑  and Kannada‑speaking literate and illiterate
healthy controls performed significantly better than patients
with aphasia on the FAST and WAB. Patients with varying
severity of aphasia (from mild to very severe) were included in
the study, as measured using the aphasia quotient of the WAB.
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The language scores of Telugu‑ and Kannada‑speaking literate
and illiterate healthy controls and patients with aphasia are
presented in Table 2. The ICC for the control group is 0.730
and 0.729 for the patient group.
The optimum cut‑off values for detecting aphasia in literates
was 25.5 in Telugu (sensitivity = 1 and specificity = 0.91)
and 25 in Kannada (sensitivity = 1, specificity = 0.96) and for
illiterates was 13.5 in Telugu (sensitivity and specificity = 1)
and 15.5 in Kannada (sensitivity = 1, specificity = 0.98).
The area under curve was 1 (p < 0.001) for both Telugu and
Kannada literate and illiterate groups. The AUC, cut‑off values,
sensitivity and specificity of Indian version of FAST in Telugu
and Kannada literates and illiterates are presented in Table 3.
When we combined the participants across two languages the
AUC for both literates and illiterates was 1 (p < 0.001) and the
cut‑off values for detecting aphasia in literate and illiterates was
25.5 (sensitivity = 1 and specificity = 0.94) and 14 (sensitivity
and specificity = 1) respectively [Table 4]. The Pearson’s
correlation coefficient between Indian version of FAST scores
and WAB Aphasia Quotient in Telugu literates and illiterates
was 0.893 (p < 0.001) and 0.972 (p < 0.001) respectively,
and 0.982 (p < 0.001) and 0.900 (p < 0.001) respectively in
Kannada literates and illiterates. Table 5 shows the ability of the
Indian version of FAST to identify patients diagnosed clinically
as having aphasia using cut-off values of WAB.

Discussion
Screening and diagnosis of language impairment in the Indian
context, given the cultural, linguistic and educational diversity
necessitates the availability of tools that are adapted to these
populations. In this study, we report results of the adaptation
and validation of FAST, as an easy to use screening measure
for detecting stroke‑related language disabilities, in two Indian
languages, Telugu and Kannada, for both literates and illiterates.
The psychometric properties of the two Indian versions of FAST
met the standardised requirements for adaptation. Our results
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confirm the high validity of FAST as a screening tool in the
literate and illiterate population in both Telugu and Kannada.
Culturally and linguistically appropriate adaptation of FAST
for the Indian context was achieved while retaining the
elements of the original test considering the socio‑linguistic
heterogeneous communities in India. The adaptation process
was achieved based on standard recommendations[18] and
inputs from a multidisciplinary panel of experts, translations,
back‑translations, and piloting of the test.
Both Telugu and Kannada versions of the adapted FAST showed
high internal consistency. The sensitivity and specificity of
the Indian version of FAST were calculated to establish its
accuracy to detect aphasia. The optimum cut‑off values for
detecting aphasia in Telugu literates is 25.5 (sensitivity = 1 and
specificity = 0.91) and Kannada literates is 25 (sensitivity = 1
and specificity = 0.96). The cut‑off scores of the Indian version
of FAST are comparable to the originally published FAST[9] that
detected language deficits at an optimum cut‑off point of 27 for
individuals up to 60 years and 25 for individuals >61 years with
high sensitivity (0.87) and specificity (0.80). Zero false‑negative
subjects indicate high specificity of the Indian version of FAST.
The high sensitivity and specificity of the Indian version of the
tool are also consistent with other aphasia screening tests such
as MAST (sp)[13] (0.96 and 0.90) and French LAST[12] (0.98
and 1). The cut‑off values for detecting aphasia in the illiterate
group are 13.5 for Telugu (sensitivity and specificity = 1) and
15.5 (sensitivity = 1, specificity = 0.98) for Kannada. Overall,
the tool showed high sensitivity and specificity at the optimum
cut‑off points for literates (25.5) and illiterates (14). Higher AUCs
in both literate (1) and illiterate (1) versions of the tool further
suggest the accuracy in diagnosis of the patients with aphasia.
In addition, we report a high correlation coefficient between
the Indian version of FAST total scores and the Aphasia
Quotient of a validated and more extensively used diagnostic
tool, the Western Aphasia Battery. These findings indicate
that the components of the Indian version of FAST seem to be
sufficient to screen for language disorders and severity levels.
It is, however, important to note that identification of specific
language skills impaired requires more extensive language
tests batteries that must be administered by trained speech and
language specialists, for appropriate rehabilitation.
The strengths of the study are the relatively large numbers
of aphasia patients included, the use of a standardised test of
aphasia such as the WAB as a reference diagnostic test, and the
adaptation of FAST in languages spoken in a developing country
with educationally and linguistically diverse populations.
There were some limitations to the study. Firstly, we are
reporting the validation results of only two languages.
Secondly, the cut‑off scores of Indian adapted FAST have not
been applied to a new sample of individuals with post‑stroke
aphasia, to further validate our results. We aim that this study
will facilitate the validation of the test across other Indian
languages and in new aphasia cohorts in the future.

In conclusion, the Indian version of FAST ‑  Telugu and
Kannada is a reliable and valid screening test for aphasia in
both literate and illiterate populations. Given the rising burden
of stroke aphasia, the Indian version of FAST is useful in
identifying aphasia in acute and sub‑acute stroke settings and
can be used in busy ward settings by non‑specialist staff and is
especially valuable in low‑resource settings like India, where
there is a dearth of specialized speech and language services.
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Abstract The primary objective is to classify acquired
cholesteatoma according to the ChOLE classification sys_
tem based on the preoperative and intraoperative findings,

and to describe prevalence of each stage. The secondary
objective is to correlate the extent of inside out approach
mastoidectomy required with the staged extent of choles_
teatoma. A non-randomized prospective Observational
study conducted in 67 patients in a tertiary care hospital.
Each case was categorized according to the ChOLE clas_

sification system including cholesteatoma extension,
ossicular chain status, Iife threatening complications and
eustachian tube dysfunction. Based on the extent of dis_
ease, inside out approach mastoidectomy was done and
results analysed. Most patients presented with stage 2
disease [67V0). Canal wall was preserved for all stage I, and
in stage II cholesteatoma canal wall was either kept intact,
reconstructed or lowered based on the extent of erosion of
posterior meatal wall and cholesteatoma extension. All
stage III underwent canal wall down mastoidectomy.
Staging of cholesteatoma by ChOLE classification allows
standardization in reporting gravity of disease and surgical

outcomes. Inside out approach mastoidectomy contributes
to the successful surgical management of cholesteatoma by

eradicating the disease

with the creation of a

smaller

cavity.
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Introduction
Abramson

et al. defined Cholesteatoma as .a

three_di_

mensional epidermal and connective tissue sac, conforming
to the architecture of the middle ear, attic and mastoid with
a capacity for progressive and independent growth at the
expense of the underlying bone and tendency to recur after
removal [1]. Cholesteatoma can be classified into two
different types: congenital and acquired. It can also be

classified based on growth patterns into posterior epitympanic, posterior mesotympanic, and anterior epitympanic
cholesteatoma [2]. The prevalence of cholesteatoma in
patients with chronic otitis media is 24.SVo and it is more
common in adults than in children [3]. Due to its aggres_
sive growth and invasive nature, cholesteatoma has a ten_

dency to cause extracranial and potentially fatal
intracranial complications [4]. Otoscopic, otomicroscopic
or otoendoscopic examination, audiometric assessment and
radiological investigations are mandatory for an accurate
diagnosis and further planning of treatment
[5]. One of the

most recent cholesteatoma classiifcation

is

ChOLE

classification.

Currently surgery is the definitive line of management
with an aim to create a safe and dry ear by exteriorizing the
disease and improving hearing t6l. The choice for canal
wall up versus canal wall down mastoidectomy has been
extensively debated. Canal wall down techniques provide
excellent exposure, complete removal of the disease, but
are associated with cavity problems and require regular

lifetime follow-up [7, 8].
The principle of inside out mastoidectomy is to follow
the direction of spread along the natural pathways and
avoid unnecessary drilling of sclerotic bone. Drilling from
the attic to aditus, and through antrum and mastoid air cell
system, is stopped just beyond the end of the sac and is

0

Springer
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followed by complete remoyal of the sac. When
disease is

not progressed beyond antrum (limited diseases), the

necessity of the canal wall down technique is
eliminated.
Thus, inside out technique avoids unnecessary drilling
of
sclerotic bone and creating the cavities
t9, l0i. Canal wall

down mastoidectomy is done for disease

beyond

"^t"rding
antrum, unresectable disease, labyrinthine
fistula and
unreconstructable posterior canal wall
A
[ll]. canal wall

down mastoidectomy can be technically made
canal wall
up by reconstructing scutum and posterior canal
wall in
limited disease [12].
To provide a basis for meaningful exchange of infor_
mation among those treating chronic otitis tedia
with
cholesteatoma, a classification or staglng system
is neces_
sary. It will allow standardization in assessment
of gravity
of the disease and in reporting of surgical outcomes
based
on the respective stages of cholesteatoma. Many

operative Pure tone audiometry, Xray Mastoid Schuller,s
view, Routine blood investigations done. HRCT
temporal
bone performed when complications were suspected.
All
patients underwent postoperative pure tone audiometry
(3 months). Patients were explained about the procedure
and informed written consent was taken.
Each case was categorized according to the ChOLE
classification system into different classes based
on peop_
erative and intratraoperative findings and further
siaged

tt3l.

l.

(toward the bony isthmus of the Eustachian
tube) from
a predominant middle ear location is considered
Ch1.
Class 2 involve the middle ear, with further extensions

attempts
have been made to classify cholesteatoma,
most commonly
used staging systems are European academy

into the attic and antrum (2a) up to the level of
the
lateral canal within the mastoid. The 2b involve
anterior extension into the anterior epitympanum

of neurotology

and Japanese otological society(EAONO/JOS)classifica_
tion and recent ChOLE classification. Linder
et al. first
described ChOLE classification in the lntemational
cho_

(supratubal recess) with optional further
extension
into the protympanum and/or extension into the
sinus

lesteatoma conference in Edinburgh in
2016. The .ChOLE,
classification is an acronym and it stages
the disease based
on Ch-cholesteatoma extention, O-ossicular

LJife

tympani. Class 3 encompasses extensive bone
erosion,

chain status,

threatening complications and E_Eustachian
tube
function [13].

2.
Objective

To classify acquired cases of chronic otitis
media with

.

to correlate the extent of

inside out approach mastoidectomy required
with
staged extent of cholesteatoma.

the

O--Ossicular status at the end of surgery: Class
O_An

intact and mobile ossicular cfrain. -Ctass I reflects
erosion of the long process of the incus
with or
without malleus head removal. Class 2 involves

are already widely used.

3. L-Life

Materials and Methods

threarening complications: L2_Mastoiditis,
Mastoid fistula, Bezold's or Luc,s abscess,
Facial
palsy, Labyrinthine fistula, Labyrinthitis
or Tegmen

A non-randomized prospective Observational
study con_
ducted in 67 patients from Jan 2Ol9
to argort

defect requiring surgical r"pui.. L+_M"ningitis,

ZOf e.

Inclusion citeria: All acquired cases
of chronic otitis
media with Cholesteatoma at the
initial presentation.
Exc lus ion c rite ria : Congenital
cholesteaioma, Recurrent

disease, Revision surgery and previous
t isto.y of any ear
surgery except myringotomy for grommet
insertion.

A detailed history taking and thorough
otologic exami_
nation including a complete ENT
Otoen_
doscopy/Examination under microscopy
"r-u_inurior,
*ur-Aor". pr"_

6 Sprinser

either of the external ear canal and/or the
tegmen
tympani. Class 4 incoperates 4a which is tympa_
nomastoid cholesteatoma with infralabyrinthine,
supralabyrinthine, or transcochlear extensions
and 4b
is apical petrous bone cholesteatoma.

removal or erosion of the incus and stapes
supras_
tructure with preservation of a mobile footplate
and
malleus handle. Classes 3a and 3b refer
to a mobile
stapes or mobile footplate without superstructure,
and
classes 4a and 4b xe a fixed stapes
oi fixed footplate,
respectively. The , .O,, classification is
consistent with
the Austin Kartush and Fisch classifications,
which

cholesteatoma according to the ChOLE
classiflcation based
on preoperative and intraoperative findings
and to describe

the prevalence of each stage.
The secondary objective is

Ch-Cholesteatoma extension; Class I is subdivided
into la and lb. The lb include extension into sinus
tympani. A limited extension into the protympanum

4.

Brain abscess, Seizures or Sigmoid
sinus thrombosis.
E-Eustachian tube ventilation and
mastoid pneuma_
tisation: Degree of pneumatization
of the mastoid is
considered an indirect sign of Eustachian
tube func_
tion. E0- > 50Vo of cells aerated, El_
< 50Vo

E2-poor pneumatisation and ventilation.
Stage: Stage I is defined as l_3 points,
Stage II as 4_g
points, and Stage III as all values
alove g.
aerated,

-4 **

#: *r's f,;#e€**# #/ r;*p.Xr
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known, the posterior canal wall was lowered adequately

Surgical Procedure
Surgery was performed by a single surgeon who is trained
in inside out approach mastoidectomy and is practicing the
technique for more than2O years. Most patients underwent
mastoid exploration under local anesthesia except pediatric
cases and in cases were general anesthesia was indicated.
Post aural incision is made, subcutaneous tissue dissected.
Temporalis fascia graft identifled and harvested. The canal
entered by making an incision along the posterior canal

until the posterior extent is

seen completely. Facial ridge

till

the level of the lateral semi-

was lowered adequately

circular canal.

Disease clearance, reconstruction and closure: The
entire cholesteatoma matrix carefully removed' All cases
were given a functioning ear by performing tympanoplasty.
Temporalis graft used for tympanic membrane reconstruction. In all canal wall down surgeries, meatoplasty was

Inside-Out Approach

performed to promote self-cleasing of the cavity and
facilitate adequate postoperative care. After placing the
graft, the EAC packed with gelfoam and medicated
merocel ear wick was placed. Subcutaneous sutures with
vicryl done.

Canaloplasty: Widening of external auditory canal done by

Postoperative Care

drilling. In this procedure, the bony meatus is widened
using a 3 mm diamond burr by removing bone from the
spine of henle and posterior and superior walls of the

Mastoid compression bandage applied. Patient discharged
on post-operative day 2. Mastoid dressing removed on first

wall skin and a tympanomeatal flap elevated and middle
ear visualized.

external auditory canal, taking away the bony overhang.
Atticotomy: It is unroofing of attic spaces by removing
the outer attic wall. It is performed by curetting or drilling
the scutum using l-2 mm diamond burr, thus unroofing the

attic space from within outwards. Ossicular status

postoperative visit and merocel ear wick removed at this
time.

was

noted. While drilling or curreting, great care is taken not to

make contact with an intact ossicular chain to prevent
transmission of vibrations to ossicles. If the anterior extent
of cholesteatoma is not visualized, attic wall is further

drilled anteriorly to expose the anterior attic space

1 week. Oral antibiotics continued for
10 days. The first cavity cleaning was done at 2nd week

review after

and

supratubal recess for complete removal.

Epirympanomastoidectomy:After atticotomy the epitympanic space is completely visualized. If the disease is
extending towards the antrum posteriorly, then the bone of
the posteriosuperior wall is further widened till complete

P o s t op

e

rativ e Ev aluati on

Patients were followed up weekly for the first month, then
once a month for 3 months and then once in a month for a
duration of 9 months. Cases were evaluated for healing of
the cavity, wax or collection of debris or any other postoperative complaints. Pure tone audiometry was done after
3 months. Pre- and post-operative air-bone-gaps were
compared to analyze hearing outcomes.

visualized. If extending beyond the atticoantral
regionand in cases of unreconstructable posterior canal
wall defect, a canal wall down mastoidectomy was planned
for adequate exposure. This was done by lifting the epitympanic portion of the cholesteatoma to visualize the level

Statistical Analysis

of facial canal and the stapes. Once the position

results and air-bone gap values'

sac

is

5896

was

Due to non-normal distribution, analysis done using the
Wilcoxon sign rank test using Microsoft excel 2010 to
analyze pre and post-operative pure tone audiometry

Results

WA
There were 67 patients in our study. Patient's age was
varying between 13 years and 70 years with the mean age
of 32.74 years. We had 46.37o (31) males nd 53.1Vo (36)
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females and thereby found a female preponderance
although literature gives evidence of increased male
prevalence. 36 patients had right, 27 patients had left ear
and 4 presented with bilateral disease.

Cholesteatoma extension

Q
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According to ChOLE classification, Stage I had 14
l2l%o), Stage 2 had 45 [67Vo) and Stage 3 had, g [t2Vo]
patients.
The extension of the Cholesteatoma in the study population as shown inFig. l. Ch 1a i.e. Middle ear space
involvement without extension to sinus tympani was
observed in 8 ll27ol. Middle ear with sinus tympani
involvement (Chlb) was seen in 4 patients [6Vo]. Class 2
and 3 extensions of cholesteatoma were Ch2a- 12 flgTo),

Ch2b-9 |3.5Vo), Ch3-32

[47.5Vo]. Class 4 had the
lowest incidence Ch4a-2 [3Za], petrous apex involvement
(Ch 4b) was not seen in our study.
Ossicular chain status at end of surgery in the study
population as shown in Fig. 2. Nine [13.43Vo] parienrs had
intact ossicular chain. O1 i.e.; Malleus and Stapes presenr
with eroded Incus 19 [28.35Vo], was the most frequently
observed. Other classes were 02-13 llg. Eo), O3a_14
[20.89 Vo], O3b- 1 1 lt6.4tVol, O4a- I U.SVol. Immobile
stapes footplate (O4b) was not seen in our study.
Life threatening complications in our study include
L2-6(8.95Vo) patients in the form of 2 Bezold,s abscess
cases, 1 Facial nerve palsy, 2 Labyrinthine fistulas and 1
patient with Tegmen defect with required surgical repair.
L4 seen in I patient in the form of brain abscess. Dehis_
cence of the horizontal segment of facial nerve canal was
seen in 12 cases but was associated with facial palsy only

in one patient.
Most patients in our study had a poor Eustachian tube
function. E2-637o. 9Vo patients were in E0 and. 2gTo
patients in El.
Operative Details
89.5Vo (60) patients underwent surgery under local anes_
thesia while l0.5Eo (7) in general anesthesia. For all 67
patients, temporalis fascia graft harvested via post_aural

13 (l9.4Eo) patients respectively.

Ossicular reconstruction was done

in 32 (47.8V0)

patients. Reconstruction material used was Autologous
incus, cartilage and PORP in 25, 4 and 3 patients respectively. Ossicular reconstruction was not done in35 (52.2Vo)
patients either due to an intact ossicular chain or in cases of

Itr

type

tympanoplasty where graft was placed directly

over the stapes suprastructure in view ofdestroyed malleus

and incus (Table

l).

Meatoplasty was performed

in all

of canal wall down mastoidectomies. We achieved
total disease clearance in all patients.
In all cases of stage I of ChOLE classification
cases

accounting 14 [20.9Vo) patients, the canal was left intact. In
stage II, the decision to keep the canal wall intact or
reconstruct or lower was based on the extent of choles_
teatoma and erosion of posterosuperior bony meatal wall. H
the posterosuperior wall was eroded more than l/3rd, then
the facial ridge was lowered as it is difficult to clear the
disease and reconstruct. All stage III patients underwent
canal wall down mastoidectomy (Table 2).

Table

1

Material for ossicular reconstruction

Material

Number

Percentage

Autologous incus

25

78.2

Cartilage

4

12.5

PORP

3

9.3

Table 2 Correlation of ChOLE classification staging with the
extent
of inside out approach
Stage of cholesteatoma
Stage

25"W6
Intact

I*.e0pe

Otolaryngol Head Neck Surg

incision. Mastoid cortex drilled by inside-out technique in
all 67 (l00%o) patients. The posterior canal wall was intact,
lowered and reconsrructed in 26 (38.BVo),28 (4l.8%o) and.

Posterior canal wall

$4"ffi*
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I

Stage

2

Stage 3

14

13

0

Reconstructed

0

t3

0

Lowered

0

19

9
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Table 3 Correlation of Cholesteatoma extension
with the extent of
inside out approach
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Canal wall intact

8

4
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6
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0

Reconstructed

0

0
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6

0
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0
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0

0
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)

0

$,
ran I Otolaryngol
Table

4

*

rfu .*,r

*

ff

{ri-is

#iT #l..r" *:;*3,.

Head Neck Surg

Post-operative status after 6 months

atticotomy, epitympanomastoidectomy where posteriorosuperior canal wall is either reconstructed or lowered
through inside out approach according to the magnitude

Number

Percentage

Healed cavity

56

81.7

ll

and location. In our study most cases (67Vo) were in stage

Discharging cavity

18.3

disease. In 12 cases the cholesteatoma extension was
confined to middle ear space and sinus tympani (Class 1)
and in 55 cases disease progressed towards anterior epitympanic recess, antrum, aditus and further beyond. In 28
patients the canal wall was lowered due to the extensive
disease and difficulty in reconstruction. The advantage of
inside out approach mastoidectomy was even though the
canal wall was lowered, the size of the cavity was significantly smaller. In 39 patients the posterior meatal wall was
either left intact or reconstructed. Attic and posterior wall
reconstruction was done using ffagal cartilage in our study.

Superficial infection

6

9

Granulations

5

7.4

Meatal stenosis

1

1.5

Recidivism

0

0

Based on the cholesteatoma extension, the canal was left

intact for all class I U7.9%ol patients. For class 2 patients
canal rvall was left intact or reconstructed depending on
antral extension. In class 3, the canal wall was either
reconstructed or lowered based on the spread of disease
and extent of erosion of the posterior meatal wall. All class
4 underwent canal wall down mastoidectomy (Table 3).

Patients were followed up weekly for the first month, then
once in 2 weeks for 3 months and then once in 6 months.
At 3 months post-op, cavity was healed in 56 (8l.7Vo) and
discharging cavity was noted in ll(18.37o) patients incidence of post-operative superficial infection and granulation tissue werc 97o and7.4Vo respectively (Table 4). Pure

tone audiometry was done 3 months post operatively
(Table 5).

Discussion

In order to provide a basis for meaningful

exchange of

information among those treating cholesteatoma,

the

ChOLE classification and staging system can be used in
clinical practice. It is relatively new for staging of cholesteatoma and not many studies have been done on the
prevalence of each stage and its application in clinical
practice.

Inside-out transcanal microscopic approach was done

for all patients. This technique includes
Table

5

canaloplasty,

Pre and post-op air conduction and air-bone gap

Mean SD

p value

Preoperative

45.52

18.5

p=>0.01

Follow up

36.72

17.63

Preoperative

32.52

17.52

Follow up

24.62

16.58

PTA

Visit

Air conduction
Air-bone-gap

For ossicular reconstruction, refashioned incus was frequently used. Other materials used were septal cartilage
and PORP. In all the cases disease was completely cleared
and reconstructed in the same setting.

According

Post-operative Evaluation

II

to Linder et al. the involvement of

the

supratubal recess and protympanum represent difficult area
to reach while preserving the malleus head or chorda but
with current techniques proper removal of disease from
these areas is possible and it does not upgrade the staging
of ChOLE classification system. However, cholestatomas

extending beyond the lateral semicircular canal into the
mastoid and may reach the sigmoid sinus.
In our study all stage I patients underwent atticotomy
with intact canal wall. In Stage II, the decision to keep
canal wall intact/reconstruct or lower was based on intraoperative assessment of cholesteatoma spread and extent of
erosion of posterior meatal wall. All stage Itr underwent
canal wall down mastoidectomy.
Linder et al. described based on cholesteatoma extent

that class 1 cholesteatoma can be easily removed via
transcanal route. Class 2 extension has a difflcult angle to
access but removal is facilitated by current techniques.

Class

3

expands beyond lateral semicircular canal and

requires a route of access to mastoids in the form of inside
out mastoidectomy with or without canal reconstruction
[13]. This is consistent with intraoperative findings in our
study but most of our patients underwent canal wall down
mastoidectomy via inside out approach for class 3 cholesteatoma for adequate exposure of cholesteatoma sac to
prevent residual disease. There were no cases of post-operative residual disease or recurrence.
Post-operative mean air bone gap was 24.62 decibels.
The mean difference in AB gap was 3.94 decibels. This is

similar to study done by Chamoli et al. and Kuo et al.
which showed a mean difference in AB gap of 3.57 and
5.7 db respectively [6, 14]. Thus, we had a statistically
significant improvement in hearing (p = > 0.01).
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Conclusion

4. Kuo CL,

In our study according to ChOLE classification

stage

Shiao AS, yung M et-al (2015)Updates
and knowledge
gaps in cholesteatoma research. Biomed
ites Int 2015:g54024.
hltps:lidoi.org/ I 0. 1 I 55/20 I 5/8-54024
5. Comacchio F, Mion M, pedruzzi B (ZOl7)
Retraction pocket
excision with cartilage qy{ting u, u p."u"ntiu"
su.gery fo. c_
holesteatoma.
Otol t2(3):i2_116:

tr

cholesteatoma was the most prevalen t (67Vo).
Stage III was
least common in our study group. Canal
wali was preserved
for all stage I patients. In stage II, the canal
wall was either

J
hftp;r;oi.org/10.1016/
j.ioto.20l 7.(X.003
6. Chamoli p, Singh CV, Radia S, Shah AK (201g)
Functional and
anatomical outcome of inside out technique
for cholesteatoma
surgery. Am J Otolaryngol 39(4):423_430.
https:litloi.org/

kept intact, reconstructed or lowered based
on the extent of

erosion

of the postenor meatal wall and extension of

cholesteatoma. All stage [I underwent canal
wall down
mastoidectoml . Sraging of cholesteatoma

classification allou.s standardization

by

ChOLE

6/j.arujoro.20t 8.04.008
(1987) Surgical rreatment of chronic
middle ear disease.
Canal wall up and canal wall down p.o""Au."r.
Acta Otol

0. I 0

1
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II.
8.

rr. cr avoiding unnecessary drilling of bone beyond the
errent of cholesteatoma.

9. Hathiram BT, Khaftar VS (2013) Inside_out
masoidectomy

su;cessful sur-sical management of cholesteatoma
by
eiadicerins rhe disease with the creation of
a smaller cav_
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cluster randomized controlled triais
(NCT0191 i494).' The trials comprisecl
primary rural clusters: six clusters in
Karnataka state, India (2013-2016); six
clusters in Maputo andGaza provinces,
Mozambique (2014-2017); five clusters
in Ogun state, Nigeria (2013-2015);and
10 clusters in Sindh province, Pakistan
(2013-2016). The trials were approved
by the research ethics board ofthe tlniversity of British Columbia as the coordinating centre (H12-03497) and within

each country (MDC/IECHSR/2013i4lA, India; 219/CNBS/13, Mozambique; OOUTHlDA.326lT I 1/, btrigeria;
and 2590'Obs-ERC'13, Pakistan). The
protocol is publisheds and included
in the authors' data repository,6 along
with the statistical analysis plan and
STROBE (Strengthening the Reporting
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section delivery, and maternal and perinatal mortality and morbiditY.

Methods
In this exploratory secondary analysis,
rve included data from the 27 intervention clusters of the CommunityLevel Interventions for Pre-eclampsia

cluster randomized controlled triais
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clustcrs in Maputo and Gaza provinces,
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control clusters rii,ri not iei,teia.
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cverali odds ratios (ORs) lcr outcomes'
We computed confidence intervals
{CIs) for each outcome via bcotstrappirg, through 1000 iterations of the
entire n:atching process. lVe did this
tc quantify variability in matching
as there lArsre rnany possible control
niateh*s for cach case' ani to prevent
the results being dependent on which
match was chosen.
We estimated the financial implications ofa strategy oftesting proteinuria
cnly for women with hypertension.
14/e estirnated the numl:er of antenatal
care visits at which proteinuria testing woulcl be avoided bY using national estimates of annual number of
births (India: 24229 725;Mozambique:
1 AE5 7 97 ; Idigeria: 7 329 535; Pakistan:
5 945 845).t3 We also estirnated the
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cidence of normotension in pregnancy
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pregnancy hyPertensio.n from the
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iliscussion
In almost 30000

pregnancies from 27

intervention clusters in sub-Saharan
Africa and South Asia, we demonstrated
a \rery low prevaleflce of dipstick proieinuria by visual assessment soorl after
arltenatal care booking. The prevalence
of proteinuria in each country was
related to maternal characteristics and
gestational age at booking. Fewwomen
r'vith baseline proteinuria had hypertension at tire flrst intervention visit and
arnong those with blood pressure in the
nonnal range, there was no compelling
relationship between baseline proteinuria and adverse pregnancy outcomes.

Previous studies of proteinuria
screening have focused on its role in

665

w

Research

It Antenatalscreening for pi-oteinuria, India,
Mczar-nbrqi.i,r itr.,

Table

4.

:,r

,: ::.,ji.,til

Relationship between protelmuria and adven*e
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hypert:"
intervention antenatal visit in th* {*nm*ni{y-kvqf
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1

862 (e s)

61

tt.!

(it

1815 (9.4)
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I

-l i,1.5)
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Costs ofsupplies used for proteinuria

lnterventions for pre-erlampsia trifrl,

lndia

Item

Urinary
Cosr

assr
Z*U

1

noi peraornied

lfl:

rtr{ox;,.rr',;

li!

dipstick

of 00 dipsricks,
1

USS.

Cost of 1 00 dipsricks, 20 I 9 USS

Cost/dipstick,

201 9 USS

13.23

:i

l.-tl

22 4i)

14.44

4A)t-

24.44

.10

)21

4.14

1r

Testing cups
Cost of

diacnostic iests in pr

.t,

SOO

cups, USS

Cost of 500 cups, 20 I 9 USS
Cost pei cup, 20t s uSS

219.38

2i9

38

t't9.38

235.51

L5

57

2r5 57

a.47

4.47

4.47

Cost ot 1 00 gloves, USS

13.78

I -l. r'i:l

Cost of 1 00 gloves,2019 U5S

14s0

t4 8l)

"0:30

al.

uss
Corr pa, protainrriu
201 9 USS

i

0.91.
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1::.,,ieinuria
and adveise pregflancy cr:,-lr i : among

alrnr:st 30 000 pregnarir:i,_-:. ,, rnay bI

that the relationship l_rr:lr,C, I ,:irronic
kidney rlisease and arJvt:l: . iricomes
ir tlit,"ert nt ift {rur stt,{:.
,. More

likcly.dii.'stickproleinr;r.,.:,,chlow l-[

regards routine baseline assessment and
ongoing surveillance of proteinuria test_
ing as good practice without the need for

evidence review.2 Our findings suggest
otherwise.
Our measure of baseline protein_
uria may reflect chronic kidney disease,
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i, ilinuria
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Notes:Dlpsticks,cupsandgioveswerepurchasedin20]j
lnlldil,irnii:L,r
fulozambtque.WecalculatedthecoststnUSsfor20lgusingcal.,,l.r.,,

pre-eclampsia diagnosis in women with
hypertension, rather than the acldeci
value of proteinuria screening when
blood pressure is normal. gven WUO

for

risease
anci r:'rd,:rlying chronic
thal :: is l)ot a useful ii\!.'
lVe were unable to r:siint,,:r: lhe in_
cidence of new proteintrrj,-r ,,,.;jtrout hy_

.1J

United States dollar
Tabie 2 shows thetype of dipstick used in
each counrry.
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pre-eclampsia (for women ;i;sessi:d at
gestatiorlai a1le :20 weeks) <rr anoihe::
process, si.rch as <lehydration, vaginal

contafiination, urinaly tract inf,eciion.
exercise oi crtl'rostatic pr<;tei:ruria.
Chronic kirjrrr:v rljscase c,,mIli63i, i ,lp
to3%a o{pregraitcies.r7,i8

Our lesulis arr:

consistent wiih thjs estin-1ate. atrthough

we have inlcrr:ed tl,e possiililify;f
chronic kidney rl;sease fronr baseline
proteinuria. ratirer than thc accepteil
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to detect pregnancy hypcrrrr:sion is
l0 womeri (80 visits)" Il corili.;rst, the

number-needed-to-screl:n ili, dipstick
proieinuria to detect prr,ici;luiia that
will progress to pre-eclanrpsra is at least
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screi:ned with blood pressurc n-ieasure_
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Predictive Modeling for Perinatal Mortality in Resource-Limited Settings
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Abstract
IMPORTANCE The overwhelming majority of fetal and neonatal deaths occur in low- and middleincome countries. Fetal and neonatal risk assessment tools may be useful to predict the risk of death.
OBJECTIVE To develop risk prediction models for intrapartum stillbirth and neonatal death.

Key Points
Question Can prenatal and
postdelivery variables accurately predict
the risk of stillbirth and neonatal deaths
in resource-limited settings of low- and
middle-income countries?

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from the Eunice Kennedy

Findings Using advanced machine

Shriver National Institute of Child Health and Human Development Global Network for Women’s and

learning–based modeling techniques on

Children’s Health Research population-based vital registry, including clinical sites in South Asia (India

a large multicountry prospective

and Pakistan), Africa (Democratic Republic of Congo, Zambia, and Kenya), and Latin America

maternal and neonatal database, this

(Guatemala). A total of 502 648 pregnancies were prospectively enrolled in the registry.

cohort study found that the prediction
accuracy of models for risk of stillbirth

EXPOSURES Risk factors were added sequentially into the data set in 4 scenarios: (1) prenatal, (2)

and neonatal death using variables

predelivery, (3) delivery and day 1, and (4) postdelivery through day 2.

before delivery is low, but the prediction
accuracy for neonatal death can be

MAIN OUTCOMES AND MEASURES Data sets were randomly divided into 10 groups of 3 analysis

improved by including postdelivery

data sets including training (60%), test (20%), and validation (20%). Conventional and advanced

variables. Birth weight was the most

machine learning modeling techniques were applied to assess predictive abilities using area under

important predictor of neonatal

the curve (AUC) for intrapartum stillbirth and neonatal mortality.

mortality.
Meaning Models that include

RESULTS All prenatal and predelivery models had predictive accuracy for both intrapartum stillbirth
and neonatal mortality with AUC values 0.71 or less. Five of 6 models for neonatal mortality based

postdelivery variables have good
prediction accuracy for neonatal deaths.

on delivery/day 1 and postdelivery/day 2 had increased predictive accuracy with AUC values greater
than 0.80. Birth weight was the most important predictor for neonatal death in both postdelivery
scenarios with independent predictive ability with AUC values of 0.78 and 0.76, respectively. The
addition of 4 other top predictors increased AUC to 0.83 and 0.87 for the postdelivery scenarios,
respectively.

+ Supplemental content
Author affiliations and article information are
listed at the end of this article.

CONCLUSIONS AND RELEVANCE Models based on prenatal or predelivery data had predictive
accuracy for intrapartum stillbirths and neonatal mortality of AUC values 0.71 or less. Models that
incorporated delivery data had good predictive accuracy for risk of neonatal mortality. Birth weight
was the most important predictor for neonatal mortality.
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Introduction
The neonatal period is the period in life with the highest risk for mortality.1 Annually, 2.5 million
neonatal deaths and 2.6 million stillbirths occur globally, of which 1.3 million are intrapartum
stillbirths.2 It is estimated that approximately 98% of all neonatal and perinatal deaths occur in lowand middle-income countries.3-5 However, almost all the published literature on identifying
predictors of fetal and neonatal mortality and risk scoring tools are based on data from high-income
countries. Data from low- and middle-income countries are limited to small sample size studies that
lack validation with an independent sample. Additionally, machine learning prediction models may
perform better than conventional models when applied to large data sets given their ability to
delineate complex relationships and identify novel interactions between variables.6-11 Although
machine learning–based prediction models are expected to perform better with large data sets, this
hypothesis has not been convincingly tested with a good quality prospectively collected population
database.6-8,11
We aimed to develop a risk assessment tool for intrapartum stillbirth and neonatal mortality
that would include maternal and neonatal variables from a prospective multicountry maternal and
neonatal database. We compared various conventional and advanced machine learning–based,
analytical modeling methods at specific time points to establish individual predictive accuracies of
the models. We tested the hypothesis that intrapartum stillbirth and neonatal mortality risk
prediction models that include antenatal and delivery variables provide a high accuracy. Additionally,
we also tested whether advanced machine learning–based models have higher predictive accuracy
than a conventional logistic regression model.

Methods
Study Design and Participants
The study was conducted in the Eunice Kennedy Shriver National Institute of Child Health and
Human Development Global Network for Women’s and Children’s Health Research, which includes
clinical sites in resource-limited settings in South Asia (India and Pakistan), Africa (Democratic
Republic of Congo, Zambia, and Kenya), and Latin America (Guatemala). A population-based Global
Network Maternal Newborn Health Registry (GN-MNHR) vital registry was established in 2009.12
Pregnant women and their 502 648 offspring participating in the GN-MNHR database from January
1, 2010, to December 31, 2018, were included. The description of the sites and the cluster settings
has been reported.13 The GN-MNHR database includes data starting with the initial prenatal visit and
up to 42 days after delivery of study participants. The GN-MNHR data processes include close quality
monitoring and quality improvement interventions both at local and central levels to ensure data
completeness and quality.12 The GN-MNHR definitions were used to define variables and outcomes
as reported previously.13 The GN-MNHR database has been reviewed and approved by all sites’ ethics
review committees and the institutional review boards at each US partner university and at the data
coordinating center (RTI International). All women provided written informed consent for
participation in the GN-MNHR database, including data collection and the follow-up visits. The study
is reported as per the Transparent Reporting of a Multivariable Prediction Model for Individual
Prognosis or Diagnosis (TRIPOD) reporting guideline for multivariable prediction modeling reporting.14
The NICHD Global Network Maternal Newborn Health Registry is registered with ClinicalTrials.gov
(NCT01073475).

Outcomes
The outcome variables were intrapartum stillbirth and neonatal mortality. Intrapartum stillbirth was
defined as nonmacerated stillbirth presumably occurring during labor. Neonatal mortality was
defined as death up to 28 days after birth. Potential risk factors (variables) for the outcome were
selected from the database based on the existing literature and relevancy to the outcomes.
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Statistical Analysis
The risk factors were added sequentially into 4 scenario data sets: (1) prenatal (variables until first
prenatal care visit), (2) predelivery (variables until just before delivery), (3) delivery and day 1
(delivery/day 1), and (4) postdelivery through day 2 (postdelivery/day 2). Day 0 was defined as the
calendar day of birth. Day 1 and day 2 were defined as the subsequent calendar days. We evaluated
mortality outcomes using potential risk factor sets with sequentially additional variables to
determine whether additional potential risk factors improved outcome predictive accuracy.15 The
first 2 scenario models (prenatal and predelivery) evaluated the outcome of intrapartum stillbirth and
neonatal mortality. The third scenario model (delivery/day 1) evaluated the outcome of neonatal
mortality on days 2 through 27. The fourth scenario model (postdelivery/day 2) evaluated the
outcome of neonatal mortality on days 3 through 27. The delivery and postdelivery data sets were
censored for deaths occurring prior to grouping time points and missing data so that only surviving
neonates with complete data were included.
To build and validate predictive models, split sampling was used to set aside sections of the data
for uncertainty estimation and model validation of predictive accuracy. The models considered were
logistic regression and 5 machine learning models (SVM [support vector machine with radial basis
function kernel], EN [logistic elastic net], NN [neural network], GBE [gradient boosted ensemble],
and RF [random forest]). Data management was completed using SAS 9.4 software (SAS Institute
Inc), and the model building was completed using the scikit-learn Python module. Graphics were
completed using R 4.0.2 (R Project for Statistical Computing). All models except logistic regression
were tuned using 10-fold cross-validation on training data, and then each tuned model was applied to
the test data for a predictive accuracy assessment. For assessment of the consistency of accuracy,
the tuning was repeated on training plus test data, and tuned models were applied to the validation
data. The predictive accuracy was assessed using the area under the curve (AUC) of the receiver
operating characteristic (ROC) curves. Because the result from any accuracy assessment using
randomly split data is random, the entire analysis was repeated within each of 10 mutually exclusive
data subsets for each scenario. This enabled us to have 10 assessments of accuracy for each model
within each scenario, allowing an assessment of the uncertainty in the estimated accuracy for all
models. Paired t tests were used on these 10 estimates of accuracy to compare models in order to
descriptively assess whether or not the models within a scenario were discernably different in light of
the uncertainty. The process of building and validating the best predictive machine learning model
and using the results to build a modified logistic regression model for mortality risk scoring is
described in the eAppendix in the Supplement.

Results
After the removal of missing data and deaths before grouping time points, the prenatal data set
contained 487 642 neonates, the predelivery data set contained 487 537 neonates, the delivery/day
1 data set contained 469 516 neonates, and the postdelivery/day 2 data set contained 468 356
neonates (Figure 1). The sex distribution of the neonates was 51.6% male and 48.4% female in the
prenatal data set. Baseline maternal and neonatal variables vary slightly for each of the 4 data sets
owing to censoring (Table 1). The sample sizes for each subset before splitting into training, test, and
validation data sets also vary slightly, which reflects variation owing to missing data (eTable 1 in the
Supplement).
Models using either only prenatal or prenatal and predelivery variables had predictive accuracy
for intrapartum stillbirth and neonatal mortality of AUC values 0.71 or less (Figure 2). The analysis of
models for intrapartum stillbirth showed that all prenatal models had AUC values of 0.63 or less and
all predelivery models had AUC values of 0.72 or less (eFigure 1 in the Supplement). Cluster perinatal
mortality was the most important predictor of intrapartum stillbirth in the prenatal data set (AUC,
0.60) and antepartum hemorrhage was the most important predictor in the predelivery data set
(AUC, (0.56) (eTable 2 in the Supplement). Other important predictors of intrapartum stillbirth in the
JAMA Network Open. 2020;3(11):e2026750. doi:10.1001/jamanetworkopen.2020.26750 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a University of Alabama-Birmingham User on 11/18/2020

November 18, 2020

3/13

JAMA Network Open | Global Health

Predictive Modeling for Perinatal Mortality in Resource-Limited Settings

prenatal data set were gestational age at enrollment, maternal age, birth order, and parity. Other
important predictors of intrapartum stillbirth in the predelivery data set were cluster perinatal
mortality; gestational age at enrollment; hypertension, severe pre-eclampsia, or eclampsia; and
maternal age.
The predictive models based on the data sets that included delivery/day 1 and postdelivery/day
2 variables had good predictive accuracy for neonatal mortality, with 5 of the 6 models having AUCs
above 0.80. Birth weight was the most important predictor in both the delivery/day 1 and
postdelivery/day 2 scenarios, with independent predictive ability of AUC 0.78 and 0.76, respectively.
The increase in probability of mortality with decreasing in birth weight occurred in both the
delivery/day 1 and postdelivery/day 2 scenarios (Figure 3; eFigure 2 in the Supplement). Bag and
mask resuscitation, gestational age, cluster perinatal mortality rate, and maternal age were the other
top predictors for the delivery/day 1 scenario. Conditions requiring hospitalization, antibiotics,
gestational age, and bag and mask resuscitation were the other top predictors for the
postdelivery/day 2 scenario. The addition of these other top predictors resulted in increases in the
AUCs (0.83 and 0.87 for the delivery/day 1 and postdelivery/day 2 scenarios, respectively) relative to
birth weight alone.
For models assessing the outcomes of stillbirth and neonatal mortality, the pairwise paired t test
showed that there were statistically insignificant differences between AUC values illustrated by
considerable overlap of confidence intervals (Figure 2). However, gradient boosted ensemble and
random forest models were consistently among the best-performing models. Even though the
logistic regression model was not the best-performing model in any scenario, the AUC of the logistic
regression model was not significantly different than the top-performing models.

Figure 1. Participant Flow Diagram
588 272 Pregnancies screened
9639 Excluded
2543 Ineligible
1085 Did not provide consent
6011 Lost before delivery
578 633 Delivered
91 307 Excluded
45 567 Enrolled after delivery or timing data missing
30 418 Missing primary outcome
4194 Macerated stillbirth
24 267 Miscarriage or MTP
1957 Missing data
9219 Fresh stillbirth
6103 Deaths ≤ 1 d
487 326 Neonates alive on day 2
1360 Deaths occurring on day 2
485 966 Neonates alive on day 3
2676 Deaths occurring on day 3 to day 5
483 290 Neonates alive on day 6
2232 Deaths occurring on day 7 to day 28
481 058 Neonates alive on day 28
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502 648/578 633 deliveries had outcome data,
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data for prenatal scenario, 487 537/502 648 deliveries
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Table 1. Baseline Maternal and Neonatal Variables
Variable

Prenatal
(n = 487 642)

Predelivery
(n = 487 537)

Delivery/day 1
(n = 469 516)

Postdelivery/day 2
(n = 468 356)

Scenario

20.2 (9.2)

20.2 (9.2)

20.2 (9.3)

20.2 (9.3)

Prenatal

Continuous variables, mean (SD)
Gestational age at enrollment, wk
Parity, No.

1.8 (2.1)

1.8 (2.1)

1.7 (2.1)

1.7 (2.1)

Prenatal

Cluster mortality, ratea

0.04 (0.02)

0.04 (0.02)

0.04 (0.02)

0.04 (0.02)

Prenatal

Maternal age, y

24.8 (5.3)

24.8 (5.3)

24.8 (5.3)

24.8 (5.3)

Prenatal

Gestational age, wk

38.6 (3.5)b

38.6 (3.5)b

38.7 (3.3)

38.7 (3.3)

Delivery/day 1

Birth weight, g

2899 (505)c

2899 (505)c

2914 (480)

2916 (478)

Delivery/day 1

DRC

31 141 (6.4)

31 138 (6.4)

29 595 (6.3)

29 553 (6.3)

Zambia

60 159 (12.3)

60 157 (12.3)

58 556 (12.5)

58 489 (12.5)

Guatemala

73 901 (15.2)

73 901 (15.2)

72 295 (15.4)

72 119 (15.4)

Belagavi, India

101 385 (20.8)

101 350 (20.8)

97 913 (20.9)

97 671 (20.9)

Pakistan

76 273 (15.6)

76 218 (15.6)

71 102 (15.1)

70 793 (15.1)

Nagpur, India

77 774 (15.9)

77 769 (16.0)

75 612 (16.1)

75 354 (16.1)

Kenya

67 009 (13.7)

67 004 (13.7)

64 443 (13.7)

64 377 (13.7)

<20

63 976 (13.1)

63 963 (13.1)

61 695 (13.1)

61 562 (13.1)

20-35

401 172 (82.3)

401 084 (82.3)

386 461 (82.3)

385 491 (82.3)

>35

22 494 (4.6)

22 490 (4.6)

21 360 (4.5)

21 303 (4.5)

None

111 608 (22.9)

111 558 (22.9)

105 057 (22.4)

104 716 (22.4)

Primary

143 875 (29.5)

143 853 (29.5)

138 867 (29.6)

138 549 (29.6)

Secondary

197 542 (40.5)

197 510 (40.5)

191 767 (40.8)

191 354 (40.9)

University

34 617 (7.1)

34 616 (7.1)

33 825 (7.2)

33 737 (7.2)

First

482 984 (99.0)

482 885 (99.0)

465 612 (99.2)

464516 (99.2)

Second

4615 (0.9)

4609 (0.9)

3875 (0.8)

3811 (0.8)

Third

42 (0.0)

42 (0.0)

29 (0.0)

29 (0.0)

Fourth

1 (0.0)

1 (0.0)

0 (0.0)

0 (0.0)

≥1 prenatal visit

474 530 (97.4)

474 433 (97.4)

457 467 (97.5)

456 338 (97.5)

Antepartum hemorrhage

5625 (1.2)

5621 (1.2)

3856 (0.8)

3797 (0.8)

Predelivery

Hypertension

12 798 (2.6)

12 793 (2.6)

11 501 (2.5)

11 407 (2.4)

Predelivery

Suspected sepsis

2142 (0.5)

2141 (0.5)

1902 (0.4)

1892 (0.4)

Predelivery

Eclampsia

222 (0.0)

222 (0.0)

192 (0.0)

191 (0.0)

Predelivery

Antenatal corticosteroids

9228 (2.6)

9227 (2.6)

8544 (2.5)

8463 (2.5)

Predelivery

Hospitalization

3790 (0.8)

3790 (0.8)

3502 (0.8)

3492 (0.8)

Postdelivery/day 2

Antibiotics

195 383 (48.6)

195 368 (48.6)

187 268 (48.3)

186 604 (48.3)

Postdelivery/day 2

Physician

177 644 (36.4)

177 605 (36.4)

170 942 (36.4)

170 362 (36.4)

Nurse/midwife

180 191 (37.0)

180 181 (37.0)

174 874 (37.2)

174 562 (37.3)

TBA

105 025 (21.5)

105 016 (21.5)

100 981 (21.5)

100 775 (21.5)

Family/self/other

24 735 (5.1)

24 735 (5.1)

22 719 (4.8)

22 657 (4.8)

Categorical variables, No. (%)
Site

Prenatal

Maternal variables
Age (categorical), y

Prenatal

Education (categorical)

Prenatal

Birth order

Prenatal

Predelivery

Delivery variables
Attendant

Predelivery

Location

Predelivery

Hospital

219 777 (45.1)

219 767 (45.1)

211 746 (45.1)

211 101 (45.1)

Clinic/health center

146 058 (30.0)

146 034 (30.0)

141 705 (30.2)

141 417 (30.2)

Home

121 743 (25.0)

121 736 (25.0)

116 065 (24.7)

115 838 (24.7)
(continued)
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Table 1. Baseline Maternal and Neonatal Variables (continued)
Variable

Prenatal
(n = 487 642)

Predelivery
(n = 487 537)

Delivery/day 1
(n = 469 516)

Postdelivery/day 2
(n = 468 356)

Lie

Scenario
Predelivery

Transverse

306 (0.5)

306 (0.5)

289 (0.5)

286 (0.5)

Oblique

129 (0.2)

129 (0.2)

115 (0.2)

115 (0.2)

Breech

823 (1.3)

823 (1.3)

717 (1.1)

715 (1.1)

Vertex

64 073 (98.1)

64 071 (98.1)

62 169 (98.2)

62 026 (98.2)

9251 (1.9)

9243 (1.9)

7957 (1.7)

7846 (1.7)

Vaginal

413 453 (84.8)

413 364 (84.8)

396 606 (84.7)

396 704 (84.7)

Vaginal, assisted

4753 (1.0)

4750 (1.0)

4311 (0.9)

4284 (0.9)

CD

69 425 (14.2)

69 418 (14.2)

67 599 (14.4)

67 368 (14.4)

40 540 (8.3)

40 527 (8.3)

36 938 (7.9)

36 760 (7.9)

Male

251 197 (51.6)

251 148 (51.6)

241 240 (51.4)

240 561 (51.4)

Female

Multiple birth
Mode

Obstructed labor

Delivery/day 1
Delivery/day 1

Delivery/day 1

Neonatal variables
Sex

Delivery/day 1

236 080 (48.4)

236 026 (48.4)

228 240 (48.6)

227 759 (48.6)

Bag and mask resuscitation

19 669 (4.1)

19 649 (4.1)

16 692 (3.6)

16 254 (3.5)

Congenital anomalies

1084 (0.5)

1084 (0.5)

677 (0.3)

658 (0.3)

Delivery/day 1

Hospitalization

9650 (2.2)

9648 (2.2)

9474 (2.1)

9315 (2.1)

Postdelivery/day 2

Antibiotics

20 740 (5.8)

20 736 (5.7)

19 178 (5.5)

18 726 (5.4)

Postdelivery/day 2

Cord care

83 172 (77.2)

83 172 (77.2)

81 661 (78.8)

81 416 (78.8)

Postdelivery/day 2

Medicinal cord care

52 076 (20.6)

52 076 (20.6)

51 110 (20.9)

50 950 (20.9)

Postdelivery/day 2

Abbreviations: CD, cesarean delivery; DRC, Democratic Republic of Congo; TBA,
traditional birth attendant.
a

b

Missing 0.40% of data.

c

Missing 1.13% of data.

Delivery/day 1

Cluster perinatal mortality is the rate of perinatal mortality within each distinct
geographical area (cluster) of the sites as defined by the Global Network.

The sequential addition of variables was done to identify the individual relative contribution of
each variable to AUC for combined outcomes of intrapartum stillbirth and neonatal mortality based
on validation data set (Table 2) and to develop a risk scoring system for stillbirth and neonatal
mortality. Table 2 lists the changes in AUC as predictors are added to the model using the ordering of
predictor importance (see eAppendix in the Supplement for more details about predictor
importance). A modified logistic regression model based on findings from the best machine learning
model as well as results from a variable selection study using logistic regression and the least absolute
shrinkage and selection operator (LASSO) method for identification of potential interactions was fit
to create a risk scoring system for the delivery/day 1 and postdelivery/day 2 data (eTable 3 in the
Supplement). Using risk scores calculated from this risk scoring system, a logistic regression model
was fit to the total risk scores in order to derive a formula for predicting the probability of mortality
given the calculated risk score. The logistic model for neonatal mortality risk scoring had an AUC
value on validation data equal to 0.809 (97% of the best model) for the delivery/day 1 scenario and
0.845 (97% of the best model) for the postdelivery/day 2 scenario (eTable 4 in the Supplement).

Discussion
This cohort study found that predictive models using only prenatal or prenatal and predelivery
variables had predictive accuracy for intrapartum stillbirth and neonatal mortality of AUC values of
0.71 or less. We identified that a better neonatal mortality risk prediction could be made when
variables obtained immediate postdelivery and up to 2 days after birth were included in the models,
with AUCs increasing up to 0.87. Birth weight was identified as the most important predictor for
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neonatal mortality among all variables considered. The contribution of other predictors to the AUC
increase was relatively minor.
Many studies have analyzed variables associated with increased risk for stillbirths or neonatal
mortality, but only 1 study16 used a relatively large group of neonates to develop predictive models.
As found in the current study, low predictive accuracy (AUC = 0.58, 95% CI = 0.56–0.59) using
prenatal variables was reported in a study based on 10 sites from 3 countries in South Asia
(N = 49 632).16 Similar to the findings of the current study, the predictive accuracy of the model
improved when postdelivery variables were included (AUC = 0.83, 95% CI = 0.79–0.86), but only
logistic regression modeling was applied to develop the model, and the results were not validated
with an independent sample. The current results are consistent with the data from a large
prospective neonatal database of participants living in a high-income country, which showed that

Figure 2. Mean (95% CI) for Validation AUC by Scenario for Outcomes
of Intrapartum Stillbirth and Neonatal Mortality
A Prenatal
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inclusion of delivery variables (especially birth weight) results in better accuracy for predicting
neonatal mortality than models with only prenatal variables.15
Some of the important predictors in the current study have been reported to be associated with
an increased risk for neonatal mortality in simple association analyses. In a pooled analysis of data
from low- and middle-income countries, small for gestational age and prematurity were found to be
associated with increased risk of neonatal mortality in association (bivariate) analysis, although birth
weight was not specifically analyzed.17 Inferences from pooled analyses can raise questions of quality,
accuracy, and generalizability.18 Additionally, vital registries from low- and middle-income countries
are of questionable accuracy.19 The novel finding of the current study that birth weight is the most
important variable for predicting the risk of neonatal mortality provides the strongest evidence
based on a high-quality large prospective population-based database from resource-limited settings.
To our knowledge, the current study is the largest study that uses a quantitative approach for risk
prediction of stillbirth and neonatal mortality of data from low- and middle-income countries. This
study identifies the contribution of birth weight as a continuous variable to arrive at its independent
predictive ability for risk of neonatal mortality. In studies of association with increased risk of
all-cause stillbirth or neonatal mortality, many variables have been identified, but these analyses
were limited to descriptive analyses. Intrapartum stillbirth and early neonatal mortality have
overlapping causes (in contrast to early stillbirth20), so we have included only intrapartum stillbirth
in the present study. Adjusted analysis based on an earlier cohort of the GN-MNHR database
indicated associations between maternal age younger than 20 or older than 35 years, lower maternal
education, 0 parity or 3 parity greater than 3, and no prenatal care with all-cause stillbirth.21,22 Using
other databases, other factors associated with all-cause stillbirth were poverty, parity of 5 or more,
prematurity, low birth weight, and previous stillbirth.20 Factors associated with neonatal mortality
also included maternal age, education, parity, multiple gestations, birth order, suspected maternal
sepsis, antepartum hemorrhage, eclampsia, and obstructed labor.23-25 Also, in a large pooled analysis
of cross-sectional data from 57 low- and middle-income countries (N = 464 728), antenatal care was
associated with decrease in neonatal mortality in univariate analyses.26
In large modeling studies from high-income countries of extremely preterm15,27 or less than
2000 g neonates28 admitted to neonatal intensive care units, birth weight was among the most
important common factors associated with hospital mortality. With the model derived from a highincome country, birth weight was also found to be a factors associated with hospital mortality when it
was applied to a sample of 550 neonates from a single center in The Gambia.28 In another study from
a developed country database of extreme preterm neonates, birth weight and gestational age were
found to be equally associated with 2-year mortality.29 Gestational age was also among the top
factors associated with mortality in the earlier developed country database studies.15,27 However, in
the current study, birth weight was found to be a better predictor of neonatal mortality than

Figure 3. Probability of Mortality as a Function of Birth Weight, Delivery/Day 1 Scenario
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gestational age. This could be related to estimation errors of gestational age based on the last
menstrual period and limited availability of first-trimester ultrasonography-based dating
confirmation.30 Small for gestational age (not specifically birth weight) has been associated with
higher risk of perinatal and neonatal mortality and morbidity in data from high-income countries in
bivariate analysis.31 Similar to the current study, neonatal sex, resuscitation, and antenatal
corticosteroids have been factors associated with neonatal mortality in data from high-income
countries.32-34

Limitations
This study used an established database with data that are population-based and prospectively
collected with multiple quality assurance checks. The study was hypothesis-driven with only
prespecified analyses performed. This large sample size study was adequately powered for
prediction of the risk for intrapartum stillbirth and neonatal mortality in the represented resourcelimited settings in low- and middle-income countries. Because of the large sample size, we were able
to evaluate rigorously the machine learning predictive models. Predictive accuracy was assessed on

Table 2. Top Predictors by Scenario (Intrapartum Stillbirth and Neonatal Mortality Outcome)a
Rank

Predictor

AUC

AUC increase

1

Birth weight

0.776

NA

2

Bag and mask resuscitation

0.814

+0.039

3

Gestational age

0.817

+0.003

4

Cluster perinatal mortality

0.816

−0.001

5

Maternal age

0.820

+0.004

6

Parity

0.822

+0.002

7

Gestational age at enrollment

0.822

0

8

Antepartum hemorrhage

0.823

+0.001

Delivery/day 1

9

Multiple birth

0.824

+0.001

10

Hypertension/severe pre-eclampsia/eclampsiab

0.822

−0.002

11

Antenatal corticosteroids

0.823

+0.001

12

Birth order

0.822

−0.001

0.823

+0.001

c

13

Suspected maternal sepsis

14

Neonatal sex

0.827

+0.004

15

Obstructed labor

0.829

+0.002

1

Birth weight

0.763

NA

2

Neonatal hospitalization

0.813

+0.050

3

Neonatal antibiotics

0.845

+0.032

4

Gestational age

0.842

−0.003

5

Bag and mask resuscitation

0.852

+0.010

6

Cluster perinatal mortality

0.865

+0.013

Abbreviations: AUC, area under the curve; NA, not
applicable.

7

Gestational age at enrollment

0.867

+0.002

a

8

Maternal age

0.870

+0.003

9

Parity

0.870

0

10

Multiple birth

0.870

0

Predictors are added consecutively using gradient
boosted ensemble model; then AUC calculated. The
order used in this table was the order of importance
assigned by the predictive model assessment of
important predictors.

11

Antenatal corticosteroids

0.871

+0.001

b

12

Maternal education: none

0.871

0

13

Hospital delivery

0.872

+0.001

Hypertensive disease/severe pre-eclampsia/
eclampsia defined as blood pressure >140/90 mm
Hg, proteinuria, and seizures.

14

Maternal antibiotics

0.871

−0.0001

c

15

Delivery by physician

0.872

+0.001

Suspected maternal sepsis defined as fever with
pelvic pain and abnormal vaginal discharge (foul
smelling or presence of pus).

Postdelivery/day 2
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test and validation data sets to check for consistency in predictive accuracy estimates, and the
modeling building process was completed 10 times to quantify uncertainty in predicted model
accuracy. Although generalizability of the results could be questioned, the results are likely to be
pertinent to many communities in resource-limited regions similar to those of the study settings.
There is a possibility of potential confounders like health status, availability of care, interventions,
and health policy that were not captured. Nonetheless, as the study results are based on a large
number of participants over 9 years, the potential impact of confounders on the study result should
be low. Additionally, the use of the database did not include high-definition data, including
stratification of individual risk factors as per illness severity, extensive laboratory test results, or
details of treatments received and clinical response. As the risk score is intended to be useful for all
health care professionals, adding more complexity to the scoring method by including variables that
need a higher level of training and resources might have reduced the ease of application and usability
of the score. However, incorporating additional variables could have improved the predictive
accuracy, especially for the prenatal models. The gestational age variable would be prone to
estimation errors depending on the mother’s accounting of the last menstrual period and the
availability of more accurate assessments such as first-trimester ultrasonography. Intrapartum and
antepartum stillbirth differentiation can be associated with identification errors, but training of the
health care professionals and several quality checks were made to minimize this error.

Conclusions
In the current study, prediction of the risk of intrapartum stillbirth alone or in combination with
neonatal mortality based on prenatal or predelivery data had predictive accuracy of AUC values of
only 0.72 or less. The best risk prediction for neonatal death was only achieved after including
delivery and early neonatal variables, which can be used to identify neonates at the highest risk for
mortality who may need specialized care. Birth weight was by far the most important predictor for
neonatal mortality, while the contribution of other variables was relatively minor. Mortality risk–
based triage and referral could be tested as a strategy to reduce the burden of neonatal deaths in
resource-limited settings. Given these findings, prenatal and predelivery data are not sufficient to
develop strategies to identify those who are at a high risk of perinatal mortality and require advanced
care at birth and referral. Birth weight could be prioritized in the identification of neonates at risk for
dying. Predelivery estimation of birth weight could be evaluated as a strategy for predelivery triage
and referral.
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E‑tutorials to Accentuate – Clinical Microbiology Learning
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Abstract
Competency‑based medical education has challenged the educators to adopt new teaching modalities to instil self‑directed learning among
children. E‑learning in the form of blended learning is studied to facilitate clinical microbiology learning. A class of 200 students was introduced
to the process of Google Classroom. Two topics were discussed in online classrooms. The students attempted online tests on the topics, that
were later discussed in small groups in offline class. Students found that analytical/interpretive questions accentuated learning. E‑tutorials
facilitate students’ preparedness for small‑group discussion.
Keywords: Blended learning, clinical microbiology, E‑tutorials

Introduction
The competency‑based undergraduate curriculum is
implemented by the Medical Council of India. The curriculum
has new components such as self‑directed learning sessions,
small‑group teaching and fewer lectures (not more than 30%).
The duration of diagnostics subjects’ learning has been reduced
to 1 year. Microbiology teaching is system based, to be taught
in clinical relevance.[1]
In self‑directed learning sessions, the onus of learning is
on students’ shoulders, with teachers acting as facilitators.
Teachers, in their role as facilitators, venture into newer
modalities of facilitating learning.[2] E‑learning, in the form of
blended learning, supports the various teaching modalities.[3,4]
Here, we present the ease and feasibility of the E‑learning
platform as a discussion forum for students and teachers. The
objective of the intervention was to accentuate the learning of
clinically relevant microbiology.

Material and Methods
The ethical clearance was taken from the institutional review
board. A class of 200 medical students was introduced to the
process of E‑learning through Google Classroom. The E‑mail
addresses of all the students were collected. Two Google
Classrooms were started by the author, having 100 students
each. Each Google Classroom can accommodate 100 students
only.
Access this article online
Quick Response Code:

Website:
www.ijmm.org

Reading materials related to the system approach were shared
through Google Classroom. The preparation materials shared
were the PowerPoint presentations, scientific published
articles relevant to the topic to be discussed in Google
Classroom.
The management of a case of sore throat and a case of pyrexia
of unknown origin (PUO), was discussed in the Google
Classroom, over a period of 1 week. The interpretive/analytical
multiple‑choice questions (MCQ) and short answers related to
the topic were prepared using Google Form, by the facilitator.
The quiz was designed for 15 marks’ aggregate, with a deadline
of 2 days to attempt the quiz. The students were allowed to
use reading material while attempting the quiz. Two quizzes
were released at an interval of 15 days. After each quiz,
individualised feedback was provided through E‑mail, over
the next 2 days. The scores were tabulated using the Google
SpreadSheet linked to the quiz format.
The quiz questions were later discussed in the offline
classroom, to further clarify the doubts related to the topic.
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Feedback from the students, on the process of these E‑tutorials,
was collected through a validated questionnaire using Google
Form.

Results
Out of 200 students, 181 (90.5%) students were enrolled in
the classroom. Thirteen students’ E‑mail addresses were not
correct. Six students withdrew from the Google Classroom.
Thirty‑six (20%) students attempted the quiz on the
management of a case of a sore throat (Unit 1). The scores
ranged from 3 to 14 points. The average score was 8.55/15.
The median score was 8.
Fifty‑five (30%) students attempted quiz on the management
of a case of PUO (Unit 2), which was released after 15 days
of the first quiz. The scores in the second quiz ranged from
0 to 12 points. The average score was 5.21/15 points, and the
median was 4. The students could answer the recall type of
MCQ. Few could answer the interpretative questions.
Sixty‑three (35%) students gave feedback on the process of
E‑tutorials. They opined, the tutorials made them read more
about the topic (67.7%) and helped better understanding the
topic (54.8%). The other responses were encouraging for the
conduct of E‑tutorials, as shown in Figure 1. Students also
opined that they were not ready for this type of learning.
All of them agreed to attend such tutorials in the future. The
major factor that encourages them to attempt E‑tutorials is a
case‑based topic. Case‑based, exam‑oriented questions make
students participate in the E‑learning. Individualised feedback
on the responses helps them to learn.

Discussion
E‑learning modules have been found to complement the
teacher‑led instructional methods. [5] Competency‑based
medical education curriculum incorporates more of
small‑group teaching. The effectiveness of small‑group
teaching lies in the preparedness of the students. This
compelled us to take up E‑tutorials to teach students clinical
microbiology, as a part of the blended teaching session.[6] The
main objective of the study was to allow students to relearn
the concepts of microbiology at their own pace and feasibility,
in a clinical context. The students’ online open‑book test
scores denote difficulty in the understanding of the clinical
applicability of microbiology knowledge. The hindrance has
been taken care of by teacher‑led face‑to‑face discussion

on the questions that were attempted by the students in
E‑tutorials.
More number of students attempted Unit 2 than Unit 1. This
observation is in contrast to some other studies stating drop out
in E‑learning modules.[7] The main cause for fewer students for
Unit 1, as stated by students themselves in the feedback was the
test was made accessible only for 48 h after release. The students
were more vigilant and a larger number of students attempted the
Unit 2 test within a stipulated time of 48 h. Google Classroom
gives scope for addressing the students individually on their
performance. It also supports online discussion in a stream within
the classroom.
In the analysis of students’ perception, it was found that students
were less prepared to attempt such modules and opined that the
questions would have been as asked in the summative exam
pattern. Case‑based reading increases intrinsic motivation and
leads to better understanding.[8] The perceptions highlighted
the advantages of E‑learning platforms such as leisure reading,
provision to read on an individualised pace.[4,9]
Focus group discussion with the students who did not attempt the
E‑tutorials would highlight the deficiencies of E‑tutorial. As the test
scores were not intended to be included in the internal assessment
marks, the response rate was less. However, those students who
attempted the E‑tutorials were satisfied and opined that the tutorials
increased their knowledge of the clinical application.

Conclusion
Case‑based E‑tutorials are beneficial in teaching the relevance
and application of microbiology in a clinical setting, in a
blended learning curriculum. E‑tutorials instil self‑directed
learning in students and prepare them for small‑group
discussions.
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Abstract
Introduction: The World Health Organization’s (WHO) Labour Care Guide (LCG)
is a “next-generation” partograph based on WHO’s latest intrapartum care recommendations. It aims to optimize clinical care provided to women and their experience of care. We evaluated the LCG’s usability, feasibility, and acceptability among
maternity care practitioners in clinical settings.
Methods: Mixed-methods evaluation with doctors, midwives, and nurses in 12
health facilities across Argentina, India, Kenya, Malawi, Nigeria, and Tanzania.
Purposively sampled and trained practitioners applied the LCG in low-risk women
during labor and rated experiences, satisfaction, and usability. Practitioners were invited to focus group discussions (FGDs) to share experiences and perceptions of the
LCG, which were subjected to framework analysis.
Results: One hundred and thirty-six practitioners applied the LCG in managing labor
and birth of 1,226 low-risk women. The majority of women had a spontaneous vaginal birth (91.6%); two cases of intrapartum stillbirths (1.63 per 1000 births) occurred.
Practitioner satisfaction with the LCG was high, and median usability score was
67.5%. Practitioners described the LCG as supporting precise and meticulous monitoring during labor, encouraging critical thinking in labor management, and improving the provision of woman-centered care.
Conclusions: The LCG is feasible and acceptable to use across different clinical
settings and can promote woman-centered care, though some design improvements
would benefit usability. Implementing the LCG needs to be accompanied by training and supportive supervision, and strategies to promote an enabling environment
(including updated policies on supportive care interventions, and ensuring essential
equipment is available).
KEYWORDS

childbirth, intrapartum care, labor, partograph, WHO Labour Care Guide
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IN TRO D U C T IO N

In the past two decades, considerable efforts have been made
to encourage and support pregnant women to give birth in
health facilities, where they ideally receive good-quality intrapartum care from skilled health personnel. An essential
component of this care is ensuring that women are adequately
monitored during labor, typically by prospectively completing a partograph based on regular clinical assessments during
labor.1 Although partograph designs vary, they typically track
a woman’s vital signs, cervical dilatation, fetal descent, uterine contractions, the use of medications in labor, and fetal
well-being. The WHO-modified partograph also has alert and
action lines, which were meant to trigger interventions during
labor if progress is slower than 1 cm per hour.1 In February
2018, WHO published new recommendations on intrapartum care for a positive childbirth experience, which included
updated definitions and durations for first and second stage

of labor, based on evidence from systematic reviews.2-4 The
WHO guideline panel concluded that the duration of the first
and second stage of labor is highly variable, and a cervical dilation rate of 1 cm per hour in the first stage is unrealistically
fast for some women. They also concluded that a cervical
dilatation rate slower than 1 cm per hour was by itself a poor
predictor of adverse birth outcomes, and should not be the
sole indication for obstetric intervention.2
To help practitioners implement these recommendations,
WHO subsequently initiated development of a “next-generation” partograph known as the WHO Labour Care Guide
(LCG) (Box 1, File S1). The new design was intended to promote woman-centered care, stimulate practitioners to think
critically around labor decision-making, and (to the extent
possible) individualize labor monitoring. Development included expert consultations, iterative prototype development and testing, and international survey of maternity care
practitioners and qualitative research with midwives from
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Box 1 Aims of the WHO Labour Care Guide
The Labour Care Guide aims to support health care
practitioners:
• Monitor maternal and fetal status and progress in
labor;
• Continuously remind practitioners to offer supportive care throughout labor;
• Guide practitioners on what observations should
be regularly made and recorded during labor, to
identify any emerging complication in mother
and/or baby;
• Provide reference thresholds for abnormal labor
observations that should trigger specific action(s);
• Minimize overdiagnosis and underdiagnosis of
abnormal labor events and unnecessary use of interventions; and
• Support audit and quality of care improvement.

6 African countries. New features included the following:
monitoring the use of supportive care interventions (such as
companionship and pain relief); removing the 1 cm per hour
threshold relating to the alert and action lines; documenting numerical values for monitored parameters; and explicit
threshold values to trigger action following all maternal and
fetal assessments.
It is critical to ensure that the LCG performs as intended
and can meet the needs of maternity care practitioners. The
aim of this project was to evaluate the usability, feasibility,
and acceptability of the LCG, and barriers and facilitators to
its use, in routine clinical settings. It also aimed to identify
what improvements could be made to the LCG to enhance
usability.

2

|

M ET H OD S

This was a three-phased, mixed-methods project where
skilled health personnel (ie, doctors, midwives, or nurses)
were trained in how to use the LCG (Phase 1), applied the
LCG in managing the labor of low-risk women (Phase 2),
and participated in focus group discussions on their experiences (Phase 3). We adopted the International Organization
for Standardization definition of usability as “the extent to
which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified context of use.”5 The LCG design
used in this evaluation is provided (File S1). The project
was conducted in accordance with Good Clinical Practice

|
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(GCP) standards, and results reported were in line with
STROBE and COREQ guidance.6,7 All participating practitioners and women signed an informed consent form before participation.

2.1

|

Setting

A convenience sample of 12 hospitals across six countries
(Argentina, India, Kenya, Malawi, Nigeria, and Tanzania)
was identified. Participating hospitals were those with more
than 1000 births per year, with a minimum of 25 skilled
health personnel working in labor ward, and who were able
to provide at least basic emergency obstetric and neonatal
care (Table S1). Apart from the LCG, clinical care provided
to women was according to the existing practices in these
hospitals.

2.2

|

Design and participants

2.2.1 | Phase 1—health care practitioner
sampling and training
At each hospital, at least 10 skilled health personnel who were
employed on labor ward and experienced in use of a partograph were approached to participate. Practitioners were purposively sampled to ensure participation of relevant cadres
providing labor care in the hospital, and representation from
senior and junior staff and from different shifts. Consenting
practitioners attended an in-person workshop where they received practical training on how to use the LCG correctly, by
means of a standardized implementation manual and training
package in English (five countries) and Spanish (Argentina
only).

2.2.2 | Phase 2—recruitment of women and
application of LCG
Women attending participating hospitals for childbirth were
prescreened in order of arrival to identify women being admitted for childbirth with term, singleton pregnancies with a
live fetus and normal vital signs. These women were formally
screened using a standardized form. If eligible, they were invited to undergo an informed consent process by means of
a private interview in a language of the woman’s choice.
Eligible women were aged 18-34 years; at ≤5 cm cervical
dilatation with a cephalic presentation and a vaginal birth was
anticipated; had no uterine scar; and were otherwise considered as low-risk according to the local guidelines. Consenting
women were enrolled and their data collected until 1 hour
after complete expulsion of the placenta. Practitioners

4
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continued to enroll women until the per-country sample size
of 200 women was reached.

2.2.3 | Phase 3—focus group discussions
with practitioners
In Phase 3, all participating practitioners were invited to attend a focus group discussion (FGD) and completed a questionnaire on their experiences with the LCG. One FGD per
hospital was conducted using a structured discussion guide
(File S2) and led by a local facilitator experienced in qualitative research methods. The FGDs explored health care practitioners’ views on usability, feasibility, and acceptability,
and barriers and facilitators to using LCG in their setting.
Participants were also invited to suggest improvements to the
LCG design and training materials. In five of the six countries (India, Kenya, Malawi, Nigeria, and Tanzania), FGDs
were conducted in English or a mix of English and local language. In Argentina, FGDs were conducted in Spanish.

2.3

|

Data collection and management

Participating practitioners and enrolled women were assigned
unique numbers, and only deidentified data were collected.
Each practitioner completed a questionnaire after the initial
training workshop. Practitioner’s experiences with LCG were
collected by means of a postpartum questionnaire after each
birth using a 5-point Likert scale. After enrollment had concluded, each practitioner completed a satisfaction and usability questionnaire. Satisfaction was measured for each section
of the LCG and overall using a 5-point Likert scale. Usability
was assessed using an adaptation of the System Usability
Scale (SUS), a valid, reliable, and widely used 10-item instrument for assessing usability.8 Project staff also extracted
data from medical records on enrolled women’s characteristics, the use of obstetric interventions during labor and childbirth, and birth outcomes. All data were collected using paper
forms and entered into REDCap,9 a GCP-compliant, password-protected online data management system with validation checks. Data queries and discrepancies were resolved at
site level. All project-related information was stored securely
at project sites, with participant information in locked file
cabinets in areas with limited access.

2.4
2.4.1

|

Analysis

|

Quantitative analysis

All data were generated from the online data management system, with the analysis based on the multicountry

database. The analysis was descriptive (without statistical
inference testing), with outcomes reported by site and overall. Categorical data were reported using proportions and
percentages, and continuous variables, using median and interquartile range (IQR). Data on practitioner’s perspectives
were assessed overall and by site, cadre (doctor, midwife,
nurse), maternal parity (nulliparous or multiparous), and
number of births attended using LCG (<5 or ≥5 births). SUS
scores were converted to a score out of 100, with >70 considered “good” (File S3).10 Analyses were performed using
SPSS 26 (IBM Corp).

|

2.4.2

Qualitative analysis

All FGD transcripts, field notes, and participant-generated
data were imported into NVivo 12 (QSR International).
Transcripts in Spanish were translated into English, with
coding of all transcripts conducted centrally. Qualitative
data were analyzed using framework analysis.11 An a priori coding framework was developed based on two existing
evidence syntheses exploring barriers and enablers for partograph use.12,13 Two researchers applied these codes in duplicate to two transcripts from one country (Tanzania), and
compared data under each code to refine the coding framework and code definitions. The final coding framework was
applied independently by the researchers to the remaining
10 transcripts. Researchers met frequently during coding to
share reflections on the data and discuss application of the
coding framework. Once coding was complete, data under
each code were reviewed, and axial coding was applied to
develop subcodes and analytical themes. Qualitative research
leads from each site verified country-specific data contributing to each finding and contributed to overall interpretation.

3
3.1

|

RESULTS

|

Quantitative findings

A total of 136 practitioners across 12 hospitals participated. In total, 64.7% were midwives, 33.1% were doctors, and 2.2% were nurses (Table 1). After completing
the practical training, most practitioners agreed or strongly
agreed that the workshop and the training manual were
helpful (95.1%) and that they felt ready to use the LCG
(82.4%) (Table S2). Participating practitioners identified
1268 eligible women, of whom 1,226 consented and were
enrolled. Most women were aged between 18 and 30 years
(85.1%), married or cohabitating (95.4%), had 10 or more
years of formal education (61.6%), and had no previous
births (43.4%) or 1-2 previous births (41.8%) (Table 2).
In total, 91.6% had a spontaneous vaginal birth, 1.3% had
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TABLE 1

Characteristics of participating practitioners
N

%

136

100.0

Doctor

45

33.1

Midwife

88

64.7

Nurse

3

2.2

Total
Professional role

Number of years of experience providing clinical care in labor
ward
≤1 yr

26

19.1

<1-5 yrs

60

44.1

>5 yrs

50

36.8

99

72.8

37

27.2

Less than 30 births

84

61.8

30 to < 50 births

18

13.2

50 or more births

34

25.0

Gender
Female
Male
a

Births attended in the past 4 wks

a

Prior to commencement of project.

an instrumental vaginal birth, and 7.1% had a caesarean
section. In total, 4.4% of babies were <2500 g, 3.3% were
more than 4000 g, and there were two stillbirths (equating
to an intrapartum stillbirth rate 1.63 per 1000 births). No
maternal deaths occurred.
When completing questionnaires about their experiences with the LCG after each birth (n = 1226), practitioners agreed or strongly agreed that they were able to use
the LCG (96.0%) and complete it correctly (94.2%), that
they were satisfied using the LCG (91.0%), and that the
LCG was helpful in managing the woman’s labor and childbirth (90.2%) (Table 3). At 79.5% of births, practitioners
agreed or strongly agreed that they were satisfied with
the LCG design (Table 3). In general, Argentinean practitioners had lower experience rankings than other countries
(Table S3). Practitioner experiences were largely similar
when stratified by cadre (doctors, midwives, nurses) or
woman’s parity; however, there was a trend toward better
practitioner experiences when they had attended more than
five births using LCG (Table S3).
After enrollment was completed, each practitioner rated
their satisfaction with different sections of the LCG (Table
S4). The highest practitioner satisfaction score was reported for the supportive care monitoring section (87.5%),
and the lowest score was reported for the birth outcomes
section (66.2%). In their final assessment, 75.7% of practitioners agreed they were satisfied with the LCG design overall. Usability scores ranged from 22.5 to 95, with a median
score of 67.5 (interquartile range: 57.5 to 75.0). In total, 58

|
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practitioners (42.6%) scored the LCG as 70 or greater (ie,
good usability). Within the component questions of the SUS
score (File S3), an outlier was 45.5% of practitioners agreeing
that “I needed to learn a lot of things before I could get going
with the Labour Care Guide.”

3.2

|

Qualitative findings

Twelve FGDs were conducted with 105 staff (35 doctors,
69 midwives, and one nurse). A summary of findings is presented below.

3.2.1

|

Acceptability

Although many practitioners across all sites found adopting
a new tool challenging, most reported that they became comfortable using the LCG with practice.
After the first day […] things started getting
easier, and even enjoyable to use after a week
(Midwife, Kenya)
There was a consensus that recording numerical observations within the LCG was more precise, and consequently more
accurate, than recording information graphically (such as in alternative partographs). However, some practitioners found this
required more attention and could be more time-consuming.
[E]specially while marking the blood pressure
and pulse it is easy to write rather than searching for the number and then putting the dot and
then connecting the graph which we usually do
[…] Contractions and the vital [signs] are easy
to write.
(Doctor, India)
Practitioners in Argentina and Kenya noted that the LCG
presented numerical observations in a visual way (by circling
alerts, and through documenting dilatation and descent on a
grid) and that this was easy to interpret quickly. Other practitioners (in India, Malawi, Nigeria, and Tanzania) said that the
LCG is more difficult to quickly scan and interpret, compared
with partographs that use predefined alert and action lines.
[T]he previous one [partograph] would tell if
the baby is in distress by just looking, it was not
taking us too much energy to think that the baby
is in distress. Unlike this one, you have to think
about how the fetal rate is as compared to the
normal.
(Midwife, Malawi)

6
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TABLE 2

TABLE 2

Characteristics of participating women

Total

N

%

1226

100.0

(Continued)

>4000 g

N

%

40

3.3

Major malformation identified at birth

Maternal age (y)
18-24

616

50.2

No

1224

99.8

25-30

428

34.9

Yes

1

0.1

31-34

182

14.8

Unknown

1

0.1

Maternal education (y)

a

Does not total to 100% as women may have >1 pain management option

0-6

177

14.4

7-9

294

24.0

10-12

500

40.8

13 or more

255

20.8

Married/cohabitating

1170

95.4

Single/separated/widowed/divorced

55

4.6

Missing

1

0.1

0

532

43.4

1 or 2

513

41.8

3 or more

181

14.8

39

2

Cephalic vaginal birth

1113

90.8

Breech vaginal birth

10

0.8

Vacuum or forceps vaginal birth

16

1.3

Cesarean section

87

7.1

Nonpharmacological pain relief

544

44.4

Oral pain relief medication

47

3.8

Epidural and/or spinal

63

5.1

Injectable analgesic (IM or IV)

187

15.3

No pain relief used

446

36.4

Female

626

51.1

Male

600

48.9

Live birth

1224

99.8

Stillbirth

2

0.2

<7

12

1.0

≥7

1212

99.0

<2500 g

54

4.4

2500-4000 g

1132

92.3

Marital status

Parity

Best obstetric estimate of gestational age
(completed weeks) at time of birth (median,
IQR)
Final mode of birth

Pain relief

a

Sex of baby

Vital status at birth

Apgar score at 5 min (1224 liveborns only)

Birthweight

(Continues)

Practitioners across all sites appreciated the one-page
structure and found its content to be streamlined and coherent,
though there was a strong consensus that the layout needed
to be larger. They consistently reported that the current layout made it impossible to complete legibly in real time. This
affected its usefulness, with practitioners not writing all observations, taking too long to write (at the expense of other
tasks), writing on a separate piece of paper to copy over later,
or writing illegibly.
[O]ne extremely difficult thing is the space to
fill. It's tiny. With my handwriting, when I write
the heart rate, it cannot be read directly.
(Midwife, Argentina)
Practitioners in multiple sites also reported that the frequency of monitoring was different from their usual practice, although several practitioners also noted that it was no
more frequent than existing recommendations. In Argentina,
practitioners indicated women were concerned that monitoring was less frequent than they expected, whereas in
other sites, the frequency of monitoring led some women
and families to believe there was a problem. Several practitioners reported that responding to these concerns added to
their workload.

3.2.2

|

Utility

Practitioners reported that the LCG supported frequent, meticulous, and timely monitoring of woman and baby, and
guided objective, data-driven decision-making, with positive impacts on the quality of labor care and maternal and
newborn health outcomes. In all settings except Argentina,
practitioners stated the LCG prompted staff to assess women
in labor more frequently, and record more observations, compared with routine practice in their labor wards. Practitioners
perceived that this had improved quality of care and health
outcomes. Specifically, practitioners across multiple sites
perceived that the LCG supported them to be more responsive to women’s unique labors, reducing unnecessary and
early interventions.
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Using the LCG, we show more care to our patients than before, we provided them what they
needed. So we had less complications and less
interventions [due to] early detection and decision making.
(Midwife, Nigeria)
Practitioners across all sites also emphasized that using the
LCG guided them to provide supportive, person-centered labor
care—whether or not they had been familiar with WHO guidance on supportive care—and strengthen the relationships between health practitioners and women.
We all know what the WHO's [supportive care]
recommendation is, but many professionals do
not offer it because they are used to working fast
[…] No one wants to fill it [the LCG] up with
pure no, no, no, so it forces you somehow to
offer it [supportive care] to the patient.
(Midwife, Argentina)
Overall, practitioners across all sites considered the LCG an
effective source of information that was precise, coherent, and
relevant. They also reported there was no duplication of information within the LCG, although in some sites, the LCG captured information that was documented in existing local health
records. However, some practitioners across multiple sites were
concerned that specific information, which is normally reported
in the woman’s medical record but which they consider essential to labor care was missing from the LCG. Examples were
maternal HIV status, maternal blood type and rhesus status, and
postpartum hemorrhage in the third stage of labor.

3.3.1

3.3 | Anticipated barriers and facilitators to
using LCG
Practitioners were asked to consider what possible barriers
and facilitators may affect using LCG (based on their initial
experience with the LCG and their routine partograph).

7

Time and workload

Practitioners across all sites reported that heavy workloads in
labor wards make it challenging to consistently take all observations and can contribute to making errors. In all sites except
Argentina, practitioners indicated that completing the LCG for
some women would mean that other women in labor would
not receive the care they needed. Practitioners in several sites
described situations where they had not been able to complete
the LCG, or not in real time, because another woman required
urgent or critical care. However, practitioners acknowledged
that heavy workloads and time pressures make it challenging
to use any partograph, regardless of design.
It is difficult where one staff member has 10
mothers. It is quite difficult, almost impossible,
the monitoring will be not be done well. […]
(Midwife, Kenya)
Practitioners also commented that the frequency of observations and the time required to make certain observations for
the LCG created an additional time burden, compared with
their existing partograph. However, practitioners across several
sites commented that because the LCG reduced unnecessary
and early interventions through improved monitoring and facilitated more responsive, personalized labor care, it reduced their
workload overall.
[W]hen we talk about the time that we need to
sit and fill it, then we may feel it added to our
workload. But eventually, since at the long run,
interventions have been reduced and the patients
end up with a normal labour and go home after
a few hours after delivery instead of having a
[caesarean section], and then also staying for
more than 4-5 days […] I think in the long run,
it reduced our workload.
(Doctor, Nigeria)

As you know, HIV now is a challenge in our
country […] But here it’s not clearly indicated
that the serostatus of the mother is reactive, or
how long she has been on treatment, whilst in
previous labour charts we were using it’s there.
(Midwife, Malawi)
Many practitioners across multiple sites commented that the
LCG supported practitioners’ critical thinking in planning labor
care and also facilitated clinical handover. Practitioners speculated that staff at primary care facilities (with less training and
support) may not be equipped to lead labor care planning.

|

|

3.3.2

|

Equipment and supplies

In all sites except Argentina, practitioners reported challenges
in accessing basic equipment and supplies, such as thermometers, sphygmomanometers, urinalysis strips, watches, and
Doppler fetal monitors.
I got challenge for […] filling this protein plus
or albumin. […] The resources are for high-risk
women, not every mother in the labour ward.
[…] they are there for those with oedema and
high blood pressure.
(Doctor, Tanzania)

8

|
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TABLE 3
each birth)

Practitioner’s perspectives on using the LCG (after

Total

N

%

1226

100

I was able to use the LCG in managing this labour and childbirth
Strongly agree

580

47.3

Agree

597

48.7

Neither agree nor disagree

46

3.8

Disagree

2

0.2

Strongly disagree

0

0.0

Missing

1

0.1

take certain measurements (such as assessing caput, molding, and fetal position), particularly at primary facilities and
in rural areas.
Although some practitioners commented that the alerts
effectively triggered action, others felt that the absence of
alert and action lines made it more challenging to understand
how and when to respond, and that a higher level of knowledge would be required to use the LCG.
[I]n the previous partograph […] by just looking
at it we know whether it is crossing the alert line
[…] we can look at it and say that this patient
needs immediate intervention, but now it becomes little bit cumbersome to go through the
details
(Doctor, India)

I was able to complete the LCG correctly
Strongly agree

495

40.4

Agree

659

53.8

Neither agree nor disagree

57

4.6

Disagree

14

1.1

Strongly disagree

0

0.0

Missing

1

0.1

I was satisfied using the LCG in managing this woman’s labour
and childbirth
Strongly agree

479

39.1

Agree

627

51.1

Neither agree nor disagree

108

8.8

Disagree

11

0.9

Strongly disagree

0

0.0

Missing

1

0.1

The LCG was helpful in managing this woman’s labour and
childbirth
Strongly agree

516

42.1

Agree

600

48.9

Neither agree nor disagree

95

7.7

Disagree

14

1.1

Strongly disagree

0

0.0

Missing

1

0.1

Practitioners also commented that there needs to be increased
knowledge of current WHO labor care recommendations across
a range of stakeholders, including health staff working outside
the labor ward, health policymakers, and women’s families and
communities, in order to support effective use of the LCG.

410

33.4

Agree

565

46.1

Neither agree nor disagree

199

16.2

Disagree

47

3.8

Strongly disagree

4

0.3

Missing

1

0.1

3.3.3

|

Knowledge and skills

Practitioners in multiple sites reported that not all staff responsible for completing the LCG, particularly at primary
facilities and in rural areas, would have the skills required to

Policy and procedures

In all countries except Argentina, practitioners reported that
national or hospital policies relating to the physical layout of
labor wards, equipment and medical supplies, and standard
protocols for labor care would need to be updated to provide an enabling environment. This was particularly the case
for supportive care interventions requiring pain management
protocols, storage of analgesics, and physical arrangements
to facilitate birth companions.
[O]ur labour [ward] cannot accommodate and
will never accommodate a companion
(Midwife, Malawi)

Overall, I am satisfied with the current design of the Labour Care
Guide
Strongly agree

|

3.3.4

4
4.1

|

DISCUSSION

|

Key findings

This multicountry, mixed-methods evaluation demonstrated
that the proposed LCG design is feasible to use in routine
clinical settings. An international sample of 136 doctors,
midwives, and nurses from 12 hospitals were trained to use
the LCG, and applied it in 1226 low-risk women. In total,
91.6% of women had a spontaneous vaginal birth and there
was an intrapartum stillbirth rate of 1.63 per 1000 births.
Practitioners were highly satisfied with the LCG when using
it to monitor women in labor. They highlighted it was a
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coherent and streamlined tool that prompted them to make
more precise, accurate documentation during labor, which
supported critical thinking in labor care. This made them
more responsive to women’s unique needs and facilitating
clinical handover. Practitioner experiences became more
positive with practice, and they reported that the LCG improved the quality of care provided to women.
We also aimed to identify areas where the LCG design
could be improved. Usability evaluation is performed to
provide real-world data on product performance so it can
be optimized.5,14 Improving the LCG’s design and functionality can in turn improve its acceptance by health care
practitioners and reduce misuse.5 We interpreted the usability scores (using an adaptation of the validated System
Usability Scale) to mean that design refinements could
further improve user experience. A major finding was the
need to increase the cell size in which regular assessments
are documented—practitioners indicated this would make it
easier to complete and interpret in busy labor wards. Lower
satisfaction scores for some LCG sections (particularly
birth outcomes and monitoring of baby) also indicates areas
where design can be improved. Usability scores were affected by 45.5% of practitioners indicating that they needed
to “learn a lot of things before I could get going with the
LCG”. This is possibly related to the training required to use
the LCG, or perhaps labor management skills more broadly.
This was also reflected in the qualitative findings around the
need for practical training to support LCG introduction and
implementation. Findings from this evaluation have also informed the improvement of the LCG manual and training
materials. Effective initial and ongoing training is essential
to ensuring not only that labor observations are performed
in a timely manner, but also that the appropriate actions are
taken when abnormal observations are identified, including
seeking senior help where appropriate.
Practitioners identified several challenges to using LCG
that are common to the use of any partograph. A 2014 systematic review on partograph use in low-income and middle-income countries found that while the partograph was
generally seen as a useful tool for monitoring labor, its use
was often perceived as time-consuming.13 Similarly, participating practitioners highlighted that using LCG can be
challenging in settings with insufficient numbers of staff and
that these pressures can contribute to avoidable errors. Some
themes emerging from the qualitative component reflect that
not all practitioners are able (or accustomed) to implementing
WHO’s full package of intrapartum care recommendations.
For example, practitioners described their facility as unable
to accommodate labor companions without additional space,
privacy measures, or updated facility policies. Furthermore,
broader, more systemic barriers identified by practitioners
(such as insufficient staff and lack of essential equipment)
will negatively affect on the use of any labor monitoring tool.

|
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These findings echo the 2017 realist review by Bedwell
et al12 that showed that to use a partograph effectively, practitioners need essential equipment (sphygmomanometers,
thermometers, and fetal stethoscopes); clear hospital policies on correct partograph use; effective supervision; and
regular refresher training. The design of the LCG (or any
labor monitoring tool) alone cannot address these broader
systemic issues, which require dedicated efforts on quality
improvement, infrastructure development, and, in some instances, policy reform and increased staff. Implementation
research on how evidence-based intrapartum care packages can be effectively adopted into routine care in limited-resource settings is needed. Ideally, these efforts are
championed by national or health facility leadership and accompanied by the necessary supplies, training, and enabling
environments to ensure practitioners can monitor labor consistently and take prompt action when needed. Some comments from practitioners reflected context-specific routine
practices that may not apply to all settings (eg, that HIV
status or blood type should be routinely documented on the
tool), which are best addressed through adaptation at national or facility levels.
In some instances, findings from Argentina differed from
other sites, including lower levels of satisfaction. These practitioners had on average more years of experience in labor
wards compared with practitioners from other countries. This
may have led to higher confidence in their usual clinical practice, and less courtesy bias when rating their experience. In
addition, Argentinean practitioners reported working in wellequipped environments with detailed labor records, which
could have contributed to greater satisfaction with their usual
practice. Furthermore, Argentina was the only study site that
used a translated tool and training materials, whose uptake
may require cultural adaptation.
Strengths of this project include a robust, mixed-methods
design conducted using a standard protocol across multiple
countries and care settings, with a diverse group of practitioners. One limitation was that the prevailing intrapartum
care practices (and adapted partograph designs) varied across
sites—practitioners sometimes expressed a preference for
their customary practice. Another limitation was that not all
WHO-recommended interventions (particularly labor companionship and pain management) were practiced in all hospitals, leading practitioners to highlight that they were unable
to use these interventions when prompted by the LCG. In this
sense, the LCG is highlighting deficiencies in routine care
that need to be acted on by health system managers.

5

|

CONCLUSIONS

The new LCG was feasible to use in different hospitals and
countries with variable intrapartum care practices. Although

10
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practitioners were highly satisfied, they identified some
areas where the LCG design could be improved to enhance
usability. As a redesigned WHO partograph, the LCG has
the potential to promote woman-centered care and continuous assessment and decision-making throughout labor.
Implementing the LCG should be accompanied by the necessary initial and ongoing training, and supportive supervision, and strategies to promote an enabling environment for
practitioners to use LCG efficiently. This includes ensuring
essential equipment is available, and updating facility policies on effective intrapartum interventions.
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ABSTRACT

ARTICLE HISTORY

Introduction: Maternal infections likely are an important cause of stillbirths, especially in subSaharan Africa and south Asia, where the burden is highest. Due to the lack of routine testing
for infection, which can be complex and often expensive, the prevalence of infection during
pregnancy and the association of many infections with stillbirth are not well-documented, especially in low-resource countries.
Methods: Following an extensive literature review of infection and stillbirth initially published in
2010, we conducted a review of literature in the last 10 years to identify infections associated
with stillbirth, focused on those in low-resource settings.
Results: During the last 10 years, over 40 bacterial, viral and other pathogens have been associated
with stillbirth. Newly emerging viral infections such as Denge as well as several well-established,
but not yet eliminated infections such as rubella have been associated with stillbirth. Two of the
maternal infections most strongly associated with stillbirth, each with about a 2-fold risk, are malaria and syphilis but others have been associated with risk in a range of studies. With a lack of routine antenatal screening, many pathogens are identified as associated with stillbirth only through
case reports. Infection remains an important, yet understudied, cause of stillbirth.
Conclusion: Research studies to determine definitive associations between various infections
and stillbirth are important to better understand the role of infections and strategies to reduce
infection-related stillbirth.
Summary This review explores the association between infections and stillbirths focusing on
low-income country studies published in the last 10 years. Much information about these relationships comes from case reports. Research resulting in a better understanding of the causes
and strategies to reduce infection-related stillbirth is necessary.
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Background
Adverse pregnancy outcomes, including high stillbirth
rates, remain a burden in low-middle income (LMIC)
countries, where 98% of the estimated 3 million thirdtrimester stillbirths occur annually [1]. While the proportion of stillbirths associated with obstetric conditions
including hemorrhage, obstructed labor and preeclampsia/eclampsia is relatively well understood, for a substantial proportion of stillbirths – in some regions up to
75% – the specific cause for the stillbirth is unknown.
The impact of infections – which are widespread but
often undiagnosed – is likely underestimated [2]. Large
gaps remain in our understanding of infections’ role in
obstetric complications, especially for stillbirths.
Strategies to prevent stillbirths are often the same
as those to reduce maternal and newborn deaths.
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However, interventions to prevent stillbirth-related
infections may differ from those to reduce maternal
infections. In fact, some interventions for the mother
or fetus are introduced too late to prevent stillbirth.
Thus, understanding the association of infections with
stillbirth is needed. Additionally, with new and emerging pathogens, a better understanding of the importance of infectious disease in relationship to stillbirth
is warranted.
To address these gaps, several research studies are
underway to assess infection and stillbirth utilizing
technologies that have improved the ability to assess
a wide range of pathogens [3,4]. For example, the
Project to Understand and Research Preterm
Pregnancy Outcomes and Stillbirths in Southeast Asia
(PURPOSe) will determine the cause of death in 700
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stillbirths in Asian sites using polymerase chain reaction (PCR) to identify organisms in the placenta, cord
blood and fetal tissues obtained using a minimally
invasive tissue sampling (MITS) procedure.
In 2010, we conducted a comprehensive review of
the infections associated with stillbirth, including case
reports and epidemiological studies [2]. Here we update
that review, with emphasis on infections emerging during the last 10 years. Because most stillbirths occur in
sub-Sahara Africa (SSA) and South Asia where the burden of infectious disease is also highest, we focused on
those regions. In addition, we reviewed available evidence to reduce infection-related stillbirths by examining interventions (prevention, diagnoses and/or
treatment) and their potential impacts. This review was
initially conducted to inform the organisms to be evaluated in the PURPOSe study [3] and thus the primary
objective was to determine the range of pathogens that
have been identified as potentially causal for stillbirth.

Methods
A review of English publications in PubMed for the
last ten years (2010–2020) was conducted. Key search
terms included: “stillbirth” or “perinatal mortality” or

“intrauterine fetal death” or “fetal demise” AND
“infection” or “virus” AND “low-middle income countries”
or “developing countries.” Because our primary objective
was to determine as completely as possible the scope
of pathogens recently associated with stillbirth, we
first reviewed the abstracts of each to ascertain
whether the publication addressed infection and risk
of stillbirth. If more than one reference was available
for a pathogen, we then prioritized for each unique
pathogen, the most recent research publications using
the following prioritization (1) meta-analyses, (2) systematic review, (3) general review, and finally (4) case
series or reports.

Findings
Our previous reports described infections likely to be
causal for stillbirth based on data available [2]. From
this review, the initial search resulted in a total of 337
publications. After eliminating duplications, 169
remained. Of these, we selected 48 manuscripts that
presented data on pathogens and stillbirth. In this
review, we describe emerging evidence for infectious
causes of stillbirth, including recent research clarifying

Table 1. Pathogens associated with stillbirth in case reports or clinical studies (2008–2018).
Pathogen
Viral infections
Cytomegalovirus (CMV)
Dengue fever
Hepatitis C
Hepatitis E
Herpes simplex virus
HIV/AIDS
Human parechovirus (Ljungan virus)
Influenza virus A (H1N1)
Middle East respiratory syndrome coronavirus (MERS)
Parvovirus (B19)
Rubella
Zika virus
Others including: Coxsackie A and B; echovirus; enterovirus, variola,
lymphocytic choriomeningitis virus
Bacterial infection
Agrobacterium radiobacter
Group B Streptococcus
Brucellosis
Clostridia
Escherchia coli
Listeria monocytogenes
Mycoplasma hominis
Mycobacterium tuberculosis
Neisseria gonorrhoeae
Pseudomonas aeruginosa
Salmonella spp.
Staphylococcus aureus
Syphilis (Treponema pallidum)
Protozoa
Malaria (Plasmodium falciparum)
Toxoplasmosis (Toxoplasma gondii)
Helminths
Trypanosoma cruzi

Study type (estimated risk of stillbirth)
Case reports
Meta-analysis (mOR 1.9, 95% CI 1.6–2.2)
Case reports
Case reports
Case reports
Meta-analysis (RR 1.67, 95% CI 1.05–2.66)
Case reports
Meta-analysis (RR 2.35, 95% CI 1.05, 5.31)
Case reports
Case reports
Confirmed as causal
Case reports
Case reports
Case reports
Single site study (Kenya) (RR 7.6, 95% CI 1.1, 526)
Case reports
Case reports
Case reports
Case reports
Case reports
Case reports
Case reports
Case reports
Case reports
Case reports
Meta-analysis (RR 2.0)
Meta-analysis (OR 1.81, 95% CI 1.42–2.30)
Case reports
Case reports
Case reports
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the relationships between infections and stillbirth
(Table 1).

Viral infections
Cytomegalovirus (CMV) is a common intrauterine
infection, with 50 to 95% of pregnant women having
antibodies to CMV [5,6]. Pregnant women who experience a primary CMV infection are at higher risk for
fetal transmission. About one-third of primary maternal CMV infections are transmitted to the fetus, one of
the most frequent infectious causes of congenital malformations [5]. To date, stillbirth’s association with
CMV has been primarily based on case reports.
However, a U.S. study found that 8% of those stillbirths caused by infection were likely caused by CMV
infection [7]
Cross-sectional studies have generally suggested
that maternal CMV exposure may be higher in LMIC
than in high-income countries (HIC) [6]. However, systematic documentation of maternal CMV infection in
relation to stillbirth has not been done in LMIC.

Flaviviruses
Human pathogenic flaviviruses including Zika and
Dengue viruses have been associated with stillbirth in
case reports and small case series [8,9]. Prior to 2015,
the Zika virus had only presented as a mild, self-limiting
illness. However, in Brazil in 2015 an outbreak of Zika
virus and its association with fetal microcephaly raised
concerns about Zika and pregnancy outcomes. Recently,
case reports suggested that a Zika virus infection may
have caused stillbirth [8].
Dengue virus infections, which are increasing
world-wide, also likely have a causal association with
stillbirth. A population-based study from Brazil, evaluating records from 2006 to 2012 found an increase in
stillbirth (OR 1.9, 95% CI 1.6–2.2) with any Dengue
infection and a nearly five-fold increase in stillbirth
with more severe infection compared to pregnancies
with no infection [9].

Hepatitis virus
Maternal hepatitis infection, depending on the strain
and severity of disease, ranges from benign to causing
maternal and fetal death [10–13]. When there is
maternal infection with hepatitis B (HBV), C (HCV) and
E (HEV), the virus may be transmitted vertically, posing
risk for adverse pregnancy outcomes. HEV, a common
cause of acute hepatitis globally, is estimated to cause
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more than 3000 stillbirths annually [12]. HEV is
endemic in many LMIC but also is transmitted during
epidemics. In the sub-Saharan Africa region, the prevalence of maternal HEV antibodies has been shown to
be as high as 85% [13]. HEV is also common in many
Asian countries. In a study of nearly 2000 women in
China, HEV antibodies were detected in 20% of pregnant women [11]. When acute viral hepatitis occurred
during pregnancy, in one study, nearly half (46%) the
women had a miscarriage or stillbirth [12].
In contrast to HEV, HBV and HCV have not been
associated with an elevated risk of stillbirth but have
been associated with other adverse pregnancy outcomes including miscarriage [10,12]. Since hepatitis is
not routinely screened for in LMICs, the prevalence of
these infections remains unknown. Even when hepatitis screening is performed, in most cases, whether
the infection was chronic or acute is unknown.

Human immunodeficiency virus (HIV)
Increasing antiretroviral treatment coverage has
increased longevity among HIV infected women [14].
Globally, about 37 million people have HIV infection,
with two million new infections occurring yearly; half
the infections are estimated to occur among reproductive-age women. SSA remains disproportionately
affected, where 10–25% of pregnant women are
infected with HIV in some regions. HIV infection, especially with high viral loads, may increase the risk of
stillbirth [14–16]. One meta-analysis found an
increased risk of stillbirth (RR 1.67, 95% CI 1.05–2.66)
associated with HIV [15]. The highest risks appear to
be among women with severe disease not receiving
antiretroviral therapy as well as with co-infections,
including CMV, HCV, malaria and active tuberculosis [16].

Influenza and coronaviruses
While the common seasonal influenza virus has not
been associated with stillbirth, reports have linked
adverse pregnancy outcomes with novel strains of
influenza associated with pandemics [17]. In HIC
observational studies, severe influenza A (H1N1) infection during pregnancy has been associated with stillbirth [18]; a meta-analysis estimated an increased risk
of stillbirth (RR 2.35, 95% CI 1.05, 5.31) associated with
H1N1 infection during pregnancy [19]. However, the
reviewers noted that the quality of these studies was
considered low due to the lack of an adequate control
group and did not include LMIC studies.
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Seven human coronaviruses have been identified,
with four associated with the common cold. However,
the Middle East Respiratory coronavirus (MERS), severe
acute respiratory syndrome (SARS) and SARS-CoV (also
known as COVID-19) are associated with serious
adverse health outcomes [20]. Both the MERS virus
and the virus causing severe acute respiratory syndrome (SARS), coronavirus have been associated with
stillbirth in case reports [20–22]. As COVID-19 is
emerging, there are limited data to suggest that vertical transmission is possible, though rare [22,23]. To
date, the association of COVID-19 infection and stillbirth in LMICs is unknown.

Hemorrhagic fevers
Due to the epidemic and rural nature of most hemorrhage fever outbreaks, the impact of these during
pregnancy is under-studied. However, between 1976
and 2014, a total of 109 cases of Marburg or Ebola
virus during pregnancy were published [28]. Both
viruses were associated with stillbirth in case reports
and small descriptive studies, primarily in west Africa
[29]. A 2014–2015 West African Ebola Treatment units
report of 729 reproductive-aged women, found likely
vertical transmission and poor pregnancy outcomes,
including stillbirth, associated with Ebola infection.
Promising results from Ebola vaccine trials have suggested that this disease may be preventable [30].

Rubella
It is well-established that rubella infection, known as
German measles, in the first trimester is associated
with congenital anomalies; some affected fetuses are
subsequently stillborn. In most regions, the maternal
rubella virus infection has been eliminated with vaccination. However, reports from SSA suggest rubella
infection remains prevalent [24,25]. For example, in
Sudan where vaccination is not routine, 5% of pregnant women were found susceptible to Rubella [24].
Rubella outbreaks may occur, especially in regions
with low vaccination coverage. For example, in a
2009–2010 rubella outbreak in Namibia, among
exposed women, stillbirth risk increased (aRR 9.0, 95%
CI 1.2, 65.5) compared to unexposed women [25].
Thus, although rare, maternal rubella infection remains
a cause of stillbirth in some regions.

Parvovirus
Parvovirus B19 (B19V) infection, which can be transmitted vertically to the fetus, has been associated with
stillbirth in case reports [26,27]. Many of these lethal
infections occur in the mid-trimester. In LMIC, though
rates vary, approximately 50% of the population may
be IgG seropositive; such women had prior infection,
are immune to reinfection and are not at-risk during
pregnancy. Rates in LMIC vary but as an example, in
Sudan, studies found B19V IgG seroprevalences among
pregnant women between 50% and 60%, while the
seroprevalence of B19V IgM, an indicator of current or
recent infection, was 1–5% [26]. These studies did not
assess pregnancy outcomes. However, based on HIC
studies, woman exposed during pregnancy, especially
in the mid-trimester, have approximately a 30% risk of
fetal transmission and risk of hydrops, spontaneous
abortion or fetal death [27].

Bacterial infections
Group B streptococcus
It is well established that group B streptococcus (GBS)
can infect the fetus in both the second and third trimesters resulting in stillbirth or neonatal infection
[31–33]. One estimate suggested that there were
approximately 57,000 (range 12,000–104,000) stillbirths
world-wide associated with GBS in 2015 [31]. Clinical
studies have advanced our understanding of the relationship between GBS colonization and pregnancy
outcome in Africa. For example, in Kenya, a nested
case-control study using molecular analyses demonstrated that maternal GBS colonization was associated
with increased stillbirth risk (RR 7.6, 95% CI 1.1–52.6,
p ¼ .016) [34]. Higher maternal GBS colonization rates
have been described in sub-Saharan Africa, with incidence of 22% (95% CI 18–27), compared to lower
rates in Southeast Asia (11.1%, 95% CI 6.8–15.3) [33].
Syphilis
Worldwide, 1 to 5% of all pregnant women have syphilis, with rates as high as 25% reported in some LMICs
[35] Despite effective diagnostics and treatments,
untreated syphilis remains a major cause of stillbirth
[34,36]. In 2012, an estimated 930,000 maternal syphilis
infections resulted in 143,000 stillbirths [37]. More than
85% of these cases occurred in SSA and Asia.
Worldwide, syphilis causes about 8% of all stillbirths [34].
Screening for syphilis, the first step for treatment, is
often low in LMICs. Overall, about 60% of pregnant
women in the SSA region are tested for syphilis and
fewer treated [34]. The World Health Organization
(WHO) has emphasized elimination of mother-to-child
transmission of syphilis through simple point-of-care
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rapid tests and treatment with penicillin, but the
impact of this strategy is unknown [38].

Other bacterial infections
Numerous other bacterial infections such as Listeria
monocytogenes have been associated with stillbirth in
case reports [39]. In a study which tested all stillbirths
(n ¼ 180) for a range of bacterial pathogens, Esherichia
coli or Shigella, Streptococcus agalactiae and Enterococcus
faecalis were identified as contributory causes of the stillbirth [4]. Because pregnant women are not systematically tested, the strength of the association of these
infections with stillbirth is largely unknown.

Parasitic infections
Helminths
Soil-transmitted helminths, primarily Ascaris, Trichuris
and hookworm, affect pregnancy outcomes in tropical
regions of LMIC [40]. Hookworm alone affects an estimated 44 million pregnant women annually, with
increased risk of iron-deficiency anemia. Stillbirth has
been associated with hookworm, especially severe
infections. Anti-helminthics, such as albendazole, are
efficacious for treating hookworm. However, a
Cochrane review of 4 randomized trials found that
anti-helminthics did not decrease stillbirth risk [41].
Given these trials’ limitations, better-designed studies
are needed to assess interventions to reduce hookworm-related adverse pregnancy outcomes.
Malaria
Adverse pregnancy outcomes, including low-birth
weight, occur more commonly among women with
active malaria infection [42]. Most studies have
included women enrolled at delivery or late in gestation, so limited data have been available on early
pregnancy loss including stillbirth. However, recently,
several studies have examined stillbirth risk. A metaanalysis estimated nearly a two-fold risk of stillbirth
with malaria infection during pregnancy (OR 1.81, 95%
CI 1.42–2.30) [42]. Placental infection and associated
inflammation are the likely cause of most stillbirths
associated with malaria. Malaria is common, especially
in some SSA regions where most of the population
may be exposed to malaria and up to 20% of stillbirths have been attributed to malaria [1]. Because in
the malarial regions, women generally attend antenatal care late, the true burden of malaria and stillbirth is unknown.
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Toxoplasmosis
Primary infection with Toxoplasma gondii during pregnancy has been associated with sporadic stillbirths but
it is unclear whether it contributes to a meaningful
proportion of stillbirths [43,44]. The incidence of
T. gondii infection during pregnancy ranges from 5%
to over 90%. For example, in regions of Ethiopia, studies found that 90% of pregnant women seeking antenatal care were positive for toxoplasmosis [44].
However, the relationship between T. gondii and stillbirth in LMICs is largely unknown.
Other protozoa
Other protozoa such as Trypanosoma cruzi have been
reported in stillbirth case reports [45]. Evaluating these
and other protozoa for their relationship to stillbirths
has rarely been performed in LMIC, so the burden is
not well understood.
Other infections and stillbirth
In our prior review, we identified more than 40 different pathogens described in association with stillbirth
in case reports, series and other research [2]. Of these,
many have only been documented in case reports and
the association has not been established in larger,
population-based studies. In addition, several viruses,
such as those causing polio and smallpox, which cause
stillbirth, have largely been eliminated through vaccination efforts and thus are no longer considered an
active risk for stillbirth. However, the reemergence of
polio in South Asia, particularly in Afghanistan and
Pakistan, raises some concern.
Because of the complexity of diagnosis, the lack of
routine testing for infections during pregnancy, and
the lack of research linking infection during pregnancy
with outcomes, the exact risk of stillbirth associated
with many infections and the global burden of these
infections are largely unknown.

Reducing infection-related stillbirth
Given the wide range of types of pathogens that
affect pregnancy outcomes, a number of factors influence whether a maternal infection is transmitted to
her fetus and whether the pathogen may result in
stillbirth [46]. One consideration is the pathway of the
organisms to the fetus, which may either be through
the placenta in vertical transmission or ascending
from the vagina across the membranes into the amniotic fluid. Some infections, such as malaria, may cause
fetal death by causing placental damage [42]. Another
factor is the viral or bacterial load that reaches the
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Table 2. Examples of interventions to reduce infection-associated stillbirths.
Infection
Prevention
Malaria, Dengue, Zika and other
mosquito-transmitted diseases
Parvovirus (B19)
Toxoplasmosis
Vaccination
Group B Streptococcus
Influenza virus
Rubella
Zika virus
Treatment
HIV AIDS
Syphilis

Potential Interventions

Comment

Insecticide treated bed nets reduce exposure
Handwashing
Prevention of primary infection during pregnancy
through practices (fully cooked meat)
Vaccine under development
Vaccine available but Cochrane review showed no
impact of Hib vaccine on stillbirth
Vaccine available and use widespread

Vaccines have focused on vaccination late in pregnancy,
which may have limited impact on reducing stillbirth
Randomized trial to assess impact of influenza vaccination
on stillbirth and other adverse outcomes underway
Outbreaks are still occurring and associated with
stillbirth risk

Vaccine under development
Screening at antenatal care Antiretroviral therapy
during pregnancy to prevent maternal to child
transmission
Screening and treatment with penicillin Rapid
syphilis screening

Malaria (Plasmodium falciparum,
Plasmodium vivax)

Presumptive treatment Rapid diagnosis at
antenatal care

Helminths

Antihelminthics; albendazole (95.5% cure rate
for hookworm)

fetus. Also important is the gestational age of the
fetus at the time of infection. For example, rubella
causes a congenital malformation in the first trimester
although death may occur later while parvovirus infection is most lethal to the fetus as its blood volume is
expanding most rapidly [27], which occurs in the
second trimester. Finally, the presence of more than
one infection during pregnancy may increase risk of
adverse outcomes, such as seen with HIV.
Strategies to reduce stillbirth associated with infection have included both prevention and treatment
(Table 2). Prevention efforts may include methods to
reduce contact with the infectious agent (i.e. insecticide-treated bed-nets), hygienic practices and maternal
vaccination. Identification of the infection through
clinical symptoms or sophisticated testing is another
strategy; however, to reduce stillbirth, identification
must be coupled with treatment. Effective therapeutic
strategies are available for numerous infections.

Prevention
Vaccination may be the most effective strategy to prevent infection-related stillbirth. However, timing of
vaccination is crucial to balance concerns of safety
during pregnancy with the lack of efficacy if given too
late to prevent stillbirth. Ensuring high vaccination

Treatment with pencillin reduces stillbirth risk; however
coverage remains inadequate. New rapid syphilis
diagnostics may increase coverage of testing
and treatment
The WHO recommendation is to delay presumptive
treatment until the second/third trimester which may
limit reduction on stillbirth risk
The WHO recommendation to delay treatment until the
second or third trimester may limit reduction of
stillbirth risk.

coverage by currently available vaccines can prevent
stillbirths associated with several infections.
For numerous other infections, emerging vaccines
have shown promising results. For example, vaccine
development for Hepatitis C and E is an area of active
research. As another example, vaccination for GBS is in
development, with early studies suggesting benefit
[47]. GBS treatment strategies focus on preventing
GBS transfer from the mother to the infant at the time
of delivery. Since this timing is unlikely to prevent stillbirths, GBS vaccines would need to be administered
before or early in pregnancy for stillbirth prevention.
Finally, vaccinations for the Influenza virus have potential to reduce stillbirth, though the current need for
annual updates can be a barrier to full coverage.

Diagnosis
Across all infections, one common challenge in LMIC
is accurate diagnosis of active infections during pregnancy. The complexity, time and cost required to perform tests, potential for cross-reactivity or
contamination, as well as logistics such as reaching
women early in pregnancy, all complicate the accurate
diagnosis of many infections.
For several infections, differentiating recent or current infection from past infection can be difficult. For
example, due to its high seroprevalence, screening for
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CMV during pregnancy has been a major challenge,
especially in LMIC. However, diagnostics for active
CMV infection, such as avidity testing, allow for diagnosing primary CMV infection during pregnancy [48].
New diagnostic techniques should inform research on
the association of CMV and stillbirth.
Advances have been made in testing for nucleic
acids, which allows investigation of numerous pathogens in multiple tissues. Studies utilizing these techniques are underway, including PURPOSe [3] which is
assessing more than 54 pathogens in placental and
fetal tissues of stillbirths. CHAMPS [4], uses the same
approach to study cause of death in children under 5
including stillbirths in African and Asian sites. These
and other studies are using minimally invasive tissue
sampling (MITS) with needle biopsies and other methods to obtain tissue samples for pathology and microbiology as an alternative to full autopsy to investigate
infection and better understand causes of death.

Rapid diagnostics
The WHO has emphasized rapid diagnostics, when
available, for infections associated with adverse pregnancy outcomes especially when timing is critical for
effective intervention. For example, rapid HIV and
syphilis screening tests have been prioritized for inclusion in antenatal care [37]. As other rapid diagnostics
and treatment options become available, these interventions may be prioritized to reduce adverse pregnancy outcomes associated with infection.
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treatment of maternal infections is substantially less
likely than prevention to ultimately reduce the burden
of stillbirth associated with infection.

Conclusions
Infections are likely to be associated with a large proportion of stillbirths that are due to unknown causes
in LMIC. Numerous challenges remain in understanding the burden of maternal infection and the associated risk of stillbirth in LMIC. While some infections
have been demonstrated to be causative for stillbirth
in population-based studies, many more have been
linked with adverse outcomes including stillbirth only
through case reports and small studies.
The burden of specific infections on stillbirth has
not been systematically assessed in population-based
studies. Prospective research should contribute to
understanding infections during pregnancy and their
association with stillbirths. With the high risk of existing and emerging infections causing adverse outcomes, a better understanding of the relationships of
maternal infection to stillbirth is needed.

Disclosure statement
The authors declare that they have no conflicts of interest.

Funding
This work was supported by a grant from the Bill & Melinda
Gates Foundation.

Treatment
Effective treatments may prevent stillbirth associated
with some infections. Syphilis is one obvious example
of where timely treatment during pregnancy with
penicillin can prevent stillbirth. Historically, barriers to
syphilis treatment in LMICs have included the multistep process involved with syphilis screening tests and
treatment, but new rapid tests have the potential to
link diagnosis to immediate treatment.
Effective treatment is also available for malaria.
Presumptive treatment of pregnant women is recommended by the WHO in malaria-endemic regions.
Prevention of mother-to-child transmission of HIV
through antiretroviral therapy is another example of a
treatment to reduce stillbirths. However, medications
that are safe during pregnancy and effective to prevent stillbirth are not available for many infections.
Furthermore, most treatments require timely, accurate
diagnosis prior to the treatment. For these reasons,
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ORIGINAL
ARTICLES
Growth from Birth Through Six Months for Infants of Mothers in the
“Women First” Preconception Maternal Nutrition Trial
Nancy F. Krebs, MD1, K. Michael Hambidge, MD1, Jamie L. Westcott, MS1, Ana L. Garces, MD2, Lester Figueroa, MD2,
Antoinette K. Tsefu, MD3, Adrien L. Lokangaka, MD3, Shivaprasad S. Goudar, MD4, Sangappa M. Dhaded, MD4,
Sarah Saleem, MD5, Sumera Aziz Ali, MD5, Carl L. Bose, MD6, Richard J. Derman, MD8, Robert L. Goldenberg, MD7,
Vanessa R. Thorsten, MPH9, Amaanti Sridhar, MS9, Dhuly Chowdhury, MS, MBA9, and Abhik Das, PhD9, the Women First
Preconception Maternal Nutrition Study Group*
Objective To evaluate whether the fetal linear growth effects of maternal nutrition supplementation would be
maintained through 6 months postnatal age.

Study design The Women First trial was a multicountry, individually randomized clinical trial that compared the
impact of maternal nutrition supplementation initiated preconception (Arm 1) vs at 11 weeks of gestation (Arm 2),
vs no supplement (Arm 3); the intervention was discontinued at delivery. Trial sites were in Democratic Republic of
Congo, Guatemala, India, and Pakistan. Analysis includes 2421 infants born to 2408 randomized women. Primary
outcome was the trajectory of length-for-age z scores (LAZ) by arm, based on assessments at birth and 1, 3, and
6 months. We fitted longitudinal models on growth from birth to 6 months using generalized estimating equations;
maternal intervention effects were evaluated, adjusting for site and baseline maternal covariates.
Results Linear growth for Arms 1 and 2 was statistically greater than for Arm 3 in 3 of the 4 countries, with average
pairwise mean differences in LAZ of 0.25 (95% CI 0.15-0.35; P < .001) and 0.19 (95% CI 0.09-0.28; P < .001),
respectively. Compared with Arm 3, average overall adjusted relative risks (95% CI) for stunting (LAZ <–2) were
lower for Arms 1 and 2: 0.76 (0.66-0.87; P < .001) and 0.77 (0.67-0.88; P < .001), respectively.
Conclusions Improved linear growth in early infancy observed for the 2 intervention arms supports the critical
importance of maternal nutrition before conception and in the early phase of gestation.
Trial Registration ClinicalTrials.gov: NCT01883193. (J Pediatr 2020;-:1-8).

R

eduction of childhood stunting is a global health priority.1-3 Despite recent progress toward this goal, nearly 150
million young children are stunted. The first several months of postnatal growth, which is normally very rapid, reflect
both intrauterine and postnatal exposures, including nutritional adequacy. Population studies and observational cohorts from low- and middle-income settings indicate that linear growth faltering is often observed very early in the postnatal
period,4-7 strongly suggesting a deprived intrauterine environment. To date, however, interventions to improve maternal nutritional status during pregnancy have resulted in increased birth size but have had only modest impact on postnatal growth.8-10
Although a strong theoretical rationale exists for the importance of preconceptional maternal nutritional health to fetal and early postnatal growth, data are
very limited.11-14 In the multicountry Women First trial, a comprehensive
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6 months’ postpartum among the offspring of mothers who
received nutritional supplementation.16 Specifically, we
compared the trajectory of growth from birth to 6 months
by maternal intervention arm for linear growth, weight
gain, and head circumference (HC) gain, and for rates of
stunting and wasting. Secondary objectives were to characterize the infant feeding patterns during the follow-up period
and to analyze the effects of the maternal intervention on
postnatal morbidity and mortality.

Methods
This report describes growth data obtained at birth, and 1, 3,
and 6 months postnatal age for the offspring of the participants in the Women First preconception nutrition trial
(clinicaltrials.gov NCT01883193).15,16 The original study
was a multisite individually randomized clinical trial in
which nonpregnant women were randomly assigned to 1 of
3 arms: initiation of a daily small quantity lipid-based
nutrient supplement (SQ-LNS) at the time of randomization
with continuation for at least 3 months before conception
through delivery (Arm 1); initiation of the same supplement
late in the first trimester of pregnancy and continued through
to delivery (Arm 2); or receipt of no trial supplement (Arm
3). In addition, women in Arm 1 and Arm 2 (once on the primary supplement) who were underweight or had inadequate
gestational weight gain were provided an extra proteinenergy supplement.16 The SQ-LNS provided modest quantities of protein and energy (2.6 g protein and 118 kcal), polyunsaturated fats in a favorable balance, and 22
micronutrients in quantities appropriate for pregnancy.
The protein-energy supplement was also lipid-based and
provided 300 kcal and 11 g protein (15% of energy)
without additional supplemental micronutrients. The total
duration of exposure to the intervention supplement was
76.6 weeks for women in Arm 1, and 25.4 weeks for women
in Arm 2.15
The study was conducted in rural and small town settings
in the Democratic Republic of Congo, Guatemala, India, and
Pakistan. Details of these sites have been provided previously.16
Participants
The infants in the present report are the offspring of the participants of the Women First trial. Birth anthropometric
measurements, including length, weight, and HC, were obtained by at least 7 days of postnatal life, and 98.2% were obtained within 48 hours of birth. Data were collected between
February 2015 and May 2017.
Anthropometry
Length, weight, and HC measurements were obtained by
assessment teams who had not been directly involved in
administration of the study intervention or the biweekly
home visits throughout the trial. The assessors were trained
and certified according to standardized procedures; they
2
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were recertified every 3 months. The equipment included infant electronic balances accurate to 10 g (seca 334), nonstretch, plasticized measuring tape (seca 201) (seca North
America, Chino, California) and infantometers accurate to
1 mm (neonatal stadiometer, Ellard Instrumentation, Ltd,
Monroe, Washington). Z scores, which accounted for sex
and age at the time of measurement, were calculated for
length, weight, body mass index (BMI, kg/m2), and HC
from the World Health Organization (WHO) Child Growth
Standards.17
Infant Feeding
Breastfeeding and overall feeding history was obtained at all
anthropometry visits. Assessment included use of pre-lacteals
in first 3 days of life; use of any/type of liquids besides breast
milk and any/type of non-breast milk foods at subsequent
visits; and use of any commercial fortified liquids or foods.
Exclusive breastfeeding was defined as no other liquids or
foods.
Infant Morbidity
Infant hospitalization or illness for which the family sought
medical care, including visits to traditional healers, was recorded by research assistants at biweekly home visits
throughout the 6-month study period. Specific questions addressed episodes of respiratory illness (treatment, yes/no);
diarrhea (defined as 3 or more loose or watery stools per
day, yes/no); and malaria (confirmed by health worker
and/or blood test, and treatment, yes/no).16
Ethics
The project was approved by the Colorado Multiple Institutional Review Board, University of Colorado, the local and/
or national ethics committees for each of the 4 sites (registered
with US Office of Human Research Protection and with
Federal-wide Assurance in place), and the data coordinating
center. Written informed consent was obtained from all participants. The study protocol is available online at https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4000057/. Throughout
the intervention phase of the trial, a data monitoring committee designated by the Eunice Kennedy Shriver National Institute
of Child Health and Human Development monitored safety of
the trial. Adverse events that were monitored included pregnancy outcomes, adverse neonatal events, hospitalizations,
and allergic reactions.15,16
Data Management and Analysis
After excluding biologically implausible anthropometric measurements (length and HC) according to WHO guidelines,17
the longitudinal analysis included all live-born infants with
birth length measurements obtained by 7 days of age who
had at least 2 follow-up visits (1-, 3-, or 6-month). Weightfor-length z scores (WLZ) could not be obtained for infants
with length <45.0 cm at any visit due to limitations in the
WHO standards17 and were set to missing for that visit.
Maternal baseline characteristics and unadjusted growth
outcomes for infants were summarized using mean and SD
Krebs et al
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for continuous variables and percentages for categorical variables. Primary and secondary outcomes were analyzed using
longitudinal generalized estimating equations for each
outcome and accounting for the correlation of repeated measures over time as well as study cluster (site/location). The
models also were adjusted for age at visit, parity, and
maternal education at baseline, the latter because the rates
were significantly different across the 3 intervention arms
in our analysis sample. Interactions between arm and other
covariates (site, sex, and nulliparous/parous) were evaluated,
using a cut-off of P < .10. The generalized estimating equation models used linear, log binomial, or robust Poisson formulations, as appropriate, depending on whether the
outcomes were continuous or binary. An autoregressive order 1 covariance structure was used to account for correlated
longitudinal data. A 2-sided P < .05 was considered significant. Statistical analyses were conducted using SAS (Version
9.4, SAS Institute Inc., Cary, North Carolina). Treatment effects for continuous outcomes are presented as model
adjusted pairwise mean differences and those for binary outcomes are presented as adjusted relative risks, along with
respective 95% CIs.

Results
This analysis is based on 2408 women with a live birth in the
longitudinal analysis population. Enrollment and randomization took place between December 2013 and October

2014. Maternal characteristics are presented in Table I
(available at www.jpeds.com); no differences among arms
were evident except for Arm 1 having more women with
no education (P = .018). The infants represented in the
longitudinal analysis for the combined sites included 2421
infants, with 785, 827, and 809 in Arms 1, 2, and 3,
respectively. There were 2395 singletons, and 13 twin pairs
(7, 2, and 4 pairs in Arm 1, 2, and 3, respectively)
(Figure 1; available at www.jpeds.com).
Anthropometric measurements at birth, 1, 3, and 6 months
for the infants included in the longitudinal analysis are presented by arm in Table II. Mean unadjusted length-for-age
z scores (LAZ) at birth were approximately –1.0 for both
Arms 1 and 2, and –1.25 for Arm 3, similar to previously
reported birth outcomes15 and indicated in Figure 2. The
analysis for longitudinal LAZ and weight-for-age z score
(WAZ) changes from birth to 6 months demonstrated no
difference between Arms 1 and 2, but both were more
positive compared with Arm 3 (Figure 2). For all arms, the
mean LAZ scores were relatively stable from birth through
3 months but declined between 3 and 6 months (Figure 2).
The adjusted pairwise mean differences for length over the
6-month study period were 0.49 cm (95% CI 0.28-0.70,
P < .001) and 0.34 cm (95% CI 0.13-0.54, P = .001) for
Arms 1 and 2, respectively, compared with Arm 3
(Table III). The adjusted longitudinal analysis showed that
the interaction between arm and site was close to our cutoff for significance for LAZ (P = .07) and was, therefore,
included in the final model. Adjusted mean differences for

Table II. All sites unadjusted growth outcomes from birth to 6 months of age by intervention arm*
Variables

Arm 1†

Arm 2†

Arm 3†

(N = 785)

(N = 827)

(N = 809)

Length, cm
Birth (<7 d)
47.7  2.2 (783)
1 mo
52.0  2.4 (775)
3 mo
58.4  2.5 (779)
6 mo
63.9  2.6 (768)
Weight, g
Birth (<7 d)
2818  434 (783)
1 mo
3738  642 (777)
3 mo
5437  894 (780)
6 mo
6755  1054 (770)
BMI, kg/m2
Birth (<7 d)
12.4  1.3 (780)
1 mo
13.8  1.6 (773)
3 mo
15.9  1.9 (778)
6 mo
16.5  1.9 (766)
Weight/length ratio, kg/m
Birth (<7 d)
6.0  0.7 (701)
1 mo
7.2  1.0 (766)
3 mo
9.3  1.3 (777)
6 mo
10.6  1.4 (766)
HC, cm
Birth (<7 d)
33.3  1.5 (779)
1 mo
36.0  1.5 (772)
3 mo
38.9  1.5 (776)
6 mo
41.5  1.6 (764)

47.6  2.0 (826)
52.0  2.3 (820)
58.2  2.5 (822)
63.6  2.7 (813)

47.3  2.1 (806)
51.6  2.4 (807)
57.8  2.6 (802)
63.4  2.6 (794)

2812  414 (826)
3756  617 (820)
5401  874 (822)
6729  1032 (816)

2756  415 (806)
3703  642 (807)
5334  896 (806)
86684  1016 (795)

12.4  1.2 (823)
13.8  1.6 (817)
15.9  1.9 (818)
16.6  1.8 (811)

Unadjusted pairwise arm comparisons and 95% CI‡
Arm 1 vs 3
0.4 (0.2-0.6)
0.36 (0.1-0.6)
0.55 (0.3-0.8)
0.46 (0.2-0.7)

Arm 2 vs 3
0.3 (0.1-0.6)
0.4 (0.2-0.6)
0.4 (0.1-0.6)
0.2 (0.0 to 0.5)

Arm 1 vs 2
0.0 (0.2 to 0.3)
0.0 (0.3 to 0.2)
0.2 (0.0 to 0.5)
0.2 (0.0 to 0.5)

62.5 (20.7-104.3)
35.2 (28.1 to 98.5)
102.2 (14.1-190.4)
70.4 (32.3 to 173.0)

56.7 (16.5-97.0)
52.5 (8.7 to 113.7)
66.8 (19.2 to 152.8)
44.7 (55.4 to 144.9)

5.8 (35.7 to 47.2)
17.3 (79.1 to 44.5)
35.4 (51.2 to 122.0)
25.6 (77.2 to 128.4)

12.3  1.2 (804)
13.8  1.6 (802)
15.9  1.9 (794)
16.6  1.8 (792)

0.1 (0.0 to 0.2)
0.1 (0.2 to 0.1)
0.1 (0.3 to 0.1)
0.1 (0.2 to 0.1)

0.1 (0.0 to 0.2)
0.0 (0.2 to 0.2)
0.0 (0.2 to 0.2)
0.0 (0.2 to 0.2)

0.0 (0.1 to 0.1)
0.1 (0.2 to 0.1)
0.0 (0.2 to 0.2)
0.0 (0.2 to 0.1)

6.0  0.6 (746)
7.2  1.0 (809)
9.3  1.3 (818)
10.5  1.3 (813)

6.0  0.6 (699)
7.2  1.0 (795)
9.2  1.3 (799)
10.5  1.3 (792)

0.1 (0.0 to 0.1)
0.0 (0.1 to 0.1)
0.1 (0.1 to 0.2)
0.0 (0.1 to 0.2)

0.1 (0.0 to 0.1)
0.1 (0.1 to 0.1)
0.1 (0.1 to 0.2)
0.0 (0.1 to 0.2)

0.0 (0.1 to 0.1)
0.0 (0.1 to 0.1)
0.0 (0.1 to 0.1)
0.0 (0.1 to 0.2)

33.3  1.4 (823)
36.0  1.4 (817)
38.9  1.4 (820)
41.5  1.5 (814)

33.2  1.5 (803)
36.0  1.5 (803)
38.9  1.5 (805)
41.5  1.5 (792)

0.1 (0.1 to 0.2)
0.0 (0.1 to 0.2)
0.0 (0.1 to 0.2)
0.0 (0.2 to 0.1)

0.1 (0.1 to 0.2)
0.1 (0.1 to 0.2)
0.0 (0.2 to 0.1)
0.0 (0.2 to 0.1)

0.0 (0.1 to 0.1)
0.1 (0.2 to 0.1)
0.0 (0.1 to 0.2)
0.0 (0.1 to 0.2)

*After we excluded extreme invalid measurements as determined by expert manual review, the longitudinal analysis subset includes all live-born infants with birth length measurements measured by
7 days of age who had at least 2 follow-up visits (1-month, 3-months, or 6-months) with length measurements.
†Values presented as mean  SD (n).
‡Unadjusted pairwise mean differences and 95% confidence limits were obtained from t test assuming equal variance across arms.
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Figure 2. Longitudinal data for A, LAZ, B, WAZ; and C, BMIfor-age z score from birth to 6 months of age by intervention
arm. Data are presented as mean  SEM. Maternal participants in Arm 1 (N = 785 infants) started lipid-based nutrition
supplements ³3 months before conception; Arm 2 (N = 827
infants) started the same supplement at 11 weeks of
gestation; and Arm 3 (control, N = 809 infants) received no trial
supplements. Different subscripts denote significant differences between arms when adjusted for site, cluster, maternal
education, parity, and (for LAZ) site-by-arm interaction
(P < .05).
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Arm 1 vs Arm 3 for LAZ were statistically different, ranging
from 0.21 to 0.44, for all sites but Guatemala (Table III).
Mean differences for Arm 2 vs Arm 3 were smaller and
statistically significant only for Democratic Republic of the
Congo and Guatemala (Table III). No other interactions
for combined sites were significant and were excluded from
all other final models for all other outcome measures.
Unadjusted means of WAZ at birth were also slightly lower
than 1.0 for Arms 1 and 2, and as for LAZ, the longitudinal
mean WAZ for both arms were consistently less negative than
that of Arm 3 over the 6-month period (Figure 2). In contrast
to the LAZ, however, the WAZ did not decline appreciably
over the birth to 6 months period (Figure 2). The adjusted
mean differences in WAZ for both Arm 1 and Arm 2
compared with control Arm 3 were smaller than for LAZ,
although both differences were statistically significant
(P < .001 and .005, respectively) (Table III). No differences
by arm at birth or in the longitudinal analyses were
observed among arms for BMI-for-age z score, WLZ, or
HC-for-age z score (Table III).
No growth differences were observed between sexes, and
models adjusted for maternal characteristics, including parity
and education, demonstrated similar findings as the unadjusted models. Longitudinal analyses further adjusted for
parity (primiparous vs multiparous) did not substantially
change the comparisons of mean differences for continuous
variables or the adjusted relative risks for the binary outcomes (data not shown).
Stunting rates across the 6-month period were similar for
Arms 1 and 2 and were significantly lower than those for Arm
3 (Figure 3). The adjusted mean probability for stunting
changed only slightly between birth and 3 months for all
arms, but rates increased for all arms between 3 and
6 months (Figure 3). The adjusted relative risks for
stunting over the study period were 0.76 (95% CI 0.660.87) and 0.77 (95% CI 0.67-0.88) for Arm 1 vs Arm 3
(P < .001) and for Arm 2 vs Arm 3 (P < .001), respectively
(Table III). At 6 months of age, the percentages of stunted
infants were 22.9%, 25.2%, and 30.7% for Arms 1, 2, and
3, respectively (Figure 3). In contrast to stunting, no
statistical differences in the longitudinal risk of wasting
(BMI-for-age z score <–2 and WLZ <–2) or of low head
circumference (HC-for-age z score <–2) were observed for
any comparison among arms; risk of underweight (WAZ
<–2) was reduced for both Arms 1 and 2 compared with
Arm 3 (Table III).
Maternal reports of infant feeding practices indicated
essentially universal breastfeeding, with rates of >99% for
women in all arms throughout the study period. Pre-lacteal
feeds in the first 3 days after birth were reported by 20%,
17%, and 16% of women in Arms 1, 2, and 3, respectively.
The most commonly reported pre-lacteal fluids were traditional medicines (10%), infant formula (2.1%), and plain
water (1.7%), with no differences by arm. Exclusive breastfeeding at 14 days was reported by 80%-84% of women in
the three intervention arms; at 1 and 3 months, the figures
Krebs et al
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Table III. Treatment effects for 0-6 month continuous and categorical anthropometric outcomes*† among the
longitudinal analysis subset‡
Variables§
Continuous
variables
Length, cm
LAZ{
DRC
Guatemala
India
Pakistan
Weight, g
WAZ
BMI, kg/m2
BMI-for-age z score
Weight/length ratio
WLZ
HC, cm
HC-for-age z score
Categorical variables
LAZ <–2
WAZ <–2**
BMI-for-age z score <–2
WLZ <–2††
HCAZ <2

Arm 1 vs Arm 3
Adjusted mean difference
(95% CI)*
0.50 (0.30-0.71)
0.44 (0.24-0.64)
0.06 (0.11 to 0.23)
0.21 (0.01-0.40)
0.33 (0.12-0.55)
104.6 (45.4-163.8)
0.19 (0.09-0.28)
0.08 (0.03 to 0.19)
0.06 (0.02 to 0.14)
0.12 (0.04-0.20)
0.01 (0.09 to 0.07)
0.08 (0.04 to 0.20)
0.07 (0.02 to 0.17)

Arm 2 vs Arm 3
P value*

Adjusted mean
difference (95% CI)*

<.001

0.33 (0.12-0.53)

Arm 1 vs Arm 2
P value*

Adjusted mean
difference (95% CI)*

P value*

.002

0.18 (0.03 to 0.38)

.09

.004
.03
.15
.22
.04
.005
.44
.33
.10
.48
.41
.20

0.17 (0.02 to 0.36)
0.12 (0.30 to 0.05)
0.06 (0.15 to 0.26)
0.2 (0.00-0.40)
43.1 (15.1 to 101.2)
0.06 (0.03 to 0.15)
0.03 (0.07 to 0.14)
0.02 (0.06 to 0.10)
0.06 (0.02 to 0.14)
0.02 (0.06 to 0.09)
0.03 (0.09 to 0.15)
0.02 (0.08 to 0.11)

.08
.17
.57
.05
.15
.20
.53
.60
.15
.69
.63
.72

<.001
.51
.04
.002
<.001
<.001
.17
.15
.003
.77
.21
.12

0.27 (0.09-0.46)
0.18 (0.01-0.34)
0.15 (0.05 to 0.35)
0.13 (0.08 to 0.34)
61.5 (4.0-119.1)
0.13 (0.04-0.22)
0.04 (0.06 to 0.15)
0.04 (0.04 to 0.12)
0.07 (0.01 to 0.14)
0.03 (0.10 to 0.05)
0.05 (0.07 to 0.16)
0.06 (0.03 to 0.15)

Relative risk (95% CI)†

P value†

Relative risk (95% CI)†

P value**

Relative risk (95% CI)†

P value†

0.76 (0.66-0.87)
0.83 (0.72-0.95)
0.89 (0.75-1.04)
1.00 (0.82-1.23)
0.99 (0.83-1.17)

<.001
.008
.13
.98
.88

0.77 (0.67-0.88)
0.84 (0.73-0.97)
0.92 (0.78-1.07)
1.12 (0.92-1.37)
0.92 (0.78-1.09)

<.001
.02
.27
.26
.34

0.98 (0.84-1.14)
0.98 (0.84-1.13)
0.97 (0.82-1.13)
0.89 (0.73-1.09)
1.07 (0.90-1.27)

.82
.78
.68
.27
.42

DRC, Democratic Republic of the Congo.
*Adjusted mean differences, 95% CI, and P values comparing the means of continuous growth outcomes for the pairwise comparisons of the intervention arms were obtained from general linear
models with generalized estimating equations for the outcome of interest, adjusted for country, cluster nested within country, maternal education level (a = 0.10), primiparous/multiparous birth
indicator, interaction between intervention x primiparous/multiparous birth indicator (a = 0.10), chronological age at the visit, interaction between intervention  country (a = 0.10), sex and its
interaction with intervention (a = 0.10) while modeling the within infant correlations across visits with an auto-regressive order 1 (ie, AR[1]). As these are exploratory analyses, no correction for
multiple comparisons were made.
†Unless otherwise specified, relative risks, 95% CI, and P values comparing proportions of categorical outcomes for the pairwise comparisons of the intervention arms are obtained from log-binomial
generalized linear models with generalized estimating equations to estimate parameters while adjusting for country, cluster nested within country, maternal education level (a = 0.10), primiparous/
multiparous birth indicator, interaction between intervention  primiparous/multiparous birth indicator (a = 0.10), chronological age at the visit, interaction between intervention  country
(a = 0.10), sex and its interaction with intervention (a = 0.10) while modeling the within infant correlations across visits with an auto-regressive order 1 (ie, AR[1]). The robust Poisson generalized
linear model was fitted when the log-binomial model failed to converge. If this model also failed to converge, a model which did not account for the clustering of the data was used. As these are
exploratory analyses, no correction for multiple comparisons were made.
‡After we excluded extreme invalid measurements as determined by expert internal manual review, the longitudinal analysis subset includes all live-born infants with birth length measurements
measured by 7 days of age and at least 2 follow-up visits (1-, 3-, or 6-month[s]) completed.
§All LAZ, WAZ, WLZ, BMI-for-age z score, and HC-for-age z scores were calculated using the expanded tables of the WHO Child Growth Standards.1 LAZ, WAZ, BMI-for-age z score, WLZ, and HC-forage z score were within the biologically plausible range according to WHO standards (6£ LAZ or WAZ £6, 5£ BMI-for-age z score or WLZ or HC-for-age z score £5). If an infant was found to have a
biologically implausible LAZ or WAZ at a visit, all growth outcomes at the visit were set to missing. If an infant was found to have a biologically implausible BMI-for-age z score, WLZ, or HC-for-age z
score at a visit, only the corresponding measurement and z score at the visit were set to missing. WLZ could not be obtained for infants with a length of less than 45.0 cm at any visit due to limitations
in the WHO standards and were set to missing for that visit.1
{In the longitudinal analysis of LAZ, the intervention  country interaction was significant at a = 0.10 (P = .07) and thus was controlled for in the model.
**For the binary growth outcomes WAZ <–2, the log-binomial generalized linear model failed to converge, and thus the specified robust Poisson model† was fitted.
††Due to clusters with no infants having a WLZ <–2 the specified log-binomial generalized linear model† did not converge, and therefore, the specified log-binomial generalized linear model† was
fitted without adjusting for clusters.

were lower at 72%-74% and 69%-71%, respectively. The
dominant non-breast milk liquid was traditional medicine
(20%), followed by other milk (4-5%) and plain water
(2%-8%). By 6 months, most mothers (58%) reported offering non-breast milk liquids, most commonly plain water
(39%), traditional medicine (18%), and thin porridge
(15%). At 3 months, less than 5% of mothers reported use
of non-liquid complementary foods, whereas by 6 months,
most reported offering some type of complementary foods,
with cereals (non-commercial), fruits and vegetables, and
some type of fat being the foods most commonly reported.
No differences were evident among arms at any time point
or for any liquid or food, with the differences between
arms typically less than 3%.
Reported illnesses for all livebirth singletons did not
differ by arm, but the number of hospitalizations was higher

for Arm 1 (5%) compared with Arm 3 (2.8%) (relative risk
1.80, 95% CI 1.09-2.97, P = .02) (Table IV; available at
www.jpeds.com). No statistical differences were observed
among arms for respiratory, diarrheal, or malaria illnesses
(Table IV). With respect to mortality, Arm 2 had a
greater rate of neonatal deaths (<28 days) compared with
Arm 3, with neonatal mortality rates (NMR) 41.9 per
1000 vs 23.3 per 1000, respectively (RR 1.79; 95% CI
1.08-2.97; P = .02); rate for Arm 1 vs Arm 3 was
intermediate at 37.2/1000 (RR 1.56; 95% CI 0.87-2.81;
P = .14). For all arms, most (75%-84%) of the neonatal
deaths occurred during the first week of life. Primary
causes of death were “infection/trouble breathing” (44%),
“prematurity or low birth weight” (13%), and “birth
asphyxia” (8%). Inspection of the by-site data indicated
only Pakistan had an NMR greater for Arm 2 vs Arm 3:
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Figure 3. Progression of stunting from birth to 6 months of
age by intervention arm. Data represent unadjusted means.
Maternal participants in Arm 1 (N = 785 infants) started lipidbased nutrition supplements ³3 months before conception;
Arm 2 (N = 827 infants) started same supplement at
11 weeks of gestation; and Arm 3 (control, N = 809 infants)
received no trial supplements. Different superscripts denote
significant differences between arms.

66.4 per 1000 vs 23.4 per 1000 (RR 2.84; 95% CI 1.05-7.68;
P = .04). Infant deaths over the entire 6-month study period
did not differ by arm (Table IV).

Discussion
The key finding in this analysis was the persistence through
the first 6 months of postnatal life of the benefits for fetal
growth that resulted from comprehensive maternal nutritional supplementation initiated before conception or at
the end of the first trimester. Despite no postnatal intervention, both length and weight, and the respective z scores, were
significantly greater, and stunting rates were lower at
6 months for infants of mothers randomized to the intervention arms compared with those of the women in the
control group. The multisite study was undertaken in diverse,
low-resource settings, all with rates of young child stunting
³40%.1 LAZ scores declined and stunting rates increased
for all 3 groups, especially between 3 and 6 months, but stunting rates remained 20%-30% greater at 6 months for the infants of mothers in the control arm compared with those of
women who received the intervention.
Our findings contrast with the limited literature on growth
patterns in early infancy after maternal nutrition supplementation during pregnancy and lactation. Two studies of preand postnatal maternal micronutrient supplementation
with SQ-LNS that were conducted in Bangladesh and Malawi
reported no difference in length velocity or LAZ by group for
the birth to 6 months’ postnatal period.9,10 Our findings also
contrast with those of a randomized trial in Burkina Faso that
compared effects of LNS vs multiple micronutrient supple6
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ments initiated in the second trimester and continued until
parturition. In that study, although birth length was significantly greater in infants of mothers who received LNS, the
postnatal growth was actually slower in the LNS group, and
by 6 months the growth trajectories had converged, and no
difference in LAZ at 6 months was observed.8 The differing
results among these studies and our findings for early growth
may reflect differences in study populations, baseline
maternal nutritional status, and/or in study design, eg, the
early timing and/or the comprehensive nature of the nutrition intervention, which included both the SQ-LNS and a
lipid-based balanced protein and energy supplement without
additional micronutrients.
The relatively steady linear growth between birth and
3 months also differs from multiple reports of substantial
linear growth faltering in the early weeks of postnatal
life.4,5,9,10,18
Cross-sectional data from national anthropometric measurements from 54 countries demonstrated an early and progressive decline in LAZ, particularly in Sub-Saharan Africa
and South Asia.4 In a longitudinal observational study in
the same area in Guatemala, the sharpest decline in LAZ
occurred between birth and 3 months, with more gradual
decline thereafter through 6 months.5 The large multicountry
longitudinal birth cohort study, MAL-ED (Etiology, Risk
Factors and Interactions of Enteric Infections and Malnutrition and the Consequences for Child Health and Development), which linked growth, enteric infections, and
nutritional intake, reported considerable variability in the
onset of stunting. In that study, sites in Africa and South
America demonstrated increases in the proportion of stunted
infants by approximately 3 months, but in the other sites increases occurred primarily after 6 months.18 In MAL-ED,
asymptomatic enteropathogen detection, not diarrhea, was
associated with slower linear growth as early as the first
2 months of postnatal life.19 Enteropathogen carriage was
not tracked in our study and may have differed among the
Women First trial sites. Indicators of socioeconomic status
and water and sanitation ranged widely among sites20 but
did not differ among the intervention arms for those women
with birth outcomes.15 The significant interaction between
intervention arm and site that we observed for LAZ supports
this heterogeneity of linear growth faltering, but the significant positive effects of the intervention in three of the four
sites for the preconception arm also supports generalizability
of our findings.
Lack of exclusive breastfeeding has been associated with
poor growth and infectious morbidity including, especially,
diarrhea.21 Although rates of exclusive breastfeeding steadily
declined, the rates were comparable with or exceeded those of
the observational MAL-ED birth cohort study, which found
no association of breastfeeding (full or partial) and linear
growth in the first 6 months.19 In addition, 2 trials of
maternal LNS supplementation for 6 months postpartum reported no benefit on linear growth.9,10 The randomized
design of the intervention trial, the nearly parallel LAZ trajectories for all three arms, and the similarity of reported feeding
Krebs et al
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practices suggest that prenatal factors were more potent than
postnatal diet in influencing growth during this observation
period. In addition, maternal nulliparity and baseline anemia
were identified as critical effect modifiers in the Women First
trial such that the women with these characteristics had newborns with substantially greater birth length and weight,
especially for those in the preconception group.22 Although
continued follow-up of these offspring of the Women First
trial will be essential to determine the durability of these
growth effects as other environmental factors, including dietary, water, and hygiene factors become progressively influential,19 our findings emphasize the importance of
maternal nutrition for this critical period of post-natal
growth and development.
The unexpected findings of greater hospitalizations for
the infants of mothers in the preconception arm (Arm 1)
compared with the controls, and of greater NMR for the infants of women in the prenatal arm (Arm 2) compared with
the controls are difficult to explain, especially in light of
the more favorable growth for infants of mothers in both
of the intervention arms. The outstanding observation for
the Pakistan site was actually the very low and somewhatimplausible NMR for the control arm, which was less
than half that reported from the same communities in a
multicountry maternal neonatal health registry.23,24 The
NMR for Arms 1 and 2 in the Pakistan site were in line
with the registry reports, suggesting that the Arm 3 finding
was due to factors unrelated to the intervention. No differences among arms were observed for rates of either miscarriages (<20 weeks of gestation) or stillbirths (³20 weeks of
gestation), thus arguing against intervention group-based
differences in potential vulnerability of the newborns.15
Moreover, a recent review that compared maternal and infant outcomes for prenatal SQ-LNS vs iron-folate supplements found no difference in neonatal deaths.25 We also
found no differences among the intervention arms or
among the sites in exclusive breastfeeding, which has
consistently been found to be strongly protective against
morbidity and mortality, especially related to diarrhea
and other infectious diseases.26-28 Thus, in the absence of
a plausible biological etiology and unless our findings are
replicated in studies with larger sample sizes and more
intense monitoring, we conclude that the greater NMR
for the infants of the women in the prenatal intervention
arm was due to chance and should not discourage ongoing
interest in the use of SQ-LNS as a potentially effective
nutrition-specific intervention.
The strengths of this study include the randomized
assignment to the nutrition intervention arm before
conception for all women; the relatively large sample size;
and the high rate of follow-up for the postnatal measurements, with approximately 95% of live-born infants in the
intervention phase of the trial having at least 2 measurements for the current analysis. We also acknowledge limitations, including the relatively low intensity of surveillance
for morbidity and mortality outcomes, which was not suf-
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ficient to provide more insight for underlying explanation(s) for the observed findings.
In summary, in these diverse low-resource settings, both
linear and ponderal growth from birth through 6 months
were significantly greater and stunting rates were lower for
infants whose mothers received nutrition supplementation
in the preconception period or late in the first trimester
compared with infants whose mothers received only the standard of care in their setting. These improved growth patterns
impacted infants at the crucial time of most rapid postnatal
growth and were observed despite no postnatal intervention
to either the mothers or infants. Our results add to the current understanding of growth in the first half of the first
1000 days and support the critical and possibly enduring
importance of optimized maternal nutrition before conception and the early phase of gestation. n
Submitted for publication May 7, 2020; last revision received Sep 15, 2020;
accepted Sep 15, 2020.
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Justin Gado; Kinshasha School of Public Health, Kinshasha, Democratic Republic of the Congo.
Manjunath S. Somannavar and Veena Herekar; KLE Academy of Higher Education and Research’s Jawaharlal Nehru
Medical College, Belagavi, India.

Omrana Pasha and Umber Khan; Aga Khan University,
Karachi, Pakistan.
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Figure 1. Consort diagram: screening, randomization, and longitudinal 0- to 6-month analyses population by intervention arm.
a
Excludes women who became pregnant <3 months into the study. The women who had eligible pregnancies may have had
delivery data obtained or they may have exited the study before delivery. bAfter excluding extreme invalid measurements as
determined by expert internal review, the 0- to 6-month longitudinal analysis subset includes all live-born infants with birth length
measurements measured by 7 days of age and at least 2 follow-up visits (1-month, 3-month, or 6-month).
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Table I. Overall baseline maternal characteristics among women who had a live birth in the longitudinal analysis
subset* by intervention arm
Variables
Randomized, n
Women who had a live
birth in the 6-mo longitudinal analysis
population, n*
Maternal age, n (%), y
<20
³20
Maternal education, n (%)
No formal schooling
Primary
Secondary +
BMI, n, kg/m2
Mean  SD
BMI <18.5, n (%)
Height, N, cm
Mean  SD
Stunted, n (%)‡
Parity, n (%)
0 (nulliparous)
1
³2
Tally of indicators of
higher SES, n (%)§
None (0 present)
1-2 present
3-4 present
5-6 present

Total

Arm 1

Arm 2

Arm 3

7387
2408

2465
778

2460
825

2462
805

2408
495 (21)
913 (79)
2408
766 (32)
908 (38)
734 (31)
2407
21.4  4
556 (23)
2407
151.3  7
949 (39)
2408
485 (20)
764 (32)
1159 (48)
2408

778
149 (19)
629 (81)
778
270 (35)
259 (33)
249 (32)
778
21.4  4
183 (24)
778
151.6  7
282 (36)
778
181 (23)
238 (31)
359 (46)
778

825
185 (22)
640 (78)
825
245 (30)
322 (39)
258 (31)
824
21.5  4
194 (24)
824
151.2  7
340 (41)
825
159 (19)
263 (32)
403 (49)
825

805
161 (20)
644 (80)
805
251 (31)
327 (41)
227 (28)
805
21.5  4
179 (22)
805
151.2  7
327 (41)
805
145 (18)
263 (33)
397 (49)
805

321 (13)
680 (28)
973 (40)
434 (18)

104 (13)
234 (30)
300 (39)
140 (18)

108 (13)
229 (28)
340 (41)
148 (18)

109 (14)
217 (27)
333 (41)
146 (18)

P value†

.19
.018

.90
.51
.22

.90

SES, socioeconomic status.
*Woman had a live birth in the longitudinal analysis population; includes all live born infants with birth length measurements obtained by 7 days of age and had at least 2 follow-up measurements at
1 month, 3 months, or 6 months.
†P values from c2 tests and ANOVA analysis to assess for differences between characteristics by treatment arm.
‡Stunted defined as 2 SD for the height-for-age z scores among girls from the 2007 WHO cutoffs. This is 147.9 cm for 15-year-old girls, 148.9 cm for 16-year-old girls, 149.5 cm for 17-year-old
girls, 149.8 cm for 18-year-old girls, and 150 cm for 19+ year-old girls.1,2
§The SES tally provides the number of indicators available from the following list: electricity, improved water source, sanitation, synthetic flooring, improved cooking fuels, and household assets.
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Arm 1 vs Arm 3†

Intervention Arm
Outcomes

Arm 1 vs Arm 2†

Arm 1 (N = 807)*

Arm 2 (N = 869)

Arm 3 (N = 839)

Relative risk (95% CI)*

P Value

Relative risk (95% CI)*

P Value

Relative risk (95% CI)*

P Value

319/787 (40.5)
468/787 (59.5)
158/787 (20.1)
83/787 (10.5)
78/787 (9.9)
39/787 (5.0)
141/786 (17.9)
50/786 (6.4)
21/786 (2.7)

309/841 (36.7)
532/841 (63.3)
159/841 (18.9)
87/841 (10.3)
63/841 (7.5)
30/839 (3.6)
151/836 (18.1)
36/836 (4.3)
18/836 (2.2)

286/824 (34.7)
538/824 (65.3)
155/824 (18.8)
80/824 (9.7)
51/824 (6.2)
23/824 (2.8)
138/822 (16.8)
42/822 (5.1)
14/822 (1.7)

1.11 (0.99-1.24)

.07

1.05 (0.95-1.15)

.37

1.06 (0.96-1.17)

.23

1.80 (1.09-2.97)
1.09 (0.93-1.28)
1.19 (0.85-1.67)
1.50 (0.77-2.90)

.02
.31
.32
.23

1.30 (0.77-2.21)
1.08 (0.90-1.29)
0.83 (0.53-1.32)
1.25 (0.63-2.48)

.33
.43
.44
.52

1.38 (0.87-2.19)
1.01 (0.85-1.20)
1.42 (0.97-2.09)
1.20 (0.65-2.21)

.17
.89
.07
.57

31/833 (37.2)

37/883 (41.9)

20/859 (23.3)

1.56 (0.87-2.81)

.14

1.79 (1.08-2.97)

.03

0.87 (0.58-1.32)

.52

29/799 (36.3)

39/863 (45.2)

29/829 (35.0)

0.99 (0.59-1.66)

.96

1.27 (0.87-1.87)

.22

0.78 (0.54-1.12)

.18
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*Because this was collected at the family level (vs by infant), data for live birth twins are unidentifiable and therefore excluded. The data presented in this table are for all singleton live births or twin births resulting in only 1 live birth.
†Relative risks, 95% CIs, and P values comparing proportions for the pairwise comparisons of the intervention arms are obtained from generalized linear models with generalized estimating equations adjusting for country while controlling for cluster correlations with
an independent working correlation structure and a robust sandwich estimator (empirical estimates). This specified model did not converge for hospitalization and malaria, and thus, a log-binomial model without adjust for cluster correlations was fitted. As these are
exploratory analyses, no correction for multiple comparisons have been made.
‡The denominators for neonatal mortality rate at 28 days are all live births.



Illness/health problem, n/N (%)
No illnesses: 0, n/N (%)
Number of illnesses: 1, n/N (%)
Number of illnesses: 2, n/N (%)
Number of illnesses: ³3, n/N (%)
Hospitalization, n/N (%)
Respiratory illness, n/N (%)
Diarrhea, n/N (%)
Malaria, n/N (%)
Mortality
Neonatal mortality (<28 d), n/N (rate/
1000)‡
Infant mortality (<6 mo), n/N (rate/
1000)

Arm 2 vs Arm 3†
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Table IV. All-sites morbidity and mortality by intervention arm among all live-birth singletons*

Volume -

Krebs et al

Steroids boost survival of preterm babies in low-resource settings, new
study finds
Accurate pregnancy dating and quality care combined with the steroids are key
to survival
News Release
23 October 2020 | GENEVA – The results of a new clinical trial, published today in the New
England Journal of Medicine, show that dexamethasone—a glucocorticoid used to treat many
conditions, including rheumatic problems and severe COVID-19— can boost survival of
premature babies when given to pregnant women at risk of preterm birth in low-resource
settings.
The WHO ACTION-I trial resolves an ongoing controversy about the efficacy of antenatal
steroids for improving preterm newborn survival in low-income countries. Dexamethasone and
similar drugs have long shown to be effective in saving preterm babies lives in high-income
countries, where high-quality newborn care is more accessible. This is the first time a clinical
trial has proven that the drugs are also effective in low-income settings.
The impact is significant: for every 25 pregnant women treated with dexamethasone, one
premature baby’s life was saved. When administered to mothers at risk of preterm birth,
dexamethasone crosses the placenta and accelerates lung development, making it less likely
for preterm babies to have respiratory problems at birth.
“Dexamethasone is now a proven drug to save babies born too soon in low-income settings,”
says Dr Olufemi Oladapo, head of maternal and perinatal health unit at WHO and HRP, and
one of the coordinators of the study. “But it is only effective when administered by healthcare providers who can make timely and accurate decisions, and provide a minimum package
of high-quality care for both pregnant women and their babies.”
Globally, prematurity is the leading cause of death in children under the age of 5. Every year,
an estimated 15 million babies are born too early, and 1 million die due to complications
resulting from their early birth. In low-income settings, half of the babies born at or below 32
weeks die due to a lack of feasible, cost-effective care.
The study notes, healthcare providers must have the means to select the women most likely
to benefit from the drug and to correctly initiate the treatment at the right time – ideally 48
hours before giving birth to give enough time to complete steroid injections for maximal
effect. Women who are in weeks 26-34 of their pregnancy are most likely to benefit from the
steroid, so healthcare providers must also have access to ultrasound to accurately date their
pregnancies. In addition, babies must receive sufficiently good-quality care when they are
born.
“When a minimal package of care for newborn babies – including management of infection,
feeding support, thermal care and access to a CPAP machine to support respiration – is in
place in low-income countries, antenatal steroids such as dexamethasone can help to save
preterm babies’ lives,” says Dr Rajiv Bahl, head of the newborn health unit at WHO and one
of the study coordinators.

Conducted from December 2017–November 2019, the randomized trial recruited 2852 women
and their 3070 babies from 29 secondary and tertiary level hospitals in Bangladesh, India,
Kenya, Nigeria, and Pakistan. Beyond finding a significantly lower risk of neonatal death and
stillbirth, the study also found there was no increase in possible maternal bacterial infections
when treating pregnant women with dexamethasone in low-resource settings.
Note to editors
WHO includes dexamethasone in its Essential Medicines List. The drug has also recently been
shown to be effective in helping to relieve the symptoms caused by severe COVID-19. It is
therefore crucial that countries, health systems, and pharmaceutical companies across the
world ensure quality, as well as effective supply chains and pricing to prevent hoarding or
stock-outs of this drug, which has many uses; including for helping to save preterm babies
lives.

Media contacts:
Margaret Harris, Senior Communications Officer, WHO: +41 79 290 6688, harrism@who.int
Elizabeth Noble, Information Officer at HRP and WHO: noblee@who.int
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Antenatal Dexamethasone for Early Preterm
Birth in Low-Resource Countries
The WHO ACTION Trials Collaborators

A BS T R AC T
BACKGROUND

The safety and efficacy of antenatal glucocorticoids in women in low-resource
countries who are at risk for preterm birth are uncertain.
METHODS

We conducted a multicountry, randomized trial involving pregnant women between
26 weeks 0 days and 33 weeks 6 days of gestation who were at risk for preterm birth.
The participants were assigned to intramuscular dexamethasone or identical placebo. The primary outcomes were neonatal death alone, stillbirth or neonatal
death, and possible maternal bacterial infection; neonatal death alone and stillbirth or neonatal death were evaluated with superiority analyses, and possible
maternal bacterial infection was evaluated with a noninferiority analysis with the
use of a prespecified margin of 1.25 on the relative scale.
RESULTS

A total of 2852 women (and their 3070 fetuses) from 29 secondary- and tertiarylevel hospitals across Bangladesh, India, Kenya, Nigeria, and Pakistan underwent
randomization. The trial was stopped for benefit at the second interim analysis.
Neonatal death occurred in 278 of 1417 infants (19.6%) in the dexamethasone
group and in 331 of 1406 infants (23.5%) in the placebo group (relative risk, 0.84;
95% confidence interval [CI], 0.72 to 0.97; P = 0.03). Stillbirth or neonatal death
occurred in 393 of 1532 fetuses and infants (25.7%) and in 444 of 1519 fetuses
and infants (29.2%), respectively (relative risk, 0.88; 95% CI, 0.78 to 0.99; P = 0.04);
the incidence of possible maternal bacterial infection was 4.8% and 6.3%, respectively (relative risk, 0.76; 95% CI, 0.56 to 1.03). There was no significant betweengroup difference in the incidence of adverse events.

The members of the writing committee
assume responsibility for the overall content and integrity of this article. The full
names, academic degrees, and affiliations of the members of the writing committee are listed in the Appendix. Address reprint requests to Dr. Oladapo at
the United Nations Development Program–United Nations Population Fund–
United Nations Children’s Fund–World
Health Organization–World Bank Special Program of Research, Development,
and Research Training in Human Reproduction, Department of Sexual and Reproductive Health and Research, World
Health Organization, 20 Ave. Appia, Geneva, Switzerland, or at oladapoo@who
.int; or to Dr. Bahl at the Department of
Maternal, Newborn, Child, Adolescent
Health and Ageing, World Health Organization, 20 Ave. Appia, Geneva, Switzerland, or at bahlr@who.int.
This article was published on October
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Copyright © 2020 Massachusetts Medical Society.

CONCLUSIONS

Among women in low-resource countries who were at risk for early preterm birth,
the use of dexamethasone resulted in significantly lower risks of neonatal death
alone and stillbirth or neonatal death than the use of placebo, without an increase
in the incidence of possible maternal bacterial infection. (Funded by the Bill and
Melinda Gates Foundation and the World Health Organization; Australian and
New Zealand Clinical Trials Registry number, ACTRN12617000476336; Clinical
Trials Registry–India number, CTRI/2017/04/008326.)
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reterm birth is a leading cause of
death in infants and children younger than
5 years of age globally.1 Infants born preterm are also at increased risk for a wide range
of short-term and long-term respiratory, infectious, metabolic, and neurologic conditions, with
higher risks among those born during the early
preterm period.2,3
On the basis of trials conducted largely in
high-resource countries, antenatal glucocorticoids
have long been promoted as the key intervention
for reducing preterm infant mortality and morbidity.4,5 However, the generalizability of this
evidence to low-resource settings was called into
question in 2015, when a large population-based
trial conducted in six low-resource countries
showed that efforts to scale up the use of antenatal glucocorticoids could lead to harm.6 In
that trial, scaling up of glucocorticoids did not
reduce mortality among infants who were below
the fifth percentile for birth weight (a proxy for
preterm birth) and unexpectedly was associated
with an increase in the incidence of neonatal
death, stillbirth, and suspected maternal infection
in the population overall. These findings reopened
the debate about the safety and efficacy of antenatal glucocorticoids in low-resource countries.7,8
Because of these considerations, in 2015 the
World Health Organization (WHO) recommended that antenatal glucocorticoids should be used
only under certain conditions, including the accurate assessment of gestational age, imminent
preterm birth, the absence of maternal infection,
and adequate care for childbirth and preterm
newborns.9 The guideline panel and an expert
panel that was subsequently convened by the
WHO identified the conduct of efficacy trials in
hospitals in low-resource countries as a research
priority in order to resolve this controversy and
guide clinicians and policymakers on the use of
antenatal glucocorticoids.7,8 We conducted the
WHO ACTION-I (Antenatal Corticosteroids for
Improving Outcomes in Preterm Newborns) trial,
a randomized trial to assess the safety and efficacy of dexamethasone in women in hospitals in
low-resource countries who were at risk for
early preterm birth.
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cebo-controlled trial to compare intramuscular
dexamethasone with identical placebo in women
at risk for imminent preterm birth. We conducted
the trial at 29 secondary- and tertiary-level hospitals across six trial sites in Bangladesh, India,
Kenya, Nigeria, and Pakistan. The trial protocol,
which has been published previously,10 is available with the full text of this article at NEJM.org.
It was approved by the relevant ethics committees and regulatory agencies in each country and
by the WHO Ethics Review Committee. WHO was
the trial sponsor. A steering group comprising a
trial coordinating unit, principal investigators,
and technical advisors provided trial oversight.
Fresenius Kabi–Labesfal (Portugal) produced
dexamethasone sodium phosphate and identical
placebo, which were packaged and shipped to the
trial sites by Ivers–Lee Clinical Supplies Management (Switzerland). Fresenius Kabi–Labesfal had
no role in the trial design, the collection, analysis, and interpretation of the data, the writing of
the manuscript, or the decision to submit the
manuscript for publication. The first, second,
third, and seventh members of the writing committee vouch for the accuracy and completeness
of the data and for the fidelity of the trial to the
protocol.
Trial Setting

The trial hospitals were selected through a standardized assessment of maternal and newborn
health care services (Table S1 in the Supplementary Appendix, available at NEJM.org) to ensure
that the WHO criteria for antenatal glucocorticoid treatment could be reasonably met.8,9 To
make the trial procedures consistent and to ensure that the trial participants received at least
the minimum quality of care, ultrasonographic
systems (Philips HD5, the Netherlands), continuous positive airway pressure (CPAP) machines
(DiaMedica UK, United Kingdom), pulse oximeters (Masimo International, Switzerland), and
glucometers were procured for all the hospitals.
Standardized training was provided to all research and clinical staff.
Screening and Recruitment

Pregnant women who had confirmed live fetuses
between 26 weeks 0 days and 33 weeks 6 days of
Me thods
gestation and who were at risk for preterm birth
Trial Design and Oversight
were eligible for inclusion. The inclusion criteria
We designed a multicountry, multicenter, parallel- were planned or expected birth in the next 48
group, double-blind, individually randomized, pla- hours (either provider-initiated preterm birth or
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after preterm, prelabor rupture of membranes or
spontaneous labor). Gestational age was determined by the earliest ultrasonographic examination or an ultrasonographic examination performed at admission. Women were excluded if
they had clinical signs of severe infection, major
congenital fetal anomalies, concurrent or recent
(within the previous 2 weeks) use of systemic
glucocorticoids, or a contraindication to glucocorticoids or if they were participating in another
trial. Written informed consent was obtained
from all the participants before randomization.

ture ≥38°C) or clinically suspected or confirmed
infection for which therapeutic antibiotics were
used. The secondary outcomes were maternal and
newborn mortality and morbidity as well as
process-of-care outcomes (a list and definitions
of these outcomes are provided in the Statistical
Methods section in the Supplementary Appendix).
All trial-related information was stored securely at the trial sites. Data were double-entered
into a Web-based data-management platform and
centrally managed by Centro Rosarino de Estudios Perinatales (Argentina).

Randomization and Trial Regimens

Statistical Analysis

The participants were randomly assigned in a
1:1 ratio to a course of intramuscular injections
of either 6 mg of dexamethasone or identical
placebo administered every 12 hours, for a maximum of four doses, or until hospital discharge
or birth. The women were eligible for a repeat
course if they had not given birth after 7 completed days but still met the inclusion criteria.
The repeat course was identical to the first course
and the same as the initial assignment.
Site-stratified individual randomization with
balanced permuted blocks of 10 were used. The
computer-generated randomization sequence was
prepared centrally at the WHO. All the sites received serially numbered identical packs containing ampules of 4 mg per milliliter of dexamethasone or placebo for two full courses. The
trial participants, care providers, and investigators were unaware of the trial-group assignments.
The participants received either dexamethasone or placebo immediately after randomization. Clinical care was provided according to
local guidelines. Follow-up of the fetuses was
conducted until 28 days after birth or until death
(stillbirth or neonatal death), whichever came
first, and follow-up of the women was conducted until 28 days after they gave birth or until
death, whichever came first. Trained research
staff collected data during the hospital admission or admissions and during community-level
visits.

We estimated that 6018 women would have to be
recruited to detect a decrease in the risk of neonatal death of 15.00% or more, from 25.00% to
21.25%, in a two-sided 5% significance test with
90% power and 10% loss to follow-up. The estimated sample size would provide more than
80% power at the 2.5% significance level to detect whether dexamethasone is noninferior to
placebo for maternal infection, within a noninferiority margin of 1.25 on the relative scale. The
noninferiority margin was based on the consideration that a maximum increase of 25% over a
10% baseline incidence of maternal bacterial
infection could be accepted for a fetal or infant
mortality benefit.
For the primary outcomes, intention-to-treat
analyses were to be performed. We hypothesized
that the use of dexamethasone would result in a
decrease in the risk of neonatal death and stillbirth or neonatal death without increasing the
risk of maternal infection. Therefore, we applied
a superiority hypothesis to neonatal death and
stillbirth or neonatal death, and we applied a
noninferiority hypothesis to maternal infection.
Analyses were first performed on all available
data, and sensitivity analyses were then performed with the use of multiple imputation11 to
judge the effect of missing data. Analyses of
primary outcomes were corrected for multiplicity with the false-discovery-rate approach.12 The
dexamethasone group was compared with the
placebo group for the primary outcomes with
the use of relative risks with 95% confidence
intervals, according to a logistic model with a
binomial distribution and a log link to obtain
relative risks. The stratifying variable — trial site
— was included in the model, as well as a clustering feature for multiple births for neonatal

Trial Outcomes

The three primary outcomes were neonatal
death (death of a live-born infant within 28 completed days of life), stillbirth or neonatal death,
and a composite of possible maternal bacterial
infection, defined as maternal fever (tempera-
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outcomes. For continuous variables, means and
standard deviations or medians and interquartile
ranges according to group were reported. The
trial groups were compared with mean or median
differences and 95% confidence intervals according to a general linear model that included
trial site as the stratifying variable. Separate
models were fitted for each of the primary and
secondary outcomes.
The primary outcomes were analyzed in prespecified subgroups (see the Statistical Methods
section in the Supplementary Appendix). The
results for all secondary outcomes and subgroup
analyses are presented as point estimates and
95% confidence intervals. No correction was made
for multiplicity, and the width of the confidence
intervals should not be used to infer treatment
effects. All the models were fitted with the use of
SAS software, version 9.4 (SAS Institute).
Three interim analyses by the data and safety
monitoring board were planned. The board members were to inform the steering group chair if,
in their view, there was proof beyond a doubt
that dexamethasone was indicated or contraindicated on the basis of statistical considerations
(using the Haybittle–Peto stopping rule13 for the
primary outcomes for fetuses and infants) or
clinical considerations, practical issues, or new
external information. After the second interim
analysis involving 2304 women and 2536 fetuses
and infants, with complete follow-up of primary
outcomes, the data and safety monitoring board
decided to unblind the trial and recommended
that the trial be stopped for fetus and infant
mortality benefits and strong evidence of a
graded dose–response effect, in the context of
existing evidence of benefits of antenatal glucocorticoids.4 Recruitment was stopped across all
sites on November 21, 2019, and all ethics committees and regulatory authorities were informed.
The funders had no role in the decision to stop
the trial.

R e sult s
Participant Characteristics

From December 2017 through November 2019,
of the 7008 women who were screened for eligibility, 2852 underwent randomization (1429 to
the dexamethasone group and 1423 to the placebo group) (Fig. 1). The most common reason

4
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for ineligibility was that birth was not planned
or expected in the next 48 hours. A total of
90.0% of the infants in the dexamethasone
group and 90.8% of those in the placebo group
were born before 37 weeks. More than 99.0% of
the women who underwent randomization and
their infants completed follow-up. The characteristics of the dexamethasone and placebo
groups were similar at trial entry (Table 1 and
Table S2).
Adherence to Assigned Trial Regimen

All the women except 1 received at least one dose
of dexamethasone or placebo (Fig. 1). A total of
815 of 1429 women (57.0%) in the dexamethasone group and 756 of 1423 women (53.1%) in
the placebo group received all four doses in the
first course. The repeat course was administered
to 61 women in the dexamethasone group and
74 women in the placebo group, of whom 46 and
47 women, respectively, received four doses. The
most common reason that a scheduled dose was
not administered was the occurrence of birth
between the administration of doses.
Primary Outcomes

There were 278 neonatal deaths among 1417 liveborn infants in the dexamethasone group (19.6%)
and 331 neonatal deaths among 1406 live-born
infants in the placebo group (23.5%) (relative
risk, 0.84; 95% confidence interval [CI], 0.72 to
0.97; P = 0.03) (Table 2). We determined that 25
women would need to be treated with dexamethasone to prevent 1 neonatal death (95% CI, 14 to
110). The incidence of stillbirth or neonatal death
was also significantly lower in the dexamethasone group than in the placebo group (25.7% vs.
29.2%; relative risk, 0.88; 95% CI, 0.78 to 0.99;
P = 0.04).
Possible maternal bacterial infection occurred
in 68 of 1416 women (4.8%) in the dexamethasone group and in 89 of 1412 women (6.3%) in
the placebo group (relative risk, 0.76; 95% CI,
0.56 to 1.03; P = 0.002 for noninferiority); this
result was consistent with noninferiority at the
prespecified margin of 1.25 (Table 2). In the perprotocol population, possible maternal bacterial
infection occurred in 63 of 1393 women (4.5%)
in the dexamethasone group and in 89 of 1385
women (6.4%) in the placebo group (relative
risk, 0.70; 95% CI, 0.51 to 0.96); this result was
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7008 Women were assessed for eligibility

4156 Were excluded
3914 Did not meet eligibility criteria
256 Did not have fetus with gestational age ≥26 wk
0 days to 33 wk 6 days
514 Did not have fetus or fetuses alive
2604 Did not have birth planned or expected in next 48 hr
104 Had suspected or evidence of clinical
chorioamnionitis
341 Had suspected or evidence of severe acute infection
119 Had fetus with major or lethal malformation
70 Had known contraindication to glucocorticoids
617 Had concurrent use of parenteral glucocorticoids
6 Were enrolled in another clinical trial
229 Did not give consent
13 Had other reasons
7 Delivered before undergoing randomization
5 Had provider who did not have medicine available
1 Had unspecified reason

2852 Underwent randomization

1429 Women with 1544 fetuses were
assigned to receive dexamethasone
1428 (99.9%) Received first course
815 (57.0%) Received 4 doses
85 (5.9%) Received 3 doses
147 (10.3%) Received 2 doses
381 (26.7%) Received 1 dose
1 (0.1%) Did not receive any dose
of first course owing to delivery
before the first dose
61 (4.3%) Received repeat course
46 (3.2%) Received 4 doses
2 (0.1%) Received 3 doses
4 (0.3%) Received 2 doses
9 (0.6%) Received 1 dose

1423 Women with 1526 fetuses were
assigned to receive placebo
1423 (100%) Received first course
756 (53.1%) Received 4 doses
80 (5.6%) Received 3 doses
152 (10.7%) Received 2 doses
435 (30.6%) Received 1 dose
74 (5.2%) Received repeat course
47 (3.3%) Received 4 doses
6 (0.4%) Received 3 doses
9 (0.6%) Received 2 doses
12 (0.8%) Received 1 dose
6 (0.4%) Did not receive any dose
of repeat course (declined injection)

9 Women were lost to follow-up owing to
withdrawal from trial
7 Infants were lost to follow-up
5 Could not be located
1 Had family who declined to participate
1 Had mother who withdrew from trial

8 Women were lost to follow-up owing to
withdrawal from trial
12 Infants were lost to follow-up
10 Could not be located
1 Had family who declined to participate
1 Had mother who withdrew from trial

2 Women were not able to be assessed
for primary outcome

5 Women were not able to be assessed
for primary outcome
1416 Women were assessed for primary
outcome
1532 Fetuses and infants were assessed
for primary outcomes
1417 Live-born infants were assessed for
primary outcome

1412 Women were assessed for primary
outcome
1519 Fetuses and infants were assessed
for primary outcomes
1406 Live-born infants were assessed for
primary outcome

Figure 1. Screening, Enrollment, Randomization, and Follow-up.
Women could have more than one reason for not meeting eligibility criteria.
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Table 1. Characteristics of the Participants at Trial Entry.*
Dexamethasone
(N = 1429)

Placebo
(N = 1423)

874 (61.2)

858 (60.3)

Preterm prelabor rupture of membranes

455 (31.8)

388 (27.3)

Spontaneous preterm labor

419 (29.3)

470 (33.0)

Characteristic
Clinical assessment of imminent preterm birth at trial entry — no. (%)
Spontaneously initiated preterm birth

555 (38.8)

565 (39.7)

Gestational age at trial entry — wk

Provider-initiated preterm birth

30.8±2.0

30.7±2.0

Maternal age — yr

27.5±5.8

27.5±5.9

Single

1295 (90.6)

1290 (90.7)

Twin

125 (8.7)

129 (9.1)

Higher-order multiples

9 (0.6)

4 (0.3)

Nulliparous women — no. (%)

529 (37.0)

549 (38.6)

History of preterm birth — no. (%)†

177 (12.4)

188 (13.2)

22 (1.5)

15 (1.1)

Preeclampsia or eclampsia

275 (19.2)

326 (22.9)

Gestational hypertension§

75 (5.2)

68 (4.8)

Known or suspected oligohydramnios

336 (23.5)

310 (21.8)

Known or suspected polyhydramnios

19 (1.3)

30 (2.1)

Known or suspected intrauterine growth restriction

94 (6.6)

95 (6.7)

Abruptio placentae

49 (3.4)

40 (2.8)

115 (8.0)

110 (7.7)

Fetuses in the current pregnancy — no. (%)

Obstetrical condition present — no. (%)‡
Gestational diabetes

Placenta previa
Other obstetrical hemorrhage

66 (4.6)

42 (3.0)

616 (43.1)

592 (41.6)

Tocolytic agent

251 (17.6)

267 (18.8)

Magnesium sulfate for neuroprotection

141 (9.9)

179 (12.6)

No obstetrical condition
Medication administered before randomization — no. (%)

*	Plus–minus values are means ±SD. Percentages may not total 100 because of rounding.
†	This category was assessed only in women with a previous pregnancy.
‡	Women may have had more than one condition.
§	This category excludes preeclampsia and eclampsia.

also consistent with noninferiority. Multiple imputation for missing values11 yielded identical results for all the primary outcomes (Table S3).
The results according to the prespecified subgroups are shown in Figure 2 and Figure S1.
Analyses of neonatal death, according to the
time from the first dose of dexamethasone or
placebo to birth, stratified according to gestational age, suggest greater benefit with increasing time from the first dose to birth and increasing gestational age at the first dose (from 26 to
32 weeks) (Fig. S2). In a post hoc analysis of the
6

causes of neonatal death, the frequency of neonatal death caused by respiratory distress syndrome was lower in the dexamethasone group
than in the placebo group (Table S4).
Secondary Neonatal Outcomes

The results with respect to early neonatal death,
severe respiratory distress at 24 hours after birth,
neonatal hypoglycemia at 6 hours after birth,
major resuscitation at birth, the use of CPAP,
and the duration of oxygen therapy provide support for the primary findings. Other secondary
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Table 2. Primary Outcomes.
Outcome

Dexamethasone

Placebo

Relative Risk
(95% CI)*

P Value†

no./total no. (%)
Neonatal death

278/1417 (19.6)

331/1406 (23.5)

0.84 (0.72–0.97)

Stillbirth or neonatal death

393/1532 (25.7)

444/1519 (29.2)

0.88 (0.78–0.99)

0.03
0.04

Possible maternal bacterial
infection‡

68/1416 (4.8)

89/1412 (6.3)

0.76 (0.56–1.03)

0.002§

*	Relative risks and 95% confidence intervals, calculated from modeling, were adjusted for trial sites and accounted for
clustering due to multiple births.
†	P values were adjusted for multiplicity for the three primary outcomes with the use of the false-discovery-rate approach.
‡	Possible maternal bacterial infection was defined as the occurrence of fever (temperature ≥38°C) or clinically suspected
or confirmed infection for which therapeutic antibiotics were used. Suspected or confirmed infection included obstetrical infection (chorioamnionitis, postpartum endometritis, or wound infection) or nonobstetrical infection (respiratory
tract infection [pneumonia, pharyngitis, sinusitis, or a similar infection], urinary tract infection [excluding pyelonephritis], pyelonephritis, acute cholecystitis, or other system infection) captured during hospital admission or admissions
only.
§	This P value was calculated for noninferiority.

and process-of-care outcomes were similar in natal deaths by 28 days. These clinical benefits
the dexamethasone and placebo groups (Table 3 were observed even though 45% of the participants received fewer than four doses of their
and Table S5).
assigned medication.
Secondary Maternal Outcomes
Our findings are generally consistent with
The secondary maternal outcomes were similar in the results of a meta-analysis of 22 trials that
the dexamethasone and placebo groups (Table 3). were mostly conducted in high-resource settings.
Five women died in the dexamethasone group, That meta-analysis showed a substantial decrease
in the incidence of neonatal death among inand four women died in the placebo group.
fants of women who received glucocorticoids.4
Adverse Events
Previous efforts to increase the low use of antePrespecified maternal and neonatal outcomes natal glucocorticoids in women at risk for prewere excluded from the reporting of serious ad- term birth in low-resource countries14 were
verse events. There was no significant between- challenged by the results of the Antenatal Cortigroup difference in the incidence of serious ad- costeroids Trial (ACT).6,15 ACT was a clusterverse events, which occurred in 1.1% of the randomized trial of an implementation strategy
women in both groups (Table S6). No serious that included provider training and tools to idenadverse events were reported in the neonates.
tify women who were eligible to receive dexamethasone at all levels of care, including primary
health care and care at the community level.
Discussion
In contrast to ACT, which selected women for
In this hospital-based randomized trial con- treatment on the basis of their last menstrual
ducted in low-resource countries, we found that period or measurement of uterine height and
the administration of dexamethasone to women included clinical settings where resources for
who were at risk for early preterm birth reduced neonatal care were inadequate, the hospitals in
the incidences of neonatal death and stillbirth or our trial selected patients for whom treatment
neonatal death without increasing the incidence was warranted (through assessment by obstetriof maternal bacterial infection. Dexamethasone cal physicians and verification of gestational age
had no effect on stillbirth, but the findings for by ultrasonographic examination) and provided
several secondary outcomes, including early neo- minimum standards of neonatal care, including
natal death, severe respiratory distress, and the access to oxygen and CPAP. In the current trial,
use of major neonatal resuscitation and CPAP 90% of the infants who were exposed to dexawere consistent with the overall results for neo- methasone were born preterm, whereas only 16%
n engl j med  nejm.org
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Figure 2. Prespecified Subgroup Analyses of Primary Neonatal Outcomes.
Shown are the results of the analysis of neonatal death (Panel A) and stillbirth or neonatal death (Panel B) (the primary neonatal outcomes) in prespecified subgroups. The widths
of the confidence intervals were not adjusted for multiplicity, so the intervals should not be used to infer definitive treatment effects. The size of each black square is proportional
to the total number of fetuses, infants, or both in the subgroup.

Placebo
Better

0.94 (0.80–1.11)
0.82 (0.68–0.99)

230/725
207/761

Dexamethasone
Better

1.11 (0.87–1.40)
1.01 (0.73–1.41)
1.03 (0.72–1.47)
0.83 (0.68–1.00)
0.61 (0.44–0.83)

1.16 (0.86–1.58)
0.98 (0.76–1.27)
0.78 (0.60–1.03)
0.86 (0.63–1.17)
0.72 (0.52–1.00)
0.78 (0.54–1.11)

61/216
92/319
93/320
71/251
74/221
53/192

109/340
47/116
50/165
150/442
88/456

0.90 (0.79–1.02)
0.82 (0.58–1.16)

0.95 (0.79–1.13)
0.83 (0.71–0.97)
0.92 (0.69–1.24)

92/138
262/733
90/646
361/1242
83/277

0.99 (0.83–1.19)
0.80 (0.68–0.95)

182/579
262/940

0.5

Risk Ratio (95% CI)

of

Placebo
Better

0.59 (0.41–0.84)
0.92 (0.78–1.08)
0.84 (0.72–0.97)

80/363
249/1021
331/1406

no. of fetuses or infants/total no.

Dexamethasone Placebo

Planned preterm birth
183/589
Yes
210/943
No
Gestational age
at first dose
92/147
26 to <28 wk
219/734
28 to <32 wk
82/650
32 to <34 wk
No. of fetuses
324/1248
Single
69/284
Multiple
Trial site
71/216
Bangladesh
92/324
India
72/317
Kenya
63/259
Nigeria (Ibadan)
53/220
Nigeria (Ile-Ife)
42/196
Pakistan
Time from first dose
to birth
103/294
0 to 6 hr
46/114
>6 to 12 hr
41/132
>12 to 24 hr
149/530
>24 hr to 1 wk
54/461
>1 wk
Birth
221/740
Vaginal birth
165/742
Cesarean section
Maternal use of tocolytic agent
before birth
75/380
Yes
311/1108
No
393/1532
All Participants

Subgroup

B Stillbirth or Neonatal Death
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Dexamethasone
Better

0.89 (0.72–1.11)
0.81 (0.66–0.99)

1.27 (0.88–1.85)
0.89 (0.66–1.21)
0.68 (0.47–0.98)
0.81 (0.53–1.23)
0.73 (0.50–1.06)
0.70 (0.47–1.05)

42/197
75/302
62/289
44/224
60/207
48/187

153/648
175/729

0.86 (0.73–1.01)
0.75 (0.51–1.11)

262/1143
69/263

1.07 (0.82–1.40)
0.90 (0.63–1.29)
1.02 (0.67–1.55)
0.77 (0.60–0.98)
0.54 (0.34–0.85)

0.89 (0.70–1.14)
0.80 (0.67–0.96)
0.87 (0.61–1.23)

65/111
201/672
65/621

93/324
45/114
40/155
105/397
48/416

0.96 (0.76–1.21)
0.77 (0.63–0.94)

1.0

Risk Ratio (95% CI)

121/518
210/888

0.5

no. of live-born infants/total no.

Dexamethasone Placebo

Planned preterm birth
114/520
Yes
164/897
No
Gestational age
at first dose
60/115
26 to <28 wk
163/678
28 to <32 wk
55/623
32 to <34 wk
No. of fetuses
225/1149
Single
53/268
Multiple
Trial site
54/199
Bangladesh
66/298
India
42/287
Kenya
37/233
Nigeria (Ibadan)
45/212
Nigeria (Ile-Ife)
34/188
Pakistan
Time from first dose
to birth
84/275
0 to 6 hr
39/107
>6 to 12 hr
31/122
>12 to 24 hr
97/478
>24 hr to 1 wk
27/434
>1 wk
Birth
138/657
Vaginal birth
137/714
Cesarean section
Maternal use of tocolytic agent
before birth
45/350
Yes
230/1027
No
278/1417
All Participants

Subgroup
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Table 3. Secondary Maternal and Neonatal Outcomes.*
Outcome

Dexamethasone

Placebo

Relative Risk
(95% CI)†

no./total no. (%)
Neonatal outcome
Stillbirth

115/1544 (7.4)

113/1526 (7.4)

1.00 (0.78–1.30)

Early death: ≤7 days after birth

218/1417 (15.4)

268/1406 (19.1)

0.81 (0.68–0.96)

Severe respiratory distress‡

116/1245 (9.3)

141/1223 (11.5)

0.81 (0.64–1.03)

34/1122 (3.0)

58/1065 (5.4)

0.56 (0.37–0.85)

At 24 hr after birth
Sepsis

183/1284 (14.3)

197/1264 (15.6)

0.92 (0.76–1.11)

Hypoglycemia‡

301/1242 (24.2)

328/1217 (27.0)

0.91 (0.80–1.04)

At 6 hr after birth

92/1224 (7.5)

123/1194 (10.3)

0.73 (0.56–0.95)

At 36 hr after birth

54/1035 (5.2)

62/999 (6.2)

0.85 (0.60–1.21)

Severe intraventricular hemorrhage
Apgar score <7 at 5 min after birth

6/810 (0.7)

3/720 (0.4)

276/1359 (20.3)

293/1368 (21.4)

1.85 (0.46–7.42)
0.95 (0.82–1.10)

Major resuscitation at birth

101/1382 (7.3)

144/1383 (10.4)

0.70 (0.55–0.88)

Use of oxygen therapy‡

726/1429 (50.8)

756/1413 (53.5)

0.95 (0.88–1.02)

Use of CPAP‡

265/1429 (18.5)

337/1413 (23.9)

0.78 (0.67–0.90)

Use of mechanical ventilation‡
Use of parenteral therapeutic antibiotics
for ≥5 days§
Use of surfactant‡
Admission to a special care unit
Readmission

83/1284 (6.5)

103/1264 (8.1)

0.79 (0.59–1.05)

527/1245 (42.3)

494/1175 (42.0)

1.00 (0.91–1.10)

9/1284 (0.7)

18/1264 (1.4)

0.49 (0.22–1.08)

905/1287 (70.3)

897/1268 (70.7)

0.99 (0.94–1.04)

39/1429 (2.7)

48/1413 (3.4)

0.81 (0.53–1.25)

Maternal outcome
Death

5/1429 (0.4)

4/1423 (0.3)

1.23 (0.33–4.57)

Fever

78/1417 (5.5)

70/1406 (5.0)

1.10 (0.80–1.50)

Chorioamnionitis

17/1429 (1.2)

18/1423 (1.3)

0.93 (0.48–1.80)

5/1429 (0.4)

3/1423 (0.2)

1.65 (0.39–6.92)

8/1429 (0.6)

15/1423 (1.1)

0.53 (0.22–1.25)

34/1429 (2.4)

42/1423 (3.0)

0.81 (0.52–1.26)

Endometritis
Wound infection
Nonobstetrical infection
Use of therapeutic antibiotics
Any antibiotic use
Postpartum readmission

68/1427 (4.8)

89/1422 (6.3)

0.76 (0.56–1.03)

1205/1353 (89.1)

1216/1355 (89.7)

1.00 (0.97–1.02)

14/1429 (1.0)

13/1423 (0.9)

1.07 (0.50–2.26)

*	CPAP denotes continuous positive airway pressure.
†	The 95% confidence intervals are not adjusted for multiplicity and should not be used to infer definitive treatment effects.
‡	This outcome was measured from the initial postnatal hospitalization until death, discharge, or completed day 7
(whichever came first).
§	This category includes the use of parenteral therapeutic antibiotics in neonates for 5 days or more, even if interrupted,
except for the use in those who died before 5 completed days. Referral of live-born infants for treatment was not included because of very few events.

of the infants exposed to dexamethasone in the
ACT intervention clusters had a birth weight below
the fifth percentile. The low incidence of apparent preterm birth among infants exposed to

dexamethasone in ACT indicates substantial
overtreatment, which may explain at least in part
the lack of mortality benefit and overall harm
observed. Appropriate selection of participants
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and the provision of a minimum standard of care
appear to be critical in achieving benefits and
preventing potential harms from glucocorticoids
and should be incorporated into future implementation strategies.
The results of our trial provide reassurance
regarding the beneficial effects of glucocorticoids with respect to reducing neonatal mortality in low-resource settings, and they expand the
scarce body of evidence from low- and middleincome countries.16-20 Although smaller trials conducted in low- and middle-income countries have
suggested benefits, most of them were not placebo-controlled trials.17,19,20
The use of dexamethasone in our trial did not
increase the risk of maternal or neonatal infection; this finding is consistent with those of
previous trials conducted in low- and middleincome countries,16-20 where the baseline risks of
such infections are high.21-23 The lack of effect on
the overall incidence of neonatal hypoglycemia
and the suggestion of a reduced risk of early
hypoglycemia with the use of dexamethasone,
however, were unexpected. Studies in animals
and pharmacokinetic studies have indicated that
neonatal hypoglycemia is a potential complication of the use of standard doses of dexamethasone.24 Moreover, in the Antenatal Late Preterm
Steroids trial, the administration of betamethasone to women with a singleton pregnancy at 34
weeks 0 days to 36 weeks 5 days of gestation
who were at risk for preterm birth increased the
incidence of neonatal hypoglycemia by 60%.25
The effects of maternal glucocorticoid administration on preterm infants have been inconsistent across studies26,27 and may differ in infants
with early preterm birth and those with late
preterm birth.
The current trial is larger than previous placebo-controlled trials assessing the efficacy and
safety of antenatal glucocorticoids in low-resource
countries, and we used broad eligibility criteria.
We assessed neonatal death according to the
standard definition (which was largely unspecified or restricted to in-hospital deaths in previous trials7), and we carefully selected hospitals
that could reasonably meet minimum preconditions for glucocorticoid use. The loss to followup of trial participants and the percentage of
participants with missing primary outcome data
were very low despite the need for follow-up in
the community. The trial was limited by the
10
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challenges in standardizing maternal and neonatal care across trial sites and the use of ultrasonographic examination to assess gestational
age for a substantial percentage of the participants in the third trimester.
Further study is warranted to determine the
most appropriate dosing regimen28,29 and the
safety and efficacy of administering glucocorticoids in late preterm pregnancy,30 particularly in
low-resource countries. The observed benefits
with respect to neonatal mortality appeared to
increase with tocolysis and with the duration of
fetal exposure to dexamethasone; the role of
tocolytic agents in safely delaying early preterm
birth in women who are eligible for the use of
antenatal glucocorticoids also merits further
investigation.
The use of antenatal dexamethasone that was
targeted to women at risk for imminent preterm
birth in hospitals with minimum resources for
maternal and preterm newborn care resulted in
significantly lower risks of neonatal death and
stillbirth or neonatal death than did the use of
placebo, without any evidence of harm to women or newborns.
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The WHO ACTION Trials Collaborators
•

Trial Co-ordinating Unit
o

UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme of Research,
Development and Research Training in Human Reproduction (HRP), Department of
Sexual and Reproductive Health and Research, World Health Organization, Geneva,
Switzerland: Olufemi T. Oladapo MD, MPH, FWACS, Joshua P. Vogel BMedSci, MBBS,
PhD, Gilda Piaggio MSc., PhD (Statistician), My Huong Nguyen MD, PhD (Data Manager),

Fernando Althabe MD, MSc. (from 2019), A. Metin Gülmezoglu MD, PhD (2015-2019)
o

Department of Maternal, Newborn, Child, Adolescent Health, and Ageing, World
Health Organization, Geneva, Switzerland: Rajiv Bahl MD, PhD, Suman P.N. Rao MBBS,
MD, DM (from 2019), Ayesha De Costa MD, PhD (from 2019), Shuchita Gupta MBBS, MD,
MPH, PhD (from 2019)

•

Bangladesh site:
o

Johns Hopkins Bloomberg School of Public Health, Baltimore, USA: Abdullah H. Baqui
MBBS, MPH, DrPH, (Principal Investigator), Rasheda Khanam MBBS, MPH, PhD

o

Bangabandhu Sheikh Mujib Medical University, Shahbag, Dhaka, Bangladesh:
Mohammod Shahidullah MBBS, FCPS (Principal Investigator), Saleha Begum
Chowdhury MBBS, FCPS (Principal Investigator)

o

Projahnmo Research foundation, Banani, Dhaka, Bangladesh: Salahuddin Ahmed
MBBS, Nazma Begum MA, Dip. Comp. Sc., Arunangshu Dutta Roy MBBS (from 2018),

M.A. Shahed MBBS (from 2018), Iffat Ara Jaben MBBS, MPH (from 2018)
o

Centre for Woman and Child Health, Ashulia, Savar, Dhaka, Bangladesh: Soofia
Khatoon MBBS, FCPS, MHPEd, Anjuman Ara MBBS, FCPS (from 2018)

o

Sylhet M. A. G. Osmani Medical College Hospital, Sylhet, Bangladesh: Probhat
Ranjan Dey MBBS, FCPS, MD, Nasreen Akhter MBBS, DGO, FCPS (from 2019)

o

Jalalabad Ragib-Rabeya Medical College Hospital, Sylhet, Bangladesh: Md. Abdus
Sabur MBBS, FCPS (2017-2019), Mohammad Tarek Azad MBBS, DCH, MCPS, MD

o

Enam Medical College and Hospital, Savar, Dhaka, Bangladesh: Gulshan Ara MBBS,
FCPS (2017-2019), Shaheen Akter MBBS, MD, FCPS (2017-2019)

o

Institute of Child and Mother Health, Matuail, Dhaka, Bangladesh: Md Mozibur
Rahman MBBS, DCH, FCPS, Farida Yasmin MBBS, DGO, MCPS, FCPS

o

Sylhet Women’s Medical College Hospital, Sylhet, Bangladesh: M.A. Matin MBBS,
DCH, Shahana Ferdous Choudhury MBBS, FCPS
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•

India site:
o

KLE Academy of Higher Education and Research, Jawaharlal Nehru Medical College,
Belgaum, Karnataka, India: Shivaprasad S. Goudar MD, MHPE (Principal Investigator),
Sangappa M. Dhaded MD (Principal Investigator), Mrityunjay C. Metgud MD, Yeshita
V. Pujar MD, Manjunath S. Somannavar MD, Sunil S. Vernekar MD, Veena R. Herekar
MD

o

S Nijalingappa Medical College, Bagalkot, Karnataka, India: Ashalata A. Mallapur MD
(Principal Investigator), Geetanjali M. Katageri MS, Sumangala B. Chikkamath MD,

Bhuvaneshwari C. Yelamali MD, Ramesh R. Pol MD
o

BLDE University’s Shri B M Patil Medical College, Bijapur, Karnataka, India: Shailaja
R. Bidri MD (Principal Investigator), Sangamesh S. Mathapati MD, Preeti G. Patil DNB,
Mallanagouda M. Patil MD, Muttappa R. Gudadinni MD, Hidaytullah R. Bijapure MD

o

Srirama Chandra Bhanja Medical College, Cuttack, Odisha, India: Sujata S. Misra MD
(from 2018) (Principal Investigator), Leena Das MD (from 2018), Saumya Nanda MD
(from 2018), Rashmita B. Nayak MD (from 2018), Bipsa Singh MD (from 2018)

•

Kenya site:
o

University of Nairobi, Nairobi, Kenya: Zahida Qureshi MBBS, MMed (Principal
Investigator), Fredrick Were MBChB, MMed, FNIC, PhD (Principal Investigator), Alfred
Osoti MBChB, MMed, MPH, PhD, George Gwako MBChB, MMed, Ahmed Laving MBChB,
MMed

o

Kenyatta National Hospital, Nairobi, Kenya: John Kinuthia MBChB, MMed, MPH
(Principal Investigator)

o

Coast Provincial General Hospital, Mombasa, Kenya: Hafsa Mohamed MBChB, MMed
(2018-2019), Nawal Aliyan MBChB, MMed (from 2019)

o

Nakuru Level 5 Hospital, Nakuru, Kenya: Adelaide Barassa MBChB, MMed, Elizabeth
Kibaru MBChB, MMed (2018-2019)

o

Kiambu level 5 Hospital, Kiambu, Kenya: Margaret Mbuga MBChB, MMed, Lydia
Thuranira MBChB, MMed (from 2019)

o

Thika level 5 Hospital, Thika, Kenya: Njoroge John Githua MBChB, MMed, Bernadine
Lusweti MBChB, MMed, ESPE Fellow

•

Nigeria (Ibadan) site:
o

College of Medicine, University of Ibadan and University College Hospital, Ibadan,
Nigeria: Adejumoke Idowu Ayede MBBS, MSc., FMCPead, FRCPE (Principal Investigator),
Olubukola Adeponle Adesina MBBS, FWACS, MSc. (from 2019) (Principal Investigator),
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Adegoke Gbadegesin Falade MBBS, MD, FMCPead, FRCPE, Atinuke Monsurat Agunloye
MBBS, FMCR, FWACS, Oluwatosin Olaniyi Iyiola MBChB, MWACS

o

Kubwa General Hospital, Abuja, Nigeria: Wilfred Sanni BMBCh, FWACS, Ifeyinwa Kate
Ejinkeonye MBBS, FWACP

o

Nyanya General Hospital, Abuja, Nigeria: Hadiza Abdulaziz Idris MBBS, FMCOG, MRH,
Chinyere Viola Okoli MBBS, FMCPead, MPH

o

State Specialist Hospital, Akure, Nigeria: Theresa Azonima Irinyenikan MBBS, MPH,
FMCOG, FWACS, Omolayo Adebukola Olubosede MBBS, MPH, FMCPaed, Olaseinde Bello
MBChB, FWACP

o

Lagos Island Maternity Hospital, Lagos, Nigeria: Olufemi Motunolani Omololu MBBS,
FWACS, Olanike Abosede Olutekunbi MBBS, FWACP (from 2018)

o

Mother and Child Hospital, Akure, Nigeria: Adesina Lawrence Akintan MBBS, FWACS,
Olorunfemi Oludele Owa MBBS, MPA, FWACS (from 2018), Rosena Olubanke
Oluwafemi MBChB, MPH, FWACP, Ireti Patricia Eniowo MBBS, FMCPaed (from 2018)

o

Lagos State University Teaching Hospital, Ikeja, Lagos, Nigeria: Adetokunbo
Olusegun Fabamwo MBBS, MSc., FMCOG, FWACS, Elizabeth Aruma Disu MBBCh, MSc.,
FWACPaed, Joy Onyinyechi Agbara MBBS, MSc., FMCOG, FWACS

•

Nigeria (Ile-Ife) site:
o

Obafemi Awolowo University, Ile-Ife, Nigeria: Oluwafemi Kuti MBBS, FWACS, FMCOG,
FRCOG (Principal Investigator), Ebunoluwa Aderonke Adejuyigbe BSc., MBChB, FMCPaed

(Principal Investigator), Henry Chineme Anyabolu MBBS, FWACP, Ibraheem Olayemi
Awowole MBChB, FWACS, FMCOG, MRCOG, Akintunde Olusegun Fehintola MBBS,
FMCOG, MPH, Bankole Peter Kuti MBChB, FWACP, FMCPaed

o

University of Benin, Benin City, Nigeria: Adedapo Babatunde Anibaba Ande BSc.,
MBChB, FWACS, MPH, Ikechukwu Okonkwo MBBS, FWACP

o

University of Ilorin, Ilorin, Nigeria: Omotayo Adesiyun MBBS, FMCPaed, Hadijat Olaide
Raji MBBS, MSc., FWACS (from 2019)

o

University of Abuja, Gwagwalada, Federal Capital Territory, Nigeria: Anthony Dennis
Isah MBBS, FWACS, Eyinade Kudirat Olateju MBBS, FMCPaed

o

Sacred Heart Hospital, Lantoro, Abeokuta, Nigeria: Olusanya Abiodun MBChB, FWACS,
Olabisi Florence Dedeke MBBS, FWACPaed, MPH

o

Mother & Child Hospital, Ondo, Nigeria: Lawal Oyeneyin MBBS, FWACS, FMCOG, FICS,
mni, Francis Bola Akinkunmi MBChB, FWACPaed
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•

Pakistan site:
o

Aga Khan University, Karachi, Pakistan: Shabina Ariff MBBS, FCPS, FCPS (Principal
Investigator), Sajid Bashir Soofi MBBS, FCPS (Principal Investigator), Lumaan Sheikh
MBBS, FCPS, MRCOG, FRCOG (Principal Investigator)

o

Sheikh Zayed Medical College and Hospital, Rahim Yar Khan, Pakistan: Saima
Zulfiqar MBBS, MCPS, FCPS, Sadia Omer MBBS, FCPS

o

Liaquat University Hospital, Hyderabad, Pakistan: Raheel Sikandar MBBS, FCPS, Salma
Sheikh MBBS, DCH, MRCPCH, FRCPCH, PGPN

•

Data Management Team:
o

Centro Rosarino de Estudios Perinatales, Rosario, Argentina: Daniel Giordano BSc.,
Hugo Gamerro BSc., Guillermo Carroli MD

•

Statistical Programming:
o

•

Statistika Consultoria, São Paulo, Brazil: Jose Carvalho BSc., MSc., PhD

Technical Advisory Group:
o

University of Liverpool, Liverpool, United Kingdom: James Neilson MD, FRCOG (Trial
Steering Group chair)

o

College of Medicine, University of Malawi, Blantyre, Malawi: Elizabeth Molyneux
MBBS, FRCPCH, FRCEM, DSC h.c

o

American University of Beirut, Beirut, Lebanon: Khalid Yunis MD, FAAP

o

Makerere University College of Health Sciences, Kampala, Uganda: Kidza Mugerwa
MBChB, MMed

o

Vardhman Mahavir Medical College and Safdarjung Hospital, New Delhi: Harish
Kumar Chellani MD, DCH
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Statistical methods
Sample size
We estimated the sample size on the basis of the primary outcome neonatal mortality at 28
completed days with a two-sided 5% significance level test and a power of 90%. A total of about
5,416 women are needed to detect a reduction of 15.0% or more from a 25.0% deaths to 21.3%,
among neonates of women who were administered ACS at <34 weeks. With 10% loss to follow-up,
we estimated that about 6,018 women had to be recruited.
For the composite possible maternal bacterial infection outcome, a non-inferiority hypothesis was
used. A total sample size of 5,024 women are needed (including 10% loss to follow up) to
demonstrate non-inferiority within that margin of 2.5% for the increase in the maternal infection
outcome, assuming equal prevalence of 10% in the two arms, with a power of 80% and a significance
level of 2.5%.

Statistical analysis
For primary outcomes, intention-to-treat (ITT) analyses were to be performed. Analyses were first
performed on all available data and sensitivity analyses were then performed using multiple
imputation to judge the effect of missing data. Analyses of primary outcomes were corrected for
multiplicity using the False-Discovery-Rate approach. For the primary outcomes, fetal or neonatal
mortality and maternal severe infection outcomes pertain to the enrolled population, whereas
neonatal mortality pertains to liveborn neonates only.
We also conducted a secondary “per-protocol” analysis for the maternal primary outcome, as
recommended for non-inferiority analyses, excluding women with protocol violations that might
affect the primary outcome.
Baseline characteristics were compared between groups to detect imbalances in prognostic
variables that could bias the results. Most study outcomes are binary variables. For this type of
variables, the number of participants, number of missing values and percentages by group were
reported. The intervention arm was compared against the control arm for the three primary
outcomes using risk ratios with 95% confidence intervals. The statistical technique used to conduct
tests and obtain confidence intervals was a logistic model with a binomial distribution and the log
link to obtain relative risks. The stratifying variable study site, a design variable, was included in the
model, as well as a clustering feature for multiple births for neonatal outcomes. Separate models
were fitted for each of the primary and secondary outcomes.
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For continuous variables, the number of participants, the number of missing values, means and
standard deviations or medians, quartiles and interquartile range (IQR) by group were reported. The
intervention arm was compared against the control arm using mean or median differences and 95%
confidence intervals. The statistical technique used to conduct tests and obtain confidence intervals
for this type of variables was a general linear model including study site in the model as stratifying
variable, as well as a clustering feature for multiple births for neonatal outcomes.
All models were fitted using SAS Software version 9.4 (SAS Institute Inc., Cary, NC, USA).

Prespecified subgroup analyses
We conducted the following prespecified subgroup analyses of the primary outcomes neonatal
death, stillbirth or neonatal death, and possible maternal bacterial infection:
1. Planned preterm birth: yes vs. no
2. Gestational age at first dose: 26 to <28 weeks vs. 28 to <32 weeks vs. 32 to <34 weeks
3. Number of fetus: single vs. multiple
4. Study site: Bangladesh vs. India vs. Kenya vs. Nigeria (Ibadan) vs. Nigeria (Ile-Ife) vs. Pakistan
5. Time from first dose to birth: 0 to 6h vs. >6 to 12h vs. >12 to 24h vs. >24h to 1 week vs. over 1
week
6. Mode of birth: vaginal birth vs. cesarean section
7. Any use of tocolytics: yes vs. no
We further analysed the effect of time of first dose to birth on treatment effect using a logistic
model, including gestational age (GA) at first dose and number of doses in the model.

Assessing confounders and effect modifiers of neonatal primary outcomes
The effect of treatment, gestational age, time from first dose to birth and number of doses
on the probability of stillbirth or neonatal death and neonatal death was assessed using a logistic
model.
Variables:
•

Response: stillbirth or neonatal death, or neonatal death

•

Treatment (randomized): dexamethasone and placebo

•

Site: (randomization was done within sites)
7

•

Covariates: gestational age (weeks), time from first dose to birth (hours), number of doses.

Model

where
A(B) means A within B,
p=proportion of events for binary neonatal outcome,
1
𝑝=
1 + 𝑒 −𝑦
y=logit for binary neonatal outcome (stillbirth or neonatal death, or neonatal death)
treat=treatment
exposure= time from first dose to birth (hours)
ndoses=number of doses
ga=gestational age at first injection (weeks)
site=study site
Gestational age at first injection was used instead of gestational age at birth because the latter is
confounded with time from first dose to birth. The time interval between trial entry and birth is thus
split in two non-overlapping time intervals (gestational age at first injection and time from first dose
to birth).

Models were considered including terms for interactions, and the final model was selected excluding
interaction terms that were not significant at 5%. Significance is assessed by p-values, in raw format
and also expressed as logWorth, a logarithmic transformation of the P-value:

Goodness of fit of the model was assessed by the difference between the log-likelihood of the
saturated model and that of the fitted model.

The effect of treatment was calculated in terms of relative risk (RR) from the model and plotted
against time from first dose to birth by categories of gestational age at first injection.
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Results
Neonatal death
The following table shows, for the neonatal death outcome, the significance for the different terms
in the model described above. The most important effect by far is gestational age at first injection.
Time from first dose to birth, study site, number of doses and treatment are significant at 1% level.
The effects of gestational age, time from first dose to birth and number of doses are significantly
different for each treatment.

Source
ga(treat)
exposure(treat)
site
ndoses(treat)
treat
exposure*exposure(treat)

LogWorth

p-value

The following table shows statistics of goodness of fit. The P-value for goodness of fit is 1, suggesting
that the model fits the data well.
Source

DF

-LogLikelihood

Saturated model

2803

5.5452

Fitted model

14

1141.4016

Lack of fit

2789

1135.8564

p-value

1.0000

Stillbirth or neonatal death
The following table shows, for the stillbirth or neonatal death outcome, the significance for the
different terms in the model described above. The effects are very similar to those described for the
neonatal death outcome.
Source
ga(treat)
exposure(treat)
site
ndoses(treat)
treat
exposure*exposure(treat)

LogWorth

p-value
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The following table shows statistics of goodness of fit. The P-value for goodness of fit is 0.9785,
suggesting that the model fits the data well.

Source

DF

-LogLikelihood

Saturated model

3028

6.9315

Fitted model

14

1436.3927

Lack of fit

3014

1429.4613

p-value

0.9785

Data safety monitoring
A Data Safety Monitoring Board (DSMB) was appointed to monitor accruing trial data, in strict
confidence, and three interim analysis were planned. The DSMB terms of reference were that they
should inform the steering group chair if, in their view, there was proof beyond doubt that
treatment with dexamethasone is indicated or contraindicated based on statistical considerations,
practical issues, clinical considerations or new external information. The DSMB considered the
Haybittle-Peto stopping rule on the primary infant mortality outcomes, as the statistical guidance for
their recommendation. Using this rule, a two-sided test of hypothesis to assess superiority of one of
the groups (intervention or placebo) was conducted. If the result was significant at α=0.001, the
DSMB would consider recommending stopping the trial for superiority of one of the groups.
Two interim analyses were conducted by both the trial statistician (blinded) and the DSMB
statistician (unblinded on request) and results were presented at DSMB meetings. The DSMB could
be unblinded to the study groups if and when needed. The first interim analysis was conducted
when 874 women and 972 infants (including 894 liveborn neonates) had been recruited and their
complete data entered in the database. At their meeting on 19-20 November 2019, after review of
2304 women and 2536 infants (including 2337 liveborn neonates) with complete follow-up of
primary outcomes, the DSMB decided to unblind the trial and recommended the trial to be stopped
for mortality benefits, supported by evidence of a graded dose-response effect. Recruitment was
stopped across all sites on 21 November 2019 and all ethics committees and regulatory authorities
were informed of the decision to stop.
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DSMB rationale for stopping the trial
The DSMB decided to recommend that the trial be stopped because they decided after a lengthy
debate that the evidence of benefit was so strong that they judged it unethical to continue.
They recognized that this was a deviation from the stopping rule. However, it was in line with
Section 3.4.4 of the trial protocol, which specified that the DSMB decision to stop the trial following
an interim analysis was to be guided not only by statistical considerations, but also by practical
issues (adverse events, ease of treatments administration, unanticipated costs), as well as clinical
considerations or new external information. Likewise, in Section 8.2 of the DSMB charter for the trial
(The role of formal statistical methods, specifically which methods will be used and whether they
will be used as guidelines or rules), it is stated that: “The statistical stopping rules should not be
taken as the only criterion for a recommendation to stop the trial. Safety results from the trial as
well as external information should be considered. A recommendation to discontinue recruitment, in
all patients or in selected subgroups, will be made only if the result is likely to convince a broad
range of clinicians, including those supporting the trial/s and the general clinical community.”
The decision to stop the trial was driven by:
1) New external information from sheep studies became available during the conduct of the trial
about strong effect of duration of fetal exposure to glucocorticoids on fetal lung maturation1,2
These studies concluded that the duration of materno-fetal glucocorticoid exposure, not total dose
or peak drug exposure, is a key determinant for a sustained fetal lung maturation and antenatal
glucocorticoid efficacy. Evidence of fetal lung maturation was observed with at least 24 hours of
glucocorticoid exposure, with exposure of 48 hours providing more sustained effect.
On account of this external information, the DSMB decided to carry out a planned pre-specified
sensitivity analysis excluding women giving birth less than 24 hours during their second interim
analysis and to include the findings in their decision making. This decision was made blinded to
treatment allocation.
On completion of the second interim analysis of 2304 women and 2536 infants using the database
closed in November 2019, the DSMB noted a clear evidence of reduction in both neonatal mortality
and in stillbirth or neonatal death, the two primary outcomes, in the dexamethasone intervention
arm compared to the control (placebo) arm. At that time, the overall result was a relative reduction
of 18% (95% CI: 5% to 29%; p=0.008) in neonatal death with dexamethasone, and a relative
reduction of 13% (95% CI: 2% to 23%; p=0.02) in stillbirth or neonatal death in the dexamethasone
arm, compared to placebo. However, the results of the planned pre-specified sensitivity analysis on
account of external new information described above, excluding women who delivered within 24
11

hours of the first injection of trial medication (whose babies would not be expected to benefit
because of a short exposure to glucocorticoid) showed a 30% reduction in neonatal death
(P=0.0017) and a 24% reduction in stillbirth or neonatal death (P=0.0015). This analysis further
showed that dexamethasone effects strengthened for both neonatal primary outcomes as women
with varying degrees of shorter intervals between first injection and birth were excluded, reaching
the z=3 level after those who could only have received one dose (i.e. up to 12 hours) are removed.
These findings were indicative of graded dose-response relationship and efficacy of dexamethasone.
2) Considering the evidence from the trial in the context of the existing evidence of the benefits of
antenatal glucocortioids (from the Cochrane review meta-analysis), well beyond the stopping
boundary
While acknowledging the fact that the P-values from these analyses were very close to but did not
strictly attain the 0.001 specified by the Haybittle Peto rule, the DSMB noted that these findings
were consistent with the results of the Cochrane review (involving 7774 women and 8158 infants)
that largely included studies from high-income countries, which showed overall reduction of 31% in
neonatal death, and concluded that it would be unethical to further expose more women (and
babies) to placebo given the existing body of knowledge from high-income setting. The DSMB was
not only sensitive to these individual ethics but also considered the findings of these analyses
convincing to influence policy and clinical practice (collective ethics), according to the DSMB charter.
Based on these considerations, the DSMB recommended that all recruitment be stopped, and this
recommendation was unanimously accepted by the Technical Advisory Group, ACTION Trial
Investigators, and WHO. The funder had no role in the deliberations and in the decision to stop the
trial.
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Primary and secondary outcome definitions
PRIMARY OUTCOMES

OPERATIONAL DEFINITION AND MEASUREMENT

1. Neonatal death

Death of a live birth within 28 completed days of life.

2. Stillbirth or
neonatal death

Any death of a fetus (post randomization) or death of a live birth within 28
completed days of life.

3. Possible maternal
bacterial infection

Occurrence of maternal fever or clinically suspected or confirmed infection,
for which therapeutic antibiotics were used.
Suspected or confirmed infection could be an obstetric infection
(chorioamnionitis, postpartum endometritis, or wound infection) or nonobstetric infection, as defined below. Captured during hospital admission/s
only

SECONDARY OUTCOMES
A. For the neonate
A1. Mortality outcomes
1. Stillbirth
2. Early neonatal
death
A2. Morbidity outcomes
3. Severe respiratory
distress*ǂ

4. Neonatal sepsis*

5. Severe
Intraventricular
haemorrhage
(sIVH)

6. Neonatal
hypoglycaemia*§

Any death of a fetus (post randomization).
Death of a live birth within 7 completed days of life.

Clinical features are the presence of fast breathing (respiratory rate ≥ 70
breaths per minute) AND at least one of the following clinical signs:
1. Marked nasal flaring during inspiration,
2. Expiratory grunting audible with naked ear
3. Severe chest in drawing.
AND
SpO2 less than 90%, or use of supplemental oxygen.
Defined as the presence of at least two (or more) of the following signs:
• Stopped feeding well
• Severe chest in-drawing
• Fever (body temperature of 38 °C or greater)
• Hypothermia (body temperature less than 35.5 °C)
• Movement only when stimulated or no movement at all
• Convulsions
Defined as a Papile’s intraventricular hemorrhage classification grade 3 or 4,
as per transcranial ultrasound assessment.
Liveborn neonates <34 weeks at birth will be routinely screened with
transcranial ultrasound. Liveborn neonates ≥ 34 weeks at birth will receive
transcranial ultrasound if indicated.
Transcranial ultrasound assessment will be performed at day 7 postnatal or
discharge (if discharge occurs before 7 days after birth).
Neonatal hypoglycemia is defined as blood glucose measure less than 45
mg/dl (2.6mmol/l).
All liveborn newborns in hospital will have glucose levels recorded at 6 and
36 hours (before feeding or IV fluids). Any documented hypoglycaemia will
also be recorded.
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7. Apgar score at 5
minutes
B. For the Woman
B1. Mortality outcomes
8. Maternal death
B2. Morbidity outcomes
9. Maternal fever
10. Chorioamnionitis

Assessment of neonatal vitality at 5 minutes after birth. Reported as Apgar
score, and proportion of babies with Apgar <7.

Any maternal death in a trial participant, from time of randomization to 28
completed days postpartum.
Maternal fever ≥38.0 C since randomization (on any one occasion, during
hospital admission/s only).
Chorioamnionitis (suspected or confirmed) based on clinical assessment by
obstetric care physician.
Clinical or laboratory features may include:
•
Maternal fever ≥38.0 C
•
Maternal and/or fetal tachycardia
•
Purulent or foul smelling vaginal discharge
•
Uterine tenderness
•
Maternal leukocytosis
•
Bacterial culture indicative of infection

11. Postpartum
endometritis

measured during hospital admission only (from randomization until birth)
Postpartum endometritis (suspected or confirmed) based on clinical
assessment by obstetric care physician.
Clinical or laboratory features may include:
•
Maternal fever ≥38.0 C
•
Maternal and/or fetal tachycardia
•
Purulent or foul smelling vaginal discharge
•
Uterine tenderness
•
Maternal leukocytosis
•
Bacterial culture indicative of infection

12. Wound infection

13. Non-obstetric
infection

measured during hospital admission/s only
Infection of a wound or incision site (including perineal tear, episiotomy
incision or cesarean section abdominal incision), suspected or confirmed by
obstetric care physician
Measured during hospital admission/s only
Acute non-obstetric infection (suspected or confirmed) based on clinical
assessment by obstetric care physician.
This includes:
• respiratory tract infection (including pneumonia, pharyngitis,
sinusitis or similar)
• Urinary tract infection (excluding pyelonephritis)
• Pyelonephritis
• Acute cholecystitis
• Other systemic infection
Malaria is specifically excluded from this outcome
Measured during hospital admission/s only
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C. Process of care outcomes
C1. Measures of care given to neonate
14. Major neonatal
The use of positive pressure ventilation for more than one minute
resuscitation at
birth
15. Timing of breast
Timing of initiation of breast milk feeding in hours after birth
milk feeding
(breastfeeding, cup or tube feeding).
initiation*
16. Time to full enteral Timing to full enteral feeding (in days)
feeding*
17. Use of oxygen
Defined as any use of oxygen therapy, using any method
therapy*
18. Length of oxygen
This is defined as the total number of days of oxygen use during hospital
therapy*
stay. The total number of days will be counted, even if use was
intermittent.
19. Use of continuous
Defined as any use of CPAP during admission to neonatal special care
positive airway
unit/ward
pressure (CPAP)
ventilation*
20. Length of use of
Total number of days used will be counted, even if use is interrupted for
continuous positive hours or days.
airway pressure
(CPAP) ventilation*
21. Use of mechanical
Any use of MV during admission
ventilation (MV)*
22. Length of use of
Total number of days used will be counted, even if use is interrupted or
mechanical
intermittent
ventilation (MV)*
23. Any use of
Any use of therapeutic antibiotics (intravenous or intramuscular) for 5 or
parenteral
more days, even if interrupted, excluding neonates who died before 5
therapeutic
completed days
antibiotic therapy
for 5 or more days
*
24. Length of use of
Total number of days of use of parenteral antibiotic therapy
parenteral
therapeutic
antibiotic therapy*
25. Use of surfactant
Any use of surfactant
treatment*
26. Number of doses of Total number of doses of surfactant treatment
surfactant
treatment*
C2. Health service utilization (newborn)
27. Length of hospital
Length of stay in hospital after birth in complete days (initial postnatal
stay after birth
hospitalization only)
28. Admission to a
Admission to special neonatal care unit or neonatal intensive care unit after
special care unit
birth (initial postnatal hospitalization only)
(SCU)
29. Length of
Length of admission to special neonatal care unit or neonatal intensive care
admission to
unit in days
15

special care unit
(days)
30. Newborn
Any readmission to a health care at facility, for any reason.
readmission for
health care at
facility
31. Length of stay for
Length of readmission stay in facility in days
newborn
readmission
32. Number of
Number of readmissions for health care at facility, for any reason.
newborn
readmission for
health care at
facility
33. Cause of neonatal
All causes of neonatal readmission to health care at facilities will be
readmission for
recorded as per clinical diagnosis
health care at
facility
C3. Measures of care given to woman
34. Therapeutic
Therapeutic antibiotics for suspected or confirmed infection (obstetric or
antibiotics
non-obstetric).
Use of antibiotics for prophylaxis is not included in this outcome.
Measured during hospital admission/s only
35. Number of days of Number of days of use of therapeutic antibiotics for suspected or confirmed
therapeutic
infection (obstetric or non-obstetric).
antibiotic use
Use of antibiotics for prophylaxis is not included in this outcome.
Measured during hospital admission/s only
36. Any antibiotic use
Any use of antibiotics in a randomized participant (maternal) while in
facility (prophylactic or therapeutic)
Measured during hospital admission/s only
C3. Health service utilization (woman)
37. Length of total
number of days which women are hospitalized for birth (i.e. the admission
maternal
in which birth occurs).
hospitalization for
Measured from day of admission to day of official discharge from facility, in
birth (days)
days
38. Any postpartum
Any postpartum readmission of the woman to hospital for any reason up to
maternal
28 completed days postpartum
readmission to
facility
39. Length of stay for
Length of readmission stay in facility in days
postpartum
maternal
readmission
40. Number of
Number of postpartum readmissions of the woman to hospital for any
maternal
reason up to 28 completed days postpartum
readmissions to
facility
41. Cause of maternal
All causes of maternal readmission to hospital will be recorded as per
readmission to
clinical diagnosis
facility
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42. Any referral of
woman to another
facility for
treatment of
complications
Measures of compliance
43. Compliance with
study allocation
44. Use of repeat
course
45. Total number of
treatment doses
received
46. Time from
initiation of first
dose until birth

Any referral of woman to another hospital for treatment of complications

Defined as the proportion of women who complete the entire course, as
per the allocation
Total number and proportion of women who received a repeat course of
dexamethasone or placebo
Total number of treatment (dexamethasone or placebo) doses received
(initial and repeat)
Defined as the time from initiation of first dose (dexamethasone or
placebo) to birth, measured in hours

* Measured during initial postnatal hospitalization only, until death, discharge or completed day
7 (whichever comes first); ǂoverall, and at 24 hours; § overall, and at 6 and 36 hours
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Supplementary figures and tables
Figure S1: Prespecified subgroup analyses of possible maternal bacterial
infection
Possible maternal bacterial infection
Subgroup
Planned preterm birth
Yes
No
Gestational age at first dose
26 to <28 weeks
28 to <32 weeks
32 to <34 weeks
No. of fetus

Dexamethasone

Placebo
no. of events/total no.

Risk Ratio (95% CI)

25/551
43/865

37/559
52/853

0.69 (0.42-1.12)
0.81 (0.55-1.20)

10/136
33/657
24/598

12/123
48/666
29/592

0.79 (0.36-1.75)
0.68 (0.45-1.05)
0.82 (0.49-1.40)

62/1255
5/137

85/1245
4/138

0.73 (0.53-0.99)
1.23 (0.34-4.45)

4/198
9/287
8/318
21/234
15/197
11/182

6/195
24/292
8/322
21/230
11/192
19/181

0.66 (0.19-2.29)
0.38 (0.18-0.81)
1.01 (0.38-2.66)
0.98 (0.55-1.75)
1.33 (0.63-2.82)
0.58 (0.28-1.18)

5/259
3/98
2/121

4/302
6/103
8/150

24/490
33/423

32/405
39/423

1.46 (0.40-5.39)
0.49 (0.13-1.89)
0.33 (0.07-1.50)
0.61 (0.37-1.02)
0.85 (0.55-1.31)

29/683
34/663

37/662
49/690

0.75 (0.47-1.21)
0.73 (0.48-1.11)

Tocolytic use*
Yes
No

14/339
49/1020

22/361
65/1005

0.68 (0.35-1.29)
0.74 (0.52-1.06)

All Participants

68/1416

89/1412

0.76 (0.56-1.03)

Single
Multiple
Study site
Bangladesh
India
Kenya
Nigeria (Ibadan)
Nigeria (Ile-Ife)
Pakistan
Time from first dose to birth
0 to 6h
>6 to 12h
>12 to 24h
>24h to 1 week
Over 1 week
Mode of birth
Vaginal birth
Cesarean section

0

1

Dexamethasone
better

2

3

4

5

Placebo better

*Maternal use of tocolytic agent before birth. Shown are the results of the analysis of possible maternal bacterial infection
(maternal primary outcome) in prespecified subgroups. The widths of the confidence intervals were not adjusted for multiplicity,
so the intervals should not be used to infer definitive treatment effects. The size of each black square is proportional to the total
number of women in the subgroup.
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Figure S2. Relative risks of dexamethasone vs. placebo according to time
from first dose to birth and gestational age at first dose
Neonatal death

Stillbirth or neonatal death

Shown are the relative risks (RR) as a function of the time from first dose to birth in hours, for different gestational
ages at first injection for the two neonatal primary outcomes. There is a significant trend for the relative risk to
decrease with time from first dose to birth, suggesting that dexamethasone is more protective as time of fetal
exposure increases. It appears that the effect of dexamethasone is more protective as the gestational age at first
injection increases from 26 until 32 weeks. However, this trend is not sustained as gestational age at first
injection increases above 32 weeks. There might be confounding of time from first dose to birth with gestational
age at birth that might mask or modify the effect of the intervention.
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Table S1. Characteristics of ACTION-I trial hospitals
SITE
FACILITY
Hospital location
Hospital level
Number of births in
2016
Usual lower limit of
gestational age for
viability (i.e. active
measures)
OBSTETRIC CARE
All comprehensive
obstetric care signal
functions available
Number consultant
obstetricians
Availability
What % of
obstetricians are
trained to perform
ultrasound?
Number of beds:
Admission area/s
Labor ward/s
Delivery ward/s
Postnatal ward/s
Maternal ICU

BANGLADESH
Facility 1
Peri-urban
Secondary
1197

Facility 2
Peri-urban
Tertiary
3000

Facility 3
Peri-urban
Tertiary
5640

Facility 4
Peri-urban
Tertiary
3624

Facility 5
Urban
Tertiary
3360

Facility 6
Urban
Tertiary
9180

28 weeks 0 days

29 weeks 0 days

28 weeks 0 days

28 weeks 0 days

28 weeks 0 days

28 weeks 0 days

Yes

Yes

Yes

Yes

Yes

Yes

9

7

14

24

7

12

Available during
day time only
80%

Available 24x7

Available 24x7

Available 24x7

Available 24x7

100%

Available during
day time only
100%

80%

60%

5%

55
5
2

46
2
16

100
4
35

180
30
4

47
27
3

42
42
5

7
0

8
5

6
0

30
0

16
0

0
0
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Maternal Special Care
Unit
Post-operative ward/s
How soon after birth
are women (without
complications)
routinely discharged?
NEONATAL CARE
NICU available
If yes, how many
beds:
Neonatal Special Care
Unit available
If yes, how many
beds:
Thermal control in
newborn ward:
N° of functioning
incubators available:
N° of functioning
radiant warmers
available:
N° of functioning
cradles available:
Shared use of the
thermal control device
Antibiotics
administration
Intramuscular
Intravenous
Per oral

0

6

4

6

0

0

7
24 hours

6
24 hours

6
8 hours

10
24 hours

0
24 hours

16
24 hours

No
-

Yes
20

Yes
50

Yes
6

Yes
12

No
-

No

No

Yes

Yes

No

No

-

-

85

4

0

-

1

10

5

3

3

4

1

2

0

2

2

8

4

10

0

0

0

4

No

No

No

No

No

Yes

No
Yes
Yes

No
Yes
Yes

No
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
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Exogenous surfactant
Respiratory support
N° of functioning
CPAP available:
N° of functioning
Mechanical
ventilators available:
Number Consultant
Neonatologists
Availability

Number Consultant
Paediatricians
Availability

Not available

Always available
when indicated

Not available

Always available
when indicated

Not available

Not available

1

3

4

3

3

0

0

2

0

6

2

0

3

4

2

6

1

2

Available 24x7

Available 24x7

Available 24x7

Available during day time
only (after 8pm they are
available over phone)

7

1

6

5

6

Available during day time only (after
8pm they are available over phone)

Available during
day time only
(after 8pm they
are available over
phone)

Available 24x7

Available
24x7

Available during
day time only
(after 8pm they
are available over
phone)

Available 24x7

Routinely available

Routinely
available
Routinely
available

Routinely available

Routinely
available
Routinely
available

Routinely
available
Routinely
available

Routinely
available
Available upon
request

Available during
day time only
(after 8pm they
are available
over phone)

Available during
day time only
(after 8pm they
are available over
phone)
11

Diagnostic equipment
X-ray
Ultrasound for IVH

Not available
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Routinely available

SITE
FACILITY
Hospital location
Hospital level
Number of births in 2016
Usual lower limit of gestational age for
viability (i.e. active measures)
OBSTETRIC CARE
All comprehensive obstetric care signal
functions available
Number consultant obstetricians
Availability

What % of obstetricians are trained to
perform ultrasound?
Number of beds:
Admission area/s
Labor ward/s
Delivery ward/s
Postnatal ward/s
Maternal ICU
Maternal Special Care Unit
Post-operative ward/s
How soon after birth are women (without
complications) routinely discharged?
NEONATAL CARE
NICU available
If yes, how many beds:

INDIA
Facility 1
Urban
Tertiary
6,116
28 weeks 0 days

Facility 2
Urban
Tertiary
4,012
28 weeks 0 days

Facility 3
Urban
Tertiary
10,082
28 Weeks 0 Days

Facility 4
Urban
Tertiary
2,405
27 weeks 0 days

Yes

Yes

Yes

Yes

18

18

28

8

Available 24x7

Available 24x7

Available 24x7

80%

90%

100%

All available during day
time. One available 24x7,
all can be called if needed
80%

36
12
8
76
3
14

60
8
6
20
3
1

40
12
13
100
5
20

7
8
10
0
0
0

6
72 hours

15
48 hours

10
24-48 hours

10
72 hours

Yes
14

Yes
30

Yes
22

Yes
40

23

Neonatal Special Care Unit available
If yes, how many beds:

No

Yes
30

Yes
24

No

0
14
0
No

30
30
0
No

0
10
0
No

3
40
10
No

Yes
Yes
Yes
Available if parents
can afford

Yes
Yes
Yes
Always available when
indicated

Yes
Yes
Yes
Always available when
indicated

Yes
Yes
Yes
Always available when
indicated

2
0

2
4

2
0

2
12

2

0

0

1

Availability

0

N/A

N/A

1

Number Consultant Paediatrician

2

12

8

10

Available during day
time only

Available 24x7

Available during day time
only

Available 24x7

Available upon
request
Available upon
request

Routinely available

Available upon request

Routinely available

Routinely available

Available upon request

Routinely available

Thermal control in newborn ward:
N° of functioning incubators available:
N° of functioning radiant warmers available:
N° of functioning cradles available:
Shared use of the thermal control device
Antibiotics administration
Intramuscular
Intravenous
per oral
Exogenous surfactant
Respiratory support
N° of functioning CPAP available:
N° of functioning Mechanical ventilators
available:
Number Consultant Neonatologists

Availability
Diagnostic equipment
X-ray
Ultrasound for IVH

24

SITE
FACILITY
Hospital location
Hospital level
Number of births in 2016
Usual lower limit of gestational age for
viability (i.e. active measures)
OBSTETRIC CARE
All comprehensive obstetric care signal
functions available
Number consultant obstetricians
Availability

What % of obstetricians are trained to
perform ultrasound?
Number of beds:
Admission area/s
Labor ward/s
Delivery ward/s
Postnatal ward/s
Maternal ICU
Maternal Special Care Unit
Post-operative ward/s
How soon after birth are women (without
complications) routinely discharged?
NEONATAL CARE
NICU available
If yes, how many beds:

KENYA
Facility 2
Urban
Secondary
10544
30 weeks

Facility 1
Urban
Tertiary
10094
28 weeks 0 days

Facility 3
Urban
Secondary
7941
28 weeks 0 days

Facility 4
Urban
Secondary
10334
28 weeks 0 days

Yes

Yes

Yes

Yes

2

2

3

2

Available 24x7

Available 24x7

Available 24x7

Available 24x7

100%

50%

0

0

5
14
0
60

2
35
3
20

7
3
3
16

1
12
6
18

0
0

0
0

0
0

0
6

0
24 hours

10
24 hours

16
24 hours

24
24 hours

Yes
1

No
-

Yes
16

Yes
40

25

Neonatal Special Care Unit available
If yes, how many beds:

Yes
44 cots 10 incubators

No

No

Yes
12

10
2
0
Yes

6
2
10
Yes

6
4
5
Yes

14
0
10
Yes

No
Yes
Yes
Not available

No
Yes
Yes
Not available

No
Yes
Yes
Not available

No
Yes
Yes
Not available

0
1

0
0

0
0

0
0

0

0

0

0

Availability

-

-

-

-

Number Consultant Paediatrician

2

2

2

2

Available 24x7

Available 24x7

Available 24x7

Available 24x7

Diagnostic equipment
X-ray

Routinely available

Routinely available

Ultrasound for IVH

Routinely available

Not available

Routinely
available
Routinely
available

Available upon
request
Available upon
request

Thermal control in newborn ward:
N° of functioning incubators available:
N° of functioning radiant warmers available:
N° of functioning cradles available:
Shared use of the thermal control device
Antibiotics administration
Intramuscular
Intravenous
Per oral
Exogenous surfactant
Respiratory support
N° of functioning CPAP available:
N° of functioning Mechanical ventilators
available:
Number Consultant Neonatologists

Availability
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SITE
FACILITY
Hospital location
Hospital level
Number of births in
2016
Usual lower limit of
gestational age for
viability (i.e. active
measures)
OBSTETRIC CARE
All comprehensive
obstetric care signal
functions available
Number consultant
obstetricians
Availability

What % of
obstetricians are
trained to perform
ultrasound?
Number of beds:
Admission area/s
Labor ward/s
Delivery ward/s
Postnatal ward/s
Maternal ICU

NIGERIA-IBADAN
Facility 3
Facility 4
Urban
Urban
Secondary
Secondary
2750
2000

Facility 1
Urban
Secondary
3000

Facility 2
Urban
Tertiary
3000

Facility 5
Urban
Tertiary
2580

Facility 6
Peri-urban
Secondary
3000

Facility 7
Peri-urban
Secondary
2653

26 weeks 0 days

28 weeks 0 days

26 weeks 0 days

26 weeks 0 days

26 weeks 0
days

26 weeks 0
days

26 weeks 0
days

yes

yes

yes

yes

yes

yes

yes

8

10

2

5

20

2

3

Available 24x7

Available 24x7

Available 24x7

Available 24x7

Available
24x7

Available 24x7

Available 24x7

100%

0%

100

60%

25%

100%

67%

36
17
8
62

30
15
26
30

10
4
4
25

0
8
14
26

44
5
5
46

35
3
3
15

0
8
0
6

7

0

0

4

0

4

0
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Maternal Special
Care Unit
Post-operative
ward/s
How soon after
birth are women
(without
complications)
routinely
discharged?
NEONATAL CARE
NICU available
If yes, how many
beds:
Neonatal Special
Care Unit available
If yes, how many
beds:
Thermal control in
newborn ward:
N° of functioning
incubators
available:
N° of functioning
radiant warmers
available:
N° of functioning
cradles available:
Shared use of the
thermal control
device

8

6

1

10

8

3

0

14

26

15

26

10

19

14

24 hours

24 hours

8 hours

24 hours

2 days

24 hours

6 hours

Yes
6

Yes
12

Yes
6

No
-

Yes
12

No
-

No
-

Yes

Yes

Yes

Yes

Yes

Yes

Yes

12

20

12

14

26

9

7

12

3

4

3

6

3

5

3

3

3

4

3

2

3

10

1

15

14

16

4

4

No

No

No

Yes

Yes

Yes

No

28

Antibiotics
administration
Intramuscular
Intravenous
Per oral
Exogenous
surfactant
Respiratory support
N° of functioning
CPAP available:
N° of functioning
Mechanical
ventilators
available:
Number Consultant
Neonatologists
Availability

Number Consultant
Paediatricians
Availability

Diagnostic
equipment
X-ray
Ultrasound for IVH

Yes
Yes
Yes
Available for
babies with
severe illnesses

Yes
Yes
Yes
Not available

Yes
Yes
Yes
Not available

Yes
Yes
Yes
Not available

Yes
Yes
Yes
Not available

Yes
Yes
Yes
Not available

Yes
Yes
Yes
Not available

3

3

2

2

3

1

2

0

0

0

0

0

0

0

1

2

2

1

3

2

1

Available 24x7

Available 24x7

Available 24x7

Available 24x7

Available
24x7

Available 24x7

Available 24x7

1

0

2

4

3

2

2

Available 24x7

-

Available 24x7

Available 24x7

Available
24x7

Available 24x7

Available 24x7

Routinely
available
Routinely
available

Routinely
available
Routinely
available

Routinely
available
Routinely
available

Routinely
available
Routinely
available

Not provided

Routinely
available
Routinely
available

Available upon
request
Available upon
request
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Not provided

SITE
FACILITY
Hospital location
Hospital level
Number of births in 2016
Usual lower limit of
gestational age for
viability (i.e. active
measures)
OBSTETRIC CARE
All comprehensive
obstetric care signal
functions available
Number consultant
obstetricians
Availability

What % of obstetricians
are trained to perform
ultrasound?
Number of beds:
Admission area/s
Labor ward/s
Delivery ward/s
Postnatal ward/s
Maternal ICU

NIGERIA- ILE IFE
Facility 3
Facility 4
Peri-urban
Urban
Secondary
Tertiary
1590
2210
27 weeks 0 days
26 weeks 0 days

Facility 1
Urban
Tertiary
2256
27 weeks 0
days

Facility 2
Peri-urban
Tertiary
1829
26 weeks 0 days

Facility 5
Urban
Tertiary
2056
26 weeks 0 days

Facility 6
Urban
Tertiary
1874
24 weeks 0 days

yes

yes

yes

yes

yes

yes

14

13

2

7

14

20

Available
24x7

Available 24x7

Available 24x7

Available 24x7

Available 24x7

Available 24x7

100%

65%

50%

80%

100%

50%

1
10
10
30

4
14
8
49

3
6
6
42

4
5
0
16

16
10
4
32

4

7

0

2

4

18
12
8
Included in
admission area
Included in General
ICU 6 beds

30

Maternal Special Care
Unit

0

8

2

1

0

Post-operative ward/s

30

34

21

11

25

24-48 hours

36-48 hours

48 hours

24 hours

24 - 48 hours

Included in
admission area and
labor ward
Included in
admission area
24 - 48 hours

No
Yes

No
Yes

No
Yes

Yes
8
Yes

Yes
25
Yes

Yes
N/A
Yes

32

33 cots, 15
incubators

22

15

25

50

13

15

6

4

6

21

3

2

3

5

6

10

18

33

none

4

30

50

yes

yes

yes

no

sometimes

no

yes
yes
yes

yes
yes
yes

yes
yes
yes

no
yes
yes

yes
yes
yes

yes
yes
yes

How soon after birth are
women (without
complications) routinely
discharged?
NEONATAL CARE
NICU available
If yes, how many beds:
Neonatal Special Care
Unit available
If yes, how many beds:
Thermal control in
newborn ward:
N° of functioning
incubators available:
N° of functioning radiant
warmers available:
N° of functioning cradles
available:
Shared use of the thermal
control device
Antibiotics
administration
Intramuscular
Intravenous
Per oral
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Exogenous surfactant

Respiratory support
N° of functioning CPAP
available:
N° of functioning
Mechanical ventilators
available:
Number Consultant
Neonatologists
Availability

Number Consultant
Paediatricians
Availability

Diagnostic equipment
X-ray
Ultrasound for IVH

Not available

Not available
(unless patient
procures it)

Available for babies
with severe
illnesses

Not available

Not available

Always available
when indicated

1

1

3

2

1

15

0

1

0

0

1

6

2

2

2

2

3

4

9

Available 24x7

Available 24x7

Available 24x7

Available 24x7

Available 24x7

9

14

2

1

15

20

Available
24x7

Available 24x7

Available 24x7

Available 24x7

Available 24x7

Available 24x7

Routinely
available
Routinely
available

Available upon
request
Available upon
request

Routinely available

Routinely available

Routinely available

Routinely available

Available upon
request

Routinely
available
Routinely
available
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Available upon
request

SITE
FACILITY
Hospital location
Hospital level
Number of births in 2016
usual lower limit of gestational age for viability
(i.e. active measures)
OBSTETRIC CARE
All comprehensive obstetric care signal
functions available
Number consultant obstetricians
Availability
What % of obstetricians are trained to perform
ultrasound?
Number of beds:
Admission area/s
Labor ward/s
Delivery ward/s
Postnatal ward/s
Maternal ICU
Maternal Special Care Unit
Post-operative ward/s
How soon after birth are women (without
complications) routinely discharged?
NEONATAL CARE
NICU available
If yes, how many beds:

PAKISTAN
Facility 1
Urban
Tertiary
16245
26 weeks

Facility 2
Urban
Tertiary
15000
28 weeks 0 days

yes

yes

40

18

Available 24x7

Available 24x7

15%

70%

72
6
0
62
0
2

8
32
32
80
4
4

62
6 to 12 hours

80
12 to 24 hours

No
-

Yes
16
33

Neonatal Special Care Unit available
If yes, how many beds:
Thermal control in newborn ward:
N° of functioning incubators available:
N° of functioning radiant warmers available:
N° of functioning cradles available:
Shared use of the thermal control device
Antibiotics administration
Intramuscular
Intravenous
Per oral
Exogenous surfactant
Respiratory support
N° of functioning CPAP available:
N° of functioning Mechanical ventilators
available:
Number Consultant Neonatologists
Availability

Number Consultant Paediatrician
Availability

Diagnostic equipment
X-ray
Ultrasound for IVH

Yes
20

Yes
10

7
8
8
Yes

8
10
30
Yes

No
Yes
Yes
Not available

No
Yes
Yes
Not available

0
0

4
8

no

7

On call rosters

Available 24x7

8

9

Available 24x7

Available 24x7

Routinely available
Not available

Routinely available
Not available
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Table S2. Characteristics of women at trial entry
Characteristic

Dexamethasone
(N=1429)

Clinical assessment of imminent preterm birth at trial entry – no. (%)
Spontaneously-initiated preterm birth
Preterm prelabor rupture of membranes
Spontaneous preterm labor
Provider-initiated preterm birth
Gestational age at trial entry – no. (%)
26 weeks 0 days to 27 weeks 6 days
28 weeks 0 days to 31 weeks 6 days
32 weeks 0 days to 33 weeks 6 days
34 weeks 0 days to 36 weeks 0 days
Mean (± SD) gestational age at trial entry
Maternal age (yr) – mean (SD)
Missing – n (%)
Educational level completed – no. (%)
No education
Primary education only
Secondary education only
Post-secondary/tertiary education
No answer
Marital status – no. (%)
Married/Cohabiting
Single/Separated/Widowed/Divorced
Fetuses in the current pregnancy – no. (%)
Single
Twin
Higher-order multiples
Parity – no. (%)
0
1-2
3-4
5 or more
History of preterm birth – no. (%) *
Yes
Unknown
Maternal weight (kg) – mean (SD)
Missing – n (%)
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Placebo
(N=1423)

874
455
419
555

(61.2)
(31.8)
(29.3)
(38.8)

858
388
470
565

(60.3)
(27.3)
(33.0)
(39.7)

130
654
643
2
30.8
27.5
1

(9.1)
(45.8)
(45.0)
(0.1)
(2.0)
(5.8)
(0.1)

114
679
628
2
30.7
27.5
0

(8.0)
(47.7)
(44.1)
(0.1)
(2.0)
(5.9)
(0.0)

174
373
549
329
4

(12.2)
(26.1)
(38.4)
(23.0)
(0.3)

163
412
501
342
5

(11.5)
(29.0)
(35.2)
(24.0)
(0.4)

1380 (96.6)
49 (3.4)

1372 (96.4)
51 (3.6)

1295 (90.6)
125 (8.7)
9 (0.6)

1290 (90.7)
129 (9.1)
4 (0.3)

529
646
217
37

(37.0)
(45.2)
(15.2)
(2.6)

549
630
195
49

(38.6)
(44.3)
(13.7)
(3.4)

177
28
65.4
71

(12.4)
(2.0)
(15.9)
(5.0)

188
21
64.2
70

(13.2)
(1.5)
(15.2)
(4.9)

Maternal height (cm) – mean (SD)
Missing – n (%)
Maternal midarm circumference (cm) – mean (SD)
Missing – n (%)
Medical conditions currently present – no. (%) **
Chronic hypertension
Diabetes mellitus (non-gestational)
HIV or AIDS
Tuberculosis
Pyelonephritis
Anaemia (hematocrit ≤26% or haemoglobin ≤9g/dL)
Malaria
Obstetric conditions currently present – no. (%) **
Gestational diabetes
Preeclampsia or eclampsia
Gestational hypertension***
Known or suspected oligohydramnios
Known or suspected polyhydramnios
Known or suspected intrauterine growth restriction
Abruptio placentae
Placenta previa
Other obstetric hemorrhage
No obstetric condition
First date of last menstrual period known – no. (%)
Certain
Uncertain
Unknown
Trimester of pregnancy when ultrasound for gestational age estimate
was performed – no. (%)
1st trimester (up to 13 weeks 6 days)
2nd trimester (14 weeks 0 days to 27 weeks 6 days)
3rd trimester (28 weeks 0 days and beyond)
Medication administered prior to randomization – no. (%)
Tocolytic agent
Magnesium sulfate for neuroprotection

156.0
102
28.3
53

(7.7)
(7.1)
(4.9)
(3.7)

155.7
90
28.1
61

(7.6)
(6.3)
(4.9)
(4.3)

64
13
33
1
5
100
48

(4.5)
(0.9)
(2.3)
(0.1)
(0.3)
(7.0)
(3.4)

71
14
32
2
13
128
55

(5.0)
(1.0)
(2.2)
(0.1)
(0.9)
(9.0)
(3.9)

22
275
75
336
19
94
49
115
66
616

(1.5)
(19.2)
(5.2)
(23.5)
(1.3)
(6.6)
(3.4)
(8.0)
(4.6)
(43.1)

15
326
68
310
30
95
40
110
42
592

(1.1)
(22.9)
(4.8)
(21.8)
(2.1)
(6.7)
(2.8)
(7.7)
(3.0)
(41.6)

844 (59.1)
173 (12.1)
412 (28.8)

826 (58.0)
166 (11.7)
431 (30.3)

156 (10.9)
344 (24.1)
929 (65.0)

147 (10.3)
329 (23.1)
947 (66.5)

251 (17.6)
141 (9.9)

267 (18.8)
179 (12.6)

*This category was assessed only among women with a previous pregnancy; **Women may have had
more than one condition; ***This category excludes preeclampsia and eclampsia
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Table S3. Primary outcomes with multiple imputation of missing values*
Outcome

Relative risk (95% CI)

P-value§

Upper
95% CI
0.84
(0.72-0.97)

0.02

Stillbirth or neonatal death

0.88 (0.78 – 1.00)

0.04

Possible maternal bacterial infection

0.76 (0.56 – 1.03)

<0.001

Neonatal death

*20 imputations; § P-value for superiority for neonatal death and stillbirth or neonatal death, and P-value
for non-inferiority for possible maternal bacterial infection; adjustments for multiplicity resulted in
P=0.03 for neonatal death, P=0.04 for stillbirth or neonatal death, and P=0.002 for possible maternal
bacterial infection.

Table S4. Cause-specific neonatal mortality
Final cause of death

Dexamethasone

Placebo

Relative risk (95% CI)

(N=1417)

(N=1406)

Perinatal asphyxia – no. (%)

61 (4.3)

78 (5.5)

0.78 (0.56-1.07)

Respiratory distress syndrome – no. (%)

113 (8.0)

156 (11.1)

0.72 (0.57-0.90)

Neonatal sepsis – no. (%)

77 (5.4)

74 (5.3)

1.03 (0.76-1.41)

Other specific causes – no. (%)

18 (1.3)

12 (0.9)

1.49 (0.73-3.16)

Indeterminate – no. (%)

9 (0.6)

11 (0.8)

0.81 (0.33-1.96)

95% CIs are not adjusted for multiplicity and should not be used to infer definitive treatment effects
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Table S5. Other secondary maternal and neonatal outcomes

Dexamethasone

Placebo
Mean or Median

Neonatal outcome

N

Mean (± SD) or

N

Median (IQR)

Mean (± SD) or

Difference (95% CI) §

Median (IQR)

Mean birth weight* – g

1495

1819 (623)

1482

1805 (624)

14.47 (-30.36 to 59.29)

Mean head circumference* – cm

1388

30 (3)

1378

30 (3)

0.10 (-0.12 to 0.32)

Mean body length* – cm

1387

42 (5)

1379

42 (5)

0.07 (-0.29 to 0.42)

Median gestational age at birth* – weeks

1544

33 (31-34)

1526

33 (31-34)

0.00 (-0.19 to 0.20)

Median duration of oxygen therapy – hours

726

36 (18-96)

756

48 (12-93)

-12.00 (-15.59 to -8.42)

Median duration of CPAP ventilation – hours

265

48 (24-96)

337

48 (24-84)

0.00 (-8.38 to 8.38)

Median duration of use of mechanical ventilation – hours

83

18 (12-48)

103

18 (12-60)

0.00 (-6.84 to 6.84)

Median duration of parenteral therapeutic antibiotic use – hours

864

144 (63-168)

894

132 (48-168)

11.85 (2.17 to 21.53)

Median length of hospital stay after birth – days

1320

8 (3-17)

1301

8 (3-17)

0.17 (-0.58 to 0.92)

Median duration of admission to special care unit – hours

905

168 (72-168)

897

162 (60-168)

6.00 (-4.99 to 16.99)

Median time until breast milk feeding initiation – hours

1126

24 (2-60)

1049

24 (2-60)

-0.14 (-4.02 to 3.73)
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Median time to full enteral feeding – hours

667

12 (6-72)

628

12 (6-84)

0.00 (-0.20 to 0.20)

Median number of newborn readmission

39

1 (1-1)

48

1 (1-1)

-

Median length of stay during newborn readmission – days

37

5 (3-7)

37

4 (3-6)

1.00 (-1.13 to 3.13)

64

4 (1-6.5)

81

5 (2-7)

-1.40 (-2.92 to 0.13)

1323

8 (4-20)

1322

8 (4-19)

0.30 (-0.54 to 1.15)

13

5 (3-11)

13

4 (1-9)

0.00 (-8.60 to 8.60)

Maternal outcome
Median number of days of therapeutic antibiotic use – days
Median length of total maternal hospitalization for birth – days
Median length of maternal re-admission – days

*All babies were assessed, outcome not prespecified; §Adjusted for study site; Median number of doses of surfactant not presented because few
participants received surfactant; 95% CIs are not adjusted for multiplicity and should not be used to infer definitive treatment effects

39

Table S6. Adverse events
Adverse event

Dexamethasone

Placebo

Total

Antepartum haemorrhage

0

2

2

Dyspnea

0

1

1

Gastrointestinal upset

1

0

1

Hyperglycemia

0

1

1

Leucocytosis

0

1

1

Migraine (unspecified)

1

1

2

Postpartum haemorrhage

3

3

6

Pyrexia (unspecified)

0

1

1

Seizure

2

0

2

Total

7

10

17

Antepartum haemorrhage

1

2

3

Cerebrovascular accident

1

0

1

Dyspnea

0

1

1

Intrapartum hemorrhage

1

0

1

Maternal death*

5

4

9

Pleural effusion

0

1

1

Postpartum haemorrhage

4

4

8

Seizure

2

2

4

Uterine rupture

2

0

2

Wound hematoma

0

2

2

Total

16

16

32

Birth asphyxia

1

1

2

Neonatal death

4

1

5

Neonatal sepsis

0

1

1

Total

5

3

8

Maternal adverse event

Maternal serious adverse event

Neonatal adverse event*

*Also captured as part of secondary outcome measures
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Summary of the procedures to determine the final cause of neonatal
death
An exercise was undertaken to determine the final single cause of neonatal death in the trial. Neonatal
death is reported in the perinatal cause of death (PCD)form for all deaths that occurred in the facility
and in the verbal autopsy form for deaths that occur outside the study facilities. The WHO Newborn
Health team reviewed all 609 neonatal deaths based on the forms completed at each site. Each
neonatal death was assigned one underlying cause of death based on the following processes:
•

All causes of death were classified into one of the following main causes of death: respiratory
distress syndrome, neonatal sepsis, perinatal asphyxia, other specific cause or indeterminate.

•

Verbal autopsies were reviewed where PCD form was not available and a cause of death was
assigned.

•

ICD principles were followed in assigning the cause of death.

•

Where no valid cause of death was available in the PCD form, all available forms for the infant
were reviewed to assign a valid cause of death.

•

The site-specific list of cause of death was reviewed by the neonatal Principal Investigators at
the respective sites and compared with the source documents. The changes suggested by the
PIs were made.

The list of final cause of death was shared with the statistical analysis team to determine cause specific
mortality by study groups.

Procedures relating to ultrasound assessments
All participating hospitals were provided with the following ultrasound equipment:
•

1 x Philips HD5 ultrasound system

•

3 x probes – transabdominal, transcranial and intravaginal

•

1 x Uninterruptible Power Supply (UPS) device

This equipment was expressly for the purposes of facilitating assessment and recruitment of women to
the ACTION trials and assessment of intraventricular haemorrhage in neonates (hereafter referred to as
the ACTION Trial ultrasound systems). It was intended to augment existing ultrasound systems at
participating hospitals, and (to the extent possible) minimize ultrasound access issues for trial
participants.
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Obstetric ultrasound for gestational age assessment
There are several considerations for performance of dating ultrasounds in low resource settings:
•

Accurate estimated gestational age (EGA)/expected delivery date (EDD) assignment is limited by
multiple factors:
o

Late initiation of antenatal care;

o

Uncertain last menstrual period;

o

No prior ultrasound evaluation (estimated gestational age has been assigned by a
referring care provider based on fundal height only);

o

Third trimester fetal biometric variance (+/- 21 days at >28 weeks estimated gestational
age);

o

Prior scans performed by sonographers outside of the hospital with varying/unknown
levels of experience or expertise; and

o

Use of biometric nomograms derived from a different (often higher resource)
populations.

Furthermore, many tertiary-level maternity facilities in low-resource countries do not always have
routine or 24/7 access to obstetric ultrasound services.

In order to optimize the assessment of gestational age in routine care settings, the following procedures
were developed and applied:
•

For women to be eligible for the trial, the gestational age must be based on the earliest available
obstetric ultrasound of reasonable quality. In the event an ultrasound was available from earlier
in the pregnancy, the obstetric physician determined whether this ultrasound was of acceptable
quality. If it was not available (or no ultrasound assessment was available), a dating ultrasound
was performed at the participating hospital.

•

The study Manual of Operations provided a gestational age estimation algorithm that was
adapted from American College of Obstetrics and Gynaecology (ACOG) Committee Opinion on
Method for Estimating Due Date (October 2014).3 These procedures were reviewed by two
independent experts from the International Society of Ultrasound in Obstetrics and
Gynaecology (ISUOG) (Dr Lynn Coppola and Dr Sandhya Maranna).

•

Individuals at participating hospitals who were involved in performing obstetric ultrasound
(varied by site, but generally involved ultrasonographers, radiologists and/or obstetricians)
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underwent a standardized training provided by an ISUOG expert trainer (LC or SM). This training
included use of ISUOG teaching modules as well as hands-on practice. Completion of 3 to 5
obstetric ultrasounds of acceptable quality was required to demonstrate proficiency.

The following measures were implemented for quality assurance:
•

During the trial, the nominated Lead for obstetric ultrasound assessment at each hospital or
study site conducted periodic internal peer-review of ultrasound scans performed, as well as any
refresher training on an as-needed basis.

•

For those women where the ACTION Trial ultrasound system was used to identify the
gestational age, scans were digitally saved (using anonymized participant ID numbers) and
logged in a standard logbook. The Manual of Operations pre-specified that approximately 5% of
saved scans would be randomly sampled for quality assurance purposes.

•

A random sample of scans for 175 participants (6.1% of the 2852 women randomized) were
selected, reviewed and scored by an ISUOG expert. The scoresheet was pre-designed to assess
whether the scan had been performed correctly from a technical standpoint, and was based on
criteria of Salomon et al 4. Based on available images and scores, scans were rated by the ISUOG
expert as “acceptable” or “not acceptable” to be utilized by the sites for accurate estimation of
gestational age.

•

This sample was not evenly distributed across countries, as some hospitals (particularly those in
India and Bangladesh) had a high proportion of women who had a dating ultrasound from the
first trimester of pregnancy.

•

Images of sufficient quality were available for 156 participants cases (5.5% of 2852 randomized
women). Of these, 145 were rated “acceptable” (93%) and 11 were not acceptable.

Neonatal transcranial ultrasound intraventricular haemorrhage assessment
●

Equipment/Machine: Philips HD5 scanner with a sector probe (5-8 MHz)

●

Protocol for obtaining neonatal CUS: Transcranial ultrasound was performed routinely for newborns
delivered at < 34 weeks by a trained provider at 7 days postnatal age or discharge, whichever occurred
first. For babies born at ≥ 34 weeks, transcranial ultrasound was performed only when specifically
requested by a clinician.

●

Presence and grading of intraventricular hemorrhage (IVH): The presence of IVH and its grading was
evaluated as below:
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-

Any echogenicity at the level of caudothalamic groove (extending anterior to Foramen of Munro)
is suggestive of IVH

-

●

IVH was graded according to the grading proposed by Papile given below
●

Grade 1 – Sub-ependymal haemorrhage without ventricular extension

●

Grade 2 – Intraventricular Haemorrhage without ventricular dilatation

●

Grade 3 – Intraventricular Haemorrhage with ventricular dilatation

●

Grade 4 – Intraventricular haemorrhage with associated parenchymal involvement

Data/record maintenance: The CUS scans at each site were digitally saved using anonymized
participant ID numbers and logged in a standard logbook at each site.

●

Training and quality assurance: The following measures were implemented for quality assurance:
-

Standard operating procedures were developed describing the CUS technique including the
views required and other technical requirements, interpretation and grading of IVH.

-

Prior to trial initiation, all site sonologists were trained on standard operating procedures and
interpretation and reporting by an expert. Around 70 staff were trained across all sites
(including neonatologists, radiologists and sonologists, though staff cadre varied by site). The
training involved a presentation on the basics of ultrasonography, hardware, CUS techniques
and interpretation. The trainees were then trained on neonates under the supervision of the
expert.

-

A sample of all positive scans (grade 1-4; as reported by sites) and a 5% random sample of all
negative scans (grade 0; as reported by sites) were reviewed and graded independently by an
external expert, blinded to the grading reported by sites. Any discrepancies in grading between
the site sonologists and the external expert were reviewed and resolved by mutual discussion
between the two.

-

Images were available for 108 of 137 (79%) positive scans and for 58 of 65 (89%) randomly
selected negative scans:
o

Severe (grade 3-4), n=15 available of total 17 (88%): 5 graded same, 1 “downgraded” by
expert but site maintained as “severe”

o

Non-severe (grade 1-2), n=93 available of total 120 (78%): 3 “upgraded” by expert (3%)

o

No IVH (grade 0), n= 65 available of total 65 (89%): all graded same by expert
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Abstract
Background: Pre-eclampsia is a pregnancy complication characterised by high blood pressure and multi-organ
dysfunction in the mother. It is a leading contributor to maternal and perinatal mortality, with 99% of these deaths
occurring in low- and middle-income countries (LMIC). Whilst clear guidelines exist for management of early-onset
(< 34 weeks) and term (≥ 37 weeks) disease, the optimal timing of delivery in pre-eclampsia between 34+ 0 and
36+ 6 weeks is less clear. In a high-income setting, delivery may improve maternal outcomes without detriment to
the baby, but this intervention is yet to be evaluated in LMIC.
Methods: The CRADLE-4 Trial is a non-masked, randomised controlled trial comparing planned early delivery
(initiation of delivery within 48 h of randomisation) with routine care (expectant management) in women with preeclampsia between 34+ 0 and 36+ 6 weeks’ gestation in India and Zambia. The primary objective is to establish
whether a policy of planned early delivery can reduce adverse maternal outcomes, without increasing severe
neonatal morbidity.
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Discussion: The World Health Organization recommends delivery for all women with pre-eclampsia from 37 weeks
onwards, based on evidence showing clear maternal benefit without increased neonatal risk. Before 34 weeks,
watchful waiting is preferred, with delivery recommended only when there is severe maternal or fetal compromise,
due to the neonatal risks associated with early preterm delivery. Currently, there is a lack of guidance for clinicians
managing women with pre-eclampsia between 34+ 0 and 36+ 6 weeks. Early delivery benefits the mother but may
increase the need for neonatal unit admission in the infant (albeit without serious morbidity at this gestation). On
the other hand, waiting to deliver may increase the risk of stillbirth, fetal growth restriction and hypoxic brain injury
in the neonate as a result of severe maternal complications. This is especially true for LMIC where there is a higher
prevalence of adverse events. The balance of risks and benefits therefore needs to be carefully assessed before
making firm recommendations. This is the first trial evaluating the optimal timing of delivery in pre-eclampsia in
LMIC, where resources and disease burden are considerably different.
Trial registration: ISRCTN 10672137. Registered on 28 November 2019.
Keywords: Pre-eclampsia, Hypertension, Pregnancy, Perinatal, Global health, Low- and middle-income countries

Background
Pre-eclampsia is a pregnancy-specific disorder which
complicates 2–8% of pregnancies worldwide [1] and up
to 12% of pregnancies in low- and middle-income countries [2]. Pre-eclampsia is responsible for 76,000 maternal deaths and 500,000 perinatal deaths each year [2]
with the overwhelming majority (99%) of these occurring
in Sub-Saharan Africa and South Asia [3].
Pre-eclampsia is a multi-system disorder. It arises due
to inadequate perfusion of the uteroplacental unit, leading to hypoxic placental tissue and endothelial dysfunction. The resulting systemic vascular inflammation leads
to widespread organ involvement in the mother as well
as growth restriction and even stillbirth in the fetus [1].
Its clinical course is difficult to predict, and the development of symptoms is usually an indicator of end-stage
organ damage. The only definitive management of preeclampsia is delivery of the dysfunctional placental
unit—thereby ending the pregnancy. Given the progressive and unpredictable nature of the condition, timely
intervention and delivery is key.
Delivery at 37 weeks onwards is recommended by the
World Health Organization for all women with preeclampsia irrespective of disease severity [4]. Prior to 34
weeks (which is an important milestone for fetal lung
maturity), expectant management is preferable due to
the neonatal risks associated with early preterm birth
[4]. Therefore, delivery before 34 weeks’ gestation is usually only initiated if there are signs of severe maternal or
fetal compromise.
Guidance on the optimal timing of delivery in late preterm pre-eclampsia (between 34+ 0 and 36+ 6 weeks’ gestation) is less clear and is likely to be context dependent.
In different settings, the risks and benefits of delivery
may vary according to the prevalence and character of
serious adverse events and the facilities available to manage them.

Currently, a policy of close surveillance is pursued
until either 37 weeks’ gestation is reached (at which
point delivery is recommended) or an indication for immediate delivery (evidence of severe maternal or fetal
compromise) develops. It is likely that planned early delivery would benefit the mother as this is the cure to the
disease process; however, this must be balanced against
any potential risks associated with late preterm delivery
to the neonate.
In high-income settings, previous randomised controlled trials have shown that planned early delivery between 34+ 0 and 36+ 6 weeks’ gestation in pre-eclampsia
reduces the risk of severe complications in the woman
[5–7]. An increase in neonatal unit admissions amongst
infants in the planned delivery group has been reported,
though serious neonatal morbidity remains uncommon
at this gestation [5]. Planned early delivery has only been
shown to increase respiratory distress syndrome in the
neonate when the study population included women
with gestational hypertension with a longer time to delivery interval in the usual care arm [6]. This and the fact
that antenatal corticosteroid use was less prevalent in
this study may explain the difference in neonatal respiratory morbidity between the two arms.
This question is yet to be evaluated in a low- and
middle-income setting. Planned early delivery at this
gestation may increase risk to the neonate given the lack
of neonatal intensive care facilities. In addition, the availability of antenatal corticosteroids and indeed their impact on neonatal outcomes is yet to be fully evaluated in
low- and middle-income countries [8, 9]. However, in
settings where the disease burden and incidence of serious complications (in particular eclampsia, renal insufficiency, abruption and stillbirth) are related, in part, to
inadequate surveillance and delayed intervention,
planned early delivery may in fact confer even greater
benefit for the woman and the infant to that seen in a
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high-income setting. Severe disease in this setting implies time to delivery intervals will be shorter, and the
benefit of removing maternal harm relatively greater
than the risk of immaturity. Given the disproportionate
number of maternal and perinatal deaths occurring in
low- and middle-income countries, it is imperative that
interventions designed to reduce mortality and morbidity are developed and tested within these settings, where
their impact may be considerably different.
There is therefore a need to compare a policy of
planned early delivery to expectant management for late
preterm pre-eclampsia in low- and middle-income settings. This trial aims to establish whether planned early
delivery in women with pre-eclampsia between 34+ 0 and
36+ 6 weeks’ gestation can reduce adverse pregnancy outcomes in India and Zambia.

Methods/design
Trial objectives

The aim of this trial is to establish whether planned
early delivery in pre-eclampsia between 34+ 0 and 36+ 6
weeks can reduce adverse pregnancy outcomes compared to expectant management in a low- and middleincome setting.
Primary objectives

The primary objectives of the study are:
1

2

To evaluate whether planned early delivery for
women with pre-eclampsia between 34+ 0 and 36+ 6
weeks of gestation can reduce maternal mortality
and morbidity based on a composite of outcomes
during pregnancy and delivery, until primary hospital discharge.
To evaluate the impact of the intervention on
short-term neonatal outcomes. These will be
assessed based on a composite of stillbirth, neonatal
death and neonatal unit admission for > 48 h due to
neonatal morbidity, until primary hospital
discharge.

Secondary objectives

The secondary objectives of the study are:
1

2
3
4

To evaluate the impact of the intervention on
individual components of the primary outcomes
and other secondary short-term outcomes for the
mother and baby.
To evaluate the impact of the intervention on
health resource use and cost.
To assess how the intervention influences the
experiences of women.
To evaluate how the effectiveness of the
intervention and its implementation is influenced
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by external factors (specifically resource availability
and health system factors).
Trial design

This will be a pragmatic, multicentre, randomised
controlled trial of planned delivery versus expectant
management in 872 women with pre-eclampsia between 34+ 0 and 36+ 6 weeks of gestation inclusive.
Study setting

The trial will be conducted in five tertiary hospitals
across India and Zambia, including their referring district healthcare facilities (sites listed on http://www.
isrctn.com/ISRCTN10672137). An initial 6-month feasibility study was conducted across the proposed trial
sites. This was a mixed-methods study consisting of
semi-structured interviews with a cross-section of
healthcare providers, focus group discussions with pregnant women and their relatives and a retrospective case
notes audit evaluating gestation-specific maternal and
neonatal outcomes in women with pre-eclampsia. The
results of this feasibility study directly informed the development of the interventional phase protocol.
Recruitment is anticipated to take 22 months based on
an assumption that approximately 45 participants will be
recruited per month (across all sites), with some allowance for unforeseen events and centres recruiting slower
than expected. Daily visits by the research team to the
relevant clinical areas at each healthcare facility will ensure that all potentially eligible participants are screened.
In addition to this, key personnel at each of the referring
healthcare facilities will be provided with a basic mobile
phone and airtime in order to facilitate referrals of potentially eligible participants. The development of culturally appropriate trial materials for both participants and
key members of their household will help to engage and
inform potential participants. Dissemination of trial
posters and flowcharts will ensure that clinical staff are
well informed and aware of trial procedures. If necessary, additional strategies to boost trial recruitment
(such as additional sites or small financial incentives for
clinical staff will be considered).
Selection and withdrawal of participants
Inclusion criteria

Women who meet the following criteria will be eligible
for enrolment into the study:
 Able to give valid written, informed consent
 Viable ongoing pregnancy at time of recruitment
 Clinical diagnosis of pre-eclampsia confirmed by the

obstetric team: must fulfil minimum criteria of
hypertension and proteinuria after 20 weeks’
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gestation. Hypertension will be defined as a systolic
blood pressure of ≥ 140 mmHg and/or a diastolic
blood pressure of ≥ 90 mmHg (or on antihypertensive drug at enrolment). Proteinuria will be
defined as a ‘positive’ (≥ 1 + protein) urine dipstick
result [10].
 Gestational age between 34+ 0 and 36+ 6 confirmed
by a doctor (as determined by known last menstrual
period date validated by early or late ultrasound
scan if available)
Women with any other co-morbidity (including preexisting hypertension, diabetes, and HIV) or having had
a previous caesarean section or with the fetus in any
position will be eligible. Women with multi-fetal pregnancy will also be eligible.
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Study periods

A woman’s participation in the study may be from 34
weeks’ gestation until primary discharge of the woman
and her baby after birth (Fig. 1). Long-term follow-up
will be considered by obtaining permission to contact
participants later, but only after further ethical approval
and governance has been ascertained. Both the maternal
and neonatal short-term outcomes will be collected
quickly as the time period from randomisation to outcome collection will not exceed 14 weeks (participants
will be followed up until primary discharge of mother
and baby post-delivery) and in many cases will be less.
Outcome collection will end 42 days after the final participant has been recruited (or sooner if primary discharge of mother and baby occurs before this endpoint).
Withdrawal of participants

Exclusion criteria

Women will be excluded from participation in the study
if a decision has already been made to deliver within the
next 48 h.
Recruitment, eligibility and consent

Members of the research team will provide a full verbal
explanation and written description (in the relevant local
language) to women who meet the inclusion criteria (as
above). Additionally, participant information videos in
local languages have been developed to aid comprehension amongst both trial participants and their relatives.
The woman will be given sufficient time to consider the
information and to decide whether she will participate in
the trial. Written informed consent will be sought from
the woman and taken by an appropriately trained member of the research team.

At all stages, it will be made clear to the woman that she
is free to withdraw from the trial at any time without
the need to provide any reason or explanation. Participants will be made aware that this decision will have no
impact on any aspect of their continuing care. For a
woman allocated to the expectant management group, if
clinical needs dictate delivery prior to 37 weeks’ gestation based on local criteria, this will not constitute withdrawal from the trial allocation. For a woman allocated
to the planned delivery group, if the woman should decide that she does not wish to proceed with the planned
delivery and instead chooses to be monitored by her attending clinician, this will not constitute withdrawal
from the study.
Assessment of outcomes

Outcomes will be recorded on the web-based database
after a review of case notes by trained members of the

Fig. 1 Schedule of participant enrolment, interventions and assessment in the trial (SPIRIT figure)
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research team. This will be done contemporaneously
and completed no later than 24 h after the mother and
baby have been discharged. Confirmation of maternal
and neonatal outcome data will be undertaken with an
additional sign-off by the site’s principal investigator for
each participant and constant communication with the
relevant clinical teams.

Primary short-term perinatal outcome

Co-primary outcomes
Primary short-term maternal outcome

Secondary outcomes

Primary short-term maternal outcome will include maternal mortality and morbidity based on the miniPIERS
composite [11] (see Table 1 for full list) of adverse maternal outcomes (with the addition of severe hypertension) during pregnancy and delivery until primary
hospital discharge.

Primary short-term perinatal outcome will include composite of one or more of antenatal/intrapartum stillbirth
or neonatal death (but not deaths due to congenital
anomalies) or neonatal unit admissions > 48 h due to
neonatal morbidity (necessitating admission to the neonatal unit according to local guidelines) until primary
hospital discharge.

Secondary maternal outcomes will include assessment
of:
 Individual components of the primary outcome
 Mode of onset of birth (spontaneous, induced or

pre-labour caesarean section)
 Primary indication for delivery in both arms

Table 1 Full definitions of individual components of the primary short-term maternal outcome
Outcome

Definition

Mortality

Maternal death occurring before primary discharge from hospital

Hepatic dysfunction

Elevated liver enzymes (alanine transaminase or aspartate transaminase ≥ 70 IU/L)

Hepatic hematoma or rupture

Blood collection under the hepatic capsule as confirmed by ultrasound or laparotomy

Glasgow coma score < 13

Based on GCS scoring system [12]

Stroke

Acute neurological event with deficits lasting longer than 48 h

Cortical blindness

Loss of visual acuity in the presence of intact pupillary response to light

Reversible ischaemic neurologic deficit (RIND)

Cerebral ischaemia lasting longer than 24 h but less than 48 h revealed through clinical examination

Retinal detachment

Separation of the inner layers of the retina from the underlying retinal pigment epithelium (RPE;
choroid) and is diagnosed by ophthalmological exam

Acute renal insufficiency

For women with an underlying history of renal disease: defined as creatinine > 200 μM; for patients
with no underlying renal disease: defined as creatinine > 150 μM

Dialysis

Including haemodialysis and peritoneal dialysis

Postpartum haemorrhage (PPH) requiring
transfusion or hysterectomy

Occurrence of PPH that required transfusion or hysterectomy

Placental abruption

Any occurrence of abruption diagnosed clinically or based on placental pathology report

Platelet count < 50,000 without blood
transfusion

Measurement of platelet count recorded as less than 50,000 without patient being given a blood
transfusion

Transfusion of blood products

Includes transfusion of any units of blood products: fresh frozen plasma (FFP), platelets, red blood
cells (RBCs), cryoprecipitate (cryo) or whole blood. Includes request for transfusion even if products
unavailable at time of request.

Positive inotropic support

The use of vasopressors to maintain a systolic blood pressure > 90 mmHg or mean arterial pressure
> 70 mmHg

Myocardial ischaemia/infarction

ECG changes (ST segment elevation or depression) with ischaemic symptoms with or without
typical enzyme changes

Eclampsia

Any episode of seizure antepartum, intrapartum or before postpartum discharge as follow-up beyond discharge is not possible

Require > 50% oxygen for greater than 1 h

Oxygen given at greater than 50% concentration based on local criteria for longer than 1 h

Intubation other than for Caesarean section

Intubation may be by endotracheal tube insertion or continuous positive airway pressure

Severe breathing difficulty

Suspected pulmonary oedema where X-ray confirmation is unavailable may be diagnosed by presence of chest pain or dyspnoea, crackles in the lungs and SaO2 < 90%

Pulmonary oedema

Clinical diagnosis with X-ray confirmation or requirement of diuretic treatment and SaO2 < 95%

Severe hypertension

Systolic blood pressure of ≥ 160 mmHg between randomisation and post-delivery discharge
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 Intensive care unit admission
 Length of stay in hospital (prior to delivery and after

delivery)
 Time from randomisation to delivery (process

outcome)
 Use of magnesium sulfate
 Use of antenatal corticosteroids for fetal lung

maturity
 Use of anti-hypertensive medications

Secondary perinatal outcomes will include assessment
of:


























Individual components of the primary outcome
Mode of delivery (vaginal vs. all others)
Gestational age at delivery
Birthweight
Birthweight centile
Admissions to neonatal unit (and primary
indication)
Total number of nights in hospital and number of
nights in each level of care for babies admitted
Sepsis—with evidence of confirmed infection
Course of antibiotics given for possible serious
bacterial infection (according to the World Health
Organization’s Integrated Management of Childhood
Illness (IMCI) guidelines) [13]
Apgar score at 5 and 10 min post birth
Need for neonatal resuscitation
Hypoxic ischaemic encephalopathy and grade
Neonatal seizures requiring anti-convulsants
Respiratory distress syndrome
Supplementary oxygen and duration required
Use of continuous positive airway pressure
ventilation and duration required
Invasive ventilation support and duration required
Administration of surfactant
Hypoglycaemia (< 2.6 mmol) requiring intervention
Hypothermia (temperature < 36.5 °C)
Neonatal jaundice requiring phototherapy
Necrotising enterocolitis (diagnosed at surgery or
resulting in death)
Nasogastric feeding required and indication
Exclusively breast-fed at discharge from hospital
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the Zambian sites, Kannada at the Indian sites). The participant information leaflet will be read aloud to women
who are unable to read it themselves. Partners and relatives will be included in the discussion but may not consent on the woman’s behalf. Additionally, three short
video clips addressing key topics (pre-eclampsia, trial
participation and the neonatal unit) will be made available to all potentially eligible participants, particularly
those with limited literacy. Written informed consent
will be given using an informed consent form, completed, signed (thumbprints also accepted) and dated by
the woman and signed by the member of the research
team who obtained informed consent. After written informed consent has been obtained, a member of the research team will enter the baseline maternal details onto
the online database and perform randomisation, communicating the results directly to the woman and her
clinical team.
Antenatal, intrapartum and postpartum care will be in
accordance with local guidelines and capacity at each
site. Delivery will typically be through induction according to local protocol (most commonly oral or vaginal administration of misoprostol). The schedule of care for
each group will be as follows:
Intervention (planned delivery) group

The intervention is planned delivery, to be undertaken
as soon as feasible (aimed to be commenced within 48 h)
after randomisation. Use of antenatal corticosteroids for
fetal lung maturity will be at the discretion of the clinician, in accordance with local guidelines (confirmed as
readily available across all facilities). Postnatal care will
be in accordance with local protocols and guidelines.
Control (expectant management) group

Expectant management involves close monitoring of the
maternal and fetal condition until the woman reaches
37 weeks, or a crisis develops necessitating delivery. Delivery is recommended if the woman develops severe
pre-eclampsia. This is in accordance with the World
Health Organization guidelines [4] which are followed at
all of the proposed trial sites.
Time of delivery—adherence to protocol

Trial procedures
Informed consent

Written consent will be sought from the woman only
after she has been given a full verbal explanation and
written description of the trial (via the participant information leaflet, in her preferred language). The local research team at each site are fluent in English and the
relevant local languages spoken by the majority of the
population across the trial sites (Bemba and Nyanja at

Following randomisation to either the planned delivery
group or expectant management group, the time of onset of planned delivery (first method for induction of
labour or time of planned caesarean section along with
the indication) or onset of spontaneous labour will be
recorded for all women. This will enable the monitoring
of adherence to protocol for both study groups to be
reviewed and protocol deviations to be identified and
investigated.
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Sample size

The sample size for the CRADLE 4 study is calculated
on the ability to detect a clinically important reduction
in the primary maternal outcome: a short-term composite based on the presence of one or more of 22 maternal
morbidities. Based on data acquired at the sites prior to
start of the main trial, we anticipate an event rate of 80%
for the primary maternal outcome in the expectant management arm. We have calculated that a sample size of
558 would provide 90% power to detect a 15% relative
risk reduction. If the trial is recruiting well, we will continue to recruit 872 participants which would give 90%
power to detect a 12.5% relative risk reduction and
greater precision to detect secondary outcomes. The
data monitoring committee (DMC) will review the primary event rate and usual safety data and make a recommendation to continue or stop. A one-sided noninferiority analysis is planned for the primary neonatal
composite. Our data acquired at the sites prior to starting the main trial showed an event rate of 24% for the
primary neonatal outcome. Complete data on 480
women (240 per group) are required for 90% power to
exclude a difference against planned delivery of 10% or
more. To exclude a difference of 7.5%, 852 women (426
per group) are needed. The calculation uses a one-sided
significance test and confidence interval and assumes
that the true event rate is 24%. This is in line with the
planned sample size as detailed above.
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clinical notes. No additional blood or tissue samples are
required for this study.
Outcomes will be recorded prospectively using case report forms (CRFs). When possible, online versions will
be used (eCRFs) and outcomes therefore recorded directly on the trial database. If, due to power shortages or
lack of internet connectivity, this is not feasible, paper
case report forms will be used, and data then directly
transcribed into the database.
Assessment of safety

The DMC will ensure the wellbeing of study participants
and will periodically review study progress and outcomes
as well as reports of unexpected serious adverse events
(SAEs). The DMC will, if appropriate, make recommendations regarding continuance of the study or modification of the study protocol.
Adverse events

An adverse event is any untoward medical occurrence in
a participant, which does not necessarily have to have a
causal relationship with this intervention. Due to the
high incidence of adverse events routinely expected in
this patient population, only those adverse events identified as serious will be recorded for the trial.
Serious adverse events

A serious adverse event is any untoward medical occurrence that:

Randomisation

Randomisation will be managed by a secure web-based
randomisation facility hosted by MedSciNet. The allocation ratio of intervention (planned early delivery) to control (expectant management) will be 1:1. Participants
will be stratified by centre and minimised by parity (0 or
≥ 1), single/multi-fetal pregnancy (singleton or multifetal) and gestational age (34+ 0–34+ 6, 35+ 0–35+ 6, 36+ 0–
36+ 6) at randomisation. MedSciNet will write the randomisation programme and hold the allocation code.
Following randomisation, a clinician will then arrange
for delivery or ongoing expectant management as the
randomisation indicates.
Masking

Due to the nature of this study, masking of clinicians,
nursing staff and participants is not possible. In view of
arrangements for the conduct of the trial at these sites,
it is not feasible to arrange for a separate team of outcome assessors masked to intervention allocation. Data
analysis will be conducted masked to group allocation.
Data collection

Much of the outcome data for this trial are routinely recorded clinical items that can be obtained from the

 Results in death
 Is life-threatening
 Requires participant hospitalisation or prolongation

of existing hospitalisation
 Results in persistent or significant disability/

incapacity
Expected SAEs

Expected SAEs are those events which are expected in
the patient population or as a result of the routine care/
treatment of a patient.
The following events are expected in women with preeclampsia and their infants and will be recorded as part
of outcome collection (during a woman’s participation
in the trial—from randomisation until primary hospital
discharge of either mother or baby) but do not require
reporting as SAEs.
Expected maternal SAEs
 Hepatic dysfunction
 Hepatic haematoma or rupture
 Coma/impaired consciousness (Glasgow coma
score < 13)
 Maternal stroke
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Cortical blindness
Reversible ischaemic neurological deficit
Retinal detachment
Acute renal insufficiency or failure
Postpartum haemorrhage requiring transfusion or
hysterectomy
Placental abruption
Platelet count < 50,000
Severe uncontrolled hypertension
Myocardial ischaemia/infarction
Eclampsia
Severe breathing difficulty
Pulmonary oedema
Sepsis
Venous thrombo-embolism
Admission to hospital for pregnancy and any related
pregnancy complications
Admission to ITU for pregnancy and any related
pregnancy complications
Any pregnancy-related complication requiring surgical management
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mother and baby. Unexpected SAEs for both the mother
and infant will be recorded and reported to the DMC as
described above. Details of the SAE should be recorded
on an SAE form (either electronically via the study database or in paper format). Paper forms will be emailed to
the trial coordinating team. An SAE occurring to a participant will be reported to the research ethics committee that gave a favourable opinion of the study where in
the opinion of the principal investigator the event was
‘related’ (resulted from administration of any of the research procedures) and ‘unexpected’ in relation to those
procedures. Reports of related and unexpected SAEs will
be submitted within 15 working days of the principal investigator becoming aware of the event, using the health
research authority (HRA) report of serious adverse event
form. All reported SAEs will be reviewed by the DMC at
regular intervals throughout the study. The principal investigator will inform all investigators concerned of relevant information that could adversely affect the safety of
participants.
Data monitoring and auditing

Expected infant SAEs
 Congenital anomaly
 Low birth weight
 Requirement for supplemental oxygen or ventilation
support
 Sepsis confirmed by positive cerebrospinal fluid or
blood cultures
 Necrotising enterocolitis
 Seizures
 Hypoxic ischaemic encephalopathy
 Hypoglycaemia
 Admission to neonatal unit for any indication
Unexpected SAEs

An unexpected SAE is any event that meets the definition of a SAE and is not detailed in the list above as
expected.
The following events, whilst not entirely unexpected in
this population, are nevertheless serious enough that
they should be reported. However, we anticipate that
these will be more related to the disease process in this
setting and not directly related to the intervention. With
this in mind, they will be aggregated and reviewed on a
3-monthly basis by the DMC.
 Maternal death
 Neonatal death
 Antepartum or intrapartum stillbirth

Safety reporting procedures

All SAEs (described above) will be recorded from randomisation to postnatal discharge from hospital of

The site research team will be responsible for the dayto-day smooth running of the trial at a recruiting site.
The central trial research team will monitor recruitment
against targets, provide staff education and training and
monitor the completeness and quality of collected data.
The study monitor will perform regular visits to all
recruiting centres and will verify the source data for selected participants during these visits.
Statistical analysis

The primary analysis for all maternal outcomes will be
by the intention to treat principle with participants analysed in the groups to which they are assigned regardless
of deviation from the protocol or intervention received.
We will analyse the difference between arms in the randomisation to delivery interval (3 monthly) to ensure
intervention compliance. Women in the expectant management arm will frequently be delivered prior to 37
weeks of gestation due to clinical need and this will not
be considered a protocol deviation.
The primary analysis for all perinatal and infant outcomes will be both an intention to treat and a perprotocol analysis, since the hypothesis under examination for these outcomes is a non-inferiority hypothesis.
The per-protocol analysis will exclude babies of women
who do not receive the allocated intervention as per
protocol and will be further defined in the statistical
analysis plan.
All outcomes will be analysed adjusting for minimisation factors at randomisation where possible [14]. Where
possible, continuous outcomes will be adjusted for baseline measurements of the same variable [15]. Binary
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outcomes will be analysed using log binomial regression
models. Results will be presented as adjusted risk ratios
with associated confidence intervals (CI). If the model
does not converge, logistic regression with robust variance estimation will be used [16]. Continuous outcomes
will be analysed using linear regression models. Results
will be presented as differences in means with associated
CIs. 95% CIs will be presented for all primary outcomes
and 99% CIs for secondary outcomes.
For the analysis of perinatal outcomes, we will treat
all infants (singletons or multiples) separately, adjusting standard errors for clustering by mother. Prespecified subgroup analyses will be undertaken for
gestation at randomisation (test for trend) and for
single vs. multi-fetal pregnancy, country and region
(with a region being tertiary centre and referring
healthcare facilities). The consistency of the effect of
planned delivery vs. expectant management across
subgroups will be assessed using a likelihood ratio
test for interaction. Loss to follow-up is expected to
be about 5% for the short-term outcomes.
A secondary per-protocol analysis will look at the primary outcomes according to the treatment actually received and time of randomisation.
The primary maternal outcome is maternal mortality
and morbidity based on miniPIERS [11] plus severe
hypertension (Table 1) during pregnancy or before hospital discharge. The maternal mortality and morbidity
component of the primary outcome will be reported separately, as will the severe hypertension component. Additionally, a maternal mortality and morbidity composite
of components detected by a clinical diagnosis only will
be reported separately (outlined in further detail in the
statistical analysis plan).
Health care resource use will include information collected on the management of pre-eclampsia, maternal
hospital length of stay related to pre-eclampsia and delivery, maternal intensive care unit admissions and perinatal neonatal unit admissions and hospital length of
stay. Health care resource use will be costed using published sources and will be reported in United States Dollars (USD); costs will be reported in local currencies
where possible. Mode of onset and mode of delivery will
also be included in the costing. Means and standard deviations will be reported for health care resource items
and costs. Linear regression and bootstrapping will be
used to calculate the difference between treatment
groups and 95% confidence intervals, adjusting for minimisation factors at randomisation.
End of trial

The end of the intervention phase will be when the last
participating mother and infant have been discharged
from hospital, or 42 days after the final participant has
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been recruited (whichever occurs sooner). For regulatory
purposes, the end of the trial is defined as the date when
the study database is locked. An end of study declaration
will be made to the approving research ethics committees within 3 months of this date.
Early cessation

In the light of interim data and other evidence from
relevant studies, the DMC will inform the trial steering
committee (TSC) if, in its view, there is proof beyond
reasonable doubt that the data indicate that the trial
should be terminated. A decision to inform the TSC of
such a finding will in part be based on statistical
considerations.
Evaluation of women’s experiences

A purposeful sample of participants will be approached
for consent to a qualitative interview exploring their experience of the trial intervention (or usual care arm).
Evaluation of implementation

The impact of external factors (specifically resource
availability and health system factors) on the effectiveness of the implementation of the intervention will be
assessed by conducting an audit of key resources available at each participating healthcare facility at regular (6
monthly) intervals during the trial, which will be reported using descriptive statistics. A subgroup analysis
of the main trial results by site will identify any meaningful variations by site, which may be influenced by
local resource availability.
Data handling

Anonymised data be will collected by the local research
team under the supervision of the trial coordinator.
When possible, all anonymised data will be directly entered onto a secure, online database (MedSciNet). If the
low-resource nature of the environments where we will
be collecting the data means this is not possible, the
local research team will be trained to accurately transfer
any paper-based data onto MedSciNet, whilst maintaining confidentiality always.
Consent forms and source data where paper based will
be kept in files in secure areas at each central site. Only
healthcare providers involved in trial participants’ care,
research assistants, the local trial coordinator and the
UK-based trial manager will have access to these. All
paper documents will be stored securely and kept in
confidence in compliance with the UK Data Protection
Act 1998.
All data entered on the MedSciNet database in each
facility will be automatically stored and backed up. Collection and storage of clinical data in the database will
be governed by the UK Data Protection Act 1998. All
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participants will be given a unique trial identifier and no
personal information will be entered into the clinical
trial database or sample database. Personal contact information will be held on a local database kept in a locked
environment, after gaining written informed consent
from trial participants.
All MedSciNet data is stored on high-capacity servers
that are operated by an external company. Servers are
stored in locked rooms, with system monitoring 24 × 7,
physical surveillance and surveillance cameras. A tape
backup system is used for backing up the database.
The MedSciNet database will remain live for 1 year
following completion of the main trial. A copy of this
will then be kept on the KCL server for 20 years following the trial completion date, in accordance with the
KCL Data retention schedule.

Discussion
Management of late preterm pre-eclampsia remains a
challenging clinical scenario for clinicians around the
world. Current evidence does not address those populations and contexts where the primary disease burden of
pre-eclampsia lies. Whilst early-onset pre-eclampsia (before 34 weeks’ gestation) is typically regarded as a more
‘severe’ phenotype of the condition, pre-eclampsia at 34
weeks’ gestation onwards is responsible for significant
maternal and perinatal morbidity [17]. This is particularly true in low-resource settings where delays in seeking appropriate care and suboptimal quality of care
contribute to high rates of maternal and perinatal mortality [18]. Planned early delivery beyond 34 weeks has
the potential to reduce serious maternal complications
(such as stroke, eclampsia and death) as well as poor
perinatal outcomes (such as severe growth restriction
and stillbirth). Designing a trial protocol to evaluate this
research question in a robust manner, whilst taking into
consideration the reality of the trial environment, is
challenging and highlights many of the wider barriers to
maternal health in low- and middle-income countries.
The feasibility phase identified several key issues which
informed the design of the main trial protocol, for example, a lack of availability of first trimester ultrasound
scanning impacting upon gestational age assessment and
lack of laboratory reagents for performing routine kidney
and liver function tests. Diagnostic criteria for preeclampsia and outcome definitions required adapting to
suit the local context, taking into account limited diagnostic resources (e.g. radiology services) and facilities
(e.g. neonatal intensive care). Our intervention, if shown
to be beneficial, must be reproducible and feasible to implement within a real-world scenario. The inclusion of
two diverse countries (India and Zambia) will produce
results that are generalisable to similar settings. Furthermore, ensuring that the trial protocol and procedures
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reflect the reality of maternity care in a low- and
middle-income setting is essential in order to produce
findings that will be of importance to local, national and
international policy makers.

Trial status
The current CRADLE-4 protocol is version 1.1 (14 November 2019). The trial opened to recruitment on 16
December 2019. The first participant was recruited on
19 December 2019. All trials sites were open by 24 January 2020. Recruitment is ongoing. We anticipate recruitment will be complete by 31 August 2021.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-020-04888-w.
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Abstract
Background: Stillbirth rates are high and represent a substantial proportion of the under-5 mortality in low and
middle-income countries (LMIC). In LMIC, where nearly 98% of stillbirths worldwide occur, few population-based
studies have documented cause of stillbirths or the trends in rate of stillbirth over time.
Methods: We undertook a prospective, population-based multi-country research study of all pregnant women in
defined geographic areas across 7 sites in low-resource settings (Kenya, Zambia, Democratic Republic of Congo,
India, Pakistan, and Guatemala). Staff collected demographic and health care characteristics with outcomes
obtained at delivery. Cause of stillbirth was assigned by algorithm.
Results: From 2010 through 2018, 573,148 women were enrolled with delivery data obtained. Of the 552,547 births
that reached 500 g or 20 weeks gestation, 15,604 were stillbirths; a rate of 28.2 stillbirths per 1000 births. The
stillbirth rates were 19.3 in the Guatemala site, 23.8 in the African sites, and 33.3 in the Asian sites. Specifically,
stillbirth rates were highest in the Pakistan site, which also documented a substantial decrease in stillbirth rates over
the study period, from 56.0 per 1000 (95% CI 51.0, 61.0) in 2010 to 44.4 per 1000 (95% CI 39.1, 49.7) in 2018. The
Nagpur, India site also documented a substantial decrease in stillbirths from 32.5 (95% CI 29.0, 36.1) to 16.9 (95% CI
13.9, 19.9) per 1000 in 2018; however, other sites had only small declines in stillbirth over the same period. Women
who were less educated and older as well as those with less access to antenatal care and with vaginal assisted
delivery were at increased risk of stillbirth. The major fetal causes of stillbirth were birth asphyxia (44.0% of
stillbirths) and infectious causes (22.2%). The maternal conditions that were observed among those with stillbirth
were obstructed or prolonged labor, antepartum hemorrhage and maternal infections.
(Continued on next page)
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Conclusions: Over the study period, stillbirth rates have remained relatively high across all sites. With the
exceptions of the Pakistan and Nagpur sites, Global Network sites did not observe substantial changes in their
stillbirth rates. Women who were less educated and had less access to antenatal and obstetric care remained at the
highest burden of stillbirth.
Study registration: Clinicaltrials.gov (ID# NCT01073475).
Keywords: Stillbirth, Low-middle income countries, Obstetric care, Global Network

Background
Globally, an estimated 2.1 million third trimester stillbirths (95% CI 1.8, 2.5) occurred in 2015, representing a
decrease of nearly 50% since 1990 [1]. While this reduction is considerable, the overall rate of decrease in stillbirth lags well behind the rate of reductions that have
occurred in under-5 mortality. Furthermore, nearly 98%
of these stillbirths occur in low- and middle-income
countries (LMIC), where the majority could be prevented with known interventions [2, 3]. We have reported on stillbirth rates from a population-based study
in LMIC in the Global Network for Women’s and Children’s Health Research and found stillbirth rates ranging
from 18 per 1000 births in Kenya to 44 per 1000 births
in Pakistan [4, 5]. Another population-based study from
sites in south Asia and sub-Saharan Africa, known as the
Alliance for Maternal and Newborn Health Improvement (AMANHI), found similar stillbirth rates ranging
from 35 per 1000 births in the Asian sites compared to
17 per 1000 births in the African sites [6].
In addition to challenges with complete reporting of
stillbirths in resource-limited areas, the lack of reliable estimates of the medical causes of stillbirth, especially in LMIC, has been of concern [7]. While
several research efforts are currently underway to determine the causes of stillbirth [8, 9], in practice,
most stillbirths remain undocumented and when recorded, few characteristics of the stillbirths are available. As one step to better understand stillbirth,
efforts have been made to record the timing of stillbirth [10]. Specifically, whether a stillbirth occurred
prior to labor, also known as antepartum stillbirths,
or during labor (intrapartum stillbirths) has important
implications. Estimates from the Global Network and
AMANHI have suggested that more than half of stillbirths may occur in the intrapartum period and are
generally considered preventable [4, 5].
The quality of obstetric care is highly correlated with
risk of stillbirth. Both the lack of access to antenatal care
and the poor quality of care during labor and delivery
have been associated with increased risk of stillbirth. In
particular, the low population rates of Cesarean section
have been correlated with increased stillbirth risk [11].
In high-resource settings with high quality obstetric care

and access to Cesarean section, intrapartum stillbirths
have largely been eliminated [12].
With an urgent need for data to help document the
rates [13], timing and causes of stillbirth in LMIC, we
have previously reported on stillbirths in a populationbased study conducted in six countries in south Asia,
sub-Saharan Africa, and Guatemala [4, 5, 14]. Here we
seek to update our reports with estimates of stillbirth
rates, timing and causes from 2010 through 2018 in a
prospective study from the Eunice Kennedy Shriver National Institute of Child Health and Human Development Global Network for Women’s and Children’s
Health Research (Global Network) [14, 15].

Methods
The Global Network’s Maternal Newborn Health Registry (MNHR) is a prospective observational study that includes all pregnant women and their outcomes in
defined geographic communities (clusters). For this
study, sites in the Democratic Republic of Congo (DRC)
(North and South Ubangi Provinces), western Kenya,
Zambia (Kafue and Chongwe), Pakistan (Thatta), India
(Belagavi and Nagpur) and Guatemala (Chimaltenango)
were included. Each site had between 10 and 24 study
clusters, which are defined geographic areas with approximately 300–500 annual births [15].
The MNHR staff, generally community health
workers or nurses, known as registry administrators
(RAs), attempted to identify and screen all pregnant
women residing or delivering in the study communities within 48 h of delivery. At enrollment, basic
demographic information was recorded, and a followup visit conducted within 48 h of the delivery to obtain birth outcomes, as described in detail elsewhere
[15]. The study outcome data were based on medical
record review, as well as interviews with birth attendants and when applicable, the family. In addition to
the prospective enrollment of pregnant women, several measures were taken to ensure accuracy of the
stillbirth data, including supervisory oversight of RAs’
data, review of the ratio of stillbirth to early neonatal
death to identify any potential biases, and training
and review of definitions.
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Study definitions

Stillbirth was defined using a modified World Health
Organization (WHO) criteria of fetal deaths occurring at
≥20 weeks gestation (or for those without gestational age
available ≥500 g) [16]. Macerated stillbirths were defined
as those with visible signs of maceration including skin
or soft tissues changes such as skin sloughing or
discoloration.
In 2014, the Global Network MNHR study introduced
an additional data collection tool to facilitate classification of the cause of stillbirth. Using data from the supplemental form as well as clinical information in the
MNHR, a model was used to estimate one primary cause
of stillbirth [17, 18]. Briefly, the hierarchal algorithm first
evaluates whether the stillbirth was associated with fetal
trauma (i.e., accident). Next, the presence of a major
(visible) congenital anomaly is assessed for potential
causality; ultrasound and other more sophisticated techniques were not routinely used. If neither is present and
signs of maternal or fetal infection are observed, the
stillbirth is classified as infection. If none of these are
present and any maternal or fetal condition associated
with intrauterine asphyxia (including preeclampsia/
eclampsia, hemorrhage, obstructed or prolonged labor)
is present, asphyxia is defined as the cause. Finally, preterm birth is considered the cause of death if none of
the prior conditions were present and the stillbirth was
less than 32 weeks gestation. If none of the conditions
were present, the cause of stillbirth is classified as
unknown.
Risk factors for stillbirth were prospectively defined
based on literature review of potential factors associated
with stillbirth in low-resource settings. These included
maternal clinical conditions, antenatal and delivery care
as well as characteristics of the fetus that were collected
as part of our routine registry.
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the study period. All data analyses were done with
SAS software v.9.4 (Cary, NC).
Ethics approval

Each research site obtained local approval by the ethics review committees (INCAP, Guatemala; University of
Zambia, Biomedical Research Ethics Committee, Zambia;
Moi University School of Medicine, Kenya; University of
Kinshasa, DRC; Aga Khan University; KLE University’s
Jawharal Nehru Medical College, Belagavi, India; Lata
Medical Research Foundation, Nagpur, India), the institutional review boards by partner U.S. universities and the
data coordinating center (RTI). All pregnant women included in the registry provided informed consent for participation in the study.

Results
From January 2010 through December 2018, a total of
582,768 women were screened, and 573,148 (98.3%)
were eligible and consented (Fig. 1). After exclusion of
women with a miscarriage, termination of pregnancy or
missing delivery outcomes, 552,547 (96.4%) deliveries
were included in the analyses. This included 536,943 live
births and 15,604 stillbirths, a stillbirth rate of 28.2 per
1000 births during the study period.
Table 1 describes the stillbirth characteristics by study
site. The stillbirth rates for the study period ranged from
a little over 19 per 1000 births in the Guatemalan and
Zambian sites to about 53 per 1000 in the Pakistan site.
Of all stillbirths, nearly two-thirds (63.4%) did not have
visible signs of maceration, while nearly one-third

Data analyses

A team at each research site supervised local data
collection and provided the initial review of the data
collected. Then, data were entered at each study site
and transmitted through a secure process to the central data coordinating center, RTI International (RTI,
Durham, NC). Descriptive analyses were performed as
well as log binomial models using general estimation
equations to account for the correlation of outcomes
within cluster to estimate relative risk of stillbirth.
The incidence of stillbirth was calculated as the number of stillbirths per 1000 births (live and stillbirths >
500 g) The models which evaluated stillbirths by year
were limited to those clusters which collected data
within the MNHR throughout the full study period,
as several sites changed the number of clusters during

Fig. 1 Enrollment diagram for the Maternal and Newborn Health
Registry, 2010–2018
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Table 1 Global Network stillbirth rates by site, 2010–2018
Total Births

Stillbirths

Stillbirth rate/1000
births

Macerated
stillbirth, %

Non-macerated
stillbirth, %

Maceration status
unknown, %

552,547

15,604

28.2

29.1%

63.4%

7.5%

African sites

170,246

4053

23.8

30.2%

67.0%

2.9%

Asian sites

298,830

9941

33.3

30.1%

60.1%

9.8%

83,471

1610

19.3

20.4%

74.3%

5.2%

DRC

32,143

1249

38.9

35.1%

63.5%

1.4%

Zambia

63,188

1206

19.1

36.0%

62.4%

1.6%

Kenya

74,915

1598

21.3

21.9%

73.2%

4.9%

Belagavi

123,646

3012

24.4

36.0%

63.5%

0.5%

Nagpur

83,095

2007

24.2

19.2%

68.9%

11.9%

Pakistan

92,089

4922

53.4

30.9%

54.4%

14.7%

Total, N

Rates by site
Guatemala

(29.1%) had signs of maceration. The status of maceration for 7.5% of the stillbirths was unknown.
Both prematurity and birth weight < 2500 g were significantly associated with risk of stillbirth (Table 2).
Multiple gestation, breech presentation and male gender
were also statistically significant risk factors for stillbirth.
Most women were 20–35 years of age, with higher risk
of stillbirth among those > 35 years of age (Table 3).
Additionally, lower educational status was associated
with risk of stillbirth. Women who were of parity 1–2
had lower risk of stillbirth relative to nulliparous women
or women with greater than 2 prior pregnancies. Finally,
those women with a pregnancy loss in the prior pregnancy also had a higher risk for stillbirth (RR 2.4, 95%

CI 2.2 2.6). Women who had fewer antenatal care visits
and those delivered by family members compared to
those with a physician delivery had over twice the risk of
stillbirth (Table 4). Also compared to physician deliveries, women delivered by a nurse or other skilled health
workers (RR 0.6, 95% CI 0.5, 0.7) or a traditional birth
attendant (RR 0.5, 95% CI 0.4, 0.6). had a lower risk of
stillbirth. Delivery in clinic compared to hospital and
home deliveries was associated with a lower risk of stillbirth (RR 0.5, 95% CI 0.5–0.6). Cesarean section was also
associated with lower risk of stillbirth (RR 0.6, 95% CI
0.6–0.7) compared to vaginal delivery. Assisted vaginal
delivery was associated with a higher risk of stillbirth
(RR 2.0, 95% CI 1.4, 2.9).

Table 2 Fetal Characteristics by Risk of Stillbirth, Global Network Sites 2010–2018
Stillbirth

Live birth

RR1 for stillbirth vs. live birth (95% CI)

Births, N

15,604

536,943

GA, N (%)

14,695

521,904

Preterm

8786 (59.8)

63,785 (12.2)

8.6 (7.8, 9.5)

Term

5909 (40.2)

458,119 (87.8)

1.0

14,457

536,819

9121 (63.1)

71,369 (13.3)

9.3 (8.4, 10.4)
1.0

Birth weight, N (%)
< 2500 g
≥ 2500 g

5336 (36.9)

465,450 (86.7)

14,037

536,883

Male

7777 (55.4)

276,529 (51.5)

1.2 (1.1, 1.2)

Female

6260 (44.6)

260,354 (48.5)

1.0

Gender, N (%)

Multiple, N (%)

14,932

536,880

Yes

865 (5.8)

9779 (1.8)

2.9 (2.7, 3.2)

No

14,067 (94.2)

527,101 (98.2)

1.0

15,535

536,413

Breech presentation, N (%)

1

Yes

1259 (8.1)

10,829 (2.0)

3.6 (3.3, 4.1)

No

14,276 (91.9)

525,584 (98.0)

1.0

Relative Risks are modeled assuming a binomial distribution with a log link and accounting for clustering within each MNH site
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Table 3 Maternal Characteristics and Risk of Stillbirth in Global Network sites, 2010–2018
Stillbirth
Maternal age, N (%)
< 20

Live Birth

15,576

535,960

1690 (10.9)

68,421 (12.8)

RRa for stillbirth vs. live birth (95% CI)
1.0 (1.0, 1.1)

20–35

12,724 (81.7)

443,093 (82.7)

1.0

> 35

1162 (7.5)

24,446 (4.6)

1.6 (1.5, 1.8)

Education, N (%)

15,558

535,272

6099 (39.2)

126,678 (23.7)

1.7 (1.5, 1.9)

Primary

3968 (25.5)

157,969 (29.5)

1.3 (1.2, 1.4)

Secondary

4763 (30.6)

213,538 (39.9)

1.2 (1.1, 1.3)

University+

728 (4.7)

37,087 (6.9)

1.0

15,445

533,588

No formal education

Parity, N (%)
0

4972 (32.2)

172,516 (32.3)

1.3 (1.2, 1.3)

1–2

5273 (34.1)

225,205 (42.2)

1.0

>2

5200 (33.7)

135,867 (25.5)

1.4 (1.3, 1.4)

10,469

361,010

Yes

9136 (87.3)

341,778 (94.7)

1.0

No

1333 (12.7)

19,232 (5.3)

2.4 (2.2, 2.6)

Last pregnancy resulted in a live birth, N (%)

a

Relative Risks are modeled assuming a binomial distribution with a log link and accounting for clustering within each MNH site

Cause of stillbirth classification was available for the
7188 stillbirths enrolled since the classification system
was introduced in 2014 (17, 18). Across all sites, birth
asphyxia was the most frequent cause of stillbirth, accounting for 44.0% (ranging from 25.0% in the DRC to
57.7% in the Zambia sites) (Table 5). Infectious causes

were the second most common cause, accounting for
22.2% of the stillbirths (ranging from 25.3 to 60.2% in the
African sites, but substantially lower in the Indian sites
(e.g., 2.3% in Nagpur, India). Congenital anomalies were a
less frequent cause, except for the Belagavi, India site, in
which 22.7% of the stillbirths were attributed to a major

Table 4 Antenatal and Obstetric Care Characteristics and Risk of Stillbirth, Global Network Sites 2010–2018
RRa for stillbirth vs. live birth (95% CI)

Stillbirth

Live Birth

Birthsa, N

15,604

536,943

ANC visits, N (%)

11,895

419,017

0

864 (7.3)

9221 (2.2)

3.5 (2.9, 4.2)

1–2

3919 (32.9)

70,460 (16.8)

2.2 (1.9, 2.6)

≥3

7112 (59.8)

339,336 (81.0)

1.0

15,589

536,894

Physician

6219 (39.9)

192,182 (35.8)

1.0

Nurse/Midwife/HW

4177 (26.8)

200,467 (37.3)

0.6 (0.5, 0.7)

TBA

2860 (18.3)

117,774 (21.9)

0.5 (0.4, 0.6)

Family/Other

2333 (15.0)

26,471 (4.9)

2.1 (1.7, 2.6)

Birth attendant, N (%)

Delivery location, N (%)

15,602

536,873

Hospital

7438 (47.7)

234,257 (43.6)

1.0

Clinic

3380 (21.7)

167,496 (31.2)

0.5 (0.5, 0.6)

Home/Other

4784 (30.7)

135,120 (25.2)

0.9 (0.8, 1.0)

Delivery mode, N (%)

15,597

536,935

13,907 (89.2)

457,414 (85.2)

1.0

Vaginal assisted

404 (2.6)

5071 (0.9)

2.0 (1.4, 2.9)

C-section

1286 (8.2)

74,450 (13.9)

0.6 (0.6, 0.7)

Vaginal

a

Relative Risks are modeled assuming a binomial distribution with a log link and accounting for clustering within each MNH site
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Table 5 Cause of Stillbirth, Global Network Sites 2014–2018
Africa
Cause of Stillbirtha, N (%)

Latin America

Asia

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

Total

1246

588

761

914

1021

809

1849

7188

Trauma

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

1 (0.1)

1 (0.0)

Congenital Anomaly

29 (2.3)

16 (2.7)

20 (2.6)

88 (9.6)

232 (22.7)

59 (7.3)

87 (4.7)

531 (7.4)

Infection

750 (60.2)

149 (25.3)

239 (31.4)

41 (4.5)

66 (6.5)

19 (2.3)

330 (17.8)

1594 (22.2)

Asphyxia

312 (25.0)

339 (57.7)

365 (48.0)

417 (45.6)

468 (45.8)

431 (53.3)

830 (44.9)

3162 (44.0)

Prematurity

55 (4.4)

25 (4.3)

32 (4.2)

79 (8.6)

106 (10.4)

101 (12.5)

136 (7.4)

534 (7.4)

Other/Unknown

100 (8.0)

59 (10.0)

105 (13.8)

289 (31.6)

149 (14.6)

199 (24.6)

465 (25.1)

1366 (19.0)

a

Cause of stillbirth collected from 2014

anomaly. The majority (51.9%) of non-macerated stillbirths were due to asphyxia whereas a plurality of macerated stillbirths (35.0%) were attributed to infectious causes
(Table 6). Finally, we evaluated the frequency of the maternal conditions that were identified with stillbirth by the
fetal cause (Table 7). Among women with a stillbirth and
obstructed or prolonged labor, the primary cause of stillbirth was attributed to asphyxia. Similarly, asphyxia was
deemed the cause for nearly 78% of women with antepartum hemorrhage. Hypertensive disease of pregnancy,
breech and maternal infections were also associated with
stillbirths attributed to asphyxia.
Among study clusters that continued from 2010 to 2018,
we visually assessed the stillbirth rates by year (Fig. 2). With
the exceptions of the Pakistan site, which had the highest
rates of stillbirth and appeared to have a substantial decrease from 2010 to 2018 (from 56.0 per 1000 to 44.4 per
1000) and the Nagpur, India site (which recorded stillbirth
rates of 32.5 per 1000 in 2010 compared to 16.9 in 2018),
across the other sites, only modest decreases in the stillbirth
rates between 2010 and 2018 were reported.

Discussion
In this population-based study from the Global Network,
the overall stillbirth rate was 28.2 per 1000 births, rates
that are ten-fold higher than those reported from highresource settings. The rates of stillbirth varied substantially between the sites, with the Pakistani site

documenting the highest stillbirth rate of about 50 per
1000 births followed by the DRC site at about 40 per 1000
births while the other sites ranged between 20 to 25 stillbirths per 1000 births. However, all stillbirth rates were
substantially higher than the rates of 2 to 5 per 1000 births
currently observed in high-resource settings [12].
Similar to our prior results, a substantial proportion of
these stillbirths - about 40% were term and a similar proportion had a birthweight ≥2500 g, representing newborns
who should potentially survive even in low-resource settings, if born alive [5]. In the U.S. and other high-income
countries, virtually all deliveries with similar characteristics result in live-born infants who survive [12].
Another important finding was that the women most
at risk for stillbirth continue to be those with less education and with less antenatal care. Women who had multiple pregnancies and breech presentations in these lowresource settings also experienced substantially increased
risk of stillbirth. While these are generally considered
risk factors in pregnancy, most can be successfully overcome with access to quality health care services that can
identify and appropriately manage these conditions.
The high proportion of stillbirths attributed to congenital anomalies in the Belagavi, India site merits discussion.
Prior studies have found a high proportion of consanguinity in the Belagavi, India site which may partially explain
the large percentage of stillbirths attributed to congenital
anomalies found in that site [19]. However, consanguinity

Table 6 Cause of stillbirth by signs of maceration, 2014–2018
Variables

Signs of Maceration
Macerated

Non-Macerated

Maceration Status Unknown

Cause of Stillbirth, N (%)

2194

4940

54

Trauma

0 (0.0)

1 (0.0)

0 (0.0)

Congenital Anomaly

196 (8.9)

332 (6.7)

3 (5.6)

Infection

767 (35.0)

810 (16.4)

17 (31.5)

Asphyxia

582 (26.5)

2565 (51.9)

15 (27.8)

Prematurity

0 (0.0)

534 (10.8)

0 (0.0)

Unknown

649 (29.6)

698 (14.1)

19 (35.2)
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Table 7 Cause of Stillbirth by Maternal Condition
Maternal Condition Present
Variables

Evidence of hypertensive disease/ Antepartum
pre-eclampsia/ eclampsia
Hemorrhage

Obstructed or Prolonged Breech or
Labor
Transverse Lie

Maternal
Infection

Stillbirths, N

696

815

1482

699

760

Cause of Stillbirth, N (%)
Trauma

1 (0.1)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

Congenital
Anomaly

24 (3.4)

19 (2.3)

44 (3.0)

39 (5.6)

31 (4.1)

Infection

87 (12.5)

161 (19.8)

279 (18.8)

131 (18.7)

623 (82.0)

Asphyxia

551 (79.2)

634 (77.8)

1153 (77.8)

388 (55.5)

100 (13.2)

Prematurity

9 (1.3)

0 (0.0)

2 (0.1)

38 (5.4)

6 (0.8)

Unknown

24 (3.4)

1 (0.1)

4 (0.3)

103 (14.7)

0 (0.0)

Fig. 2 Global Network Stillbirth Rates by Site, 2010–2018
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is also relatively common in the other Indian and Pakistan
sites, and these sites reported lower percentages of stillbirths caused by congenital anomalies. Further study of
the relationship of congenital anomalies to stillbirths in
the Asian sites is needed to understand these findings.
Additionally, while our data might suggest that being delivered by a nurse or TBA or delivering out of a hospital
was associated with lower stillbirth risk, most likely, complicated cases or those with a known stillbirth were more
often referred to a physician for a hospital delivery. Further in-depth study will need to be undertaken to confirm
a causal relationship.
Finally, as we examined cause of stillbirth using our algorithm [18], the plurality of stillbirths was attributed to birth
asphyxia followed by infectious causes. Maternal conditions
including hemorrhage, hypertensive disease and infections
likely were associated with many of the stillbirths. We have
previously emphasized that stillbirths attributed to asphyxia
using our algorithm may be attributed to a maternal cause,
such as preeclampsia or a placental cause such as fibrosis,
necrosis or infarction, in other systems [20, 21]. Assignment
of a cause often depends on the clinical training of the
coder or the classification system used, rather than underlying differences in cause of death.
Most of the conditions related to stillbirth identified in
the Global Network sites are generally either preventable
or manageable with quality antenatal and intrapartum
care. In contrast, in high-income countries, most stillbirths are of very early gestational ages, are macerated
and attributed to conditions such as placental failure or
congenital anomalies and the fetuses are often not considered viable given the current treatment options [12].
There were several limitations to the study. First, for determining the cause of stillbirth, only clinical and routine
laboratory data were available to inform the cause of death
algorithm. Thus, while ideally more comprehensive assessment of stillbirth would include fetal cause, maternal conditions as well as an assessment of the placenta, our results
only include the clinically observed fetal and maternal conditions. As a result, infections, which may not have been
readily apparent by clinical observation or without placental
examination, may have been under-reported, especially in
the births that took place at home or in a clinic. Additionally, the study may have missed more subtle anomalies so
anomalies may have been under-reported across sites.
However, given those limitations, we did utilize an algorithm that defined cause consistently across sites to reduce
potential bias. Since many of the births occurred at home
or in understaffed facilities, fetal motion, respiration or
heart rate in live born infants may not have been observed
and the infant misclassified as a stillbirth [22].
Another limitation of the study may have been related
to our ability to evaluate the trends in stillbirth rates
over time. Over the last decade of the MNHR,
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improvements have occurred in ascertainment of several
measures that would potentially impact detection of stillbirth [23–26]. For example, over the years, the study
sites have increasingly identified and enrolled women
earlier in their pregnancy, ultrasound scanning for gestational age determination has increased and measurements of birth weight with more accurate scales have
increased. Extensive training in newborn resuscitation
also occurred and infants previously considered stillborn
were now being correctly classified as live births [26].
However, despite these limitations, to our knowledge,
the Global Network MNHR remains one of the largest,
prospective, population-based pregnancy registries
worldwide. Across the sites, a common protocol and
methodology were used to document the pregnancy outcome, including stillbirth, as well as the characteristics
associated with risk of stillbirth in low-resource settings.

Conclusions
Stillbirth remains an important and often overlooked
component of maternal and child health. As stillbirth
rates in LMIC are high and appear to have changed little
in most of our sites in recent years, increasing efforts to
correctly classify the burden of stillbirth in LMIC are indicated. In addition to knowing the true burden of stillbirth, efforts to better understand the causes of stillbirth
are needed to inform interventions to substantially reduce stillbirths globally.
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Abstract
Background: While the relationship between hemoglobin (Hb) concentrations and pregnancy outcomes has been
studied often, most reports have focused on a specific Hb cutoff used to define anemia. Fewer studies have
evaluated pregnancy outcomes across the entire range of Hb values. Moreover, to date, most studies of the
relationship of Hb concentrations to pregnancy outcomes have been done in high-income countries. Thus, we
have sought to determine the relationship between the range of maternal Hb concentrations and adverse birth
outcomes among South Asian pregnant women.
Methods: For this study, we used data collected from two South Asian countries (Pakistan – Sindh Province and
two sites in India - Belagavi and Nagpur) in a prospective maternal and newborn health registry study. To assess
the association between Hb concentrations and various maternal and fetal outcomes, we classified the Hb
concentrations into seven categories. Regression analyses adjusting for multiple potential confounders were
performed to assess adverse pregnancy outcomes across the range of Hb concentrations.
(Continued on next page)
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Findings: Between January 2012 and December 2018, 130,888 pregnant women were enrolled in the South Asian
sites had a Hb measurement available, delivered and were included in the analyses. Overall, the mean Hb
concentration of pregnant women from the sites was 9.9 g/dL, 10.0 g/dL in the Indian sites and 9.5 g/dL in the
Pakistan site. Hb concentrations < 7 g/dL were observed in 6.9% of the pregnant Pakistani women and 0.2% of the
Indian women. In both the Pakistani and Indian sites, women with higher parity and women with no formal
education had lower Hb concentrations. In the Pakistani site, women > 35 years of age, women with ≥4 children
and those who enrolled in the third trimester were more likely to have Hb concentrations of < 7 g/dL but these
associations were not found for the Indian sites. When adjusting for potential confounders, for both India and
Pakistan, lower Hb concentrations were associated with stillbirth, preterm birth, lower mean birthweight, and
increased risk of low birthweight. In the Pakistani site, there was evidence of a U-shaped relationship between Hb
concentrations and low birth weight, and neonatal mortality, and in India with hypertensive disease.
Interpretation: This study documented the relationship between maternal Hb concentrations and adverse
pregnancy outcomes in women from the Pakistani and Indian sites across the range of Hb values. Both low and
high Hb concentrations were associated with risk of at least some adverse outcomes. Hence, both low and high
values of Hb should be considered risk factors for the mother and fetus.
Keywords: Hemoglobin concetrations, Anemia, South Asia, India, Pakistan, Pregnancy outcome, Stillbirth, Neonatal
mortality, Global network

Background
Anemia remains a significant health problem globally, accounting for more than 60,000 maternal deaths and 3.4%
of global disability-adjusted life years in women aged 15–
49 years [1]. According to the World Health Organization
(WHO), globally, 528.7 million (29.4%) women of reproductive age are anemic with a hemoglobin (Hb) concentration of < 11 g/dL [2]. Of these women, 20.2 million are
defined as severely anemic with a Hb concentration of < 7
g/dL [2]. Rates of anemia are highest in low-resource
countries, especially in central and west Africa where 48%
of reproductive-age women and 56% of all pregnant
women are reported to be anemic and in South Asia,
where 47% of all reproductive-age women and 52% of
pregnant women are reported to be anemic [2].
Multiple adverse maternal and neonatal outcomes have
been attributed to anemia [3]. These outcomes vary according to the severity of anemia [4]. Reported maternal
and perinatal outcomes among severely anemic women
include premature rupture of membranes, preterm births
(PTB), hypertensive diseases of pregnancy, puerperal pyrexia, fetal distress, small for gestational age, stillbirths,
neonatal and maternal deaths [5]. Findings from systematic reviews and meta-analyses have also suggested that in
low-income countries, 25% of low-birth weight (LBW),
44% of PTB, and 21% of perinatal mortality are attributable to anemia [6]. One review observed a relatively higher
anemia-attributable proportion of LBW in Pakistan and
Bangladesh compared to Ghana and India [6]. Similarly,
the highest anemia-attributable proportion of PTB was
observed in Pakistan (54%) followed by India (27%) and
Iran (18%) [6]. Further, studies have also revealed that
women with low Hb concentrations during pregnancy are

at higher risk of antepartum and postpartum hemorrhage,
obstructed labor, and cesarean-section delivery when
compared to the women with normal hemoglobin concentrations [7–10].
At the other end of the spectrum, several older studies
have shown that elevated Hb concentrations during
pregnancy are also associated with increased risk of adverse birth outcomes, including PTB, LBW, fetal death
and intrauterine growth retardation [11–14]. However,
the findings have not been consistent [12, 15]. Moreover,
this potential U-shaped relationship, with higher risks of
adverse birth outcomes at both extremes of Hb concentrations have been assessed primarily in more developed
countries such as the U.S., Sweden, and Iran [16–18].
Thus, very few studies have described the relationship
between high Hb concentrations and birth outcomes in
low-and middle-income countries (LMIC) and particularly in women from South Asia [11, 12]. Moreover, the
relationship between higher concentrations of Hb with
adverse outcomes, such as antepartum and postpartum
hemorrhage, obstructed labor, and cesarean delivery is
not explored in the literature.
The objective of this study was to assess the associations across the range of maternal Hb concentrations
and adverse birth outcomes in South Asian pregnant
women as well as evaluating factors related to Hb concentrations by country. Differences between the Pakistani and Indian sites in the relationship of Hb
concentration and pregnancy outcomes were explored.
An understanding of these outcomes and the association
of Hb concentrations with adverse pregnancy outcomes
is essential to inform policies to improve maternal and
fetal/neonatal outcomes.
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Methods
The Global Network’s Maternal Newborn Health Registry (MNHR) is a multi-site, prospective, ongoing, active
surveillance system to track pregnancies and births in
defined geographic communities (clusters), each with approximately 300 to 500 deliveries per year. The MNHR
is funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD)
through grants to the NICHD Global Network for
Women’s and Children’s Health (ClinicalTrials.gov Identifier: NCT01073475). The aim of the MNHR is to document birth outcomes in defined geographical areas and
provide population-based rates of stillbirth, neonatal and
maternal deaths, and other adverse outcomes. The details of the MNHR are described elsewhere [19].
For this study, we used data collected from the three
South Asian sites (Pakistan – Sindh Province and two
sites in central India - Belagavi and Nagpur). For purpose of analyses, we grouped the two Indian sites, which
had similar demographics, and analyzed the Pakistan site
separately. Since the MNHR began to collect maternal
Hb concentrations in 2012, we included data of women
who were enrolled between January 2012 and December
2018. However, the Pakistani site started routinely
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collecting Hb data in 2014. Those pregnant women who
provided consent and had Hb measurements available at
the enrollment visit were included. Women who delivered
before 20 weeks, had a medical termination of pregnancy,
were not residents of the study cluster or who had incomplete outcome data were excluded from this analysis
(Fig. 1).
Gestational age was based on the best data available,
usually the last menstrual period (LMP), although in the
later years of the study, ultrasound was more widely
used for gestational age determination. PTB was defined
as births < 37 weeks’ gestational age using a project specific algorithm. The gestational age of the first prenatal
visit was used as a surrogate for the gestational age of
the Hb determination, because Hb was generally measured at the first prenatal visit and we did not collect the
specific gestational age Hb measurement separately. If
more than one Hb measurement was recorded, only the
first was used in this analysis. The inter-delivery interval
was calculated by subtracting the date of the last delivery
from the date of delivery of the current pregnancy and
converting that time into months.
To assess the association between Hb concentrations
and various maternal outcomes, (maternal mortality,

Fig. 1 Diagram of Maternal Newborn Health study enrollment in India and Pakistan Global Network sites, 2012–2018
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antepartum hemorrhage, postpartum hemorrhage, hypertensive disease of pregnancy/pre-eclampsia/eclampsia,
obstructed labor and cesarean delivery) and fetal/neonatal
outcomes (PTB, LBW, stillbirth and neonatal mortality),
we classified the Hb concentrations into 7 categories, <
7.0 g/dL, 7.0–7.9 g/dL, 8.0–8.9 g/dL, 9.0–9.9 g/dL, 10.0–
10.9 g/dL, 11.0–12.9 g/dL and ≥ 13.0 g/dL. Values of 11.0–
12.9 g/dL are generally considered normal17 and were
used as the reference group for this study to assess the relationship of outcomes with other Hb categories.
Data were entered and edited at each study site prior
to secure transmission to the central data center (RTI
International) where further edits and statistical analyses
were performed. We produced descriptive statistics
stratified by country to examine the different concentrations of Hb for characteristics of pregnant women and
used Cochran-Mantel-Haenszel tests stratified by study
cluster to assess differences in hemoglobin concentrations among these characteristics. Generalized linear
models adjusting for multiple potential maternal confounders and using generalized estimating equations to
account for the correlation of outcomes within cluster
were performed to assess the risk of adverse pregnancy
outcomes across the range of Hb concentrations compared to the reference group separately for the Indian
and Pakistani sites. In these models, we also adjusted for
the gestational age at enrollment, as there may be confounding associated with gestational age of Hb measurement and outcomes. We then performed locally
weighted scatterplot smoothing (LOESS), a nonparametric method for fitting a smooth curve to data
points to picture the relationship between maternal Hb
concentrations and four birth outcomes (birth weight,
stillbirth, 7-day neonatal mortality and 28-day neonatal
mortality).
This study was reviewed and approved by all sites’ ethics review committees (Aga Khan University, Karachi,
Pakistan; KLE Academy of Higher Education and Research, Belagavi, India; Lata Medical Research Foundation, Nagpur, India) and the corresponding U.S. partners
(Boston University, Columbia University, Thomas Jefferson University, and RTI International). All women provided informed consent for participation in the study.
The study was funded by grants from the U.S. National
Institute of Child Health and Human Development.

Results
From the overall cohort in the India and Pakistan sites
from 2012 to 2018, 230,765 women were screened (Fig. 1).
Of these women, 229,218 (99.3%) were eligible and consented to take part in the study. Of these pregnant
women, 227,541 delivered, 68,590 from the Pakistan site
and 158,951 from the two Indian sites. Of these, 49,223
women (6574 Pakistani and 42,649 Indian women) were
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excluded, because they were not residents of a study cluster (29,539), had a miscarriage (13,531), or had a medically
terminated pregnancy (6153). Hence, a total of 178,318
deliveries were eligible for further analysis, 62,016 from
the Pakistani site and 116,302 from the two Indian sites.
Of these eligible deliveries, Hb data were available for 130,
888 women, 18,154 from the Pakistani site and 112,734
from the Indian sites. In both countries, about half of the
women were enrolled in the first trimester, about a third
in the second trimester and the remainder in the third trimester or after delivery. Only about 1.5% of the women in
both sites were enrolled after delivery (data not shown).
To assess whether the women for which we had Hb
measurements were similar to those for which Hb measurements were not available, we compared the populations in Supplemental Table S1. While many of the
differences were significant, the differences between the
two groups were generally small and not likely clinically
important.
Table 1 presents the Hb concentrations by country.
The mean Hb concentration in the Indian sites was 10.0
g/dL (SD 1.0) and 9.5 g/dL (SD 1.7) in the Pakistani site.
6.9% of the pregnant Pakistani women and 0.2% of the
Indian women had Hb concentrations of < 7.0 g/dL.
10.5% of Pakistani women had Hb concentrations from
7.0–7.9 g/dL and 0.9% of Indian women were in this category. 18.6% of Pakistani women had Hb concentrations
between 8.0–8.9 g/dL, while 7.1% of the Indian women
had Hb concentrations in this category. Thus, we observed substantial differences in the percent of very low
Hb values between women at the Pakistani and Indian
sites. On the other hand, 20.5% of Pakistani women,
compared to 38.6% of Indian women, had Hb concentrations of 10.0–10.9 g/dL. 16.8% of Pakistani women and
14.3% of Indian women had Hb concentrations of 11.0–
12.9 g/dL. Very few women had Hb concentrations of

Table 1 Hemoglobin concentrations among pregnant women
in Indian and Pakistan Global Network study sites, 2012–2018
Deliveries, N

Total

Pakistan

India

130,888

18,154

112,734

Hemoglobin g/dL, N (%)
Very low (< 7.0)

1523 (1.2)

1255 (6.9)

268 (0.2)

Low (7.0–7.9)

2903 (2.2)

1911(10.5)

992 (0.9)

Low (8.0–8.9)

11,416 (8.7)

3379 (18.6)

8037 (7.1)

Low (9.0–9.9)

46,946 (35.9)

4486 (24.7)

42,460 (37.7)

Low normal (10.0–10.9)

47,245 (36.1)

3715 (20.5)

43,530 (38.6)

Normal (11.0–12.9)

19,217 (14.7)

3054 (16.8)

16,163 (14.3)

High (≥ 13.0)
Hemoglobin mean (SDa)
a

SD standard deviation

1638 (1.3)

354 (1.9)

1284 (1.1)

9.9 (1.1)

9.5 (1.7)

10.0 (1.0)
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≥13.0 g/dL in the Pakistani site (1.9%) and in the Indian
sites (1.1%).
Tables 2 and 3 describe Hb concentrations by the
socio-demographic and clinical characteristics of pregnant women for the Pakistani and Indian sites. In both
sites, the percent of women < 20 years of age was low,
4.2% in Pakistan and 6.7% in India. Women with a primary or higher level of education were much more common in the Indian site, 90.9% vs 17.1% in the Pakistani
site. The percent of women with parity > 4 was higher in
Pakistan 31.2% vs 1.3% in India. Women enrolled in
both countries tended to have a body mass index (BMI)
< 18.5 kg/m2, 28.7% in Pakistan, and 37.0% in India.
In both the Pakistani and Indian sites, younger women
and primiparous women were more likely to have normal or higher Hb concentrations, while women of higher
parity were more likely to have lower Hb concentrations.
In the Pakistani site, women > 35 were also more likely
to have lower Hb concentrations. Higher educated
women in both sites tended to have normal Hb concentrations, while women with no formal education were
more likely to have low Hb concentrations. In all of the
sites, women with a BMI ≥ 25 kg/m2 tended towards
higher Hb concentrations, however in India only women
BMI < 18.5 kg/m2 tended to have lower Hb concentrations of 8.0–9.9 g/dL. Multiple pregnancy was not statistically associated with Hb concentrations. In the
Pakistani site, inter-delivery interval was not associated
with Hb level. However, in the Indian sites, longer interdelivery intervals tended to be associated with a greater
proportion of normal Hb concentrations. Gestational
age at enrollment (and a proxy for the gestational age at
which the Hb measurement was done) was associated
with the Hb concentrations. In the Pakistani site, a
higher proportion of women who enrolled late had lower
Hb concentrations.
Tables 4 and 5 display the unadjusted rates of adverse
maternal and fetal/neonatal outcomes overall and by Hb
category. Maternal and neonatal mortality and stillbirth
as well as the other adverse outcomes including antepartum and postpartum hemorrhage, PTB, and LBW were
observed more often in the Pakistani site than in the Indian sites. Hypertensive disease/pre-eclampsia/eclampsia, obstructed labor and cesarean delivery were
observed more often in the Indian sites than in the Pakistani site.
To determine the association of the Hb concentrations
and the adverse outcomes, stratified by the Pakistani
(Table 6) and the Indian sites (Table 7), we compared
the risk of the adverse outcomes for each Hb category to
the risk of those outcomes in women with a Hb concentration of 11.0–12.9 g/dL, our reference group. The risks
of outcomes were adjusted for potential confounders including maternal age, education level, parity, BMI and
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gestational age at enrollment. Because maternal deaths
were relatively rare, the models did not converge to produce estimates of risk for maternal mortality by Hb concentration for either site. For the Pakistani site, women
with Hb concentrations < 7 g/dL had a higher risk of
antepartum hemorrhage compared to women with normal Hb concentrations; for post-partum hemorrhage,
women with Hb concentrations < 7.9 g/dL showed
higher risk. Hb concentrations were not associated with
hypertensive disease or obstructed labor. Compared to
women with normal Hb concentrations, women with Hb
concentrations < 11 g/dL were less likely to have a
cesarean delivery and had a higher risk for PTB. Stillbirths
were generally more common in the groups with a Hb
concentration < 10 g/dL, with 3 of the 4 < 10 g/dL Hb concentration groups having a statistically greater risk of stillbirth than the group with a Hb concentration of 11–12.9
g/dL. Neonatal mortality, whether at < 7 days or < 28 days,
was higher in the groups with Hb concentrations < 7 g/dL
and in the women with a Hb concentration of > 13 g/dL, a
U-shaped relationship. Birthweight was lower in all the
groups with a Hb concentration < 11 g/dL compared to
the reference group. LBW also had a U-shaped relationship with higher risk for Hb concentrations above and
below 11.0 to 12.9 g/dL.
In the Indian sites, as in the Pakistani site, both antepartum and postpartum hemorrhage were associated
with very low (< 7.0 g/dL) Hb concentrations. Hypertensive disease was more common in women with very low
and very high Hb concentrations, suggesting a U-shaped
relationship. Furthermore, women with a Hb of 10.0–
10.9 g/dL had lower risk for hypertensive disease compared to 11.0–12.9 g/dL. Risk of obstructed labor and
cesarean delivery was lower in the women with Hb
values between 8 and 11 g/dL and women with Hb
values between 7 and 11 g/dL were also at lower risk for
cesarean delivery. Risk of stillbirth was generally higher
in women with a Hb < 10 g/dL with the results significant in 3 of the 4 Hb < 10 g/dL categories. Risk of PTB
was higher for Indian women with Hb < 10 g/dL. Similar
to the Pakistani site, women with a Hb concentration of
< 10 g/dL had a higher risk of neonatal mortality, however women with a Hg concentration ≥ 13 g/dL did not
show increased risk as in the Pakistani site. In India,
women with Hb concentrations < 9.0 g/dL were at
higher risk to have babies with LBW and women with
Hb concentrations < 11.0 g/dL were more likely to have
babies weighing less than those with normal Hb concentrations. The LOESS plots (Fig. 2) illustrate the relationship between Hb concentrations and the outcomes of
birthweight, stillbirth and 7 and 28-day mortality for the
Indian and Pakistani sites. Figure 2 illustrates that there
is a U-shaped relationship between hemoglobin concentrations and outcomes such as neonatal mortality and
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Table 2 Socio Demographic and Clinical Characteristics of Pregnant Women by Hemoglobin Concentration for Pakistan
Maternal Characteristics

Deliveries, N

Overall1
N (%)

Maternal Hemoglobin g/dL1, N (%)
Very low(<
7.0)

Low(7.0–
7.9)

Low(8.0–
8.9)

Low(9.0–
9.9)

Low
normal(10.0–
10.9)

Normal(11.0–
12.9)

High(≥
13.0)

18,154

1255 (6.9)

1911
(10.5)

3379
(18.6)

4486
(24.7)

3715 (20.5)

3054 (16.8)

354 (1.9)

Maternal age

Pvalue2

<.0001

< 20

757 (4.2)

19 (2.5)

79 (10.4)

108 (14.3)

161 (21.3)

171 (22.6)

195 (25.8)

24 (3.2)

20–35

16,240
(89.5)

1115 (6.9)

1669
(10.3)

3004
(18.5)

4003
(24.6)

3356 (20.7)

2774 (17.1)

319 (2.0)

> 35

1157
(6.4)

121 (10.5)

163 (14.1)

267 (23.1)

322 (27.8)

188 (16.2)

85 (7.3)

11 (1.0)

No formal education

15,042
(82.9)

1160 (7.7)

1716
(11.4)

2941
(19.6)

3775
(25.1)

2972 (19.8)

2214 (14.7)

264 (1.8)

Primary/Secondary

2838
(15.6)

93 (3.3)

184 (6.5)

410 (14.4)

650 (22.9)

670 (23.6)

748 (26.4)

83 (2.9)

University+

274 (1.5)

2 (0.7)

11 (4.0)

28 (10.2)

61 (22.3)

73 (26.6)

92 (33.6)

7 (2.6)

Education

<.0001

Parity

<.0001

0

3766
(21.0)

135 (3.6)

333 (8.8)

545 (14.5)

813 (21.6)

887 (23.6)

944 (25.1)

109 (2.9)

1–3

8551
(47.8)

569 (6.7)

833 (9.7)

1586
(18.5)

2274
(26.6)

1766 (20.7)

1362 (15.9)

161 (1.9)

≥4

5588
(31.2)

531 (9.5)

725 (13.0)

1221
(21.9)

1347
(24.1)

1001 (17.9)

687 (12.3)

76 (1.4)

BMI

<.0001

< 18.5

5206
(28.7)

390 (7.5)

577 (11.1)

987 (19.0)

1215
(23.3)

1031 (19.8)

889 (17.1)

117 (2.2)

18.5–25

10,794
(59.5)

769 (7.1)

1185
(11.0)

2085
(19.3)

2735
(25.3)

2161 (20.0)

1685 (15.6)

174 (1.6)

≥ 25

2140
(11.8)

95 (4.4)

147 (6.9)

306 (14.3)

528 (24.7)

523 (24.4)

478 (22.3)

63 (2.9)

Yes

194 (1.1)

13 (6.7)

24 (12.4)

38 (19.6)

44 (22.7)

40 (20.6)

30 (15.5)

5 (2.6)

No

17,906
(98.9)

1231 (6.9)

1881
(10.5)

3335
(18.6)

4433
(24.8)

3668 (20.5)

3014 (16.8)

344 (1.9)

Multiple pregnancy

0.3639

Gestational age at
enrollment

<.0001

1st trimester (< 13,0)

8015
(45.2)

371 (4.6)

675 (8.4)

1286
(16.0)

1817
(22.7)

1758 (21.9)

1875 (23.4)

233 (2.9)

2nd trimester (13,0-23,6)

5547
(31.3)

434 (7.8)

616 (11.1)

1071
(19.3)

1393
(25.1)

1163 (21.0)

786 (14.2)

84 (1.5)

3rd trimester/after
delivery (≥ 24,0)

4166
(23.5)

382 (9.2)

557 (13.4)

938 (22.5)

1178
(28.3)

719 (17.3)

358 (8.6)

34 (0.8)

≤ 12 months

569 (4.1)

51 (9.0)

70 (12.3)

101 (17.8)

161 (28.3)

93 (16.3)

79 (13.9)

14 (2.5)

12–24 months

5263
(37.6)

393 (7.5)

561 (10.7)

1083
(20.6)

1316
(25.0)

1068 (20.3)

765 (14.5)

77 (1.5)

> 24 months

8169
(58.3)

639 (7.8)

913 (11.2)

1606
(19.7)

2116
(25.9)

1570 (19.2)

1181 (14.5)

144 (1.8)

Inter-delivery interval, N (%)

0.3340

1
The overall column displays % of each characteristic, while the hemoglobin columns display % of each hemoglobin category within each maternal
characteristic subgroup
2
P-values based on a Cochran-Mantel-Haenszel test for row mean differences based on standard mid-rank (modridit) scores stratified by cluster
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Table 3 Socio Demographic and Clinical Characteristics of Pregnant Women by Hemoglobin Concentration for India
Maternal Characteristics

Deliveries, N

Overall1
N (%)

Maternal Hemoglobin g/dL1, N (%)
Very low(<
7.0)

Low(7.0–
7.9)

Low(8.0–
8.9)

Low(9.0–
9.9)

Low
normal(10.0–
10.9)

Normal(11.0–
12.9)

High(≥
13.0)

112,734

268 (0.2)

992 (0.9)

8037 (7.1)

42,460
(37.7)

43,530 (38.6)

16,163 (14.3)

1284 (1.1)

Maternal age, N (%)

Pvalue2

<.0001

< 20

7496 (6.7)

31 (0.4)

81 (1.1)

488 (6.5)

2470
(33.0)

2684 (35.8)

1522 (20.3)

220 (2.9)

20–35

104,760
(93.0)

236 (0.2)

908 (0.9)

7504 (7.2)

39,835
(38.0)

40,651 (38.8)

14,565 (13.9)

1061 (1.0)

> 35

446 (0.4)

1 (0.2)

3 (0.7)

41 (9.2)

138 (30.9)

186 (41.7)

74 (16.6)

3 (0.7)

No formal education

10,249
(9.1)

67 (0.7)

143 (1.4)

1005 (9.8)

4165
(40.6)

3582 (34.9)

1184 (11.6)

103 (1.0)

Primary/Secondary

86,809
(77.1)

175 (0.2)

761 (0.9)

6295 (7.3)

33,485
(38.6)

33,306 (38.4)

11,834 (13.6)

953 (1.1)

University+

15,551
(13.8)

26 (0.2)

84 (0.5)

731 (4.7)

4766
(30.6)

6586 (42.4)

3130 (20.1)

228 (1.5)

0

49,929
(44.4)

124 (0.2)

397 (0.8)

3090 (6.2)

17,386
(34.8)

19,867 (39.8)

8332 (16.7)

733 (1.5)

1–3

61,118
(54.3)

138 (0.2)

561 (0.9)

4734 (7.7)

24,366
(39.9)

23,133 (37.8)

7647 (12.5)

539 (0.9)

≥4

1432 (1.3)

6 (0.4)

31 (2.2)

206 (14.4)

598 (41.8)

424 (29.6)

157 (11.0)

10 (0.7)

Education, N (%)

<.0001

Parity, N (%)

<.0001

BMI, N (%)

<.0001

< 18.5

41,555
(37.0)

114 (0.3)

427 (1.0)

3854 (9.3)

17,408
(41.9)

14,622 (35.2)

4746 (11.4)

384 (0.9)

18.5–25

64,980
(57.9)

147 (0.2)

532 (0.8)

3932 (6.1)

23,519
(36.2)

26,312 (40.5)

9809 (15.1)

729 (1.1)

≥ 25

5753 (5.1)

6 (0.1)

26 (0.5)

223 (3.9)

1358
(23.6)

2397 (41.7)

1573 (27.3)

170 (3.0)

Yes

991 (0.9)

1 (0.1)

14 (1.4)

77 (7.8)

382 (38.5)

356 (35.9)

152 (15.3)

9 (0.9)

No

111,596
(99.1)

266 (0.2)

978 (0.9)

7943 (7.1)

42,022
(37.7)

43,116 (38.6)

15,998 (14.3)

1273 (1.1)

Multiple pregnancy, N (%)

0.2983

Gestational age at
enrollment, N (%)

<.0001

1st trimester (< 13,0)

59,855
(53.3)

133 (0.2)

494 (0.8)

4305 (7.2)

22,355
(37.3)

21,711 (36.3)

9771 (16.3)

1086 (1.8)

2nd trimester (13,0-23,6)

38,536
(34.3)

94 (0.2)

366 (0.9)

2794 (7.3)

15,180
(39.4)

15,504 (40.2)

4458 (11.6)

140 (0.4)

3rd trimester/after
delivery (≥ 24,0)

13,953
(12.4)

39 (0.3)

127 (0.9)

914 (6.6)

4795
(34.4)

6168 (44.2)

1863 (13.4)

47 (0.3)

≤ 12 months

903 (2.4)

4 (0.4)

15 (1.7)

76 (8.4)

347 (38.4)

330 (36.5)

122 (13.5)

9 (1.0)

12–24 months

10,799
(28.9)

20 (0.2)

109 (1.0)

893 (8.3)

4339
(40.2)

3725 (34.5)

1563 (14.5)

150 (1.4)

> 24 months

25,662
(68.7)

75 (0.3)

252 (1.0)

1857 (7.2)

9461
(36.9)

9747 (38.0)

3938 (15.3)

332 (1.3)

Inter-delivery interval, N (%)

<.0001

1
The overall column displays % of each characteristic, while the hemoglobin columns display % of each hemoglobin category within each maternal
characteristic subgroup
2
P-values based on a Cochran-Mantel-Haenszel test for row mean differences based on standard mid-rank (modridit) scores stratified by cluster

Ali et al. Reproductive Health 2020, 17(Suppl 2):154

Page 8 of 13

Table 4 Maternal and Fetal/Neonatal Outcomes by Hemoglobin Concentration for Pakistan
Overall Maternal Hemoglobin g/dL
Very low(<
7.0)

Low(7.0– Low(8.0– Low(9.0– Low
7.9)
8.9)
9.9)
normal(10.0–
10.9)

Normal(11.0– High(≥
12.9)
13.0)

1255

1911

3379

4486

3715

3054

354

Maternal death < 42 days(Rate/100,000 65 (359) 8 (641)
deliveries)

10 (524)

16 (475)

8 (179)

11 (297)

9 (296)

3 (847)

Antepartum hemorrhage, N (%)

371
(2.0)

44 (3.5)

34 (1.8)

74 (2.2)

80 (1.8)

77 (2.1)

54 (1.8)

8 (2.3)

Postpartum hemorrhage, N (%)

479
(2.6)

47 (3.8)

64 (3.4)

89 (2.6)

116 (2.6)

93 (2.5)

57 (1.9)

13 (3.7)

Hypertensive disease/pre- eclampsia/
eclampsia, N (%)

481
(2.7)

34 (2.7)

44 (2.3)

82 (2.4)

114 (2.5)

95 (2.6)

99 (3.2)

13 (3.7)

Obstructed labor, N (%)

1275
(7.0)

87 (6.9)

124 (6.5)

215 (6.4)

269 (6.0)

274 (7.4)

271 (8.9)

35 (9.9)

C-delivery, N (%)

2713
(15.0)

104 (8.3)

173 (9.1)

390 (11.5) 644 (14.4) 649 (17.5)

670 (22.0)

83 (23.5)

Preterm, N (%)

4670
(25.8)

405 (32.3)

536 (28.2) 883 (26.2) 1161
(25.9)

933 (25.1)

669 (21.9)

83 (23.5)

Births, N

18,354

1269

1936

3755

3084

359

Stillbirth, N (Rate/1000)

889
(48.5)

105 (82.9)

115 (59.6) 163 (47.7) 208 (45.9) 162 (43.2)

118 (38.3)

18 (50.3)

Neonatal mortality < 7 days, N (Rate/
1000)

709
(40.7)

61 (52.8)

79 (43.6)

131 (40.3) 183 (42.4) 121 (33.8)

113 (38.2)

21 (61.8)

Neonatal mortality < 28 days, N (Rate/
1000)

889
(51.1)

80 (69.2)

101 (55.7) 169 (52.0) 222 (51.5) 157 (43.8)

137 (46.4)

23 (67.6)

Birth weight (g)a, Mean (SD)

2702
(491)

2587 (523)

2672
(491)

2754 (482)

2705
(545)

Low birth weight (< 2500 g)a, N (%)

3950
(22.2)

367 (30.7)

455 (24.6) 772 (23.2) 929 (21.1) 752 (20.6)

586 (19.6)

89 (25.9)

Maternal Outcomes
Deliveries, N

18,154

Fetal/Neonatal Outcomes
3420

2687
(493)

4531

2702
(488)

2727 (476)

a

Birth weight measured within 7 days of delivery

stillbirth for Pakistan. The relationship between
hemoglobin concentrations and birth weight by site
showed that both correlations were positive and significantly different from zero, but not high (Pakistan: R2 =
0.073, p < 0.0001 and India: R2 = 0.049, p < 0.0001).

Discussion
This study had several important findings. First, although India and Pakistan originally were part of the
same country and separated only about 70 years ago, the
populations we studied are quite different in a number
of demographic characteristics. The Pakistani population
studied was far less educated and much more likely to
have a higher parity than the Indian population. Both
populations had high numbers of women with a low
BMI although the Pakistani population had twice the
rate of obese women (BMI > 25 kg/m2). Low Hb concentrations were common in both populations although the

proportion of women with very low Hb concentrations
was much higher in Pakistan.
The relationships between maternal Hb concentrations and
adverse outcomes were generally similar between the Pakistani
and India sites, although there were differences. Antepartum
and post-partum hemorrhage and stillbirth were associated
with low Hb concentrations in enrolled women in both countries. Cesarean delivery also occurred less frequently at the
lower Hb concentrations for both sites. Lower Hb concentrations were also associated with lower risk of obstructed labor
in India. Hypertensive disease was not associated with Hb
concentrations in the Pakistani site but was associated with a
U-shaped relationship with Hb concentrations in India. In
both populations, LBW was more common and low mean
birthweight were always more common at the lowest Hb concentrations. In the Pakistani site, LBW tended to occur more
often at the highest Hb concentrations as well. Seven and 28day neonatal mortality was more common at the lower Hb
concentrations, and in the Pakistani site, there was a U-shaped
relationship with both high and low Hb.

Ali et al. Reproductive Health 2020, 17(Suppl 2):154

Page 9 of 13

Table 5 Maternal and Fetal/Neonatal Outcomes by Hemoglobin Concentration for India
Overall

Maternal Hemoglobin g/dL
Very low(<
7.0)

Low(7.0– Low(8.0– Low(9.0– Low
7.9)
8.9)
9.9)
normal(10.0–
10.9)

Normal(11.0– High(≥
12.9)
13.0)

Maternal Outcomes
Deliveries, N

112,734

268

992

8037

42,460

43,530

16,163

1284

Maternal death < 42 days (Rate/100,
000 deliveries)

134
(119)

0 (0)

1 (101)

18 (224)

41 (97)

47 (108)

23 (142)

4 (312)

Antepartum hemorrhage, N (%)

739 (0.7)

6 (2.2)

11 (1.1)

60 (0.7)

301 (0.7)

239 (0.5)

114 (0.7)

8 (0.6)

Postpartum hemorrhage, N (%)

679 (0.6)

10 (3.8)

14 (1.4)

70 (0.9)

209 (0.5)

233 (0.5)

131 (0.8)

12 (1.0)

Hypertensive disease/pre- eclampsia/
eclampsia, N (%)

3685
(3.3)

18 (6.7)

38 (3.8)

255 (3.2)

1287 (3.0) 1314 (3.0)

675 (4.2)

98 (7.6)

Obstructed labor, N (%)

11,546
(10.3)

27 (10.1)

90 (9.1)

749 (9.3)

3970 (9.4) 4557 (10.5)

1982 (12.3)

171 (13.3)

C-delivery, N (%)

28,706
(25.5)

64 (23.9)

203 (20.5) 1766
(22.0)

9664
(22.8)

11,412 (26.2)

5172 (32.0)

425 (33.1)

Preterm, N (%)

12,740
(11.3)

43 (16.2)

141 (14.2) 1050
(13.1)

5060
(12.0)

4629 (10.7)

1676 (10.4)

141 (11.0)

Births, N

113,749

269

1006

8116

42,853

Stillbirth, N (Rate/1000)

2926
(25.7)

15 (55.8)

36 (35.8)

245 (30.2) 1166
(27.2)

Neonatal mortality < 7 days, N (Rate/
1000)

2097
(18.9)

10 (39.4)

30 (31.0)

Neonatal mortality < 28 days, N (Rate/
1000)

2593
(23.4)

12 (47.2)

Birth weight (g)a, Mean (SD)

2707
(462)

Low birth weight (< 2500 g)a, N (%)

21,575
(19.2)

Fetal/Neonatal Outcomes
43,893

16,319

1293

1038 (23.7)

392 (24.0)

34 (26.3)

182 (23.1) 856 (20.6) 732 (17.1)

266 (16.7)

21 (16.7)

33 (34.1)

228 (29.0) 1038
(24.9)

926 (21.6)

328 (20.6)

28 (22.3)

2641 (505)

2644
(481)

2670
(472)

2687
(466)

2720 (450)

2744 (469)

2728
(462)

69 (26.6)

253 (25.7) 1783
(22.3)

8436
(20.0)

7787 (18.0)

2969 (18.5)

278 (21.9)

a

Birth weight measured within 7 days of delivery

There are several mechanisms through which low and
high Hb concentrations may be associated with adverse
fetal, neonatal, and maternal outcomes. For example, the
underlying cause of low Hb concentrations is most often
due to iron or vitamin deficiency resulting in impaired
transport of oxygen to the uterus, placenta, and fetus.
This mechanism might explain the increase in preterm
birth, low birth weight and perinatal deaths associated
with low Hb [20]. On the other hand, the association of
high Hb concentrations with adverse outcomes might be
due to other mechanisms. Higher Hb concentrations
may not be a marker for increased red cell production,
but instead may be a result of failure for the plasma volume to expand. The literature suggests that failure of
the Hb concentrations to fall is associated with up to a
threefold increased risk of pre-eclampsia and the birth
of small for gestational age infants and preterm delivery
[21–24]. Thus, an elevated Hb level is an indicator for
possible pregnancy complications associated with poor
plasma volume expansion, and should not be mistaken
for good iron status [16].

Furthermore, it has been suggested that high Hb concentrations may restrict intrauterine growth as a consequence of
high blood viscosity [14]. The increased viscosity related to
low uterine arterial blood flow results in reduced oxygen delivery to the fetus. Thus, extremes of Hb concentrations during pregnancy appear to be associated with an increase in
adverse outcomes. This issue may be an important consideration for setting standards for appropriate Hb concentrations
during pregnancy. This U-shaped relationship of Hb concentrations has been found with adverse outcomes such as stillbirth, preterm birth, and LBW in more developed countries
[11, 16]. Hence, through the present study, we were able to
confirm evidence of a U-shaped relationship between Hb
concentration and several adverse pregnancy outcomes
among South Asian pregnant women.
Strengths and limitations

One of the biggest strengths of our study is the size of
the cohort. To our knowledge, this is the largest cohort
study that looked specifically at the extremes of Hb concentrations and its association with maternal and

1.86(1.34, 2.57)
1.68(1.16, 2.43)
1.18(0.81, 1.73)
1.13(0.89, 1.45)
0.64(0.53, 0.76)
1.63(1.42, 1.87)

Antepartum hemorrhage

Postpartum hemorrhage

Hypertensive disease /pre-eclampsia/
eclampsia2

Obstructed labor

Cesarean delivery

Preterm

–

0.0071 1.20(0.92, 1.56)
<.0001 −86.1(−115.3,
−56.9)

1.42(1.05, 1.93)
1.56(1.13, 2.15)
−177.8(− 212.0, −
143.7)
1.65(1.49, 1.82)

Neonatal mortality < 7 days

Neonatal mortality < 28 days

Birth weight (g)

Low birth weight(< 2500 g)

<.0001 1.23(1.14, 1.33)

<.0001 −74.6(−99.4,
−49.7)

0.1786 1.19(0.95, 1.49)

0.4808 1.12(0.88, 1.43)

0.0021 1.22(0.94, 1.59)

<.0001 1.26(1.17, 1.35)

0.0001 0.77(0.69, 0.86)

0.8669 1.00(0.85, 1.18)

0.9137 0.99(0.76, 1.29)

0.0403 1.22(0.81, 1.85)

–

RR/MD(95%
CI)

<.0001 1.16(1.06, 1.27)

<.0001 −64.2(−87.5,
−41.0)

0.1371 1.14(0.97, 1.35)

0.3648 1.13(0.95, 1.34)

0.1408 1.22(1.05, 1.42)

<.0001 1.24(1.13, 1.35)

<.0001 0.86(0.79, 0.94)

0.9948 0.92(0.80, 1.06)

0.9573 0.95(0.78, 1.16)

0.3381 1.29(0.86, 1.95)

0.3400 1.09(0.80, 1.47)

–

Pvalue
–

RR/MD(95%
CI)
–

Pvalue

10.0–10.9 g/dL
vs.11.0–12.9 g/dL

–

RR/MD(95%
CI)

0.0060 −43.9(−98.5,
10.8)
0.0018 1.08(1.00, 1.18) 0.0613 1.29(1.06,
1.56)

<.0001 −33.4(−57.3, −
9.6)

0.1140 0.96(0.77, 1.18) 0.6769 1.49(1.00,
2.23)

0.1675 0.88(0.71, 1.09) 0.2277 1.64(1.07,
2.50)

0.0115 1.15(0.93, 1.43) 0.2022 1.27(0.84,
1.90)

<.0001 1.17(1.06, 1.29) 0.0013 1.07(0.88,
1.31)

0.0006 0.94(0.89, 0.99) 0.0292 0.98(0.82,
1.16)

0.2600 1.00(0.88, 1.13) 0.9970 1.02(0.66,
1.57)

0.5973 0.92(0.69, 1.22) 0.5554 0.99(0.59,
1.65)

0.2196 1.22(0.86, 1.75) 0.2703 1.61(0.84,
3.07)

0.0108

0.1157

0.0495

0.0225

0.2544

0.5043

0.7896

0.9288

0.9650

0.1478

0.2544

–

Pvalue

≥ 13.0 g/dL vs.11.0–
12.9 g/dL

0.5843 1.20(0.80, 1.80) 0.3873 1.37(0.80,
2.36)

–

Pvalue

9.0–9.9 g/dL vs.11.0–
12.9 g/dL

1
Relative risks (RR) and p-values for binary outcomes are obtained from generalized linear models with a binomial distribution assumption and log-link accounting for potential confounders of age, education, parity,
BMI and GA at enrollment controlling for within-cluster correlation. For the continuous outcome of birthweight, the mean differences (MD) and p-values are from a linear mixed model controlling for cluster as a
random effect and accounting for age, education, parity, BMI and GA at enrollment
2
Generalized linear model with a Poisson distribution assumption and log-link

<.0001 1.31(1.19, 1.44)

0.0249 1.11(0.83, 1.50)

2.25(1.76, 2.88)

<.0001 1.55(1.17, 2.06)

<.0001 1.35(1.21, 1.51)

<.0001 0.67(0.55, 0.82)

0.3166 0.98(0.82, 1.18)

0.3910 0.98(0.63, 1.51)

0.0064 1.48(1.02, 2.15)

–

RR/MD(95%
CI)

8.0–8.9 g/dL vs.11.0–
12.9 g/dL

0.5356 1.19(0.84, 1.68)

–

RR/MD(95% CI) Pvalue

0.0002 0.86(0.55, 1.37)

–

Pvalue

7.0–7.9 g/dL vs.11.0–
12.9 g/dL

Stillbirth

Fetal/Neonatal Outcomes

–

RR/MD(95% CI)

< 7.0 g/dL vs.11.0–12.9
g/dL

Maternal death < 42 days

Maternal Outcomes

Outcomes

Table 6 Adjusted Risk of Maternal and Fetal/Neonatal Outcomes by Hemoglobin Concentration for Pakistan
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0.0169 1.07(0.73, 1.59)

1.89(1.12, 3.18)
0.96(0.71, 1.31)
0.96(0.80, 1.15)
1.47(1.19, 1.82)

Hypertensive disease /pre-eclampsia/
eclampsia2

Obstructed labor

C-delivery2

Preterm

0.0094 1.63(1.13, 2.36)
0.0013 −86.2(−115.9,
−56.5)

2.30(1.36, 3.91)
2.02(1.19, 3.43)
−92.4(−148.7,
−36.1)
1.32(1.05, 1.66)

Neonatal mortality < 7 days

Neonatal mortality < 28 days

Birth weight (g)

Low birth weight(< 2500 g)

–

RR/MD(95%
CI)

<.0001 1.16(1.10, 1.22)

<.0001 −55.5(−68.0,
−43.1)

0.0090 1.44(1.17, 1.78)

0.0012 1.44(1.15, 1.81)

0.0931 1.26(1.10, 1.45)

0.0001 1.23(1.15, 1.32)

<.0001 0.80(0.76, 0.85)

0.1593 0.84(0.75, 0.94)

0.7247 1.04(0.94, 1.16)

0.0726 1.33(0.89, 1.98)

0.1054 1.13(0.74, 1.71)

–

Pvalue
–

RR/MD(95%
CI)

<.0001 1.06(1.00, 1.12)

<.0001 −38.9(−47.4,
−30.5)

0.0006 1.25(1.08, 1.46)

0.0013 1.29(1.12, 1.50)

0.0011 1.14(1.02, 1.28)

<.0001 1.14(1.08, 1.21)

<.0001 0.81(0.78, 0.84)

0.0019 0.86(0.81, 0.92)

0.4312 0.93(0.84, 1.02)

0.1606 0.82(0.63, 1.06)

–

RR/MD(95%
CI)
–

Pvalue

10.0–10.9 g/dL
vs.11.0–12.9 g/dL

–

RR/MD(95%
CI)

0.0226 −26.1(−52.4,
0.1)
0.0524 0.99(0.95, 1.03) 0.5591 1.08(0.95,
1.24)

<.0001 −9.8(− 18.1, −
1.4)

0.0034 1.10(0.95, 1.27) 0.2197 1.02(0.70,
1.46)

0.0006 1.08(0.93, 1.26) 0.3240 0.93(0.60,
1.44)

0.0246 1.00(0.90, 1.11) 0.9965 1.03(0.72,
1.47)

<.0001 1.04(0.98, 1.10) 0.1751 0.99(0.87,
1.14)

<.0001 0.87(0.85, 0.89) <.0001 1.01(0.93,
1.10)

<.0001 0.92(0.88, 0.96) 0.0004 1.05(0.86,
1.28)

0.1308 0.87(0.79, 0.95) 0.0024 1.46(1.13,
1.89)

0.1294 0.88(0.72, 1.09) 0.2524 0.82(0.28,
2.42)

0.2390

0.0509

0.9322

0.7547

0.8790

0.9372

0.7884

0.6263

0.0034

0.7166

0.5381

–

Pvalue

≥ 13.0 g/dL vs.11.0–
12.9 g/dL

0.2802 0.96(0.73, 1.26) 0.7590 0.73(0.27,
1.97)

–

Pvalue

9.0–9.9 g/dL vs.11.0–
12.9 g/dL

0.5729 1.17(0.88, 1.57)

–

Pvalue

8.0–8.9 g/dL vs.11.0–
12.9 g/dL

1
Relative risks (RR) and p-values for binary outcomes are obtained from generalized linear models with a binomial distribution assumption and log-link accounting for potential confounders of age, education, parity,
BMI and GA at enrollment controlling for within-cluster correlation. For the continuous outcome of birthweight, the mean differences (MD) and p-values are from a linear mixed model controlling for cluster as a
random effect and accounting for age, education, parity, BMI and GA at enrollment
2
Generalized linear model with a Poisson distribution assumption and log-link

0.0171 1.33(1.18, 1.51)

0.0019 1.84(1.27, 2.67)

2.20(1.35, 3.60)

0.0017 1.45(0.94, 2.22)

0.0004 1.35(1.16, 1.58)

0.6382 0.76(0.68, 0.85)

0.7919 0.86(0.70, 1.06)

Stillbirth

Fetal/Neonatal Outcomes

<.0001 1.74(0.95, 3.17)

4.48(2.62, 7.66)

Postpartum hemorrhage2

0.0006 1.63(0.90, 2.96)

3.28(1.67, 6.45)

–

RR/MD(95% CI)

Antepartum hemorrhage

–

Pvalue

7.0–7.9 g/dL vs.11.0–
12.9 g/dL

–

RR/MD(95% CI)

< 7.0 g/dL vs.11.0–
12.9 g/dL

Maternal death < 42 days

Maternal Outcomes

Outcomes

Table 7 Adjusted Risk of Maternal and Fetal/Neonatal Outcomes by Hemoglobin Concentration for India
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Fig. 2 LOESS Plots of Fetal/Neonatal Outcomes by Country

neonatal outcomes in South Asian populations in India
and Pakistan. Despite these strengths, our study had
some limitations. First, only 29% of the Pakistani women
had a Hb measured. There were also some differences in
the women with Hb measurements and those without,
and although these differences were small, the results
may not be generalizable to all women in the study.
Also, we did not record the specific gestational age in
pregnancy when the Hb concentrations were measured,
although at all sites the Hb level is taken at the first
antenatal visit. Because Hb concentrations fell slightly as
the pregnancy advanced, we adjusted for the gestational
age of the first visit to reduce confounding. Another
limitation of our study was that our gestational age data
and the rates of PTB were generally based on LMP data
rather than on a gestational age determined by an early
ultrasound. Although there could be bias among those
with Hb data available, we are not aware of any systematic differences in Hb collection that may have biased
the relationships we report.

Conclusions
Based on our findings, both low and high values of
Hb should be considered risk factors for the mother
and fetus. Further research is required to understand
the biological processes that underlie our results. In
addition, studies are recommended to identify
whether the Pakistani women have very low Hb concentrations due to dietary causes (iron and folic acid
deficiencies), paracytic infections, or whether there
are some underlying hereditary disorders that might
be prevalent among the women such as red cell abnormalities or hemoglobinopathies.
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Abstract
Background: Quality assurance (QA) is a process that should be an integral part of research to protect the rights and
safety of study participants and to reduce the likelihood that the results are affected by bias in data collection. Most
QA plans include processes related to study preparation and regulatory compliance, data collection, data analysis and
publication of study results. However, little detailed information is available on the specific procedures associated with
QA processes to ensure high-quality data in multi-site studies.
Methods: The Global Network for Women’s and Children’s Health Maternal Newborn Health Registy (MNHR) is a
prospective population-based registry of pregnancies and deliveries that is carried out in 8 international sites. Since its
inception, QA procedures have been utilized to ensure the quality of the data. More recently, a training and certifica‑
tion process was developed to ensure that standardized, scientifically accurate clinical definitions are used consist‑
ently across sites. Staff complete a web-based training module that reviews the MNHR study protocol, study forms
and clinical definitions developed by MNHR investigators and are certified through a multiple choice examination
prior to initiating study activities and every six months thereafter. A standardized procedure for supervision and evalu‑
ation of field staff is carried out to ensure that research activites are conducted according to the protocol across all the
MNHR sites.
Conclusions: We developed standardized QA processes for training, certification and supervision of the MNHR, a
multisite research registry. It is expected that these activities, together with ongoing QA processes, will help to further
optimize data quality for this protocol.
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Plain english summary
All research studies should have quality assurance, as this
protects the rights and safety of study participants. It also
improves the quality of data collection and improves the
likelihood of obtaining true results. Most quality assurance plans cover a variety of topics, including the preparation prior to the study, ethics issues, analysis of data
and publication of study results. There is limited information on the procedures that different studies use to
ensure data of high quality.
The procedures that we report here were done as part
of the The Global Network for Women’s and Children’s
Health Maternal Newborn Health Registy (MNHR), registry of pregnancies and deliveries that is carried out in 8
international sites. The MNHR has adoptes quality assurance procedures since its beginning, to ensure the quality
of the data. More recently we developed a training and
certification process to ensure that the same clinical definitions be used across these eight sites. The study staff
are trained on these defitions with a web-based training
module which covers the study protocol, study forms and
clinical definitions. They are later certified before initiating study activities and every six months thereafter. The
MNHR also carries out a procedure for supervision and
evaluation of field staff to ensure that research activites
are conducted according to the protocol across all sites.
We expect that all of these activities will help to further
optimize data quality for this protocol.
Background
Quality assurance (QA) is a process that should be carried out throughout all phases of research to protect the
rights and safety of study participants, to improve consistency in data and to reduce the likelihood that trial
results are affected by bias [1, 2]. QA seeks to ensure
that studies comply with research standards, to detect
problems early through routine monitoring and to correct issues through prompt and effective action [3]. Such
processes should be considered a standard part of all
research activities.
Most QA plans include processes related to study preparation and regulatory compliance, data collection, data
analyses and publication of study results [1]. Additionally, multi-site studies generally include common variables, data collection methodologies and standardized
protocols. However, although there is consensus on the
importance of data quality for research, little detailed
information is available on the specific procedures and

best practices for QA processes [4]. One research study
from India recently published a data quality assurance
protocol, which focused on tools to ensure the accuracy,
reliability, timeliness, completeness, precision, and integrity of the data [5]. The investigators found that the tools
helped increase accuracy of data collection throughout
the research project. With the increasing global emphasis
on harmonization and data sharing in research, ensuring not only high quality of data but also comparability
of data across diverse settings is critical to accurate interpretation of findings [6, 7].
The Maternal Newborn Health Registry (MNHR) is a
prospective, population-based registry of pregnancies
and deliveries conducted under the auspices of the Global
Network for Women’s and Children’s Health Research
(GN), a multi-country research network. The MNHR
enrolls approximately 60,000 pregnant women each
year and follows them from early pregnancy through the
postnatal period [8, 9]. Briefly, its primary purpose is to
quantify and analyze trends in pregnancy outcomes over
time across the GN research sites. It also serves as a data
collection tool for capturing pregnancies, perinatal and
neonatal outcomes for individual studies [10, 11] and
provides data to plan future GN studies. Additionally,
MNHR data are frequently provided to local health officials who use it to inform and improve clinical care.
Because the MNHR operates in multiple sites in diverse
low and middle-income countries (LMIC) and collects
sensitive data on a large scale, QA has been particularly
integral to ensuring quality data collection since the
Registry’s inception in 2008. At the start of the MNHR,
the investigators determined the critical data to collect,
developed common definitions based on the WHO criteria, and also defined common methods to collect the
data. In addition, the MNHR introduced a process of
ongoing data quality monitoring, including metrics to
assess missingness and accuracy, which was conducted
both with local research teams and centrally, with a
process for rapid feedback and resolution of data issues
(Table 1) [12].
In 2017, in an effort to continously improve the quality
of data in the MNHR and to further ensure comparability across diverse sites, we identified a need to standardize the clinical data collected by field staff across all sites.
To address this gap, we developed additional procedures
for training, certification and supervision of all staff
within the MNHR. In this this paper, we describe the
development of tools to support the standardization and
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Table 1 Elements of the quality assurance plan for the Global Network’s Maternal and Newborn Health Registry
Study preparation and regulatory compliance

Institutional Review Board and Ethical Review Com‑
mittee approved protocol, consents and recruitment
materials
Curriculum vitaes and documentation of qualifications
of investigators
Case report forms
Staff traininga

Data collection

Standard operating procedures
Manual of operations
Monitoring plan
Supervisory visitsa

Data analysis

Monthly monitoring reports
Quarterly monitoring metrics
Data Monitoring Committee

a

Recently implemented QA procedures

enhanced QA of data collection including a web-based
standardized training and certification procedure and
an evaluation tool for consistent supervision of field staff
at all GN sites. Additionally, we describe our proposed
approach to evaluate the feasibility and effectiveness of
these newly-implemented procedures.

Methods
Setting and background

The GN MNHR was established in research sites based in
Argentina, Guatemala, India (two sites), Kenya, Pakistan
and Zambia [5]. A site in the the Democratic Republic of
the Congo (DRC) replaced the site in Argentina in 2013
and a Bangladeshi site was added in 2019. Investigators
from each participating site and a partner United Statesbased institution, the NICHD and the Data Coordinating Center (DCC) based at RTI International, comprise
the GN MNHR subcommittee that oversees all aspects
of protocol design, study implementation, data analyses
and publications. The GN MNHR is conducted under
the auspices of the GN, a multi-disciplinary research network, which is supported by research grants from the
National Institute of Child Health and Human Development (NICHD).
For each site, the Principal Investigator (PI; based at a
United States university), and the Senior Foreign Investigator (SFI; based at an international research site) are
collectively responsible for ensuring the overall quality
of the site’s data. A country coordinator (CC) provides
study oversight in the field; one or more study supervisors train and supervise registry administrators (RAs).
RAs have a variety of backgrounds, and have various
types and levels of professional training (i.e., midwives,
community health workers, physicians, nurses, medical technologists, health assistants, and social workers);
however, a minimal requirement is community health
worker level experience. They work with a wide range of

public and private providers and collect data in multiple
settings including participants´ homes and health institutions (Fig. 1). The RAs are paid study staff with participation in ongoing training considered part of their research
responsibilities.
QA procedures in place since the inception of the MNHR
Study preparation and regulatory compliance

In preparation for implementation of the MNHR, each
of the GN study sites obtained approval of the study protocol, consent and case report forms (CRFs) from their
respective Institutional Review Board both in the US
and in-country. All research staff were certified in the
Protection of Human Subjects and Good Clinical Practices. In accordance with NICHD policy, the study protocol, manual of procedures (MOP) and CRFs are publicly
available through the GN website (https://gn.rti.org/); deidentified study data is available for secondary analyses
through the NICHD Data and Specimen (N-DASH) hub
(https://dash.nichd.nih.gov/).
Data collection

Standard operating procedures for data collection are
detailed in the MNHR MOP which has been in place
since study inception; it is reviewed annually and updated
as needed. A question by question (QxQ) document
defines each study question and is updated as needed; a
policy document includes technical memos that describe
new study procedures and outlines the addition or elimination of variables.
Data processing, analysis and publication

All MNHR data are entered locally into a computerbased data management system (DMS) that incorporates inter and intra-form data quality checks. The DCC
produces monthly monitoring reports which detail site
and cluster specific metrics to identify issues related to
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Fig. 1 Maternal Newborn Health Registry study organization at site

completeness of data collection and to review changes
in outcomes measure quality improvements over time.
Specifically, the reports focus on critical data, as defined
by the central working group to ensure the completeness
and accuracy of those data elements. Each site reviews
these monthly monitoring reports and participates in
quarterly monitoring calls [8]. Study data are reviewed
annually by a Data Monitoring Committee. A publication management system outlines specific procedures for
publication of study results.
QA procedures

In an effort to continuously improve the quality of our
data collection, we developed a standardized training
and certification process for RAs as well as standardized
supervisory procedures.
Training and certification

To improve data collection, including the use of standardized clinical definitions, we developed a web-based,
interactive training module for MNHR RAs.
Development and pilot evaluation

Prior to developing the module, we developed standardized definitions for all clinical data collected in the
MNHR through an iterative process. First, we reviewed
the MNHR CRFs and identified all clinical data fields
(Table 2). We then conducted extensive searches for definitions of these terms using a variety of sources including
the WHO and United Nations Population Fund websites as well as technical documents, clinical textbooks
and peer reviewed journals. Based on these definitions,
we compiled draft definitions for the MNHR that were

reviewed by the GN MNHR subcommittee and study site
investigators, including obstetric and pediatric specialists in the GN, for scientific accuracy. The subcommittee further refined these definitions during an in-person
discussion to ensure they reflected the diagnostic capability of current healthcare at the MNHR research sites.
For example, the final MNHR definition for malaria does
not require confirmatory laboratory testing, as GN sites
with high malaria prevalence diagnose the disease clinically without routinely performing confirmatory laboratory testing. Similarly, the definition of neonatal sepsis
does not require confirmation with blood culture. Lastly,
a medical editor reviewed the final draft definitions,
also ensuring the literacy level was appropriate for the
level of medical training required of MNHR RAs. As the
next step, the modules were pilot tested with a sample of
learners from the sites. These staff provided feedback on
the definitions as well as the use of pictorial images.
Implementation of web‑based QA

Using these standardized clinical definitions, study protocol and MOP, the Instituto de Nutrición de Centro
América y Panamá (INCAP) developed a web-based
training module with Storyline 360 (https://360.articulate
.com) software, which supports the development of interactive courses for all types of computers and devices. This
training module was designed using andragogic learning principles for adults, facilitating knowledge acquisition by linking new concepts to previous experiences
and prior knowledge [13]. The course contextualizes the
learning process to the MNHR setting, so that learners
can establish an immediate link between theory (such
as clinical definitions) and its practical application. The
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Table 2 Clinical processes of care and health outcomes collected on Maternal and Newborn Health Registry forms, 2019
Pregnancy

Delivery

Postpartum and neonatal

Outcomes
Ectopic pregnancy
Miscarriage or spontaneous abortion
Induced abortion
Abortive related outcome
Malaria
Syphilis
Hypertensive disease/preeclampsia/eclampsiaa
Fetal or vaginal odor
Other maternal infection
Processes of care
Dilation and curetage or suction

Outcomes
Transverse lie
Oblique lie
Breech lie
Severe antepartum hemorrhagea
Obstructed/prolonged labor, failure to progress
Obstetric fistula
Severe postpartum hemorrhagea
Severe infection
Acute inversion of the uterus
Maternal deatha
Signs of maceration
Stroke/loss of consciousness/paralysis
Stillbirtha
Birth trauma/difficult delivery
Cord complication
Major malformation at birth
Processes of care
Unplanned hospitalization
Antibiotics
Corticosteroids
Oxytocin
Misoprostol
Magnesium Sulphate
Induction of labor
Episiotomy
Blood transfusion
Hysterectomy
Forceps/vacuum extraction delivery

Outcomes
Congenital anomalies
Abdominal wall defect
Neural tube defect
Breathing difficulties
Prematurity
Breathed weekly or did not cry at birth
Fits/seizures of the neonate fever or low
temperature chest X ray or clinical finding of
pneumonia
Pus draining from umbilical stump
Asphyxia (neonate)
Sepsis (neonate)
Accident/assault/trauma/suicide
Diabetes
Severe anemia
Severe jaundice
Infection
Seizures
Signs of fetal distress
Processes of care
Required resuscitation at birth
Continued positive airway pressure
Oxygen
Mechanical ventilation
Medicinal eye care
Medicinal cord care

a

Common to more than one period

module covers the study objectives, protocol, and CRFs
including instructions for use and standardized definitions for all clinical data fields.
This web-based module is available to all sites through
the GN webpage, which can be accessed through study
computers or tablets as well as in an off-line mode. The
module engages learners through key information and
communication technology. It was developed in English
and translated into Spanish and French, with subtitles
appearing throughout the course. If additional languages
are required, the local staff provide translations. Clinical definitions are communicated with multi-media,
using text, audio, and an image illustrating the concept.
Brief quizzes, which require matching the definition to
the concept after review of every three clinical terms,
are interspersed throughout the module to help learners
assess their comprehension. Finally, the course highlights
achievements of the learner as he/she completes each
section. Techincal assistance is provided centrally by RTI
staff, as needed, to complete the modules.
Following the training module, RAs complete a multiple-choice certification exam (available to all sites
through the GN webpage or via an electronic copy on
a storage device). Initial certification, and recertification, require a minimum score of 80% on this exam. If

an RA does not attain this score, he/she receives additional training from the country coordinator and repeats
the training module before re-taking the exam. All RAs
recertify by obtaining a passing grade on the certification
exam every six months. Additionally, RAs have access to
the module for additional training whenever necessary.
Altogether, the training and certification process takes
approximately 8–10 h for each staff to complete.
Supervisory visits

To improve data collection and study implementation,
the subcommittee also standardized supervisory procedures of RAs across sites.
First, each site submitted a description of their site-specific supervisory evaluation process, including any corresponding forms. Based on these descriptions and the
recommendations for implementation of QA processes,
the subcommittee developed a standardized supervisory
procedure with corresponding CRF for usage by all sites
in the MNHR. This CRF assesses general activities of the
RA, communication with other health providers and a
field visit, including a key variable check. Country coodinators piloted the supervisory process and forms in each
site. They informally found the proposed procedures and
frequency of supervision to be feasible. Additionally, they
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gave feedback on the data selected for variable checks
such as using maternal height instead of weight since the
latter can fluctuate between when an RA records the data
and a supervisor confirms it. Final variables were selected
based on their likelihood of being easily recalled by the
mother and readily obtained during a supervisory home
visit, and included such items as maternal height, delivery location, and mode of delivery.
The final, standardized supervisory procedure occurs
as follows:
Annually, all RAs undergo two supervisory visits consisting of three parts, which are recorded on a study
form. The supervisor arrives in the community where the
RA is scheduled and corroborates that he/she is prepared
with consents, study forms and equipment. The supervisor visits community level or ministry of health staff to
corroborate that the RA interfaces regularly and appropriately with them. Finally, the supervisor visits two randomly selected MNHR participants to corroborate data
in the DMS for specific key variables. Supervisors review
the findings of these supervision processes with each RA.
If necessary, RAs are provided additional training targeting non-compliance with study procedures or errors
in data collection through the training module or direct
coaching by supervisors.
Evaluation plan of recently implemented QA procedures

Country coordinators ensure that all RAs complete training and certification procedures and report on these processes to the DCC, which keeps a log of these data. Data
collected through the supervisory process are entered
into the DMS and analyzed by the DCC. Results of both
are discussed on periodic site calls.
To evaluate the impact of these QA methods, the subcommittee will review the training and certification procedure for feasibility (such as the number of RAs trained
and average time for course completion) and effectiveness (such as certification exam scores and first-time
pass rate). Through data collected during our supervisory procedure, we will evaluate RA fidelity to the study
protocol and quality of data collected (such as percent of
data elements in the DMS that is congruent with participant-reported data for each key variable). We will track
congruency of all key variables on the CRF over time
to determine whether our QA training is successful at
improving the quality of the data. Additionally, the central QA team reviews the content and updates, as needed,
on a bi-annual basis.

Discussion
QA is a necessary part of conducting research; best practices recommend that it includes measures to prevent,
detect and correct errors from the beginning of data
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collection through the publication of study results. QA
also helps ensure that data are accurate and collected
using common methods across sites. This is particularly
challenging in multi-site, large-scale studies such as the
MNHR. Multi-site studies need to ensure standardization of definitions across diverse settings to help ensure
generalizability of findings. In addition to the standardized definitions and procedures, other studies have
emphasized the importance of leveraging local capacity
with central technical support, similar to the model of
the GN [14, 15]. Additionally, as with the GN, the use of
ongoing data metrics in routine monitoring reports have
been shown to improve data quality [5, 16].
The MNHR includes participants in eight diverse
LMIC settings, enrolling approximately sixty thousand
participants annually. Since its inception ten years ago,
we designed QA procedures for data collection, entry,
editing and transmission. In 2012, we added metrics
and standardized reports to facilitate regular identification of site-specific implementation issues. These QA
procedures have supported the successful enrollment of
704,265 participants with over 95% followed from pregnancy through delivery [9].
Building upon the existing platform of common definitions and ongoing data monitoring, in an effort to continuously improve the quality of our data in 2017 we
implemented standardized training and certification as
well as supervisory procedures with a number of notable strengths. Our training and certification procedure
includes newly-developed, standardized definitions for
all clinical data collected in the MNHR. The web-based
training module utilizes andragogic learning principles
and capitalizes on information and communication technology to engage learners. Recertification of RAs ensures
that initial proficiency in study procedures is maintained.
The supervisory procedure facilitates the detection of
non-compliance with study procedures as well as errors
in data collection, reporting and entry. All GN sites have
successfully implemented these training, certification
and supervisory procedures, and given the relatively low
additional burden in terms of time and other resources,
have found that they are feasible to continue. We thus
view these changes in procedures to be strengths that
will enhance the utility of this registry for its multiple
intended purposes.
Despite these strengths, there are limitations to our
newly-implemented QA procedures. The MNHR data
are collected via medical record abstraction and interview of participants. While we developed standardized
clinical definitions to support accurate data collection,
these definitions do not ensure accurate ascertainment
and documentation of clinical diagnoses by health care
providers, nor do they ensure accurate maternal recall.
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Similarly, while we attempted to verify variables most
likely to be recalled by the mother during supervisory
visits, maternal recall is an imperfect ‘gold standard’.
In this manuscript, we have described a comprehensive QA procedure that may serve as a model for other
multi-site large-scale studies. Through routine MNHR
review processes, we identified an opportunity to
improve training and oversight with the goal of assuring strong adherence to a protocol implemented in
diverse low resource settings. On-going data collection
regarding these processes will allow us to evaluate their
feasibility and effectiveness, and to determine critical
elements for maintaining high quality data for this and
other similar registry—based protocols.

Conclusion
In conclusion, especially for large, multi-site clinical research studies in LMICs, the ability to harmonize data across diverse settings presents challenges,
limiting the ability to compare site results. Providing a standardized training across the sites together
with reinforced supervision and oversight that is centrally monitored has proven useful in improving quality of data. The approaches used to facilite QA across
the MNHR have applicability across other multi-site
research studies, which have particular challenges in
ensuring common methodologies and interpretation of
data.
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Abstract
Background: Babies born weighing ≥ 2500 g account for more than 80% of the births in most resource-limited
locations and for nearly 50% of the 28-day neonatal deaths. In contrast, in high-resource settings, 28-day neonatal
mortality among this group represents only a small fraction of the neonatal deaths. Yet mortality risks for birth weight
of ≥ 2500 g is limited. Knowledge regarding the factors associated with mortality in these babies will help in identify‑
ing interventions that can reduce mortality.
Methods: The Global Network’s Maternal Newborn Health Registry (MNHR) is a prospective, population-based
observational study that includes all pregnant women and their pregnancy outcomes in defined geographic com‑
munities that has been conducted in research sites in six low-middle income countries (India, Pakistan, Democratic
Republic of Congo, Guatemala, Kenya and Zambia). Study staff enroll all pregnant women as early as possible during
pregnancy and conduct follow-up visits to ascertain delivery and 28-day neonatal outcomes. We analyzed the neona‑
tal mortality rates (NMR) and risk factors for deaths by 28 days among all live-born babies with a birthweight ≥ 2500 g
from 2010 to 2018 across the Global Network sites.
Results: Babies born in the Global Network sites from 2010 to 2018 with a birthweight ≥ 2500 g accounted for 84.8%
of the births and 45.4% of the 28-day neonatal deaths. Among this group, the overall NMR was 13.1/1000 live births.
The overall 28-day NMR for ongoing clusters was highest in Pakistan (29.7/1000 live births) and lowest in the Zam‑
bian/Kenyan sites (9.3/1000) for ≥ 2500 g infants. ≥ 2500 g NMRs declined for Zambia/Kenya and India. For Pakistan
and Guatemala, the NMR remained almost unchanged over the period. The ≥ 2500 g risks related to maternal, delivery
and newborn characteristics varied by site. Maternal factors that increased risk and were common for all sites included
nulliparity, hypertensive disease, previous stillbirth, maternal death, obstructed labor, severe postpartum hemor‑
rhage, and abnormal fetal presentation. Neonatal characteristics including resuscitation, hospitalization, congenital
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anomalies and male sex, as well as lower gestational ages and birthweights were also associated with increased
mortality.
Conclusions: Nearly half of neonatal deaths in the Global Network sites occurred in infants born weighing ≥ 2500 g.
The NMR for those infants was 13.1 per 1000 live births, much higher than rates usually seen in high-income coun‑
tries. The changes in NMR over time varied across the sites. Even among babies born ≥ 2500 g, lower gestational
age and birthweight were largely associated with increased risk of mortality. Since many of these deaths should be
preventable, attention to preventing mortality in these infants should have an important impact on overall NMR.
Trial registration: https://ClinicalTrials.gov Identifier: NCT01073475
Keywords: Neonatal mortality, ≥ 2500 g neonatal mortality, Low and middle-income countries, Global network

Background
The World Health Organization (WHO) defines a neonatal death as the death of a live born infant during the first
28 days of life. Of 5.7 million under-five deaths that occur
annually, approximately 47% occur in the first 28 days [1].
Disparities in the 28-day neonatal mortality rate (NMR)
exist across and within countries. The NMR is much
higher in resource constrained countries than in wellresourced countries, although exceptions exist [2]. Babies
with a birthweight ≥ 2500 g account for more than 80% of
the births in most resource limited locations, and often
account for nearly half of the neonatal deaths [3]. Because
of the continuing focus on preterm and low-birthweight
births, which are higher risk but account for only about
half the neonatal deaths, information on mortality for
babies born with a birth weight of ≥ 2500 g is limited.
Knowledge regarding the trends and factors associated
with mortality in these babies will help in identifying
interventions that can result in lower mortality.
In many high-resource settings, substantial improvements have been made in neonatal outcomes, with
deaths in babies with a birth weight of ≥ 2500 g substantially reduced [3]. For example, in 2015 in Europe, 94%–
95% of births were ≥ 2500 g and these births accounted
for 24% of the neonatal mortality [4]. In low-resource settings, the mortality among these infants is still substantially higher than observed in high-resource settings [2,
5]. Thus, while infants born < 2500 g have a higher risk of
neonatal mortality compared to those ≥ 2500 g, because
most of the births are ≥ 2500 g, these births potentially
represent a large proportion of the potentially preventable deaths in low-resource settings [6].
The Maternal Newborn Health Registry (MNHR) of
the Global Network for Women’s and Children’s Health
Research (Global Network) is a pregnancy registry conducted in sites in low-resource countries in south Asia,
sub-Saharan Africa and Central America [7, 8]. The
MNHR data demonstrates high neonatal mortality rates
across the participating surveillance sites of member
countries [8–10]. Overall, the MNHR data show slowly
improving but continuing high maternal and neonatal

mortality rates over the years across all Global Network
sites [10]. We sought to explore the trends and factors
associated with mortality in babies born with a birth
weight of ≥ 2500 g. These infants are generally term or
late preterm and the overwhelming majority can survive
with usual obstetric and newborn care.

Methods
The Global Network’s MNHR is a prospective, population-based observational study that includes all pregnant women and their outcomes in defined geographic
communities (clusters) [7, 8]. In these clusters there are
approximately 300 to 500 births annually. There are currently 8–10 clusters at each of the sites in western Kenya,
Zambia (Kafue and Chongwe), the Democratic Republic
of the Congo (DRC) (North and South Ubangi Province),
Pakistan (Thatta in Sindh Provence), India (Belagavi and
Nagpur) and Guatemala (Chimaltenango). The MNHR
was initiated at each of the study sites between 2008 and
2009, except for the DRC, which joined the Global Network in 2014.
Registry administrators (RAs) are generally paid community health workers or nurses who identify pregnant
women in their respective areas and after consent,
enroll them in the MNHR. Once a pregnant woman is
identified, the RAs obtain basic health information at
enrollment, record the date of last menstrual period or
early ultrasound report to assess gestational age, obtain
a hemoglobin assessment where possible, and record
the height and weight of the pregnant woman. A follow-up visit is carried out following delivery to collect
information on pregnancy outcomes as well as health
care received during delivery. Information on the study
outcomes is based on medical record reviews and birth
attendant and family interviews. Birth weights for
babies born in hospitals are available from the birth
certificates or hospital records and for home deliveries, babies are weighed within 48 h of birth by the RAs
using study scales. Where birth weights could not be
obtained by scale, the weight was estimated to distinguish infants < 1500 g and < 2500 g. Only 0.4% of the
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birthweights in ≥ 2500 g infants were estimated. The
timing of neonatal death is defined by the day of death.
Because gestational age estimation is often difficult in
these settings, the Global Network developed an algorithm to determine an estimate of preterm birth [7].
Statistical analyses

For analyses, we combined sites in the same region with
similar outcomes. For example, the NMRs for Zambia
and Kenya were similar so they were combined. The
DRC data were not combined with the other African
sites both because this site had a substantially higher
NMR and the DRC did not have data available for
2010–2013. Similarly, the NMRs for Nagpur and Belagavi, India were similar and were combined, while the
Pakistani site NMR was substantially higher. The Guatemala site was the only one in Central America.
We conducted analyses to determine the risk factors associated with NMR, defined as any death
that occurred from day 0 through 27, among live
births ≥ 2500 g. To assess the relationship between
these characteristics and ≥ 2500 g mortality, log-binomial models were used to obtain relative risk estimates
for mortality modeled as a function of each characteristic independently. Each model included site and the
interaction between site and the characteristic of interest in order to obtain site-specific relative risk estimates
while controlling for the correlation of morality within
clusters using generalized estimating equations.
Thus, this study analyzed NMR among babies born
alive with a birth weight of ≥ 2500 g during the last
9 years (2010–2018) across Global Network surveillance sites and also describes the maternal, delivery and
newborn characteristics associated with a higher risk of
mortality in these infants.
Ethical approvals

This study was reviewed and approved by all sites’ ethics review committees at INCAP, Guatemala; University of Zambia, Zambia; Moi University, Kenya; Aga
Khan University, Pakistan; KLE University’s Jawaharlal
Nehru Medical College, Belagavi, India; Lata Medical
Research Foundation, Nagpur, India, and the Kinshasa
School of Public Health, DRC. The institutional review
boards at each U.S. partner university and the Data
Coordinating Center (RTI International) also approved
the protocol. All women provided informed consent for
participation in the study, including data collection and
the follow-up visits.

Page 3 of 14

Results
From January 2010 through December 2018, 582,768
women were screened and 579,140 (99.4%) women
consented to participate in the study (Fig. 1). Of those
consented, delivery status was obtained for 572,939
women (98.9%) with 5992 lost to follow-up prior to
delivery. There were 15,604 stillbirths, which were
excluded from analyses. Altogether, 463,922 live births
with a birth weight ≥ 2500 g were included in the study.
Because several of the study clusters were discontinued
over the course of the study period, and the DRC did
not have data for all years, for analyses of trends over
time, we restricted analyses to those clusters that were
in the study for the entire period (N = 382,635).
Babies with a birth weight recorded as ≥ 2500 g
accounted for 84.8% of the births in the Global Network sites and 45.4% of the neonatal deaths. The overall
NMR for ≥ 2500 g infants for all sites from 2010 to 2018
was 13.1/1000 live births. Among clusters ongoing from
2010 to 2018, the overall NMR was 12.8 and declined
from 15.0/1000 live births in 2010 to 10.8/1000 in 2018.
(Table 1). For the babies who died, 48.6% died on days
0–1, 29.2% on days 2–6, 10.7% on days 7–13 and 11.5%
on days 14–27.
Among ongoing clusters, the NMR for ≥ 2500 g
infants was highest for the Pakistan site (29.7/1000 live
births) and lowest for the Zambian/Kenyan sites (NMR
9.3/1000 live births) (Table 1). The NMR in babies born
alive with a birth weight of ≥ 2500 g declined from 2010
to 2018 for the Zambia/Kenya sites from 13.4/1000 live
births to 6.7/1000. The Indian sites had a decline in
the ≥ 2500 g NMR from 11.8/1000 live births in 2010 to
6.6 /1000 live births in 2018. The ≥ 2500 g NMR in the
Pakistani, DRC and Guatemalan sites did not appear to
change substantially over time (Fig. 2).
Table 2 presents the numbers and percent of the
maternal characteristics of the ≥ 2500 infants by who
died and who lived in each site by region, and Table 3
describes the relative risk of maternal characteristics
with neonatal death for infants born alive and with
a ≥ 2500 g weight. In all sites, nulliparity was associated with a greater risk of ≥ 2500 g neonatal mortality as compared to women with 1–2 parity. The prior
pregnancy ending in stillbirth was also associated with
a higher risk of ≥ 2500 g neonatal mortality in all sites
as was having a hypertensive disorder in pregnancy. In
the DRC, although the numbers were small, ≥ 2500 g
babies born to hypertensive mothers had a 17 times
greater risk of dying, while at other sites the risk was
more than twice compared to their counterparts. The
risk for ≥ 2500 g neonatal mortality increased substantially when a maternal death occurred before 42 days
post-partum in all study sites.
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Screened (N=582,768)

Eligible and Consented
(N=579,140)

Ineligible

(N=2,543)

Did not consent

(N=1,085)

Lost to follow-up before delivery

(N=5,992)

Maternal death before delivery

(N=209)

Delivered (N=572,939)

Excluded
Miscarriages/MTP/loss

(N=25,822)

Stillbirths

(N=15,604)

Birthweight < 2500 g

(N=71,369)

Unknown birth weight

(N=124)

Births in the analyses
(N=463,922)

Births in the analyses from
ongoing clusters
(N=382,635)
Fig. 1 Subject diagram

For Kenya/Zambia and DRC, mothers < 20 years of
age were at higher risk for ≥ 2500 g neonatal mortality
as compared to the mothers 20–35 year of age; however,
this association was not observed for the sites in India,
Pakistan, and Guatemala. Maternal age of more than
35 years was associated with a higher risk of ≥ 2500 g
neonatal mortality in sites in the DRC, Pakistan, and
Guatemala only. For the Indian, Pakistani, and Guatemalan sites, a lack of formal education was associated with
increased ≥ 2500 g neonatal mortality, but not in the African region. Parity ≥ 3 was associated with an increased
risk of ≥ 2500 g neonatal mortality in India, Pakistan,
and Guatemala. The association between the number of
antenatal care (ANC) visits and risk for ≥ 2500 g neonatal mortality varied by site. The risk of ≥ 2500 g neonatal

mortality was higher in women who had a single ANC
visit for Kenya/ Zambia but not for the other sites. As
compared to women with ≥ 4 ANC visits, having no
ANC doubled the risk of ≥ 2500 g neonatal mortality for
women in the Guatemalan site, but was associated with
reduced risk of neonatal death among Pakistani women.
Two to three ANC visits were associated with higher risk
for ≥ 2500 g neonatal mortality for the Indian sites but
were associated with a 15% lower risk of neonatal death
for the Pakistan site.
Table 4 presents the numbers and percent of the delivery characteristics of the ≥ 2500 g infants who died and
lived in each site by region, and Table 5 describes the relative risk of delivery characteristics with neonatal death
for infants born alive and with a ≥ 2500 g weight for each
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Table 1 Neonatal mortality among infants ≥ 2500 g in the Global Network sites, 2010–2018
Neonatal mortality rates overall and by year, n/N (rate/1000)
Total

Africa

South Asia

Central America

Zambia/Kenya

DRC

India

Pakistan

Guatemala

6088/463,922
(13.1)

1193/128,580
(9.3)

325/27,300
(11.9)

1721/168,570
(10.2)

1941/70,123
(27.7)

908/69,349
(13.1)

2010–2018, Ongoing 4884/382,635
Clustersa
(12.8)

1193/128,580
(9.3)

325/27,300
(11.9)

1269/130,297
(9.7)

1379/46,452
(29.7)

718/50,006
(14.4)

2010

670/44,605
(15.0)

205/15,302
(13.4)

–

217/18,394
(11.8)

172/6409
(26.8)

76/4500
(16.9)

2011

610/45,772
(13.3)

138/15,699
(8.8)

–

192/18,439
(10.4)

206/6583
(31.3)

74/5051
(14.7)

2012

550/44,032
(12.5)

134/14,702
(9.1)

–

191/18,370
(10.4)

165/5818
(28.4)

60/5142
(11.7)

2013

573/42,152
(13.6)

136/14,308
(9.5)

–

195/17,241
(11.3)

165/4963
(33.2)

77/5640
(13.7)

2014

539/42,301
(12.7)

114/13,608
(8.4)

76/5263
(14.4)

115/12,751
(9.0)

129/4876
(26.5)

105/5803
(18.1)

2015

498/42,431
(11.7)

121/13,981
(8.7)

56/5239
(10.7)

104/12,833
(8.1)

132/4398
(30.0)

85/5980
(14.2)

2016

534/41,912
(12.7)

142/13,882
(10.2)

57/5401
(10.6)

98/11,775
(8.3)

138/4421
(31.2)

99/6433
(15.4)

2017

492/40,820
(12.1)

112/13,616
(8.2)

76/5842
(13.0)

93/10,868
(8.6)

144/4525
(31.8)

67/5969
(11.2)

2018

418/38,610
(10.8)

91/13,482
(6.7)

60/5555
(10.8)

64/9626
(6.6)

128/4459
(28.7)

75/5488
(13.7)

2010–2018,
All Clusters

a

The following rows present ≥ 2500 g neonatal mortality in the subset of MNH Registry clusters collecting data during the entire period (i.e. 2010–2018 for all sites
besides DRC and 2014–2018 for DRC) in order to evaluate trends

site. Abnormal fetal presentation at the time of delivery
and obstructed labor were associated with higher risk
of ≥ 2500 g neonatal mortality at all the sites. (Table 5)
Severe post-partum hemorrhage and unplanned hospitalization were also associated with higher risk of ≥ 2500 g
neonatal mortality for all the participating sites except
Guatemala. Compared to hospital deliveries, babies
with a birth weight ≥ 2500 g who were born at a clinic
or health center had a lower risk of mortality in Zambia/
Kenya, DRC and India; however, there was no difference
in Pakistan and Guatemala. Home births were associated
with higher risk of ≥ 2500 g NMR in the Indian sites, but
associated with a 50% and 30% lower risk of NMR in the
DRC and Pakistani sites, respectively. In the Guatemalan
and Zambian/Kenyan sites, the risk of ≥ 2500 g neonatal mortality with home delivery compared to hospital
delivery was similar. Except for Guatemala, assisted vacuum/forceps delivery was associated with a higher risk
of ≥ 2500 g neonatal mortality. Similarly, cesarean delivery was associated with a higher risk of ≥ 2500 g neonatal
mortality in Zambia/Kenya, DRC, and Pakistan, but not
in India and Guatemala.
Table 6 presents the numbers and percent of the newborn characteristics of the ≥ 2500 g infants who died
and lived in each site by region, and Table 7 describes

the relative risk of neonatal characteristics with neonatal death for infants born alive and with a ≥ 2500 g
birthweight. Congenital anomalies were associated with
adjusted relative risks of neonatal mortality in the various sites ranging from 9.7 to 101.0 and appeared to be
the strongest risk factor for neonatal death in nearly all
sites (Table 7). The next strongest risk factor for neonatal mortality among the infant characteristics was the
receipt of resuscitation at birth with relative risks ranging
from 6.6 in Pakistan to 48.2 in the DRC. Neonatal hospitalization was a significant risk factor in all sites with
relative risks ranging from 10 in Zambia/Kenya to 66.4
in India. Male gender was also associated with increased
risk of neonatal death in ≥ 2500 g births in all sites. The
risk for ≥ 2500 g neonatal mortality was also significantly
increased among those classified as preterm compared to
term for all sites except the DRC. As compared to babies
with a birth weight of 3001 to 3500 g, babies born with a
birth weight of 2500 to 2700 g had a higher risk of death
in Zambia/Kenya, India, and Pakistan. This higher risk
of death continued for babies born with a birth weight of
2701 g to 3000 g for the Kenyan/Zambian and Pakistani
sites. As compared to babies with a birth weight of 3001
to 3500 g, babies with a birth weight ≥ 3500 g were at
higher risk of death in the sites in Zambia/Kenya, DRC,
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Fig. 2 Neonatal death < 28-day trends in babies born alive and ≥ 2500 g by region and year, 2010–2018 ongoing clusters1. Data unavailable for
DRC, 2010–2013.1 MNH Registry 2010–2018 deliveries in clusters collecting data during the entire period (i.e. 2010–2018 for all sites besides DRC
and 2014–2018 for DRC)

and Guatemala. Except for Pakistan, ≥ 2500 g neonatal
mortality was higher in infants who were not placed on
mother’s chest after delivery. Furthermore, in the African
sites, the risk of ≥ 2500 g neonatal mortality was higher
for multiple births compared to singletons.

Discussion
We examined neonatal mortality in seven sites in six
countries over the last 9 years and explored the NMR and
its risk factors in babies born alive with a birth weight
of ≥ 2500 g. Across all sites, ≥ 2500 g babies accounted
for 85% of the live-born babies and 45.4% of the neonatal
deaths. The NMR for these babies averaged 13.1 per 1000
live births across the sites from 2010 to 2018.
The Pakistan site had the highest ≥ 2500 g NMR at 29.7
per 1000 livebirths and the Kenyan/Zambian sites the
lowest at 9.3/1000. We found that the ≥ 2500 g neonatal
mortality rates declined over the last nine-year period
for the Indian and Kenyan/Zambian sites but not in Pakistan and Guatemala where no remarkable changes in
the ≥ 2500 g NMRs were observed.
Maternal factors generally associated with increased
risk of ≥ 2500 g neonatal mortality were older or
younger ages, no formal education, nulliparity or a

parity of ≥ 3, hypertensive disorders of pregnancy,
obstructed labor, a history of previous stillbirths, and
maternal death. However, other risks varied across
the sites. Lack of adequate ANC visits or less care has
been documented as a risk factor for poor pregnancy
outcomes [11]. However, the number of ANC visits
required to reduce risk remains in question. The WHO
for many years supported a recommendation of at least
four visits in resource-limited countries. However,
these guidelines were revised recently and now WHO
recommends at least eight ANC visits to achieve better fetal and maternal outcomes [11]. We also found a
higher risk of ≥ 2500 g neonatal mortality associated
with reduced ANC visits during pregnancy at some
sites. Maternal co-morbidities such as those found in
this study can adversely affect the pregnancy outcomes
and many are not sufficiently addressed in low-resource
settings. Severe postpartum hemorrhage, hypertensive disease and unplanned hospitalization were common risk factors for ≥ 2500 g neonatal mortality for all
the participating sites. The literature suggests that in
case of maternal illness or death, the chances of survival for a newborn is decreased. Babies whose mothers are severely ill may be deprived of care such as

52
(4.4)

University+

367
(30.9)

≥3

9
(1.1)

47
(5.5)

396
(46.7)

396
(46.7)

0

1

2–3

≥4

848

381
(32.1)

1–2

Number of ANC
visits, N (%)

440
(37.0)

0

1188

1076
(90.7)

Primary/Sec‑
ondary

Parity, N (%)

58
(4.9)

No formal
education

83
(7.0)

> 35

1186

766
(64.5)

20–35

Maternal Educa‑
tion, N (%)

338
(28.5)

1187

Maternal age,
N (%)

< 20

1193

Births, N

46,873
(47.9)

46,420
(47.5)

3845
(3.9)

663
(0.7)

97,801

41,472
(32.7)

49,562
(39.1)

35,763
(28.2)

126,797

5,227
(4.1)

114,782
(90.6)

6,648
(5.2)

126,657

7537
(5.9)

90,462
(71.4)

28,755
(22.7)

126,754

127,387

169
(52.2)

137
(42.3)

10
(3.1)

8
(2.5)

324

163
(50.2)

80
(24.6)

82
(25.2)

325

0
(0.0)

195
(60.0)

130
(40.0)

325

43
(13.2)

206
(63.4)

76
(23.4)

325

325

13,124
(48.7)

11,794
(43.8)

1,192
(4.4)

833
(3.1)

26,943

13,749
(51.0)

8574
(31.8)

4651
(17.2)

26,974

69
(0.3)

16,784
(62.2)

10,121
(37.5)

26,974

2,260
(8.4)

19,817
(73.5)

4872
(18.1)

26,949

26,975

817
(71.8)

304
(26.7)

16
(1.4)

1
(0.1)

1138

116
(6.8)

708
(41.2)

894
(52.0)

1718

174
(10.2)

1265
(73.9)

273
(15.9)

1712

4
(0.2)

1570
(91.3)

146
(8.5)

1720

1721

Newborn
deaths
by 28th day

Newborn
deaths
by 28th day

Newborn
deaths
by 28th day

Newborns
survived
by 28th day

India

DRC

Zambia/Kenya

Newborns
survived
by 28th day

South Asia

Africa

88,864
(75.5)

26,452
(22.5)

2184
(1.9)

133
(0.1)

117,633

8457
(5.1)

87,428
(52.5)

70,526
(42.4)

166,411

21,595
(13.0)

124,862
(75.1)

19,810
(11.9)

166,267

434
(0.3)

155,243
(93.1)

11,083
(6.6)

166,760

166,849

Newborns
survived
by 28th day

567
(37.9)

613
(40.9)

222
(14.8)

96
(6.4)

1498

940
(49.6)

533
(28.1)

421
(22.2)

1894

31
(1.6)

226
(11.7)

1,682
(86.7)

939

131
(6.8)

1743
(89.9)

65
(3.4)

1939

1941

Newborn
deaths
by 28th day

Pakistan

Table 2 Maternal characteristics for infants born alive and ≥ 2500, by Global Network region, 2010–2018

17,723
(34.3)

22,142
(42.9)

8141
(15.8)

3,636
(7.0)

51,642

32,053
(48.1)

22,750
(34.1)

11,872
(17.8)

66,675

1914
(2.8)

10,698
(15.7)

55,399
(81.5)

68,011

3703
(5.4)

61,725
(90.7)

2613
(3.8)

68,041

68,182

Newborns
survived
by 28th day

470
(61.0)

212
(27.5)

38
(4.9)

51
(6.6)

771

405
(44.6)

262
(28.9)

241
(26.5)

908

18
(2.0)

715
(78.7)

175
(19.3)

908

160
(17.6)

621
(68.5)

126
(13.9)

907

908

Newborn
deaths
by 28th day

Guatemala

Central America

40,643
(67.3)

15,036
(24.9)

2,706
(4.5)

2,007
(3.3)

60,392

22,511
(32.9)

26,770
(39.1)

19,155
(28.0)

68,436

3,275
(4.8)

55,002
(80.4)

10,155
(14.8)

68,432

6,992
(10.2)

50,296
(73.5)

11,141
(16.3)

68,429

68,441

Newborns
survived
by 28th day
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4634/91,028
(5.1)

65/748
(8.7)

8/1186
(0.7)

Last pregnancy
was not a live
birthb, n/N (%)

Maternal Death
by 42 day
follow-up, n/N
(%)

53/127,384
(0.0)

1,069
(0.8)

Evidence of
31
hypertensive
(2.6)
disease/severe
pre-eclampsia/
eclampsia,
N (%)

3/325
(0.9)

16/243
(6.6)

2
(0.6)

18/26,975
(0.1)

736/22,323
(3.3)

8
(0.0)

9/1721
(0.5)

42/824
(5.1)

72
(4.2)

Newborn
deaths
by 28th day

Newborn
deaths
by 28th day

Newborn
deaths
by 28th day

Newborns
survived
by 28th day

India

DRC

Zambia/Kenya

Newborns
survived
by 28th day

South Asia

Africa

Table 2 (continued)

88/166,849
(0.1)

2965/95,849
(3.1)

3,152
(1.9)

Newborns
survived
by 28th day

7/1925
(0.4)

150/1473
(10.2)

153
(7.9)

Newborn
deaths
by 28th day

Pakistan

87/68,181
(0.1)

3471/54,790
(6.3)

2,624
(3.9)

Newborns
survived
by 28th day

2/905
(0.2)

89/667
(13.3)

46
(5.1)

Newborn
deaths
by 28th day

Guatemala

Central America

34/68,441
(0.0)

3,721/
49,278
(7.6)

2,279
(3.3)

Newborns
survived
by 28th day
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Table 3 Relative risk of neonatal death (< 28 day) by Global Network region and maternal characteristics for infants born
alive and ≥ 2500 g, 2010–2018
Adjusted RR for Neonatal Mortality for infants ≥ 2500 g (95% CI)a
Africa

South Asia

Central America

Zambia/Kenya

DRC

India

Pakistan

Guatemala

Hospital

Ref

Ref

Ref

Ref

Ref

Clinic/Health Center

0.58 (0.38, 0.89)

0.43 (0.29, 0.64)

0.80 (0.71, 0.91)

0.95 (0.81, 1.11)

0.84 (0.51, 1.39)

Home/Other

0.66 (0.40, 1.09)

0.49 (0.32, 0.75)

1.35 (1.04, 1.76)

0.69 (0.61, 0.79)

1.07 (0.93, 1.24)

Vaginal delivery

Ref

Ref

Ref

Ref

Ref

Assisted vacuum/forceps

4.50 (2.69, 7.53)

9.01 (3.15, 25.75)

4.82 (3.28, 7.07)

1.83 (1.53, 2.20)

2.38 (0.30, 19.11)

C-section

4.32 (3.36, 5.55)

6.98 (4.16, 11.70)

1.10 (0.98, 1.23)

1.32 (1.14, 1.52)

1.08 (0.95, 1.22)

Obstructed/prolonged labor/failure
to progress

7.04 (5.48, 9.04)

15.49 (11.19, 21.44)

2.89 (2.23, 3.73)

2.71 (2.36, 3.10)

2.40 (2.09, 2.75)

Severe antepartum hemorrhage

4.80 (3.03, 7.61)

16.30 (8.70, 30.54)

4.23 (2.75, 6.52)

3.46 (2.89, 4.15)

1.90 (0.95, 3.79)

Severe postpartum hemorrhage

3.24 (2.41, 4.34)

6.94 (4.07, 11.84)

2.83 (1.78, 4.52)

2.05 (1.79, 2.34)

1.62 (1.14, 2.30)

Severe infectionb

9.88 (6.13, 15.93)

12.07 (7.00, 20.80)

3.28 (1.32, 8.14)

2.99 (2.09, 4.28)

1.72 (0.91, 3.25)

Unplanned hospitalizationb

8.56 (6.30, 11.63)

6.90 (4.24, 11.24)

2.85 (2.22, 3.66)

3.76 (2.00, 7.07)

2.84 (2.35, 3.44)

Abnormal fetal presentation

6.01 (4.69, 7.69)

8.12 (3.47, 19.01)

1.73 (1.30, 2.31)

2.74 (2.32, 3.23)

2.43 (1.72, 3.43)

Delivery Location

Delivery Mode

a

Relative risks (RR) and 95% confidence intervals from log-binomial models with generalized estimating equations to account for the correlation of outcomes within
cluster. Neonatal mortality is modeled for each factor independently, accounting for site and the interaction of factor and site. Presented RR (95% CI) are for the
interaction of factor and site to capture site-specific RRs

b

Variable added to MNH forms in 2014

breastfeeding and skin to skin contact which may result
in an increased risk of morbidity and mortality [12].
An estimated 10–15% of pregnancies will have complications and might need a cesarean section or some
other kind of assistance to facilitate delivery. In our
study, ≥ 2500 g NMR was higher among those with
vacuum and forceps assisted deliveries as compared
to vaginal delivery in most sites. If timely intervention
in the form of a cesarean section is not carried out for
mothers for certain complications, the risk of mortality
increases for the fetus, mother and newborn [13, 14].
With emphasis on facility delivery and skilled attendance at birth, more women in low-resource countries
are opting for delivery at a hospital, clinic or a health
center. Our results show that as compared to a hospital delivery, the risk for ≥ 2500 g mortality was less in
babies who were born in a clinic or a health center in
Zambia/Kenya, DRC and India but not for Pakistan
and Guatemala. We do not know the reasons for why
women or their care- givers chose a particular location
for delivery, but it seems likely that more women with
pregnancy complications deliver in hospitals in Zambia/Kenya and India, but perhaps less so in Pakistan
and Guatemala. Home delivery was associated with an
increased risk of ≥ 2500 g NMR only in the Indian sites.

For all sites except DRC, the ≥ 2500 g NMR risk was
significantly higher among babies born preterm. Risk of
NMR was also higher for multiple births in the African
sites, male gender, those with congenital anomalies and
those who were hospitalized at any time before 28 days
of life. In high-income countries, almost all babies who
are born with a birthweight of ≥ 2500 g survive, and the
causes of mortality are different from those observed
in low-income countries. In a countrywide study from
the United States, sudden unexpected death of infants
was the most common cause of infant mortality among
infants born full term [15]. In contrast, common causes
of ≥ 2500 g neonatal mortality in LMICs are prematurity,
asphyxia and sepsis [5, 6].
The reported proportion with congenital anomalies
in our sites was lower than reported from high- income
countries, likely due to the low rates of X-rays, ultrasound
and autopsies in these regions. Our results also show a
higher risk of ≥ 2500 g neonatal mortality among babies
born with congenital abnormalities at all the sites. Many
anomalies cannot be treated in low-resource settings and
that factor may account for some of the mortality associated with anomalies.

404
(33.9)

1193

Home/Other

Delivery Mode,
N (%)

1876
(1.5)

6145
(4.8)

1029
(0.8)

2939
(2.3)

380
(0.6)

375
(0.7)

1198/127,328
(0.9)

73
(6.1)

317
(26.6)

Severe antepartum 48
(4.0)
hemorrhage,
N (%)

Severe postpartum 88
(7.5)
hemorrhage,
N (%)

34
(6.1)

27
(5.6)

67/1192
(5.6)

Obstructed/
prolonged
labor/failure to
progress, N (%)

Severe infectiona,
N (%)

Unplanned
hospitalizationa,
N (%)

Abnormal fetal
presentation,
n/N (%)

705
(0.6)

124,806
(98.0)

127,387

44,527
(35.0)

59,520
(46.7)

23,339
(18.3)

127,386

127,387

C-section

Assisted vacuum/ 29
forceps
(2.4)

1091
(91.5)

462
(38.7)

Clinic/Health
Center

Vaginal Delivery

327
(27.4)

1193

Hospital

1193

Delivery Location,
N (%)

9/325
(2.8)

15
(5.4)

23
(7.1)

13
(4.0)

6
(1.8)

62
(19.1)

18
(5.5)

6
(1.8)

301
(92.6)

325

70
(21.5)

206
(63.4)

49
(15.1)

325

325

89/26,955
(0.3)

185
(0.8)

152
(0.6)

151
(0.6)

26
(0.1)

348
(1.3)

214
(0.8)

56
(0.2)

26,705
(99.0)

26,975

5676
(21.0)

19,114
(70.9)

2185
(8.1)

26,975

26,975

47/1720
(2.7)

45
(9.5)

4
(0.7)

26
(1.5)

17
(1.0)

399
(23.2)

345
(20.0)

48
(2.8)

1328
(77.2)

1721

104
(6.0)

446
(25.9)

1171
(68.0)

1721

1721

2797/166,584
(1.7)

2,025
(3.6)

137
(0.2)

822
(0.5)

390
(0.2)

16,027
(9.6)

33,817
(20.3)

1007
(0.6)

132,025
(79.1)

166,849

6464
(3.9)

47,420
(28.4)

112,927
(67.7)

166,811

166,849

142/1939
(7.3)

18
(2.4)

52
(6.0)

160
(8.2)

135
(7.0)

585
(30.2)

271
(14.0)

112
(5.8)

1558
(80.3)

1941

630
(32.5)

584
(30.1)

725
(37.4)

1939

1941

1829/68,119
(2.7)

152
(0.6)

602
(2.0)

2807
(4.1)

1349
(2.0)

9146
(13.4)

903
(11.6)

2281
(3.3)

57,997
(85.1)

68,181

27,303
(40.1)

18,419
(27.0)

22,441
(32.9)

68,163

68,182

56/908
(6.2)

105
(20.6)

8
(1.5)

23
(2.5)

9
(1.0)

106
(11.7)

219
(24.1)

1
(0.1)

688
(75.8)

908

477
(52.5)

16
(1.8)

415
(45.7)

908

908

1,803/
68,418
(2.6)

3,171
(8.2)

354
(0.9)

1,110
(1.6)

361
(0.5)

3,599
(5.3)

16,291
(23.8)

31
(0.0)

52,118
(76.2)

68,440

33,668
(49.2)

1,579
(2.3)

33,194
(48.5)

68,441

68,441

Newborn deaths Newborns
by 28th day
survived by 28th
day

Newborn deaths Newborns
by 28th day
survived by 28th
day

Newborn deaths Newborns
by 28th day
survived by 28th
day

Newborn deaths Newborns
by 28th day
survived by 28th
day

Births, N

Guatemala
Newborn deaths Newborns
by 28th day
survived by 28th
day

Pakistan

India

DRC

Zambia/Kenya

Central America

South Asia

Africa

Table 4 Delivery characteristics for infants born alive and ≥ 2500, by Global Network Region, 2010–2018
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Table 5 Relative risk of neonatal death (< 28 day) by Global Network region and delivery characteristics for infants born
alive and ≥ 2500 g, 2010–2018
Adjusted RR for Neonatal Mortality for infants ≥ 2500 g (95% CI)a
Africa

South Asia

Central America

Zambia/Kenya

DRC

India

Pakistan

Guatemala

Hospital

Ref

Ref

Ref

Ref

Ref

Clinic/Health Center

0.58 (0.38, 0.89)

0.43 (0.29, 0.64)

0.80 (0.71, 0.91)

0.95 (0.81, 1.11)

0.84 (0.51, 1.39)

Home/Other

0.66 (0.40, 1.09)

0.49 (0.32, 0.75)

1.35 (1.04, 1.76)

0.69 (0.61, 0.79)

1.07 (0.93, 1.24)

Vaginal delivery

Ref

Ref

Ref

Ref

Ref

Assisted vacuum/forceps

4.50 (2.69, 7.53)

9.01 (3.15, 25.75)

4.82 (3.28, 7.07)

1.83 (1.53, 2.20)

2.38 (0.30, 19.11)

C-section

4.32 (3.36, 5.55)

6.98 (4.16, 11.70)

1.10 (0.98, 1.23)

1.32 (1.14, 1.52)

1.08 (0.95, 1.22)

Obstructed/prolonged labor/failure
to progress

7.04 (5.48, 9.04)

15.49 (11.19, 21.44)

2.89 (2.23, 3.73)

2.71 (2.36, 3.10)

2.40 (2.09, 2.75)

Severe antepartum hemorrhage

4.80 (3.03, 7.61)

16.30 (8.70, 30.54)

4.23 (2.75, 6.52)

3.46 (2.89, 4.15)

1.90 (0.95, 3.79)

Severe postpartum hemorrhage

3.24 (2.41, 4.34)

6.94 (4.07, 11.84)

2.83 (1.78, 4.52)

2.05 (1.79, 2.34)

1.62 (1.14, 2.30)

Severe infectionb

9.88 (6.13, 15.93)

12.07 (7.00, 20.80)

3.28 (1.32, 8.14)

2.99 (2.09, 4.28)

1.72 (0.91, 3.25)

Unplanned hospitalizationb

8.56 (6.30, 11.63)

6.90 (4.24, 11.24)

2.85 (2.22, 3.66)

3.76 (2.00, 7.07)

2.84 (2.35, 3.44)

Abnormal fetal presentation

6.01 (4.69, 7.69)

8.12 (3.47, 19.01)

1.73 (1.30, 2.31)

2.74 (2.32, 3.23)

2.43 (1.72, 3.43)

Delivery Location

Delivery Mode

a

Relative risks (RR) and 95% confidence intervals from log-binomial models with generalized estimating equations to account for the correlation of outcomes within
cluster. Neonatal mortality is modeled for each factor independently, accounting for site and the interaction of factor and site. Presented RR (95% CI) are for the
interaction of factor and site to capture site-specific RRs

Resuscitation at birth, most likely due to pre-delivery asphyxia, was strongly associated with mortality
at all sites. Infant hospitalization was also associated
with ≥ 2500 g neonatal mortality at all sites.
Perinatal outcomes in twin or higher order multiple
births, especially in resource-poor countries, are generally compromised. Our results also show a higher
risk of mortality in twin births even with a birth weight
of ≥ 2500 g. Maternal risk factors such as death, blood
transfusion, intensive care unit admission or hysterectomy are higher in twin pregnancies as compared to singleton pregnancies [16].
The risk of ≥ 2500 g neonatal mortality was high for
babies who were not put on mothers’ chest after delivery. Whether this was causal or could be explained
by the fact that sick newborns were not placed on the
mother’s chest, since they were receiving medical care,
is unknown. In general, skin-to-skin contact after birth
helps to maintain temperature, helps initiate early breastfeeding and promotes infant and maternal bonding [17].
This study had a number of strengths and some weaknesses. Among the strengths are the large sample size,
multiple sites, prospective data collection and standard
data collection protocols used across the sites. Weaknesses include the inability of some sites to collect all the
data required. For example, data on anemia were inconsistently collected across the sites and were not analyzed

for their association with ≥ 2500 g neonatal mortality.
Blood pressure measurements were also not made consistently across the sites and the lack of measurements,
especially in the DRC may account for the very high relative risk for hypertension reported from that site. Reporting of congenital anomalies was generally based only
on external observation and was likely not consistently
determined across the sites. Also, a small number of the
birthweights were estimated.

Conclusions
In summary, babies who were born with a birth weight
of ≥ 2500 g accounted for 45% of all neonatal deaths
across the Global Network. The NMR for these babies
was highest for the Pakistan site and was lowest for the
Zambian/Kenyan sites. A declining NMR was observed
for Zambia/Kenya and India sites. In the Pakistan and
Guatemala sites, the rates remained unchanged over
the last nine years. The mortality risks in infants born
at ≥ 2500 g were related to maternal, delivery and newborn characteristics. The NMR for those infants was
13.1 per 1000 live births, significantly higher than rates
seen in high-income countries. The NMR and decline
in mortality were not consistent across the sites. Even
among infants ≥ 2500 g, lower gestational age and
birthweight were largely associated with increased

3776
(3.2)

56
(22.8)

252
(21.6)

Hospitalization,
N (%)

Resuscitation
with bag and
mask, N (%)

1622
(1.3)

140
(0.1)

62,419
(49.0)

Congenital
11
anomaly, N (%) (4.0)

518
(43.4)

Female

64,954
(51.0)

127,373

1193

675
(56.6)

Male

Gender, N (%)

22,280
(17.6)

1436/127,383
(1.1)

203
(19.5)

> 3500 g

53,179
(41.9)

47/1193
(3.9)

300
(28.8)

3001–3500 g

39,143
(30.8)

Multiple Birth,
n/N (%)

357
(34.3)

2701–3000 g

12,328
(9.7)

32,450/126,743
(25.6)

181
(17.4)

2500–2700 g

126,930

Not placed on
525/1151
mother’s chest (45.6)
after delivery,
n/N (%)

1,041

Birthweight, N
(%)

137
(42.4)

7
(10.6)

1
(1.3)

132
(40.6)

193
(59.4)

325

11/325
(3.4)

147/301
(48.8)

45
(14.8)

102
(33.4)

104
(34.1)

54
(17.7)

305

110,938/122,852 268/325
(90.3)
(82.5)

325

282
(1.0)

67
(0.3)

6
(0.0)

12,864
(47.7)

14,110
(52.3)

26,974

271/26,975
(1.0)

6261/26,962
(23.2)

3053
(11.3)

9888
(36.7)

9378
(34.8)

4630
(17.2)

26,949

23,230/26,897
(86.4)

26,975

127,387

1193

930/1134
(82.0)

Births, N

Preterm, N (%)

Newborn
deaths
by 28th day

Newborns
survived
by 28th day

Newborn
deaths
by 28th day

753
(45.0)

186
(37.8)

63
(12.3)

697
(40.5)

1023
(59.5)

1720

7/1721
(0.4)

1148/667
(68.9)

37
(2.2)

260
(15.2)

648
(38.0)

760
(44.6)

1705

1565/1684
(92.9)

1721

Newborn
deaths
by 28th day

India

DRC

Zambia/Kenya
Newborns
survived
by 28th day

South Asia

Africa

1941

Newborn
deaths
by 28th day

3960
(2.4)

1295
(0.8)

172
(0.1)

79,055
(47.4)

87,787
(52.6)

166,842

481/166,832
(0.3)

73,206/163,580
(44.8)

3811
(2.3)

29,921
(18.0)

67,666
(40.6)

65,213
(39.1)

166,611

779
(40.3)

244
(35.9)

41
(5.6)

827
(42.6)

1114
(57.4)

1941

11/1936
(0.6)

1798/1930
(93.2)

50
(3.8)

166
(12.5)

543
(40.9)

568
(42.8)

1,327

156,270/163,795 1312/1813
(95.4)
(72.4)

166,849

Newborns
survived
by 28th day

Pakistan

Table 6 Newborn characteristics for infants born alive and ≥ 2500, by Global Network Region, 2010–2018

5765
(8.5)

366
(0.6)

397
(0.6)

32,206
(47.2)

35,969
(52.8)

68,175

415/68,154
(0.6)

62,948/68,123
(92.4)

5794
(8.5)

19,863
(29.2)

25,440
(37.4)

16,851
(24.8)

67,948

59,129/66,112
(89.4)

68,182

Newborns
survived
by 28th day

130
(14.6)

183
(41.2)

27
(6.0)

380
(41.9)

528
(58.1)

908

5/908
(0.6)

643/885
(72.7)

144
(16.3)

309
(35.0)

330
(37.3)

101
(11.4)

884

815/883
(92.3)

908

Newborn
deaths
by 28th day

Guatemala

Central America

770
(1.1)

1,656
(2.4)

175
(0.3)

32,976
(48.2)

35,462
(51.8)

68,438

204/68,441
(0.3)

39,220/
67,460
(58.1)

7,514
(11.0)

27,511
(40.2)

25,010
(36.6)

8,388
(12.3)

68,423

63,207/
67,118
(94.2)

68,441

Newborns
survived
by 28th day
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Table 7 Relative risk of neonatal death (< 28 day) by Global Network Region and newborn characteristics for infants born
alive and ≥ 2500 g, 2010–2018
Adjusted RR for neonatal mortality for infants ≥ 2500 g (95% CI)a
Africa

South Asia

Central America

Zambia/Kenya

DRC

India

Pakistan

Guatemala

2.02 (1.57, 2.59)

1.33 (0.99, 1.79)

1.62 (1.33, 1.98)

3.09 (2.84, 3.36)

1.35 (1.16, 1.56)

2500–2700 g

2.55 (1.96, 3.33)

1.14 (0.84, 1.55)

1.43 (1.17, 1.75)

3.95 (3.48, 4.49)

1.06 (0.79, 1.43)

2701–3000 g

1.61 (1.36, 1.90)

1.08 (0.80, 1.46)

1.12 (0.94, 1.34)

2.53 (2.16, 2.96)

1.16 (0.98, 1.38)

3001–3500 g

Ref

Ref

Ref

Ref

Ref

> 3500 g

1.57 (1.29, 1.92)

1.50 (1.02, 2.21)

1.12 (0.75, 1.66)

1.05 (0.82, 1.33)

1.71 (1.41, 2.07)

Not placed on mother’s chest after delivery 2.44 (1.93, 3.09)

3.43 (1.75, 6.72)

3.18 (2.54, 4.00)

1.18 (0.95, 1.47)

1.87 (1.62, 2.17)

Multiple Birth

3.51 (2.67, 4.60)

3.40 (2.00, 5.76)

1.45 (0.74, 2.83)

0.93 (0.51, 1.70)

1.85 (0.91, 3.80)

Male

1.25 (1.06, 1.47)

1.34 (1.08, 1.67)

1.33 (1.19, 1.48)

1.20 (1.08, 1.34)

1.29 (1.18, 1.41)

Female

Ref

Ref

Ref

Ref

Ref

Preterm
Birthweight

Gender

Congenital anomaly

36.51 (20.67, 64.46) 49.79 (6.71, 369.67) 101.00 (75.32, 135.43) 9.66 (7.12, 13.10)

Hospitalization

10.01 (4.39, 22.82)

Resuscitation with bag and mask, N (%)

18.55 (14.38, 23.92) 48.24 (36.86, 63.14) 29.60 (22.37, 39.16)

38.70 (20.80, 71.99) 66.43 (45.04, 97.97)

21.93 (15.86, 30.32)

57.27 (46.58, 70.41) 25.96 (18.67, 36.12)
6.57 (5.80, 7.45)

13.29 (10.87, 16.26)

a

Relative risks (RR) and 95% confidence intervals from log-binomial models with generalized estimating equations to account for the correlation of outcomes within
cluster. Neonatal mortality is modeled for each factor independently, accounting for site and the interaction of factor and site. Presented RR (95% CI) are for the
interaction of factor and site to capture site-specific RRs

NMR. Since many of the deaths in infants with birthweight ≥ 2500 g should be preventable, attention to
preventing mortality in these infants should have an
important impact on overall NMR.
Abbreviations
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WHO: World Health Organization; DRC: Democratic Republic of the Congo;
RAs: Registry administrators.
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Abstract
Background: Neonatal mortality causes a substantial proportion of the under-5 mortality in low and middle-income
countries (LMIC).
Methods: We undertook a prospective, population-based research study of pregnant women residing in defined
geographic areas in the Karnataka State of India, a research site of the Global Network for Women’s and Children’s
Health Research. Study staff collected demographic and health care characteristics on eligible women enrolled with
neonatal outcomes obtained at delivery and day 28. Cause of neonatal mortality at day 28 was assigned by algorithm
using prospectively defined variables.
Results: From 2014 to 2018, the neonatal mortality rate was 24.5 per 1,000 live births. The cause of the 28-day neonatal deaths was attributed to prematurity (27.9%), birth asphyxia (25.1%), infection (23.7%) and congenital anomalies
(18.4%). Four or more antenatal care (ANC) visits was associated with a lower risk of neonatal death compared to
fewer ANC visits. In the adjusted model, compared to liveborn infants ≥ 2500 g, infants born weighing < 1000 g RR for
mortality was 25.6 (95%CI 18.3, 36.0), for 1000-1499 g infants the RR was 19.8 (95% CI 14.2, 27.5) and for 1500–2499 g
infants the RR was 3.1 (95% CI 2.7, 3.6). However, more than one-third (36.8%) of the deaths occurred among infants
with a birthweight ≥ 2500 g. Infants born preterm (< 37 weeks) were also at higher risk for 28-day mortality (RR 7.9,
95% CI 6.9, 9.0) compared to infants ≥ 37 weeks. A one-week decrease in gestational age at delivery was associated
with a higher risk of mortality with a RR of 1.3 (95% CI 1.3, 1.3). More than 70% of all the deliveries occurred at a hospital. Among infants who died, 50.3% of the infants had received bag/mask ventilation, 47.3% received antibiotics, and
55.6% received oxygen.
Conclusions: Consistent with prior research, the study found that infants who were preterm and low-birth weight
remained at highest risk for 28-day neonatal mortality in India. Although most of births now occur within health
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facilities, a substantial proportion are not receiving basic life-saving interventions. Further efforts to understand the
impact of care on infant outcomes are needed.
Study registration The trial is registered at clinicaltrials.gov. ClinicalTrial.gov Trial Registration: NCT01073475
Keywords: Neonatal death, Cause of death, India

Background
Worldwide, about 2.8 million babies die each year before
the completion of one month of life. India contributes to
quarter of these deaths [1, 2]. In India alone, almost 0.7
million neonatal deaths were estimated to occur in 2015
[3]. Many of these neonatal deaths are believed to occur
because of potentially preventable causes such as complications of preterm birth, infectious disease and asphyxia
[4]. These three causes are estimated to be responsible for
almost 84% of the deaths [5].
World-wide, many of the neonatal deaths occur at
home and because of lack of accurate vital registration
systems, the current global mortality estimates have
limitations. In low and middle-income countries (LMIC)
such as India, the estimates may under-represent the true
burden and be inaccurate [6]. Clinician-assigned cause of
death, which is the most common method used, may be
inaccurate for several reasons, including lack of diagnostic tools such as autopsies, placental histology, X-rays, as
well as lack of routine bacterial cultures [6, 7]. We have
previously demonstrated that the Global Network Cause
of Death Algorithm can be used to classify causes of neonatal deaths across low-resource settings such as India [8,
9]. Moreover, there are limited data regarding representative rural, population-based Indian data of causes and
risk factors of neonatal mortality. Earlier Indian studies
had relatively smaller sample sizes [10–12]. This study
aimed to identify causes and risk factors of neonatal
deaths in rural Belagavi from 2014 to 2018.
Methods
This study was conducted as part of the Global Network
for Women’s and Children’s Health Research (Global
Network)’s Maternal Newborn Health Registry (MNHR),
a population based, observational study conducted in
six low-resource countries, including India [13, 14]. The
objective of the MNHR is to enrol all pregnant women
residing within defined geographic areas, study clusters, which generally have 300 to 500 deliveries per year
[15]. This analysis includes data collected from pregnant
women enrolled in the Belagavi site’s MNHR clusters
from 2014 to 2018.
All pregnant women residing within a study cluster,
or giving birth within the cluster, were approached as
early as possible during their pregnancy for inclusion in
the MNHR. Following informed consent, women were

followed by trained study staff, known as registry administrators (RAs). The RAs enrolled consenting pregnant
women and completed perinatal outcome forms for each
woman enrolled in the MNHR through 42 days postpartum. RAs collected information on prenatal services and
the health status of the mother, including age, weight,
height and educational status. Pregnancy outcomes,
neonatal interventions and treatment received were also
recorded.
The RAs also completed perinatal cause of death evaluation form if the baby died within 28 days of life. The
cause of death questionnaire was completed by the staff
interviewing the mother, family and health care providers
after the death occurred, within two weeks after death.
When available, we included hospital-based information from review of clinical records. The detailed methodology for assignment of cause of death is published
elsewhere [9]. Briefly, the algorithm first identified if
a major congenital anomaly was present. Infection is
next determined to be the cause of death if there was
no major congenital anomaly and an infection was present or suspected, such as tetanus, omphalitis, sepsis or
pneumonia. In absence of both anomaly and infection,
then the cause was assigned based on the gestational age
at birth. Asphyxia was assigned as the cause of death in
term infants if the baby had signs of breathing difficulty.
Among term infants, if no signs of difficulty in breathing
at birth or respiratory distress were present, the cause
of death was assigned as unknown. For preterm infants
between 34 and 37 weeks (or 2000–2500 g), asphyxia was
assigned as the cause if the neonate had breathing difficulties and/or the mother experienced any complications
of pregnancy. If the infant was < 34 weeks and/or < 2000 g
and none of the above conditions were present, the cause
of death was assigned as complications of prematurity.
Statistical analyses

All study data were reviewed and cleaned by research
staff and then entered into a local secure study computer
where edits were performed. Data were then transmitted
to a central data coordinating center (RTI International)
where additional edits were performed and then resolved
by the site.
Generalized linear models were used to evaluate
the relationship of potential risk factors with neonatal
death < 28 days. Relative risks, 95% confidence intervals
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and p-values were obtained from log Binomial models
as a function of each individual maternal or neonatal
characteristic using generalized estimating equations
to account for the correlation of outcomes within cluster. A predictive model for neonatal mortality < 28 days
was developed using forward selection of maternal and
neonatal characteristics associated with 28-day neonatal mortality based on the quasi-likelihood under the
Independence Model Criterion (QIC) to evaluate model
fit. Relative risks, 95% confidence intervals and p-values
were obtained from the resulting predictive multivariable
Poisson model using generalized linear model using generalized estimating equations to account for the correlation of outcomes within cluster [16].

Results
From 2014 to 2018, 47,614 women were screened (Fig. 1).
Of these, 99% were enrolled in the study. We excluded
women who did not reside within a study cluster

(N = 8578), those who died prior to delivery (N = 11),
and births that resulted in a miscarriage (N = 4929), a
medically terminated pregnancy (N = 2542) or a stillbirth (N = 884). In this analysis, 30,657 women and their
30,944 newborns were included, of which there were 758
neonatal deaths. Of these, 8 were missing the cause of
death form and were excluded, resulting in a total of 750
neonatal deaths in the cause of death analysis.
From 2014 to 2018, the neonatal mortality rate was 24.5
per 1000 live births (Table 1). This rate was highest in
2014 (28.6 per 1000) and lowest in 2018 (16.8 per 1000).
Overall, the majority of deaths were attributed to complications of preterm birth (27.9%), birth asphyxia (25.1%),
followed by infection (23.7%) and congenital anomalies
(18.4%) (Fig. 2). In 2014, the highest proportion of deaths
(33.7%) were attributed to infection followed by asphyxia
(22.8%), while 20.2% were attributed to congenital
anomalies. While in 2018, prematurity attributed deaths
(34.8%) were more common followed by asphyxia (29.2%)
and infection (15.7%).

Screened
n=47,614

CAUSE OF DEATH

Not cluster resident: n=8,578
Did not consent: n=12
Lost before delivery: n=1

Congenital anomaly

Infecon

Preterm

Birth asphyxia

Unknown

5%

Delivered
n=39,023

18%
Exclusions
Maternal death before delivery: n=11
Miscarriage: n=4,929
Medical Termination: n=2,542
Stillbirth: n=884

25%

24%
Mothers with
deliveries included
n=30,657
Live births: n=30,944
Neonatal deaths: n=758

28%

Fig. 2 Cause of 28-day neonatal mortality in Belagavi, India
2014–2018

Fig. 1 Enrollment diagram

Table 1 28-day neonatal mortality by year and cause of death 2014–2018
2014

2015

2016

2017

2018

Overall

Live births, N

6789

6623

6219

5774

5539

30,944

Neonatal mortality < 28 days, N
(Rate/1000)

194 (28.6)

167 (25.2)

153 (24.6)

151 (26.2)

93 (16.8)

758 (24.5)

Cause of death, N (%)

193

167

152

149

89

750

Congenital anomaly

39 (20.2)

31 (18.6)

25 (16.4)

31 (20.8)

12 (13.5)

138 (18.4)

Infection

65 (33.7)

45 (26.9)

25 (16.4)

29 (19.5)

14 (15.7)

178 (23.7)

Prematurity

36 (18.7)

44 (26.3)

57 (37.5)

41 (27.5)

31 (34.8)

209 (27.9)

Asphyxia

44 (22.8)

41 (24.6)

40 (26.3)

37 (24.8)

26 (29.2)

188 (25.1)

Unknown

9 (4.7)

6 (3.6)

5 (3.3)

11 (7.4)

6 (6.7)

37 (4.9)
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Table 2 shows the delivery location and birth attendant by infant status at day 28. In both groups, more than
half of the deliveries occurred with an obstetrician present and more than 70% of the deliveries occurred at a
hospital.
Next, we examined maternal characteristics of the
infants alive at day 28 compared to those who died by
day 28 (Table 3). Maternal age was not associated with
whether the infant survived to day 28 or not. Women
with no education (RR 2.13, 95% CI 1.40, 3.26) or only
primary or secondary school educations (RR 1.51, 95% CI
1.07, 2.13) had a higher risk of neonatal death compared
to women with a university education. The distribution of
body-mass-index (BMI) at first antenatal care visit (ANC)
was similar between the women with and without a neonatal death with RR of 0.95 (95% CI, 0.81, 1.11) and 1.09
(95% CI, 0.86, 1.39) for underweight and overweight categories respectively. Both nulliparous women (RR 1.30,
95% CI, 1.08, 1.56) and women with more than 2 prior
pregnancies (RR 1.54, 95% CI 1.16, 2.04) had a greater
risk of a neonatal death. Women who had received 4 or
more ANC visits had a lower risk of neonatal death compared to all groups with fewer ANC visits; however, the
gestational age at the enrolment, which corresponded to
the ANC first visit, was not significantly associated with
risk.
We next evaluated the infant characteristics (Table 4).
Infants born weighing < 2500 g had a substantially
higher risk of 28-day mortality, with the highest risk
among the lowest birth weight categories, compared to
those ≥ 2500 g. Compared to liveborn infants ≥ 2500 g,
the 28-day neonatal mortality risks were as follows: for

Table 2 Delivery attendant and location by neonatal
status at day 28
Neonatal mortality
< 28 Days

Alive at 28 days

Live births, N

758

30,185

Delivery attendant, N (%)

757

30,181

Obstetrician

428 (56.5)

15,192 (50.3)

Non-OB physician

95 (12.5)

3,212 (10.6)

Nurse/nurse midwife

189 (25.0)

10,996 (36.4)

Traditional birth attendant

4 (0.5)

102 (0.3)

Family

26 (3.4)

589 (2.0)

Self-delivery

14 (1.8)

81 (0.3)

Other

1 (0.1)

9 (0.0)

Delivery location, N (%)

757

30,182

Hospital

568 (75.0)

21,607 (71.6)

Clinic/health center

133 (17.6)

7,485 (24.8)

Home

39 (5.2)

753 (2.5)

Other

17 (2.2)

337 (1.1)

infants born weighing < 1000 g, the relative risk (RR)
was 82.6 (95% CI 75.1, 90.9); for those born weighing
1000–1499 g, the RR was 41.1 (95% CI 33.9, 49.9); and
for 1500–2499 g infants, the RR was 3.7 (95% CI 3.2, 4.3).
While 80.1% of infants weighed ≥ 2500 g at birth, numerically, the largest proportion of neonatal deaths (36.8%)
also occurred among infants in the ≥ 2500 g birthweight
category.
Preterm births were also at higher risk for 28-day mortality with a RR of 7.9 (95% CI 6.9, 9.0) compared to
infants ≥ 37 weeks. Additionally, a one-week decrease in
gestational age at delivery was associated with a higher
risk of mortality with a RR of 1.3 (95% CI 1.3, 1.3). Infants
of multiple births had a RR of 5.8 (95% CI 4.5, 7.5) for
28-day neonatal mortality compared to singletons.
We evaluated three essential newborn care (ENC)
practices. Of these, the use of both skin-to-skin contact
after birth and early breastfeeding were associated with
a decreased risk of 28-day neonatal mortality with a RR
0.3 (95% CI 0.1, 0.6) and RR 0.1 (95% CI 0.1, 0.1) respectively. Delayed bathing was not statistically associated
with mortality risk (RR 1.1, 95% CI 0.5, 2.2).
Among infants who died by day 28, about half (50.3%)
had received bag and mask ventilation at birth, less than
half (47.3%) had received antibiotics, 55.6% received oxygen, 19.5% received continuous positive airway pressure
(CPAP), and 16.0% were mechanically ventilated. In contrast, those alive at day 28, only 3.4% received bag and
mask ventilation, 6.1% received antibiotics, 5.4% received
oxygen, 1.4% received CPAP and 0.5% were mechanically
ventilated. All differences were statistically significant.
Finally, we developed a model to predict neonatal
mortality by day 28 which evaluated the maternal and
neonatal characteristics that had a statistically significant (p < 0.05) association with 28-day morality in the
univariate models (Fig. 3). Neonatal treatments and
interventions were excluded from these models as their
occurrence is likely to be impacted by underlying risk
factors as opposed to being primary risk factors themselves. Additionally, maternal characteristics (i.e., BMI)
were excluded due to their lack of significant association
with mortality. Thus, the final characteristics included
in the predictive model were gestational age at delivery,
birth weight, and the number of antenatal care visits. The
marginal R2 value for this final model is 0.223 indicating
that approximately 22% of the variability in mortality is
explained by the included potential risk factors [16]. Low
birth weight was the factor most predictive of 28-day
neonatal mortality with adjusted relative risks as follows:
infants born weighing < 1000 g RR was 25.6 (95%CI 18.3,
36.0), for 1000-1499 g infants the RR was 19.8 (95% CI
14.2, 27.5) and for 1500–2499 g infants the RR was 3.1
(95% CI 2.7, 3.6) (Fig. 3). Having fewer than four ANC
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Table 3 Maternal characteristics: infants alive at day 28 vs. those with a neonatal death
Neonatal Mortality
< 28 Days
Maternal age, N (%)

RR (95% CI)b

Wald
p-valueb

758

30,185

< 20

104 (13.7)

3842 (12.7)

1.12 (0.90, 1.41)

0.3075

20–25

487 (64.2)

20,299 (67.2)

Reference

–

26–30

145 (19.1)

5309 (17.6)

1.13 (0.94, 1.38)

0.2000

> 30

22 (2.9)

735 (2.4)

1.24 (0.83, 1.85)

758

30,183

No formal education

126 (16.6)

3555 (11.8)

2.13 (1.40, 3.26)

0.0005

Primary/Secondary

580 (76.5)

23,434 (77.6)

1.51 (1.07, 2.13)

0.0196

University +

52 (6.9)

3194 (10.6)

Reference

756

30,165

Underweight (< 18.5)

250 (33.1)

10,406 (34.5)

0.95 (0.81, 1.11)

0.5132

Normal (18.5–24.9)

447 (59.1)

17,633 (58.5)

Reference

–

Overweight (≥ 25)

59 (7.8)

2126 (7.0)

1.09 (0.86, 1.39)

758

30,183

0

329 (43.4)

11,585 (38.4)

1.30 (1.08, 1.56)

0.0060

1–2

360 (47.5)

16,561 (54.9)

Reference

–

≥3

69 (9.1)

2037 (6.7)

1.54 (1.16, 2.04)

0.0026

758

30,183

0–1

21 (2.8)

127 (0.4)

9.11 (6.16, 13.45)

< .0001

2

108 (14.2)

914 (3.0)

6.77 (4.75, 9.65)

< .0001

3

218 (28.8)

6152 (20.4)

2.26 (1.86, 2.74)

< .0001

≥4

411 (54.2)

22,990 (76.2)

Reference

–

756

30,091

< 8 weeks

283 (37.4)

10,892 (36.2)

Reference

–

8.0–11.6 weeks

247 (32.7)

11,006 (36.6)

0.87 (0.74, 1.01)

0.0686

12.0–20.0 weeks

177 (23.4)

6422 (21.3)

1.06 (0.85, 1.32)

0.5987

> 20,0 weeks

49 (6.5)

1771 (5.9)

1.07 (0.78, 1.47)

0.6814

Maternal education, N (%)

Body Mass Index, N (%)

Parity, N (%)

Number of antenatal care visits, N (%)

Gestational age at enrollment, N (%)

a

Alive at 28 Days

0.5303

0.2935
0.0012

–
0.5449

0.4751
0.0003

< .0001

0.2470

For multiple pregnancies the same maternal information is repeated for each infant

b

Relative risks and p-values are obtained from log Binomial models a function of each individual maternal characteristic using generalized estimating equations to
account for the correlation of outcomes within cluster

visits also was predictive of 28-day neonatal mortality
with the RR for having 0–1 visits most predictive (RR
1.6, 95% CI 1.2, 2.2). Lastly, the risk of 28-day mortality
increases for each one-week decrease in gestational age
at delivery (RR 1.1, 95% CI 1.1, 1.1).

Discussion
This study of more than 30,000 births in rural India, collected from a population-based prospective registry,
found that prematurity/low birthweight was the largest
cause of death. This finding is consistent with a recent
national study from India that found that prematurity
contributed to 27% of under-five mortality [3]. In our
study, neonatal infection and birth asphyxia were also
important contributors to neonatal mortality. Among all
live births, a birth weight < 1500 g had the largest association with risk of 28-day neonatal death. Other factors
associated with increased risks of neonatal mortality

included low levels of maternal education, high and low
parity, and fewer ANC visits.
The strengths of this study included the prospective
enrolment of pregnant women with a 99% follow-up
through 28-days post-delivery. Study data were collected
by trained study staff using a common protocol. A common methodology was used to assign cause of death
using a prospectively designed algorithm. An important
limitation of the study was our ability to interpret the
ENC interventions and their impact on risk of mortality.
Because the status of the baby may influence the likelihood of the infant to receive both ENC and other interventions, there was an inherent bias in the association of
the intervention to mortality risk. That said, it was interesting to note that only about half of the infants who died
had received the basic treatments of antibiotics or oxygen
prior to their death, despite the majority now being delivered within the formal health system.
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Table 4 Neonatal characteristics, interventions and treatment by neonatal outcome at 28 days
Neonatal mortality
< 28 Days
Birth weight, N (%)
< 1000 g

Alive at
28 Days

750

30,184

108 (14.4)

8 (0.0)

RR (95% CI)b

Wald
p-valueb

82.63 (75.10, 90.91)

< .0001

< .0001

1000-1499 g

112 (14.9)

130 (0.4)

41.12 (33.90, 49.87)

< .0001

1500-2499 g

254 (33.9)

5872 (19.5)

3.68 (3.17, 4.26)

< .0001
–

≥ 2500 g

276 (36.8)

24,174 (80.1)

Reference

GA at delivery (weeks)a, Mean (sd)

34.7 (5.7)

38.8 (2.3)

1.28 (1.27, 1.30)

< .0001

Preterm, N (%)

364 (48.0)

2871 (9.5)

7.91 (6.92, 9.04)

< .0001

Multiple, N (%)

75 (9.9)

497 (1.6)

5.83 (4.51, 7.54)

< .0001

Essential newborn care
Baby placed on mother’s chest, N (%)

65 (8.8)

7258 (24.1)

0.28 (0.13, 0.57)

0.0006

Baby bathed within 6 h, N (%)

3 (0.4)

115 (0.4)

1.07 (0.52, 2.24)

0.8480

Breastfeeding initiation within 1 h, N (%)

128 (17.5)

21,114 (70.0)

0.08 (0.06, 0.11)

< .0001

Newborn treatment

a

Bag and mask resuscitation, N (%)

379 (50.3)

1018 (3.4)

21.88 (18.48, 25.90)

< .0001

Antibiotics, N (%)

357 (47.3)

1837 (6.1)

11.81 (9.67, 14.42)

< .0001

Oxygen, N (%)

420 (55.6)

1615 (5.4)

18.26 (14.89, 22.39)

< .0001

CPAP, N (%)

147 (19.5)

434 (1.4)

13.61 (9.77, 18.98)

< .0001

Mechanical ventilation, N (%)

121 (16.0)

153 (0.5)

21.65 (17.00, 27.58)

< .0001

Relative risk for a 1-week decrease in gestational age at delivery

b

Relative risks and p-values are obtained from log Binomial models as a function of each individual neonatal characteristic using generalized estimating equations to
account for the correlation of outcomes within cluster

Fig. 3 Predictive model for 28-day neonatal mortality

In conclusion, the study results point to the important
association between prematurity as well as low-birth
weight and 28-day neonatal mortality in India. We also
noted that although the majority of births occur within
health facilities, a relatively low number of infants who
died received life-saving interventions. Further efforts to

understand the impact of care on newborn outcomes are
needed.
Abbreviations
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Abstract
Background: The Global Network for Women’s and Children’s Health Research (Global Network) conducts clinical
trials in resource-limited countries through partnerships among U.S. investigators, international investigators based in
in low and middle-income countries (LMICs) and a central data coordinating center. The Global Network’s objectives
include evaluating low-cost, sustainable interventions to improve women’s and children’s health in LMICs. Accurate
reporting of births, stillbirths, neonatal deaths, maternal mortality, and measures of obstetric and neonatal care is
critical to determine strategies for improving pregnancy outcomes. In response to this need, the Global Network
developed the Maternal Newborn Health Registry (MNHR), a prospective, population-based registry of pregnant
women, fetuses and neonates receiving care in defined catchment areas at the Global Network sites. This publication
describes the MNHR, including participating sites, data management and quality and changes over time.
Methods: Pregnant women who reside in or receive healthcare in select communities are enrolled in the MNHR of
the Global Network. For each woman and her offspring, sociodemographic, health care, and the major out‑
comes through 42-days post-delivery are recorded. Study visits occur at enrollment during pregnancy, at delivery and
at 42 days postpartum.
Results: From 2010 through 2018, the Global Network MNHR sites were located in Guatemala, Belagavi and Nagpur,
India, Pakistan, Democratic Republic of Congo, Kenya, and Zambia. During this period at these sites, 579,140 pregnant
women were consented and enrolled in the MNHR, nearly 99% of all eligible women. Delivery data were collected
for 99% of enrolled women and 42-day follow-up data for 99% of those delivered. In this supplement, the trends over
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time and assessment of differences across geographic regions are analyzed in a series of 18 manuscripts utilizing the
MNHR data.
Conclusions: Improving maternal, fetal and newborn health in countries with poor outcomes requires an under‑
standing of the characteristics of the population, quality of health care and outcomes. Because the worst pregnancy
outcomes typically occur in countries with limited health registration systems and vital records, alternative registration
systems may prove to be highly valuable in providing data. The MNHR, an international, multicenter, populationbased registry, assesses pregnancy outcomes over time in support of efforts to develop improved perinatal healthcare
in resource-limited areas.
Trial Registration The Maternal Newborn Health Registry is registered at Clinicaltrials.gov (ID# NCT01073475). Regis‑
tered February 23, 2019. https://clinicaltrials.gov/ct2/show/NCT01073475
Keywords: Registry, Perinatal mortality, Neonatal mortality, Stillbirth, Maternal mortality, Global network

Introduction
Accurate data are critical to understanding the progress in reducing maternal, fetal and neonatal mortality
over time and across countries as well as to measure the
impact of interventions designed to reduce mortality [1].
Historically, pregnancies are not accurately registered in
many low-resource settings and maternal, fetal and newborn deaths have not been counted. To estimate pregnancy outcomes in these settings, periodic household
surveillance studies have been supported, yet these have
well-documented limitations including recall bias [2]. On
the other hand, many of the research studies addressing
pregnancy outcomes have been done in hospitals, which
provides an incomplete picture of outcomes in lowresource settings, especially where many births occur at
home [3]. These data on pregnancy and birth outcomes
are critical to understand and ultimately improve pregnancy outcomes in low-resource settings.
The Global Network’s Maternal Newborn Health Registry (MNHR) is a prospective, population-based registry implemented in the catchment areas of low-resource
countries [4–11]. The MNHR began in 2008 in research
sites in Argentina, Guatemala, India (2 sites), Pakistan,
Kenya and Zambia. In subsequent funding cycles, sites in
the Democratic Republic of the Congo (DRC) and most
recently, Bangladesh were added. The site in Argentina
left the Global Network because it became ineligible, due
to its rising economic status.
The MNHR provides data to assess the trends in pregnancy outcomes over time and between regions in order
to provide population-level data for defined geographic
areas. For example, we have observed that while there
have been modest declines in the major outcomes of
interest, including stillbirth, 28-day neonatal mortality
and maternal mortality, these rates remain substantially
higher than observed in high-income countries [10]. Of
the participating sites, Pakistan continues to have the
highest rates of adverse outcomes followed by the DRC
site [11]. Additionally, the MNHR provides data on birth

outcomes for individual trials as well as epidemiologic
studies to inform further research. Following the FIRST
BREATH trial of newborn resuscitation [12], the MNHR
informed results of the many of the major Global Network trials, including the Antenatal Corticosteroids Trial,
the FIRST LOOK ultrasound and preconception nutrition trials and more recently, the trial of low-dose aspirin to reduce risk of preterm birth [13–17]. Thus, because
accurate data are needed not only to assess trends but
also to evaluate the impact of interventions, the MNHR
has been an important source of accurate pregnancyrelated information to inform both local and global estimates of maternal and newborn mortality.
The objective of this publication was to describe the
MNHR, including an overview of the study sites, its
organization and management, methods of data collection and the changes over time. Additional descriptive
data for the sites and major pregnancy outcomes including stillbirth, and maternal and neonatal mortality from
the MNHR are in the manuscripts in this supplement
[18–20].

Methods
MNHR organization and management

The MNHR is conducted within the Eunice Kennedy
Shriver National Institute of Child Health and Human
Development (NICHD) Global Network for Women’s
and Children’s Health Research (Global Network). The
Global Network has been funded by NICHD since 2001
as a cooperative agreement, comprising grantees representing a partnership between U.S. academic institutions
with institutions based in a low or low-middle income
country [6]. The Global Network conducts both interventional as well as observational studies addressing pregnancy and child outcomes.
The MNHR Steering Committee, consisting of investigators from each site and a representative from the
NICHD and the Data Coordination Center (DCC),
guides the general conduct of the MNHR. The Steering
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Committee oversees the use of MNHR data, data
analyses and publications. Over the study period, the
sites participating in MNHR have evolved. In 2008,
the MNHR was initiated at the sites based in Argentina, Guatemala, Belagavi and Nagpur, India, Pakistan,
Kenya, and Zambia. In 2013, following the NICHD’s recompetition of the Global Network, the site in Argentina, which no longer met the World Bank criteria for
low or low/middle income, was replaced by a site based
in the DRC. The Bangladesh site joined the Global
Network and began MNHR data collection in 2019
(Table 1).
At each site, the MNHR is overseen by the senior
site investigator and study coordinator. One or more
field supervisors at each site then manage the daily
field activities for the MNHR. Each cluster employs a
research administrator (RA) who is responsible for data
collection, entry, and transmission of data to the DCC.
Typically, the RAs are healthcare providers within the
community. The RAs work closely with the existing
healthcare service providers to help ensure that data
describing pregnancies are comprehensive and accurate, as described elsewhere [7]. This study enrollment
has been facilitated through community leaders (e.g.
village elders and ministry of health officials) and the
RAs may access medical charts of participating health
facilities (e.g. delivery logs). In addition to field staff,
each site employs a data manager to ensure accurate

data entry, identifying and resolving edits to improve
the data quality.
Global Network MNHR sites

The Global Network sites have been funded through
five-year grants and thus the sites have changed since the
Global Network’s initiation in 2001 (Fig. 1). This section
describes the sites that were active as of 2019.
South Asian sites
Bangladesh

The site comprises two sub-districts of Tangail district,
located about 60 miles northwest of the capital, Dhaka,
where the research coordinating center is based. Each
cluster has a primary health care center, which is staffed
by a Family Welfare Visitor and a Sub-Assistant Community Medical Officer. The clusters also have community clinics, the lowest tier heath facility, two in each
cluster, each of which is staffed by a community health
care provider. In addition to the public health facilities, the sub-districts also have private clinics/hospitals,
which provide inpatient maternal and child-care services
including cesarean delivery. The private clinics have general practitioners and some specialists (obstetricians and
pediatricians) working mostly on an on-call basis.
Years of participation: 2019—present

Table 1 Sites of the global network for women’s and children’s health research
Location of site

In-country institution

US institution

Senior foreign
principal
investigator

US principal investigator

Democratic Republic of Congo Kinshasa School of Public
Health, Kinshasa

University of North CarolinaChapel Hill

Antoinette Tshefu

Carl Bose

Kafue and Chongwe Provence, University Teaching Hospital,
Zambia
Lusaka

University of Alabama at
Birmingham

Elwyn Chomba

Waldemar Carlo

Busia, Bungoma and Kaka‑
mega Counties, Kenya

Moi University, Eldoret, Kenya

Indiana University School of
Medicine

Fabian Esamai

Edward Liechty

Jawaharlal Nehru Medical Col‑
lege, Belagavi

Thomas Jefferson University,
Philadelphia PA

Shivaprasad Goudar Richard Derman

African region

Asia region
Belagavi, Karnataka, India
Thatta, Pakistan

Aga Khan University, Karachi

Columbia University

Sarah Saleem

Robert Goldenberg

Nagpur, India

Lata Medical Research Founda‑
tion

Boston University

Archana Patel

Patricia Hibberd

Dhaka, Bangladesh

icddr,b

University of Virginia

Rashidul Haque

William Petri

Chimaltenango, Guatemala

Instituto de Nutrición de Cen‑
troamérica y Panamá (INCAP),
Guatemala City

University of Colorado School of Lester Figueroa
Medicine

Nancy Krebs

Data Coordinating Center

RTI International, Durham, NC

Central America

Elizabeth McClure
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Fig. 1 Map of Global Network research sites. Note: Original includes those which initiated the study in 2008; current includes those sites active in
MNHR as of 2019

India (Belagavi)

The research site is within the northwestern corner of
the southern state of Karnataka, India, with the site coordinating center located in Belagavi. Each of the clusters
corresponds to the service areas of one or more primary
health centers. Each is managed by a physician medical
officer who works with nursing staff and auxiliary nurse
midwives in associated sub-centers, the most peripheral
outpost of the health care services. There are three tertiary care hospitals and eight secondary care hospitals
serving the region as referral hospitals staffed by obstetricians, pediatricians and nurses. In addition to these public sector health facilities, there are several private sector
maternity facilities within the site catchment area.
Years of participation: 2008—present
India (Nagpur)

The research site is within the state of Maharashtra,
India, with the coordinating center based in Nagpur.
Each of the clusters corresponds to the service area of
20 primary health centers, and each is served by physician medical officers and nurses. These areas include 117

sub-centers where basic maternal and childcare services
are provided. Referral care within the districts of the
clusters is provided in ten tertiary hospitals (two in the
public sector and eight in the private sector), and 30 secondary hospitals under public sector. In addition to these
facilities, there are more than 100 private sector secondary level hospitals and nursing homes.
Years of participation: 2009—present
Pakistan (Thatta)

Research sites are located in two of five sub-districts
within the Thatta district in the southern Sindh province.
Sindh is near the city of Karachi, where the site coordinating center is located at Aga Khan University. The
study clusters are served by more than 75 health facilities, both public sector and private fee-for-service, providing maternal and child health services. These include
47 primary health clinics, 25 secondary care facilities
and 3 referral hospitals. Care in primary health clinics is
typically provided by either paramedical staff, including
nurses and lady health visitors or non-specialist physicians. Obstetricians and pediatricians provide care in
secondary and referral hospitals.
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Years of participation: 2008—present
Sub‑Saharan Africa sites
Kenya

The research site is within the western region of Kenya
in the counties of Busia, Bungoma and Kakamega, with
the site coordinating center located at Moi University, in
Eldoret. The clusters are served by over 20 health facilities, most operated by the government and staffed by
nurse-midwives and clinical officers and a single medical officer. Three hospitals in the area function as county
referral hospitals. There is a one tertiary teaching and
referral hospital based in Eldoret for the western region
with a newly established training program in maternal fetal medicine. Most physicians are generalists, with
some trained obstetricians and pediatricians.
Years of participation: 2008—present
Zambia

The MNHR is based south and east of the capital city of
Lusaka, Zambia, in four main districts (Kafue, Chilanga,
Rufusa and Chongwe) where all the work is conducted.
The site coordinating center is located at the University
of Zambia, in Lusaka. There are ten clusters, eight of
which have health posts. Care is provided primarily by
nurses and midwives in the health center and posts and
by traditional birth attendants for home births. Currently,
there are three district hospitals and two referral hospitals in Lusaka, namely University Teaching Hospital and
Levy Mwanawasa Teaching Hospital. Pediatricians and
obstetricians are available only in the referral centers.
Years of participation: 2008—present
Democratic Republic of Congo

The research sites are in the North and South Ubangi
Provinces, with the site coordinating center at Kinshasa
School of Public Health, in Kinshasa. Each of the study
clusters is served by a health center. Care in health centers is provided by nurses. There are two hospitals serving
the study catchment area that are staffed by physicians,
nurse midwives and nurses; no specialty physicians are
available.
Years of participation: 2013—present
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health centers by physicians and nurses, and in health
posts by auxiliary nurses.
Years of participation: 2008—present
Study population

The objective of the MNHR is to register each pregnant
woman residing within the designated communities,
also referred to as clusters, and to collect data on these
pregnancies and their outcomes. Each cluster is defined
by a geographic area including all households within the
area. For a cluster to be eligible for the MNHR, generally
it needs to be based on a population with approximately
300 to 500 deliveries annually, although the specific numbers may differ. The clusters usually correspond to existing healthcare service delivery areas, such as an area or
zone defined by the ministry of health in the participating
country. Each site currently has between 8 to 10 active
study clusters, but in prior years, some sites have had up
to 24 clusters. Altogether, the MNHR enrolls approximately 60,000 pregnant women annually [5].
Pregnant women, and their newborns, who are residents of the study clusters are eligible to participate in
the MNHR.
Enrollment procedures

Study staff created and maintain detailed maps of the
health facilities serving each cluster and a log of all providers (e.g. traditional birth attendants) who attend
deliveries outside of facilities. A variety of surveillance
methods have been utilized to identify pregnant women
as early as possible. The study RAs proactively identify
women at or prior to antenatal care (ANC) through sensitization activities. In addition, they engage all active
birth attendants in the clusters in order to facilitate the
documentation of facility as well as home deliveries. On
a routine basis, the RAs review hospital and clinic logs
for enrollment at ANC as well as for facility births. The
study team monitors cluster-level monthly data to identify trends that may indicate missed enrollments. Use of
mobile phones is one strategy that has proven effective to
facilitate identification and tracking of women at several
sites [8]. In addition, sites conduct household surveys to
help identify women who are eligible for the MNHR [4].
Data collection

Central American site
Guatemala

The Chimaltenango region is in the Western Highlands
of Guatemala, with the coordinating center based in Guatemala City. The study clusters are served by one referral
hospital, 30 health centers, and 42 health posts. Maternal and infant care in the hospital is provided mainly by
obstetricians, pediatricians, and general physicians, in

Data are formally collected at three time-points, at
enrollment during pregnancy, within 72 h of delivery and
at 42-days post-partum. Additional contacts are made
between these formal data collection visits to maintain
connection with the pregnant woman and her family.
The RA collects data on socio-economic, demographic,
health care characteristics and pregnancy outcomes.
Standard definitions are used to classify certain outcomes
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and characteristics. For example, gestational age is estimated using ultrasound, last menstrual period (LMP),
or clinical data such as physical examination, and other
available information when LMP is unknown. An algorithm, based on recommendations from the American
College of Obstetrics and Gynecology, then assigns the
gestational age and estimated delivery date for the study
[21]. With introduction of ultrasound at many sites, the
use of ultrasound-based gestational age has increased
over the study period [14]. In addition, the objective is to
measure birth weight within 48 h of delivery using weighing scales provided by the study. When birth weight is
not obtained, weight is estimated by the RA to distinguish infants weighing less than and greater than 1000 g
and 2500 g. Birth attendants are classified as physicians,
nurses or equivalent, traditional birth attendants (TBA)
or equivalent, family or unattended, while the delivery
location is defined as hospital, health center or home
(including the TBA’s home or in-transit). Finally, receipt
of ANC is defined as having at least one health care visit
with a skilled health provider, but the specific number of
visits is also documented.
The clinical conditions are recorded by RAs, using the
WHO definitions, whenever possible [22]. The major
outcomes include stillbirths (fetal demise after 20 weeks
gestation and prior to delivery), neonatal death (death
at < 28 days), and maternal mortality (death of mother
during pregnancy or up to 6-weeks postpartum). These
standardized definitions are used to collect the data
across the sites, with a manual of operations and training
materials used to reinforce the definitions across study
sites [9].
The causes of maternal, stillbirth and neonatal deaths
are assigned by physicians at each site based on their
evaluation of the available clinical information for each
case. Prior to 2014, the Global Network did not have a
methodology for assigning cause of death systematically
across sites, resulting in potential inconsistency across
the sites. In 2014, an additional data form was added to
collect supplemental data about the deaths and a hierarchal computer-based system to assign cause of death
using a prospectively defined methodology was implemented for maternal and neonatal deaths as well as stillbirths [23, 24]. In 2019, a more in-depth socio-economic
status data collection tool was added to the MNHR to
obtain more granular assessment of the women’s status
[25].
Data management system

Study staff collect all data for women within each cluster;
a supervisor then reviews the forms for completeness and
accuracy. The computerized data management system
also contains basic inter- and intra-form checks. Each
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site transmits data to the DCC for central analyses and
additional data edits to ensure quality [9]. Routine monitoring reports are reviewed at least monthly by each site
team to resolve data errors.
Quality assurance and training

The RAs receive training on the completion of data
forms, schedule of data collection and the process for
editing data forms [9]. Birth attendants are trained to collect data and assess basic clinical variables and outcomes,
including differentiation of stillbirths from early neonatal
deaths, birth weight and assessment of gestational age.
Birth attendants are also taught to distinguish macerated
from fresh stillbirths using pictures depicting levels of
maceration.
At each site, the RAs have monthly meetings to review
their data collection and have refresher training on study
definitions on an annual basis, with specific training held
more frequently as needed.
Each site develops a monitoring plan to ensure the
quality of the data. The monitoring plan has several components, including a timetable for responding to edits
and an assessment of responsibility for completeness
of data collection, data quality, data accuracy and data
entry [7, 9]. The compliance with the plan is also tracked
centrally.
To assist site staff with monitoring activities, the DCC
prepares monthly monitoring reports that document
trends in study data for key variables. Site-specific programs are also deployed to assist each site in monitoring
data locally. Additionally, site visits are conducted routinely by the DCC, NICHD and the core investigator to
review the overall study progress as well as the quality of
the data collection.
Ethical approval

The appropriate institutional review boards or ethics
research committees of the participating institutions
and the ministries of health of the respective countries
approve the activities of the MNHR. Initially, approval
was sought from the appropriate leader of the participating community. Informed consent for study participation
is requested from each pregnant woman (and her partner when available). The Global Network Data Monitoring Committee, appointed by the NICHD, oversees and
reviews activities of the MNHR at bi-annual meetings.

Results
Since the inception of the MNHR in 2008, more than
700,000 pregnant women have been enrolled. During
the calendar years 2010–2018, 579,140 pregnant women
were enrolled in the MNHR, representing 99.8% of those
eligible (Table 2). Of the pregnancies enrolled, delivery
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Table 2 Enrollment in the Maternal Newborn Health Registry 2010–2018 by study site
Enrollment summary

Overall

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

Screened, N

582,768

32,449

63,415

75,796

85,467

135,481

87,923

102,237

Ineligible, N (%)

2543 (0.4)

0 (0.0)

2 (0.0)

24 (0.0)

72 (0.1)

1 (0.0)

1 (0.0)

2,443 (2.4)

Eligible, N (%)

580,225 (99.6) 32,449 (100)

63,413 (100)

75,772 (100)

85,395 (99.9) 135,480 (100)

87,922 (100)

99,794 (97.6)

Did not consent, N (%)

1085 (0.2)

0 (0.0)

3 (0.0)

978 (1.1)

0 (0.0)

81 (0.1)

Consented, N (%)

579,140 (99.8) 32,449 (100.0) 63,413 (100)

75,769 (100.0) 84,417 (98.9) 135,457 (100)

87,922 (100)

99,713 (99.9)

Lost prior to delivery, N (%)

5992 (1.0)

1,554 (2.1)

373 (0.4)

2,189 (2.2)

Delivered, N (%)

573,148 (99.0) 31,926 (98.4)

63,017 (99.4) 74,215 (97.9)

83,523 (98.9) 135,394 (100)

42-day follow-up obtained
for mother and baby,
N (%)

570,770 (99.6) 31,841 (99.7)

62,619 (99.4) 73,823 (99.5)

83,287 (99.7) 135,319 (99.9) 87,305 (99.7) 96,576 (99.0)

0 (0.0)
523 (1.6)

396 (0.6)

894 (1.1)

23 (0.0)
63 (0.0)

87,549 (99.6) 97,524 (97.8)

Fig. 2 Gestational age at enrollment in the Maternal Newborn Health Registry, by year, 2010–2018

data were documented for 99% of women and 42-day
follow-up for 99% of women enrolled. The gestational
age (GA) at enrollment has varied by site, with the more
recent data showing that about 40% of all women are
enrolled by < 14 weeks gestation (Fig. 2).
Since the inception of the MNHR, several changes in
methodology have been made to improve the quality and
accuracy of data collection over the course of the study.
First, completeness and accuracy of birth weight
measurement has improved (Fig. 3). While measurement of the infants born alive has been consistently
high (near 98% of all live births), during the 2010–2012
time period, less than half of all stillbirths (48%) were

weighed. In the 2016–2018 period, 81% of the stillbirths were weighed. Similar improvements have been
made in the measurement of birth weight among early
neonatal deaths.
Improvements have also been made in early enrollment of pregnancy (Fig. 2). The initial objective of the
MNHR was to enroll all women by 20 weeks gestation.
As sites achieved that goal, enrollment at 10–12 weeks
became the new target in order to obtain more complete
enrollment and to better document early pregnancy loss.
Enrollment at early gestational ages now occurs for a substantial proportion of all women, in part due to methods
first implemented for other research studies [14–17].
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Fig. 3 Percent of births with weight measured by fetal/neonatal status at delivery and year of MNHR study, 2010–2018

Another improvement that occurred within the
MNHR is the increased number of women who receive
ultrasound for gestational age dating. The limitations
of dating by last menstrual period are well-documented [14, 26]. With advancements in low-cost technology and the implementation of studies in the same
catchment areas that utilized ultrasound, gestational
age dating using this technology is becoming more
common [15].
Finally, women have increasingly sought care in
health facilities [10]. As a result of this and other shifts
in demographics that have occurred at most sites over
time, several key variables, including hemoglobin
measurement, are becoming more routine at antenatal care and thus more readily available for MNHR
data collection. Data such as these are important as we
delve more deeply into factors explaining differences
in pregnancy outcomes between study sites.
In addition to the changes in the data collection process, each site has made changes in their study clusters
over time for various reasons, including addressing
needs of clinical trials (i.e., for a larger number of clusters) or to reduce the size of clusters. When analyses
are performed to assess trends over time, the MNHR
analyses often include only data from the clusters
which continued over the period of interest.

Discussion
Developing public policy and improving public health
in countries with poor perinatal outcomes is, in part,
dependent upon understanding the outcome of every
pregnancy. Because the worst pregnancy outcomes typically occur in countries with limited health registration
systems and vital records, alternative registration systems
may be valuable in providing crucial data. One alternative is using a survey system, such as the Demographic
and Health Survey (DHS). The DHS has conducted surveys in more than 90 low- and middle-income countries
since 1984 [2]. It is widely used for country comparisons
but is handicapped in this capacity because it is often
adapted by individual countries to suit national needs for
specific data.
By contrast, the MNHR has the advantage of using
the same data set, data gathering techniques and standard definitions across all sites. The MNHR also is an
ideal tool for evaluating the effectiveness of strategies
of care because, unlike with the use of periodic surveys, data are collected continuously over time within
the same population-based cohort. This strategy enables investigators to determine the impact of interventions to improve outcomes, to monitor trends over
time, and to evaluate the changing patterns of perinatal
care to inform health policy. In addition to evaluating
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interventions, the MNHR data have informed a number
of global initiatives to understand the maternal, stillbirth and maternal and newborn mortality in LMICs
[27–29].
The Global Network MNHR provides prospectively
collected, population-based pregnancy outcomes for
defined geographic regions within low resource settings.
One of the strengths of the MNHR is the populationbased nature of the MNHR, which reduces potential bias
present in facility-based pregnancy registries. Additionally, because it is a prospective study, it reduces some of
the recall bias associated with periodic surveys [2, 30].
Additionally, the MNHR uses standardized definitions
and methods across disparate sites that allows for comparisons. Finally, the large annual enrollment allows for
increased precision in documentation of relatively rare
events, such as maternal mortality.
One of the limitations of the MNHR is the difficulty
in ensuring the inclusion of all pregnancies, and especially those with early pregnancy loss. We acknowledge
that pregnancies resulting in miscarriages and terminations are currently under-reported. Historically, at most
sites, enrollment in the MNHR has been at the time of
the first prenatal visit, and this was often after the first
trimester. Some sites are now using multiple strategies
to encourage earlier initiation of prenatal care. The Belagavi site, for example, screens all women residing within
study clusters who are likely to become pregnant in the
next year [31]. As part of the health system, these women
are offered pregnancy tests and with consent, the results
are provided to the MNHR staff. This linkage facilitates
most pregnant women being enrolled before the second
trimester, which allows for accuracy in analyses of early
loss rates.
While we acknowledge potential of missed enrollments, we believe that our enrolled populations approach
the vast majority of all women whose pregnancies reach
the second trimester, based on comparison at each site
with other existing data. For example, in a recent report
from the Belagavi site, birth rates reported by the MNHR
were higher than projected based on ministry data and
other sources, indicating that the surveillance for the
MNHR was more comprehensive than the available census data [7]. Some sites encounter challenges in tracking
the outcomes of pregnant women who migrate in or out
of the study clusters, for example women who travel to
the homes of their mothers at the time of delivery. To
address these challenges, the MNHR intentionally enrolls
all pregnant women identified, regardless of residency
and among those who migrate, attempts to obtain minimum data on the pregnancy outcomes via phone or other
contact. To facilitate this, numerous systems have been
developed and, through monitoring, a relatively stable
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enrollment rate has been achieved in the affected study
clusters.
Some challenges exist in categorizing critical pregnancy outcomes. For example, the proper classification of intrapartum stillbirth versus very early neonatal
death and macerated versus non-macerated stillbirth are
particularly challenging outcomes [32]. Additionally,
determining accurate birth weights of certain groups of
infants is difficult. Often the outcomes are challenging
to determine due to births occurring outside a facility.
For example, obtaining the weight of stillbirths in some
communities may not possible because weighing a dead
infant is not culturally acceptable. Acquiring an accurate
birth weight of a live-born infant delivered at home is
often difficult because of the time to confirm a delivery
occurred and reach the home and thus it is difficult to
weigh the infant within a few days after birth. To overcome this challenge, strategies have included home visitation and providing village chiefs with scales [8]. Despite
these issues, over the entire registry we have achieved a
measured birth weight for 98.5% of all births in recent
years.

Conclusions
In this supplement, a series of manuscripts describe features of the MNHR and detail key data available from
the MNHR since 2010. These include manuscripts that
describe the methods to ensure quality of data collection, maternal mortality, neonatal mortality and stillbirth.
Several manuscripts also explore potential risk factors in
depth. In addition to these specific analyses, the MNHR
data have contributed to important global efforts to better understand the rates, trends and causes of stillbirth
and maternal and neonatal mortality. The MNHR continues to serve an important role in documenting women’s
and newborn health outcomes in low-resource settings.
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INTRODUCTION

Reports from the NICHD Global Network’s
Maternal and Newborn Health Registry:
supplement introduction
Robert L. Goldenberg1, Shivaprasad S. Goudar2, Sarah Saleem3, Patricia L. Hibberd4, Jorge E. Tolosa5,8,
Marion Koso‑Thomas6, Elizabeth M. McClure7* and for the Global Network investigators

In 2001, the National Institute of Child Health and
Human Development of the National Institutes of Health
(NIH) in the United States and the Bill & Melinda Gates
Foundation funded the Global Network for Women’s and
Children’s Health Research [1]. Its goal was and continues
to be, to perform research to improve outcomes for pregnant women and their children in low-resource countries. The structure of the Global Network comprises
partnerships between academic institutions in the United
States and low and middle-income countries (LMIC) and
a central data coordinating center, each funded by NIH
grants which are recompeted periodically. Currently, the
international sites are located in Pakistan, India (2 sites),
Kenya, Zambia, the Democratic Republic of the Congo
(DRC), Guatemala and Bangladesh. The Global Network
has conducted more than 15 randomized clinical trials
to assess the efficacy of various interventions to improve
pregnancy outcomes and child health. In addition, since
accurate data on pregnancy, maternal, fetal and neonatal outcomes and trends in these data over time are often
not available in low-resource countries, the Global Network has also collected population-based data in specific
geographic locations within each country. The Maternal and Newborn Health Registry, which began in 2008,
now has collected data on more than 700,000 pregnant
women and their outcomes. Research staff conduct visits
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7
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to enroll women as early as possible during pregnancy,
collect data during antenatal care, after delivery and at
42 days post-partum and perform multiple quality assurance checks to ensure the accuracy of Registry data with
a focus on maternal, fetal and neonatal outcomes. To
provide an overall picture of pregnancy and its outcomes
and trends over time in LMIC, the Global Network developed this collection of papers. This supplement features
19 publications describing the Global Network and the
Registry data from 2010 to 2018 [1–19].
This supplement covers a wide variety of topics related
to pregnancy outcome and neonatal health, focusing
on ways to improve outcomes for the pregnant women
and their fetuses and newborns. The first several papers
address the trends in the major outcomes, including
maternal mortality [2], stillbirths [3], and neonatal mortality [4, 5]. The results presented in these papers suggest
limited progress over the last decade. While maternal
mortality is decreasing over time in each of the sites, we
project that few, if any, will reach the goals established
by the United Nations’ Sustainable Development Goals
by 2030 [20]. The maternal mortality ratios in Pakistan
and the DRC remain several times greater than the ratios
in the other sites, and nearly 100 times greater than the
ratios seen in the countries with the lowest maternal
mortality ratios [2]. The stillbirth rates have also only
declined modestly over the last decade [3] and across the
Global Network, the stillbirth rate is greater than 20/1000
births, nearly tenfold higher than the rates in the countries with the lowest rates. Similarly, the neonatal mortality rates, while also declining slowly, are tenfold higher in
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the Global Network sites than in the countries with the
lowest rates [4, 5].
The Global Network has invested heavily in the quality of data collected by improving the accuracy of assessment of gestational age and birthweight and their relation
to outcomes. Saleem et al. explored neonatal mortality
in babies born ≥ 2500 g [5]. Although most of the literature on neonatal outcomes has focused on adverse
outcomes among preterm and low-birthweight infants,
nearly half of the neonatal deaths in the Global Network
occurred in neonates weighing ≥ 2500 g. Nearly all of
these babies should survive with basic care. By comparison, Pusdekar et al. [6] and Marete et al. [7] address the
relationship between mortality and preterm birth and
low birthweight. Both studies indicate the need for new
approaches to reducing neonatal mortality in these atrisk groups.
Several papers in the supplement explore how the
location of delivery impacts fetal and neonatal mortality. With the global emphasis on transitioning to facility
deliveries, Goudar et al. evaluated trends in facility deliveries in each Global Network site and how the increasing rates of facility delivery across the Global Network
have impacted stillbirth and neonatal mortality rates [8].
In 2018, there was still wide variation in facility delivery rates across the sites, but pregnancy outcomes did
not consistently improve with increasing facility delivery rates. The reasons for failure of facility-based care to
improve outcomes in some sites is an important area for
future research.
Mode of delivery was explored by Harrison et al., who
addressed the increasing rates of cesarean delivery across
the Global Network sites [9]. While cesarean delivery
rates between 10 and 15% are thought to have the lowest maternal, fetal mortality and neonatal mortality rates
[21], the Global Network African sites have cesarean
delivery rates of less than 3%, which is clearly suboptimal.
By contrast, Guatemala and the two sites in India have
cesarean delivery rates greater than 20%, raising questions about overuse of this mode of delivery that does not
appear to improve maternal, fetal or neonatal outcomes
[22].
Unique trends in sites such as Pakistan, which has
unacceptably high rates of maternal, fetal and neonatal mortality compared with the other Global Network
sites have been observed [10]. Aziz et al. have reported
on differences in population characteristics, medical care
and pregnancy outcomes between the Pakistan site and
the other Global Network sites and found a lower maternal literacy rate, a shorter inter-delivery interval and an
increased risk of severe anemia. Rates of prematurity and
low birthweight were higher in the Pakistan site and the
data pointed to inadequate quality of care for the mothers
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and their fetuses and neonates. The Global Network data
should be very useful for Pakistani policy makers and
care providers to address quality of care for maternal and
child health.
A series of papers explore the risks of adverse pregnancy outcomes associated with a variety of maternal,
fetal and neonatal characteristics. These papers evaluate
the associations of inter-delivery interval [11], parity [12],
gender [13], anemia [14] and congenital anomalies [15]
with pregnancy outcomes, including stillbirth and neonatal mortality. These papers confirm high rates of anemia in India and Pakistan, and especially the prevalence
of severe anemia in Pakistan [14]. Short and long interpregnancy intervals were each associated with worse outcomes [11], male infants fared worse than female infants
[13] and babies from the first and 4th or greater pregnancies had worse outcomes than babies from the second
and third pregnancies [12].
The Global Network has also been interested in the
relationship between socioeconomic status and pregnancy outcomes. The paper by Patel et al. describes
the creation of a new scale that the Global Network is
using to determine the influence of socioeconomic status on outcomes [16]. This scale was used in several of
the papers to provide additional insight into reasons for
some of the poor outcomes across our sites.
Finally, the Global Network has put a great deal of
effort into improving not only the quality of care for its
subjects, but also into improving the quality of the data
being collected. While metrics to assess quality have
been a cornerstone of the Registry since its beginning,
over time, improvements in data quality have occurred
as reported by Garces et al. [17]. Patel et al. evaluated
the quality of care around delivery related to early neonatal mortality [18]. In 2019, a new site in Bangladesh
was added to the Global Network. Billah and colleagues
describe the process to initiate a pregnancy outcome registry as well as their efforts to assure that accurate and
reliable data are collected [19].
In summary, the Global Network Maternal Newborn
Health Registry is among the largest and most accurate, ongoing prospective population-based pregnancy
outcome databases in diverse geographical regions in
LMICs. Importantly, the ongoing Registry, with its now
more than a decade of historic data, will allow us to better understand the impact of new global outbreaks, such
as the COVID-19 pandemic, on antenatal and obstetric
care as well as major pregnancy outcomes. We anticipate
that the Registry data will continue to provide insights
into risk factors for adverse maternal, fetal, and neonatal
outcomes in sites around the world, and should be useful
for developing strategies to improve pregnancy outcomes
in LMIC.
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Abstract
Background: Due to high fertility rates in some low and lower-middle income countries, the interval between
pregnancies can be short, which may lead to adverse maternal and neonatal outcomes.
Methods: We analyzed data from women enrolled in the NICHD Global Network Maternal Newborn Health
Registry (MNHR) from 2013 through 2018. We report maternal characteristics and outcomes in relationship to the
inter-delivery interval (IDI, time from previous delivery [live or stillborn] to the delivery of the index birth), by
category of 6–17 months (short), 18–36 months (reference), 37–60 months, and 61–180 months (long). We used
non-parametric tests for maternal characteristics, and multivariable logistic regression models for outcomes,
controlling for differences in baseline characteristics.
Results: We evaluated 181,782 women from sites in the Democratic Republic of Congo, Zambia, Kenya, Guatemala,
India, and Pakistan. Women with short IDI varied by site, from 3% in the Zambia site to 20% in the Pakistan site.
Relative to a 18–36 month IDI, women with short IDI had increased risk of neonatal death (RR = 1.89 [1.74, 2.05]),
stillbirth (RR = 1.70 [1.56, 1.86]), low birth weight (RR = 1.38 [1.32, 1.44]), and very low birth weight (RR = 2.35 [2.10,
2.62]). Relative to a 18–36 month IDI, women with IDI of 37–60 months had an increased risk of maternal death (RR
1.40 [1.05, 1.88]), stillbirth (RR 1.14 [1.08, 1.22]), and very low birth weight (RR 1.10 [1.01, 1.21]). Relative to a 18–36
month IDI, women with long IDI had increased risk of maternal death (RR 1.54 [1.10, 2.16]), neonatal death (RR =
1.25 [1.14, 1.38]), stillbirth (RR = 1.50 [1.38, 1.62]), low birth weight (RR = 1.22 [1.17, 1.27]), and very low birth weight
(RR = 1.47 [1.32,1.64]). Short and long IDIs were also associated with increased risk of obstructed labor, hemorrhage,
hypertensive disorders, fetal malposition, infection, hospitalization, preterm delivery, and neonatal hospitalization.
(Continued on next page)
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Conclusions: IDI varies by site. When compared to 18–36 month IDI, women with both short IDI and long IDI had
increased risk of adverse maternal and neonatal outcomes.
Trial registration: The MNHR is registered at NCT01073475.
Keywords: Birth intervals, Developing countries, Maternal mortality, Neonatal mortality, Low birthweight, Global
network

Plain English summary
Due to high fertility rates in some low and lower-middle
income countries, the interval between pregnancies can
be short, which may lead to poor maternal and neonatal
health outcomes. We measured the time between the
delivery of one child to the delivery of the next child in
six low and lower-middle income countries. We highlight differences, by country, in the number of women
who have a short delivery interval from 4% of women in
the Zambia site to 20% of women in the Pakistan site.
We also highlight differences, by country, in the number
of women who have long delivery intervals, from 4% of
women in the Democratic Republic of Congo site to
24% of women in the Zambia site. Women with both a
short and long delivery interval have higher risk of poor
outcomes related to childbirth (obstructed labor,
hemorrhage, disorders of high blood pressure, fetal
malposition, infection and hospitalization), and poor
outcomes for their babies (neonatal death, stillbirth, preterm delivery, low birth weight and hospitalization).
Women with long delivery intervals also experience
higher risk of maternal death.
Background
High fertility rates are common in low and lower-middle
income countries (LMICs). Among the 6 LMICs included in the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD)
Global Network for Women’s and Children’s Health Research (GN), fertility rates varied from 2.9 to 6.0 births
per woman [1]. High fertility rates lead to shortened
time between pregnancies, without allowing the mother
to fully recover to baseline health status prior to a subsequent gestation [2, 3]. Short intervals between pregnancies are associated with many adverse health outcomes
for the mother, including anemia, placental abruption,
placenta previa and uterine rupture [4]. Short birth intervals are also associated with adverse newborn health
outcomes such as infant mortality, preterm birth, low
birth weight (LBW) and congenital malformations [4–8].
Conversely, long birth intervals can also be associated
with adverse maternal and neonatal health outcomes,
such as increased risk for induction of labor, chorioamnionitis, Caesarean delivery, preterm birth, LBW, and
small for gestational age infants [4, 7, 9]. The ideal

timing between pregnancies associated with optimal maternal and neonatal health outcomes has not been definitively established.
The limited existing evidence on the optimal timing
between pregnancies is complicated by varying methodologies used to calculate birth spacing. Birth spacing can be defined in several ways, such as the
birth-to-pregnancy interval (the period from the prior
live birth to the conception of the index pregnancy),
the inter-pregnancy interval (the period from the
prior birth, regardless of whether the pregnancy resulted in miscarriage/stillbirth/live birth, to the conception of the index pregnancy) or the inter-delivery
interval (IDI; the period from the delivery of the prior
live birth to the delivery of the index pregnancy) [10].
In the 2005 World Health Organization (WHO)
Technical Report, an expert panel preferred birth-topregnancy interval to measure birth spacing [10].
Birth-to-pregnancy interval is challenging to measure
in low-resource settings where pregnancy dating is inaccurate and therefore length of gestation is difficult
to determine [11]. In order to calculate birth-topregnancy interval, the expert panel used delivery to
delivery interval minus 9 months, thus assuming the
index pregnancy resulted in a term gestation. This
methodology underestimates the time between births
and negates the opportunity to evaluate the effect of
birth spacing on the risk of prematurity. The use of
IDI might be more appropriate in low-resource settings to investigate associations between birth spacing
and neonatal outcomes, without introducing the bias
of unknown gestational age.
Based on limited evidence, the WHO recommends a
birth-to-pregnancy interval of 24 months, corresponding
to an IDI of approximately 33 months, for optimal maternal and neonatal outcomes [10]. After the WHO 2005
Technical Meeting on birth spacing, there was a call for
further research to better understand the effect of birth
spacing on maternal morbidity and mortality using large
datasets. In this paper, we describe IDI in a prospective,
multi-country pregnancy registry from 7 research sites
in 6 LMICs. We examine maternal characteristics associated with varying lengths of IDI as well as the relationship between adverse delivery and neonatal outcomes
and IDI.
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Methods
We analyzed data from women who were enrolled in the
NICHD GN’s Maternal Newborn Health Registry
(MNHR) from November 2013 through December 2018.
The MNHR is a multi-country, population-based,
prospectively collected record of pregnancy characteristics as well as maternal and infant outcomes [12]. The
MNHR includes research sites in North and South
Ubangi, Democratic Republic of Congo (DRC); Kafue
and Chongwe (located south and east of the capital city
of Lusaka), Zambia; Busia, Bungoma and Kakamega
(within the western region), Kenya; Chimaltenango (in
the Western Highlands), Guatemala; Belagavi and
Bagalkot (within the northern part of the southern state
of Karnataka), India; Nagpur (within the state of Maharashtra), India; and Thatta (two of the five sub-districts
in the southern Sindh province, near the city of Karachi),
Pakistan. The sites represent study clusters from both
semi-urban and rural environments.
A detailed description of the MNHR methods are described elsewhere, but briefly, MNHR data were collected from abstraction of medical records as well as a
series of interviews conducted by trained study staff [13,
14]. Maternal characteristics, including demographic information, were collected at the time a woman was
screened and consented. We also gathered information
about the prior pregnancy by maternal report at the time
of enrollment. Antenatal and delivery characteristics
were recorded within 3–7 days after delivery. Postpartum
characteristics were collected at a clinic or home visit 6
weeks after delivery. Maternal anthropometry was not
routinely collected at all sites throughout the study
period. Maternal weight was collected at the time of enrollment, however enrollment could occur at any time
during pregnancy, so these measurements do not provide a consistent reflection of nutritional status. Maternal height was collected at most sites, but this
measurement was not collected until 2017 in Kenya.
Body mass index (BMI) was calculated from maternal
height and weight, when available. Due to these methodological limitations, maternal anthropometry is presented as descriptive data only.
In this analysis, we included all women in the MNHR
with an index pregnancy during the specified time period
with the following exclusions: women who were lost to
follow up prior to delivery, primiparous women, women
without a previous pregnancy lasting greater than or equal
to 20 weeks, women with unknown parity, multiparous
women who had a missing or unknown delivery date for
the previous pregnancy, women whose index pregnancy
resulted in a miscarriage or medically terminated pregnancy (MTP), and women who had an extreme IDI (< 6
months or > 180 months (15 years)). We defined miscarriage or MTP as a pregnancy that ended prior to 20 weeks
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gestation. As we could not reliably collect data on pregnancies resulting in a miscarriage or MTP across all sites,
these pregnancies were also excluded.
We evaluated IDI in 4 categories based on distinctions
in the medical literature: 6–17 months, 18–36 months,
37–60 months, > 60 months [9]. We defined short IDI as
the interval from 6 to 17 months. We chose 6 months as
the lower limit for analysis to account for at least a 1month period for return to fecundability and an additional 5 months gestation, since we excluded index
pregnancies that resulted in miscarriage or MTP before
20 weeks / 5 months gestation. The category 18–36
months includes the WHO recommended 33 months for
optimal birth spacing and therefore was used as the referent category. We defined long IDI as > 60 months. We
calculated IDI as the number of months from the date
of delivery of the previous pregnancy (resulting in a liveborn or stillborn infant), as reported by the mother, to
the date of delivery of the index pregnancy.
To determine if the distribution of IDI differed across
sites, we performed a non-parametric Kruskal Wallis test
for overall site difference and non-parametric Wilcoxon
rank sum tests for all pairwise site comparisons. To determine the relationship between IDI and maternal characteristics, we performed Cochran-Mantel-Haenszel
tests of each maternal factor and IDI category stratified
by cluster. Risk of maternal outcomes and fetal/neonatal
outcomes associated with IDI categories were determined from multivariable generalized linear models with
general estimating equations to control for cluster level
effects. Models were adjusted for maternal age, education, parity, antenatal care (ANC) visits and iron supplementation. In the maternal risk factors model, the mode
of delivery was not included because it is not solely a
maternal risk factor and is often influenced by the occurrence of several of the other outcomes. Maternal
height, weight, and BMI were not included due to poor
data consistency. We used a Poisson distribution for the
low-prevalence outcomes of stillbirth and very low birth
weight (VLBW), all other outcomes were modeled with
a binomial distribution. We report the relative risks (RR)
and 95% confidence intervals (CIs) for each outcome by
IDI categories with the referent category of 18–36
months. Fetal/neonatal outcomes are reported at the
maternal level if at least one fetus/neonate from a multiple birth pregnancy had that outcome.
At each site, institutional review boards or research
ethics committees and Ministries of Health approved the
collection of data included in the MNHR. We used
sensitization meetings to achieve approval within local
communities prior to the initiation of the study. All
study participants were enrolled with informed consent.
A data monitoring committee appointed by the NICHD
oversaw and reviewed the MNHR annually.
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Results
We screened 314,313 pregnant women in 7 research
sites for inclusion in the MNHR from November 2013
through 2018 (Table 1). We included 312,885 (99.5%)
who were eligible and consented. After exclusion of
women with unknown parity and nulliparous women,
we retained 213,198 (68.1%) women. After exclusions for
loss to follow-up prior to delivery, MTP, unreliable prior
delivery date and IDI outlying the desired range, we included 181,782 (58.1%) women for analysis. Sites differed
in the number of nulliparous mothers (17.1% in the
Pakistan site to 49.2% in the Nagpur site). Of the 181,
782 subjects, each site contributed between 20,148 and
34,342 women for analysis (Table 2). The distribution of
IDI differed across sites overall as well as for each pairwise site comparison (p < 0.0001 for all comparisons).
The percentage of women with short IDI varied from
3.4% of women in the Zambia site to 19.8% of women in
the Pakistan site. The percentage of women with long
IDI varied from 4.1% of women in the DRC site to
23.9% of women in the Zambia site. The overall median
IDI was 32 (24, 45) months, ranging from 27 months in
the Belagavi and Pakistan sites to 43 months in the
Zambia site.
All maternal characteristics showed a statistically significant difference when evaluated by IDI (Table 3, p <
0.001 for all comparisons). Generally, as IDI lengthened,
women were more likely to be older, more educated, receive more ANC and receive more iron supplements.
Descriptive data for maternal anthropometry is included
in the supplemental material. In the multivariable
models, short and long IDI had significantly greater risk
for nearly all adverse maternal outcomes when compared to an 18–36-month IDI (Table 4). Women with a
short IDI had an increased risk of obstructed labor (RR =
1.17 [1.07, 1.28]), maternal hemorrhage (RR = 1.17 [1.04,
1.33]), hypertensive disorders (RR = 1.38 [1.19,1.61]),

fetal malposition (RR = 1.27 [1.11, 1.46]), maternal infection (RR = 1.35 [1.17, 1.56]) and maternal hospitalization
(RR = 1.31 [1.22, 1.41]). Women with a long IDI also had
increased risk of the same adverse delivery outcomes:
obstructed labor (RR = 1.54 [1.43, 1.65]), maternal
hemorrhage (RR = 1.19 [1.06, 1.32]), hypertensive disorders (RR = 2.10 [1.87, 2.36]), fetal malposition (RR = 1.34
[1.22, 1.48]), maternal infection (RR = 1.33 [1.21, 1.46]),
and maternal hospitalization (RR = 1.55 [1.43, 1.67]).
Additionally, women with a long IDI had an increased
risk of maternal mortality (RR = 1.54 [1.10, 2.16]). Overall, the adjusted RR for maternal mortality was increased
for all IDI categories relative to the 18–36-month
referent group, although only statistically significant for
37–60 months and long IDI (Fig. 1).
Similarly, short and long IDI had significantly greater
risk for nearly all adverse fetal/neonatal outcomes when
compared to an 18–36-month IDI (Table 5). Women
with a short IDI had an increased risk of LBW (RR =
1.38 [1.32, 1.44]) and VLBW (RR = 2.35 [2.10, 2.62]),
stillbirth (RR = 1.70 [1.56, 1.86]), neonatal mortality
(RR = 1.89 [1.74, 2.05]), preterm delivery (RR = 1.44
[1.39, 1.50]), and neonatal hospitalization (RR = 1.24
[1.11, 1.38]). Women with a long IDI also had increased
risk of the same adverse neonatal outcomes: LBW (RR =
1.22 [1.17, 1.27]) and VLBW (RR = 1.47 [1.32,1.64]), stillbirth (RR = 1.50 [1.38, 1.62]), neonatal mortality (RR =
1.25 [1.14, 1.38]), preterm delivery (RR = 1.06 [1.02,
1.10]), and neonatal hospitalization (RR = 1.28 [1.15,
1.43]). Overall, the adjusted RR for neonatal mortality
was increased for all IDI categories relative to the 18–
36-month referent group, although the increase at 37–
60 months was very small and not statistically significant
(Fig. 2). In contrast, the adjusted RR for stillbirth and
very low birth weight was statistically significantly increased for all IDI categories relative to the 18–36month referent group (Figs. 3 and 4).

Table 1 Derivation of Study Populationa
Screened

Total

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

314,313

32,449

36,276

40,545

57,247

51,226

47,857

48,713

Ineligible

655

0

0

0

11

0

0

644

Did not consent

773

0

0

3

757

12

0

1

Parity unknown

2686

2

8

111

2

3

30

2530

Parity = 0

97,001

6118

11,127

13,165

16,884

18,390

23,513

7804

Lost to follow-up prior to delivery

1979

415

109

398

292

3

60

702

Last delivery date missing or unknown

18,146

606

2061

1592

4370

2774

2533

4210

Miscarriage/MTP on index pregnancy

10,558

215

101

104

365

5084

1514

3175

Extreme Outlier IDIb

733

36

95

54

134

165

59

190

Deliveries Included

181,782

25,057

22,775

25,118

34,432

24,795

20,148

29,457

a

Includes deliveries and expected deliveries from November 2013 to December 2018
b
IDI’s < 6 months or > 180 months (15 years) were excluded from this analysis due to validity concerns
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Table 2 Description of IDI by Site
Total

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

181,782

25,057

22,775

25,118

34,432

24,795

20,148

29,457

6–17 months

17,392 (9.6)

1712 (6.8)

774 (3.4)

1704 (6.8)

3233 (9.4)

2589 (10.4)

1546 (7.7)

5834 (19.8)

18–36 months

91,670 (50.4)

15,937 (63.6)

7401 (32.5)

10,197 (40.6)

16,046 (46.6)

15,524 (62.6)

10,786 (53.5)

15,779 (53.6)

37–60 months

50,447 (27.8)

6389 (25.5)

9150 (40.2)

8669 (34.5)

8749 (25.4)

5044 (20.3)

5896 (29.3)

6550 (22.2)

61–180 months

22,273 (12.3)

1019 (4.1)

5450 (23.9)

4548 (18.1)

6404 (18.6)

1638 (6.6)

1920 (9.5)

1294 (4.4)

Min-Max

6–180

6–175

6–180

6–179

6–180

6–176

6–180

6–176

Median (P25-P75)

32 (24, 45)

31 (25, 38)

43 (32, 59)

38 (27, 53)

33 (23, 52)

27 (22, 38)

32 (24, 43)

27 (19, 37)

Mean (std)

37.9 (21.7)

33.3 (14.1)

48.7 (24.5)

43.4 (23.6)

41.7 (26.8)

32.4 (17.6)

36.5 (18.8)

29.7 (14.9)

Deliveries, N
IDI Categories, N (%)

a

IDI Summary Statistics

a

The Kruskal Wallis test for overall location difference across sites has a p < 0.0001. All pairwise site differences have Wilcoxon rank sum test p-values < 0.0001

Discussion
Our results indicate that IDI is associated with a number
of adverse maternal and neonatal health consequences.
We highlight differences by country in the number of
women who have a short IDI, from 3% of women in the
Zambia site to 20% of women in the Pakistan site. We

also highlight differences by country in the number of
women who have a long IDI, from 4% of women in the
Pakistan and DRC sites to 24% of women in the Zambia
site. Women with both a short and long IDI have higher
risk of adverse delivery outcomes (obstructed labor,
hemorrhage, hypertensive disorders, fetal malposition,

Table 3 Maternal Factors and Delivery Mode Associated with IDIa
IDI (months)
Deliveries, N
Maternal age, N (%)

18–36 months

37–60 months

61–180 months

17,392

91,670

50,447

22,273

17,388

91,644

50,439

22,270

< 20

1324 (7.6)

4493 (4.9)

1200 (2.4)

81 (0.4)

20–35

15,215 (87.5)

81,857 (89.3)

45,070 (89.4)

18,452 (82.9)

> 35

849 (4.9)

5294 (5.8)

4169 (8.3)

3737 (16.8)

Education, N (%)

17,388

91,649

50,444

22,268

No formal education

6607 (38.0)

26,757 (29.2)

11,530 (22.9)

3151 (14.2)

Primary

3823 (22.0)

23,147 (25.3)

11,796 (23.4)

6162 (27.7)

Secondary

6330 (36.4)

38,671 (42.2)

24,628 (48.8)

11,439 (51.4)

University+

628 (3.6)

3074 (3.4)

2490 (4.9)

1516 (6.8)

17,392

91,670

50,447

22,273

1

7520 (43.2)

36,351 (39.7)

19,353 (38.4)

7441 (33.4)

2

3437 (19.8)

20,123 (22.0)

11,350 (22.5)

5321 (23.9)

≥3

6435 (37.0)

35,196 (38.4)

19,744 (39.1)

9511 (42.7)

17,376

91,541

50,396

22,243

0

708 (4.1)

2821 (3.1)

1057 (2.1)

351 (1.6)

1–3

8167 (47.0)

39,699 (43.4)

20,258 (40.2)

8300 (37.3)

≥4

8501 (48.9)

49,021 (53.6)

29,081 (57.7)

13,592 (61.1)

17,390

91,644

50,436

22,267

15,010 (86.3)

83,671 (91.3)

47,320 (93.8)

21,423 (96.2)

17,381

91,619

50,416

22,266

Parity, N (%)

Number of ANC visits, N (%)

Iron supplements, N (%)
Yes
Mode of delivery, N (%)

a

6–17 months

Vaginal/Vaginal assisted

15,064 (86.7)

81,273 (88.7)

44,127 (87.5)

18,580 (83.4)

C-section

2317 (13.3)

10,346 (11.3)

6289 (12.5)

3686 (16.6)

All maternal factors have p-values < 0.001 for Cochran–Mantel–Haenszel tests of each maternal factor and IDI stratified by cluster
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Table 4 Risk of Adverse Delivery Outcomes Associated with IDI
IDI (months)a

Adjusted RR (95% CI)b

6–17 N (%)

18–36 N (%)

37–60 N (%)

61–180 N (%)

Deliveries

17,392

91,670

50,447

22,273

6–17 vs. 18–36

37–60 vs. 18–36

61–180 vs. 18–36

Obstructed labor

711 (4.1)

2858 (3.1)

1765 (3.5)

Maternal hemorrhage

525 (3.0)

1891 (2.1)

955 (1.9)

1007 (4.5)

1.17 (1.07, 1.28)

1.18 (1.11, 1.24)

1.54 (1.43, 1.65)

458 (2.1)

1.17 (1.04, 1.33)

1.01 (0.93, 1.10)

1.19 (1.06, 1.32)

Hypertension/pre-eclampsia/
eclampsia

359 (2.1)

1242 (1.4)

916 (1.8)

731 (3.3)

1.38 (1.19, 1.61)

1.39 (1.26, 1.54)

2.10 (1.87, 2.36)

Fetal malposition

396 (2.3)

1419 (1.5)

773 (1.5)

491 (2.2)

1.27 (1.11, 1.46)

1.03 (0.95, 1.13)

1.34 (1.22, 1.48)

Maternal infection

375 (2.3)

1217 (1.4)

625 (1.4)

323 (1.6)

1.35 (1.17, 1.56)

1.05 (0.96, 1.16)

1.33 (1.21, 1.46)

Maternal hospitalization

1109 (7.1)

4724 (5.7)

3006 (6.6)

2080 (10.1)

1.31 (1.22, 1.41)

1.17 (1.11, 1.23)

1.55 (1.43, 1.67)

Maternal death < 42 days, N
(Rate/100,000 deliveries)

35 (202)

139 (152)

94 (187)

40 (180)

1.25 (0.77, 2.02)

1.40 (1.05, 1.88)

1.54 (1.10, 2.16)

a
Columns present N (%) for each adverse delivery outcome within each IDI category with the exception of maternal death < 42 days which is presented as
rate/100,000 deliveries
b
Relative risks and 95% confidence intervals from a logistic model with generalized estimating equations to account for the correlation of outcomes within cluster
adjusting for maternal age, education, parity, ANC visits, and iron supplements. All Maternal outcomes used a Binomial distribution

infection and hospitalization) and adverse neonatal outcomes (neonatal death, stillbirth, preterm delivery, LBW,
VLBW and hospitalization). Women with a long IDI also
experience higher risk of maternal death.
Similar to other studies, we demonstrated a bimodal
distribution of adverse birth outcomes, with increased
risk among women with short and long IDI [15–17]. Of
particular note, we demonstrated an increased risk of
LBW and VLBW infants at the extremes of IDI. For
short birth intervals, this might be explained by a nutritional depletion hypothesis in which the short birth
interval results from maternal nutrient deficiency after
depletion from the previous gestational period, particularly folate deficiency, which results in impaired fetal
growth [2, 18]. However, long IDIs were also associated
with LBW infants. This finding indicates that the

nutritional depletion hypothesis is insufficient to explain
LBW among this group. Among women with a long IDI,
we observed a higher RR of hypertensive disorders. The
higher prevalence of hypertensive disorders, such as preeclampsia, might be a potential mechanism leading to
LBW infants, given the established causal relationship in
which pre-eclampsia leads to prematurity and growth restriction [19].
The findings of our study support the WHO recommendations for an optimal IDI of 33 months. When
compared to short and long intervals, the interval
around 33 months was associated with the best maternal
and neonatal outcomes. We evaluated IDI categorically
in order to compare with previous studies and evaluate
current recommendations. Analysis by categories is advantageous given the nonlinear relationship with delivery

Fig. 1 Adjusted Relative Risk for Maternal Mortality < 42 Days by IDI Categories (months)
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Table 5 Risk of Adverse Neonatal Outcomes Associated with IDIa
IDI (months)b

Adjusted RR (95% CI)c

6–17
N (%)

18–36
N (%)

37–60
N (%)

61–180
N (%)

6–17 vs. 18–36

37–60 vs. 18–36

61–180 vs. 18–36

Deliveries, N

17,392

91,670

50,447

22,273

LBW (< 2500 g)

3705 (21.4)

12,643 (13.8)

5941 (11.8)

VLBW (< 1500 g)

572 (3.3)

1128 (1.2)

567 (1.1)

2864 (12.9)

1.38 (1.32, 1.44)

1.02 (0.99, 1.05)

1.22 (1.17, 1.27)

296 (1.3)

2.35 (2.10, 2.62)

1.10 (1.01, 1.21)

1.47 (1.32, 1.64)

Preterm

3934 (22.7)

13,067 (14.3)

6403 (12.8)

2789 (12.6)

1.44 (1.39, 1.50)

0.97 (0.94, 1.00)

1.06 (1.02, 1.10)

Congenital anomalies

36 (0.2)

166 (0.2)

94 (0.2)

42 (0.2)

1.08 (0.78, 1.50)

1.13 (0.88, 1.45)

1.11 (0.78, 1.59)

Neonatal hospitalization

378 (2.5)

1518 (1.9)

742 (1.7)

470 (2.4)

1.24 (1.11, 1.38)

1.02 (0.94, 1.12)

1.28 (1.15, 1.43)

Stillbirth,
N (Rate/1000)

792 (45.6)

2219 (24.2)

1246 (24.7)

644 (28.9)

1.70 (1.56, 1.86)

1.14 (1.08, 1.22)

1.50 (1.38, 1.62)

Neonatal death
< 28 days,
N (Rate/1000)

731 (44.1)

1848 (20.7)

929 (18.9)

456 (21.1)

1.89 (1.74, 2.05)

1.04 (0.97, 1.13)

1.25 (1.14, 1.38)

a

Fetal/Neonatal outcomes are calculated at the maternal level if at least one fetus/neonate has the outcome
Columns present N (%) for each adverse delivery outcome within each IDI category, with the exception of stillbirth and neonatal death < 28 days which are
presented as rate/1000 deliveries
c
Relative risks and 95% confidence intervals from a logistic model with generalized estimating equations to account for the correlation of outcomes within cluster
adjusting for maternal age, maternal education, parity, ANC visits, and iron supplements. Very low birthweight (< 1500) and Stillbirth outcomes used a Poisson
distribution, all other Fetal/Neonatal outcomes used a Binomial distribution
b

intervals and birth outcomes [20]. While this approach
did not allow for prediction of the optimal number of
months for IDI, our robust data support the WHO recommendations of IDI of approximately 33 months.
We noted important differences in maternal characteristics by IDI. Women who had longer IDIs also had
characteristics that are usually associated with better delivery outcomes, for example older age, more education,
the receipt of more ANC, and receipt of iron supplements. Before we adjusted for these associations, it appeared that neonatal outcomes improved with increasing
IDI. However, when we adjusted for maternal

characteristics in our models, the models showed an increased risk of adverse neonatal outcomes at both lower
and higher IDI categories. This indicates that women
with long IDIs do not return to baseline risk for adverse
perinatal outcomes even with improvements in health
seeking behaviors.
Our study had a number of strengths. The MNHR
pregnancy cohort includes a large and multi-national cohort of women from Africa, Asia and Central America.
Our data were collected prospectively and included all
pregnant women within a study community, allowing
population level conclusions within those communities.

Fig. 2 Adjusted Relative Risk for Neonatal Mortality < 28 Days by IDI Categories (months)
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Fig. 3 Adjusted Relative Risk for Stillbirth by IDI Categories (months)

Our dataset allowed us to describe associated maternal
risk factors in addition to both maternal and neonatal
outcomes within this population. However, we were also
limited by some of the characteristics of the MNHR. We
were limited in our ability to assess maternal nutritional
status, therefore we are limited in our ability to address
the nutrition hypotheses that might contribute to LBW
associated with IDI. Because our studies occurred in
low-resource settings, there might have been some variability in the reliable assignment of gestational age that

could have introduced bias in our results if small for gestational age infants born at term were assigned to the
premature category. To improve interpretation of birth
weight, we chose to also evaluate LBW and VLBW separately. We chose to evaluate IDI rather than interpregnancy interval, so pregnancies that did not last more
than 20 weeks are not included. Therefore, our analyses
are limited since these pregnancies contribute to adverse
maternal and neonatal outcomes.

Fig. 4 Adjusted Relative Risk for Low Birth Weight by IDI Categories (months)
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While the social factors that determine birth spacing are
complex and include familial influences and community
level influences, there have been some intervention strategies that have been successful in lengthening birth intervals and mitigating some of the risk of adverse maternal
and neonatal health outcomes [21, 22]. For example, in
Bangladesh, a package of family planning interventions integrated into maternal and newborn health visits decreased
the number of women who had a subsequent short birth
interval and lowered the risk of preterm birth [23].

Conclusions
Our data increase the body of literature describing optimal birth intervals in relationship to maternal and newborn health outcomes in LMICs. We describe increased
health risk at extremes of birth intervals and support the
WHO recommendations for optimal birth spacing. Our
data illustrate geographical differences in IDI which
underpin the need for programmatic public health efforts to improve birth spacing in certain areas to achieve
optimal maternal and neonatal outcomes. These data
can inform communities with high rates of sub-optimal
birth spacing to direct public health strategies to the regions in most need.
Supplementary information
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1186/s12978-020-01008-4.
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Abstract
Background: Neonatal deaths in first 28-days of life represent 47% of all deaths under the age of five years globally
and are a focus of the United Nation’s (UN’s) Sustainable Development Goals. Pregnant women are delivering in facili
ties but that does not indicate quality of care during delivery and the postpartum period. The World Health Organiza
tion’s Essential Newborn Care (ENC) package reduces neonatal mortality, but lacks a simple and valid composite index
that measures its effectiveness.
Methods: Data on 5 intra-partum and 3 post-partum practices (indicators) recommended as part of ENC, routinely
collected in NICHD’s Global Network’s (GN) Maternal Newborn Health Registry (MNHR) between 2010 and 2013, were
included. We evaluated if all 8 practices (Care around Delivery – CAD), combined as an index was associated with
reduced early neonatal mortality rates (days 0–6 of life).
Results: A total of 150,848 live births were included in the analysis. The individual indicators varied across sites. All
components were present in 19.9% births (range 0.4 to 31% across sites). Present indicators (8 components) were
associated with reduced early neonatal mortality [adjusted RR (95% CI):0.81 (0.77, 0.85); p < 0.0001]. Despite an overall
association between CAD and early neonatal mortality (RR < 1.0 for all early mortality): delivery by skilled birth atten
dant; presence of fetal heart and delayed bathing were associated with increased early neonatal mortality.
Conclusions: Present indicators (8 practices) of CAD were associated with a 19% reduction in the risk of neonatal
death in the diverse health facilities where delivery occurred within the GN MNHR. These indicators could be moni
tored to identify facilities that need to improve compliance with ENC practices to reduce preventable neonatal
deaths. Three of the 8 indicators were associated with increased neonatal mortality, due to baby being sick at birth.
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Although promising, this composite index needs refinement before use to monitor facility-based quality of care in
association with early neonatal mortality.
Trial registration The identifier of the Maternal Newborn Health Registry at ClinicalTrials.gov is NCT01073475.
Keywords: Neonatal mortality, Early neonatal mortality, Quality of care, Labor and delivery care, Newborn care,
Composite index, Intrapartum care, Postpartum care, Early neonatal period, Low income countries, Lower middleincome countries, Essential newborn care, Global network

Background
By the end of 2015, global childhood mortality and
the maternal mortality ratio (United Nations’ [UN]
Millennium Development Goals 4 and 5 respectively) had
improved globally, but neither goal target was reached
[1]. An estimated 2.5 million neonatal deaths occurred
in 2018 accounting for 47% of deaths in children under
age 5 [2–4]. The focus on reducing maternal, childhood
and particularly neonatal mortality continues to be a part
of the UN’s Sustainable Development Goal 3 with new
targets for 2030 [5].
High quality of care during pregnancy, labor and
delivery, and immediately post-partum is critical to
reducing maternal, perinatal and neonatal mortality
[1, 6, 7]. This need is being partly addressed by an
increase in access to institutional deliveries and
presence of a skilled birth attendant at delivery, but
access to health care providers does not guarantee that
recommended interventions will be provided. The World
Health Organization (WHO) has recently developed
a framework and standards for health care facilities
that includes 8 overarching standards and 352 quality
measures [8]. However, it is challenging to assess quality
of maternal and newborn care based on these standards
and criteria as noted by Brizuela et al. [9]. Guidance is
needed to address priority measures.
There is a current focus on developing simple and valid
indicators of facility-based quality of care at the time of
birth to enable rapid assessment of quality and institute
data-driven action to improve outcomes. Recently
published tools such as the WHO’s Safe Childbirth
Checklist address this void [10–13] but require significant
data collection efforts. However, in a large trial in Utter
Pradesh, India, use of the Safe Childbirth Checklist
program did not result in reduced maternal or perinatal
mortality [14], while a quasi-experimental study of the
checklist tool resulted in an 11% reduction in stillbirths
and very early neonatal deaths within 3 days of birth [15].
Prior to the Safe Childbirth Checklist studies, our
group had focused on just eight Care Around Delivery
(CAD) indicators derived from Essential Newborn Care
(ENC) practices and recommended by WHO [16–19]. All
8 indicators were routinely collected in NICHD’s Global
Network’s (GN) Maternal Newborn Health Registry

(MNHR) between 2010 and 2013. Five of the indicators
were intra-partum and are also known as the 5 “cleans”
to reduce the risk of neonatal sepsis. These include clean
hands, clean cord tie, clean cord, clean surface and clean
blade. The 5 cleans are usually addressed by providing
clean delivery kits. Three of the immediate post-partum
indicators included early initiation of breast feeding
within 1 h of birth, skin to skin practices immediately
after birth and bathing delayed until 6 h after birth.
Since presence of ENC and immediate neonatal care
practices are associated with reduced early neonatal
mortality [20, 21], we evaluated whether occurrence of
all of these 8 indicators of ENC that were available in
the MNHR would also be associated with reduced early
neonatal mortality. Our hypothesis was that occurrence
of all 8 CAD indicators (composite index) was associated
with early neonatal mortality (days 0–6 of life). We also
explored the effects of the individual indicators on very
early mortality.

Methods
Study design, setting and participants

The MNHR, a study conducted by the Eunice Kennedy
Shriver National Institute of Child Health and Human
Development’s (NICHD’s) Global Network, is a multisite research network representing partnerships of U.S.
and international investigators that from 2010–2013 were
at study sites in Argentina, Guatemala, India (2 sites:
Nagpur and Belgaum), Pakistan, Kenya, and Zambia.
Argentina was excluded from this analysis because the
level of obstetric care in Argentina was much higher than
in the other sites. Data from the MNHR from 2010–2013
were the only years where all 8 indicators of care around
delivery were collected. Since its start in mid-2008,
MNHR has registered approximately 70,000 pregnant
women and their babies annually in rural and semi-urban
communities in the countries listed above. Detailed
methods utilized by the MNHR have been previously
published [22]. The MNHR registry collects data on
outcomes of trials hence it has a clinical trial registry
number. Briefly, pregnant women in the catchment area
of 6–24 geographic clusters in each country are enrolled
into the registry as early in their pregnancy as possible.
The enrollment target in all participating communities
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is at least 95% of pregnant women. Outcomes for these
women are tracked throughout their pregnancy, delivery
and during the post-partum period with follow-up data
collected within 7 days of delivery and around 42 days
post-partum.
Ethical clearance

The Institutional Review Boards and Ethics Research
Committees of all participating institutions, and the
appropriate Ministries of Health of the respective
countries approved the MNHR. Prior to initiation of
the study, approval was obtained from the participating
communities through sensitization meetings. Individual
informed consent for study participation is required from
each study participant. No monetary reimbursements are
provided to study participants nor to the communities
participating in the study. A Data Monitoring Committee,
appointed by NICHD, oversees and reviews the study at
annual meetings.
Data collection tools, procedures and quality control

Data on the enrolled women are collected by trained
health workers at 3 time points: at enrolment (as early
as possible in pregnancy: age, height, weight, parity
and educational status), at delivery (within one week of
birth: date of delivery, birth weight, mode of delivery,
neonatal status, place of delivery), and at 42 days postpartum (maternal mortality, neonatal survival, and
hospitalizations of the mother or baby). Senior Foreign
Investigators (on-site primary investigators) at all sites
are trained centrally. They then train their sites’ data
collectors prior to collecting study data. Data collected
on paper are entered into a database at a site-based
data management center and transmitted to a central
data coordinating center at Research Triangle Institute
International (RTI), Durham, NC, USA. RTI monitors the
data with monthly reports of data quality (completeness
and timeliness) and edit reports to identify out of range
or inconsistent data that are then addressed by the site
staff as well site visits.
Eligibility criteria

Pregnant women included in this analysis were screened,
consented and enrolled in the MNHR between January
2010 and December 2013 during which time 2 versions
of the study form were used for data collection. Because
of varying site implementation, several sites had modified
study dates (Guatemala’s study period was March 2010
to December 2013; Belagavi and Pakistan’s study periods
were January 2010 to November 2013).
Pregnant women were excluded in the pre- and intrapartum period if:
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i ENC and post-partum care were not relevant
(maternal death prior to labor and delivery,
miscarriage, medically terminated pregnancy,
stillbirth or home delivery);
j the pregnancy was a multiple gestation (to avoid
double counting pregnant women).
Pregnant women were also excluded in the postpartum period if:
i there was no study outcome (neonatal vital status at
day 42 post-partum);
j any of the 8 care-around- delivery (CAD) indicators
were missing.
Outcomes

The primary outcome was early neonatal mortality (per
1,000 live births) on days 0–6 of life. We also explored
secondary outcomes of very early neonatal mortality
(per 1,000 live births) on days 0–1 of life and late early
neonatal mortality on days 2–6 of life.
Exposure

Our exposures of interest were presence of all 8
dichotomous CAD indicators, the first 5 relating to
intra-partum of care indicators from ENC and the last 3
relating to recommended immediate post-partum care of
the baby:
i CAD1: Delivery in a hospital versus not in a hospital
j CAD2: Skilled birth attendant at delivery—present
versus absent
k CAD3: Fetal heart rate assessed prior to delivery—
assessed versus not assessed
l CAD4: New gloves for delivery—used versus not
used
m CAD5: Clean cord practices—clean razor used versus
not used
n CAD6: Early initiation of breast feeding (within 1 h
of birth)—done versus not done
o CAD7: Skin-to-skin practices (immediately after
birth)—provided versus not provided
p CAD8: Delayed bathing (> 6 h of birth)—done versus
not done
For the purposes of this analysis, a hospital was defined
as a health facility that provides inpatient services for
24-hours/day, medical and nursing care for medical and
surgical diagnosis, treatment and rehabilitation, is staffed
by at least one physician and may also provide outpatient
services. A clinic was defined as providing facilities
for labor and delivery (vaginal only). Facility deliveries
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encompass deliveries that occurred in both clinics and
hospitals.
We also created a composite index categorizing all
births into one of three categories: (i) all 8 intra-partum
and post-partum CAD indicators; (ii) all 5 intra-partum
indicators and 0–2 post-partum indicators; (iii) all other
combinations of CAD.
Covariates

Covariates included parity, delivery mode, gestational
age < 34 weeks (moderate or early preterm) [23], birth
weight < 1500 g, presence of maternal condition (any
of obstructed/prolonged labor/failure to progress,
major ante-partum hemorrhage, major post-partum
hemorrhage, hypertensive disease/severe pre-eclampsia/
eclampsia or breech/transverse or oblique lie) and
presence of neonatal condition (any of congenital
anomaly, breathing problems, feeding problems,
high fever, hypothermia, convulsions or having been
resuscitated).
Statistical analysis

Analyses were conducted on 150,848 deliveries with
data on all eight CAD indicators. We computed
summary statistics (for example, n and proportions)
for characteristics of mother and child, exposures
(CADs and composite index) and outcomes (early
neonatal mortality: days 0–6, 0–1, and 2–6) for each of
the 7 sites. Log-binomial and cumulative logit models
using generalized estimating equations to account for
the correlation of outcomes within cluster were used
to assess whether the characteristics, exposures and
outcomes varied across the sites. A similar model was
used to assess the association between the covariates and
the CAD-8 indicator for delayed bathing. Relative risks
(RR) and 95% confidence intervals (CI) for each early
neonatal mortality outcome were obtained from separate
multivariable Poisson Generalized Linear Models,
using generalized estimating equations to account for
the correlation of outcomes within cluster, including
exposures and site with and without adjustment for
other covariates. Models were run separately for each
of the 8 CAD variables as well as the presence of all 8
CAD indicators. All analyses were conducted in SAS 9.4
(SAS Inc., Durham, NC). A two-sided p-value < 0.05 was
considered to be statistically significant.

Results
A flow diagram describing the study population is displayed in Fig. 1. Of the 245,531 deliveries in the MNH
Registry between January 2010 and December 2013, the
following were excluded: 86,902 during the pre-partum
and intra-partum periods and 7,781 in the post-partum
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period, for reasons described in the methods. Results
from the final sample of 150,848 singleton, live births
with information on all 8 CAD indicators are reported
below.
Maternal characteristics, maternal and neonatal
conditions and early neonatal mortality rates for women
delivering in facilities are displayed by site in Table 1. The
proportion of nulliparous women varied from 27% in the
Pakistan site to 49% in the Nagpur site. The percentage
of Cesarean sections ranged from 1.4% of deliveries in
the Zambia site to 39% of deliveries in the Guatemala
site. At least one maternal condition was present in 8%
of the pregnant women in the Zambia site to 43% in the
Pakistan site, while at least one neonatal condition was
present in 4% of live born neonates in the Zambia site
to 25% in the Pakistan site. The proportion of all facility
births with a gestational age < 34 weeks was lowest in the
Guatemala (2%) site and highest in the Zambia site (7%),
while the percentage of very low birth babies born alive
was < 1% across all sites. Early neonatal mortality rates
(per 1,000 live births) on days 0–6 varied from 11.7 in the
Kenya site to 42.3 in the Pakistan site.
Relationship of individual CADs to early neonatal mortality
(0–6 days)

The distribution of each of the 8 CAD indicators by
site are displayed in Table 2. Rates of each CAD across
all sites ranged from 50% (physician attendant) to
99.7% (use of new gloves). Among facility births, the
Guatemala site had > 90% deliveries by physicians and
in hospitals while the Zambia and Kenya sites had only
3% of deliveries by physicians and < 30% in hospitals. The
Nagpur and Belagavi sites, respectively, had 62% and 63%
of the deliveries done by physicians and 70% and 73% of
deliveries occurred in hospitals.
Results from the multivariable analyses presented in
Table 3 show that lower rates of early neonatal mortality
in days 0–6 were associated with delivery in a hospital
compared to a clinic [adjusted RR (95% CI) 0.94 (0.89,
1.00); p = 0.04], early initiation of breastfeeding [0.43
(0.39, 0.49); p < 0.0001] and skin-to-skin practices [0.79
(0.73, 0.87); p < 0.0001]. Higher rates of early neonatal
mortality in days 0–6 was associated with delayed
bathing (> 6 h) [adjusted RR (95% CI):1.47 (1.32–1.64);
p < 0.0001], delivery attendant is a physician [1.10 (1.04–
1.16); p = 0.0013)], and fetal heart rate assessed prior
to delivery [1.14 (1.04–1.24); p = 0.0048]. On further
analysis of our data, babies had delayed bathing when
there was either a maternal complication or a neonatal
condition present, and in babies with gestational age
of < 34 weeks and birth weight less than 1500 g (p < 0.0001
for association of these factors with delayed bathing). The
rates of neonatal mortality were significantly lower when
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Fig. 1 Flow diagram

all 8 practices (intra-partum and post-partum) occurred
when compared to not having all 8 practices [adjusted
RR (95% CI):0.81 (0.77, 0.85); p < 0.0001]. Results for
associations of each CAD with neonatal mortality rates
on days 0–1 and 2–6 were similar to the overall results
(Addiitonal file 1:Tables S1 and S2).
Relationship of the composite index to early neonatal
mortality (0–6 days)

The distribution of live births in facilities that had (i) all 8
intra-partum and post-partum CAD indicators; (ii) all 5
intra-partum indicators and 0–2 post-partum indicators;
(iii) all other combinations of CAD by site are presented
in Fig. 2a.
All 8 CAD indicators occurred in 20% of deliveries in
all sites. The pattern of early neonatal mortality rates
(day 0–6) by the same categories of CAD indicators
by site are shown in Fig. 2b. In all sites, mortality rates
were lower when all 8 CAD indicators versus all 5 intrapartum and 0–2 post-partum indicators occurred.
Mortality rates when other combinations of indicators
were present varied across sites, likely associated with the
heterogeneity of indicators.

Relationship of individual CADs to the secondary
outcomes (neonatal mortality in 0–1, and 2–6 days)

The relationships were similar to those reported for
neonatal mortality in days 0–6 except very early NMRs
on days 0–1 were higher than rates on days 2–6 in all
sites but Guatemala (see Additional file 1: Tables S1 and
S2).

Discussion
In our study, we found that occurrence of all 8 CAD
practices at delivery is associated with reduced risk of
neonatal mortality in days 0–6 of life by 19%. In our
Global Network sites, deliveries occurring in a hospital,
birth attendants using a clean razor to cut the cord and
new gloves during delivery, and appropriately initiating
breastfeeding and skin-to-skin care, are associated with
a decreased risk of early neonatal mortality. When all 8
intra- and post-partum CADs occurred, early neonatal
mortality was lower than when all 5 intra-partum
indicators and 0–2 post-partum indicators occurred,
indicating the importance of early post-partum care of
the newborn.
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Table 1 Distribution of maternal characteristics, maternal conditions and neonatal conditions by site
Total

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

Live births, N

150,848

16,069

13,989

6351

55,909

35,458

23,072

Parity, N (%)

150,138

16,053

13,772

6350

55,503

35,451

23,009

0

59,938 (39.9)

5052 (31.5)

4623 (33.6)

2496 (39.3)

24468 (44.1)

17202 (48.5)

6097 (26.5)

1–2

66,095 (44.0)

5972 (37.2)

5222 (37.9)

2268 (35.7)

27,771 (50.0)

17,389 (49.1)

7473 (32.5)

3+

24,105 (16.1)

5029 (31.3)

3927 (28.5)

1,586 (25.0)

3264 (5.9)

860 (2.4)

9439 (41.0)

150,848

16,069

13,989

6351

55,909

35,458

23,072

Yes

22,810 (15.1)

233 (1.4)

365 (2.6)

2,484 (39.1)

8,183 (14.6)

7,297 (20.6)

4,248 (18.4)

No

128,038 (84.9)

15,836 (98.6)

13,624 (97.4)

3,867 (60.9)

47,726 (85.4)

28,161 (79.4)

18,824 (81.6)

150,783

16,060

13,989

6349

55,869

35,445

23,071

Yes

29,146 (19.3)

1,209 (7.5)

3251 (23.2)

1717 (27.0)

7528 (13.5)

5423 (15.3)

10,018 (43.4)

No

121,637 (80.7)

14,851 (92.5)

10,738 (76.8)

4632 (73.0)

48,341 (86.5)

30,022 (84.7)

13,053 (56.6)

143,669

15,518

12,830

6015

53,381

34,492

21,433

Yes

5,345 (3.7)

1,039 (6.7)

384 (3.0)

115 (1.9)

1,551 (2.9)

987 (2.9)

1,269 (5.9)

No

138,324 (96.3)

14,479 (93.3)

12,446 (97.0)

5,900 (98.1)

51,830 (97.1)

33,505 (97.1)

20,164 (94.1)

150,827

16,069

13,987

6349

55,908

35,451

23,063

Yes

840 (0.6)

51 (0.3)

23 (0.2)

35 (0.6)

295 (0.5)

220 (0.6)

216 (0.9)

No

149,987 (99.4)

16,018 (99.7)

13,964 (99.8)

6314 (99.4)

55,613 (99.5)

35,231 (99.4)

22,847 (99.1)

150,265

15,541

13,986

6332

55,892

35,448

23,066

Yes

14,005 (9.3)

671 (4.3)

1,012 (7.2)

474 (7.5)

4,041 (7.2)

2,015 (5.7)

5,792 (25.1)

No

136,260 (90.7)

14,870 (95.7)

12,974 (92.8)

5,858 (92.5)

51,851 (92.8)

33,433 (94.3)

17,274 (74.9)

Cesarean delivery,
N (%)

At least one
maternal
conditiona, N (%)

Gestational
age < 34 weeks,
N (%)

Birth
weight < 1500 g,
N (%)

At least one
neonatal
conditionb, N (%)

p-Valuec

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

Early neonatal mortality, rate/1000 (95% CI)
Days 0–6

19.4 (18.7, 20.1) 12.7 (11.0, 14.4) 11.7 (9.9, 13.4) 16.1 (13.0, 19.2) 16.9 (15.9, 18.0) 15.1 (13.8, 16.4) 42.3 (39.7, 44.9)

Days 0–1

12.2 (11.7, 12.8) 8.0 (6.6, 9.4)

8.7 (7.2, 10.3)

6.8 (4.8, 8.8)

10.7 (9.9, 11.6)

8.0 (7.1, 8.9)

29.0 (26.8, 31.1)

Days 2–6

7.3 (6.8, 7.7)

3.0 (2.1, 3.9)

9.4 (7.0, 11.7)

6.3 (5.6, 6.9)

7.2 (6.3, 8.0)

13.7 (12.2, 15.2)

4.7 (3.6, 5.8)

a

At least one of the following maternal conditions: obstructed/prolonged labor/failure to progress, major antepartum hemorrhage, major postpartum hemorrhage,
evidence of hypertensive disease/severe pre-eclampsia/eclampsia or breech/transverse or oblique lie

b

At least one of the following neonatal conditions: congenital anomaly, breathing problems, feeding problems, high fever, hypothermia, convulsions or resuscitated

c

Wald p-values obtained from log-binomial models using generalized estimating equations to account for the correlation of outcomes within cluster

Several CAD indicators need closer examination
as the results seem counterintuitive. CAD2: delivery by a physician is associated with an increased risk
of early neonatal mortality (day 0–6). Physicians are
more frequently based at referral hospitals and also
more likely to attend to pregnant women with comorbidities or complications of labor and delivery. CAD3:
fetal heart rate assessed prior to delivery is associated with a higher risk of day 0–6 neonatal mortality,
possibly because fetal heart rate may more likely be
monitored intra-partum when complications occur.
CAD8: delayed bathing for more than 6 h is recommended as part of ENC thermal care, but this indicator

was associated with increased day 0–6 neonatal mortality. However, there is again likely a bias as those
infants who are unstable or seriously ill are also likely
to receive delayed bathing. Neonates with delayed bathing were also more likely to be delivered by a physician and to not have initiated breastfeeding within 1 h
of delivery (data not shown). These associations suggest that delayed bathing may not be an optimal indicator in a composite index of quality of intra-partum
and post-partum care around delivery. Skilled Birth
Attendant and Fetal monitoring are indicators of intrapartum care and most impactful in reducing rates
of fresh stillbirth and neonatal mortality just after
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Table 2 Distribution of care around delivery (CAD) indicators by site
Total

Zambia

Kenya

Guatemala Belagavi

Nagpur

Pakistan

p-Valuea

Live births, N

150,848

16,069

13,989

6351

55,909

35,458

23,072

CAD1: Delivery in a hospital
versus clinic, N (%)

91,437 (60.6)

3,178 (19.8)

4,162 (29.8)

5884 (92.6)

40,521 (72.5)

24,920 (70.3)

12,772 (55.4)

< .0001

CAD2: Skilled birth attendant at
delivery, N (%)

75,359 (50.0)

500 (3.1)

483 (3.5)

6058 (95.4)

35,192 (62.9)

21,870 (61.7)

11,256 (48.8)

< .0001

CAD3: Fetal heart rate assessed
prior to delivery, N (%)

142,177 (94.3) 15,568 (96.9) 13,340 (95.4) 6262 (98.6)

55,602 (99.5)

35,433 (99.9)

15,972 (69.2)

< .0001

CAD4: New gloves for delivery,
N (%)

150,463 (99.7) 16,045 (99.9) 13,975 (99.9) 6349 (100.0) 55,882 (100.0) 35,357 (99.7)

22,855 (99.1)

< .0001

CAD5: Clean cord practices, N (%) 148,877 (98.7) 16,042 (99.8) 13,954 (99.7) 4673 (73.6)

55,789 (99.8)

35,443 (100.0) 22,976 (99.6)

< .0001

CAD6: Early initiation of breast
feeding (within 1 h of birth),
N (%)

113,352 (75.1) 14,685 (91.4) 12,115 (86.6) 4402 (69.3)

47,555 (85.1)

30,503 (86.0)

4,092 (17.7)

< .0001

CAD7: Skin-to-skin practices
(immediately after birth), N (%)

96,602 (64.0)

40,624 (72.7)

25,637 (72.3)

1,402 (6.1)

< .0001

CAD8: Delayed bathing (> 6 h of
birth), N (%)

135,742 (90.0) 13,800 (85.9) 8,877 (63.5)

54,053 (96.7)

35,158 (99.2)

20,026 (86.8)

< .0001

a

14,120 (87.9) 11,369 (81.3) 3450 (54.3)
3828 (60.3)

Wald p-values obtained from log-binomial models using generalized estimating equations to account for the correlation of outcomes within cluster

Table 3 Early neonatal mortality by received care around delivery indicator
Care around delivery (CAD) indicators

Neonatal mortality 0–6 daysa

Risk of neonatal mortality 0–6 days

Received care around delivery

Care versus no care,
unadjustedb
N = 150,848

Yes n/N (rate/1000) No n/N (rate/1000) RR (95% CI)
All 8 CAD indicators

Care versus no care,
adjustedc N = 142,469

P-value RR (95% CI)
< .0001 0.81 (0.77, 0.85)

P-value

167/30,006 (5.6)

2,758/120,842 (22.8) 0.26 (0.18, 0.37)

CAD1: Delivery in a hospital versus clinic

1,901/91,437 (20.8)

1,024/59,411 (17.2) 0.87 (0.76, 1.00)

0.06

0.94 (0.89, 1.00)

< .0001
0.04

CAD2: Skilled birth attendant at delivery

1,667/75,359 (22.1)

1,258/75,489 (16.7) 0.92 (0.74, 1.14)

0.44

1.10 (1.04, 1.16)

< 0.01
< 0.01

CAD3: Fetal heart rate assessed prior to delivery

2,585/142,177 (18.2)

340/8,671 (39.2) 0.97 (0.79, 1.21)

0.81

1.14 (1.04, 1.24)

CAD4: New gloves for delivery

2,905/150,463 (19.3)

20/385 (51.9) 0.72 (0.39, 1.33)

0.30

0.83 (0.60, 1.15)

0.27

CAD5: Clean cord practices

2,881/148,877 (19.4)

44/1,971 (22.3) 0.62 (0.41, 0.95)

0.03

0.97 (0.81, 1.17)

0.76

< .0001 0.43 (0.39, 0.49)

< .0001

CAD6: Early initiation of breast feeding (within 1 h
of birth)
CAD7: Skin-to-skin practices (immediately after
birth)
CAD8: Delayed bathing (> 6 h of birth)

691/113,352 (6.1)

2,234/37,496 (59.6) 0.09 (0.07, 0.12)

949/96,602 (9.8)

1,976/54,246 (36.4) 0.67 (0.53, 0.86)

2,823/135,742 (20.8)

102/15,106 (6.8) 3.10 (2.26, 4.27)

< 0.01

0.79 (0.73, 0.87)

< .0001

< .0001 1.47 (1.32, 1.64)

< .0001

a

Columns present n = the number of neonatal deaths on days 0–6; N = number of live births when CAD is present or absent; and the day 0–6 neonatal mortality rate
per 1,000 births within each care around delivery indicator for care present or absent

b

Unadjusted relative risks, 95% confidence intervals and p-values are obtained from a Poisson model for early neonatal mortality including the 8 care around
delivery indicators and site with generalized estimating equations to account for the correlation of outcomes within cluster. The relative risks and p-values for all 8
CAD indicators index come from a separate Poisson model including the all 8 CAD indicators index and site

c
Adjusted relative risks, 95% confidence intervals and p-values are obtained from a Poisson model for early neonatal mortality including the 8 care around
delivery indicators and site adjusting for parity (0, 1–2, 3+ (ref )), delivery mode(vaginal, cesarean (ref )), at least one maternal condition (yes, no (ref )), gestational
age < 34 weeks (yes, no (ref )), birth weight < 1500 g (yes, no (ref )) and at least one neonatal condition (yes, no (ref )) with generalized estimating equations to account
for the correlation of outcomes within cluster. The relative risks and p-values for all 8 CAD indicators index come from a separate Poisson model including the all 8
CAD indicators index, site and the covariates described above

delivery. Therefore, they significantly increased the risk
of 0–1 day mortality. Some of the sick neonates who
survived beyond this period and were not well enough
to be bathed died between day 2–6. So, delayed bathing
was associated with deaths from day 2–6 and presence

of skilled birth attendant and fetal monitoring ceased
to remain significant for neonatal mortality beyond the
first day after birth. CAD indicators that inform quality
of care need to be reviewed to include indicators that
assess training of providers in ENC and resuscitation
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Fig. 2 Proportion of mother/baby dyads receiving and early neonatal mortality for the composite index types of care around delivery by site

and exclude those indicators around delivery whose
occurrence may be influenced by the fetus/neonate
being at risk of an adverse outcome. Additional postpartum candidate indicators that can be considered for

a composite scoring system are immediate and thorough drying of baby, availability of functional bag and
mask at the facility, delayed cord clamping and kangaroo mother care.

Patel et al. Reprod Health 2020, 17(Suppl 2):156

Our results indicating that ENC is associated with a
reduction in early neonatal mortality are similar to others
[20], but our composite index of the indicators has not
been previously studied. The indices with the lowest
coverage in our study, skin-to-skin contact between
mother and baby, and early initiation of breastfeeding
within the first hour of birth indicate significant room for
improvement. We and others have shown an association
of early initiation of breastfeeding within an hour of
delivery and a reduction in neonatal mortality [21,
24]. Kangaroo mother care reduces neonatal mortality
particularly for low birth weight babies [25], but remains
difficult to achieve.
While presence of all 8 indicators as a composite index
as a simple way to assess quality of care was associated
with reduced early neonatal mortality, it is difficult to
compare our results with the Utter Pradesh WHO Safe
Birth Checklist Program because of the many differences
in design and approach [14]. It is difficult to compare
either study with the Rajasthan quasi-experimental
study that also used the WHO Safe Birth Checklist
due to differences in design and outcomes, as it has a
quasi-experimental design and focus on stillbirths and
very early neonatal death (within 3 days of birth) [15].
However, the variability in outcomes may provide clues
to further simplifying the WHO checklist to a more
limited set of indicators that have the most influence
on neonatal mortality, as well as assessing other factors
such as availability of equipment, drugs and supplies in
different locations and may be of major importance for
optimizing measurement of quality of care globally.
Our study has important strengths. First, our
population-based registry cohort and database have
excellent quality control. Second, our study population
includes a diverse multi-regional rural population
undergoing labor and delivery in a wide range of
government and private health care facilities. Third, our
composite index is evidence-based and easy to collect
and monitor. Our study also has important limitations.
First, availability of trained personnel to perform
neonatal resuscitation was not evaluated, in part because
of its complexity. Second, as described above, four of
our CAD indicators are difficult to interpret because the
indicator may be present due to the fetus/neonate being
at risk of an adverse outcome, rather than indicating
good quality of care. Third, since clean delivery kits were
provided when requested to facilities where registry
participants delivered their babies, our results may not be
generalizable beyond this population. Fourth, the study
was not designed to assess indicators for home deliveries
because women globally are being encouraged to deliver
in facilities. Fifth, we did not evaluate different weights
of the indices in the composite index. Sixth, we do not
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have a standardized severity of illness score for neonates
or 1- and 5-min Apgar scores to understand how the
status of the newborn impacts the postnatal care around
delivery indicators. However, on further analysis of our
data, babies had delayed bathing (usually an indicator
of better care around delivery) when there was one or
more maternal complication or presence of a neonatal
condition, and in babies with gestational age of < 34 weeks
and birth weight less than 1500 g. It was difficult to
interpret the neonatal outcome when other combinations
of indicators (category iii as defined in the methods) were
present, likely because of the heterogeneity of the more
than 180 combinations of the 8 CAD indicators that
were not included in category (i) or (ii) as defined above.
Finally, since the GN facilitated access to clean delivery
kits, CAD4 and CAD5: use of new gloves and use of a
clean razor to cut the cord (part of ENC hygienic cord
and skin care) were present in almost all deliveries. The
effect of these two CADs requires further investigation
in populations with less frequent use of ENC hygienic
cord and skin care practices. Our study indicates that
all clinically important practices of CADs may not have
a similar impact on improving the outcomes of the
babies. So developing composite indices of indicators
is challenging. Further research is needed to select and
prioritize indicators that help to improve the quality of
care around delivery to improve neonatal outcomes.

Conclusion
This study has important implications for future
research and clinical practice, as reducing neonatal
mortality has become an increased area of focus in the
Sustainable Development Goals. Simple ways to improve
and monitor quality of facility-based perinatal care are
urgently needed, despite the complexity of the WHO’s
recently developed framework and standards for health
care facilities. Our simple composite index of quality of
care is associated with reduced neonatal mortality, but
could be refined further.
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Abstract: Objectives: In shift workers, the internal biological clock is disrupted, leading to a substantial
deterioration in sleep quality and cognitive abilities. Also, critical thinking, analytical reasoning and making
quick decisions for patient management which are of utmost importance become questionable. Aim: To assess
the effect of nighttime sleep deprivation on sleep quality and assessment of cognition in nurses doing night shift
by doing a comparative study with age and gender-matched day time working controls. Materials and Methods:
Ethical clearance was obtained from the institution. The study population of trainee nurses doing night shifts at
KLE hospital and age and gender-matched controls doing day duty were selected and enrolled for data
collection by inclusion - exclusion criteria and sample size calculation. Pittsburgh Sleep Quality Index
questionnaire was used to assess sleep quality over the past 1-month. Montreal cognitive assessment test was
conducted to detect the presence of any cognitive impairment among populations assessing 7 components of
cognition. Statistical analysis: Mean ±SD was used and ‘p value=0.005’ was considered statistically
significant. Results: Mean global PSQI score was 6.68 for shift workers while 5.56 for controls. Mean score for
Montreal test was 23.64 for nurses and 27.76 for controls. Conclusion: In shift workers, sleep quality was poor
and a significant reduction in cognitive functions like execution and memory recall as compared to day time
working control population. These findings are related to the irregularities in the circadian rhythm and the
natural cycle of sleep and waking, which in turn deteriorates cognitive abilities.
Keywords: Cognition, Shift work, Sleep quality.

Introduction
Young adults (18-25 years) on an average require
7 to 9 hours of sleep, a sleep of shorter duration
than that causes sleep deprivation [1]. A person’s
quality of life can be disrupted due to an
important yet underestimated cause which is
sleep loss (National Sleep Foundation 2007). A
circadian rhythm is a biological process that
shows an endogenous, oscillation of about 24
hours and is driven by a circadian clock and
persists in the absence of environmental time
cues. The suprachiasmatic nucleus (SCN), located
in the hypothalamus is the site of a master
circadian clock, made of a network of neurons
and displays a self-sustained circadian (near 24
hour) rhythm in neuronal firing [2].
The SCN has an important role in coordinating
circadian rhythmicity. It does so by

communicating timing information to
oscillators in the brain, and almost all the
peripheral tissues and organs [3].The SCN
receives information about light through the
eyes.The retina of the eye contains "classical"
photoreceptors ("rods" and "cones"), which
are used for conventional vision and
specialized photosensitive ganglion cells, and
project directly to the SCN, where they help in
synchronization of this master circadian clock
[4].
Disruption of the endogenous circadian
control mechanism would result in circadian
rhythm disorders.At the molecular level
(transcription-translation feedback loops)
drives circadian rhythms in both SCN and
peripheral cells. The endogenous circadian
rhythm is synchronized with external
environments daily by agents like light,
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physical activity, and melatonin. In dark, the
inhibitory effect is removed and the release of
melatonin inhibits the firing rate of SCN neurons
permitting the sleep drive [5]. Retina gives
information to SCN which interprets it and passes
it to the pineal gland. In response, the pineal
secretes the hormone melatonin. The secretion of
melatonin peaks at night and decreases during the
day and its presence provides information about
night-length [6].
Shift work is work that takes place on a schedule
outside the traditional 9 to 5 job. It can involve
evening or night shifts, early morning shifts, and
rotating
shifts
[NATIONAL
SLEEP
FOUNDATION]. Our increasingly 24x7,
globalized work world demands that some people
work at night, have extended work hours. Studies
have shown that Shift workers have an altered
circadian rhythm and dyshomeostasis [7].
Shift work increases chances of workplace
accidents, with studies showing an increase in the
rate of accidents linked to the use of sharp
instruments and items by medical personnel, as
well as medication and diagnostic errors and
increased patient death [6], as lack of sleep in
shift workers makes them less alert. Studies have
linked sleepiness and fatigue to having an effect
on
memory,
psychomotor
coordination,
information processing, and decision making, all
of which are needed to safely and effectively
perform a variety of work tasks [8]. Multiple
studies have proven beyond doubts that adequate
sleep or even power naps alleviate the detrimental
side effects of sleep deprivation [9]. Some studies
have also shown that higher executive functions
remain rather stable during night time [10].
Some say that night shift workers will eventually
adjust to their odd hours, being awake at night on
their days off. But there is little support for this
contention. The conflicting nature of the entity
provides a platform that we should intrigue the
topic and study in- depth about it.
Aim: To assess the effect of nighttime sleep
deprivation on sleep quality and assessment of
cognition in nurses doing night shift duties for 3
times a week and regular day duty for rest 3 days
by doing a comparative study with age and
gender- matched day time working controls.
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Material and Methods
Source of data: The study population selected
were Nursing staff working at KLE hospital
doing night shift duties and age and gendermatched day time working controls. They
were enrolled for data collection according to
predetermined inclusion and exclusion criteria
and sample size calculation.
Sample size estimation:
Expected reduction-(mean) = d = 13.4
SD=40=σ
Power = 80%
α error= 0.05; indicates the probability that
differences revealed by statistical analysis
really do exist.
One sided Zα = 1.65 and β error = 0.2;
statistical procedures result in a judgment of
no significant differences when the
differences do exist.
Zβ = 0.84
n = [(Zα+Zβ) σ/d2] = 54.8=55=60
Inclusion criteria: Nursing staff who are
doing hospital duties in shifts, aged between
19-23yrs, without any hearing difficulty as
tested by tuning fork, without any visual
difficulty as tested by Snellen’s and Jaegger’s
chart, without any muscular disease.
Exclusion criteria: having H/o diabetes or any
other major illness, H/o alcohol consumption
or tobacco chewing in any form. H/o any
psychiatric illness or any medication affecting
sleep.
Methodology: Ethical clearance was obtained
from the institution before the start of the
study. Based on the inclusion - exclusion
criteria sample population was chosen. All the
participants were explained the nature of the
study and a voluntary informed written
consent for participation was taken from them
before the start of the study. Following tests
were conducted: Pittsburg Sleep Quality Index
and Montreal Cognitive Assessment Test.
Scoring of PSQI:PSQI had 19 items, was used
to measure several different aspects of sleep,
seven component scores and one composite
score were calculated. The component scoring
considered subjective sleep quality, sleep
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latency, sleep duration, habitual sleep efficiency,
sleep disturbances using sleeping pills and
daytime dysfunction. Scoring for each component
was done from 0–3. Seven component scores
were added to obtain a global PSQI score,
ranging from 0 to 21, where lower scores denote
a healthier sleep quality.
Scoring of Montreal cognitive assessment test-30point test done in approximately 10 minutes. The
short-term memory recall task (5 points) involves
two learning trials of five nouns and delayed
recall after approximately three minutes.
Visuospatial abilities, multiple aspects of
executive functions, attention, concentration, and
working memory, language, fluency, orientation
to time and place were evaluated. A score of ≥ 26
was considered normal.
Statistical analysis: Statistical analysis involved
quantitative variables summarized through mean
and standard methods of deviation (Mean ± SD).
‘p value=0.005’ was considered statistically
significant.
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Graph-1:Pittsburgh Sleep Quality Index (PSQI)

Table-1: Pittsburgh Sleep Quality Index
Shift
Day time
P
PSQI
workers
Controls
value
Mean Score
6.68±3.65 5.56±4.25 0.004
± SD

Montreal Cognitive Assessment test: To
detect the presence of any cognitive
impairment.
Graph-2: Montreal Cognitive Assessment

Results
Socio-demographic information: 30 nursing staff
doing night shift a KLE Hospital and 30 age and
gender-matched daytime working controls were
selected for the above study and demographic
data was plotted.
Demographic Information
Age

19-23yrs

Gender

Females

Qualifications

Nursing staff doing night shift at
KLEH and daytime working
controls.

Hours of
actual sleep

Average 4-5 hours of daytime
sleep in shift workers (nurses) as
compared to 6-8 hours of night
time sleep in the controls working
in day hours.

Substance
abuse like
smoking,
alcohol, etc.

Neither population

History of
endocrine
disorders.

Nil

Table-2: Montreal Cognitive Assessment test
Day time
Shift
p
MOCA
Controls
workers
value
Mean
27.76 ±
23.64 ±
0.001*
Score ± SD
3.11
2.45
Graph-3: Short term memory recall:

Pittsburgh Sleep Quality Index to assess sleep
quality over the past 1 month.
© 2020. Al Ameen Charitable Fund Trust, Bangalore

187

Al Ameen J Med Sci; Volume 13, No.3, 2020

Table-3: Short term memory recall
Short term
Day time
Shift
p
memory recall
Controls
workers
value
Mean score ±
3.64 ±
3.12 ±
0.003
SD
1.76
1.54
Graph-4: Attention, Concentration and Working
memory
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Table-5: Executive functions
Executive
Day time
Shift
functions
controls
workers
Mean
4.00±2.32
3.4±1.94
score± SD

p
value
0.005

Orientation to time and place: Mean score
obtained by shift workers is 6.00±3.74 and
5.92±4.41 by controls. p value = 0.95 is
considered to be insignificant.
Discussion

Table-4: Attention, Concentration and Working
memory
Attention,
concentration
Day time
Shift
p
working
Controls
workers value
memory
5.64 ±
3.92 ±
Mean score ± SD
0.005
3.17
2.65

Visuo-Spatial Abilities: Mean score of shift
workers is 2.92 ± 1.89 and 3.56 ± 1.17 by
controls. p value is 0.46 considered nonsignificant.
Language- Confrontation, Repetition, and
Fluency: Mean score obtained by shift workers is
4.76 ± 2.67 and by controls was found to be 6.00
± 3.97. p value of 0.35 is considered to be nonsignificant.
Graph-5: Executive functions

The present study was conducted on Shift
Workers (Nursing Staff Working at KLE
Hospital) to assess the effects of altered
circadian rhythm on sleep quality and
cognition among them compared with age and
gender matched day time working controls.
Results obtained showed GLOBAL PSQI
score to be on a higher side for shift workers
(nurses) as compared to the control
population, showing poor sleep quality among
shift workers over the past 1 month. Also,
sleep duration was reduced among shift
workers. Some previous studies done on shift
emergency physicians have shown a
significant percentage of the participants
suffering from poor sleep quality [11].
The mean score of Montreal cognitive
assessment test was lower among shift
workers, below the normal score of 26 or
over. While the control population fits into the
normal category, showing that shift workers
have cognitive impairments due to their
altered circadian rhythm (disturbed sleepwake cycle). In short term memory recall
mean score for nurses was comparatively
lower than day time controls. Second
component assessed was visuospatial abilities;
mean score for nurses was lower than
controls.
Executive functions assessment was done in
which nurses obtained a mean score
significantly lower than controls getting a
perfect score. The mean score obtained by
nurses in attention, concentration and working
memory was much lower to a score obtained
by controls. Language component of
cognition assessed showed nurses to have a
mean score comparatively lower than controls
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receiving a perfect score. The last component
assessed was orientation to time and place in
which both groups obtained a nearly perfect
score, showing no association with the altered
circadian rhythm. Hence, most components of
cognition assessed were found to be significantly
impaired.
Studies have shown that Shift workers have an
altered circadian rhythm and dyshomeostasis
[12], make workers more prone to workplace
accidents, with studies showing a boosted rate of
accidents linked to the use of sharp instruments
and items by medical personnel, as well as
medication and diagnostic errors and increased
patient death [13]. Several studies have
mentioned fatigue to be the main disadvantage of
shifts impairing cognitive performance, decrease
in alertness [14]. The reason may be the relation
observed between cognitive performance and
frontal lobe that is vulnerable to sleep
deprivation, generally night sleep. Studies have
also linked sleepiness and fatigue to decreases in
vigilance, reaction time, memory, information
processing, and decision making, all of which are
needed to safely and effectively perform a variety
of work tasks [15].
Decrease in sleep time creates some involuntary
episodes called Micro Sleep lasting for around
10-15 seconds, during which there is impairment
in memory and alertness, resulting in errors while
working [16]. Studies have also shown that sleep
deprivation due to shift work can hasten
neuroinflammation by selected markers and can
subsequently lead to neuro-degeneration, as it is
believed that there is alteration in neuroprotective markers and dominance of neuroinflammatory processes [17]. In addition, sleep
deprivation can be responsible for loss of
communication skills. Some also say that sleep
deprivation reduces the ability to make sound
decisions [18].
In the current study also, I found that shift
workers have disturbed circadian rhythm, poor
sleep quality and majority of cognitive functions
were impaired. However; contrary to most
studies, some studies did not find any association
between shift work and cognition in humans [19],
hence studies at a larger scale are required to be
conducted to establish relation between shift
work and cognition.
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Conclusion
The current study pointed out that in shift
workers (the resultant fatigue), there was a
significant reduction in cognitive functions,
poor short-term memory recall, less
visuospatial abilities, poor execution, lowered
concentration as compared to day time
working controls. These findings are related to
the irregularities in the circadian rhythm and
the natural cycle of sleep and waking, which
in turn lead to reduced work performance and
deteriorate cognitive abilities like, attention,
executive
functions,
planning
and
concentration.
Also; critical thinking, analytical reasoning
and making quick decisions for patients'
management like handling instruments, giving
medication to patients, following orders etc.
which are of utmost importance becomes
questionable. Moreover, the sleep quality
among nurses was poor, which was dependent
on long working time and short resting time.
However, there was no change observed in
orientation to time and place. The work
assigned to the studied sample of nurses
requires them to possess qualities like
adequate
alertness
and
consistent
performance. If the workers will not possess
these qualities, the safety of work would be at
risk.
Implications
Nursing skills are required for proper care and
handling of the patients. There is need to set
limits for working hours, preventive measures
like improving lighting in the working
environment, and letting staff members take a
nap during the shift) should be taken based on
scientific evidence to improve both patient’s
safety and optimize nursing staff learning. So,
there should be a proper protocol for work
duties that should include an adequate rest
period provided to them after a certain
assigned period of work hours.
Similarly, it also applies to senior and junior
residents, attendants and other night- shift
workers involved in critical care of the
patients to provide proper care without
significantly affecting themselves.
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Limitations of research: The responses of all the
participants may not be free from biases.
Reducing working hours can impose loss to the
organization and, therefore, may not be easily
accepted in practice.
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Abstract
Background: Few studies have shown how the move toward institutional delivery in low and middle-income
countries (LMIC) impacts stillbirth and newborn mortality.
Objectives: The study evaluated trends in institutional delivery in research sites in Belagavi and Nagpur India,
Guatemala, Kenya, Pakistan, and Zambia from 2010 to 2018 and compared them to changes in the rates of
neonatal mortality and stillbirth.
Methods: We analyzed data from a nine-year interval captured in the Global Network (GN) Maternal Newborn
Health Registry (MNHR). Mortality rates were estimated from generalized estimating equations controlling for
within-cluster correlation. Cluster-level analyses were performed to assess the association between institutional
delivery and mortality rates.
Results: From 2010 to 2018, a total of 413,377 deliveries in 80 clusters across 6 sites in 5 countries were included in
these analyses. An increase in the proportion of institutional deliveries occurred in all sites, with a range in 2018 from
57.7 to 99.8%. In 2010, the stillbirth rates ranged from 19.3 per 1000 births in the Kenyan site to 46.2 per 1000 births in
the Pakistani site and by 2018, ranged from 9.7 per 1000 births in the Belagavi, India site to 40.8 per 1000 births in the
Pakistani site. The 2010 neonatal mortality rates ranged from 19.0 per 1000 live births in the Kenyan site to 51.3 per
1000 live births in the Pakistani site with the 2018 neonatal mortality rates ranging from 9.2 per 1000 live births in the
Zambian site to 50.2 per 1000 live births in the Pakistani site. In multivariate modeling, in some but not all sites, the
reductions in stillbirth and neonatal death were significantly associated with an increase in the institutional deliveries.
(Continued on next page)
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Conclusions: There was an increase in institutional delivery rates in all sites and a reduction in stillbirth and neonatal
mortality rates in some of the GN sites over the past decade. The relationship between institutional delivery and a
decrease in mortality was significant in some but not all sites. However, the stillbirth and neonatal mortality rates
remain at high levels. Understanding the relationship between institutional delivery and stillbirth and neonatal deaths
in resource-limited environments will enable development of targeted interventions for reducing the mortality burden.
Trial registration: The study is registered at clinicaltrials.gov. ClinicalTrial.gov Trial Registration: NCT01073475.
Keywords: Institutional deliveries, Facility births, Stillbirths, Neonatal mortality, Global network

Background
Since 1990, efforts to reduce child mortality have made
an impact across the globe. By 2015, the global underfive mortality rate was reduced by 53%, from 91 per
1000 live births to 43 per 1000. However, despite the
overall progress in under-five child mortality, less progress was made with neonatal mortality, representing
45% of the 5.9 million under five deaths in 2015 [1].
Furthermore, the burden of death remains unequally
distributed, as both sub-Saharan Africa and south Asia
recorded a neonatal mortality rate of 29 per 1000 live
births, combining for an estimated 2.1 million neonatal
deaths recorded in 2015. The burden of stillbirths is
similar to that of neonatal mortality and these regions
account for a similar proportion of all stillbirths. Most of
both neonatal deaths and stillbirths in these regions
occur among term or near-term fetuses/neonates. These
deaths have been substantially reduced in high-resource
settings. To end preventable stillbirths and deaths of
newborns and reach the United Nations Sustainable
Development Goal (SDG) (3.2) by 2030 (with all countries reducing neonatal mortality to no more than 12 per
1000 live births), success must be achieved in reducing
stillbirths and neonatal mortality [2, 3]. Most stillbirths
occur during labor and most neonatal deaths occur
shortly after delivery [4–7]. Globally, intrapartum-related
complications are estimated as the cause of as much as
60% of stillbirths and 23% of neonatal mortality [8].
Skilled birth attendance and an institutional environment
capable of providing effective obstetric and neonatal care
are needed to significantly reduce stillbirths and neonatal
deaths [9, 10]. While delivery in a health facility is assumed
to improve birth outcomes, the existing evidence to date
has shown contradicting results, particularly in areas where
enabling environments are constrained [11–13]. For example, one recent study from Ghana observed that facility
delivery was not associated with decreased risk of maternal
or neonatal mortality [13].
To date, few prospective studies have assessed the impact of the shift from home births to delivery in health
facilities on stillbirths and neonatal mortality across lowresource settings. In a population-based pregnancy registry, we sought to evaluate the trends toward institutional

delivery and associated stillbirth and neonatal mortality
rates in the Eunice Kennedy Shriver National Institute of
Child Health and Human Development Global Network
for Women’s and Children’s Health Research (GN) sites
from January 2010 to December 2018.

Methods
This study is an analysis of 2010–2018 data from the
Maternal Newborn Health Registry (MNHR) of the GN
[14]. The MNHR is a prospective, population-based
surveillance study of pregnant women and their pregnancy outcomes. From the MNHR, six study sites with
complete data over this period were selected for inclusion.
These sites included: Eldoret, Kenya; Lusaka, Zambia;
Belagavi, Karnataka State and Nagpur, Maharashtra State,
India; Thatta, Pakistan; and Chimaltenango, Guatemala.
The study population at each site is derived from geographically defined clusters with 300 or more births per
year. The MNHR staff enrolled all consenting pregnant
women who were residents of the cluster and collected
outcome information following delivery and at 42 days
postpartum.
Table 1 describes the location, the clusters, and the
health institutions contributing to the MNHR for this
analysis. The MNHR dataset for this analysis (2010 to
2018) excluded outcomes for women lost to follow-up
prior to delivery, medically terminated pregnancies or
those resulting in miscarriage, and infants weighing
< 1000 g at birth. Early pregnancy losses were excluded
because the objective was to assess outcomes associated
with facility delivery and those < 1000 g were generally
not considered viable in the study facilities. To evaluate
trends, we restricted analyses to clusters that contributed
to the full study period.
Institutional delivery was defined as delivery at either a
hospital or clinic (primary health center or community
health center). Community deliveries included those that
occurred at home (generally the mother’s home or birth
attendant’s home). Stillbirth rates were defined as deaths
prior to delivery among all births ≥28 weeks gestation
or > 1000 g birthweight if gestational age was unavailable
(events per 1000 births).
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Table 1 Site Descriptions
LOCATION

NO. OF CONTINUING CLUSTERS

NO.

Kenya
(Eldoret)

Western region of Kenya in counties of Busia,
Bungoma, and Kakamega

16

20 health centers
3 referral hospitals

Zambia
(Lusaka)

Kafue and Chongwe districts south and east
of Lusaka

10

8 health posts
3 district hospitals
1 tertiary referral hospital

Western Highlands of Guatemala

11

42 health posts
30 health centers
1 tertiary level referral hospital

Belagavi, India
(Belagavi)

Northwestern corner of state of Karnataka

12

18 primary health centers
8 secondary level hospitals
3 tertiary level hospitals

Nagpur, India
(Nagpur)

Located within the state of Maharashtra

19

20 primary health centers
119 sub-centers
10 tertiary level hospitals

Pakistan
(Thatta)

Two sub-districts of Thatta district in southern
Sindh province

12

47 primary health clinics
25 secondary care facilities
3 tertiary level referral hospitals

SITE
(COORDINATING CENTER)

AND

TYPE OF HEALTH FACILITIES

AFRICA

LATIN AMERICA
Guatemala
(Chimaltenango)
ASIA

Descriptive analyses were performed. For each mortality
outcome, annual estimates, and 95% confidence intervals
were obtained from generalized linear models with a Poisson distribution assumption and log link with generalized
estimating equations controlling for within-cluster correlation. Parameters in the model include site and year as well
as their interaction, with year treated categorically in order
not to assume a linear trend over time although a test for a
linear trend was completed. Models were also run adjusting
for potential confounders including age, maternal education, parity, multiple births, and infant birth weight. Within
site estimates were obtained for all deliveries. Cluster-level
mortality rates were modeled as a function of institutional
delivery rates using repeated measures beta logistic models
to account for correlation within clusters across time. The
partial correlation coefficient (ρ) between institutional delivery rates and each mortality outcome was also calculated
accounting for the repeated measures within cluster across
time in order to assess the association between the institutional delivery rate and the outcome, while accounting for
the potential confounders. All analyses were conducted
using SAS v.9.4 (Cary, NC).

Results
From 2010 to 2018, a total of 413,377 deliveries were included in these analyses (Fig. 1), with a range across sites
of 58,686 deliveries in the Guatemalan site to 79,011
deliveries in the Nagpur site (Table 2). Overall, 82.6% of
the pregnant women in this cohort were between the
ages of 20–35, with the Kenyan (22.2%) and Zambian

(24.6%) sites having the largest proportion of women
below the age of 20. Approximately 80% of women had
a primary level of education or higher. However, the
Pakistani site reported that 85.8% of women had no
formal education. Regarding parity, nearly 30% of the cohort in the Kenyan, Zambian and Guatemalan sites,
greater than 40% in the Belagavi and Nagpur sites, and
less than 20% in the Pakistani site were nulliparous. In
contrast, more than 30% of the women in the Kenyan,
Zambian, and Guatemalan sites and nearly half in the
Pakistani site reported two or more prior births, while
the Belagavi and Nagpur sites reported that less than
10% of the women had two or more prior births. The
proportion of women with at least one antenatal care
visit was nearly 100% for all sites except for the Pakistani
site, which was just below 90%. Among all sites, between
47 and 50% of infants were female and less than 3% were
the result of a multiple gestation. The African sites reported the greatest proportion of infants with a birthweight ≥2500 g (96.1% for the Kenyan site and 93.5% for
the Zambian site), while the other sites reported > 2500
g birth weight rates between 78.9 and 84.0%.
There were substantial increases in institutional deliveries observed for all sites (Table 3), with the largest
increases at the Kenyan site (35.8 to 86.7% for 2010 to
2018), the Zambian site (50.5 to 88.2%), the Pakistani site
(46.1 to 72.5%), and the Guatemalan site (28.2 to 57.7%).
The proportion of institutional deliveries in the two Indian
sites were already above 90% in 2010 and increased to
nearly 99% or greater by 2018 (Belagavi: 92.7 to 98.7%;
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Fig. 1 CONSORT diagram - Enrollment and deliveries

Nagpur: 90.0 to 99.8%). Trends in the proportion of deliveries attended by a trained health worker also increased
over time and were generally consistent with the rates for
institutional deliveries (data not shown). While rates of
caesarean deliveries also increased over time, they were
generally low for the African sites (< 3% across all years),
rose from 6 to 15% in the Pakistani site, and were greater
than 10% in 2010 increasing to between 28 and 38% in
2018 for the Indian and Guatemalan sites, respectively
(data not shown).
Figure 2 displays stillbirth and neonatal mortality rates
for each site by year. In general, the overall rates for each
outcome decreased over time for most sites, with year-toyear fluctuation. The Pakistani site consistently reported
the highest stillbirth and neonatal mortality rates.
Table 3 presents results for trends in stillbirth and
neonatal mortality rates over time. In the unadjusted
analyses, every site showed at least a modest reduction
of stillbirth rates from 2010 to 2018. When adjusting for
covariates, the test for linear trend over time was significant for stillbirths only for the Asian sites, but not for
the African or Guatemalan sites. Comparing 2010 to
2018, every site had at least a small reduction in the neonatal mortality rates. In the adjusted analyses, neonatal
mortality was reduced significantly for the Zambian,
Pakistani, Guatemalan and Belagavi sites. In the Nagpur
site, the overall unadjusted stillbirth rate fell from 28.6
to 11.5 per 1000 (p < 0.0001); however, the adjusted
model for neonatal mortality failed to converge.
In the cluster-level analyses to assess the association
between institutional delivery rates and stillbirth rates
(Table 3), evidence for an association was observed for
stillbirths for the Zambian, Belagavi, Nagpur, Guatemalan
and Pakistani sites. Neonatal mortality rates were associated with increases in institutional delivery for the Kenyan,
Zambian, Belagavi, and Nagpur sites. In each of these
sites, the partial correlation coefficients (ρ) between

institutional delivery rates and stillbirths and/or neonatal
mortality rates were negative and the odds ratios (OR) for
a 1 unit increase in institutional delivery were less than
one, suggesting that stillbirth and/or neonatal mortality
rates were lower when institutional delivery rates were
higher. However, generally these results suggest that the
observed associations between institutional delivery and
mortality outcomes were relatively small.

Discussion
This study analyzed 9 years (2010 to 2018) of pregnancy
and delivery outcome data from six sites within the GN
MNHR. The proportion of institutional deliveries increased across all GN sites. The shift was associated with
some statistically significant decreases in stillbirth and
neonatal mortality over the same period; however, overall, these changes were modest. Among the African sites,
a large increase in institutional births was observed in
the Zambian site and at the cluster level, higher institutional birth rates were associated with lower stillbirth
and neonatal mortality rates. However, in Kenya, a large
increase in institutional deliveries was also observed,
with no significant association between institutional delivery rates and stillbirths and neonatal mortality rates.
The proportion of institutional deliveries in the
Guatemalan site doubled over time, yet in 2018 institutional deliveries still accounted for less than 60% of
all deliveries. There was, however, no significant decrease
in stillbirth rates over time. Along with the increase in institutional deliveries, a significant decrease in the stillbirth
and neonatal mortality rates was observed, but with yearto-year fluctuation.
Among the Asian sites, smaller increases in institutional deliveries were observed in the two Indian sites Belagavi and Nagpur - with greater than 90% of births
occurring in health facilities in 2010 and greater than
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Table 2 Maternal and infant demographic and clinical characteristics by site
Deliveries

Kenya

Zambia

Guatemala

Belagavi

Nagpur

Pakistan

73,896

62,382

58,686

78,916

79,011

60,486

Maternal Age, N (%)
< 20

16,274 (22.2)

15,310 (24.6)

9792 (16.7)

8437 (10.7)

1718 (2.2)

2187 (3.6)

20–35

53,873 (73.5)

42,002 (67.4)

42,775 (72.9)

70,270 (89.1)

76,945 (97.4)

54,746 (90.7)

> 35

3127 (4.3)

5015 (8.0)

6109 (10.4)

186 (0.2)

324 (0.4)

3455 (5.7)

Maternal Education, N (%)
No formal education

1653 (2.3)

5445 (8.8)

10,051 (17.1)

12,629 (16.1)

2491 (3.2)

51,831 (85.8)

Primary or Secondary

67,043 (91.5)

55,746 (89.6)

46,156 (78.7)

58,340 (74.3)

62,608 (79.3)

7588 (12.6)

University +

4598 (6.3)

1007 (1.6)

2472 (4.2)

7579 (9.6)

13,828 (17.5)

968 (1.6)

0

21,236 (29.0)

18,103 (29.0)

16,863 (28.7)

32,053 (40.8)

38,783 (49.1)

11,028 (18.7)

1–2

28,495 (38.9)

23,968 (38.4)

22,329 (38.1)

41,439 (52.7)

38,384 (49.6)

19,544 (33.1)

Parity, N (%)

>2

23,570 (32.2)

20,279 (32.5)

19,491 (33.2)

5068 (6.5)

1810 (2.3)

28,403 (48.2)

At least one antenatal care visit

72,430 (98.0)

62,184 (99.7)

56,422 (96.2)

78,884 (100)

78,841 (99.8)

54,013 (89.4)

Births

74,814

62,999

59,051

79,479

79,628

61,187

Infant Gender, N (%)
Male

37,730 (50.5)

32,416 (51.5)

29,993 (50.9)

41,011 (51.6)

41,374 (52.2)

31,591 (52.0)

Female

36,987 (49.5)

30,518 (48.5)

28,987 (49.1)

38,403 (48.4)

37,953 (47.8)

29,183 (48.0)

333 (0.4)

386 (0.6)

406 (0.7)

874 (1.1)

1027 (1.3)

1208 (2.0)

Infant Birthweight, N (%)
1000–1499 g
1500–2499 g

2594 (3.5)

3684 (5.9)

9016 (15.3)

12,779 (16.1)

12,857 (16.2)

11,593 (19.1)

≥ 2500 g

71,743 (96.1)

58,863 (93.5)

49,543 (84.0)

65,779 (82.8)

65,377 (82.5)

47,950 (78.9)

Yes

1790 (2.4)

1214 (1.9)

720 (1.2)

1121 (1.4)

1226 (1.5)

1372 (2.3)

No

72,970 (97.6)

61,754 (98.1)

58,274 (98.8)

78,325 (98.6)

78,266 (98.5)

59,425 (97.7)

Multiple Birth, N (%)

MNH Registry 2010–2018 deliveries excluding women lost to follow-up prior to delivery, miscarriages/medical terminations and births < 1000 g. Infant birthweight
includes measured and estimated values

98% by the end of 2018. For both Indian sites, lower
stillbirth and neonatal mortality rates were associated
with higher institutional delivery rates. In the Pakistani
site, the proportion of institutional deliveries moderately increased from 2010 to 2018 and there were
significant decreases in the stillbirth and neonatal
mortality rates. However, there was only a significant
association between stillbirth rates and institutional
delivery rates.
Prior and during the time of this study, the governments
of many low and middle-income countries (LMIC) have
encouraged institutional delivery through incentive programs (e.g., conditional cash transfers and removal of user
fees) as a strategy to improve maternal and newborn
outcomes [15, 16]. Evaluations of these strategies have
demonstrated varied results in increasing institutional
deliveries [17–19].
A recently published study of the major determinants of facility birth on mortality outcomes through

a secondary analysis of surveillance data in Ghana
found that facility delivery did not result in improved
survival for newborns [13]. Investigators assessed the
quality of care of obstetric and newborn services
among the facilities in the study area. The study
highlighted the need to improve the quality of obstetric and newborn care in order to reduce mortality.
Some studies have shown that institutional deliveries
may reduce perinatal mortality attributed to intrapartum complications [20] and may reduce neonatal mortality
[17]. In our study, we observed an increase in institutional
deliveries at each of the research sites and identified an
associated decrease in neonatal mortality in four of the
six sites. Despite these improvements, the neonatal mortality rates remain at high levels when compared with corresponding rates in high-income counties [21]. Further
progress may require an enhanced focus on improving the
quality of delivery services as well as a corresponding
improvement in the overall health systems in LMICs.
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Table 3 Trends in Delivery and Mortality Rates by Site
Year

Overall Births, N

Institutional
Delivery N (%)

Overall N (95% CI)
Stillbirth rate
(per 1000 births)

Neonatal mortality
< 28 days rate
(per 1000 live births)

Kenya
2010

9177

3242 (35.8)

19.3 (14.6, 25.5)

19.0 (13.3, 27.0)

2011

9523

3672 (39.0)

16.6 (12.2, 22.5)

12.3 (9.8, 15.3)

2012

8905

3690 (41.9)

25.6 (20.1, 32.6)

13.6 (10.8, 17.2)

2013

8460

4236 (50.8)

19.5 (14.9, 25.6)

13.8 (11.0, 17.5)

2014

7875

5037 (64.8)

23.0 (18.3, 28.7)

11.5 (8.9, 14.9)

2015

7761

5560 (72.5)

21.7 (17.1, 27.5)

11.0 (8.4, 14.5)

2016

7692

5890 (77.5)

20.1 (16.6, 24.3)

12.6 (9.8, 16.3)

2017

7729

5386 (70.6)

22.6 (19.3, 26.5)

13.6 (9.9, 18.8)

2018

7692

6587 (86.7)

15.8 (12.6, 19.7)

11.8 (8.4, 16.5)

0.4926

0.1419

Birth-Level Analyses: Adjusted Linear trend p-value1
Cluster-Level Analyses of mortality outcome with
institutional delivery rate (IDR)
Odds ratio for 1 unit increase in IDR (p-value)

0.87 (0.5165)

Partial correlation coefficient with IDR (p-value)

−0.04 (0.6299)

−0.18 (0.0414)

Zambia
2010

7137

3571 (50.5)

24.2 (18.2, 32.1)

22.8 (17.5, 29.6)

2011

7113

4070 (57.7)

17.5 (12.5, 24.6)

15.9 (12.4, 20.4)

2012

6780

4458 (66.3)

18.9 (14.6, 24.6)

16.6 (12.3, 22.5)

2013

6798

4666 (69.3)

18.7 (14.4, 24.4)

15.2 (11.8, 19.7)

2014

6671

5171 (78.2)

13.6 (10.3, 17.9)

13.4 (8.8, 20.5)

2015

7265

5936 (82.7)

13.4 (8.7, 20.7)

13.9 (10.5, 18.4)

2016

7322

6054 (83.5)

16.6 (13.3, 20.7)

16.1 (12.8, 20.2)

2017

7074

6048 (86.6)

16.8 (13.4, 21.2)

13.2 (9.4, 18.5)

2018

6839

5968 (88.2)

16.0 (12.5, 20.5)

9.2 (6.9, 12.3)

0.9896

0.0005

Birth-Level Analyses: Adjusted Linear trend p-value1
Cluster-Level Analyses of mortality outcome with
institutional delivery rate (IDR)
Odds ratio for 1 unit increase in IDR (p-value)

0.59 (0.0704)

0.45 (0.0092)

Partial correlation coefficient with IDR (p-value)

−0.23 (0.0398)

−0.28 (0.0127)

Guatemala
2010

4042

1134 (28.2)

20.7 (16.5, 26.0)

27.5 (21.4, 35.4)

2011

5900

2023 (34.5)

19.5 (15.4, 24.7)

22.4 (18.2, 27.5)

2012

5843

2422 (41.7)

15.2 (11.2, 20.7)

17.3 (13.6, 22.1)

2013

6761

3234 (48.1)

17.3 (13.8, 21.8)

22.0 (18.6, 25.9)

2014

7010

3447 (49.5)

14.5 (11.7, 18.0)

29.4 (25.8, 33.5)

2015

7326

3710 (51.0)

18.6 (14.0, 24.9)

25.2 (21.1, 30.0)

2016

7905

3941 (50.2)

19.9 (15.4, 25.6)

26.9 (23.3, 31.0)

2017

7410

4013 (54.4)

18.9 (14.7, 24.3)

20.0 (15.7, 25.4)

2018

6854

3931 (57.7)

16.5 (13.8, 19.7)

21.9 (18.3, 26.3)

0.4570

0.0324

Birth-Level Analyses: Adjusted Linear trend p-value1
Cluster-Level Analyses of mortality outcome with
institutional delivery rate (IDR)
Odds ratio for 1 unit increase in IDR (p-value)
Partial correlation coefficient with IDR (p-value)

0.68 (0.0859)
−0.40 (0.0002)

−0.12 (0.2816)
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Table 3 Trends in Delivery and Mortality Rates by Site (Continued)
Year

Overall Births, N

Institutional
Delivery N (%)

Overall N (95% CI)
Stillbirth rate
(per 1000 births)

Neonatal mortality
< 28 days rate
(per 1000 live births)

Belagavi, India
2010

11,922

10,961 (92.7)

21.5 (17.7, 26.0)

24.4 (20.3, 29.2)

2011

12,263

11,559 (94.9)

20.7 (16.5, 26.0)

21.9 (16.3, 29.4)

2012

12,831

12,173 (95.7)

20.1 (17.3, 23.3)

21.3 (18.0, 25.1)

2013

11,793

11,245 (96.1)

15.0 (12.8, 17.6)

23.6 (20.7, 26.9)

2014

6942

6529 (94.8)

15.8 (12.7, 19.6)

22.0 (19.1, 25.4)

2015

6637

6360 (96.6)

14.1 (10.8, 18.3)

18.5 (16.1, 21.3)

2016

6254

6086 (98.0)

13.6 (10.7, 17.2)

16.6 (13.9, 19.7)

2017

5641

5492 (97.9)

11.2 (9.6, 13.0)

18.1 (16.4, 20.1)

2018

5196

5079 (98.7)

9.7 (7.3, 13.0)

13.0 (10.1, 16.7)

0.0049

0.0243

Birth-Level Analyses: Adjusted Linear trend p-value1
Cluster-Level Analyses of mortality outcome with
institutional delivery rate (IDR)
Odds ratio for 1 unit increase in IDR (p-value)

0.04 (0.0006)

0.08 (0.0018)

Partial correlation coefficient with IDR (p-value)

−0.33 (0.0011)

−0.27 (0.0083)

Nagpur, India
2010

9719

8671 (90.0)

28.6 (24.9, 33.0)

23.5 (19.8, 27.8)

2011

9203

8823 (96.6)

20.7 (18.0, 23.9)

17.9 (14.7, 21.9)

2012

9184

8939 (98.1)

22.0 (19.0, 25.6)

21.7 (18.2, 25.9)

2013

9568

9364 (98.8)

20.7 (18.0, 23.9)

23.5 (19.8, 27.8)

2014

8762

8628 (99.1)

19.6 (16.0, 24.0)

18.7 (15.6, 22.4)

2015

9469

9335 (99.5)

19.4 (16.2, 23.2)

17.7 (15.3, 20.6)

2016

8699

8557 (99.5)

17.8 (14.4, 21.9)

20.6 (18.2, 23.2)

2017

7987

7913 (99.8)

16.5 (13.6, 19.9)

16.5 (14.1, 19.3)

2018

7037

6971 (99.8)

11.5 (8.8, 15.1)

18.0 (15.4, 21.2)

Birth-Level Analyses: Adjusted Linear trend p-value1, 2

<.0001

Cluster-Level Analyses of mortality outcome with
institutional delivery rate (IDR)
Odds ratio for 1 unit increase in IDR (p-value)

0.04 (<.0001)

0.22 (0.0302)

Partial correlation coefficient with IDR (p-value)

−0.42 (<.0001)

−0.17 (0.0369)

Pakistan
2010

8088

3677 (46.1)

46.2 (39.3, 54.1)

51.3 (42.7, 61.5)

2011

8120

4002 (50.0)

51.4 (43.0, 61.4)

58.3 (50.8, 66.8)

2012

6890

3455 (50.8)

49.1 (43.6, 55.4)

46.5 (40.0, 54.1)

2013

7033

4002 (57.7)

59.5 (50.1, 70.8)

51.7 (45.8, 58.4)

2014

6844

4105 (60.6)

50.9 (44.6, 58.2)

45.0 (41.0, 49.4)

2015

6396

3955 (62.7)

47.0 (40.4, 54.7)

52.8 (45.9, 60.7)

2016

6089

3910 (65.0)

43.1 (36.6, 50.8)

48.3 (43.4, 53.7)

2017

5958

4014 (68.1)

42.1 (37.5, 47.3)

48.3 (43.1, 54.1)

2018

5769

4137 (72.5)

40.8 (35.5, 46.9)

50.2 (45.2, 55.7)

<.0001

0.0011

Birth-Level Analyses: Adjusted Linear trend p-value1
Cluster-Level Analyses of mortality outcome with
institutional delivery rate (IDR)

1
2

Odds ratio for 1 unit increase in IDR (p-value)

0.50 (0.0015)

0.86 (0.4499)

Partial correlation coefficient with IDR (p-value)

−0.23 (0.0259)

−0.07 (0.4756)

Adjusted linear models control for the following characteristics: maternal age, maternal education, parity, multiple birth, and categorized infant birth weight
The adjusted model for GN11 Nagpur failed to converge due to a low number of cases among Community birth
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Fig. 2 Stillbirth and neonatal mortality rates - trends over time by country site

Our study includes a significant number of observations and 9 years of data enabling us to measure trends
over time. The MNHR incorporates rigorous training
of data collectors and close, routine monitoring to help
ensure high-quality data. The database for this study included over 400,000 pregnancies and corresponding delivery outcomes to provide a strong framework to
analyze trends in institutional delivery and mortality.
However, our analyses were limited by the number of
factors included in the study and the consistency of
variables collected over the study period. This reduced
our capacity to explore in depth the associations between institutional deliveries and outcomes.

Conclusions
While we did observe important increases in institutionbased deliveries, these increases were not consistently
associated with decreased stillbirth or neonatal mortality rates. Both stillbirth and neonatal mortality rates
remain high in these settings, despite the increases in
facility delivery. Research on the factors associated
with stillbirth and neonatal mortality in institutional
deliveries is needed to develop interventions aimed at
reducing those mortalities.
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Abstract
Background: Pakistan has among the poorest pregnancy outcomes worldwide, significantly worse than many other
low-resource countries. The reasons for these differences are not clear. In this study, we compared pregnancy out‑
comes in Pakistan to other low-resource countries and explored factors that might help explain these differences.
Methods: The Global Network (GN) Maternal Newborn Health Registry (MNHR) is a prospective, population-based
observational study that includes all pregnant women and their pregnancy outcomes in defined geographic commu‑
nities in six low-middle income countries (India, Pakistan, Democratic Republic of Congo, Guatemala, Kenya, Zambia).
Study staff enroll women in early pregnancy and follow-up soon after delivery and at 42 days to ascertain delivery,
neonatal, and maternal outcomes. We analyzed the maternal mortality ratios (MMR), neonatal mortality rates (NMR),
stillbirth rates, and potential explanatory factors from 2010 to 2018 across the GN sites.
Results: From 2010 to 2018, there were 91,076 births in Pakistan and 456,276 births in the other GN sites combined.
The MMR in Pakistan was 319 per 100,000 live births compared to an average of 124 in the other sites, while the
Pakistan NMR was 49.4 per 1,000 live births compared to 20.4 in the other sites. The stillbirth rate in Pakistan was 53.5
per 1000 births compared to 23.2 for the other sites. Preterm birth and low birthweight rates were also substantially
higher than the other sites combined. Within weight ranges, the Pakistani site generally had significantly higher
rates of stillbirth and neonatal mortality than the other sites combined, with differences increasing as birthweights
increased. By nearly every measure, medical care for pregnant women and their newborns in the Pakistan sites was
worse than at the other sites combined.
Conclusion: The Pakistani pregnancy outcomes are much worse than those in the other GN sites. Reasons for these
poorer outcomes likely include that the Pakistani sites’ reproductive-aged women are largely poorly educated, under‑
nourished, anemic, and deliver a high percentage of preterm and low-birthweight babies in settings of often inad‑
equate maternal and newborn care. By addressing the issues highlighted in this paper there appears to be substantial
room for improvements in Pakistan’s pregnancy outcomes.
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Background
The United Nations’ establishment of Millennium Development Goals (MDGs) 4 and 5 – to improve child and
maternal health, respectively, brought high maternal and
neonatal mortality to the forefront of the global stage.
These goals included a three-quarters reduction in the
1990 maternal mortality ratio (MMR) and a two-thirds
reduction in the 1990 under-5 mortality rate, both to be
achieved by 2015. Knowledge about rates and trends in
maternal and neonatal mortality, as well as for stillbirths,
can identify particular sub-populations that may be at
higher risk for death, and inspire strategies to reduce this
risk.
While Pakistan has shown a decrease in its MMR and
neonatal mortality rate (NMR) since 1990, there has
been less improvement in these outcomes as compared
to other south Asian countries [1–3]. Stillbirth rates
have rarely been addressed and remain under-reported
in Pakistan, but are approximately equal in number to
the neonatal deaths. In 2015, there were about 5,500,000
births in Pakistan [4]. The MMR in 2015 in Pakistan was
reported as 178 deaths/100,000 live births, decreased by
58.7% since 1990, when the rate was 431 deaths/100,000
live births [1]. However, in rural areas of Pakistan, the
MMR in 2007 was reported as almost twice that figure,
at 319 deaths/100,000 live births, with wide variation
between provinces—227 in Punjab vs. 785 in Baluchistan
[5]. Because these data are derived from a poorly functioning vital statistics system or estimates based on sampling, they likely under-report deaths.
Pakistan’s overall NMR in 2015 was reported as 44
deaths per 1000 live births. However, in rural areas, the
NMR was reported to be 62 deaths per 1,000 live births,
while for the richest households, the NMR was reported
as 34 deaths per 1000 live births [6, 7]. The stillbirth rate
in 2015 was reported at 43 per 1000 total births [7]. In
the Pakistan 2017–2018 Demographic Health Survey
(PDHS), the NMR for the five years preceding the survey was 42 deaths per 1000 live births [8]. Again, because
of the lack of a functioning vital statistics system, these
numbers are at best estimates and the number of deaths
are likely to be underreported.
Pakistan consistently lagged in achieving the healthrelated MDGs 4 and 5 for reducing maternal and child
mortality. This led the government to launch the National
Maternal, Neonatal, and Child Health (MNCH) Programme in 2007, to improve maternal and child health
outcomes. This program concentrated on two main

areas: (1) providing emergency obstetric services and
community midwives, and (2) promoting institutional
deliveries and skilled birth attendance. Lady health workers (LHWs) provided obstetric and newborn services,
including primary health care through home visits in
rural areas. Unfortunately, despite these efforts, the MDG
targets were not achieved [8]. As a signatory of the newer
Sustainable Development Goals (SDGs) 2015–2030, the
government of Pakistan developed a monitoring and
evaluation mechanism for the National Health Vision
2016–2025. The resulting framework is coordinated with
the Planning Commission of Pakistan for SDG reporting,
as well as with other stakeholders to ensure an inclusive
and wide reach [8]. The SDG 3—to ensure healthy lives
and promote well-being at all ages—includes bringing the
global NMR to as low as 12 deaths per 1000 live births
and the MMR to less than 70 deaths per 100,000 live
births by 2030 [9].
Countries such as Rwanda, Iran, Bhutan, Cambodia,
the Lao People’s Democratic Republic, Mongolia, and
Timor-Leste are categorized as having “achieved MDG
5A” based on MMR reduction estimates indicating a
downward trend of at least 75% between 1990 and 2015
[1]. On the other hand, in Pakistan, the overall MMR
decrease did not achieve that goal [10]. Furthermore, in
a recent report by UNICEF in 2018, Pakistan was listed
as the riskiest place in the world to be born as measured
by its NMR in 2016—higher than that of Central African
Republic, Afghanistan, and Somalia. One in 22 babies
born in Pakistan in 2016 died before the end of the first
month of life [2].
The Global Network (GN) for Women’s and Children’s
Health Research’s Maternal Newborn Health Registry (MNHR) provides a unique opportunity to compare
pregnancy outcomes and putative explanatory factors for
adverse outcomes at a surveillance site in Pakistan with
sites in six other countries. The purpose of this paper is
to compare the MMR, rates of stillbirth, and NMR as
well as factors that might help to explain the differences
between the site in Pakistan and six other sites in the
MNHR, including two sites in India, as well as sites in
Kenya, Zambia, the Democratic Republic of the Congo
(DRC), and Guatemala.

Methods
Data for this study were collected by the Eunice Kennedy
Shriver National Institute of Child Health and Human
Development (NICHD)’s Global Network for Women
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and Children’s Health Research. The GN’s MNHR, established in 2008, is a multi-site, prospective, ongoing active
surveillance system to track pregnancies and births in
GN sites (seven at the time of this study): Chimaltenango,
Guatemala; Nagpur and Karnataka Districts, India; western Kenya; Thatta District, Pakistan; areas near Lusaka,
Zambia; North and South Ubangi Province, DRC (since
2014). Each site is composed of clusters that are defined
geographic areas generally related to a health center.
Approximately 300–500 births per year occur in each
cluster. The number of clusters has varied in each site
over time. Descriptions of the MNHR and its history as
well as the individual sites are included elsewhere [11].
In general, the data elements were collected consistently
throughout the study, although in some cases, a particular data element was added or discontinued. In each of
the tables, the number of cases for which we had data for
a specific characteristic is listed.
Data on the eligible pregnant women and their babies
were obtained at three time points. The first visit, at
enrollment, ideally occurred by week 20 of gestation and
data used to date the pregnancy were collected, as well as
the mother’s age, level of schooling, parity, date of delivery and status of last child born. Hemoglobin values were
collected at greater frequency as the study progressed,
especially in India and Pakistan. In the last 2 years of
this study, data on socioeconomic status have also been
collected. The second visit occurs within 48 hours of
delivery and information collected includes the number of antenatal care (ANC) visits, complications during
pregnancy, details of labor and delivery, including place,
mode of delivery, provider and practices, birth weight,
status of the mother and newborn following delivery,
referrals, and treatment provided to the mother and newborn. Interval maternal and newborn health and vital status are assessed at a third visit on day 42 after birth. The
same study protocol and similar operational mechanisms
are utilized at all the sites across the GN [12].
Thatta is a predominantly rural district bordering Karachi and Hyderabad, the two largest cities in the province
of Sindh. Despite its close proximity to these urban centers, Thatta was ranked 90th of 114 districts in Pakistan
on the Human Development Index in 2017 and was in
the bottom five among the 24 districts within the province of Sindh [13]. Recent reports from 2016 show that
the education sector in Thatta, in particular, lags behind
the rest of the country. Thatta has the lowest educational
attainment score in the province and is ranked amongst
the 15 lowest districts in the country [14]. On the other
hand, Thatta does have a large number of health care
providers spread throughout the district, and the proportion of women delivering at health care facilities is higher
than the national average [15].
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The study has been reviewed and approved at all of the
involved institutions’ ethics review committees including the review committees at the US institutions that
partnered with each of the low and middle-income sites.
A Data Monitoring Committee appointed by NICHD
reviews the MNHR data on a semiannual basis. All
enrolled women provide informed consent to participate
in the MNHR.
Analysis

We compared the data collected in the sites in India,
Kenya, Zambia, the DRC and Guatemala with those from
Pakistan for the years 2010–2018. For most summaries,
because of regional characteristics and outcome similarities, data from the two sites in India were combined as
were data from the Zambian and Kenyan sites. The DRC
site was considered separately since we only had data
from 2014 onward, and the mortality rates were substantially higher than the other two other African sites. The
Guatemalan site, as the only Central American site, was
also considered separately. Data were entered at each
study site with data edits performed prior to transmission to a central data center (RTI International, Durham,
NC, USA) where additional data edits were performed.
Data were analyzed centrally and statistical analyses performed using SAS v. 9.4.
Descriptive analyses are reported for the delivery and
health care characteristics, stratified by region. These
characteristics are compared between the Pakistani site
and all other sites combined using chi-square tests for
categorical characteristics and t tests for continuous
measures. We modeled the risk of maternal mortality,
stillbirth, and neonatal mortality and calculated point
and interval estimates of risk ratios using log binomial
models. We used generalized estimating equations to
account for correlation of outcomes within clusters to
assure appropriately sized p values and confidence intervals. Because mortality trend data through 2013 was
presented earlier, and because the DRC only had data
available for 2014–2018, for mortality trend analyses,
we included only those five years. To evaluate changes
in outcomes over time, we modeled year of delivery and
tested for trends with an orthogonal polynomial linear
contrast.
Hemoglobin levels have been collected in the MNHR
since 2008 when available, but only consistently in the
Indian sites since about 2014 and only more recently in
the Pakistani site. In the other sites, even in recent years,
hemoglobin values were available on fewer than half the
women. For this reason, our analysis of the hemoglobin
data included only those values from India and Pakistan.
A more thorough description of the hemoglobin levels
in the Indian and Pakistani sites is included in another
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paper in this supplement [16]. The socioeconomic data
were collected in all sites only from 2017 to 2018 and are
also described in detail in another paper in this supplement [17]. To provide a sense of where the Pakistani site
falls among the sites, only the ranking of socioeconomic
status (SES) among the sites is presented here. The interdelivery interval (IDI)—time from delivery of one live last
birth to the delivery of the index birth—is also described
in detail in another paper in this supplement [18]. Therefore, data for the percent of women with a short IDI
comparing the Pakistan site to all the other sites except
Pakistan are presented only in the text.

Results
Figure 1 shows the population included and excluded
in this study. Over the nine years (2010–2018), data on
a total of 91,076 pregnancies in the Pakistan site and
456,276 pregnancies in the six other sites were collected.

Screened
n=582,768
Ineligible: n=2,543
Did not consent: n=1,085
Lost before delivery: n=5,992
Delivered
n=573,148
Exclusions (n=25,796)
Miscarriage: n=18,011
Medical Termination: n=7,785

Deliveries included (n=547,352)
Maternal 42-day outcome: n=545,579
Births included (n=552,782)
Fetal/Neonatal 28-day outcome: n=550,794

Fig. 1 CONSORT diagram

Across all sites, among those enrolled, follow-up at six
weeks after delivery was 99.2% (ranging from 99.0 to
99.8%).
Table 1 shows the number of deliveries as well as the
MMR, NMR and stillbirth rates for all sites (grouping the
Indian sites together and the Kenyan and Zambian sites
together) and then for all sites excluding Pakistan. In this
analysis, the Pakistani site had an MMR almost three
times that of the other sites combined—although the
MMRs for the DRC and Pakistani sites were similar. The
stillbirth rates and the NMR in the Pakistani site were
more than twice those of the other sites combined.
Table 2 shows the MMR, stillbirth and NMR rates for
each site, or groups of sites as described above, and for
all sites but Pakistan for the individual years 2014–2018.
While the MMR was significantly higher for the Pakistani site versus the other sites combined (p < 0.0001),
the MMR did not significantly change between 2014 and
2018 for either the Pakistani site nor for the other sites
combined (p = 0.3229 and 0.9012 respectively). Rates
of stillbirths were also significantly higher in the Pakistani site versus the other sites combined (p < 0.0001).
The Pakistani site did see a significant reduction in the
stillbirth rate between 2014 and 2018 (p = 0.0009) that
appears to be linear (p = 0.0011) while the other sites
overall did not have a significant reduction (p = 0.2063).
The NMR was again significantly higher in the Pakistan
site versus the other sites combined (p < 0.0001); however,
the Pakistani site did not have a significant reduction
between 2014 and 2018 (p = 0.2436) while the other sites
combined did have a reduction (p = 0.0005) that appears
to be linear (p = 0.0026).
We next examined maternal characteristics that
could help explain the large differences in maternal,
fetal and neonatal outcomes between the Pakistani
site and the sites in India, Kenya and Zambia, the DRC

Table 1 The maternal mortality ratios, and stillbirth and neonatal mortality rates for all sites and for all sites
except Pakistan 2010 to 2018
Variable

Pakistan

India

Kenya and Zambia DRC

Guatemala

Total except Pakistan

Deliveries, N

91,076

205,203

136,567

31,604

82,902

456,276

Births, N

92,166

206,816

138,146

32,173

83,481

460,616

42-day maternal
mortality ratio, n/N
(rate/100,000 live
births)

278/87,172 (319)

237/201,722 (117)

142/135,300 (105)

98/30,894 (317)

79/81,861 (97)

556/449,777 (124)

Stillbirth, n/N
(rate/1000 births)

4923/92,095 (53.5) 5019/206,741 (24.3) 2807/138,107 (20.3) 1249/32,143 (38.9) 1610/83,471 (19.3) 10,685/460,462 (23.2)

28-day neonatal
mortality, n/N
(rate/1000 live
births)

4269/86,455 (49.4) 4489/201,550 (22.3) 1967/134,632 (14.6) 742/30,871 (24.0)

1936/81,678 (23.7) 9134/448,731 (20.4)
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Table 2 Trends in the maternal mortality ratio, stillbirth and neonatal mortality rates 2014–2018 for ongoing clusters
and the percent change from 2014 to 2018 for the Pakistan site and the Indian, African and Guatemalan sites and for all
sites but Pakistan
Variable

Pakistan

India

Kenya and Zambia DRC

Guatemala

Total except Pakistan

Maternal mortality < 42 days, n/N (rate/100,000 deliveries)
2014

19/6810 (279)

19/15,720 (121)

14/14,351 (98)

20/6062 (330)

7/6965 (101)

60/43,098 (139)

2015

20/6360 (314)

12/16,113 (74)

14/14,802 (95)

22/6050 (364)

8/7317 (109)

56/44,282 (126)

2016

20/6057 (330)

15/14,951 (100)

9/14,831 (61)

10/6312 (158)

10/7888 (127)

44/43,982 (100)

2017

28/5932 (472)

17/13,675 (124)

18/14,551 (124)

22/6709 (328)

11/7410 (148)

68/42,345 (161)

6/6846 (88)

56/39,815 (141)

2018
Comparisons
Pakistan vs. total except
Pakistan

20/5735 (349)

15/12,238 (123)

11/14,289 (77)

24/6442 (373)

RR estimate

RR 95% CI

RR P value

Trend P value

2.56

2.05, 3.20

< 0.0001

Pakistan: 2018 vs. 2014

1.27

0.79, 2.02

0.3229

0.1134

Total except Pakistan: 2018 vs.
2014

1.02

0.73, 1.42

0.9012

0.5040

Stillbirth, n/N (rate/1000 births)
2014

379/6886 (55.0) 381/15,834 (24.1) 290/14,571 (19.9)

223/6168 (36.2) 119/7038 (16.9) 1,013/43,611 (23.2)

2015

342/6446 (53.1) 396/16,261 (24.4) 277/15,044 (18.4)

257/6165 (41.7) 172/7384 (23.3) 1,102/44,854 (24.6)

2016

302/6141 (49.2) 356/15,104 (23.6) 310/15,050 (20.6)

268/6429 (41.7) 177/7939 (22.3) 1,111/44,522 (25.0)

2017

284/5996 (47.4) 297/13,768 (21.6) 320/14,836 (21.6)

236/6830 (34.6) 159/7446 (21.4) 1,012/42,880 (23.6)

2018
Comparisons
Pakistan vs. total except
Pakistan

257/5794 (44.4) 216/12,339 (17.5) 247/14,554 (17.0)

265/6551 (40.5) 139/6892 (20.2) 867/40,336 (21.5)

RR estimate

RR 95% CI

RR P value

Trend P value

2.03

1.79, 2.30

< 0.0001

Pakistan: 2018 vs. 2014

0.80

0.70, 0.91

0.0009

0.0011

Total except Pakistan: 2018 vs.
2014

0.93

0.82, 1.04

0.2063

0.1463

28-day neonatal mortality, n/N (rate/1000 live births)
2014

305/6498 (46.9) 343/15,451 (22.2) 182/14,221 (12.8)

152/5933 (25.6) 210/6900 (30.4) 887/42,505 (20.9)

2015

336/6098 (55.1) 314/15,863 (19.8) 190/14,699 (12.9)

143/5904 (24.2) 202/7207 (28.0) 849/43,673 (19.4)

2016

295/5828 (50.6) 303/14,737 (20.6) 210/14,685 (14.3)

145/6159 (23.5) 224/7758 (28.9) 882/43,339 (20.4)

2017

286/5701 (50.2) 262/13,468 (19.5) 203/14,397 (14.1)

171/6593 (25.9) 163/7285 (22.4) 799/41,743 (19.1)

2018
Comparisons
Pakistan vs. total except
Pakistan

283/5532 (51.2) 211/12,120 (17.4) 156/14,183 (11.0)

131/6282 (20.9) 160/6749 (23.7) 658/39,334 (16.7)

RR estimate

RR 95% CI

RR P value

Trend P value

2.64

2.41,2.90

< 0.0001

Pakistan: 2018 vs. 2014

1.10

0.94, 1.29

0.2436

0.5819

Total except Pakistan: 2018 vs.
2014

0.81

0.71, 0.91

0.0005

0.0026

and Guatemala, and for all sites but Pakistan combined
(Table 3). Education and parity were notably different in
the Pakistani site compared to the other sites combined.
More than 80% of the pregnant women in the Pakistani
site had no formal education compared to a combined
rate of 12.4% across the other sites. While 95% of pregnant women in the Indian sites had a parity of two or
less, around 50% of pregnant women in the Pakistani and
DRC sites had a parity of three or more. Furthermore,
the rate of parity more than four in the Pakistani site was
three times greater than that of the other sites combined.

Additionally, both Pakistani and Indian women had a
lower body mass index (BMI) than women in the other
sites. The maternal age tended to be different between
the Pakistani and the other sites as well. In the Pakistani
site, the percentage of women less than 20 years old at
delivery was more than 50% lower than the proportion in
the other sites combined.
Other factors that could help explain the poor maternal, fetal and neonatal outcomes in the Pakistani site
include less use of ANC among pregnant women, with
only 52.8% Pakistani women attending three or more
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Table 3 Maternal and demographic characteristics for women in the Pakistani site and the Indian, African
and Guatemalan sites and for all sites but Pakistan
Variable

Pakistan

India

Kenya and Zambia DRC

Guatemala

Total
except Pakistan

Deliveries, N

91,076

205,203

136,567

31,604

82,902

456,276

Maternal age, N (%)

90,900

205,097

135,890

31,573

82,886

455,446

< 20

3716 (4.1)

14,393 (7.0)

31,666 (23.3)

6047 (19.2)

13,907 (16.8)

66,013 (14.5)

20–35

82,204 (90.4)

190,088 (92.7)

96,060 (70.7)

22,759 (72.1)

60,282 (72.7)

369,189 (81.1)

> 35

4980 (5.5)

Maternal education, 90,868
N (%)
No formal educa‑
tion

75,064 (82.6)

616 (0.3)

8164 (6.0)

2767 (8.8)

8697 (10.5)

20,244 (4.4)

204,508

135,779

31,603

82,891

454,781

24,662 (12.1)

7,120 (5.2)

12,037 (38.1)

12,487 (15.1)

56,306 (12.4)

Primary

7183 (7.9)

41,026 (20.1)

52,893 (39.0)

13,945 (44.1)

45,360 (54.7)

153,224 (33.7)

Secondary

6339 (7.0)

113,202 (55.4)

70,155 (51.7)

5549 (17.6)

21,183 (25.6)

210,089 (46.2)

University+
Parity, N (%)

2282 (2.5)

25,618 (12.5)

5611 (4.1)

72 (0.2)

3861 (4.7)

35,162 (7.7)

88,759

204,669

135,939

31,603

82,896

455,107

0

16,902 (19.0)

89,947 (43.9)

39,444 (29.0)

5913 (18.7)

23,995 (28.9)

159,299 (35.0)

1–2

29,772 (33.5)

104,544 (51.1)

52,557 (38.7)

9835 (31.1)

31,875 (38.5)

198,811 (43.7)

3–4

20,089 (22.6)

9395 (4.6)

28,428 (20.9)

8573 (27.1)

13,849 (16.7)

60,245 (13.2)

>4

21,996 (24.8)

783 (0.4)

15,510 (11.4)

7282 (23.0)

13,177 (15.9)

36,752 (8.1)

Mean (std)

3.0 (2.7)

0.8 (0.9)

1.9 (2.0)

2.8 (2.3)

2.2 (2.4)

1.5 (1.9)

49.9 (90,737, 9.5)

46.2 (200,839, 7.0)

60.1 (120,118, 9.2)

52.9 (31,602, 7.1)

56.8 (70,098, 9.4)

52.4 (422,657, 10.2)

Maternal BMI, Mean 20.9 (90,702, 3.7)
(n, std)

20.0 (199,444, 2.9)

23.6 (77,245, 3.6)

21.5 (31,600, 2.4)

26.2 (64,595, 4.0)

22.0 (372,884, 4.0)

Antenatal care visits, 69,544
N (%)

147,626

104,912

31,557

73,317

357,412

Maternal weight,
Mean (n, std)

0

5177 (7.4)

176 (0.1)

838 (0.8)

1235 (3.9)

2601 (3.5)

4850 (1.4)

1–2

27,628 (39.7)

9078 (6.1)

19,999 (19.1)

6574 (20.8)

10,375 (14.2)

46,026 (12.9)

36,739 (52.8)

138,372 (93.7)

60,341 (82.3)

306,536 (85.8)

84,075 (80.1)

23,748 (75.3)

Tetanus toxoid vac‑
cine, n/N (%)

≥3

46,629/90,992 (51.2) 204,674/205,094
(99.8)

125,115/136,555
(91.6)

27,498/31,595 (87.0) 60,146/82,672 (72.8) 417,433/455,916
(91.6)

Vitamins/calcium/
iron, n/N (%)

66,389/90,984 (73.0) 203,323/204,901
(99.2)

132,669/136,561
(97.1)

29,614/31,593 (93.7) 78,273/82,881 (94.4) 443,879/455,936
(97.4)

Characteristics compared between the Pakistan site and all other sites combined using chi-square tests for categorical factors and t-tests for continuous measures. All
p-values were < 0.0001

ANC visits, as compared to 85.8% with three or more
visits in the remaining sites. In the Pakistani site, 7.4% of
pregnant women did not experience any ANC, compared
to 1.4% for the other sites combined. Women in the Pakistani site were less likely to receive immunization with
tetanus toxoid or have prenatal vitamin/calcium/iron
supplementation than women at any of the other sites.
There were additional variables considered. In a GN
study by Ali et al., published in this supplement, focusing on hemoglobin values in pregnancy in Pakistan and
India, 84.1% of women from sites in both countries were
anemic with a hemoglobin level of 3–11 g/dL. Pakistani
women were more likely to have moderate or severe anemia compared to Indian women. In the Pakistani site,
the rate of severe anemia defined by a hemoglobin level

of < 7 g/dL was substantially higher compared to the rate
in the Indian sites (6.9% vs 0.2%) [16]. The socioeconomic
status data for the Pakistani site shows a mean score that
falls near the middle among the GN sites [17]. The percentage of women with a short IDI was also very different between the Pakistani site and the other sites. Twenty
percent of the women in the Pakistani site had an IDI of
less than 18 months compared to 7.6% in the other sites
combined [18].
With regards to delivery care, the Pakistani site differed
significantly from the Indian sites but not as much from
some of the other sites. In the Pakistani site, approximately 40% of deliveries took place at home or in a location outside a health care facility. In the Indian sites, less
than 5% of the deliveries occurred outside a facility. In
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Guatemala, just under 50% of deliveries occurred outside a health facility (Table 4). A similar variation occurs
for type of delivery attendant. In the Pakistani site, 52%
of deliveries were conducted by non-skilled personnel,
whereas in the Indian sites, only 4% were conducted by
non-skilled personnel. Rates of non-skilled attendance in
the other sites fell in between. The percentage of cesarean
deliveries ranged from 1.2% in the DRC and 1.6% in the
other African sites, to 24.5% in the Guatemalan site. The
cesarean delivery rates in the Pakistani and Indian sites
fell between these rates, at 11.3% and 20.1% respectively
(Table 4).
While Pakistani women were as likely to have a facilitybased delivery as their counterparts in the Guatemalan
and Kenyan and Zambian sites, the quality of delivery
care appeared poorer. As previously mentioned, unlike
women in the Kenyan and Zambian sites, Pakistani
women were less likely to be delivered by a skilled birth
attendant. Furthermore, in Pakistan, only three-quarters
of delivery attendants used gloves during the delivery
compared to more than 97% in all other sites. Similarly,
the fetal heart rate was measured in less than half of the
deliveries in the Pakistani site, compared to more than
80% in the other sites combined (Table 4).

Neonatal care also seemed to be substantially worse
in the Pakistani site compared to the combined rates
at the other sites, as evidenced by much lower rates of
skin to skin placement (7.9% vs. 61.4%), medicinal cord
care (6.6% vs. 42.3%), immunization (3.8% vs. 49.7%),
and early initiation of breastfeeding (15.4% vs. 79.9%)
(Table 5).
The Pakistani site also had the highest proportion of
children born with low birthweight (LBW), with 20.9%
of newborns weighing below 2500 g. In comparison, the
proportion of LBW babies was 17.8% in the Indian sites,
5.3% in the combined Kenyan and Zambian sites, 13.1%
in the DRC, and 15.8% in Guatemala (Table 5). The rate
of preterm births in Pakistan was 20.5%. In contrast, all
other sites with the exception of the DRC had rates closer
to 12%.
We evaluated the fetal and neonatal mortality rates
amongst babies in each of the birthweight groups
(Table 6). In most weight ranges, Pakistani babies had
significantly higher rates of stillbirth and neonatal mortality than those in the other sites combined with differences increasing as the birthweight increased. Babies
born weighing ≥ 2500 g are an important group to consider because such a large percentage of babies are in

Table 4 Delivery characteristics for women for each of the sites and for all the sites combined except Pakistan
Variable

Pakistan

India

Kenya and Zambia

DRC

Guatemala

Total except Pakistan

Deliveries, N

91,076

205,203

136,567

31,604

82,902

456,276

Delivery location, N (%)

90,982

205,089

136,527

31,574

82,892

456,082

Hospital

29,890 (32.9)

138,667 (67.6)

25,943 (19.0)

2774 (8.8)

41,275 (49.8)

208,659 (45.8)

Clinic

24,430 (26.9)

57,820 (28.2)

63,463 (46.5)

22,084 (69.9)

1803 (2.2)

145,170 (31.8)

Home/other

36,662 (40.3)

8602 (4.2)

47,121 (34.5)

6716 (21.3)

39,814 (48.0)

102,253 (22.4)

Delivery attendant, N (%)

90,961

205,124

136,522

31,571

82,892

456,109

Physician

24,622 (27.1)

123,425 (60.2)

3422 (2.5)

394 (1.2)

43,986 (53.1)

171,227 (37.5)

Nurse/Midwife/HW

19,471 (21.4)

74,243 (36.2)

86,600 (63.4)

21,625 (68.5)

964 (1.2)

183,432 (40.2)

TBA

39,816 (43.8)

3252 (1.6)

31,468 (23.0)

7684 (24.3)

37,560 (45.3)

79,964 (17.5)

Family/other

7052 (7.8)

4204 (2.0)

15,032 (11.0)

1868 (5.9)

382 (0.5)

21,486 (4.7)

91,005

205,126

136,527

31,572

82,889

456,114

77,712 (85.4)

162,505 (79.2)

133,479 (97.8)

31,123 (98.6)

62,551 (75.5)

389,658 (85.4)

848 (0.6)

83 (0.3)

33 (0.0)

Delivery mode, N (%)
Vaginal
Vaginal assisted
Cesarean delivery
Attendant used new gloves, N (%)

3012 (3.3) 1418 (0.7)
10,281 (11.3)

41,203 (20.1)

2200 (1.6)

366 (1.2)

20,305 (24.5)

2382 (0.5)
64,074 (14.0)

49,178

120,819

65,625

–

33,339

219,783

Yes

37,651 (76.6)

117,740 (97.5)

64,607 (98.4)

–

32,884 (98.6)

215,231 (97.9)

No

11,527 (23.4)

3079 (2.5)

1018 (1.6)

–

455 (1.4)

49,181

120,141

65,632

–

30,251

48,114 (97.8)

119,281 (99.3)

Clean razor to cut cord, N (%)
Yes
No
Fetal heart rate taken, N (%)

1067 (2.2) 860 (0.7)

4552 (2.1)
216,024

64,995 (99.0)

–

19,668 (65.0)

203,944 (94.4)

637 (1.0)

–

10,583 (35.0)

12,080 (5.6)

49,152

120,116

65,532

–

33,462

219,110

Yes

20,789 (42.3)

116,023 (96.6)

42,140 (64.3)

–

20,965 (62.7)

179,128 (81.8)

No

28,363 (57.7)

4093 (3.4)

23,392 (35.7)

–

12,497 (37.3)

39,982 (18.2)

Characteristics compared between the Pakistan site and all other sites combined using chi-square tests. All p values were < 0.0001
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Table 5 Fetal/neonatal characteristics and newborn care for each of the sites and for all the sites combined
except Pakistan
Variable

Pakistan

India

Kenya and Zambia

DRC

Guatemala

Total except Pakistan

Births, N

92,166

206,816

138,146

32,173

83,481

460,616

Birth weight, N (%)

91,535

206,342

137,936

32,118

83,354

459,750

< 1000 g

819 (0.9)

1,560 (0.8)

330 (0.2)

196 (0.6)

361 (0.4)

100–1499 g

1770 (1.9)

2,489 (1.2)

719 (0.5)

414 (1.3)

557 (0.7)

1500–2499 g

16,580 (18.1)

32,576 (15.8)

6278 (4.6)

3592 (11.2)

12,255 (14.7)

≥ 2500 g

Preterm, N (%)

2447 (0.5)
4179 (0.9)
54,701 (11.9)

72,366 (79.1)

169,717 (82.3)

130,609 (94.7)

27,916 (86.9)

70,181 (84.2)

398,423 (86.7)

88,120

202,176

132,773

32,047

81,492

448,488

Yes

18,104 (20.5)

22,371 (11.1)

16,458 (12.4)

6733 (21.0)

8911 (10.9)

No

70,016 (79.5)

179,805 (88.9)

116,315 (87.6)

25,314 (79.0)

72,581 (89.1)

54,473 (12.1)
394,015 (87.9)

Neonatal care
Placed on chest/skin to skin care, N (%)

89,678

201,434

135,921

30,818

81,282

449,455

Yes

7066 (7.9)

118,069 (58.6)

100,824 (74.2)

23,430 (76.0)

33,489 (41.2)

275,812 (61.4)

No

82,612 (92.1)

Cord care, N (%)

61,051

Yes

4047 (6.6)

No

57,004 (93.4)

Immunization, N (%)
Yes
No

83,365 (41.4)
140,630
49,760 (35.4)
90,870 (64.6)

35,097 (25.8)

7,388 (24.0)

47,793 (58.8)

173,643 (38.6)

99,119

32,080

69,654

341,483

24,772 (25.0)

2067 (6.4)

67,896 (97.5)

144,495 (42.3)

74,347 (75.0)

30,013 (93.6)

1758 (2.5)

196,988 (57.7)

19,087

56,110

27,676

–

20,031

103,817

726 (3.8)

32,357 (57.7)

8026 (29.0)

–

11,179 (55.8)

51,562 (49.7)

18,361 (96.2)

23,753 (42.3)

19,650 (71.0)

–

8852 (44.2)

52,255 (50.3)

89,644

201,202

136,375

30,798

81,427

449,802

Yes

13,833 (15.4)

162,732 (80.9)

113,480 (83.2)

29,844 (96.9)

53,176 (65.3)

359,232 (79.9)

No

75,811 (84.6)

38,470 (19.1)

22,895 (16.8)

954 (3.1)

28,251 (34.7)

90,570 (20.1)

Breast feeding within 1 h, N (%)

Characteristics compared between the Pakistan site and all other sites combined using chi-square tests. All p values were < 0.0001

this group and mortality should be low. Pakistani newborns ≥ 2500 g had two to three times greater risk of neonatal mortality and stillbirth compared to the other sites
combined.
Table 7 shows the MMR, stillbirth and NMR for community and facility births for the Pakistani site and for
the other sites combined. For facility births in Pakistan,
the MMR, stillbirth and NMR were more than twice that
for the other sites, while the differences between Pakistan and the other sites for community births were less
consistent.

Discussion
The pregnancy outcomes of maternal mortality, stillbirth
and neonatal mortality in Pakistan are among the worst
in the world, and certainly worse than the values for the
other sites combined. In the last five years, there has been
some improvement in stillbirth rates in the Pakistani site
but there is no evidence of improvement in the MMR or
the NMR. In this paper, we explored potential reasons for
the very high mortality in Thatta, Pakistan by comparing
various factors in the Pakistani site to those in the other
GN sites.

Among the maternal characteristics in the Pakistani
site compared to the other sites, the one that stands out
the most is lack of formal education. Nearly 83% of Pakistani women had no formal education compared to only
12% in the other sites combined. National reports by
UNICEF and the PDHS have highlighted that low educational level is a key factor associated with poor access to
critical maternal health services as well as poorer maternal and child health outcomes [7, 19].
Another maternal characteristic that stands out as an
important difference between the Pakistani and the other
sites is the inter-delivery interval (IDI), which was shorter
among women in the Pakistan site versus women in the
other sites. Twenty percent of the deliveries in the Pakistani site had an IDI of less than 18 months compared to
7.6% in the other sites. This factor could be linked to a
higher risk for adverse maternal, fetal, and newborn outcomes, depending on IDI’s degree of brevity. For example, the PDHS highlighted that infant mortality rates are
higher among children born fewer than two years after
a previous birth than among children born two or more
years after a previous birth [8].
The high percentage of pregnant women with anemia and especially severe anemia is another distinctive
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Table 6 Neonatal mortality and stillbirth rates by birth weight group in each site and for all the sites combined
except Pakistan
Variable

Pakistan

India

Kenya
and Zambia

DRC

Guatemala

Total
except Pakistan

Pakistan vs. Total
except Pakistan
RR (95% CI)

Mortality rates for births < 1000 g
Births < 1000 g,
N (%)

819 (0.9)

1560 (0.8)

330 (0.2)

196 (0.6)

361 (0.4)

2447 (0.5)

Stillbirth, n/N
(rate/1000)

635/817 (777.2)

1183/1560
(758.3)

234/330 (709.1)

137/196 (699.0)

215/361 (595.6)

1769/2447 (722.9) 1.10 (1.04, 1.16)

28-day neona‑
tal mortal‑
ity, n/N
(rate/1,000)

164/179 (916.2)

332/377 (880.6)

76/94 (808.5)

49/59 (830.5)

136/146 (931.5)

593/676 (877.2)

Births
1770 (1.9)
1000–1499 g,
N (%)

2489 (1.2)

719 (0.5)

414 (1.3)

557 (0.7)

4179 (0.9)

Stillbirth, n/N
(rate/1,000)

838/1,770
(473.4)

998/2489 (401.0) 348/719 (484.0)

167/414 (403.4)

172/557 (308.8)

1685/4179 (403.2) 1.16 (1.04, 1.29)

28-day neona‑
tal mortal‑
ity, n/N
(rate/1000)

559/927 (603.0)

774/1484 (521.6) 199/367 (542.2)

138/247 (558.7)

214/383 (558.7)

1325/2481 (534.1) 1.12 (1.04, 1.22)

Births
16,580 (18.1)
1500–2499 g,
N (%)

32,576 (15.8)

6278 (4.6)

3592 (11.2)

12,255 (14.7)

54,701 (11.9)

Stillbirth, n/N
(rate/1000)

1292/16,580
(77.9)

1456/32,576
(44.7)

668/6278 (106.4) 330/3592 (91.9)

450/12,255
(36.7)

2904/54,701
(53.1)

1.20 (1.04, 1.38)

28-day neona‑
tal mortal‑
ity, n/N
(rate/1000)

1591/15,195
(104.7)

1654/31,079
(53.2)

486/5561 (87.4)

227/3260 (69.6)

666/11,783
(56.5)

3033/51,683
(58.7)

1.63 (1.48, 1.80)

1.04 (0.99, 1.10)

Mortality rates for births 1000–1499 g

Mortality rates for births 1500–2499 g

Mortality rates for births ≥ 2500 g
Births > 2500 g,
N (%)

72,366 (79.1)

169,717 (82.3)

130,609 (94.7)

27,916 (86.9)

70,181 (84.2)

398,423 (86.7)

Stillbirth, n/N
(rate/1000)

1630/72,366
(22.5)

1023/169,717
(6.0)

1416/130,609
(10.8)

594/27,916
(21.3)

673/70,181 (9.6)

3706/398,423
(9.3)

2.24 (1.90, 2.65)

28-day neona‑
tal mortal‑
ity, n/N
(rate/1000)

1942/70,125
(27.7)

1721/168,570
(10.2)

1193/128,581
(9.3)

325/27,300
(11.9)

908/69,349
(13.1)

4147/393,800
(10.5)

2.60 (2.34, 2.87)

characteristic of the Pakistani site. For example, about
81% of women in the Pakistani site were anemic with a
hemoglobin level of < 11 g/dL, similar to the rate in the
Indian site [20]. However, 6.9% of Pakistani women had
a hemoglobin level of < 7 g/dL compared to 0.2% in India
[16]. In a recent publication, anemia has been associated
with a doubling of the maternal mortality ratio [21].
Compared to the women from the other sites combined, women in Pakistan had lower a BMI, although the
percent of women with a low BMI was similar to women
in the Indian sites. Low BMI, especially when combined
with inadequate weight gain in pregnancy, is associated

with an adverse effect on birth weight and an increased
risk for having small for gestational age and preterm
births [22, 23].
Finally, among the maternal characteristics that may
help to explain part of the difference in the mortality outcomes, is the large percentage of women at high parity
in Thatta. The PDHS found that increased parity was a
risk factor for decreased access to and use of quality ANC
services, health facility delivery, and postnatal care for
women in Pakistan [8].
There are a number of factors related to ANC that
were different between the Pakistani and the other sites,
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Table 7 Mortality rates by delivery location for Pakistan compared to the other sites and all the other sites
excluding Pakistan
Variable

Pakistan

India

Kenya
and Zambia

DRC

Guatemala

Total
except Pakistan

Pakistan
vs. Total
except Pakistan
RR (95% CI)

8641 (4.2)

47,568 (34.4)

6828 (21.2)

39,952 (47.9)

102,989 (22.4)

MMR < 42 days,
65/36,354 (179)
n/N (rate/100,000
deliveries)

8/8594 (93)

39/46,954 (83)

23/6710 (343)

36/39,724 (91)

106/101,982 (104) 1.72 (1.30, 2.28)

Stillbirth, n/N
(rate/1000)

1948/36,922
(52.8)

782/8641 (90.5)

1023/47,567
(21.5)

328/6828 (48.0)

705/39,952
(17.6)

2838/102,988
(27.6)

0.76 (0.60, 0.97)

28-day neonatal
mortality, n/N
(rate/1000)

1531/34,669
(44.2)

318/7854 (40.5)

689/46,380
(14.9)

183/6495 (28.2)

805/39,169
(20.6)

1995/99,898
(20.0)

1.72 (1.49, 1.99)

Community mortality rates
Community births,
N (%)

36,924 (40.1)

Facility mortality rates
Facility births, N (%) 55,147 (59.9)

198,057 (95.8)

90,538 (65.6)

25,315 (78.8)

43,519 (52.1)

357,429 (77.6)

Maternal
146/53,893
deaths < 42 days,
(271)
n/N (rate/100,000
deliveries)

155/196,347
(79)

65/88,915 (73)

45/24,835 (181)

33/42,965 (77)

298/353,062 (84)

3.15 (2.57, 3.86)

Stillbirth, n/N
(rate/1000)

2974/55,146
(53.9)

4236/198,055
(21.4)

1783/90,538
(19.7)

921/25,315
(36.4)

905/43,519
(20.8)

7845/357,427
(21.9)

2.34 (2.07, 2.64)

28-day neonatal
mortality, n/N
(rate/1000)

2735/51,761
(52.8)

4170/193,652
(21.5)

1278/88,251
(14.5)

558/24,375
(22.9)

1131/42,509
(26.6)

7137/348,787
(20.5)

2.48 (2.24, 2.75)

including the number of ANC visits, the provision of
iron and vitamins and the use of tetanus toxoid. These
disparities could be an indicator of poor functioning of
Pakistan’s LHW program or low availability of LHWs in
the Thatta site. For delivery characteristics, the Pakistani
site had fewer facility deliveries and physician-attended
deliveries compared to the other sites combined; however, these delivery rates varied broadly among the other
sites with some sites having lower observed rates than
the Pakistani site. Delivery attendants in the Pakistani
site were less likely to monitor the fetal heart rate prior
to delivery or to use gloves for delivery. Neonatal care
also differed between the Pakistani and the other sites.
In the Pakistani site compared to other sites combined,
there was less medicinal cord care, neonatal immunization, skin-to-skin placement, and early-initiation of
breastfeeding. Higher rates were observed at each of the
other sites for all neonatal care except for medicinal cord
care in the DRC. Thus, at every level of care, there is evidence that the human and material resources available
to pregnant women and their newborns in the Pakistani
site were likely insufficient. We also examined the impact
on mortality of delivering in a facility in the Pakistani site
to delivering in a facility in the other sites and similarly,
we compared community and facility deliveries. Regardless of where the deliveries took place, the outcomes were

generally worse in the Pakistani compared to the other
sites.
We also compared the newborns at the Pakistani site
compared to the other sites combined. The Pakistani site
had a higher proportion of preterm and LBW infants and
the survival of fetuses and newborns in each birthweight
group was lower in Pakistan compared to the other sites
combined. The potential reasons could be an inadequate
community-based health care delivery system, especially
in rural areas, to address the needs of pregnant women
and newborns.
Factors studied that did not seem likely to explain the
differences in maternal, fetal and newborn outcomes in
Pakistan compared to the other sites included a measure
of socioeconomic status (SES). The SES index score for
the Pakistani site was approximately the average among
the sites, and therefore it does not seem that housing
conditions and household assets could be the predominant explanation for the worse outcomes in Thatta [17].
The proportion of cesarean deliveries in the Pakistani
site was 11.3%, an acceptable rate per the WHO, in the
middle among the sites, and likely does not account for
the differences in pregnancy outcomes. Also, because
the Pakistani site had a much lower rate of teen pregnancy, the maternal age differences observed between
the Pakistani and other sites are not likely to account
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for much of the mortality differences. In another study
comparing progress to the MDGs among high-burden
countries, authors found that there were a number of factors, including state governance, conflict and women’s
empowerment indicators that were significantly worse in
Muslim-majority countries, such as Pakistan, compared
to non-Muslim-majority countries [24]. These factors,
such as women’s empowerment and conflict, are also
strongly associated with high burden of maternal and
newborn mortality and likely explanative, but beyond the
scope of our study.
This study had its strengths and weaknesses. Among its
strengths were the large sample size and that it included
data from seven sites in six countries, and the fact that
the data were prospectively collected using standard
methods across the sites. We are reasonably confident
that few subjects were missed, but in a study of more
than 500,000 subjects, it is likely that there were some
errors made in data collection and coding. However, the
data is relatively consistent from year to year in all sites
and small changes would not have changed the overall
picture presented. The data from the Pakistani site are
generally similar to data collected in the PDHS and other
surveys. Among weaknesses, multivariate regression
analyses were beyond the scope of this paper as we did
not have data to evaluate additional contextual factors
that may account for poor outcomes in the Pakistan site.

Conclusions
There are large differences in pregnancy outcomes, medical care, and numerous maternal and neonatal characteristics between the Pakistani and other GN sites. That
the outcomes in Pakistan are worse is clear; however, it
is less obvious which of the maternal and neonatal factors, as well as the various neonatal, labor, and delivery
practices, are responsible for the mortality differences.
The Pakistani site has very high rates of preterm delivery
and LBW, so the prognosis for babies born at this site is
poorer than in the other sites. Furthermore, within each
birthweight group—even above 2500 g, the mortality
in Pakistan is higher. Indian and Pakistani women have
many similar characteristics in terms of nutritional status, diet, and BMI, so it is challenging to attribute the
large differences in outcome to those features alone,
although the rate of severe anemia in Pakistan may offer
some insight. Probably more important, are the very low
educational levels, the short IDIs, and high parity found
among the Pakistani women. Compounding these issues
is the suboptimal medical care in the Thatta site at every
level examined compared to the other sites. We hypothesize that the poor mortality results are due to a combination of the aforementioned factors.
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Ascribing responsibility among the factors studied for
Pakistan’s increased stillbirth rate, maternal mortality
ratio, and neonatal mortality rate will be difficult. Probably more important is the question of how to improve
the outcomes described here. What seems obvious to us
is that there should be no reason Pakistani maternal, fetal
and neonatal outcomes cannot be improved to be at least
similar to those in other south Asian countries. The specific interventions required are multiple, likely complex,
and probably need to be introduced together. Improving
the educational levels and nutritional status of pregnant
women would be a good place to start. Achieving substantial improvements in the care provided at all levels of
the health care system for pregnant women and children
seems to be crucial.
It will be complicated and require additional resources
and a lot of effort; however, it does not seem impossible
to achieve substantial improvements in maternal, fetal
and neonatal health in Pakistan. Without addressing the
factors noted above, including substantially strengthening the health care system, and probably many other
factors not evaluated in this paper, it is unlikely that Pakistan will reach the ambitious mortality goals set for each
country by the SDGs 2015–2030.
To summarize, it is not difficult to understand why the
Pakistani pregnancy outcomes are so much worse than
those in the other GN sites, considering that Thatta’s
reproductive-aged women are largely poorly educated,
undernourished, anemic, and deliver a high percentage of
preterm and low birthweight babies in a setting of often
inadequate maternal and newborn care. A multipronged
approach to addressing the issues highlighted in this
paper has the potential to achieve substantial improvements in Pakistan’s pregnancy outcomes.
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Abstract
Background: The objectives of this analysis were to document trends in and risk factors associated with the cesarean
birth rate in low- and middle-income country sites participating in the Global Network for Women’s and Children’s
Health Research (Global Network).
Methods: This is a secondary analysis of a prospective, population-based study of home and facility births con‑
ducted in the Global Network sites.
Results: Cesarean birth rates increased uniformly across all sites between 2010 and 2018. Across all sites in multivari‑
able analyses, women younger than age twenty had a reduced risk of cesarean birth (RR 0.9 [0.9, 0.9]) and women
over 35 had an increased risk of cesarean birth (RR 1.1 [1.1, 1.1]) compared to women aged 20 to 35. Compared to
women with a parity of three or more, less parous women had an increased risk of cesarean (RR 1.2 or greater [1.2,
1.4]). Four or more antenatal visits (RR 1.2 [1.2, 1.3]), multiple pregnancy (RR 1.3 [1.3, 1.4]), abnormal progress in labor
(RR 1.1 [1.0, 1.1]), antepartum hemorrhage (RR 2.3 [2.0, 2.7]), and hypertensive disease (RR 1.6 [1.5, 1.7]) were all associ‑
ated with an increased risk of cesarean birth, p < 0.001. For multiparous women with a history of prior cesarean birth,
rates of vaginal birth after cesarean were about 20% in the Latin American and Southeast Asian sites and about 84%
at the sub-Saharan African sites. In the African sites, proportions of cesarean birth in the study were highest among
women without a prior cesarean and a single, cephalic, term pregnancy. In the non-African sites, groups with the
greatest proportion of cesarean births were nulliparous women with a single, cephalic, term pregnancy and all mul‑
tiparous women with at least one previous uterine scar with a term, cephalic pregnancy.
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Conclusion: Cesarean birth rates continue to rise within the Global Network. The proportions of cesarean birth are
higher among women with no history of cesarean birth in the African sites and among women with primary elective
cesarean, primary cesarean after induction, and repeat cesarean in the non-African sites.
Keywords: Cesarean birth, Low- and middle-income countries, Trends, Risk factors, Vaginal birth after cesarean,
Robson classification

Background
Globally, cesarean birth rates are on the rise [1]. Many
countries have exceeded the World Health Organization (WHO) recommended cesarean birth rate of
10–15%, with some regions experiencing rates over
40% [1, 2]. Conversely, very low resource regions that
may have poor access to facility birth, and subsequently
cesarean birth, often fall below the recommended range
[3]. Cesarean birth rates within the Global Network for
Women’s and Children’s Health Research (Global Network) have been increasing, paralleling the global trend
[4]. The Global Network prospectively collects population-based data on home and facility births in six lowand middle-income countries that span Latin America,
sub-Saharan Africa, and Southeast Asia in an ongoing
registry [5]. Data from this Maternal Newborn Health
Registry (MNHR) within the Global Network was previously analyzed to show that over a relatively short
period of time (2010–2016), cesarean birth rates doubled at all non-sub-Saharan African sites, almost reaching 30% in one Indian site [4]. Rates at the sub-Saharan
African sites were well below 5%, despite also nearly
doubling across the time period studied [4]. Given
these trends, this study serves to update the analysis of
cesarean birth rates in the Global Network, to observe
risk factors associated with cesarean birth (our primary
outcome), and to consider subgroups contributing to
the cesarean birth rates (our secondary outcome).
Methods
Study overview

This analysis was conducted using data from a prospective study conducted in communities at seven sites in
six low- and middle-income countries for births from
January 2010 through December 2018 (North and
South Ubangi Province, the Democratic Republic of
the Congo (DRC); Chimaltenango, Guatemala; Nagpur, and Belagavi, India; western Kenya; Thatta District,
Pakistan; and sites near Lusaka, Zambia), through the
Global Network. The DRC site initiated enrollment in
2014, and data were collected on the Robson criteria
in all sites starting in 2017. The Robson criteria classify
women by common obstetric variables into ten mutually exclusive groups [2, 6].

Setting

The Global Network’s prospective registry, the MNHR,
includes pregnancy related data and outcomes from rural
or semi-urban geographical areas. Each site includes
between 6 and 24 distinct communities [5]. Each community generally represents the catchment area of a primary healthcare center, and about 300–500 annual births
[5]. The objective of the MNHR is to enroll pregnant
women as early as possible during the pregnancy and to
obtain data on pregnancy outcomes for all deliveries of
registered women, regardless of birth location (i.e., home,
health clinic, or hospital) [5].
Population/recruitment

The analyses presented here used MNHR data to determine trends in cesarean birth across study sites over
time, risk factors associated with cesarean birth among
registrants, and the prevalence of cesarean birth among
the Robson subgroups since 2017. The population studied included women screened for the MNHR who were
eligible, consented, and delivered in the study period.
Data were excluded from women who were enrolled but
lost to follow-up prior to delivery, maternal deaths prior
to labor and delivery, miscarriages, medically terminated
pregnancies, and those with missing data for delivery
mode.
Outcomes

The primary outcome of this analysis was cesarean birth
as the mode of delivery, including rates over time, and
risk factors associated with cesarean birth. The secondary
outcomes were rates of vaginal birth after previous cesarean birth and the proportion of cesarean birth in each
Robson subgroup.
Analysis

We used descriptive statistics to produce counts and
percentages of cesarean births per Global Network site
per year using standard contingency table techniques.
Then we observed independent variables associated with
cesarean birth, and performed comparisons of sociodemographic and antenatal covariates that we hypothesized
might be associated with mode of delivery. Relative risks,
95% confidence intervals and p values were obtained
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from log binomial models as a function of each individual risk factor using generalized estimating equations
to account for the correlation of outcomes within cluster. Backward selection was used to identify risk factors
to include in the final multivariate model starting with
all risk factors that were found to be associated with
cesarean birth (p < 0.05 from the individual risk factor
log binomial models). We performed a separate model
for African (DRC, Kenya and Zambia) and non-African
(Nagpur and Belagavi, India, Pakistan and Guatemala)
sites given the substantial differences in cesarean rates
in the African sites compared to the other sites. The final
multivariable Poisson models used to evaluate the relationship of associated or potential risk factors with cesarean birth included non-colinear, statistically significant
covariates and used generalized estimating equations to
account for the correlation of outcomes within cluster.
We then observed the vaginal birth after cesarean birth
rate among women with a history of prior cesarean birth.
To consider subgroups contributing to cesarean birth
rates, our secondary outcome, we utilized the WHOrecommended Robson Classification System, which is
a method of comparing cesarean birth rates over time
within and across institutions to classify women by
common obstetric variables into ten mutually exclusive
groups [2, 6]. These variables include parity, history of
prior cesarean birth, onset of labor, number of fetuses,
gestational age, and fetal presentation [2, 6]. Cesarean
birth rates among the classification subgroups can help
identify populations contributing to the overall cesarean birth rate [2, 6]. In an effort to better understand
increased utilization of cesarean birth across the Global
Network sites, we applied the Robson Classification System to our pregnancy cohort. All data analyses were done
with SAS software v.9.4. (SAS Institute, Cary, NC, USA).
Ethics

The appropriate institutional review boards/ethics
research committees of the participating institutions
approved the MNHR study. Individual informed consent
for study participation was requested and obtained from
each study participant. A Data Monitoring Committee,
appointed by the National Institute of Child Health and
Human Development reviewed the study semi-annually
[5].

Results
Figure 1 is the enrollment diagram for the population
included in this analysis. Of 547,110 births that have been
documented in the MNHR since 2010, 74,355 (13.6%)
women gave birth by cesarean. Of those with a cesarean,
9,984 (13.4%) gave birth since 2017 and included the data
necessary to classify them into the Robson groups.
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Fig. 1 CONSORT diagram

Figure 2 shows cesarean birth rates over time, which
indicates a continued rising trend since previously
assessed [4]. Rates ranged from 1.8% in the DRC to 37.2%
of all births in Nagpur, India, in 2018, compared to the
2010 rate of 17.5% in Nagpur and 0.8% in the DRC in
2014. The Indian and Guatemalan sites had the highest
rates, all greater than 28% in 2018. The cesarean birth
rate in Pakistan was almost 15% in 2018, and the subSaharan African sites had the lowest rates, all below 2.5%.
Table 1 shows the results of generalized linear models
used to evaluate the relationship of associated or potential risk factors with cesarean birth, which was the first
step in assessing our primary outcome. Separate models
were run for all sites, African sites, and non-African sites.
The overall results show that all covariates except preterm birth (RR 1.0 [1.0, 1.1]) were significantly associated
with cesarean birth in unadjusted comparisons. Maternal
age over 35, as compared to age 20–35, was associated
with a reduced risk of cesarean birth (RR 0.9 [0.86, 0.96],
p < 0.001). Any education was associated with increased
risk of cesarean birth as compared to no formal schooling; women with primary/secondary schooling had over
a two-fold increased risk (RR 2.1 [1.9,2.3], p < 0.001)
and women with university or higher-level education
had almost a four-fold increased risk (RR 3.9 [3.5, 4.4],
p < 0.001). Any parity below three was associated with
increased risk of cesarean delivery than women with parity of 3 or more; in nulliparous women the relative risk
was 2.4 [2.2, 2.5] and in women with parity of 1–2, the
relative risk was 1.7 [1.6, 1.8], p < 0.001. Women with four
or more antenatal visits had a higher risk of cesarean than
women with less visits (RR 1.9 [1.7, 2.1], p < 0.001). Multiple pregnancy was also associated with an elevated risk
of cesarean birth (RR 2.0 [1.9, 2.2], p < 0.001). Abnormal
progress in labor, defined as occurrence of obstructed
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Fig. 2 Trend in cesarean birth rate within the global network, by site, ongoing clusters, 2010–2018

labor, prolonged labor or failure to progress reported versus none reported, (OL/PL/FTP) was strongly associated
with cesarean delivery (RR 5.9 5.0, 6.9) as was abnormal
lie (RR 5.0 [4.4, 5.5]), antepartum hemorrhage (RR 1.9
[1.7, 2.0]), and hypertensive disease [any of hypertension,
preeclampsia, or eclampsia versus none reported (HTN/
PEC/EC: RR 3.0 [2.7, 3.4]), p < 0.001. In the separate models run by region, all relative risks were consistent in
terms of increased risk for cesarean birth except maternal age. In the African sites, advanced maternal age was
associated with an increased risk of cesarean birth (RR
1.4 [1.2, 1.7], p < 0.001) and in the non-African sites the
risk was reduced (RR 0.9 [0.8, 0.9], p < 0.001). Gestational
age was not associated with the outcome across all study
sites.
Table 2 shows the results of the multivariable models
that analyzed risk factors associated with cesarean birth
in adjusted comparisons, the second step in evaluating
our primary outcome. The only variable excluded was
preterm delivery (p > 0.7). OL/PL/FTP was correlated
with abnormal lie, likely because many abnormal lie
pregnancies result in OL/PL/FTP [7]. Therefore, abnormal lie was excluded from the model because it is more
specific than OL/PL/FTP, which can result from multiple etiologies. Overall, compared to the reference group,
age less than 20 years was associated with a reduced risk
(RR 0.9 [0.9, 0.9) and age greater than 35 was associated

with an increased risk (RR 1.1 [1.1, 1.1]) of cesarean birth,
p < 0.001. Similar to the results of Table 3, as years of education increased, so did the risk of cesarean birth; the
most educated women had a 50% increased risk of cesarean birth compared to women with no formal schooling, across all sites (RR 1.5 [1.4, 1.7], p < 0.001). Similarly,
results related to parity were unchanged in the multivariable model as compared to the unadjusted models
(RR 1.2 [1.2, 1.3], p < 0.001). Finally, having greater than
four antenatal visits (RR 1.2 [1.2, 1.3]), a multiple gestation (RR 1.3 [1.3, 1.4]), experiencing dysfunctional labor
(RR 1.1 [1.03, 1.1]), having antepartum hemorrhage (RR
2.3 [2.0, 2.7]), or having hypertensive disease (RR 1.6 [1.5,
1.7]) increased the risk of cesarean birth, p < 0.001.
Figure 3 illustrates rates of vaginal birth after cesarean
among women with a prior cesarean birth. The proportions of vaginal birth after cesarean ranged around 20%
in the Latin American and south Asian sites and around
84% at the sub-Saharan African sites.
We applied the Robson Classification System for cesarean birth to determine the percentage of cesareans at
each site in each group as shown in Table 4. The African sites had a greater proportion of cesarean births in
groups one (nulliparous, single cephalic term pregnancy
in spontaneous labor) and three (multiparous without
a previous uterine scar, single cephalic term pregnancy
in spontaneous labor), while the non-African sites had

Harrison et al. Reprod Health 2020, 17(Suppl 3):165

Page 5 of 10

Table 1 Risk factors associated with cesarean birth, 2010–2018
Overall
Cesarean/
total
deliveries (%)
Maternal age
(years)

African sites
RR (95% CI)a p valuea Cesarean/
total
deliveries (%)

0.001

< 20

10.0%

1.0 (1.0, 1.0)

14.3%

Ref

> 35

10.6%

0.9 (0.9, 1.0)

No formal
schooling

0.7
< 0.001

< 0.001
7.6%

RR (95% CI)a

p valuea Cesarean/
total
deliveries (%)

< 0.001

20–35
Maternal educa‑
tion

Non-African sites

< 0.001

1.5%

1.0 (0.9, 1.1)

1.5%

Ref

2.0%

1.4 (1.2, 1.7)

0.4
< 0.001

< 0.001
Ref

RR (95% CI)a p valuea

20.1%

1.0 (1.0, 1.0)

18.9%

Ref

17.2%

0.9 (0.8, 0.9)

0.7
< 0.001

< 0.001

0.9%

Ref

8.8%

Ref

Primary/second‑ 13.8%
ary

2.1 (1.9, 2.3)

< 0.001

1.5%

1.5 (1.3, 1.7)

< 0.001

21.4%

2.0 (1.9, 2.2)

< 0.001

University+

3.9 (3.5, 4.4)

< 0.001

4.8%

4.7 (3.4, 6.3)

< 0.001

37.1%

3.5 (3.2, 3.9)

< 0.001

Parity

32.2%
< 0.001

< 0.001

< 0.001

0

19.6%

2.4 (2.2, 2.5)

< 0.001

2.1%

1.7 (1.5, 1.9)

< 0.001

25.7%

2.7 (2.5, 2.8)

< 0.001

1–2

13.8%

1.7 (1.6, 1.8)

< 0.001

1.4%

1.1 (1.0, 1.2)

0.2

18.4%

2.0 (1.9, 2.1)

< 0.001

3+

5.5%

Ref

< 0.001

1.2%

Ref

8.7%

Ref

< 0.001

Antenatal visits

< 0.001

< 0.001

< 0.001

<4

7.7%

Ref

< 0.001

1.1%

Ref

4+

20.1%

1.9 (1.7, 2.1)

< 0.001

2.2%

1.9 (1.7, 2.1)

Multiple preg‑
nancy

< 0.001

< 0.001

Yes

24.5%

2.0 (1.9, 2.2)

No

13.5%

Ref

Abnormal lie

5.0 (4.4, 5.5)

No

12.5%

Ref

< 0.001
56.1%

5.9 (5.0, 6.9)

No

9.8%

Ref

< 0.001
21.3%

1.9 (1.7, 2.0)

No

13.5%

Ref

< 0.001

< 0.001
42.5%

3.0 (2.7, 3.4)

No

12.8%

Ref

< 0.001

0.9

< 0.001

35.5%

1.9 (1.8, 2.1)

18.8%

Ref

29.2%

24.5 (19.7, 30.5) < 0.001

70.5%

4.1 (3.8, 4.5)

1.2%

Ref

17.6%

Ref

21.3%

47.5 (35.2, 64.3) < 0.001

63.9%

5.0 (4.3, 5.8)

0.5%

Ref

14.1%

Ref

< 0.001

12.6%

1.0 (1.0, 1.1)

No

13.9%

Ref

0.9

< 0.001

< 0.001
< 0.001

< 0.001

11.1%

7.8 (6.4, 9.5)

1.4%

Ref

< 0.001

25.4%

1.7 (1.5, 1.8)

18.9%

Ref

< 0.001

< 0.001

13.6%

9.4 (7.3, 12.1)

1.4%

Ref

< 0.001

0.7

Yes

< 0.001

5.2 (4.4, 6.2)
Ref

< 0.001

Yes

< 0.001
< 0.001

7.6%

< 0.001

Yes

Preterm

< 0.001

Ref
1.9 (1.7, 2.1)

1.5%

< 0.001

Yes

HTN/PEC/ECc

< 0.001

12.0%
26.5%
< 0.001

< 0.001

64.0%

Antepartum
hemorrhage

< 0.001

< 0.001

Yes
OL/PL/FLPb

< 0.001

45.7%

2.6 (2.4, 2.9)

18.0%

Ref

< 0.001

1.0

1.6%

1.0 (0.9, 1.2)

1.5%

Ref

0.7

17.7%

1.0 (1.0, 1.1)

19.3%

Ref

1.0

a

Relative risks and p values are obtained from log Binomial models as a function of each individual risk factor using generalized estimating equations to account for
the correlation of outcomes within cluster

b

OL/PL/FTP represents obstructed labor, prolonged labor, failure to progress

c

HTN/PEC/EC represents hypertension, pre-eclampsia, eclampsia

the highest rates in groups one, two (nulliparous, single
cephalic term pregnancy with labor induced or cesarean before labor), and five (multiparous with a previous
uterine scar, single cephalic term pregnancy). All sites

seemed to have a relatively high proportion of cesarean
birth in group ten (single cephalic preterm pregnancy)
with Pakistan having the highest proportion of cesarean
birth in this subgroup.
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Table 2 Risk factors associated with cesarean birth, multivariable models
African sitesb

Overall
RR (95% CI)a
Maternal age (years)

p valuea

RR (95% CI)a

< 0.001

< 20

0.9 (0.9, 0.9)

20–35

Ref

> 35

1.1 (1.1, 1.1)

Maternal education

< 0.001

Non-African sites
p valuea
< 0.001

0.97 (0.96, 0.99)

< 0.001

Ref
< 0.001

RR (95% CI)a

1.0 (1.0, 1.1)

< 0.001

p valuea
< 0.001

0.9 (0.9, 0.9)

< 0.001

Ref
< 0.001

1.1 (1.1, 1.2)

< 0.001

< 0.001

No formal schooling

Ref

Primary/secondary

1.3 (1.2, 1.3)

< 0.001

1.0 (1.0, 1.0)

0.04

1.3 (1.2, 1.3)

< 0.001

1.5 (1.4, 1.7)

< 0.001

1.1 (1.1, 1.2)

< 0.001

1.5 (1.4, 1.7)

< 0.001

University+
Parity

Ref

< 0.001

< 0.001

Ref

0.002

< 0.001

0

1.3 (1.2, 1.4)

< 0.001

1.0 (1.0, 1.1)

< 0.001

1.4 (1.3, 1.5)

< 0.001

1–2

1.2 (1.2, 1.3)

< 0.001

1.0 (1.0, 1.0)

< 0.001

1.3 (1.2, 1.4)

< 0.001

3+

Ref

Ref

Ref

4 + antenatal visits

1.2 (1.2, 1.3)

< 0.001

1.0 (1.0, 1.1)

< 0.001

1.3 (1.2, 1.3)

< 0.001

Multiple pregnancy

1.3 (1.3, 1.4)

< 0.001

1.2 (1.1, 1.3)

< 0.001

1.4 (1.3, 1.4)

< 0.001

OL/PL/FLP

1.1 (1.0, 1.1)

< 0.001

1.1 (1.0, 1.1)

0.01

1.1 (1.1, 1.1)

< 0.001

Antepartum hemorrhage

2.3 (2.0, 2.7)

< 0.001

2.2 (1.7, 2.8)

< 0.001

2.1 (1.9, 2.4)

< 0.001

HTN/PEC/EC

1.6 (1.5, 1.7)

< 0.001

1.2 (1.1, 1.3)

< 0.001

1.5 (1.4, 1.6)

< 0.001

a

Relative risks and p values are obtained from log binomial models as a function of each individual risk factor using generalized estimating equations to account for
the correlation of outcomes within cluster

b

OL/PL/FTP represents obstructed labor, prolonged labor, failure to progress

c

HTN/PEC/EC represents hypertension, pre-eclampsia, eclampsia

Table 3 Robson classification system for cesarean birth
Robson group

Description

1

Nulliparous women with single cephalic pregnancy, ≥ 37 weeks gestation in spontaneous labor

2
3
4
5

Nulliparous women with single cephalic pregnancy, ≥ 37 weeks gestation who either had labor induced or were delivered by
cesarean section before labor

Multiparous women without a previous uterine scar, with single cephalic pregnancy, ≥ 37 weeks gestation in spontaneous labor

Multiparous women without a previous uterine scar, with single cephalic pregnancy, ≥ 37 weeks gestation who either had labor
induced or were delivered by cesarean section before labor
All multiparous women with at least one previous uterine scar, with single cephalic pregnancy, ≥ 37 weeks gestation

6

All nulliparous women with a single breech pregnancy

7

All multiparous women with a single breech pregnancy, including women with previous uterine scars

8

All women with multiple pregnancies, including women with previous uterine scars

9

All women with a single pregnancy with a transverse or oblique lie, including women with previous uterine scars

10

All women with a single cephalic pregnancy < 37 weeks gestation, including women with previous scars

Discussion
Cesarean birth rates within the Global Network appear
to continue to rise across all sites, although rates are
substantially lower in the African sites. For our primary
outcome, the strongest predictors of cesarean birth in
adjusted analyses in the African sites were multiple pregnancy, a university or higher level of education, antepartum hemorrhage, and hypertension in pregnancy. In the
non-African sites, the factors most strongly associated

with cesarean birth in adjusted analyses were advanced
maternal age, a primary school or higher level of education, parity less than three, greater than four antenatal
visits, multiple gestation, abnormal progress in labor,
antepartum hemorrhage, and hypertensive disease.
For our secondary outcome, in all sites with cesarean
birth rates at or above the historically recommended
WHO rate of 10–15% (Pakistan, India, Guatemala),
vaginal birth after cesarean rates were around 20%.
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Fig. 3 Rates of cesarean birth for multiparous women with a prior cesarean birth within the global network by site, 2017–2018

Table 4 Robson classification of cesarean birth within the global network, by site, 2017–2018: the percent of cesareans
within each group
Overall African sites

Robson group, N (%)

9981

Non-African sites

DRC

Zambia Kenya Guatemala Belagavi Nagpur Pakistan

135

161

198

4197

2368

2550

372

1. Nulliparous, single cephalic term pregnancy in spontaneous labor 22.0%

28.1% 28.6%

34.8%

15.7%

28.9%

26.2%

9.1%

2. Nulliparous, single cephalic term pregnancy with labor induced or 20.6%
cesarean before labor

0.7%

5.6%

23.5%

17.9%

22.7%

14.2%

3. Multiparous without a previous uterine scar, single cephalic term
pregnancy in spontaneous labor

6.7%

29.6% 30.4%

23.2%

4.9%

8.1%

4.9%

3.2%

4. Multiparous without a previous uterine scar, single cephalic term
pregnancy with labor induced or cesarean before labor

8.2%

1.5%

5.6%

3.0%

9.1%

8.4%

7.1%

11.6%

5. Multiparous with a previous uterine scar, single cephalic term
pregnancy

23.2%

7.4%

8.1%

10.1%

25.7%

20.1%

24.7%

22.8%

1.2%

6. Nulliparous with a single breech pregnancy

2.5%

0.7%

6.2%

2.0%

2.5%

3.0%

2.2%

1.6%

7. Multiparous with a single breech pregnancy

2.0%

4.4%

6.8%

5.6%

2.7%

1.2%

0.7%

3.0%

8. Multiple pregnancy

1.6%

8.9%

3.7%

5.6%

1.3%

1.8%

0.9%

1.6%

9. Single pregnancy with a transverse or oblique lie

2.6%

5.9%

1.2%

3.0%

3.8%

1.5%

1.1%

4.6%

10. Single cephalic preterm pregnancy

10.6%

12.6% 8.1%

7.1%

10.7%

9.1%

9.4%

28.2%

Conversely, in the African sites where cesarean birth
rates are very low, vaginal birth after cesarean rates were
around 84%. We also found that primary or first cesarean
(among nulliparous and multiparous women) accounted
for the largest proportion of cesareans performed in the
African sites, while pre-labor primary cesarean or primary cesarean after induction of labor among nulliparous women, and repeat cesarean among multiparous

women accounted for a higher proportion of cesareans
in the non-African sites. Overall, the proportion of cesarean births accounted for by preterm singletons was about
11%.
We used statistical modeling to identify risk factors
associated with cesarean birth in the sub-Saharan African
sites that might be of interest in considering interventions to modify cesarean birth rates, either to increase or
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decrease the rate given the site. For hypertensive disease
in pregnancy, mode of delivery should be determined by
routine obstetric considerations—hypertensive disease
in itself is not an indication for cesarean birth [8–12].
However, the decision to proceed with cesarean birth in
the setting of hypertensive disease must consider individualized risks and benefits of expediting birth. More
research on common management protocols in the context of hypertensive disease at the study sites would be of
interest. Considering antepartum hemorrhage, bleeding
can result from a number of etiologies [13]. If it results
in fetal death, vaginal birth is the recommended mode of
delivery, as it is if there is not associated maternal and/
or fetal compromise from the blood loss [13]. However,
if the fetus and/or mother are determined to be at risk,
the plan should be for immediate delivery, which may
require urgent cesarean birth or assisted vaginal birth
[13]. Regarding multiple pregnancy, a randomized trial
of uncomplicated diamniotic twin pregnancies at greater
than 32 weeks’ gestation with a cephalic presenting fetus
did not find an increased risk of neonatal morbidity and
mortality with vaginal as compared to cesarean birth
[14]. Women with multiple gestations who qualify and
have an appropriately trained provider may be candidates
for vaginal birth [14]. Therefore, further research on how
cases of hypertensive disease, antepartum hemorrhage,
and multiple gestation are being managed in the subSaharan African sites would be of interest. There may
be areas for further research on decision support tools
or other interventions to reduce cesarean births under
appropriate circumstances.
In the model involving the non-African sites, additional
risk factors that might be modified include age, adherence
to antenatal care, and management of abnormal progress
in labor. Advanced maternal age is a known risk factor
for cesarean birth, although this may be a proxy measure
of other unknown confounders [15]. Many interventions
exist for delaying the age of onset of child-bearing, but
interventions to reduce the age of childbearing were not
easily identified [16]. Interestingly, despite higher rates of
preterm birth among older mothers in low- and middleincome countries, advanced maternal age was also associated with less stunting, better school progression, and
higher adult height attainment [16]. This is a complex
area with equipoise to support additional research and
guidelines specific to low-resource settings related to age,
but no clear recommendation or intervention can be suggested at this time, which suggests that this is an area rich
for future research. Regarding antenatal care and labor
management, the WHO has issued guidelines on these
topics that offer recommendations on how to ensure that
women have access to the right care at the right time in
pregnancy and during labor and delivery [17–20]. How to
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ensure implementation of these evidence-based recommended is an area needing further research.
Performance of cesarean birth is always a complicated
decision given the many factors contributing to any one
woman’s labor and delivery, but mode of delivery after a
history of cesarean birth is even more complex [21, 22].
The data on trial of labor after cesarean versus elective
repeat cesarean birth is scarce in low- and middle-income
country settings [21]. No clear international guidelines
have been proposed, and guidelines from high-income
countries are not prescriptive [21, 23–27]. Our data suggest that as the cesarean birth rate exceeds the recommended rate, repeat cesarean birth also becomes more
common, accounting for the vast majority of deliveries
that occur in women with a history of prior cesarean
birth. Conversely, in communities where cesarean birth
is underutilized, vaginal birth after cesarean may be the
more common method of birth as compared to repeat
cesarean. Mode of delivery after cesarean in low-resource
settings represents an area where further research and
guidance is needed.
Our final analysis was to use the WHO-recommended
Robson Cesarean Birth Classification System to subset our cohort into ten mutually exclusive groups to see
which women accounted for the greatest proportion of
cesarean births in our Global Network sites. Other large
studies have used the Robson classification, previously
[28]. A WHO analysis of 21 countries to assess cesarean birth trends using the Robson Classification System found that Robson groups one (nulliparous, single
cephalic term pregnancy in spontaneous labor), three
(multiparous without a previous uterine scar, single
cephalic term pregnancy in spontaneous labor), and five
(multiparous with a previous uterine scar, single cephalic
term pregnancy) had the highest absolute contribution to the overall cesarean birth rate in the low human
development index countries [28]. We found that in our
African sites, there were a high proportion of primary
cesarean births, and in our non-African sites, there was
a high proportion of repeat cesarean births, pre-labor
(elective) primary cesarean births, and primary cesarean births occurring among women who were induced.
Therefore, our results are similar to those of the WHO
analysis [28]. The WHO authors concluded that repeat
cesarean birth is an increasingly important determinant
of cesarean birth in moderate or low human development
index countries, and strategies should be implemented
to reduce medically unnecessary primary cesarean birth
[28]. They also suggested that improved case selection
for induction and pre-labor cesarean birth could reduce
cesarean birth rates, which are excellent gaps for future
research [28]. We feel these conclusions apply to our
analysis as well, although repeat cesarean birth was a less
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relevant contributor to cesarean birth rates in our African sites.
Although this analysis represents a large dataset and a
globally representative sample, it is limited by the short
timeframe during which the Robson classification variables were collected, the multiple comparisons made,
the lack of information available on maternal preference
for elective cesarean birth, and the lack of context in
which to interpret these trends and findings. For example, determinants of rising rates are likely very different
in Latin America as compared to southeast Asia, but we
have only basic sociodemographic, antepartum, intrapartum, and postpartum data with which to analyze
our outcomes. Similarly, with respect to cesarean birth,
optimizing cesarean birth utilization in the African sites
based on prior research requires greater use of cesarean
birth, while appropriate use of cesarean birth in our nonAfrican sites may necessitate reduced use of the procedure. We also note that our a priori stratification of sites
may have resulted in missing potential associations and
conclusions, and variability of site data included in these
grouping may not be fully explored. Having limited contextual data on the determinants of these trends constrains our ability to draw specific conclusions or make
evidence-based recommendations from this analysis.
However, this analysis provides excellent preliminary
data for further research. It highlights the gaps in knowledge about determinants of cesarean birth rates in varied
low- and middle-income country settings and identifies areas for future research. These include the fields of
prevention of the primary cesarean, appropriate use of
vaginal birth after cesarean, and identifying subpopulations ideal for induction of labor and pre-labor cesarean
specific to the low- and middle-income country context
that account for variability in cesarean access and utilization across regions. It also offers some direction on additional risk factors that can be targets for interventions or
for guideline development in low-resource settings that
include mode of delivery in the setting of multiple gestation, hypertensive disease, and antepartum hemorrhage.

Conclusion
In conclusion, cesarean birth rates appear to be increasing within the Global Network sites. Advanced maternal age, education, parity less than three, greater than
four antenatal visits, multiple gestation, antepartum
hemorrhage, and hypertensive disease in pregnancy are
associated with cesarean birth in our study population.
Proportions of cesarean birth are higher among women
with no history of cesarean birth in the African sites and
among women with primary elective cesarean, primary
cesarean after induction, and repeat cesarean in the nonAfrican sites.
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Abstract
Background: Preterm birth continues to be a major public health problem contributing to 75% of the neonatal
mortality worldwide. Low birth weight (LBW) is an important but imperfect surrogate for prematurity when accurate
assessment of gestational age is not possible. While there is overlap between preterm birth and LBW newborns, those
that are both premature and LBW are at the highest risk of adverse neonatal outcomes. Understanding the epide‑
miology of preterm birth and LBW is important for prevention and improved care for at risk newborns, but in many
countries, data are sparse and incomplete.
Methods: We conducted data analyses using the Global Network’s (GN) population-based registry of pregnant
women and their babies in rural communities in six low- and middle-income countries (Democratic Republic of
Congo, Kenya, Zambia, Guatemala, India and Pakistan). We analyzed data from January 2014 to December 2018.
Trained study staff enrolled all pregnant women in the study catchment area as early as possible during pregnancy
and conducted follow-up visits shortly after delivery and at 42 days after delivery. We analyzed the rates of preterm
birth, LBW and the combination of preterm birth and LBW and studied risk factors associated with these outcomes
across the GN sites.
Results: A total of 272,192 live births were included in the analysis. The overall preterm birth rate was 12.6% (ranging
from 8.6% in Belagavi, India to 21.8% in the Pakistani site). The overall LBW rate was 13.6% (ranging from 2.7% in the
Kenyan site to 21.4% in the Pakistani site). The overall rate of both preterm birth and LBW was 5.5% (ranging from 1.2%
in the Kenyan site to 11.0% in the Pakistani site). Risk factors associated with preterm birth, LBW and the combination
were similar across sites and included nulliparity [RR − 1.27 (95% CI 1.21–1.33)], maternal age under 20 [RR 1.41 (95%
CI 1.32–1.49)] years, severe antenatal hemorrhage [RR 5.18 95% CI 4.44–6.04)], hypertensive disorders [RR 2.74 (95% CI
− 1.21–1.33], and 1–3 antenatal visits versus four or more [RR 1.68 (95% CI 1.55–1.83)].
Conclusions: Preterm birth, LBW and their combination continue to be common public health problems at some of
the GN sites, particularly among young, nulliparous women who have received limited antenatal care services.
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Background
Addressing the global burden of preterm birth (before
37 weeks of pregnancy) is critical to reducing neonatal and childhood mortality and to achieving Sustainable Development Goal #3—to ensure healthy lives and
to promote well-being for all at all ages [1]. The World
Health Organization (WHO) estimates that there are 15
million preterm births every year [2]. Gestational age is
more predictive of risk of neonatal and childhood mortality than low birth weight (LBW—below 2500 g), but
prematurity is more difficult to ascertain accurately than
birthweight. Ninety-seven percent of LBW babies are
born in low and lower-middle income countries (LMIC)
where estimates of gestational age are the most difficult to
ascertain. Therefore, the WHO also estimates the number of babies born with LBW, currently 25 million babies
annually [2]. Although prematurity is a major reason for
a baby being born LBW, LBW is an imperfect surrogate
for preterm birth. Term babies may also be LBW because
they are growth restricted and small for gestational age
(SGA) that weigh less than 10th percentile of weight for
gestational age and sex, resulting in an estimated 67%
overlap between preterm birth and LBW [3, 4]. Mechanisms and risk factors for preterm and for LBW babies
may differ despite a substantial proportion of LBW being
contributed by preterm births as LBW infants are also a
result of intrauterine growth restriction [5]. LBW and/
or preterm birth are important causes of neonatal mortality. In 2015, there were an estimated 1 million deaths
in children under age 5 years globally attributed to prematurity [6]. Infants who are SGA have an increased risk
of neonatal mortality regardless of their association with
preterm birth [7]. Thirty five percent of neonatal deaths
were attributed to prematurity [8] and more than 80% of
neonatal deaths were in LBW babies [9].
There have been calls for improved estimates of the
burden of preterm birth and LBW, particularly in countries where the data are sparse, incomplete or not population-based [8]. There is limited information on maternal
factors associated with these neonatal conditions and
whether and how they may occur in rural settings in
LMICs. More accurate data may enable government
policies and programs to more effectively target interventions to reduce preterm birth and LBW. Neonatal mortality in LBW preterm babies is higher, with more severe
lifelong consequences, than for LBW and preterm babies

alone and therefore accurate estimates of and risk factors
for the combination are needed to improve survival of
these newborns [10].
The Eunice Kennedy Shriver National Institute of Child
Health and Human Development’s (NICHD’s) Global
Network (GN), is a multi-site research network representing partnerships of U.S. and international investigators at rural and semi-urban study sites in Guatemala,
India (2 sites:Nagpur and Belgaum), Pakistan, Kenya,
Zambia and the Democratic Republic of the Congo. The
GN Maternal and Newborn Health Registry (MNHR)
has been collecting data on a population-based sample
of pregnant women and their babies starting in 2008.
The GN has consistently focused on improving the quality of its data [11], by focusing on obtaining accurate and
standardized methods of assessing birth weight and gestational age data across all participating sites. Gestational
age data has been improved over time by increased access
to ultrasound dating, mostly from January 2014. Standardized training of sonographers has also been possible
across the GN as ultrasounds were required for three GN
studies [12–14] that drew their study participants from
subjects participating in the MNHR. Here we describe
and compare the rates of preterm births, LBW and a
combination of preterm birth and LBW at the GN sites.
We also explored and compared the maternal, delivery
and infant characteristics as risk factors associated with
preterm birth, LBW and both preterm birth and LBW for
the GN sites.

Methods
Study design, setting and participants

This study is a secondary data analysis using the GN’s
population-based MNHR. The details of the MNHR have
been published [15]. The MNHR started in 2008 and has
registered approximately 70,000 pregnant women and
their babies annually in rural and semi-urban communities in the countries listed above. Each site has included
6–24 distinct geographic locations (clusters). The registry continues to prospectively identify, consent, screen
and enroll pregnant women in the study communities as
early as possible in their pregnancy. The enrollment target in all participating communities (clusters) is at least
95% of pregnant women. Pregnant women included in
this analysis were screened, consented and enrolled in
the MNHR between January 2014 and December 2018,
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since first trimester ultrasound for gestational age dating
and quality assurance efforts to improve the accuracy of
reporting of last menstrual period (LMP) were consistently adopted sites.
Eligibility criteria

Women were excluded from the analysis if they did not
consent; were lost to follow-up prior to delivery; or if
the information on gestational age at birth, vital status
or birth weight was missing. Women who died prior to
delivery, who had a miscarriage or medical termination
of pregnancy, a multiple birth or a stillbirth were also
excluded from analysis.
Data collection process, co‑variates and quality control

Data on the enrolled women were collected by trained
health workers at three time points: at enrolment (as
early as possible in pregnancy: age, educational status, height [except in the Kenya site that did not collect
maternal height until 2017], weight, maternal BMI collected on enrollment, parity, date of LMP, expected date
of delivery, and hemoglobin levels [two sites that had
data available for most of the study period]); at delivery (receipt of iron, vitamins or calcium and the tetanus
toxoid immunization during this pregnancy; number of
antenatal care (ANC)visits; antenatal ultrasound information; date of delivery; gender of the baby; birth weight;
mode of delivery; maternal conditions such as obstructed
labor, severe antepartum or postpartum hemorrhage,
hypertensive disorders, and fetal malpresentation; neonatal status; and place of delivery); at 42 days postpartum
(maternal mortality, neonatal survival, and hospitalizations of the mother or baby) [16–20].
Senior Foreign Investigators (on-site primary investigators) at all sites were trained centrally. They then trained
their site’s data collectors prior to collecting study data.
Data sources included medical records as well as interviews with the participating women. Data collected
on paper were entered into a database at a site-based
data management center and transmitted to a central
data coordinating center at Research Triangle Institute
(RTI), Durham, NC, USA. RTI monitored the data with
monthly reports of data quality (completeness and timeliness) and edit reports to identify out of range or inconsistent data that were then addressed by the site staff as
well site visits.
Outcomes

The primary outcomes for the study were rates of preterm birth, rates of LBW and their combination. Preterm
birth rate was defined as the number of neonates delivered before 37 completed weeks of gestation per 100
live births. Gestational age was estimated from the most
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reliable variable using the following hierarchy of reliability (1) ultrasound, (2) date of LMP, if menses are regular,
(3) neonatal examination and (4) gestational age recorded
at birth. The LMP was considered reliable if the LMP
date given was consistent with other information about
the pregnancy (i.e., plausible date), the pregnant woman
states that she has a regular menstrual cycle, seems relatively sure of the date and was not using contraception.
Ultrasound examinations were conducted either as a
part of a GN study wherein standardized training was
provided to sonologists or as a part of routine antenatal
care. However, availability of ultrasound information any
time during pregnancy with information on gestational
age varied across sites. Additionally, babies with birthweight between the 99th percentile at 36 week (based
on country-specific growth data: DRC = 3086, Zambia = 3093, Guatemala = 2959, Belagavi, India = 2784,
Pakistan = 2849, Nagpur = 2680, Kenya = 3311) and
5500 g were classified as term births [21, 22].
Low birth weight (LBW) rate was defined as the number of neonates with a birthweight less than 2,500 g per
100 live births. Birth weight was measured (not estimated) within 6 days of birth in more than 96.8% of neonates in the MNHR [15].
Preterm and LBW rate was defined as the number of
neonates both preterm birth and LBW per 100 live births.
Ethical clearance

The Institutional Review Boards and Ethics Research
Committees of all participating institutions approved
the MNHR. Prior to initiation of the study, agreement to
participate was obtained from the communities through
sensitization meetings. Individual informed consent for
study participation was required from each study participant. No monetary reimbursements were provided to
study participants nor to the communities participating
in the study. A Data Monitoring Committee appointed
by NICHD oversaw and reviewed the study at annual
meetings.
Statistical analysis

We computed summary statistics (e.g., n and proportions) overall and by GN site for rates of preterm birth,
LBW and the combination of preterm and LBW, as
well as maternal and neonatal characteristics. Generalized linear models (GLM) with generalized estimating equation (GEE) working correlation structure
were used to evaluate the relationship of potential factors and preterm birth, LBW and the combination of
preterm birth and LBW to develop point and interval
estimates of relative risk associated with these factors. GEE were used to account for the correlation
of outcomes within cluster to develop appropriate
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confidence intervals. The risk ratios for the factors
associated with preterm birth, LBW, and their combination in the overall study population and by site are
represented graphically and also described using multivariable regression analyses separately for preterm
birth, LBW and their combination. All analyses were
conducted in SAS 9.4 (RTI Inc., Durham, NC). A twosided p-value < 0.05 was considered to be statistically
significant.

Fig. 1 Study flow diagram
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Results
From January 2014 to December 2018, a total of 303,883
women were screened. Among these, 272,192 (89.6%)
met the inclusion criteria of maternal survival through
delivery and a pregnancy resulting in a singleton, live
birth with gestational age and birth weight assessed.
These mother-baby pairs were analyzed for rates of preterm birth, LBW and the combination of both preterm
birth and LBW (Fig. 1). For this population, gestational
age was based on ultrasound for 18.5% of babies, LMP
for 68.1%, clinical exam for 1.6%, as collected at delivery
(usually by LMP) for 6.1%, and weight for 5.7%.
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Maternal, delivery and infant characteristics of the study
population

As shown in Table 1, more than 80% of the women were
aged 20–35 years across all GN sites, but 19–24% of the
women in the Africa sites vs. 2–12% of the women in the
Asian sites were less than age 20 years of age. Overall,
almost 79% had completed at least primary and secondary education, but 82% of women in the Pakistani site and
38% of women in the DRC site had no formal education.

Overall, 31% of the women were nulliparous, ranging
from 17% in the Pakistani site to 50% in the Nagpur site.
During antenatal period, more than 94% of the women
received at least any one of iron, vitamins or calcium in
all sites, except in the Pakistani site where only 82% had
received one or more of these supplements. A similar
pattern was seen with administration of tetanus toxoid
(76% or more in all sites were immunized except in the
Pakistan site, where the rate was 51%).

Table 1 Maternal, delivery and infant characteristics by Global Network Site
Characteristic

Overall, all sites DRC

Zambia

Kenya

Guatemala

Belagavi, India Nagpur, India Pakistan

Deliveries, N

272,192

29,796

33,918

36,166

52,047

40,172

41,894

38,199

Maternal age

272,094

29,767

33,906

36,110

52,047

40,172

41,894

38,198

< 20

38,388 (14.1)

5744 (19.3)

194 (24.2)

8166 (22.6)

8915 (17.1)

4684 (11.7)

981 (2.3)

1704 (4.5)

20–35

219,304 (80.6)

21,493 (72.2) 22,992 (67.8) 26,402 (73.1) 37,865 (72.8) 35,360 (88.0)

40,701 (97.2)

34,491 (90.3)

> 35

14,402 (5.3)

2530 (8.5)

2720 (8.0)

1,542 (4.3)

5267 (10.1)

128 (0.3)

212 (0.5)

2003 (5.2)

272,095

29,795

33,910

36,119

52,047

40,170

41,858

38,196

No formal education

58,512 (21.5)

11,278 (37.9) 2509 (7.4)

528 (1.5)

6428 (12.4)

5236 (13.0)

1296 (3.1)

31,237 (81.8)

Primary/secondary

195,792 (72.0)

18,450 (61.9) 30,903 (91.1) 32,458 (89.9) 42,076 (80.8) 31,346 (78.0)

34,140 (81.6)

6419 (16.8)

University+

17,791 (6.5)

67 (0.2)

498 (1.5)

3133 (8.7)

3543 (6.8)

3588 (8.9)

6422 (15.3)

540 (1.4)

270,083

29,795

33,915

36,124

52,046

40,170

41,867

36,166

0

84,753 (31.4)

5,598 (18.8)

10,454 (30.8) 11,737 (32.5) 15,479 (29.7) 14,585 (36.3)

20,804 (49.7)

6,096 (16.9)

1–2

113,835 (42.1)

9350 (31.4)

13,300 (39.2) 14,136 (39.1) 20,972 (40.3) 22,795 (56.7)

20,239 (48.3)

13,043 (36.1)

>2

71,495 (26.5)

14,847 (49.8) 10,161 (30.0) 10,251 (28.4) 15,595 (30.0) 2,790 (6.9)

824 (2.0)

17,027 (47.1)

272,136

29,790

41,854

38,198

260,290 (95.6)

28,087 (94.3) 33,847 (99.8) 35,558 (98.3) 50,117 (96.3) 39,474 (98.3)

41,751 (99.8)

31,456 (82.3)

272,079

29,789

41,871

38,199

Yes

230,906 (84.9)

26,108 (87.6) 30,911 (91.1) 32,884 (90.9) 39,514 (76.0) 40,117 (99.9)

41,791 (99.8)

19,581 (51.3)

At least one ANC visit

272,155

29,796

41,872

38,198

Yes

266,816 (98.0)

28,775 (96.6) 33,889 (99.9) 35,826 (99.1) 49,841 (95.8) 40,159 (100.0)

41,763 (99.7)

36,563 (95.7)

271,910

29,758

33,916

36,138

51,961

40,166

41,798

38,173

0

5339 (2.0)

1021 (3.4)

29 (0.1)

338 (0.9)

2195 (4.2)

12 (0.0)

109 (0.3)

1635 (4.3)

1–3

102,119 (37.6)

14,790 (49.7) 17,978 (53.0) 15,044 (41.6) 16,968 (32.7) 10,642 (26.5)

5,415 (13.0)

21,282 (55.8)

4+

164,452 (60.5)

13,947 (46.9) 15,909 (46.9) 20,756 (57.4) 32,798 (63.1) 29,512 (73.5)

36,274 (86.8)

15,256 (40.0)

272,180

29,796

33,918

36,166

52,045

40,171

41,885

38,199

14,021 (5.2)

438 (1.5)

869 (2.6)

1148 (3.2)

2271 (4.4)

3433 (8.5)

468 (8.3)

2394 (6.3)

Severe antepartum
hemorrhage

272,179

29,796

33,917

36,166

52,043

40,171

41,887

38,199

Yes

1361 (0.5)

60 (0.2)

162 (0.5)

202 (0.6)

124 (0.2)

179 (0.4)

71 (0.2)

563 (1.5)

Severe postpartum
hemorrhage

270,473

29,786

33,368

35,377

52,015

40,170

41,558

38,199

3041 (1.1)

178 (0.6)

189 (0.6)

438 (1.2)

426 (0.8)

639 (1.6)

66 (0.2)

1105 (2.9)

272,108

29,744

33,913

36,165

52,032

40,171

41,887

38,196

5904 (2.2)

12 (0.0)

284 (0.8)

150 (0.4)

2069 (4.0)

1538 (3.8)

983 (2.3)

868 (2.3)

272,154

29,774

33,917

36,163

52,044

40,171

41,886

38,199

4564 (1.7)

108 (0.4)

196 (0.6)

260 (0.7)

1499 (2.9)

653 (1.6)

755 (1.8)

1093 (2.9)

272,177

29,794

33,915

36,166

52,043

40,169

41,892

38,198

132,674 (48.7)

14,351 (48.2) 16,794 (49.5) 18,026 (49.8) 25,428 (48.9) 19,391 (48.3)

20,141 (48.1)

18,543 (48.5)

Maternal education

Parity

Antenatal iron/calcium/
vitamins
Received any
Tetanus toxoid immuni‑
zation received

Number of ANC visits

Obstructive labor
Yes

Yes
Hypertensive disorders
Yes
Fetal malpresentation
Yes
Sex of the baby
Female

33,918

33,917

33,918

36,166

36,166

36,164

52,044

51,967

52,036

40,166

40,170

40,171
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Overall, 60% of the women had four or more antenatal
care (ANC) visits, with the Pakistani site having only 40%
of women who had at least four ANC visits. Maternal
hypertensive disorders were reported to be more common in the Asian and Guatemalan sites and lower in the
African sites.
Severe antepartum hemorrhage was less than 0.6% in
all sites except the Pakistani site (1.5%) and fetal malpresentation was 0.7% or less in the African sites, but
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between 1.6% and 2.9% in the Asian and Guatemalan
sites.
Rates of preterm birth, LBW and preterm birth and LBW

Figure 2a shows the rates of preterm birth, LBW, the
combination of preterm birth and LBW as well as term,
normal birth weight live births. The overall rate of preterm birth across the GN sites was 12.6%. As shown in
Fig. 2a, among the Asian sites, preterm birth rates were

Fig. 2 a Rates of Preterm birth, LBW and preterm birth and LBW in the Global Network Sites. b Rates of preterm LBW and term LBW births. Total %
exceeds 100% because the combination of Preterm and LBW is also included in the overall Preterm and LBW rates. Normal birth weight defined as
2500 g or more
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the highest in the Pakistani site (21.8%) and lowest for
the Belagavi site (8.6%). Among the African sites, DRC
had the highest preterm birth rate of 18.3%. The overall
LBW rate was 13.6%, in the African sites ranging from
2.7% (Kenyan site) to 9.5% (DRC site), and in the Asian
sites from 17.3% (Nagpur site) to 21.4% (Pakistani site).
Figure 2a also shows the rates of babies with a combination of preterm birth and LBW at 5.5%. Of note, the very
low birth weight rate (those weighing < 1500 gm), was
observed in 0.6% of the births overall, ranging from 0.2%
in the Kenyan site to 1.1% in the Pakistani site.
Figure 2b displays the variations across sites in the proportions of LBW babies who were preterm vs. term with
the Indian sites and the Guatemalan site having higher
percent of term LBW babies.
Risk factors associated with preterm birth, LBW
and preterm birth and LBW
Risk factors associated with preterm Birth

As shown in Fig. 3, factors associated with increased risk
of preterm birth in most (at least 4 of the 7 sites) GN sites
included younger maternal age < 20 years, no formal education, no receipt of antenatal iron, calcium or vitamins,
less than four ANC visits, severe antepartum hemorrhage, maternal hypertensive disorders, and fetal malpresentation. Of note, female gender and nulliparity was
associated with preterm births at the African sites but
not in the Asian sites or the Guatemalan site. Obstructed
labor was associated with a decreased risk for preterm
birth at most sites (see Table 2).
Risk factors associated with LBW

Figure 3 shows that the overall risk factors for LBW were
similar to the risk factors for preterm birth. As shown
in Table 3, the risk factors for LBW included maternal age < 20 years, no formal education or only primary
and secondary education, nulliparity, no receipt of iron,
calcium or vitamins, less than four ANC visits, severe
antepartum hemorrhage, maternal hypertensive disorders and fetal malpresentation. Female neonates were
more likely to be LBW in all sites.
Risk factors associated with both preterm birth and LBW

Figure 3 shows that the risk factors for having both a
LBW and preterm birth were similar to having either a
preterm or LBW birth.
However, the effect size of the antenatal care, antepartum hemorrhage and hypertensive disorder risk factors
were higher than for preterm birth or LBW alone (see
Table 4).
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Risk factors available at select sites

Maternal BMI was available in all sites except the Kenya
site. BMI < 18.5 kg/m2 was a risk factor for preterm
birth at all sites and LBW at nearly all sites. Maternal
hemoglobin was consistently available over the study
period in the two Indian sites. Mild anemia (hemoglobin 10.0–10.9 g/dL) was associated only with LBW
in the Nagpur site and not associated with preterm at
either of the sites. Moderate to severe anemia (< 10 g/
dL) was associated with preterm birth, LBW, and the
combination of preterm birth and LBW when data
from the two Indian sites were combined.

Discussion
The Global Network’s population-based estimate of the
preterm birth rate was 12.6% with the highest rates in
the Pakistani and the DRC sites and the lowest rates
(< 10%) in the Indian and Kenyan sites. LBW rates were
13.6% but showed a different pattern with the highest
rates in the Asian and Guatemalan sites and the lowest
rates in the African sites. The combination of preterm
birth and LBW was highest in the Pakistani site (11%)
and lowest in the Kenyan site (1.2%).
Our rural and semi-urban population rates for preterm birth are similar to country-wide estimates in previously reported studies [23–28]. However, our results
are higher than recent global estimates for preterm
birth in 2014 (10.6%—uncertainty interval 9.0–12.0)
[7]. Rates of preterm birth in the Pakistani and DRC
sites were outliers among the GN sites and were associated with poor antenatal care indicators such as lack of
receipt of antenatal iron, calcium and vitamins, lack of
tetanus toxoid immunization and fewer than four antenatal visits [29–31]. The Asian sites had higher rates of
LBW, likely because term and preterm birth weights
are higher in the African sites and intrauterine growth
retardation or SGA is more common in the Asian sites
as observed in other studies [32–36].
Our estimates of LBW are slightly lower, but within
range of recent global estimates for LBW in 2015
(14.6%—uncertainty range 12.4–17.1%) [8]. To our
knowledge, there are no prior global estimates of the
combination of both preterm and LBW. Risk factors
for having a preterm birth and LBW baby are similar
to those for each condition alone, likely because of the
overlap of these outcomes. They include poor ANC
indicators such as less than four ANC visits, nulliparity
and maternal age under age 20 [37], severe antepartum
hemorrhage and hypertensive disorders. The similarity
of risk factors for preterm birth, LBW and the combination of preterm birth and LBW in the GN sites suggest an important need to monitor those women with
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Table 2 Maternal, delivery and infant characteristics as risk factors for preterm birth—overall and site-specific risk ratios
with 95% confidence intervals and p values
Characteristic

Relative risk (95% CI), p-value
Overall, all
sites

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

< 20

1.31
(1.26,1.37),
< .0001

1.45 (1.30,
1.36 (1.28,
1.51 (1.40,
1.30 (1.22,
1.09 (0.99,
1.63), < .0001
1.44), < .0001
1.62), < .0001
1.38), < .0001
1.20), 0.0880

1.25 (1.07,
1.47), 0.0061

1.05 (0.93, 1.20),
0.4115

> 35

1.07
(1.02,1.12),
0.0078

1.08 (1.00,
1.18), 0.0636

1.13 (1.02,
1.25), 0.0196

1.05 (0.93,
1.19), 0.3893

1.13 (1.02,
1.24), 0.0151

2.22 (1.56,
1.00 (0.68,
3.16), < .0001
1.49), 0.9847

0.94 (0.86, 1.03),
0.1647

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

No formal
education

1.32
(1.23,1.41),
< .0001

2.30 (1.01,
5.25), 0.0474

1.77 (1.46,
1.48 (1.04,
2.14), < .0001
2.09), 0.0294

1.18 (0.97,
1.44), 0.0969

1.29 (1.11,
1.48), 0.0006

1.50 (1.27,
1.13 (0.94, 1.35),
1.77), < .0001
0.1895

Primary/sec‑
ondary

1.17
(1.11,1.23),
< .0001

2.20 (0.94,
5.14), 0.0684

1.57 (1.26,
1.23 (1.08,
1.95), < .0001
1.40), 0.0013

1.07 (0.91,
1.25), 0.4209

1.01 (0.92,
1.12), 0.7693

1.39 (1.27,
1.01 (0.86, 1.18),
1.52), < .0001
0.9492

1.0

1.0

1.0

1.0

Maternal age
(20–35)

Maternal
education
(University+)

Parity (1–2)

1.0

1.0

1.0

0

1.12 (1.07,
1.49 (1.37,
1.13 (1.05,
1.16), < .0001
1.62), < .0001
1.23), 0.0018

1.39 (1.25,
1.00 (0.94,
1.55), < .0001
1.06), 0.9133

1.10 (0.98,
1.24), 0.0944

1.05 (0.98,
1.12), 0.1429

0.98 (0.92, 1.05),
0.5708

>2

0.93 (0.89,
0.97), 0.0002

0.95 (0.88,
1.02), 0.1329

0.95 (0.88,
1.03), 0.2046

1.11 (1.03,
1.19), 0.0045

0.94 (0.87,
1.02), 0.1227

1.07 (0.96,
1.19), 0.2446

1.31 (1.04,
1.65), 0.0243

0.87 (0.82, 0.92),
< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.46 (1.07,
2.00), 0.0178

1.10 (0.98,
1.23), 0.1168

1.78 (1.53,
1.29 (0.86,
2.08), < .0001
1.93), 0.2139

1.06 (1.03, 1.10),
0.0006

Consumption
of vitamins/
calcium/iron
Not con‑
sumed

1.18 (1.11,
1.33 (1.20,
1.24 (0.59,
1.25), < .0001
1.47), < .0001
2.61), 0.5700

Received teta‑ 1.0
nus toxoid
immunization
Did not
receive

1.08 (1.02,
1.14), 0.0050

Number of ANC 1.0
visits (4+)

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.15 (0.99,
1.32), 0.0656

0.90 (0.75,
1.07), 0.2436

1.10 (0.96,
1.27), 0.1796

0.96 (0.88,
1.05), 0.3776

0.89
(0.30,2.64),
0.8286

1.39
(0.98,1.97),
0.0680

1.12 (1.07,1.18),
< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

2.33 (0.89,
6.14), 0.0856

0

1.66 (1.46,
2.42 (1.90,
3.97 (1.61,
1.88), < .0001
3.07), < .0001
9.77), 0.0027

0.42 (0.17,
1.03), 0.0590

1.30 (1.14, 1.47),
< .0001

1–3

1.65 (1.54,
2.14 (1.85,
2.48 (2.05,
2.04 (1.85,
1.52 (1.43,
1.83 (1.61,
1.30 (1.08,
1.78), < .0001
2.47), < .0001
3.00), < .0001
2.24), < .0001
1.63), < .0001
2.08), < .0001
1.56), 0.0050

1.16 (1.11, 1.21),
< .0001

1.0

1.0

No obstructive
labor
Had obstruc‑
tive labor
No severe
antepartum
hemorrhage

1.0

3.28 (2.58,
1.17 (1.02,
4.15), < .0001
1.34), 0.0217

1.0

1.0

1.0

1.0

1.0

0.77 (0.72,
0.88 (0.77,
0.82), < .0001
1.00), 0.0417

0.97 (0.77,
1.20), 0.7559

0.82 (0.68,
0.99), 0.0405

0.67 (0.53,
0.83), 0.0004

0.80 (0.65,
0.97), 0.0255

0.70 (0.60,
0.75 (0.68,
0.81), < .0001
0.83),< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

Had severe
2.81 (2.49,
2.54 (1.94,
2.89 (1.99,
1.97 (1.50,
4.66 (3.80,
5.63 (4.80,
5.19 (4.17,
1.92 (1.76, 2.09),
antepartum
3.18), < .0001
3.32),< .0001
4.21), < .0001
2.57), < .0001
5.72), < .0001
6.60), < .0001
6.45), < .0001
< .0001
hemor‑
rhage
No severe
postpartum
hemorrhage

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0
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Table 2 (continued)
Characteristic

Relative risk (95% CI), p-value
Overall, all
sites

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

0.91 (0.65,
1.27), 0.5680

1.01 (0.69,
1.47), 0.9742

1.11 (0.93,
1.34), 0.2493

1.24 (0.93,
1.67), 0.1460

0.96 (0.78,
1.18), 0.6729

1.52 (0.83,
2.77), 0.1721

0.81 (0.74, 0.89),
< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.81 (1.68,
2.12 (1.43,
1.95), < .0001
3.15), 0.0002

1.79 (1.18,
2.72), 0.0062

1.95 (1.32,
2.87), 0.0008

1.95 (1.76,
2.52
2.17), < .0001
(2.30,2.77),
< .0001

2.30
(2.05,2.57),
< .0001

1.19 (1.05,1.35),
0.0075

1.0

1.0

1.0

1.0

1.0

1.0

1.35 (1.26,
1.31 (0.81,
1.45), < .0001
2.09), 0.2679

1.53 (1.20,
1.97), 0.0007

1.11 (0.81,
1.53), 0.5165

1.44 (1.28,
1.65
1.62), < .0001
(1.26,2.15),
0.0002

0.99
(0.81,1.22),
0.9594

1.34 (1.20,1.50),
< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.22 (0.98,
1.53), 0.0779

1.26 (1.16,
1.18 (1.10,
1.18 (1.11, 1.25),
1.37), < .0001
1.26), < .0001
< .0001

Had severe
0.93 (0.84,
postpartum
1.02), 0.1369
hemor‑
rhage
No hyperten‑
1.0
sive disorders
Had hyper‑
tensive
disorders
No fetal mal‑
presentation
Had fetal
malpresen‑
tation
BMI, kg/m2
(18.5–24.9)
< 18.5
≥ 25.0
Hemoglobin
(≥ 11 g/dL)

1.0

1.18 (1.15,
1.20 (1.12,
1.19 (1.03,
1.22), < .0001
1.28), < .0001
1.39), 0.0213

□

0.80 (0.77,
0.73 (0.63,
0.79 (0.73,
□
0.83), < .0001
0.84), < .0001
0.85), < .0001
1.0

10.0–10.9 g/
dL (mild)

0.97 (0.90,
1.04), 0.3626

< 10.0 g/dL
(moderate/
severe)

1.10 (1.04,
1.17), 0.0013

Sex of the baby 1.0
(male)
Female

1.0

1.03 (1.01,
1.06), 0.0055

░

░

1.0

0.78 (0.73,
1.14 (1.00,
0.83), < .0001
1.29), 0.0529

░

░

░

░

░

░

1.0

1.0

1.0

1.0

0.82 (0.68,
0.98), 0.0336

1.0

1.0

0.92 (0.82,
1.02), 0.1119

1.04 (0.97,
1.12), 0.2950

░

1.04 (0.97,
1.12), 0.3015

1.20 (1.10,
░
1.30), < .0001

1.0

1.0

1.14 (1.08,
1.16 (1.11,
1.10 (1.05,
0.94 (0.92,
0.87 (0.82,
1.00 (0.95,
1.20), < .0001
1.21), < .0001
1.15), < .0001
0.97), < .0001
0.92), < .0001
1.06), 0.9464

□—BMI not calculated for Kenya because maternal height was not recorded before 2017

0.78 (0.72, 0.85),
< .0001

1.0
1.03 (1.00, 1.07),
0.0812

░—maternal hemoglobin not consistently collected at all GN sites except Belagavi, India and Nagpur, India
Generalized linear models were used to evaluate the relationship of potential factors and prematurity and to develop point and interval estimates of relative
risk associated with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop appropriate
confidence intervals. The reference group is indicated by 1.0 in the Risk Ratio column

these risk factors as it may help to improve their pregnancy outcomes.
Risk factors for prematurity, LBW and their combination varied by GN site. Therefore, the antenatal
factors that are associated with these neonatal conditions may be monitored according to their region.
The African sites had higher rates of preterm birth in
the nulliparous women, whereas parity was not associated with preterm birth in the other GN sites. This
was perhaps due to the higher proportion of women
in Africa being < 20 years of age and likely to have their
first pregnancy at younger ages [31, 37]. The other factor that was associated with increased risk for preterm
birth in all sites was antepartum hemorrhage [38, 39].
The rates of preterm births were higher in the African

sites. Whereas the rates of LBW were much higher in
the non-African sites and so were the reported rates
of hypertensive disorders. Hypertensive disorders are
associated with SGA [40]. Another possible reason
for higher rates of LBW in Asian sites could be higher
rates of BMI < 18.5 kg/m2 and its association with LBW
[41]. Moderate/severe anemia recorded anytime during pregnancy (data evaluated only for the Indian sites
where enrollment in the study tended to be earlier in
pregnancy than in other sites), either due to iron deficiency or other causes, increased the risk of both preterm birth and LBW. Anemia any time and especially
during the rapid fetal growth during the third trimester
is reported as an important factor in determining birth
weight [18–20].
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Table 3 Maternal, delivery and infant characteristics as risk factors for low birth weight—overall and site specific risk
ratios with 95% confidence intervals and p values
Characteristic Relative risk (95% CI), p-value

Maternal age
(20–35)

Overall, all
sites

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

< 20

1.35 (1.30,
1.84 (1.60,
1.67 (1.49,
2.31 (2.10,
1.23 (1.17,
1.33 (1.27,
1.23 (1.11,
1.40 (1.27, 1.54),
1.40), < .0001
2.10), < .0001
1.88), < .0001
2.55), < .0001
1.28), < .0001 1.39), < .0001 1.36), < .0001 < .0001

> 35

1.00 (0.95,
1.05), 0.8649

1.24 (1.04,
1.49), 0.0177

0.98 (0.80,
1.21), 0.8748

0.71 (0.49,
1.02), 0.0655

1.01 (0.95,
1.53 (1.22,
1.35 (1.01,
0.82 (0.73, 0.91),
1.07), 0.7819
1.91), 0.0002
1.79), 0.0392
0.0002

1.0

1.0

1.0

1.0

1.0

Maternal
education
(University
+)

1.0

1.0

1.0

No formal
education

1.31 (1.23,
4.56 (1.56,
1.38), < .0001
13.33),
0.0056

0.76 (0.60,
0.95), 0.0158

1.21 (0.78,
1.86), 0.3961

1.16 (1.08,
1.39 (1.24,
1.11 (0.95,
1.31 (1.12, 1.53),
1.25), < .0001 1.55), < .0001 1.30), 0.1952
0.0009

Primary/sec‑
ondary

1.21 (1.15,
4.38 (1.49,
1.27), < .0001
12.83),
0.0072

0.88 (0.76,
1.02), 0.0896

0.91 (0.74,
1.13), 0.4152

1.16 (1.08,
1.21 (1.10,
1.26 (1.16,
1.11 (0.90, 1.36),
1.24), < .0001 1.33), < .0001 1.36), < .0001 0.3342

1.0

1.0

1.0

1.0

Parity (1–2)

1.0

1.0

1.0

1.0

0

1.38 (1.34,1.43), 1.86 (1.69,2.05), 1.57 (1.42,1.74), 2.23 (1.93,2.59), 1.26
< .0001
< .0001
< .0001
< .0001
(1.20,1.32),
< .0001

>2

0.90 (0.87,
0.86 (0.79,
0.93), < .0001
0.94), 0.0007

0.90 (0.83,
0.99), 0.0264

0.78 (0.67,
0.91), 0.0015

0.93 (0.87,
0.91 (0.85,
1.01 (0.86,
0.85 (0.80, 0.89),
0.99), 0.0148
0.98), 0.0114
1.19), 0.8745
< .0001

1.0

1.0

1.0

1.0

1.18 (1.10,
1.35 (1.11,
1.27), < .0001
1.64), 0.0030

2.20 (0.99,
4.89), 0.0521

1.71 (1.14,
2.58), 0.0100

1.16 (0.98,
1.47 (1.34,
0.81 (0.60,
1.10 (1.03, 1.17),
1.36), 0.0779
1.62), < .0001 1.10), 0.1811
0.0027

1.0

1.0

1.0

1.0

1.0

1.03 (0.97,
1.09), 0.3134

1.15 (0.90,
1.46), 0.2625

0.66 (0.48,
0.91), 0.0122

0.73 (0.52,
1.03), 0.0706

0.93 (0.87,
0.85 (0.53,
0.89 (0.61,
1.14 (1.07, 1.21),
0.98), 0.0146
1.36), 0.5044
1.31), 0.5602
< .0001

1.0

1.0

1.0

1.0

1.0

Consumption
of vitamins/
calcium/iron
Not con‑
sumed
Received teta‑
nus toxoid
immuniza‑
tion
Did not
receive
Number of
ANC visits
(4+)

1.0

1.41 (1.34,
1.38 (1.32,
1.23 (1.16, 1.31),
1.50), < .0001 1.45), < .0001 < .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0

1.36 (1.20,
2.48 (1.83,
6.45 (3.12,
1.55), < .0001
3.35), < .0001
13.33),
< .0001

1–3

1.27 (1.22,
1.88 (1.58,
1.70 (1.39,
1.48 (1.28,
1.23 (1.18,
1.33 (1.26,
1.08 (1.00,
1.15 (1.08, 1.22),
1.31), < .0001
2.25), < .0001
2.07), < .0001
1.70), < .0001
1.28), < .0001 1.41), < .0001 1.16), 0.0399
< .0001

No obstructive 1.0
labor
Had obstruc‑
tive labor
No severe
antepartum
hemorrhage
Had severe
antepar‑
tum hem‑
orrhage
No severe
postpartum
hemorrhage

1.0

2.90 (2.00,
1.20 (0.96,
1.26 (0.53,
0.65 (0.44,
1.25 (1.09, 1.44),
4.20), < .0001
1.50), 0.1003
2.98), 0.5976
0.95), 0.0277
0.0015

1.0

1.0

1.0

0.85 (0.80,
1.30 (1.05,
0.92), < .0001
1.60), 0.0151

1.24 (0.85,
1.81), 0.2691

1.21 (0.85,
1.72), 0.2813

0.71 (0.60,
0.90 (0.79,
0.82 (0.74,
0.88 (0.80, 0.96),
0.84), < .0001 1.02), 0.1106
0.91), 0.0002
0.0042

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

2.82 (2.53,
4.89 (3.63,
6.56 (5.09,
5.70 (3.93,
3.63 (3.18,
3.22
3.15), < .0001
6.59), < .0001
8.45), < .0001
8.27), < .0001
4.14), < .0001 (2.74,3.80),
< .0001

3.05 (2.43,
1.89 (1.73, 2.07),
3.81), < .0001 < .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0
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Table 3 (continued)
Characteristic Relative risk (95% CI), p-value

Had severe
postpar‑
tum hem‑
orrhage
No hyper‑
tensive
disorders
Had hyper‑
tensive
disorders

Overall, all
sites

DRC

Zambia

Kenya

Guatemala

1.02 (0.93,
1.12), 0.6406

1.10 (0.79,
1.53), 0.5741

1.36 (0.94,
1.97), 0.1036

2.32 (1.36,
3.97), 0.0021

1.15 (0.95,
0.89 (0.79,
1.06 (0.70,
0.96 (0.86, 1.07),
1.38), 0.1438
1.01), 0.0805
1.60), 0.7964
0.4937

1.0

1.0

1.0

1.0

1.0

2.01 (1.88,
1.72 (0.87,
2.15), < .0001
3.40), 0.1185

No fetal mal‑
1.0
presentation

1.0

Had fetal
1.45 (1.35,
2.43 (1.44,
malpresen‑
1.56), < .0001
4.08), 0.0008
tation
BMI, kg/m2
(18.5–24.9)
< 18.5
≥ 25.0
Hemoglobin
(≥ 11 g/dL)
10.0–10.9 g/
dL (mild)

1.0

1.0

░

< 10.0 g/dL
1.12 (1.08,
░
(moderate/
1.17), < .0001
severe)
Sex of the
baby (male)
Female

1.0

1.0

1.0

Pakistan

1.0

1.99 (1.83,
1.98 (1.86,
1.93 (1.73,
1.31 (1.16, 1.47),
2.16), < .0001 2.11), < .0001 2.14), < .0001 < .0001

1.0

1.0

1.0

2.25 (1.49,
3.39), 0.0001

2.13 (1.02,
4.44), 0.0432

1.40 (1.25,
1.38 (1.16,
1.28 (1.09,
1.41 (1.28, 1.56),
1.56), < .0001 1.63), 0.0002
1.49), 0.0022
< .0001

1.0

1.0

□

░

1.0

1.0

1.0

1.0

1.0

1.0

1.43 (1.22,
1.22 (1.18,
1.24 (1.18,
1.36 (1.31, 1.42),
1.66), < .0001 1.26), < .0001 1.30), < .0001 < .0001

0.70 (0.67,
0.68 (0.59,
0.57 (0.51,
□
0.73), < .0001
0.78), < .0001
0.64), < .0001

1.02 (0.98,
1.06), 0.2489

1.0

Nagpur

3.52 (2.57,
6.35 (3.84,
4.82), < .0001
10.50),
< .0001

1.30 (1.26,
1.54 (1.44,
1.45 (1.19,
1.34), < .0001
1.64), < .0001
1.76), 0.0002

1.0

Belagavi

0.68 (0.65,
0.80 (0.74,
0.77 (0.69,
0.70 (0.64, 0.76),
0.72), < .0001 0.87), < .0001 0.86) < .0001
< .0001

░

░

░

░

░

1.0

1.0

1.0

1.19 (1.17,
1.24 (1.16,
1.19 (1.09,
1.15 (1.01,
1.21), < .0001
1.31), < .0001
1.30), < .0001
1.31), 0.0296

□—BMI not calculated for Kenya because maternal height was not recorded before 2017

1.0

1.0

1.00 (0.96,
1.07 (1.01,
░
1.05), 0.9940
1.13), 0.0187
1.08
(1.03,1.14),
0.0035
1.0

1.20 (1.14,
░
1.26), < .0001

1.0

1.0

1.24 (1.19,
1.16 (1.11,
1.20 (1.16,
1.17 (1.12, 1.23),
1.28), < .0001 1.21), < .0001 1.24), < .0001 < .0001

░—Maternal hemoglobin not consistently collected at all GN sites except Belagavi, India and Nagpur, India
Generalized linear models were used to evaluate the relationship of potential factors and LBW and to develop point and interval estimates of relative risk associated
with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop appropriate confidence intervals.
The reference group is indicated by 1.0 in the Risk Ratio column

Another interesting observation from this study was
the association of gender of the newborn with preterm
birth and LBW. In African sites, female newborns were
more likely to be preterm. Although reported previously the reasons for this finding are unclear [42, 43].
At all sites, the rate of LBW in female newborns was
more than in males.
The strengths of our study are that it is a populationbased assessment of the burden of preterm birth and
LBW across different LMIC community sites and their
risk factors that differ by site indicating that further
exploration of association of these risk factors may help
to tailor public health strategies. The GN uses uniform

and rigorous criteria across sites for assessment of
gestational age, increasingly based on ultrasound dating (particularly first trimester) to improve precision
of estimates of preterm birth rates. The GN has also
focused on accurate estimation of measured birth
weight within 6 days of birth in approximately 99% of
neonates, to avoid rounding errors and delayed reporting of birth weight [15]. Missing values of key variables
including birthweight are minimal, particularly as a
result of increased institutional deliveries.
Limitations of the study include the population under
study – it is not countrywide, because it is based on
access to a rural and semi-urban population. Another
limitation is that while estimation of gestational age
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Table 4 Maternal, delivery and infant characteristics as risk factors for preterm birth and low birth weight—overall
and site specific risk ratios with 95% confidence intervals and p values
Characteristic

Relative risk (95% CI), p-value
Overall, all sites

DRC

Zambia

Kenya

Guatemala

Belagavi

Nagpur

Pakistan

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

< 20

1.41 (1.32,
1.49), < .0001

1.94 (1.61, 2.33),
< .0001

1.68 (1.48, 1.90),
< .0001

2.38 (2.08, 2.72),
< .0001

1.32 (1.22, 1.42),
< .0001

1.16 (1.06, 1.28),
0.0024

1.35 (1.11, 1.65),
0.0026

1.30 (1.15, 1.48),
< .0001

> 35

1.08 (1.00, 1.17),
0.0385

1.23 (1.02, 1.48),
0.0305

1.10 (0.89, 1.35),
0.3785

0.46 (0.19, 1.07),
0.0724

1.19 (1.05, 1.35),
0.0057

2.18 (1.48, 3.22),
< .0001

1.35 (0.87, 2.10),
0.1758

0.91 (0.78, 1.07),
0.2510

1.0

1.0

1.0

1.0

1.0

1.0

1.0

Maternal age
(20–35)

Maternal educa‑ 1.0
tion (University
+)
No formal
education

1.28 (1.18,
1.38), < .0001

0.67 (0.54, 0.83),
0.0002

0.95 (0.49, 1.82),
0.8741

1.08 (0.89, 1.30),
0.4399

1.26 (1.10, 1.45),
0.0008

1.32 (1.06, 1.65),
0.0140

1.25 (1.04, 1.50),
0.0165

Primary/sec‑
ondary

1.13 (1.06, 1.21),
0.0002

0.78 (0.64, 0.96),
0.0201

0.93 (0.64, 1.35),
0.6876

1.11 (0.96, 1.27),
0.1620

0.98 (0.88, 1.08),
0.6455

1.39 (1.23, 1.57),
< .0001

1.07 (0.87, 1.32),
0.5037

Parity (1–2)

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0

1.27 (1.21,
1.33), < .0001

1.95 (1.69, 2.25),
< .0001

1.46 (1.36, 1.57),
< .0001

2.14 (1.79, 2.57),
< .0001

1.14 (1.03, 1.27),
0.0122

1.22 (1.08, 1.39),
0.0014

1.26 (1.16, 1.36),
< .0001

1.12 (1.05, 1.20),
0.0010

>2

0.90 (0.86,
0.95), < .0001

0.92 (0.84, 1.01),
0.0822

0.90 (0.80, 1.03),
0.1159

0.69 (0.58, 0.82),
< .0001

0.99 (0.87, 1.12),
0.8555

1.08 (0.99, 1.18),
0.0977

1.43 (1.03, 1.99),
0.0349

0.85 (0.79, 0.91),
< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.30 (1.15,
1.47), < .0001

1.82 (1.44, 2.31),
< .0001

2.94 (0.89, 9.77),
0.0783

1.90 (0.91, 3.95),
0.0875

1.22 (1.03, 1.45),
0.0227

2.17 (1.91, 2.46),
< .0001

0.72 (0.29, 1.75),
0.4654

1.08 (1.01, 1.16),
0.0357

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.13 (1.04, 1.23),
0.0030

1.39 (1.03, 1.86),
0.0294

0.67 (0.43, 1.05),
0.0806

0.75 (0.48, 1.16),
0.1939

0.92 (0.84, 1.01),
0.0664

0.57 (0.09, 3.54),
0.5503

1.15 (0.56, 2.39),
0.7008

1.23 (1.14, 1.33),
< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0

1.88 (1.56,
2.27), < .0001

5.27 (3.76, 7.39),
< .0001

15.00 (6.23,
36.10), < .0001

5.93 (4.06,
8.68), < .0001

1.29 (1.03, 1.60),
0.0257

3.14 (1.15, 8.54),
0.0252

0.35 (0.14, 0.87),
0.0234

1.32 (1.12, 1.55),
0.0007

1–3

1.68 (1.55,
1.83), < .0001

3.17 (2.57, 3.91),
< .0001

3.00 (2.22, 4.06),
< .0001

2.62 (2.09, 3.29),
< .0001

1.59 (1.47, 1.72),
< .0001

2.13 (1.87, 2.44),
< .0001

1.40 (1.12, 1.75),
0.0030

1.16 (1.09,
1.24), < .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.78 (0.70,
0.87), < .0001

1.51 (1.20, 1.89),
0.0004

1.28 (0.84, 1.97),
0.2551

1.71 (1.19, 2.44),
0.0036

0.59 (0.43, 0.82),
0.0018

0.76 (0.59, 0.97),
0.0251

0.68 (0.56, 0.84),
0.0002

0.79 (0.71,
0.88), < .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

5.18 (4.44,
6.04), < .0001

6.63 (5.04,
8.72), < .0001

10.24 (7.15,
14.66) < .0001

10.28 (6.29,
16.77), < .0001

8.52 (6.99,
10.40), < .0001

7.40 (6.22, 8.81),
< .0001

8.00 (6.16, 10.38),
< .0001

2.75 (2.44, 3.11),
< .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.22 (1.07, 1.40),
0.0035

1.10 (0.68, 1.77),
0.6996

1.67 (1.16, 2.42),
0.0062

3.42 (2.14, 5.46),
< .0001

1.80 (1.31, 2.49),
0.0003

1.18 (0.97, 1.43),
0.0980

1.70 (0.90,3.20),
0.0996

0.96 (0.85,1.09),
0.5243

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

2.64 (1.17, 5.96),
0.0193

4.54 (2.82,
7.31), < .0001

10.72 (5.60,
20.51), < .0001

2.84 (2.52,
3.19), < .0001

3.09 (2.77,
3.44), < .0001

3.18 (2.80,
3.61), < .0001

1.46 (1.25,
1.72), < .0001

1.0

1.0

1.0

1.0

1.0

1.0

1.0

2.93 (1.68, 5.13),
0.0002

2.62 (1.58, 4.35),
0.0002

3.50 (1.90,
6.47), < .0001

1.80 (1.48,
2.19), < .0001

1.83 (1.42,
2.35), < .0001

1.17 (0.92, 1.50),
0.1985

1.57 (1.38,
1.78), < .0001

Consumption
of vitamins/
calcium/iron
Not consumed

Received tetanus 1.0
toxoid immu‑
nization
Did not receive
Number of ANC
visits (4 +)

No obstructive
labor
Had obstruc‑
tive labor
No severe
antepartum
hemorrhage
Had severe
antepartum
hemorrhage
No severe
postpartum
hemorrhage
Had severe
postpartum
hemorrhage
No hypertensive
disorders

Had hyperten‑ 2.74 (2.48,
sive disorders
3.02), < .0001
No fetal malpre‑
sentation

1.0

1.74 (1.56,
Had fetal
1.93), < .0001
malpresenta‑
tion

Pusdekar et al. Reprod Health 2020, 17(Suppl 3):187

Page 14 of 16

Table 4 (continued)
Characteristic

Relative risk (95% CI), p-value
Overall, all sites

DRC

Zambia

1.0

1.0

1.0

< 18.5

1.33 (1.27,
1.39), < .0001

1.40 (1.28,
1.53), < .0001

1.39 (1.20,
1.62), < .0001

≥ 25.0

0.77 (0.72, 0.81),
<.0001

0.68 (0.57,
0.80), < .0001

0.61 (0.54,
0.68), < .0001

2

BMI, kg/m
(18.5–24.9)

Hemoglobin
(≥ 11 g/dL)

0.96 (0.87, 1.05),
0.3580

< 10.0 g/dL
(moderate/
severe)

1.12 (1.02, 1.23),
0.0137

Female

□

□

Guatemala

Belagavi

Nagpur

Pakistan

1.0

1.0

1.0

1.0

1.42 (1.07, 1.88),
0.0139

1.26 (1.16,
1.38), < .0001

1.28 (1.15,
1.42), < .0001

1.40 (1.31,
1.50), < .0001

0.73 (0.66,
0.81), < .0001

1.12 (0.95, 1.33),
0.1603

0.82 (0.63, 1.07),
0.1503

0.76 (0.69,
0.84), < .0001

1.0

1.0

0.93 (0.82, 1.05),
0.2182

1.04 (0.89, 1.23),
0.6142

1.08 (0.97, 1.21),
0.1754

1.25 (1.07, 1.46),
0.0046

1.0

10.0–10.9 g/dL
(mild)

Sex of the baby
(MALE)

Kenya

░

░

░

░

░

░

░

░

░

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.01 (0.98, 1.04),
0.5527

1.18 (1.09,
1.28), < .0001

1.13 (1.08,
1.19), < .0001

1.00 (0.88, 1.13),
0.9487

0.94 (0.88, 0.99),
0.0236

0.86 (0.81,
0.92), < .0001

1.00 (0.94, 1.07),
0.9333

1.07 (1.01, 1.15),
0.0338

□—BMI not calculated for Kenya because maternal height was not recorded before 2017

░

░—maternal hemoglobin not consistently collected at all GN sites except Belagavi, India and Nagpur, India
Generalized linear models were used to evaluate the relationship of potential factors and the combination of prematurity and LBW and to develop point and interval
estimates of relative risk associated with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to
develop appropriate confidence intervals. The reference group is indicated by 1.0 in the Risk Ratio column

and therefore preterm birth rates are improving, they
are not yet optimal.
LMP may not be a reliable indicator in this population due to recall bias and inability to remember the
exact LMP by less educated individuals. Even when
the LMP is known, there is a risk for potential bias as
the estimation of LMP is based on the assumption of a
uniform 28-day cycle with ovulation on day 14 of that
cycle, both of which may not necessarily be true, especially if contraceptives have been used before conception [44–46]. There can be a lack of agreement on the
definition (women estimate the LMP as the last day
of the menstrual period) of LMP between the doctor
and pregnant woman. This can lead to errors and discrepancies in GA assessment by LMP [47]. Ultrasound
dating is also limited by the changes in the size of the
fetus which is not uniform throughout the pregnancy.
It does not account for growth restriction and thus can
lead to misclassification of term growth restricted baby
as a preterm birth [48]. The magnitude and direction of
the systematic bias should be considered while using
the US based estimates. Increased access to high quality ultrasound estimates early in pregnancy is likely to
further improve precision of preterm birth estimates.
Improved precision of gestational age will allow estimation of growth restriction at all gestational ages (SGA).
Rates of SGA and its determinants at each site were not
estimated in this analysis. So further research is needed
to understand the risk factors of SGA and how they

differ at each site, when better estimates of gestational
age become available.
Additionally, the association of plausible risk factors
like socio-economic status, income, history or previous preterm as well as modifiable risk factors should be
accounted for in the future research.

Conclusion
Rates of preterm births, LBWs and their combination
remain high at the GN sites. Prominent risk factors that
were similar across sites included nulliparity, maternal age under 20 years, less than 4 antenatal care visits,
severe antenatal hemorrhage, and hypertensive disease.
While all pregnancies need care and consideration to
prevent preterm births, the younger nulliparous women
who may have received limited access to ANC services
and so are at higher risk for preterm births need more
attention to prevent prematurity and LBW.
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Abstract
Background: To determine the gender differences in neonatal mortality, stillbirths, and perinatal mortality in south
Asia using the Global Network data from the Maternal Newborn Health Registry.
Methods: This study is a secondary analysis of prospectively collected data from the three south Asian sites of the
Global Network. The maternal and neonatal demographic, clinical characteristics, rates of stillbirths, early neonatal
mortality (1–7 days), late neonatal mortality (8–28 days), mortality between 29–42 days and the number of infants
hospitalized after birth were compared between the male and female infants.
Results: Between 2010 and 2018, 297,509 births [154,790 males (52.03%) and 142,719 females (47.97%)] from two
Indian sites and one Pakistani site were included in the analysis [288,859 live births (97.1%) and 8,648 stillbirths (2.9%)].
The neonatal mortality rate was significantly higher in male infants (33.2/1,000 live births) compared to their female
counterparts (27.4/1,000, p < 0.001). The rates of stillbirths (31.0 vs. 26.9/1000 births) and early neonatal mortality (27.1
vs 21.6/1000 live births) were also higher in males. However, there were no significant differences in late neonatal
mortality (6.3 vs. 5.9/1000 live births) and mortality between 29–42 days (2.1 vs. 1.9/1000 live births) between the two
groups. More male infants were hospitalized within 42 days after birth (1.8/1000 vs. 1.3/1000 live births, p < 0.001) than
females.
Conclusion: The risks of stillbirths, and early neonatal mortality were higher among male infants than their female
counterparts. However, there was no gender difference in mortality after 7 days of age. Our results highlight the
importance of stratifying neonatal mortality into early and late neonatal period to better understand the impact of
gender on neonatal mortality. The information from this study will help in developing strategies and identifying measures that can reduce differences in sex-specific mortality.
Keywords: Early neonatal mortality, Late neonatal mortality, Stillbirth, Low-middle income countries, Sex variation in
mortality, Global network
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Background
The risk of mortality and morbidity has been found to be
higher in male subjects compared to females during the
perinatal period, infancy and childhood [1–4]. The risk of
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prematurity, intrauterine growth restriction and respiratory morbidities are also higher in male infants [2, 4–7].
Male infants are also at an increased risk for respiratory
and gastrointestinal infections likely due to high testosterone levels that suppress the immune system [8, 9]. In
high-income nations, boys are at a greater risk of neonatal and infant mortality than girls [1, 3–5]. However,
several recent studies have reported higher neonatal and
infant mortality in females compared to males in south
Asia [10–12]. A few studies from south Asia also reported
that girls experience a higher risk of late neonatal mortality (between 8 and 28 days) [6, 12, 13]. Gender preference
and differential health care-seeking behavior can contribute to higher late neonatal and infant mortality in south
Asian girls [12–15]. The information on gender difference
in stillbirths and mortality in different periods of infancy
is important for developing strategies and identifying
measures directed at reducing sex-specific mortality [12].
The objective of the current study was to determine the
gender differences in stillbirths, early and late neonatal
mortality, and 29–42 day mortality in south Asia using
Global Network data from the Maternal Newborn Health
Registry (MNHR). We hypothesize that gender differences exist in fetal and neonatal survival with sex-specific
trends in stillbirths, early and late neonatal mortality, and
29–42 day mortality. Understanding the variation in sexspecific differences in stillbirth and neonatal mortality
will help to develop strategies to address them.

Methods
Pregnant women included in this analysis were screened,
consented and enrolled in the MNHR between January 2010 and December 2018. The Global Network’s
MNHR is a prospective observational study that includes
all pregnant women and delivered infants and their outcomes in defined geographic communities (clusters).
The MNHR, supported by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development’s (NICHD’s) Global Network, is a multi-site
research network representing partnerships between the
US institutions and international investigators at study
sites in India (2 sites: Nagpur and Belagavi), Pakistan,
Bangladesh, Guatemala, Kenya, Democratic Republic of
the Congo and Zambia. For this study, sites in India (Belagavi and Nagpur) and Pakistan (Thatta) were included.
During the time of the study, the included sites had
between 20 and 24 study clusters, which are defined geographic areas with approximately 300 – 500 annual births
[16, 17].
The registry administrators (RAs) identify and screen
all pregnant women in the study communities early in
the pregnancy and prospectively follow them and their
infants up to 42 days postpartum. At enrollment, basic
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demographic information was recorded, and follow-up
visits were conducted, one within 48 h of the delivery
to obtain birth outcomes and the other at 42 days postpartum to record the health status of mother and baby,
as described in detail elsewhere [16, 17]. The study outcome data were based on medical record review, as well
as interviews with birth attendants, the mother and
the family. In addition to the prospective enrollment of
pregnant women, several measures were taken to ensure
accuracy of the stillbirth, maternal, and neonatal mortality data, including: supervisory oversight of the RAs’ data
collection, review of the ratio of stillbirths to early neonatal deaths to identify any potential biases, and training
and review of standardized definitions.
Study outcomes and definitions

The outcomes of interest were rates of stillbirths, early
neonatal mortality, late neonatal mortality, mortality
between 29 and 42 days, and the number of infants hospitalized after birth.
Stillbirth: Fetal deaths occurring at ≥ 20 weeks gestation (or for those without gestational age available ≥ 500 g).
Neonatal mortality rate: The number of deaths during the first 28 days of life (1–28 days) per 1000 live
births.
Early neonatal mortality: The number of deaths during the first 7 days of life (1–7 days) per 1000 live
births.
Late neonatal mortality: The number of deaths
between days 8–28 of life per 1000 live births.
Post neonatal mortality: The number of deaths
between days 29–42 days per 1000 live births.
Conditions requiring hospitalization in follow-up:
The number of infants admitted to the hospital after
delivery and by 42 days of life.
Data analyses

A team at each research site supervised local data collection and provided the initial review of the data. Next,
the data were entered at each study site and transmitted
through a secure process to the central data coordinating
center, RTI International (Research Triangle Park, NC).
Descriptive analyses were performed and demographic
and clinical characteristics where compared for male and
female genders using a Cochran–Mantel–Haenszel test
stratified by cluster for categorical characteristics and a
Wilcoxon rank sum test for continuous characteristics.
Relative risks and 95% confidence intervals were obtained
from log binomial models as a function of gender for
each fetal/neonatal outcome using generalized estimating
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equations to account for the correlation of outcomes
within cluster. All data analyses were done with SAS software v.9.4 (Cary, NC). A two-sided p-value < 0.05 was
considered to be statistically significant.
Ethics approval

Each research site obtained approval by the local ethics
review committees (Aga Khan University; KLE University’s Jawaharlal Nehru Medical College, Belagavi, India;
Lata Medical Research Foundation, Nagpur, India), the
institutional review boards of partner U.S. universities
and the data coordinating center (RTI International).
All pregnant women included in the MNHR provided
informed consent for participation in the study.

Results
A total of 325,641 women were screened between January 2010 and December 2018 at two sites in India (Nagpur and Belagavi, India) and one site in Pakistan. Most
of the screened women (n = 320,467, 98.4%) were eligible,
consented and delivered (Fig. 1). After excluding women
with miscarriages, medical terminations of pregnancy,
maternal deaths prior to delivery, and infants with gender unknown (1345), 297,509 births were included in the
analysis. This included 288,859 live births (97.1%) and
8,648 stillbirths (2.9%).
The baseline demographic and clinical characteristics
by infant gender are depicted in Table 1. A total of 154,790
infants (52.03%) were male and 142,719 infants (47.97%)

Screened
n=325,641
Ineligible: n=2,445
Did not consent: n=104
Lost before delivery: n=2,625
Delivered
n=320,467
Exclusions: n=25,647
Maternal death before delivery: n=129
Miscarriage: n=16,534
Termination: n=7,653
Gender unknown: n=1,331
Deliveries included 294,820
Births included n=297,509
Live births: n=288,859
Stillbirths: n=8,648
Perinatal mortality=15,681
Neonatal mortality=8,750
Early neonatal mortality=7,033
Late neonatal mortality=1,717
Early infant mortality=9,309

Fig. 1 Flow diagram
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were female, with a male to female ratio of 1,085:1,000.
The sex ratio for live birth was 1,080:1,000 (149,984
males, 138,875 females), while the sex ratio for stillbirth
was higher at 1,251:1,000 (4806 males, 3842 females). The
differences in demographic and clinical characteristics
were either not significant (maternal age, maternal education, parity, and number of antenatal care visits, hypertensive disease/severe pre-eclampsia/eclampsia, body
mass index (BMI) ≥ 25 kg/m2, hemoglobin (Hb) < 8 g/dl,
multiple birth, preterm birth and term birth) or observed
difference was very small and may not be clinically significant (antepartum hemorrhage; 1.5% vs. 1.4%) [18, 19].
The demographic and clinical characteristics between
the two groups were also compared by the sites (Table 2).
There was a small, clinically insignificant difference in
the percent of women delivering male and female infants
starting prenatal care in the first trimester (75.4% vs.
76.0%), and multiple births (1.5% vs. 1.6%) at the Indian
sites and severe antepartum hemorrhage at the Pakistani
site (3.7% vs. 3.3%).
Male infants were more likely to be attended by a physician at birth (50.9% vs. 49.6%), born at a hospital (57.9%
vs. 56.5%), delivered by cesarean (18.0% vs. 17.1%) and
received bag and mask resuscitation immediately after
birth (6.7% vs. 5.5%) (Table 3). There were clinically insignificant differences in mean birth weight (2780 ± 486 g
vs. 2717 ± 466 g) and gestational age (38.3 ± 3.4 vs.
38.5 ± 3.4) between male and female infants. There was
no significant difference in preterm births between male
and female infants. Similar results were found in male
and female infants at the Indian and Pakistani sites with
an exception of a slightly higher preterm birth rate in
males in India (11% vs. 10.6%) (Table 4).
The rate of stillbirths was significantly higher in male
infants compared to females (Table 5). A total of 9309
infants (32.3/1,000 live births) died between 1 and
42 days 7033 infants (75.6%) died between 1 and 7 days
and 2276 infants (24.4%) died between 8 and 42 days.
Early neonatal mortality was significantly higher in male
infants compared to female infants. However, there
were no significant differences in late neonatal mortality and mortality between 29 and 42 days between the
two groups. More male infants were hospitalized within
42 days after birth compared to female infants. Similar
patterns of mortality rates between the two groups were
observed when the Indian and Pakistani sites were analyzed separately (Table 6). However, the rates of mortality
were much higher in the Pakistani site compared to the
India sites.
The probable causes of stillbirths and infant deaths
between 1 and 42 days were similar in the male and
female infants (Tables 7 and 8). Low birth weight/
prematurity and birth asphyxia were the common

Aghai et al. Reprod Health 2020, 17(Suppl 3):178

Page 4 of 11

Table 1 Baseline demographic and clinical characteristics by infant gender
Characteristic

Overall

Infant Gender

p-value

Male

Female
142,719 (47.97)

Infants (%)1

297,509

154,790 (52.03)

Maternal age, N (%)2,3

297,229

154,622

142,607

< 20

18,151 (6.1)

9325 (6.0)

8,826 (6.2)

20—35

273,435 (92.0)

142,340 (92.1)

131,095 (91.9)

> 35

5643 (1.9)

2957 (1.9)

2686 (1.9)

296,599

154,306

142,293

No formal schooling

100,006 (33.7)

52,010 (33.7)

47,996 (33.7)

Primary or Secondary

168,503 (56.8)

87,759 (56.9)

80,744 (56.7)

University+

28,090 (9.5)

14,537 (9.4)

13,553 (9.5)

294,655

153,310

141,345

0

107,334 (36.4)

55,783 (36.4)

51,551 (36.5)

1–2

134,820 (45.8)

70,097 (45.7)

64,723 (45.8)

3–4

29,601 (10.0)

15,511 (10.1)

14,090 (10.0)

≥5

22,900 (7.8)

11,919 (7.8)

10,981 (7.8)

218,046

113,154

104,892

≥ 4 ANC visits

134,446 (61.7)

69,784 (61.7)

64,662 (61.6)

83,600 (38.3)

43,370 (38.3)

40,230 (38.4)

259,453

135,254

124,199

First (0–14 weeks)

170,639 (65.8)

88,475 (65.4)

82,164 (66.2)

Second (15–28 weeks)

65,488 (25.2)

34,465 (25.5)

31,023 (25.0)

Third (29–42 weeks)

23,326 (9.0)

12,314 (9.1)

11,012 (8.9)

Maternal education, N (%)2,3

Parity, N (%)2,3

Antenatal care, N (%)2,3
< 4 ANC visits

Trimester of first ANC visit, N (%)2,3

0.1934

0.2556

0.6322

0.2955

0.0050

Complications of pregnancy, N (%)2,3
Evidence of hypertensive disease/severe pre-eclampsia/eclampsia

10,072/297,108 (3.4)

5260/154,604 (3.4)

4812/142,504 (3.4)

0.4986

Severe antepartum hemorrhage

4341/297,198 (1.5)

2361/154,652 (1.5)

980/142,546 (1.4)

0.0022

21,660/291,335 (7.4)

11,313/151,628 (7.5)

10,347/139,707 (7.4)

0.5177

Hemoglobin measured at/before enrollment < 8 mg/dl

BMI ≥ 25

5762/212,960 (2.7)

2930/110,629 (2.6)

2832/102,331 (2.8)

0.1905

Hemoglobin measured after enrollment and before delivery < 8 mg/dl

2794/79,063 (3.5)

1424/40,865 (3.5)

1370/38,198 (3.6)

0.4455

Multiple birth

5297/297,444 (1.8)

2,704/154,748 (1.7)

2593/142,696 (1.8)

0.1330

1

All MNH Registry 2010–2018 infants born in 08 Belagavi, 11 Nagpur, and 09 Pakistan with exclusions miscarriage, MTP, and maternal deaths prior to delivery

2

In cases of multiple births, maternal demographic variables are counted more than once

3

Categorical variable p-values are computed with a cluster-stratified CMH test

probable causes for stillbirth as well as death between 1
and 42 days of age.

Discussion
Over the past several decades, gender differences have
been reported in stillbirth, neonatal and infant mortality
with a higher incidence of death in male subjects [1–4].
However, several studies from south Asia have reported
higher late neonatal and infant mortality rates in female
subjects [10–12]. Our large population-based study
involving the Global Network research sites in India
and Pakistan demonstrated that more male infants were
born compared to females. The rates of stillbirths and
early neonatal mortality were significantly higher in male
infants. The late neonatal mortality rate (8–28 days) and

the mortality rate between ages 29–42 days were similar
among the genders. Our analysis also shows the rates of
stillbirth, early and late neonatal mortality and mortality
between 29 and 42 days are higher for the Pakistani site
compared to the two Indian sites.
The sex ratio at birth (ratio of male to female) in
humans is reported to be slightly higher for males,
with 1050 male births for every 1000 female births
[20]. We report a higher sex ratio of 1080 males for
every 1000 females at birth in our cohort. As mortality in males is higher throughout the life span, the ratio
normalizes over time. Globally, the sex ratio at birth is
reported at 1068:1000, with a regional variation from
1032:1000 in sub-Saharan Africa to 1133:000 in eastern
Asia [20]. The sex ratio at birth from southern Asia was
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Table 2 Baseline demographic and clinical characteristics by site and infant gender
Characteristic

India

Pakistan

India p-value Pakistan p-value

Male

Female

Male

Female

Infants1

107,148

99,006

47,642

43,713

Maternal age, N (%)2,3

107,085

98,963

47,537

43,644

< 20

7454 (7.0)

6980 (7.1)

1871 (3.9)

1846 (4.2)

20–35

99,304 (92.7)

91,681 (92.6)

43,036 (90.5)

39,414 (90.3)

> 35

327 (0.3)

302 (0.3)

2630 (5.5)

2384 (5.5)

106,764

98,687

47,542

43,606

No formal schooling

12,799 (12.0)

11,946 (12.1)

39,211 (82.5)

36,050 (82.7)

Primary or secondary

80,598 (75.5)

74,326 (75.3)

7161 (15.1)

6418 (14.7)

University+

13,367 (12.5)

12,415 (12.6)

170 (2.5)

1138 (2.6)

106,860

98,757

46,450

42,588

0

46,925 (43.9)

43,478 (44.0)

8858 (19.1)

8073 (19.0)

1–2

54,561 (51.1)

50,422 (51.1)

15,536 (33.4)

14,301 (33.6)

3–4

4961 (4.6)

4482 (4.5)

10,550 (22.7)

9608 (22.6)

≥5

413 (0.4)

375 (0.4)

11,506 (24.8)

10,606 (24.9)

76,938

71,450

36,216

33,442

57,335 (74.5)

53,282 (74.6)

12,449 (34.4)

11,380 (34.0)

Maternal education, N (%)2,3

Parity, N (%)2,3

Antenatal care, N (%)2,3
≥ 4 ANC visits
< 4 ANC visits

19,603 (25.5)

Trimester of first ANC visit, N (%)2,3 100,917

18,168 (25.4)

23,767 (65.6)

22,062 (66.0)

93,130

34,337

31,069

First (0–14 wks)

76,072 (75.4)

70,764 (76.0)

12,403 (36.1)

11,400 (36.7)

Second (15–28 wks)

20,809 (20.6)

18,758 (20.1)

13,656 (39.8)

12,265 (39.5)

Third (29–42 wks)

4036 (4.0)

3608 (3.9)

8278 (24.1)

7404 (23.8)

0.7659

0.0566

0.6538

0.0739

0.5140

0.8840

0.8103

0.1722

0.0054

0.6086

Complications of pregnancy, N (%)2,3
Evidence of hypertensive
2940/107,006 (2.7) 2600/98,823 (2.6) 2320/47,598 (4.9)
disease/severe pre-eclampsia/
eclampsia

2212/43,681 (5.1)

0.0694

0.3032

Severe antepartum hemorrhage 621/107,051 (0.6)

1434/43,684 (3.3)

0.4256

0.0019

BMI ≥ 25

5692/104,187 (5.5) 5151/96,163 (5.4) 5621/47,441 (11.8) 5196/43,544 (11.9) 0.2501

546/98,862 (0.6)

0.7869

Hemoglobin measured at/
before enrollment < 8 mg/dl

1271/100,935 (1.3) 1229/93,184 (1.3) 1659/9,694 (17.1)

1603/9,147 (17.5)

0.2337

0.5020

Hemoglobin measured after
enrollment and before delivery < 8 mg/dl

466/36,273 (1.3)

964/4,307 (22.4)

0.2871

0.0765

Multiple birth

1590/107,136 (1.5) 1587/99,001 (1.6) 1114/47,612 (2.3)

1006/43,695 (2.3)

0.0243

0.6984

406/33,891 (1.2)

1740/47,601 (3.7)

958/4,592 (20.9)

1

All MNH Registry 2010–2018 infants born in 08 Belagavi, 11 Nagpur, and 09 Pakistan with exclusions miscarriage, MTP, and maternal deaths prior to delivery

2

In cases of multiple births, maternal demographic variables are counted more than once

3

Categorical variable p-values are computed with a cluster-stratified CMH test, while continuous variable p-values are computed with a Wilcoxon rank-sum test

1,086:1,000; similar to our cohort [20]. Gender preference and sex selective abortion, a common practice in
south Asia is one likely cause for the higher male sex
ratio at birth [21]. Despite enactment of laws prohibiting prenatal sex determination, sex-selected abortion
is still performed in India, where the desire for small
families and ideal sex composition led to a substantial
increase in selective abortion of girls, especially after a
first-born girl [22]. A more aggressive enforcement of
laws prohibiting prenatal sex determination and sexselected abortion may improve the sex ratio at birth.

The neonatal mortality rate is significantly higher
among male infants in high-income countries [1–4].
Our data confirm higher neonatal mortality rates in
male infants. A recent study from northern India also
reported a similar trend with a higher neonatal mortality in male infants [10]. Our data also indicate that the
rate of stillbirths and perinatal mortality is higher in
males compared to females. Mondal et al. in a meta-analysis including more than 30 million births worldwide,
reported a 10% higher risk of stillbirths in males [23].
However, in a recent study of mixed-gender twins, Zhao

Aghai et al. Reprod Health 2020, 17(Suppl 3):178

Page 6 of 11

Table 3 Delivery methods and outcomes by infant gender
Characteristic

Overall

Infant Gender

p-value

Male

Female

Infants1

297,509

154,790

142,719

Birth attendant, N (%)2

297,462

154,766

142,696

Physician

149,596 (50.3)

78,835 (50.9)

70,761 (49.6)

Nurse/nurse midwife/LHW/HW

94,051 (31.6)

48,567 (31.4)

45,484 (31.9)

TBA

43,296 (14.6)

22,066 (14.3)

21,230 (14.9)

Family/self/other

10,519 (3.5)

5298 (3.4)

5221 (3.7)

297,439

154,754

142,685

Hospital

170,209 (57.2)

89,606 (57.9)

80,603 (56.5)

Clinic/health center

82,577 (27.8)

42,592 (27.5)

39,985 (28.0)

Home/other

44,653 (15.0)

22,556 (14.6)

22,097 (15.5)

297,503

154,788

142,715

Vaginal

240,721 (80.9)

124,493 (80.4)

116,228 (81.4)

Vaginal, assisted

4460 (1.5)

2389 (1.5)

2071 (1.5)

C-section

52,322 (17.6)

27,906 (18.0)

24,416 (17.1)

295,508

153,749

141,759

18,177 (6.2)

10,353 (6.7)

7824 (5.5)

Delivery location, N (%)2

Delivery mode, N (%)2

Bag and mask resuscitation, N (%)2
Yes
No

277,331 (93.8)

143,396 (93.3)

133,935 (94.5)

297,022

154,514

142,508

< 1000 g

1844 (0.6)

976 (0.6)

868 (0.6)

1000–1499 g

4143 (1.4)

2172 (1.4)

1971 (1.4)

1500–2499 g

49,117 (16.5)

23,619 (15.3)

25,498 (17.9)

≥ 2500 g

241,918 (81.4)

127,747 (82.7)

114,171 (80.1)

292,082 (98.2)

151,798 (98.1)

140,284 (98.3)

2,749.6 (477.5)

2,779.8 (486.2)

2,716.9 (465.7)

Birth weight (measured and estimated), N (%)2

Birth weight (measured), N (%)2
Mean (std)
Median (25p-75p)
Gestational age, N (%)2
Preterm
Term

2,750.0 (2,500.0, 3,000.0)

2,800.0 (2,500.0, 3,000.0)

2,700.0 (2,500.0, 3,000.0)

289,018

150,474

138,544

39,302 (13.6)

20,547 (13.7)

18,755 (13.5)

249,716 (86.4)

129,927 (86.3)

119,789 (86.5)

280,287 (94.2)

145,633 (94.1)

134,654 (94.3)

Mean (std)

38.4 (3.4)

38.3 (3.4)

38.5 (3.4)

Median (25p-75p)

39.0 (37.0, 40.0)

39.0 (37.0, 40.0)

39.0 (37.0, 40.0)

Gestational age at delivery, N (%)2

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

0.3232

< .0001

1

All MNH Registry 2010–2018 infants born in 08 Belagavi, 11 Nagpur, and 09 Pakistan with exclusions miscarriage, MTP, and maternal deaths prior to delivery

2

Categorical variable p-values are computed with a cluster-stratified CMH test, while continuous variable p-values are computed with a Wilcoxon rank-sum test

et al. did not find a significant gender difference in the
rate of stillbirths [24]. Several explanations for increased
perinatal and neonatal mortality observed in males have
been proposed. The risks of intrauterine growth restriction, prematurity, respiratory distress syndrome, and
birth asphyxia are higher in male infants [25–27]. Boys
are also heavier than girls at birth, which can contribute
to higher rates of delivery complications and birth injuries [5, 12]. In our cohort, the rate of prematurity was
similar in the two groups and birth weights were lower in
females, suggesting prematurity and intrauterine growth
restriction may not have contributed to higher mortality in males. More male infants were provided bag and

mask ventilation at birth but birth asphyxia as a cause
of death was similar in the two groups. Respiratory distress syndrome and respiratory morbidities are reported
to be more common in male neonates [28–30]. Unfortunately, we do not have data on respiratory morbidities
in our cohort. The underlying mechanisms and cause for
increased mortality due to respiratory illness in our study
population cannot be determined.
Our results highlight the importance of analyzing data
by stratifying neonatal mortality into early neonatal
(1–7 days), late neonatal mortalities (8–28) and mortality
between 29–42 days. Our data on neonatal mortality indicates higher death rates among male infants. However,
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Table 4 Delivery methods and outcomes by site and infant gender
India

Pakistan

India p-value Pakistan p-value

Characteristic

Male

Female

Male

Female

Infants1

107,148

99,006

47,642

43,713

Birth attendant, N
(%)2

107,145

99,001

47,621

43,695

Physician

65,439 (61.1)

59,167 (59.8)

13,396 (28.1)

11,594 (26.5)

Nurse/nurse midwife/LHW/HW

38,210 (35.7)

36,170 (36.5)

10,357 (21.7)

9314 (21.3)

TBA

1616 (1.5)

1626 (1.6)

20,450 (42.9)

19,604 (44.9)

Family/self/other

1880 (1.8)

2038 (2.1)

3418 (7.2)

3183 (7.3)

107,127

98,983

47,627

43,702

Delivery location,
N (%)2

73,481 (68.6)

66,401 (67.1)

16,125 (33.9)

14,202 (32.5)

Clinic/health center 29,562 (27.6)

Hospital

28,352 (28.6)

13,030 (27.4)

11,633 (26.6)

Home/other

4084 (3.8)

4230 (4.3)

18,472 (38.8)

17,867 (40.9)

107,147

99,003

47,641

43,712

Delivery mode, N
(%)2
Vaginal

84,142 (78.5)

78,743 (79.5)

40,351 (84.7)

37,485 (85.8)

Vaginal, assisted

760 (0.7)

666 (0.7)

1629 (3.4)

1405 (3.2)

C-section

22,245 (20.8)

19,594 (19.8)

5661 (11.9)

4822 (11.0)

106,283

98,185

47,466

43,574

Bag and mask resuscitation, N (%)2
Yes

4952 (4.7)

3,888 (4.0)

5401 (11.4)

3936 (9.0)

No

101,331 (95.3)

94,297 (96.0)

42,065 (88.6)

39,638 (91.0)

107,003

98,898

47,511

43,610

Birth weight
(measured and
estimated), N (%)2
< 1000 g

639 (0.6)

585 (0.6)

337 (0.7)

283 (0.6)

1000—1499 g

1258 (1.2)

1159 (1.2)

914 (1.9)

812 (1.9)

1500—2499 g

15,629 (14.6)

16,931 (17.1)

7990 (16.8)

8567 (19.6)

≥ 2500 g

89,477 (83.6)

80,223 (81.1)

38,270 (80.5)

33,948 (77.8)

106,429 (99.3)

98,370 (99.4)

45,369 (95.2)

41,914 (95.9)

Birth weight (measured), N (%)2
Mean (std)

2747.3 (453.8)

2687.4 (431.5)

2856.0 (547.4)

2786.2 (531.3)

Median (25p-75p)

2750.0 (2500.0,
3000.0)

2700.0 (2500.0,
3000.0)

2900.0 (2,510.0,
3150.0)

2800.0 (2500.0,
3050.0)

104,865

96,750

45,609

41,794

Gestational age, N
(%)2
Preterm

11,559 (11.0)

10,297 (10.6)

8988 (19.7)

8458 (20.2)

Term

93,306 (89.0)

86,453 (89.4)

36,621 (80.3)

33,336 (79.8)

102,366 (95.5)

94,763 (95.7)

43,267 (90.8)

39,891 (91.3)

Gestational age at
delivery, N (%)2
Mean (std)

38.6 (3.1)

38.8 (3.0)

37.7 (4.1)

37.8 (4.0)

Median (25p-75p)

39.0 (38.0, 40.0)

39.0 (38.0, 40.0)

38.0 (36.0, 40.0)

38.0 (36.0, 40.0)

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

0.0056

0.0799

< .0001

< .0001

1

All MNH Registry 2010–2018 infants born in 08 Belagavi, 11 Nagpur, and 09 Pakistan with exclusions miscarriage, MTP, and maternal deaths prior to delivery

2

Categorical variable p-values are computed with a cluster-stratified CMH test, while continuous variable p-values are computed with a Wilcoxon rank-sum test

the neonatal mortality is higher in male infants due to
increased deaths during the first week of life after which
the survival rates are similar in male and female infants.
Female infants’ survival rates in high-income nations
are higher than male infants [5, 24]. However, several

studies from South Asia have reported a higher mortality
in female infants after 7 days of age [10, 12, 13]. Rosentock et al. in a study from Nepal, reported that boys are at
20% greater risk of early neonatal mortality (< 7 days) and
girls have a 43% greater risk of mortality during the late

Aghai et al. Reprod Health 2020, 17(Suppl 3):178

Page 8 of 11

Table 5 Death and hospitalization after delivery by infant gender
Characteristic

Overall

Stillbirths, N (rate/1000)1,2,3

Infant gender

Unadjusted RR

p-value

Male

Female

8648 (29.1)

4806 (31.0)

3842 (26.9)

1.15 (1.10, 1.20)

< .0001

Perinatal mortality rates, N (rate/1000)1,2,3
≤ 7 days

15,681 (52.9)

8854 (57.4)

6827 (48.0)

1.19 (1.15, 1.23)

< .0001

≤ 28 days

17,398 (58.7)

767 (63.3)

631 (53.6)

1.17 (1.14, 1.21)

< .0001

1–28 days

8750 (30.4)

4961 (33.2)

3789 (27.4)

1.21 (1.16, 1.26)

< .0001

1–7 days

7033 (24.4)

4048 (27.1)

2985 (21.6)

1.25 (1.19, 1.31)

< .0001

8–28 days

1717 (6.1)

913 (6.3)

804 (5.9)

1.06 (0.97, 1.15)

0.1760

29–42 days

559 (2.0)

303 (2.1)

256 (1.9)

1.11 (0.95, 1.29)

0.1946

4074 (1.5)

2399 (1.8)

1675 (1.3)

Neonatal mortality rates, N (rate/1000)1,2,3

Conditions requiring hospitalization in
follow up, N (%)1,2

< .0001

1

All MNH Registry 2010–2018 infants born in 08 Belagavi, 11 Nagpur, and 09 Pakistan with exclusions miscarriage, MTP, and maternal deaths prior to delivery

2

Categorical variable p-values are computed with a cluster-stratified CMH test

3

Relative risks are unadjusted, calculated from a model using GEE to adjust for cluster

Table 6 Death and hospitalization after delivery by site and infant gender
Characteristic

India

1,2,3

Stillbirths, N (rate/1000)

Pakistan

Male

Female

2444 (22.8)

2006 (20.3)

Male

Unadj. RR

p-value

Female

India RR

Pakistan RR

Ind

Pak

2362 (49.6)

1836 (42.0)

1.13 (1.05, 1.20)

1.18 (1.12, 1.24)

0.0006

< .0001

Perinatal mortality rates, N (rate/1000)1,2,3
≤ 7 days

4558 (42.6)

3516 (35.5)

4296 (90.9)

3311 (76.3)

1.20 (1.14, 1.26)

1.19 (1.14, 1.25)

< .0001

< .0001

≤ 28 days

5025 (46.9)

3909 (39.5)

4742 (100.3)

3722 (85.8)

1.19 (1.14, 1.24)

1.17 (1.12, 1.22)

< .0001

< .0001

1–28 days

2581 (24.7)

1903 (19.6)

2,380 (53.0)

1886 (45.4)

1.26 (1.18, 1.34)

1.17 (1.10, 1.24)

< .0001

< .0001

1–7 days

2114 (20.2)

1510 (15.6)

1934 (43.1)

1475 (35.5)

1.30 (1.21, 1.39)

1.21 (1.14, 1.30)

< .0001

< .0001

8–28 days

467 (4.6)

393 (4.1)

446 (10.4)

411 (10.3)

1.11 (0.97, 1.26)

1.01 (0.91, 1.13)

0.1314

0.8068

29–42 days

122 (1.2)

112 (1.2)

181 (4.3)

144 (3.6)

1.02 (0.80, 1.31)

1.17 (0.95, 1.45)

0.8602

0.1367

Conditions requiring hospitali- 1716 (1.8)
zation in follow up, N (%)1,2

1278 (1.4)

683 (1.7)

397 (1.1)

< .0001

< .0001

Neonatal mortality rates, N (rate/1000)1,2,3

1
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2

Categorical variable p-values are computed with a cluster-stratified CMH test

3

Relative risks are unadjusted, calculated from a model using GEE to adjust for cluster

neonatal period (8–28 days) [12]. In a similar study from
urban Pakistan, late neonatal mortality (8–28 days) was
higher in females, compared to male infants (19.5/1000
vs. 5.5/1000) [13]. In a large database study from rural
northern India, the infant mortality rate was significantly higher in females compared to males (7.2% vs.
6.3%) [10]. The death rate was higher in females during
the post neonatal period (> 28 days) but not during the
neonatal period. However, in our cohort the late neonatal mortality rate (after 7 days) was not higher in female
infants compared to males. In India, parents provide less
household expenditures for seeking healthcare for female
infants compared to male infants [14, 15]. Gupta et al.,

reported a strong bias against females for seeking medical attention both for outpatient and inpatient care [31].
A recent study from a northern state in India reported
that the girls receive less care than boys for neonatal illness [32]. It is possible that a prospective follow-up at
6 weeks for all infants including girls in our cohort may
have contributed in reducing late neonatal mortality in
females by providing healthcare access. Despite biological advantages and better survival of female infants in
high-income nations, the risk of neonatal mortality after
7 days of life among girls is similar to boys in our cohort.
We speculate that biological and genetic advantages in
females were offset by societal factors that limit resources
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Table 7 Causes of death by infant gender
Characteristic

Overall

Infant Gender
Male

Stillbirth cause of death, N (%)1,2,3
Birth asphyxia

p-value
Female

4091

2286

1805

495 (12.1)

294 (12.9)

201 (11.1)

Low birth weight (< 2500 g)/prematurity

1454 (35.5)

803 (35.1)

651 (36.1)

Infection

279 (6.8)

151 (6.6)

128 (7.1)

Malformation

222 (5.4)

127 (5.6)

95 (5.3)

Other

1641 (40.1)

911 (39.9)

730 (40.4)

Neonatal death < 42 days cause of death, N (%)1,2,3
Birth asphyxia

9128

5161

3967

2732 (29.9)

1,552 (30.1)

1180 (29.7)

Low birth weight (< 2500 g)/prematurity

2850 (31.2)

1580 (30.6)

1270 (32.0)

Infection/sepsis

986 (10.8)

548 (10.6)

438 (11.0)

Congenital abnormalities/Malformation

454 (5.0)

251 (4.9)

203 (5.1)

Other/no cause assigned

2106 (23.1)

1230 (23.8)

876 (22.1)

0.5673

0.2396

1
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Categorical variable p-values are computed with a cluster-stratified CMH test

3

Physician-assigned stillbirth cause of death is only provided for Versions 0.1–1.4. Physician-assigned neonatal cause of death is constructed from all versions

Table 8 Infant causes of death by site and infant gender
Characteristic

India
Male

Stillbirth cause of death, N (%)1,2,3
Birth asphyxia

Pakistan
Female

Male

1224

1002

1062

803

226 (18.5)

152 (15.2)

68 (6.4)

49 (6.1)

Low birth weight (< 2500 g)/prematurity

461 (37.7)

395 (39.4)

342 (32.2)

256 (31.9)

122 (10.0)

104 (10.4)

29 (2.7)

24 (3.0)

Malformation

99 (8.1)

75 (7.5)

28 (2.6)

20 (2.5)

Other

316 (25.8)

276 (27.5)

595 (56.0)

454 (56.5)

2645

1967

2516

2000

814 (30.8)

605 (30.8)

738 (29.3)

575 (28.8)

Birth asphyxia

Pakistan p-value

0.3590

0.9886

0.3335

0.1421

Female

Infection

Neonatal death < 42 days cause of death, N (%)1,2,3

India p-value

Low birth weight (< 2500 g)/prematurity

901 (34.1)

685 (34.8)

679 (27.0)

585 (29.3)

Infection/sepsis

216 (8.2)

188 (9.6)

332 (13.2)

250 (12.5)

Congenital abnormalities/malformation

167 (6.3)

117 (5.9)

84 (3.3)

86 (4.3)

Other/no cause assigned

547 (20.7)

372 (18.9)

683 (27.1)

504 (25.2)

1
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Categorical variable p-values are computed with a cluster-stratified CMH test

3

Physician-assigned stillbirth cause of death is only provided for Versions 0.1–1.4. Physician-assigned neonatal cause of death is constructed from all versions

for care of female infants. The rate of hospitalization
after birth was higher in male infants in our population.
This suggests that either male infants were more likely to
become ill after birth or there was a preferential healthseeking behavior for male infants. Educating parents on
the importance of providing equal resources to male and
female children and encouraging them to seek preventive and acute care for infants of both sexes may improve
mortality after 7 days in girls.
Our study has several strengths; data were analyzed
from a large population-based registry in which data are

prospectively collected on maternal and infant demographic and clinical characteristics and outcomes. Common protocols and methodologies were used across the
sites to document the pregnancy and neonatal outcomes,
including stillbirths and neonatal deaths. Longitudinal
follow up in this large cohort from early pregnancy to
six weeks post-partum allowed for assessment and control of many antenatal factors, and evaluation of trends
in early and late neonatal deaths as well as hospitalization
after delivery. We also recognize some important limitations of this study. The data were collected from limited

Aghai et al. Reprod Health 2020, 17(Suppl 3):178

geographical areas in India and Pakistan, and the results
may not reflect the trends over all for south Asia. There
were significant statistical differences in several variables
in the baseline demographic, clinical characteristics, and
delivery methods in the two groups. We believe that the
significant differences were due to a large sample size
and may not be clinically significant. We were unable
to determine the underlying mechanisms and cause for
increased perinatal mortality in males and the loss of survival advantage in females after 7 days of age.

Conclusion
In summary, our data indicate that the risks of stillbirths
and early neonatal mortality are higher among male
infants than females. However, there were no gender differences in late neonatal and mortality between 29 and
42 days of age. Our results highlight the importance of
stratifying neonatal mortality into early and late neonatal periods to better understand the impact of gender on
neonatal mortality. We speculate that genetic and biological advantages associated with the female gender do
not reduce the late neonatal mortality in girls, or these
advantages are possibly offset by gender preference and
preferential health-care seeking behavior. Our data contribute to the body of evidence suggesting that fetal sex
is an important risk factor for stillbirths and early neonatal mortality. The absence of a survival advantage among
female infants after the early neonatal period needs further study in resource-limited countries. The information from this study will help to develop strategies and
identify measures that may help to reduce sex-specific
mortality.
Abbreviations
BMI: Body mass index; GN: Global Network, Global Network for Women’s and
Children’s Health Research; MNHR: Maternal Newborn Health Registry; NICHD:
National Institute of Child Health and Human Development; RA: Registry
Administrator.
Acknowledgements
Not applicable.
About this supplement
This article has been published as part of Reproductive Health, Volume 17
Supplement 3, 2020: Global Network MNH. The full contents of the supplement are available at https://reproductive-healthjournal.biomedcentral.com/
articles/supplements/volume-17-supplement-3.
Authors’ contributions
ZHA conceived of the manuscript and wrote the first draft with input from
SSG, RJD, PLH, RLG and EMM. SSG, AP, SS, SMD, FN, PL, and AK oversaw study
implementation, data collection and quality monitoring. PI, TN performed the
statistical analyses. All authors reviewed and approved the final manuscript.
Funding
Publication of this supplement is funded by grants from the Eunice Kennedy
Shriver National Institute of Child Health and Human Development.

Page 10 of 11

Availability of data and materials
Not applicable.
Ethics approval and consent to participate
This study was reviewed and approved by all sites’ ethics review committees (Aga Khan University, Karachi; KLE University’s Jawaharlal Nehru Medical
College, Belagavi; Lata Medical Research Foundation, Nagpur), and the institutional review boards at each U.S. partner university and the data coordinating
center (RTI International). All women provided informed consent for participation in the study, including data collection and the follow-up visits.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
Thomas Jefferson University, Philadelphia, PA, USA. 2 Women’s and Children’s
Health Research Unit, KLE Academy of Higher Education and Research’s J N
Medical College, Belagavi, Karnataka 590010, India. 3 Lata Medical Research
Foundation, Nagpur, India. 4 Aga Khan University, Karachi, Pakistan. 5 School
of Public Health, Boston University, Boston, MA, USA. 6 RTI International,
Durham, NC, USA. 7 Department of Obstetrics and Gynecology, Columbia
University School of Medicine, New York, NY, USA.
1

Received: 23 October 2020 Accepted: 29 October 2020
Published: 17 December 2020

References
1. Speakman JR. Sex- and age-related mortality profiles during famine: testing the “body fat” hypothesis. J Biosoc Sci. 2013;45:823–40.
2. Stevenson DK, Verter J, Fanaroff AA, Oh W, Ehrenkranz RA, Shankaran S,
Donovan EF, Wright LL, Lemons JA, Tyson JE, et al. Sex differences in outcomes of very low birthweight infants: the newborn male disadvantage.
Arch Dis Child Fetal Neonatal Ed. 2000;83:F182-185.
3. Melamed N, Yogev Y, Glezerman M. Effect of fetal sex on pregnancy
outcome in twin pregnancies. Obstet Gynecol. 2009;114:1085–92.
4. Steen EE, Kallen K, Marsal K, Norman M, Hellstrom-Westas L. Impact
of sex on perinatal mortality and morbidity in twins. J Perinat Med.
2014;42:225–31.
5. Drevenstedt GL, Crimmins EM, Vasunilashorn S, Finch CE. The rise
and fall of excess male infant mortality. Proc Natl Acad Sci USA.
2008;105:5016–21.
6. Baqui AH, Darmstadt GL, Williams EK, Kumar V, Kiran TU, Panwar D, Srivastava VK, Ahuja R, Black RE, Santosham M. Rates, timing and causes of neonatal deaths in rural India: implications for neonatal health programmes.
Bull World Health Organ. 2006;84:706–13.
7. Elsmen E, Hansen Pupp I, Hellstrom-Westas L. Preterm male infants need
more initial respiratory and circulatory support than female infants. Acta
Paediatr. 2004;93:529–33.
8. Klein SL. Hormones and mating system affect sex and species differences in immune function among vertebrates. Behav Processes.
2000;51:149–66.
9. Yorita KL, Holman RC, Sejvar JJ, Steiner CA, Schonberger LB. Infectious
disease hospitalizations among infants in the United States. Pediatrics.
2008;121:244–52.
10. Chowdhury R, Taneja S, Mazumder S, Bhandari N, Strand TA. Gender differences in infant survival: a secondary data analysis in rural North India.
BMJ Open. 2017;7:e014179.
11. Mishra SK, Ram B, Singh A, Yadav A. Birth order, stage of infancy and
infant mortality in India. J Biosoc Sci. 2018;50:604–25.
12. Rosenstock S, Katz J, Mullany LC, Khatry SK, LeClerq SC, Darmstadt
GL, Tielsch JM. Sex differences in neonatal mortality in Sarlahi, Nepal:
the role of biology and environment. J Epidemiol Community Health.
2013;67:986–91.
13. Jehan I, Harris H, Salat S, Zeb A, Mobeen N, Pasha O, McClure EM, Moore
J, Wright LL, Goldenberg RL. Neonatal mortality, risk factors and causes: a

Aghai et al. Reprod Health 2020, 17(Suppl 3):178

14.

15.

16.

17.

18.

19.

20.
21.
22.

prospective population-based cohort study in urban Pakistan. Bull World
Health Organ. 2009;87:130–8.
Willis JR, Kumar V, Mohanty S, Singh P, Singh V, Baqui AH, Awasthi S, Singh
JV, Santosham M, Darmstadt GL. Gender differences in perception and
care-seeking for illness of newborns in rural Uttar Pradesh, India. J Health
Popul Nutr. 2009;27:62–71.
Pandey A, Sengupta PG, Mondal SK, Gupta DN, Manna B, Ghosh S, Sur D,
Bhattacharya SK. Gender differences in healthcare-seeking during common illnesses in a rural community of West Bengal, India. J Health Popul
Nutr. 2002;20:306–11.
Bose CL, Bauserman M, Goldenberg RL, Goudar SS, McClure EM, Pasha
O, Carlo WA, Garces A, Moore JL, Miodovnik M, Koso-Thomas M. The
Global Network Maternal Newborn Health Registry: a multi-national,
community-based registry of pregnancy outcomes. Reprod Health.
2015;12(Suppl 2):S1.
McClure EM, Bose CL, Garces A, Esamai F, Goudar SS, Patel A, Chomba
E, Pasha O, Tshefu A, Kodkany BS, et al. Global network for women’s and
children’s health research: a system for low-resource areas to determine
probable causes of stillbirth, neonatal, and maternal death. Matern
Health Neonatol Perinatol. 2015;1:11.
Short VL, Geller SE, Moore JL, McClure EM, Goudar SS, Dhaded SM, Kodkany BS, Saleem S, Naqvi F, Pasha O, et al. The relationship between body
mass index in pregnancy and adverse maternal, perinatal, and neonatal
outcomes in rural India and Pakistan. Am J Perinatol. 2018;35:844–51.
Parks S, Hoffman MK, Goudar SS, Patel A, Saleem S, Ali SA, Goldenberg
RL, Hibberd PL, Moore J, Wallace D, et al. Maternal anaemia and maternal,
fetal, and neonatal outcomes in a prospective cohort study in India and
Pakistan. BJOG. 2019;126:737–43.
Chao F, Gerland P, Cook AR, Alkema L. Systematic assessment of the sex
ratio at birth for all countries and estimation of national imbalances and
regional reference levels. Proc Natl Acad Sci USA. 2019;116:9303–11.
George SM. Sex selection/determination in India: contemporary developments. Reprod Health Matters. 2002;10:190–2.
Jha P, Kesler MA, Kumar R, Ram F, Ram U, Aleksandrowicz L, Bassani DG,
Chandra S, Banthia JK. Trends in selective abortions of girls in India:
analysis of nationally representative birth histories from 1990 to 2005 and
census data from 1991 to 2011. Lancet. 2011;377:1921–8.

Page 11 of 11

23. Mondal D, Galloway TS, Bailey TC, Mathews F. Elevated risk of stillbirth
in males: systematic review and meta-analysis of more than 30 million
births. BMC Med. 2014;12:220.
24. Zhao D, Zou L, Lei X, Zhang Y. Gender differences in infant mortality and
neonatal morbidity in mixed-gender twins. Sci Rep. 2017;7:8736.
25. Simchen MJ, Weisz B, Zilberberg E, Morag I, Weissmann-Brenner A, Sivan
E, Dulitzki M. Male disadvantage for neonatal complications of term
infants, especially in small-for-gestational age neonates. J Matern Fetal
Neonatal Med. 2014;27:839–43.
26. Aibar L, Puertas A, Valverde M, Carrillo MP, Montoya F. Fetal sex and perinatal outcomes. J Perinat Med. 2012;40:271–6.
27. Hou L, Wang X, Li G, Zou L, Chen Y, Zhang W. Cross sectional study in
China: fetal gender has adverse perinatal outcomes in mainland China.
BMC Pregnancy Childbirth. 2014;14:372.
28. Condo V, Cipriani S, Colnaghi M, Bellu R, Zanini R, Bulfoni C, Parazzini
F, Mosca F. Neonatal respiratory distress syndrome: are risk factors
the same in preterm and term infants? J Matern Fetal Neonatal Med.
2017;30:1267–72.
29. Altman M, Vanpee M, Cnattingius S, Norman M. Risk factors for acute
respiratory morbidity in moderately preterm infants. Paediatr Perinat
Epidemiol. 2013;27:172–81.
30. Correia C, Rocha G, Flor-de-Lima F, Guimaraes H. Respiratory morbidity in
late preterm infants. Minerva Pediatr. 2018;70:345–54.
31. Gupta R, Makhija S, Sood S, Devgan V. Discrimination in seeking medical
care for female child from birth to adolescence—a retrospective study.
Indian J Pediatr. 2016;83:410–3.
32. Vilms RJ, McDougal L, Atmavilas Y, Hay K, Triplett DP, Silverman J, Raj A.
Gender inequities in curative and preventive health care use among
infants in Bihar, India. J Glob Health. 2017;7:020402.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

Garces et al. Reprod Health 2020, 17(Suppl 3):182
https://doi.org/10.1186/s12978-020-01025-3

Open Access

RESEARCH

Association of parity with birthweight
and neonatal death in five sites: The Global
Network’s Maternal Newborn Health Registry
study
Ana Garces1*, Wilton Perez1, Margo S. Harrison2, Kay S. Hwang3, Tracy L. Nolen3, Robert L. Goldenberg4,
Archana B. Patel5, Patricia L. Hibberd6, Adrien Lokangaka7, Antoinette Tshefu7, Sarah Saleem8,
Shivaprasad S. Goudar9, Richard J. Derman10, Jacquelyn Patterson11, Marion Koso‑Thomas12,
Elizabeth M. McClure3, Nancy F. Krebs2 and K. Michael Hambidge2

Abstract
Background: Nulliparity has been associated with lower birth weight (BW) and other adverse pregnancy outcomes,
with most of the data coming from high-income countries. In this study, we examined birth weight for gestational
age z-scores and neonatal (28-day) mortality in a large prospective cohort of women dated by first trimester ultra‑
sound from multiple sites in low and middle-income countries.
Methods: Pregnant women were recruited during the first trimester of pregnancy and followed through 6 weeks
postpartum from Maternal Newborn Health Registry (MNHR) sites in the Democratic Republic of Congo (DRC), Guate‑
mala, Belagavi and Nagpur, India, and Pakistan from 2017 and 2018. Data related to the pregnancy and its outcomes
were collected prospectively. First trimester ultrasound was used for determination of gestational age; (BW) was
obtained in grams within 48 h of delivery and later transformed to weight for age z-scores (WAZ) adjusted for gesta‑
tional age using the INTERGROWTH-21st standards.
Results: 15,121 women were eligible and included. Infants of nulliparous women had lower mean BWs (males:
2676 gr, females: 2587 gr, total: 2634 gr) and gestational age adjusted weight for age z-scores (males: − 0.73, females:
− 0.77, total: − 0.75,) than women with one or more previous pregnancies. The largest differences were between zero
and one previous pregnancies among female infants. The associations of parity with BW and z-scores remained even
after adjustment for maternal age, maternal height, maternal education, antenatal care visits, hypertensive disorders,
and socioeconomic status. Nulliparous women also had a significantly higher < 28-day neonatal mortality rate (27.7
per 1,000 live births) than parous women (17.2 and 20.7 for parity of 1–3 and ≥ 4 respectively). Risk of preterm birth
was higher among women with ≥ 4 previous pregnancies (15.5%) compared to 11.3% for the nulliparous group and
11.8% for women with one to three previous pregnancies (p = 0.0072).
Conclusions: In this large sample from diverse settings, nulliparity was independently associated with both lower
BW and WAZ scores as well as higher neonatal mortality compared to multiparity.
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Background
The Maternal Newborn Health Registry (MNHR) is
a prospective, population-based registry of pregnancies and deliveries conducted under the auspices of the
Global Network for Women’s and Children’s Health
Research (GN), a multi-country research network funded
by the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD) [1, 2]. The
primary purpose of the MNHR is to quantify and analyze
trends in pregnancy outcomes over time [3, 4].
Neonates born to nulliparous women are reported to
be at higher risk of death and other adverse outcomes,
including low BW, being small for gestational age, and
prematurity [5, 6]. A meta-analysis that reviewed data
from Asia, Africa and Latin America found that these
risks were highest among nulliparous women under
18 years of age in comparison to women with one or two
previous pregnancies between 18 and 35 years of age
[7]. In addition to maternal age, associations for risk of
adverse pregnancy outcomes have been found with parity
for maternal height, maternal education, number of antenatal care visits and for newborn sex [8, 9].
Neonates born to multiparous women have been found
to have higher BWs and better weight gain during infancy
[10]. However, these positive effects have been limited to
the second or third pregnancies and are associated with
younger maternal age. Women with parity over three and
age 35 or older have been found to have higher odds of
adverse outcomes in low and middle-income settings [7].
The higher risks that infants of nulliparous women face
may be associated with factors related to immaturity of
the mother: incomplete growth, small size of the uterus
and fetal competition for nutrients [7, 11]. Although the
exact mechanisms are not clear, it seems that the first
pregnancy “primes” the body for subsequent ones.
In this paper, our aim is to determine the association
between parity and BW among women in five research
sites of the MNHR. Because of its cohort design, large
sample size, multiple sites and the quality of the data
(including gestational age dating with first trimester
ultrasound, implemented broadly in 2017), the MNHR
has the potential to extend the current knowledge of the
importance of parity on fetal growth and other offspring
outcomes.
Methods
Study design and population

Participants were recruited from MNHR sites in the
Democratic Republic of Congo (DRC), Guatemala,

Belagavi and Nagpur, India, and Pakistan, between January 2017 and December 2018. All pregnant women living in the defined geographic areas were enrolled in the
MNHR during pregnancy and followed from consent
until 6 weeks after delivery. Data related to the pregnancy
and its outcomes were collected prospectively.
For this analysis, we included women with a first trimester ultrasound examination for determination of
gestational age. Exclusions included cases with a maternal death prior to labor/delivery, miscarriage, medical
termination of pregnancy, stillbirth, multiple pregnancy,
and missing birthweight for gestational age z-score due
to missing infant sex, birthweights missing or captured
more than 3 days post birth, or gestational age less than
24 or more than 42 weeks. Parity was categorized as:
zero (nulliparous), one to three, and four or more previous pregnancies. Maternal height was measured using a
stadiometer or scale. Because a large amount of first trimester weight data was missing, neither maternal weight
nor body mass index were included in these analyses.
Hypertensive disorders were defined as any evidence of
hypertensive disease or severe preeclampsia or eclampsia, including elevated blood pressure, proteinuria and/
or seizures. The socioeconomic status index of the household was calculated from 9-items that combine housing conditions and household assets [12]. The index
outcomes ranged from 0 (poorest) to 100 (least poor).
Gestational age was determined using data from a firsttrimester ultrasound. BW was obtained in grams and
later transformed to z-scores adjusted for gestational age
using the INTERGROWTH-21st standards [https://inter
growth21.tghn.org/]. Neonatal mortality was reported up
to 28 days of life.
Data analysis

Numerical and categorical data were summarized using
mean with standard deviation and proportion respectively. Adjusted mean estimates with 95% confidence
interval of both BW and BW z-scores across parity levels were obtained using linear mixed models controlling
for the sampling cluster as a random effect. The analysis
was adjusted by site, maternal age, height, maternal education, antenatal care, hypertensive disorders, and socioeconomic status. Models were presented by the child’s
sex and total sample. Separate interaction terms between
parity and other variables (maternal age, height, care visits, education, and socioeconomic status) were explored.
The associations of parity with mortality and preterm
births were assessed via Cochran–Mantel–Haenszel
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tests stratified by cluster. P-value < 0.05 was considered as
significant.
Ethical issues

The institutional review boards and ethics committees at the participating study sites (Kinshasa School of
Public Health, Kinshasa, DRC; INCAP, Guatemala City,
Guatemala; KLE University’s JN Medical College, Belagavi, India; Lata Medical Research Foundation, Nagpur,
India; and Aga Khan University, Karachi, Pakistan), their
affiliated US partner institutions (University of North
Carolina at Chapel Hill, University of Colorado, Thomas
Jefferson University, Boston University, Columbia University, University of Indiana, and the data coordinating center (RTI International) approved the study. Each
woman enrolled provided informed consent regarding the use of data related to her pregnancy, including
minors 14–17 years of age in countries where married
or pregnant minors (or their authorized representatives) are legally permitted to give consent. All research
staff in each country responsible for obtaining consent
were trained and certified in matters related to human

protection and ethical procedures. Names of women and
other personally identifiable information were excluded
in the analytical database.

Results
Of the 82,150 deliveries that occurred in participating sites of the MNHR between January 2017 and
December 2018, 8630 were excluded due to multiple
pregnancy, medical termination of pregnancy, stillbirth. Most exclusions (n = 50,999) were due to lack of
first trimester ultrasound, resulting in 15,121 (18.4%)
deliveries that met the inclusion criteria for analysis
(Fig. 1). Overall, nulliparous women made up 57.8% of
the sample, women with one to three previous pregnancies accounted for 37.7%, and women with four
or more previous pregnancies, 4.5%. Site differences
were observed in the distribution of parity with 39.7%
of nulliparous women enrolling at the Belagavi site
and the DRC and Pakistan sites contributing the most
women with parity ≥ 4 (39.8% and 36.4% respectively).
In the study sample, nulliparous women were younger
and shorter, had received more education than parous

Pregnancies in the MNHR January 2017 to December 2018
(n = 82,150)

Prepartum and intrapartum exclusions (n=8,630)
(Maternal death, Miscarriage, Medical termination of
Pregnancy, Stillbirth, Not a singleton)

Singleton, live births (n=73,520)

Postpartum exclusions (n=7,400)
(Missing parity, missing BW for gestational age Zscore, BW for GA Z-score extreme values)
No first trimester ultrasound of deliveries (n=50,999)

Study Deliveries
(n= 15,121)
Fig. 1 Enrollment flow diagram
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women combined and had a higher prevalence of
hypertensive diseases/severe preeclampsia/eclampsia
(p-values < 0.01) (Table 1). Due to observed differences
in sites regarding the distribution of parity, site was
adjusted for in all analyses assessing the association of
parity with BW. However, site was no longer significant
after adjusting for these maternal characteristics.
Nulliparous women had 1.5 times higher rates of low
BW (< 2500 g) infants than parous women (Table 2).
Infants of nulliparous women had a significantly higher
28-day mortality rate (27.7 per 1000 live births) than
women with one to three (17.2 per 1000) and four or
more (20.7 per 1000) pregnancies (p = 0.0006). There
was also a significantly higher proportion of preterm
infants in women with four and more previous pregnancies. 15.5% of infants born to these women were preterm compared to 11.3% for the nulliparous group and
11.8% for women with one to three previous pregnancies
(p = 0.0072).

In a model controlling for cluster as a random effect
and adjusting for site, parity, maternal age, height, education, hypertensive disorders, antenatal care and socioeconomic status, nulliparous also had significantly lower
mean BWs (Table 3). Increases in BW were associated
with increasing parity up to four or more previous pregnancies overall and for male infants; the largest increases
overall and for males (64 g and 76 g, respectively)
occurred between the infants of nulliparous women
and women with one previous pregnancy. Female infant
birthweight was over 50 g greater between infants of
nulliparous women and women with one previous pregnancy as well as between infants of women with three
versus two previous pregnancies.
The adjusted BW for gestational age z-scores (WAZ)
by parity, categorized by infant sex, are presented in
Fig. 2. The WAZ score of infants of nulliparous women
were significantly lower than those of women with one,
two or three previous pregnancies in male infants, in

Table 1 Maternal characteristics and outcomes by parity
Nulliparous

Parous

Total

1 to 3

4 or more

8742

5703

676

15,121

DRC

974 (11.1)

503 (8.8)

269 (39.8)

1746 (11.5)

Guatemala

1344 (15.4)

673 (11.8)

83 (12.3)

2100 (13.9)

Belagavi, India

3473 (39.7)

3,546 (62.2)

77 (11.4)

7096 (46.9)

Nagpur, India

1748 (20.0)

455 (8.0)

1 (0.1)

2204 (14.6)

Pakistan

1203 (13.8)

526 (9.2)

246 (36.4)

1975 (13.1)

< 20

2965 (33.9)

145 (2.5)

1 (0.1)

3111 (20.6)

20–35

5753 (65.8)

5466 (95.8)

560 (82.8)

11,779 (77.9)

≥ 36

24 (0.3)

92 (1.6)

115 (17.0)

231 (1.5)

< 145

835 (9.6)

453 (7.9)

37 (5.5)

1325 (8.8)

145–155

5292 (60.5)

3587 (62.9)

322 (47.6)

9201 (60.9)

≥ 156

2614 (29.9)

1663 (29.2)

317 (46.9)

4594 (30.4)

No formal education

1308 (15.0)

840 (14.7)

391 (57.8)

2539 (16.8)

Primary/secondary

6063 (69.4)

4248 (74.5)

279 (41.3)

10,590 (70.0)

University

1370 (15.7)

615 (10.8)

6 (0.9)

1991 (13.2)

4.9 (1.8)

4.7 (1.7)

4.2 (2.0)

4.8 (1.8)

< 34

1135 (13.9)

582 (11.3)

314 (50.3)

2031 (14.6)

34–65

3360 (41.1)

2202 (42.8)

235 (37.7)

5797 (41.6)

≥ 66

3677 (45.0)

2360 (45.9)

75 (12.0)

6112 (43.8)

498 (5.7)

150 (2.6)

19 (2.8)

667 (4.4)

Total sample size
Study site, N (%)

< 0.0001

Maternal age, N (%)

< 0.0001

Maternal height, N (%) (cm)

0.0024

Maternal education, N (%)

Antenatal care visits, Mean (SD)

Nulliparous
vs. Parous
p-valuea

< 0.0001

< 0.001

Socioeconomic status score, N (%)

Hypertensive disease/severe preeclamp‑
sia/eclampsia, N (%)
a

0.8085

< 0.0001

p-values for categorical maternal characteristics are based on Cochran–Mantel–Haenszel tests of each characteristic and nulliparous vs. parous stratified by cluster,
while p-values for continuous maternal characteristics are based on t-tests comparing the difference in the means of nulliparous vs. parous for each characteristic
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Table 2 Neonatal characteristics by parity
Nulliparous

Parous

Total

1 to 3

4 or more

8742

5703

676

15,121

Male

4551 (52.1)

2914 (51.1)

335 (49.6)

7800 (51.6)

Female

4191 (47.9)

2789 (48.9)

341 (50.4)

7321 (48.4)

Preterm (< 37 weeks)

992 (11.3)

674 (11.8)

105 (15.5)

1771 (11.7)

Term (≥ 37 weeks)

7750 (88.7)

5029 (88.2)

571 (84.5)

13,350 (88.3)

< 1500

72 (0.8)

40 (0.7)

4 (0.6)

116 (0.8)

1500–2000

470 (5.4)

175 (3.1)

28 (4.1)

673 (4.5)

2001–2500

2054 (23.5)

922 (16.2)

101 (14.9)

3077 (20.3)

≥ 2501

6146 (70.3)

4566 (80.1)

543 (80.3)

11,255 (74.4)

2738.7 (445.8)

2840.4 (427.5)

2907.4 (478.6)

2784.6 (444.0)

242 (27.7)

98 (17.2)

14 (20.7)

354 (23.4)

Study population
Gender, N (%)

Nulliparous
vs. parous
p-valuea

0.0703

Gestational age, N (%)

0.0072

Birth weight categories, N (%) (g)

Mean (SD)

Neonatal deaths < 28 days, N
(Rate /1000)

< 0.0001

< 0.0001
0.0006

a

p-values for categorical maternal characteristics are based on Cochran–Mantel–Haenszel tests of each characteristic and nulliparous vs. parous stratified by cluster,
while p-values for continuous maternal characteristics are based on t-tests comparing the difference in the means of nulliparous vs. parous for each characteristic

Table 3 Adjusted estimated BW (95% CI), in grams, by parity
Male
N
Nulliparous
1

Female
Mean BW

N

Total
Mean BW

N

Mean BW

4245

2676 (2636, 2717)

3914

2587 (2546, 2628)

8159

2634 (2604, 2663)

1669

2752 (2706, 2798)

1567

2643 (2596, 2690)

3236

2698 (2664, 2732)

2

684

2777 (2725, 2830)

656

2675 (2622, 2728)

1340

2725 (2687, 2764)

3

270

2803 (2738, 2867)

288

2737 (2674, 2800)

558

2766 (2721, 2812)

4 or more

302

2823 (2763, 2883)

313

2727 (2669, 2786)

615

2774 (2731, 2817)

p-value

< 0.0001

< 0.0001

< 0.0001

Estimated birthweight and p-values overall and by infant sex are from a linear mixed model with BW as the outcome controlling for cluster as a random effect and
adjusting for site, parity, maternal age, height, education, hypertensive disorders, antenatal care and socio-economic status

female infants, and overall (based on non-overlapping
confidence intervals, results not shown). The largest incremental differences in z-scores were observed
between infants of nulliparous women and women with
one previous pregnancy overall as well as for male and
female infants (0.36, 0.28, and 0.32, respectively). Overall,
increases in WAZ scores were associated with increasing parity up to three previous pregnancies. There was
no interaction of parity with maternal age, height, education antenatal care visits, or socioeconomic status on the
association with BW for gestational age z-scores.

Discussion
In line with previous studies, the nulliparous women in
this study of five low and middle-income country sites
had lower mean BWs and WAZ scores than women with
one, two or three previous pregnancies [10, 13, 14]. We

also found the largest incremental differences between
zero and one pregnancies. However, we did not find
interactions between parity and the characteristics of
maternal age, maternal height, antenatal care visits, socioeconomic status, or maternal education with respect to
the association with parity (results not shown).
The higher neonatal mortality rates in our study among
infants of nulliparous women and the higher proportion
of preterm infants in women with four or more pregnancies are also similar to results from previous reports [7].
This is important information for choosing antenatal care
in the perinatal period, as it indicates the vulnerability
that nulliparous women face, independent of other risk
factors. This large, multi-site cohort study strengthens
the existing knowledge by including the analysis of other
covariates in nulliparous women of low and middleincome settings.
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Fig. 2 Adjusted birth weight for gestational age z-scores and parity by infant sex. Estimated BW for gestational age z-scores and p-values overall
and by infant sex are from a linear mixed model with z-score as the outcome controlling for cluster as a random effect and adjusting for site, parity,
maternal age, height, education, hypertensive disorders, antenatal care, and socio-economic status

Because of the multiple sites and large number of
participants, the MNHR has the potential to extend
the current knowledge of the importance of parity
on fetal growth and other pregnancy outcomes [5, 7].
This study provides quantitative data on differences
in BW, preterm birth, and neonatal mortality by parity for five low-income sites. Additionally, the effect of
nulliparity independent from age, which differs from
prior studies, adds to the evidence base. These results
can inform public health strategies geared both at nulliparous women and those with greater than four prior
pregnancies residing in high-risk settings.
The strengths of this study include the ultrasound
determination of gestational age that allowed for
an accurate estimation of BW for gestational age—
adjusted z scores and preterm birth. However, the limited availability of first trimester ultrasound reduced
our sample size and resulted in inclusion of less than
one-fourth of the women participating in the MNHR
for this analysis. This may have biased our results in
favor or women who enrolled in the MNHR in the first
trimester. Strengths of the study included the large
sample size, multiple sites on 3 continents, and standard data collection methodologies.

Conclusions
This analysis confirms that in low and middle-income
countries, the infants of nulliparous women have lower
BWs and higher neonatal mortality than women with
one to four previous pregnancies. The association
between parity and birthweight was not affected by
maternal age, height, education, antenatal care visits,
hypertensive disorders, or socioeconomic status. These
results contribute to the evidence base on pregnancy
outcomes and may have implications for the targeting
of nutritional and reproductive interventions aimed
at improving pregnancy outcomes in low and middleincome settings.
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Abstract
Background: Birth weight (BW) is a strong predictor of neonatal outcomes. The purpose of this study was to com‑
pare BWs between global regions (south Asia, sub-Saharan Africa, Central America) prospectively and to determine
if trends exist in BW over time using the population-based maternal and newborn registry (MNHR) of the Global
Network for Women’sand Children’s Health Research (Global Network).
Methods: The MNHR is a prospective observational population-based registryof six research sites participating in
the Global Network (2013–2018), within five low- and middle-income countries (Kenya, Zambia, India, Pakistan, and
Guatemala) in threeglobal regions (sub-Saharan Af rica, south Asia, Central America). The birth weights were obtained
for all infants born during the study period. This was done either by abstracting from the infants’ health facility records
or from direct measurement by the registry staff for infants born at home. After controlling for demographic charac‑
teristics, mixed-effect regression models were utilized to examine regional differences in birth weights over time.
Results: The overall BW meanswere higher for the African sites (Zambia and Kenya), 3186 g (SD 463 g) in 2013 and
3149 g (SD 449 g) in 2018, ascompared to Asian sites (Belagavi and Nagpur, India and Pakistan), 2717 g (SD450 g) in
2013 and 2713 g (SD 452 g) in 2018. The Central American site (Guatemala) had a mean BW intermediate between
the African and south Asian sites, 2928 g (SD 452) in 2013, and 2874 g (SD 448) in 2018. The low birth weight (LBW)
incidence was highest in the south Asian sites (India and Pakistan) and lowest in the African sites (Kenya and Zambia).
The size of regional differences varied somewhat over time with slight decreases in the gap in birth weights between
the African and Asian sites and slight increases in the gap between the African and Central American sites.
Conclusions: Overall, BWmeans by global region did not change significantly over the 5-year study period. From
2013 to 2018, infants enrolled at the African sites demonstrated the highest BW means overall across the entire study
period, particularly as compared to Asian sites. The incidence of LBW was highest in the Asian sites (India and Paki‑
stan) compared to the African and Central American sites.
Trial registration The study is registered at clinicaltrials.gov. ClinicalTrial.gov Trial Registration: NCT01073475.
Keywords: Birth weight, Global network, Low birth weight, Neonatal mortality, Newborns
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Background
The weight of an infant at birth (BW) is a crucial anthropometric measurement associated with infant mortality [2–4]. Population BW statisticsare important
measures of overall population health. However, in
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low- and low-middleincome countries (LMICs), BWs are
not always measured, and when measured, they are often
obtained and recorded inaccurately. Ideally, BW is measured within the first hours after delivery, before significant postnatal weight loss has occurred [1].
A newborn is defined as having normal BW if weight
at birth is ≥ 2500 g. Low birth weight (LBW), as defined
by the World Health Organization (WHO),isa weight at
birth that is less than 2500 g (up to and including 2499 g).
Infants with BW < 2500 g are further categorized into
low birth weight (LBW), 1500–2499 g; very low birth
weight (VLBW), 1000–1499 g; and extremely low birth
weight (ELBW) < 1000 g [1]. There is an inverse relationship betweenBW and mortality; newborns with LBW
have a higher risk of neonatal mortality and are also at
risk for stunting, poor neurodevelopment, and adultonset diseases [2–4]. Worldwide, an estimated 15–20%
of all newbornsweigh < 2500 g at birth [5]. This translates to more than 20million births a year. TheWHO has
a goal to reduce the LBW rate by 30% by the year 2025
[6]. In certain regions, there has been an increase in the
incidence of LBW deliveries [7]. LMICs carry the highest burden of LBW infants. In 2015, three-quarters of the
world’sLBWnewborns were born in three regions: south
Asia (47%), eastern and southern Africa (13%) and west
and central Africa (12%) [5].
In the recent past, data from high-income countries such as the United States and the United Kingdom
recorded an increasing trend in mean BW, with a concurrent decrease in the prevalence of LBW [8, 9]. This finding prompts the question as to whether a similar trend
is occurring in LMICs.Exploring temporal trends in BW
are important to health care policymakers, especially
if there are changes in or regression in medical care or
nursing practices, or patterns related to health service
access [10]. For example, lack of, or late access to comprehensive antenatal care, which is common in LMICs
[11], is correlated with a higher risk of pregnancy and
newborn complications, including LBW. Improving rates
of prenatal care is associated with decreases in the risk of
premature birth and LBW [12].
A major challenge in monitoring the incidence of LBW
is that about 60% of newborn babies in LMICs are not
weighed nor have BWre corded [5]. Population-based
survey data often rely on retrospective maternal recall
and modeled estimates, with statistical methods to adjust
for underreporting and misreporting of BW. By contrast,
the Global Network prospectively collectsBW data in a
population-based maternal and newborn health registry
(MNHR) insix sites within five LMIC’s from sub-Saharan
Africa (Kenya and Zambia), south Asia (Belgavi and Nagpur India; Pakistan), and Central America (Guatemala)
[13]. The purpose of this study was to examine trends and
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regional variation of documented BW and LBW categories over time and to explore possible factors related to
those trends in the Global Network MNHR.

Methods
We performed a longitudinal cohort analysis of all infants
born to mothers enrolled in the MNHR of the Global
Network between 2013 and 2018. For the analysis, all
deliveries with a measured BW, obtained between day 0
and day 7 were included. We excluded multiple births,
miscarriages, medically terminated pregnancies, and
pregnancies of women living outside the predefined
study cluster (Fig. 1). We also excluded from our analyses clusters within sites that started after 2013, or were
closed prior to 2018.
For infants born in a health facility, the weight recorded
by facility personnel was abstracted from the medical
record. For infants born at home, study personnel visited
the home and obtained the weight. These weights were
measured by the study personnel, or in the case of Kenya
by the village elder trained for the task using standard
scales [14]. It is however important to note that, in most
sites, accurate gestational estimation was not possible,
and therefore not included in the analysis.Thus, it is not
possible to say whether the birthweights were appropriate for gestational age or not.
Data analysis

We summarized maternal and neonatal demographic
characteristics by year of enrollment. To examine possible demographic changes over time, we compared the
characteristics of neonates born in 2013 to those in 2018,
using t tests for continuous variables and chi-square tests
for categorical variables.
Means and standard deviations (SDs) for BW were
computed by region and year. In addition, to account
for possible demographic differences across the regions,
we computed adjusted mean BWs by region and year,
controlling for the following demographic characteristics: maternal age, education, parity, weight, height,
infant sex, and time between birth and weight measurement. To compute the adjusted means, we fit a linear
mixed-effect regression model of BWby region, year,
and region by year interaction, controlling for demographic characteristics and including sampling cluster
as a random effect. In addition, we tested for interactions between year and demographic characteristics to
determine if birth weights changed for different demographic subgroups over time. In Kenya, maternal height
was not routinely measured between 2013 and 2017,
hence for this and other missing values on control variables (i.e., demographic characteristics), multiple imputation techniques was utilized. Analysis performed with
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Ethical consideration

Infants delivered
2013-2018
(N=291,085)
Non-residents of
sampling cluster
(N=18,209)

Residents of sampling
cluster
(N=272,876)

Multiple births
(N=5,179)

Singleton births
(N=267,697)

No birth weight data
or weight measured
> 7 days after birth
(N=2,567)

Analytic sample
(N=265,130)
Fig. 1 Sample selection

and without imputations were similar. Given the large
sample sizes, we had a high level of statistical power,
and therefore, even very small effects were found to be
statistically significant. To determine whether significant changes in mean birth weights from 2013 to 2018
were meaningful, we examined Cohen’s d as a measure
of effect size for which values of 0.2–0.4 are considered small effects, 0.5–0.7 are medium effects, and 0.8
or higher are large effects.Allanalyses were conducted
using SAS version 9.4.

This study was reviewed and approved by all participating sites’ ethics review committees/boards including
review boards at each U.S. partner university and the
data coordinating center (RTI International). All women
provided informed consent for participation in the study,
including data collection and the follow-up visits.

Results
Between 2013 and 2018, we enrolled 355,625 pregnant
women in the MNHR. Of these, 1% (N = 3254) were
lost to follow up. Of the 291,085 deliveries captured in
the MNHR within the study period, 265,130 (91%) met
inclusion criteria (Fig. 1). Of the singleton deliveries
(267,697), only 1% (2567) did not have a recorded birthweight in the MNHR.
Maternal demographic by region

As shown in Table 1, maternal age was generally similar across regions, with Central American women in
our sample beingslightly older than African or Asian
women.African women had slightly higher percentages
of women with primary or secondary schooling. African women were heavier, especially compared to Asian
women, and taller, especially as compared to Central
American women.
Birth weight difference by time period and region

Eighty five percent of infants in the sample were weighed
withintwo days after birth. Mean BW by region and year
are shown in Table 2. Mean changes in BW (grams) from
2013 to 2018 by region were: Africa (36.51, SD = 456.00);
Asia (3.86, SD = 451.30); and Central America (53.07,
SD = 450.20). Change in birth weight over time was not
statistically significant for Asia (p = 0.389). While the
changes in mean BW from 2013 to 2018 were statistically
significant for Africa and Central America (p < 0.001),
these changes did not reach the threshold for even a
small effect based on Cohen’s d, suggesting that BW generally remained stable over time: Africa (d = 0.08), Asia
(d = 0.01), and Central America (d = 0.12).
Birth weights of African newborns were consistently
greater than that of Central American infants, which
were likewise greater than BWs of Asian neonates. This
pattern remained when BW was adjusted for region,
year, and maternal demographics, although the size of
the mean differences between regions changed slightly
over time (Fig. 2).
Birth weight categories by region

Consistent with the pattern seen for mean BW,the African sites had the highest percentage of normal BW
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Table 1 Demographic characteristics by region
Characteristic

Maternal age
(years), Mean
(SD)

Africa
(N = 85,551)

Asia
(N = 122,349)

Central
America
(N = 57,230)

Africa vs. Asia

Africa vs. CA

Asia vs. CA

24.43 (6.09)

24.81 (4.24)

26.01 (6.56)

− 0.38

< 0.001 − 1.58

< 0.001 − 1.20

< 0.001

< 0.001 − 11

< 0.001

< 0.001 19

< 0.001

< 0.001 − 4

< 0.001 − 8

< 0.001

< 0.001 7

< 0.001

Mean/% diff p value Mean/% diff p value Mean/% diff p value

Maternal age (years), N (%)
11–19

20,101 (24)

7165 (6)

9772 (17)

18

< 0.001 7

20–35

60,198 (70)

112,716 (92)

41,572 (73)

36+

5149 (6)

2454 (2)

5883 (10)

− 22

< 0.001 − 3

26,529 (31)

76,189 (37)

17,039 (30)

−6

< 0.001 1

3902 (5)

36,886 (30)

7583 (13)

− 25

< 0.001 − 8

< 0.001 17

< 0.001

Primary/second‑ 77,313 (90)
ary

73,006 (60)

46,323 (81)

30

< 0.001 9

< 0.001 − 21

< 0.001

University

−5

< 0.001 − 1

< 0.001 4

< 0.001

< 0.001 3.49

< 0.001 − 10.02

< 0.001

Nulliparous, N (%)
Education, N (%)
No formal edu‑
cation

4

4230 (5)

12,394 (10)

3323 (6)

Maternal
weight(kgs),
Mean (SD)

60.19 (9.51)

46.68 (8.05)

56.70 (9.48)

Maternal
height(cm),
Mean (SD)

158.74 (6.72)

152.93 (5.65)

147.10 (5.45)

5.81

< 0.001 11.64

< 0.001 5.83

< 0.001

Male infant, N (%)

43,179 (50)

63,443 (52)

29,175 (51)

108,573 (89)

33,135 (58)

< 0.001 − 1

< 0.001

65,281 (76)

−2

0.052

Facility birth, N
(%)

< 0.001 − 18

< 0.001 31

< 0.001

Number of days
between birth
and birth
weight meas‑
urement, Mean
(SD)

0.32 (1.04)

0.51 (0.97)

1.07 (1.89)

− 0.19

< 0.001 − 0.75

< 0.001 − 0.56

< 0.001

13.51

− 13

1

CA Central America

(95.8%), hence the lowest percentage of all low BW
categories (3.9% LBW, 0.3% VLBW, and 0.1% ELBW;
Fig. 3). The Central American site was intermediate,
with 84.4% normal BW and 15.6% across all LBW categories, and the Asian regional site had the lowest percentage of normal BW (79.8%) and highest percentages
of births in all LBW categories (20.2%; Fig. 3).

Discussion
We examined trends, and regional differences in mean
BW, between 2013 and 2018, of all newborns from
six sites in five LMICs enrolled inthe Global Network
MNHR. Overall, after controlling for maternal demographic characteristics, there appeared to be a consistent pattern of regional differences across the time period.
The mean BW was generally found to be highest in the
African regional site (Zambia and Kenya) as compared
to the other regional sites, of South Asia (India and Pakistan) and Central America (Guatemala). Across the study
period, there were slight changes observed in the size

of these disparities over time, with the gap between the
African and Asian sites decreasing, and the gap between
the African and Central American sites increasing. These
observations, however, may not be generalizable to the
regions on whole, since the presence of the registry in
these clusters may have exerted an influence (Hawthorne
effect) on pregnancy outcomes over time.
The highest annual LBW rates were recorded in the
Asian sites at 20.2% (18.6%, 1.1%, and 0.5% for LBW,
VLBW and ELBW respectively) and the Central American site at 15.6% (14.7%, 0.5%, 0.4% for LBW, VLBW
and ELBW respectively). This is consistent with a 2019
UNICEF report, in which the LBW rate in south Asia
was 28%. However, the prevalence of LBW in Latin
American was report to be 8.7%, which was almost half
of what our study reports [5]. Similar findings have also
been reported in the WHO multicenter Growth Reference Study [15]. The LBW rate in the African sites in
our study was 4%. This result is similar to the proportion
(3.5%) reported in the Intergrowth21st study [16], but
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Table 2 Birth weights (g) by region and year
Year

Africa

Asia

Central America (CA) Africa vs. Asia

Africa vs. CA

Asia vs. CA

Unadjusted Mean (SD) Mean (SD) Mean (SD)

Mean diff. (SD) p value Mean diff. (SD) p value Mean diff. (SD) p value

2013

3186 (463)

2717 (450)

2928 (452)

469 (455)

< 0.001 258 (459)

2014

3172 (454)

2730 (472)

2922 (451)

441 (465)

< 0.001 249 (453)

2015

3168 (458)

2717 (482)

2909 (478)

451 (473)

< 0.001 258 (466)

2016

3148 (465)

2716 (477)

2897 (440)

432 (472)

< 0.001 251 (455)

2017

3149 (467)

2714 (464)

2889 (456)

434 (465)

< 0.001 260 (462)

2018

3149 (449)

2713 (452)

2874 (448)

436 (451)

< 0.001 275 (448)

Year

Africa

Asia

Central America (CA) Africa vs. Asia

Adjusted

Mean (SE)

Mean (SE)

Mean (SE)

Mean diff. (SE)

2013

3105 (13)

2757 (10)

2918 (18)

348 (17)

< 0.001 187 (22)

2014

3100 (13)

2755 (10)

2909 (17)

345 (17)

< 0.001 191 (22)

2015

3095 (13)

2753 (10)

2901 (17)

342 (17)

< 0.001 194 (22)

2016

3089 (13)

2751 (10)

2892 (17)

339 (17)

< 0.001 197 (22)

2017

3084 (13)

2748 (10)

2883 (17)

335 (17)

< 0.001 201 (22)

2018

3078 (13)

2746 (10)

2874 (18)

332 (17)

< 0.001 204 (22)

Africa vs. CA
p value Mean diff. (SE)

< 0.001 − 211 (451)

< 0.001

< 0.001 − 193 (481)

< 0.001

< 0.001 − 174 (461)

< 0.001

< 0.001 − 192 (465)

< 0.001

< 0.001 − 181 (465)

< 0.001

< 0.001 − 161 (451)

< 0.001

Asia vs. CA

p value Mean diff. (SE)

p value

< 0.001 − 161 (20)

< 0.001

< 0.001 − 148 (20)

< 0.001

< 0.001 − 135 (20)

< 0.001

< 0.001 − 154 (20)

< 0.001

< 0.001 − 141 (20)

< 0.001

< 0.001 − 128 (20)

< 0.001

Adjusted means obtained from models with the following variables: year, region, year × region interaction, maternal age, parity, year × parity interaction, education,
maternal weight, maternal height, infant sex, and time between birth and weight measurement

differs from 13% reported in the 2019 UNICEF report [5].
A possible explanation for this difference is that the data
used for the UNICEF report were obtained from multiple sources and subjected to modeling. Up to 28% of the
births in the UNICEF study hadno weight recorded, with
the highest rates of missing BW data werereported to
have occurred in Africa, where the rate ofmissing birthweight data was estimatedto be over 50% [5]. By contrast,
in the Global Network’s prospective, population-based
MNHR from 2013 to 2018, 85% of the newborns were
weighed at or within 2 days of birth.
Usually,the causes of LBW deliveries are multifactorial.
Genetic and environmental factors play a significant role.
Parity, low socioeconomic status, marital status, maternal
age, nutritional status, maternal body mass index (BMI),
maternal health status, smoking, alcohol intake, and prevailing infections such as from malariahave all been associated with BW outcomes [16–19]. There exist regional
differences in the prevalence of certain diseases, such
asmalaria, which has been reported to increase the odds
of LBW deliveries [20–22]. Maternal genes in addition
to other factors determine the intrauterine environment
andmay vary with region and race [16]. In a study examining birth outcomes ofFilipina mothers living in Canada,
BW among their babies was lower compared to infants
of native Canadian mothers in the same environment
[23]. Maternal diseases (e.g., diabetes and hypertensive disease) can also affect weight of a newborn. Socioeconomic status and other associated factors have been
reported to influence BW.These determinants of BW vary

across ethnic populations. It is still unclear to what extent
the lower BW of some ethnic minority populations can
be explained by these determinants [24, 25].
Some studies report a direct relationship between
maternal age and BW. This relationship was demonstrated in a large cohort study in the United Statesbetween 2005 and 2014 [17]. The majority of mothers in
our cohort were aged 20–35 years, with African sites and
Asia sites having a lower maternal age compared to the
Central American site. However, our Asian sites had the
lowest rate of teenage pregnancies compared to the other
two regions.
One limitation of our study is that not all BWs were
measured on the same day, immediately after birth.
The time a newborn weight is obtained may affect the
recorded BW. However, in our study, this limitation is
attenuated.The vast majority of all babies included in the
analysis were weighed within 48 h of birth, and, for the
entire sample, birthweights were acquired within one
week of delivery. However, regional differences in time
of weighing were also observed; African sites weighed
the newborns closer to time of birth as compared to the
Asian and Central American regional sites.
An additional potential source of bias in the results
is the population of women who were entered into the
study, but were lost to follow-up before the birth of the
infant and measurement of BW. Our rates for loss-tofollow-up were quite low (1%); however, it is possible
that preterm and LBW infants are over-represented
among infants lost to follow-up, resulting in bias
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Fig. 2 Regional differences in birth weight (g) in 2013 and 2018. Adjusted means obtained from models with the following variables: year, region,
year × region interaction, maternal age, parity, year × parity interaction, education, maternal weight, maternal height, infant sex, and time between
birth and weight measurement

Fig. 3 Distribution of birth weight categories by region

towards larger infants in the measured and reported
population. Also, stillbirth and early neonatal deaths
were likely to have their birthweights estimated instead
of measured.
Observer errors have been reported in some studies of BW, as a result of digit preference. As an example,
weights ending in 5 (five) or 0 (zero) tend to be preferred,
as well as weights of multiples of 100. This is especially
problematic when a continuous BW variable is categorized. For instance, an infant with a measured BW of
2492 g may be recorded as 2500, and hence categorized
as a normal BW rather than LBW. Digit preference and
rounding errors may result in over or underestimation,
and therefore may affect observed BW trends [26]. Some
infant weighing scales also tend to have readings to the
nearest 50 g or nearest 100 g, and this may underestimate
the LBW rates. In our cohort, the process of obtaining
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and documenting birth weight is subject to this potential
error.
A final limitation of our study is that the data were prospectively obtained from relatively small, discrete geographical areas (clusters) within each country. Hence, the
data may not be representative of the country or region
as a whole. However, as compared to other methods
and data sources (e.g., Demographic Health Surveys) we
enrolled an extremely large number of participants, prospectively, and followed standard procedures in obtaining and documenting weight, across sites, throughout the
study period.
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Conclusions
In a prospective, population-based, longitudinal cohort
study of birthweight among three global regions, the
observed BW meanshad no significant changeover time
in aggregate or by region. In addition, theBWmeans
recorded for African sites, as compared to the Asian
sites, remained consistently higher.
The LBWrate was consistently higher in the Asian sites
as compared to the African sites. The incidence of LBW
observed for the two African sites in the MNHR was
lower than that reported for other global estimates.
As compared to past regional estimates of BW, those
obtained in the current study were determined from a
very large sample of actual birthweights measured within
sevendays of delivery. BW is impacted by a variety of
complex maternal and environmental characteristics;
future investigations should focus on determining the
mechanistic underpinnings of regional and site differences in BW observed in this study.
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Development of the Global Network
for Women’s and Children’s Health Research’s
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Abstract
Background: Socioeconomic status (SES) is an important determinant of health globally and an important explana‑
tory variable to assess causality in epidemiological research. The 10th Sustainable Development Goal is to reduce
disparities in SES that impact health outcomes globally. It is easier to study SES in high-income countries because
household income is representative of the SES. However, it is well recognized that income is poorly reported in lowand middle- income countries (LMIC) and is an unreliable indicator of SES. Therefore, there is a need for a robust index
that will help to discriminate the SES of rural households in a pooled dataset from LMIC.
Methods: The study was nested in the population-based Maternal and Neonatal Health Registry of the Global Net‑
work for Women’s and Children’s Health Research which has 7 rural sites in 6 Asian, sub-Saharan African and Central
American countries. Pregnant women enrolling in the Registry were asked questions about items such as housing
conditions and household assets. The characteristics of the candidate items were evaluated using confirmatory factor
analyses and item response theory analyses. Based on the results of these analyses, a final set of items were selected
for the SES index.
Results: Using data from 49,536 households of pregnant women, we reduced the data collected to a 10-item index.
The 10 items were feasible to administer, covered the SES continuum and had good internal reliability and validity. We
developed a sum score-based Item Response Theory scoring algorithm which is easy to compute and is highly cor‑
related with scores based on response patterns (r = 0.97), suggesting minimal loss of information with the simplified
approach. Scores varied significantly by site (p < 0.001). African sites had lower mean SES scores than the Asian and
Central American sites. The SES index demonstrated good internal consistency reliability (Cronbach’s alpha = 0.81).
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Higher SES scores were significantly associated with formal education, more education, having received antenatal
care, and facility delivery (p < 0.001).
Conclusions: While measuring SES in LMIC is challenging, we have developed a Global Network Socioeconomic Sta‑
tus Index which may be useful for comparisons of SES within and between locations. Next steps include understand‑
ing how the index is associated with maternal, perinatal and neonatal mortality.
Trial Registration NCT01073475
Plain English summary: Socioeconomic status (SES) is an important determinant of health globally, and improving
SES is important to reduce disparities in health outcomes. It is easier to study SES in high-income countries because it
can be measured by income and what income is spent on, but this concept does not translate easily to low and mid‑
dle income countries. We developed a questionnaire that includes 10 items to determine SES in low-resource settings
that was added to an ongoing Maternal and Neonatal Health Registry that is funded by the National Institutes of Child
Health and Human Development’s Global Network. The Registry includes sites that collect outcomes of pregnancies
in women and their babies in rural areas in 6 countries in South Asia, sub-Saharan Africa and Central America. The
Registry is population based and tracks women from early in pregnancy to day 42 post-partum. The questionnaire is
easy to administer and has good reliability and validity. Next steps include understanding how the index is associated
with maternal, fetal and neonatal mortality.
Keywords: Socioeconomic status, Disparities, Determinants of health, Global health, Lower and middle income
countries (LMIC), Global Network for Women’ and Children’s Health Research

Background
Socioeconomic status (SES) of individuals or families
is a composite measure of an individual’s and community’s access to resources, that accounts for economic
and social position in relation to others [1]. SES is an
important determinant of health in high and middleand low-income countries (LMIC) across a wide range
of health conditions and diseases. In general, the lower
an individual’s socioeconomic position the worse their
health. The importance of SES is highlighted in one of
the United Nations’ Sustainable Development Goals, to
reduce income inequality (Goal 10), which has increased
by 11 percent in developing countries in recent years [2].
The role of SES in maternal and child health outcomes in
LMIC has therefore become a focus in the 2000s [3–5].
One of the reasons for the delays in recognition of the
role of SES in health outcomes in LMIC has been determining the optimal way to measure SES. Income and consumption expenditures are widely used in high income
countries to measure SES [6] but these concepts do not
translate easily to many LMIC settings, particularly rural
settings where the economy is often informal and difficult to track, and expenditures on health care may not be
accurately recorded [7]. Alternative approaches include
using household assets as a proxy for income [8].
Several SES indices have been developed; however,
each has limitations for use in predicting child outcomes in LMIC. The Demographic and Health Surveys
(DHS), which have been conducted in more than 90
countries since 1994 [9], are one of the most commonly
referenced sources of information on SES based on

asset ownership as a proxy for wealth. Wealth is considered as an underlying unobserved variable. DHS developed country-specific indices which categorize the
household’s economic status in five wealth categories
and allow for comparisons of wealth among individuals within the country. However, these indices were not
designed for comparisons between countries. A comparative wealth index score that allows for measurement of variation in wealth among individuals within a
country while also allowing for differentiation in wealth
across countries is needed for a globally pooled data set
[10].
To address multi-country comparisons, the United
Nations Development Programme introduced the Multidimensional Poverty Index in 2010 as a new multicountry approach to understand how people experience
poverty in multiple and simultaneous ways. An indicator of acute multidimensional deprivation, it identifies a state of poverty through three equally weighted
dimensions: education (number of years of schooling),
health (child mortality, nutritional status), and standard of living (household attributes/asset ownership)
[11]. However, including health measures, such as child
mortality, in the index itself restricts its suitability for
predicting health-related outcomes. In addition, the
index does not evaluate SES on a continuum score but
rather categorizes households as poor, severe poverty
and vulnerable. Therefore, it is not able to discriminate
across a range of SES, limiting its sensitivity.
Some recent studies (such as the 8 Country MALED (Etiology, Risk Factors and Interactions of Enteric
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Infections and Malnutrition and the Consequences
for Child Health and Development) study [12] and
the single country SHINE (Sanitation, Hygiene, Infant
Nutrition, Efficacy) Trial [13] have developed new SES
indicators based on the DHS and the UN index, respectively, that appear to be valid and robust. However, both
of these studies designed the SES measures to optimize
prediction of a specific outcome (e.g., child’s height-forage Z-score), limiting their generalizability. Another
measure, the International Wealth Index, was developed to allow for comparisons across countries [14];
however, it uses the same set of items and scoring algorithm for all countries and therefore, cannot account
for country-level differences in item functioning.
Since 2009, The Eunice Kennedy Shriver National
Institute of Child Health and Human Development’s
(NICHD’s) Global Network (GN) for Women and Children’s Health Research has supported a population-based
Maternal and Newborn Health Registry (MNHR) of
pregnant women and their babies living in rural communities in LMIC. The MNHR has focused on documentation of maternal mortality, fetal loss after week 20
of pregnancy, accurate and timely measurement of birth
weight, and early and late neonatal outcomes [15]. The
GN has used the number years of maternal education as
a proxy for SES since 2009 [16, 17]. In 2016, the GN revisited this approach and adapted the multipoverty index to
create a simple index of SES.
The objective of this study is to use item response theory to develop and evaluate an index to assess the SES of
the communities in LMICs participating GN’s MNHR
which can both differentiate among participants within a
country as well as permit comparisons across countries.
The justification for this approach are the challenges and
complexity of addressing SES in multi-country studies,
including our network that is used to evaluate multiple
interventions to improve maternal and neonatal mortality and to study trends of these outcomes over time.

Methods
Design and setting of the study

The SES study was added to the GN MNHR which collects data on a prospective cohort of pregnant women
enrolled in 7 rural sites in 6 countries including 3 sites
in sub-Saharan Africa, 3 sites in south Asia and 1 site
in Central America. These rural study sites are in Guatemala, India (2 sites: Nagpur and Belgaum), Pakistan,
Kenya, Zambia and the Democratic Republic of the
Congo. Each site has included 6 to 24 distinct geographic
locations (clusters). Pregnant women were recruited as
early as possible during pregnancy in defined geographic
catchment areas (baseline assessment) and followed at
labor and delivery (birth assessment) through day 42
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post-partum (outcome assessment) to obtain maternal, fetal and neonatal outcomes [15]. Pregnant women
intending to deliver in the study communities were
informed about the study and invited to participate in the
MNHR. Those who consented were enrolled.
Starting in December 2016, all sites started to collect
data on items of household conditions and assets. The
candidate items from the poverty index were selected
consensually by the site investigators. These items had
to be applicable to their country and also be able to contribute to cross-country comparisons for a pooled data
set. The data was collected during a study visit for the
MNHR. These items were used to derive a measure of
SES in the study population. These supplemental data
were collected either during enrollment or at the day 42
post-partum assessment. Specific training materials were
developed for administration of the SES questions, and
all study data were subject to the GN’s standard quality
control procedures [16].
Ethical approvals

The MNHR study and questions used to devise SES were
reviewed and approved at all of the involved institutions’
ethics review committees at each recruiting site and all
the US based partner institutions: Kinshasa School of
Public Health, Kinshasa, Democratic Republic of the
Congo, University of North Carolina at Chapel Hill; University Teaching Hospital, Lusaka, Zambia; University of
Alabama at Birmingham; Moi University School of Medicine, Eldoret, Kenya; Indiana University School of Medicine; The Lata Medical Research Foundation, Nagpur,
Maharashtra, India; Boston University Medical Campus;
KLE University’s JN Medical College, Belagavi, Karnataka, India; Thomas Jefferson University; Aga Khan University, Karachi, Pakistan; Columbia University; INCAP
Guatemala City, Guatemala; University of Colorado; and
RTI International. The study was registered at ClinicalTrials.gov (NCT01073475). A Data Monitoring Committee appointed by NICHD reviewed the MNHR data on at
least an annual basis.
Study participants

All pregnant women enrolled in the MNHR during the
study period were enrolled in the “SES study”. There were
no additional inclusion or exclusion criteria for the SES
study, although study participants could refuse to answer
the SES questions without compromising their participation in the MNHR.
Items used to derive the GN socioeconomic status index

We adapted 16 items from the poverty index on housing
conditions and assets owned by the participant’s household [11] to serve as the potential item pool for the SES
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index. Specifically housing conditions included number
of people and rooms in the home, source of drinking
water, sanitation facilities, type of flooring material, and
type of fuel for cooking. Household assets included bicycle, motorbike, car/truck/tractor, electricity, television,
refrigerator, computer, flip phone, and smart phone. All
items were dichotomized with 1 indicating higher SES
(i.e., household has the item) and 0 indicating lower SES
(i.e., household does not have the item).
Statistical methods

Several analyses were conducted to evaluate the performance of the candidate items and to identify the final set
of items for the SES index. The percentage of respondents who reported having the item was calculated overall
and by site. Confirmatory factor analyses were conducted
using Mplus [18] to test the unidimensionality of the
items (i.e., determining whether they cluster together
into a single factor). Criteria for a good model fit included
comparative fit index and Tucker-Lewis index greater
than 0.95 and Root Mean Squared Error of Approximation less than 0.06 [19, 20].
After establishing unidimensionality, item response
theory analyses were conducted using the IRTPRO program [21] to further examine item performanceand
develop a scoring algorithm. A two-parameter logistic
Item Response Theory model was fit which is appropriate for dichotomous items. Items with higher slopes are
more strongly related to the underlying construct being
measured by the scale (i.e., SES) and have a better ability to discriminate between respondents with high vs.
low SES. Item thresholds indicate the level of SES participants would generally need before having a 50% probability of endorsing the item; higher thresholds indicate
higher SES items.
Final item selection was based on a balance of statistical and content considerations. Ideal items had high
factor loadings (> 0.4) and Item Response Theory slopes
(> 1.0) and demonstrated variability in responses (i.e., no
floor or ceiling effects). In addition, we selected items
with Item Response Theory threshold parameters ranging across the SES continuum to ensure precision of
measurement at both higher and lower levels of SES. To
ensure content validity, we included items on both housing conditions and assets owned by the household and
the final set of items was reviewed for content by incountry experts at each of the sites.
As a balance between the usability of simple sum scores
and precision of Item Response Theory scores based on
response patterns, we computed a total score for the
SES index using a sum score to Item Response Theory
expected a posteriori score conversion [22]. We then
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transformed these scores, so final scores on the SES index
would range from 0 to 100.
To determine whether item performance varied across
the sites, we also ran the confirmatory factor analyses
and Item Response Theory analyses separately by site. To
ensure that the final scores would permit comparisons
between sites, as well as within sites, we used items that
demonstrated good discrimination across the sites based
on Item Response Theory slopes and factor loadings as
anchor items when estimating Item Response Theory
parameters for the final scoring algorithms. However, in
cases where an item demonstrated poor discrimination
for a particular site (slope < 0.9 or factor loading < 0.4), we
estimated site-specific parameters for that item. In addition, given the very few to no participants at the DRC site
who had a refrigerator or used liquefied petroleum gas /
electricity as cooking fuel, we removed those items from
the index for the DRC site and included two additional
items (bicycle and more than one room in home) which
demonstrated good discrimination for that site.
Internal consistency reliability of the index was estimated using Cronbach’s alpha. We assessed construct
validity by comparing index scores for groups that would
be expected to vary in terms of socioeconomic status.
Specifically, we conducted analyses of variance to compare mean SES index scores among groups based on type
of education (formal vs. no formal education), number of
years of education (0, 1–6, 7–12, and 13 or more years),
having received antenatal care (yes/no), and delivering
in a hospital (yes/no). Those with more education, who
received antenatal care, and delivered in a hospital are
expected to have higher SES.

Results
Between December 2016 and December 2017, 49,536
pregnant women participated in the SES study. The
demographic characteristics of the women are shown
in Table 1. Seventy-nine percent of the women were
between the ages of 20 and 35 years. Approximately
one-third of the women were nulliparous. Eighty-two
percent had some formal education with 52% of the sample having 7–12 years of education. About half (49%)
had received antenatal care before being enrolled in the
MNHR, a number which rose to 97% by delivery. Nearly
half (45%) delivered in a hospital.
The final GN SES index included ten items for each
site. Eight of the items were common across all sites:
finished floor, flush toilet, improved source of drinking water, electricity, television, smart phone, car, and
motorbike. For the remaining two items, the index
for all sites except DRC included LPG/electricity for
cooking fuel and refrigerator and the index for DRC
included bicycle and having more than one room in the
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Table 1 Demographic characteristics of the pregnant
women in the study (N = 49,536)
Characteristic

N

%

Site
Democratic Republic of Congo

6998

14

10,287

21

India (Belagavi)

7309

15

India (Nagpur)

7776

16

Kenya

7104

14

Pakistan

4416

9

Zambia

5646

11

Guatemala

Age
< 20
20–35
> 35

7814

16

38,976

79

2714

5

Parity
0

16,516

33

1–4

28,044

57

>4

4951

10

Type of education
No formal education
Formal education

8857

18

40,655

82

Years of education
8857

18

1–6

0

11,059

22

7–12

25,907

52

13+

3686

7

Yes

32,420

97

No

1034

3

Received any antenatal care

Delivered in a health facility
Yes

14,557

45

No

17,731

55

home. The percentages of respondents with each of the
final set of SES items are shown by site and overall in
Table 2. As expected, given the differing wealth of the
countries, there is site-level variability in terms of housing conditions and assets with participants at the India
sites tending to own the most items and participants at
the DRC site owning the least.
Due to the scarcity of the refrigerator and LPG/electricity for fuel items at the DRC site, we included two
additional, lower SES items for that site (bicycle and > 1
room in home). A one-factor Confirmatory Factor Analysis model of the 10 items common across most sites fit
well. All items had factor loadings greater than 0.40,
further supporting the unidimensionality of the index
(Table 3). Based on the model fit indices, the one-factor
model also had a good fit when tested among each of the
sites individually.

The Item Response Theory-based item characteristic
curves for each item by site are shown in Fig. 1. Overall,
the items demonstrated good discrimination with steep
curves, indicating they can distinguish between those
with high vs. low SES. In addition, the items are spread
across the SES continuum, indicating a range of threshold (b) parameters (i.e., point of maximal discrimination).
SES index scores were then computed using the scoring table based on the Item Response Theory parameters (Table 4). These sum score-based Item Response
Theory scores were highly correlated with Item Response
Theory scores based on response patterns (r = 0.97), suggesting minimal loss of information with the use of the
simplified approach. Scores varied significantly by site
(p < 0.001). African sites had lower mean SES scores than
the Asian and South American sites: Democratic Republic of Congo (11.0), Kenya (17.1), Zambia (35.3), Pakistan
(37.7), Guatemala (55.5), Belagavi, India (60.8), and Nagpur, India (62.1).
The SES index demonstrated good internal consistency
reliability (Cronbach’s alpha = 0.81). As shown in Table 5,
comparisons of mean SES scores by education, antenatal
care, and location of delivery supported the construct
validity of the index. Higher SES scores were significantly
associated with formal (vs. informal) education, more
years of education, having received antenatal care, and
delivering in a hospital (p < 0.001).

Discussion
While years of maternal education is attractive as a simple indicator of SES because it only requires one question to be answered, it has limited ability to discriminate
across the range of SES [12, 13] We developed a brief,
easy to score ten-item SES index using data from 7 sites
in 6 LMIC based on housing conditions and household
assets. The Global Network SES Index has several important characteristics. First, it has good content coverage,
including items on both housing conditions and household assets. Second, using Item Response Theory, we
showed that these items covered the SES continuum.
Third, index demonstrated good reliability and validity.
For an example of validity and as expected, index scores
increased with increasing years of education and those
who received antenatal care had a higher index score. The
significance of the Global Network SES Index is that it
is designed to obtain scores which can differentiate SES
within a site using site specific scores but also permit
comparison across sites by using items that performed
similarly across the sites as anchor items.
In the DHS and other studies, the most commonly
used statistical approach to assessment and scoring of
SES indices is Principal Components Analysis [23–27].
Generally, the SES index score is computed by weighting
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Table 2 Percentage of women’s households with selected global network SES index items by site
Item

All sites,
Central America
(N = 49,536)
Guatemala,
(N = 10,287)

Asia

Africa

Belagavi,
India,
(N = 7309)

Nagpur,
India,
(N = 7776)

Pakistan, Democratic
(N = 4416) Republic
of Congo,
(N = 6998)

Kenya,
Zambia,
(N = 7104) (N = 5646)

Finished floor
material

53.0

75.6

80.5

69.0

49.6

0.4

17.5

66.9

Flush toilet

26.0

42.7

32.2

59.3

25.7

0.1

0.5

6.5

LPG/electricity for
cooking fuel

27.2

19.3

55.6

74.7

24.7

0.0

1.2

7.9

Improved source
82.6
of drinking water

96.0

92.6

97.7

87.6

39.6

74.4

84.4

More than one
room in home

81.1

95.4

96.4

95.5

58.0

52.7

62.5

92.0

Housing conditions

Household assets
Electricity

60.3

95.6

98.8

98.1

62.7

0.1

8.6

32.1

Television

53.2

79.3

86.6

90.6

33.3

0.4

11.2

44.3

Refrigerator

19.2

25.7

22.2

45.9

14.1

0.0

1.4

17.0

Smart phone

33.7

64.8

54.4

29.5

13.6

0.2

22.1

27.9

Car

8.3

17.8

12.7

6.5

9.2

0.1

1.2

6.4

Motorbike

34.1

23.0

68.4

73.4

53.1

4.9

15.5

1.0

Bicycle

41.4

36.9

45.7

63.4

1.7

43.2

37.1

48.2

No participants at the DRC site had LPG/electricity for cooking fuel

Table 3 One-factor confirmatory factor analyses of global network SES index items
Item

All sites Central America Asia
Guatemala

Africa

India (Belagavi) India (Nagpur) Pakistan Democratic
Republic
of Congo

Kenya Zambia

Factor loadings
Housing conditions
  Finished floor material

0.82

0.73

0.48

0.77

0.85

0.57

0.76

0.77

  Flush toilet

0.79

0.69

0.62

0.25

0.83

0.83

0.83

0.88

  LPG/electricity for cooking fuel

0.85

0.71

0.67

0.74

0.89

0.86

0.86

  Improved source of drinking
water

0.67

0.46

0.09

0.28

0.18

0.26

0.26

0.46

  More than one room in home

–

–

–

–

–

0.61

–

–

Household assets
  Electricity

0.99

0.88

0.63

0.55

0.79

0.76

0.92

0.96

  Television

0.95

0.81

0.80

0.77

0.92

0.97

0.92

0.90

0.90

0.96

0.59

0.69

0.42

  Refrigerator

0.85

0.77

0.82

0.88

0.92

  Smart phone

0.64

0.58

0.73

0.75

0.59

  Car

0.55

0.57

0.47

0.57

0.22

0.73

0.73

0.54

  Motorbike

0.67

0.45

0.70

0.76

0.35

0.94

0.53

0.31

  Bicycle

–

–

–

–

–

0.60

–

–

Model fit indices
  CFI

0.99

0.94

0.95

0.96

0.96

0.97

0.98

0.99

  TLI

0.99

0.92

0.94

0.95

0.94

0.97

0.98

0.98

  RMSEA

0.05

0.07

0.05

0.05

0.09

0.02

0.04

0.06

The items for refrigerator and LPG/electricity for fuel were excluded for the DRC site
CFI comparative fit index, TLI Tucker-Lewis index, and RMSEA root mean square error of approximation
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Democrac Republic of Congo

India (Belagavi)

1

1

0.9
0.7

>1 Room

0.6

Water

0.5

Electricity

0.4

TV

0.3

-3

-2

-1
0
1
Socioeconomic Status

2

3

Water

0.5

Electricity

0.4

TV
Refrigerator
Smart Phone

0.1

Car

0

Fuel

0.6

0.2

Smart Phone

0.1

Toilet

0.7

0.3

Bike

0.2

Floor

0.8

Toilet
Probability

Probability

0.9

Floor

0.8

Car

0

Motorbike

-3

-2

Guatemala

3

Motorbike

1

0.9

0.9

Floor

0.8
0.7

Fuel

0.6

Water

0.5

Electricity

0.4

TV

0.3

-3

-2

-1
0
1
Socioeconomic Status

2

3

Refrigerator
Smart Phone
Car
-2

-1
0
1
Socioeconomic Status

2

3

Motorbike

Pakistan
1

0.9

0.9

Floor

0.8

Fuel

0.6

Water

0.5

Electricity

0.4

TV

0.3

Refrigerator

0.2

Smart Phone

0.1

Car

0
2

3

Motorbike

Toilet

0.7
Probability

0.7

Floor

0.8

Toilet

-1
0
1
Socioeconomic Status

TV

-3

India (Nagpur)

-2

Electricity

0.4

0

Motorbike

1

-3

Water

0.5

0.1

Car

0

Fuel

0.6

0.2

Smart Phone

0.1

Toilet

0.7

0.3

Refrigerator

0.2

Floor

0.8

Toilet
Probability

Probability

2

Kenya

1

Probability

-1
0
1
Socioeconomic Status

Fuel

0.6

Water

0.5

Electricity

0.4

TV

0.3

Refrigerator

0.2

Smart Phone

0.1

Car

0
-3

-2

-1
0
1
Socioeconomic Status

2

3

Motorbike

Zambia
1
0.9

Floor

0.8

Toilet

Probability

0.7

Fuel

0.6

Water

0.5

Electricity

0.4

TV

0.3

Refrigerator

0.2

Smart Phone

0.1

Car

0
-3

-2

-1
0
1
Socioeconomic Status

2

3

Motorbike

Fig. 1 Item characteristic curves of the relationship between SES and probability of endorsing global network SES index items by site
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Table 4 Scoring table
Sum score

SES score
Guatemala

India (Belagavi)

India (Nagpur)

Pakistan

Democratic
Republic of Congo

Kenya

Zambia

0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1

7.12

4.66

6.39

6.27

6.24

8.38

13.08

2

19.20

17.73

15.87

17.01

16.18

24.61

25.59

3

31.71

30.25

27.45

31.28

24.98

40.45

38.92

4

42.19

40.57

37.83

43.68

33.76

52.63

48.94

5

51.42

50.00

46.74

52.81

43.72

60.67

57.09

6

61.04

59.91

56.12

61.68

53.96

68.03

66.32

7

71.44

70.53

67.05

72.00

64.36

76.31

76.46

8

82.01

81.37

78.76

83.43

76.19

84.98

86.22

9

92.15

91.88

89.64

94.62

88.69

93.44

93.83

10

100.00

100.00

100.00

100.00

100.00

100.00

100.00

For all sites except Democratic Republic of Congo (DRC), sum score is the number of the following items owned by the household: finished floor material, flush
toilet, LPG/electricity for cooking fuel, improved source of drinking water, electricity, television, refrigerator, smart phone, car, and motorbike. For DRC, sum score is
the number of the following items owned by the household: finished floor material, flush toilet, improved source of drinking water, more than one room in home,
electricity, television, refrigerator, smart phone, car, motorbike, and bicycle

Table 5 Mean SES index scores by site, education,
and location of delivery
Characteristic

Mean (SD)

Regression
coefficient
(SE)

p-value

Democratic Republic of
Congo

11.01 (9.33)

− 51.11 (0.33)

< 0.001

Kenya

17.13 (18.24) − 44.99 (0.33)

< 0.001

37.67 (25.86) − 24.44 (0.38)

< 0.001

60.82 (20.72) − 1.30 (0.33)

< 0.001

27.62 (23.36) − 17.06 (0.32)

< 0.001

27.62 (23.36) − 40.01 (0.51)

< 0.001

45.88 (27.33) − 21.74 (0.46)

< 0.001

Site

Zambia
Pakistan
Guatemala
India (Belagavi)
India (Nagpur)

35.26 (22.13) − 26.86 (0.35)

< 0.001

55.49 (21.05) − 6.62 (0.30)

< 0.001

62.12 (20.83) Referent

Type of education
No formal education
Formal education

44.69 (27.99) Referent

Years of education
0
1–6
7–12
13+

34.24 (25.02) − 33.38 (0.50)

< 0.001

67.63 (25.46) Referent

Received any antenatal care before delivery
Yes

42.06 (28.23) 6.37 (0.89)

No

35.69 (26.60) Referent

< 0.001

Delivered in hospital
Yes

56.25 (24.53) 25.47 (0.28)

No

30.78 (25.38) Referent

Referent = reference category

< 0.001

the items according to their loadings from this analysis. The loadings provide information about how correlated the item is to the other items on the index and are
similar in interpretation to loadings from factor analyses
and the discrimination (i.e., slope) parameters from IRT.
However, a limitation of this approach is that it does not
capture additional information about the items that may
be obtained using Item Response Theory. Specifically,
while principal component/factor analyses assumes that
an item functions equally as well across the entire continuum of SES, Item Response Theory recognizes that
an item’s performance (i.e., discrimination) varies by
level of SES (i.e., some items may function well for those
with low SES while others may function well for those
with high SES). In Item Response Theory, the location of
optimal performance is captured by estimating threshold parameter(s) for each item. For this reason, we have
focused on Item Response Theory to more fully evaluate
the performance of each item to inform item selection
and then incorporate this additional information into the
computation of the index scores.
Our approach has similarities to the approach used
for the MAL-ED study in which a 12-item index was
developed for SES [12]. However, the assets in the MALED measure of SES included 8 different assets, years of
maternal education, household income and whether
water and sanitation were improved. Their SES measure was designed to understand differences in stunting
and therefore included different items that were related
to the causal pathway to stunting such as malnutrition
and enteric disease. Similarly, the SHINE Trial developed a 16-item index to measure wealth also related to
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the outcome of stunting, so it also included items that
may not be as relevant to maternal, fetal and neonatal
outcomes.
Strengths of our approach include its development in
a well-established population-based Registry at 7 sites in
South Asian, sub-Saharan Africa, and Central American
countries that include a wide range of socioeconomic
conditions both within and between countries. An additional strength included the standardized training before
data collection commenced and quality control processes
used by the GN to ensure that there are as few missing data as possible and that range and logic checks are
applied to ensure that out of range values are correct. Our
consensual approach of site investigators for selection of
the candidate items in the index included Item Response
Theory parameters that ensure that selected items work
well across the range of SES. Our index appears valid as it
discriminated between demographic characteristics that
are related to SES. Finally, our 10-item index is logistically feasible to administer in a diverse range of settings
and does not involve sensitive questions such as household income (that could be difficult for respondents to
provide) or occupation that are less useful as an indicator
of SES in LMIC countries where occupation may not vary
in a rural area.
Our study had several limitations. While our study
population was population based, it was not designed to
be representative of the country in which our GN sites
were based, so our results cannot be compared with
national data that uses other measures of SES and could
potentially be used to assess validity. Similarly, we cannot compare our SES with the indices developed for the
MAL-ED and SHINE Trials because there are few overlapping variables We also recognize that the MAL-ED
and SHINE Trials have different inclusion and exclusion
criteria for study households. Finally, we accept that our
GN SES Index may or may not be relevant to other studies and settings because it has not been validated beyond
the GN. As with other SES indices, it may have applicability beyond our study populations but further studies
are needed to address these important issues.

Conclusion
Understanding SES as a determinant of health is increasingly recognized to be of major importance in LMIC.
The overall goal of measuring SES is to identify the
gaps and ultimately reduce disparities in SES globally to
improve health outcomes. Measurement of SES in LMIC
is generally more difficult than in high income countries
because income and consumption expenditures that are
widely used and established in high income countries to
measure SES do not translate well to low-income settings where income is often unstable and reporting
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infrastructure is limited [28]. There are many limitations
with the currently used approaches, particularly years of
maternal education alone as a proxy for SES. Similarly,
the optimal statistical approach to the development of
measures of SES is not clear and there is no gold standard for comparison. We developed a 10-item index that
was feasible to administer in the GN which has 7 sites in
6 south Asian, sub-Saharan African and Central American countries. The index obtains information on housing
conditions and household assets, does not include sensitive questions, covers the SES continuum and has good
reliability and validity. Next steps include understanding
how the index is associated with maternal, fetal and neonatal mortality and other health outcomes.
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Abstract
Background: Maternal mortality is a public health problem that disproportionately affects low and lower-middle
income countries (LMICs). Appropriate data sources are lacking to effectively track maternal mortality and monitor
changes in this health indicator over time.
Methods: We analyzed data from women enrolled in the NICHD Global Network for Women’s and Children’s
Health Research Maternal Newborn Health Registry (MNHR) from 2010 through 2018. Women delivering within
research sites in the Democratic Republic of Congo, Guatemala, India (Nagpur and Belagavi), Kenya, Pakistan, and
Zambia are included. We evaluated maternal and delivery characteristics using log-binomial models and
multivariable models to obtain relative risk estimates for mortality. We used running averages to track maternal
mortality ratio (MMR, maternal deaths per 100,000 live births) over time.
Results: We evaluated 571,321 pregnancies and 842 maternal deaths. We observed an MMR of 157 / 100,000
live births (95% CI 147, 167) across all sites, with a range of MMRs from 97 (76, 118) in the Guatemala site to
327 (293, 361) in the Pakistan site. When adjusted for maternal risk factors, risks of maternal mortality were
higher with maternal age > 35 (RR 1.43 (1.06, 1.92)), no maternal education (RR 3.40 (2.08, 5.55)), lower
education (RR 2.46 (1.54, 3.94)), nulliparity (RR 1.24 (1.01, 1.52)) and parity > 2 (RR 1.48 (1.15, 1.89)). Increased
risk of maternal mortality was also associated with occurrence of obstructed labor (RR 1.58 (1.14, 2.19)), severe
antepartum hemorrhage (RR 2.59 (1.83, 3.66)) and hypertensive disorders (RR 6.87 (5.05, 9.34)). Before and after
adjusting for other characteristics, physician attendance at delivery, delivery in hospital and Caesarean delivery
were associated with increased risk. We observed variable changes over time in the MMR within sites.
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Conclusions: The MNHR is a useful tool for tracking MMRs in these LMICs. We identified maternal and
delivery characteristics associated with increased risk of death, some might be confounded by indication.
Despite declines in MMR in some sites, all sites had an MMR higher than the Sustainable Development Goals
target of below 70 per 100,000 live births by 2030.
Trial registration: The MNHR is registered at NCT01073475.
Keywords: Low-resource countries, Maternal mortality, Sustainable development goals, Global network

Plain English summary
Reducing maternal mortality is a global health priority.
Maternal mortality disproportionately affects women in
low and lower-middle income countries, and many of
these deaths are preventable. We describe maternal
death in research sites in the Democratic Republic of
Congo, Guatemala, India (Nagpur and Belagavi), Kenya,
Pakistan, and Zambia. We emphasize that the number of
women dying in these countries is higher than the targets set out in the World Health Organization’s Sustainable Development Goals for 2030. We describe large
differences between countries in terms of the ratio of
maternal death. We identify maternal and delivery characteristics associated with increased risk of death, although some of the characteristics might be influenced
by other factors.

defined variables and weakly justified assumptions
that lead to low precision in the final results [10, 12].
Therefore, primary datasets that reliably track the
MMR in LMICs are urgently needed to provide a
more robust evidence base for evaluating and tracking
maternal mortality [13].
In this manuscript, we describe maternal mortality in
6 LMICs from a defined geographic, community-based,
prospectively collected maternal health registry that captures data on all women delivering within or outside of
facilities. This longitudinal dataset describes maternal
deaths over a 9-year period. We examine maternal characteristics associated with maternal deaths, causes of
maternal death and evaluate site specific trends in the
MMR over time.

Background
Reducing maternal mortality is a global health priority. The Sustainable Development Goals (SDGs) aim
for a reduction of the maternal mortality ratio
(MMR) to below 70 per 100,000 live births by 2030
[1]. If the SDGs are met by 2030, the lives of an estimated 1.6 million mothers will be saved [2]. Maternal
mortality is not only a health indicator, but also a key
indicator of country development because maternal
deaths have an important social and economic impact
[3–5]. Maternal mortality disproportionately affects
women in low and lower-middle income countries
(LMICs) where most of the maternal deaths are from
preventable causes [6].
Despite the majority of maternal deaths occurring
in LMICs (MMR of 479 for low income countries
compared to 41 in high income countries), robust
systems for data collection and health indicator tracking are lacking [7]. This makes reliable tracking of
MMRs difficult, despite global attention to the problem [8]. Also, controversy still exists regarding the
optimal way to monitor maternal mortality [9]. In
areas where health registries are lacking, the MMR
can be estimated through a series of modelling strategies which rely on local data sources [8, 10, 11].
When data are sparse, such as in LMICs, these strategies rely on complex models with several poorly

Methods
We analyzed data from the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD) Global Network (GN) for Women’s
and Children’s Health Research Maternal Newborn
Health Registry (MNHR) [14]. The MNHR is a multicountry pregnancy registry including research sites in
the Democratic Republic of Congo (DRC; North and
South Ubangi Provinces); Guatemala (Western Highlands); India (Belagavi and Nagpur); Kenya (Western
region); Pakistan (near the city of Karachi); and
Zambia (south and east of the capital city of Lusaka).
The study population includes both peri-urban and
rural settings.
We included all pregnancies from January 2010 to
December 2018, expanding on previously published
results from 2010 to 2013 [15]. MNHR data, were
collected from pregnant women who reside in or deliver within study clusters through various methods,
including detailed interviews conducted by trained
study staff, as well as abstraction from medical records. Women were identified for inclusion as early
as possible during their pregnancy, then screened and
consented. We collected baseline maternal characteristics at the time of entry into the registry. Additional
antenatal and delivery characteristics were recorded
within 3–7 days of delivery and postpartum details
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were collected at home or clinic visits 6 weeks after
delivery. We excluded women who were lost to follow
-up prior to delivery or those with missing data on
maternal status at 42 days after the end of the
pregnancy.
We defined maternal death in accordance with the
World Health Organization definition of death of the
mother while pregnant or within 42 days of the end
of the pregnancy. We defined MMR as maternal
deaths/100,000 live births. To calculate the MMR, we
included all maternal deaths, regardless of the birth
outcome (miscarriage, stillbirth, medical termination
of pregnancy [MTP], live birth and unknown birth
outcomes) in the numerator. The denominator is live
born infants. The 95% confidence interval for the
MMR is approximated using the variance of the proportion of maternal deaths for each site and year. We
defined fetal malposition as transverse lie, oblique lie
or breech presentation.
We explored the relationship between characteristics and overall mortality using log-binomial generalized linear models with generalized estimating
equations to obtain point and interval estimates of
risk ratios for mortality modeled as a function of each
characteristic independently while controlling for the
correlation within clusters. For the purpose of the
models, we evaluated the outcome of maternal death
vs. women who survived to 42 days after the end of
pregnancy. We included women who experienced all
birth outcomes (miscarriage, stillbirth, live birth and
unknown birth outcomes) in the models. Women
without the characteristic (e.g. labor not obstructed)
served as the reference group.
Next, we ran a multivariable regression model to determine the maternal, pregnancy related, delivery and
antepartum factors that were associated with maternal
death. Medical and social variables collected at the time
of enrollment or around the time of delivery that could
be associated with maternal mortality and were reliably
collected in the MNHR were included. We included:
maternal age, maternal education, parity, antenatal care
(ANC), birth attendant, delivery mode, obstructed labor,
fetal malposition, hemorrhage and hypertensive disorders. We defined severe antepartum hemorrhage as
blood loss greater than 1000 cm3 (cc) of blood prior to
delivery. Factors with significant missing fields were excluded. We adjusted the model further for research site
and accounted for correlation of outcomes within clusters. Data are presented as adjusted risk ratios and 95%
confidence intervals. In 2013, the MNHR began assigning cause of maternal deaths by collecting data describing factors associated with deaths. We assigned a cause
of death from these data using a standardized, hierarchical, algorithm [16].
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The MNHR had some notable differences in its
population over time. The DRC site entered the
MNHR in 2014. Throughout the 9-year study period,
there was expansion and contraction of clusters
within each country to meet the research needs of
the GN. In order to limit external forces that might
alter the study population by inclusion of different
clusters, we described the MMR over time using a
subset of data. This subset included only GN clusters that were consistent throughout the 9-year
period in the Guatemala, India (Nagpur and
Belagavi), Kenya, Pakistan, and Zambia sites. For the
DRC site, we included women who lived in clusters
that remained in the registry from 2014 to 2018. Because of the small number of maternal deaths and
the variation in the MMR from year to year, we
evaluated the MMR in overlapping periods of 3
years. This approach permitted evaluation using a
running average. Because data are not available from
the DRC site throughout the entire period of analysis, we report the total MMR with data from the
DRC site included and excluded.
The Data Coordinating Center at RTI International
(Durham, NC) performed all analyses using SAS, Inc.
(Version 9.4). Institutional Review Boards or research
ethics committees and Ministries of Health at each site
approved the collection of data included in the MNHR.
Prior to the initiation of data collection, we used
sensitization meetings to gain local approval of study
procedures at the community level. Individual participants gave informed consent. The NICHD appointed a
data monitoring committee to annually review the
MNHR.

Results
We screened 582,768 women for inclusion in the
MNHR from 2010 to 2018. Of those screened, 579,140
(99.4%) were eligible and consented to be part of the
MNHR, (Fig. 1). Of women who consented, 7819
(1.3%) were lost to follow up, leaving 571,321 (98.6%)
for analysis. These pregnancies resulted in 576,685
outcomes (including multiple gestations): 19,080 (3%)
miscarriages, 14,432 (3%) stillbirths, 7789 (1%) MTPs,
225 (< 0.1%) unknown birth outcomes and 535,159
(93%) live births (Table 1). We included data on 842
maternal deaths: 452 (53%) of the birth outcomes of
the women who died were live births, 182 (21%) were
stillbirths, 7 (< 1%) were miscarriages, 3 (< 1%) were
MTPs, and 219 (25%) had unknown birth outcomes.
Thus, of the 75% of cases where fetal or neonatal
outcome were known, more than 20% were associated
with stillbirth. We observed an MMR of 157 / 100,000
live births (95% CI 147, 167), with a range of MMRs from
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Screened (N=582,768)
Ineligible (N=2,543)
Did not consent (N=1,085)

Eligible and Consented
(N=579,140)

Lost to follow-up before delivery (N=5,992)

Delivered (N=573,148)
Lost to Follow-Up after delivery (N=1,827)

Population analyzed
(N=571,321)
Fig. 1 Enrollment Diagram

97 (76, 118) in the Guatemala site to 327 (293, 361) in the
Pakistan site.
We evaluated maternal characteristics associated
with maternal death (Table 2). Women who were
older than 35 years of age, those with no formal or
only primary/secondary education compared to university or higher education, nulliparous or multiparous with > 2 pregnancies, compared to 1–2 prior
pregnancies and those whose last pregnancy did not
result in a live birth were at an increased risk for maternal death. Antenatal and delivery characteristics
that were associated with an increased risk of maternal death included: limited or no ANC, hospital delivery,
delivery by a physician, assisted vaginal or Caesarean delivery, obstructed labor, fetal malpresentation, severe antepartum hemorrhage (> 1000 cc blood loss), hypertensive

disorders and intrapartum medical treatments such as antibiotics, corticosteroids, blood transfusions, removal of
retained products, anticonvulsant medications, IV fluids,
use of forceps/vacuum, and other surgeries or treatments
(Table 3).
We evaluated selected factors and their association
with maternal death using a multivariable model
(Table 4). We included site, maternal, antenatal and
delivery characteristics in the model to determine the
relationship with maternal mortality. After adjusting
for differences in characteristics, we found the same
direction and similar magnitude of association for
age, education and parity. Obstructed labor, severe
antepartum hemorrhage, and hypertensive disorders
also still had an increased risk of death. However,
when adjusted for other factors, malpresentation and

Table 1 Overall pregnancy outcomes by site, 2010–2018, all clustersa
Characteristic

Overall,
all sites

Democratic
Guatemala Belagavi
Republic of Congo

Nagpur

Kenya

Pakistan

Zambia

Pregnancies, n

571,321

31,896

83,320

135,384

87,395

73,904

96,760

62,662

Miscarriages, n

19,080

244

694

8280

3322

210

5877

453

Medical Termination 7789
of Pregnancy, n

83

1

4362

1993

33

1303

14

Unknown birth
outcomes, n

225

30

10

37

38

23

71

16

Stillbirths, n

14,432

1239

1522

3002

1775

1554

4164

1176

Live births, n

535,159

30,870

81,672

120,629

80,917

72,973

86,458

61,640

Maternal deaths, n

842

98

79

149

89

78

283

66

b

Total MMR(95% CI)
a

157 (147, 167) 317 (257, 378)

97 (76, 118) 124 (106, 141) 110 (89, 131) 107 (83, 130) 327 (293, 361) 107 (82, 132)

Maternal Newborn Health Registry 2010–2018 deliveries, excluding women lost to follow-up prior to delivery or missing maternal status at 42 days
b
Maternal Mortality Ratio (MMR) is maternal deaths per 100,000 live births. The 95% confidence interval for the MMR is approximated using the variance of the
proportion of maternal deaths for each site and year
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Table 2 Maternal characteristics by maternal status at 42 days after delivery, 2010–2018 all clusters
Characteristica

Deliveries, N
Maternal age
< 20

N(%) by maternal status

Total

Women who died

Women alive six
weeks after delivery

842

570,479

Risk Ratio(95% CI)b

571,321

839

569,478

570,317

65 (7.7)

71,758 (12.6)

71,823 (12.6)

0.7 (0.5, 0.9)

20–35

695 (82.8)

471,940 (82.9)

472,635 (82.9)

1.0

> 35

79 (9.4)

25,780 (4.5)

25,859 (4.5)

2.0 (1.6, 2.5)

841

568,765

569,606

360 (42.8)

137,325 (24.1)

137,685 (24.2)

Maternal education
No formal education

3.8 (2.6, 5.6)

Primary/Secondary

458 (54.5)

391,879 (68.9)

392,337 (68.9)

1.9 (1.3, 2.8)

University +

23 (2.7)

39,561 (7.0)

39,584 (6.9)

1.0

836

566,711

567,547

238 (28.5)

183,868 (32.4)

184,106 (32.4)

Parity
0

1.2 (1.0, 1.4)

1–2

273 (32.7)

240,049 (42.4)

240,322 (42.3)

1.0

>2

325 (38.9)

142,794 (25.2)

143,119 (25.2)

1.7 (1.5, 2.1)

56/598 (9.4)

21,148/382,772 (5.5)

21,204/383,370 (5.5)

1.7 (1.3, 2.3)

Last pregnancy did not result in a live birth
a

The denominator used to determine the percentage of women with each characteristic varies due to missing data
b
Risk ratios were generated from models evaluating the outcome of women who died vs women who were alive six weeks after delivery. Generalized linear
models were used to evaluate the relationship of potential factors and maternal mortality and to develop point and interval estimates of relative risk associated
with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop appropriate confidence
intervals. Unless otherwise noted, the reference group is women who did not have the listed characteristic

ANC were no longer associated with risk of death. Of
note, delivery location, birth attendance and delivery
mode remained significant in the model. However,
while physician delivery was still associated with an
increased risk of maternal mortality compared to delivery by a nurse/midwife/health worker, it no longer
had an increased observed risk compared to traditional birth attendants or family/self/other (RR confidence intervals include 1). Likewise, delivery in a
hospital retained a significant association with increased
maternal mortality compared to delivery in a clinic/health
center, but not compared to home/other. Lastly, while
caesarean delivery still showed an association with increased risk of maternal mortality compared to vaginal delivery, vaginal assisted delivery did not.
We identified hemorrhage (33%), infection (31%) and
pre-eclampsia/eclampsia (16%) as the most common
causes of maternal death overall in our population
(Table 5). The primary causes of death varied by site
and we observed wide site differences in the percentage
of deaths attributable to these causes.
Of the overall study population, we included 466,772
(81.7%) for analysis of trends in the MMR over time
(Table 6). The total MMR in the ongoing clusters
was 158 (147, 169). When we excluded the DRC site
from the overall MMR trend, we observed variance in
the MMR from 130 (112, 148) to 159 (139, 178). We
observed site variation of MMR over time (Fig. 2).

The Zambia site varied in the 3 year running averages
from 141 (91, 192) in the earliest interval to 72 (36, 108)
in the latest interval. The Kenya site varied from 133
(90, 176) in the earliest interval to 103 (61,144) in the
latest interval. The Pakistan site 3 year running averages ranged from 336 (265, 408) to 404 (321, 488).
The sites in Guatemala, Belagavi and Nagpur, India
had similar MMR from the beginning to the end of
the study period. Only 5 years of data were available
for the DRC, and the MMR varied little from 289
(213, 365) to 294 (220, 329).

Discussion
Our data show an MMR higher than the SDG 2030
goals in all research sites within the NICHD GN. We
measured an MMR of 157 / 100,0000 live births,
which is more than double the SDG target of less
than 70 per 100,000 live births by 2030. There is
great variation in MMR across sites, with the lowest
average MMRs during the study period in the
Guatemala (97), Kenya (107) and Zambia (107) sites
to the highest MMRs measured in the DRC (317) and
Pakistan (327) sites. We identified maternal, antenatal
and delivery characteristics that were associated with
maternal death. We identified hemorrhage, infection
and pre-eclampsia/eclampsia as the most common
causes of maternal death. Of the 75% of cases where
fetal or neonatal outcome were known, more than
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Table 3 Antenatal and delivery characteristics by maternal status at 42 days after delivery, 2010–2018 all clusters
Characteristica

Deliveries, N

N(%) by maternal status
Women who died

Women alive six weeks
after delivery

842

570,479

Total

Risk Ratio(95% CI)b

571,321

No antenatal care (vs. any antenatal care)

62/834 (7.4)

20,426/570,105 (3.6)

20,488/570,939 (3.6)

1.6 (1.1, 2.4)

Fewer than 4 antenatal care visits (vs. > 4 visits)

339/605 (56.0)

201,105/447,076 (45.0)

201,444/447,681 (45.0)

1.3 (1.1, 1.7)

Birth attendant
Physician

620

570,351

570,971

291 (46.9)

203,294 (35.6)

203,585 (35.7)

1.0

Nurse/Midwife/Health worker

131 (21.1)

203,325 (35.6)

203,456 (35.6)

0.4 (0.3, 0.5)

Traditional birth attendant

134 (21.6)

119,738 (21.0)

119,872 (21.0)

0.5 (0.4, 0.7)

Family/Self/Other

64 (10.3)

43,994 (7.7)

44,058 (7.7)

0.8 (0.6, 1.0)

623

570,402

571,025

Delivery location
Hospital

335 (53.8)

244,926 (42.9)

245,261 (43.0)

1.0

Clinic/health center

113 (18.1)

170,980 (30.0)

171,093 (30.0)

0.4 (0.3, 0.5)

Home/other

175 (28.1)

154,496 (27.1)

154,671 (27.1)

0.6 (0.5, 0.8)

612

545,759

546,371

Vaginal

424 (69.3)

466,355 (85.5)

466,779 (85.4)

1.0

Vaginal assisted

19 (3.1)

5364 (1.0)

5383 (1.0)

3.3 (1.7, 6.5)

Delivery mode

169 (27.6)

74,040 (13.6)

74,209 (13.6)

2.7 (2.3, 3.3)

Obstructed labor

Caesarean section

148/697 (21.2)

44,947/569,869 (7.9)

45,095/570,566 (7.9)

3.0 (2.3, 3.9)

Fetal Malpresentation

45/692 (6.5)

11,253/569,773 (2.0)

11,298/570,465 (2.0)

3.3 (2.4, 4.4)

Severe antepartum hemorrhage

71/695 (10.2)

8783/569,937 (1.5)

8854/570,632 (1.6)

6.7 (5.0, 9.0)

Hypertensive disorders

156/688 (22.7)

14,650/569,679 (2.6)

14,806/570,367 (2.6)

10.6 (8.5, 13.2)

Maternal antibiotics

350/559 (62.6)

229,932/464,473 (49.5)

230,282/465,032 (49.5)

2.3 (1.8, 2.9)

Corticosteroids

43/439 (9.8)

10,225/413,905 (2.5)

10,268/414,344 (2.5)

4.0 (2.8, 5.9)

Oxytocics (including Misoprostol)

344/556 (61.9)

308,315/463,555 (66.5)

308,659/464,111 (66.5)

0.9 (0.7, 1.1)

Blood transfusion

186/560 (33.2)

9789/464,309 (2.1)

9975/464,869 (2.1)

20.9 (16.0, 27.2)

Removal of retained products

45/558 (8.1)

20,750/464,252 (4.5)

20,795/464,810 (4.5)

2.1 (1.4, 3.1)

Anticonvulsants/Magnesium sulfate

60/553 (10.8)

5692/464,277 (1.2)

5752/464,830 (1.2)

9.8 (7.2, 13.4)

Maternal treatment provided

V Fluids

182/258 (70.5)

90,672/173,017 (52.4)

90,854/173,275 (52.4)

2.4 (1.7, 3.4)

Forceps/vacuum

13/254 (5.1)

1908/172,354 (1.1)

1921/172,608 (1.1)

4.3 (2.4, 7.7)

Other surgery/treatment

22/255 (8.6)

9830/172,810 (5.7)

9852/173,065 (5.7)

1.7 (1.1, 2.7)

a

The denominator used to determine the percentage of women with each characteristic varies due to missing data
b
Risk ratios were generated from models evaluating the outcome of women who died vs women who were alive six weeks after delivery. Generalized linear
models were used to evaluate the relationship of potential factors and maternal mortality and to develop point and interval estimates of relative risk associated
with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop appropriate confidence
intervals. Unless otherwise noted, the reference group is women who did not have the listed characteristic

20% were associated with stillbirth. We observed
some sites with improvement in the MMR over time,
but the Pakistani site reported an increase in the
MMR over time.
When compared to the World Bank modeled estimates for the MMR by country, our data indicate a
lower MMR for the sites in all countries, except
Pakistan [17]. For example, we measured an MMR
of 317 in the DRC site, compared to the World

Bank estimates of 850, and we measured an MMR of
107 in the Zambia site, compared to the World Bank
estimate of 398 [7]. The World Bank estimates are
developed from representative samples of the populations across countries in contrast to our MMR
which measures outcomes in a region within the
country. Our data are collected at the individual
level within a discrete population within each country. It might not be representative of the entire
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Table 4 Multivariable model of maternal status at 42 days after
delivery controlling for site, maternal, antenatal and delivery
characteristics, 2010–2018 all clusters
Characteristic

Overall p-valuea

Maternal age

0.0017

< 20

Risk Ratio
(95% CI)a
0.64 (0.45, 0.89)

20–35

1.0

> 35

1.43 (1.06, 1.92)

Maternal education

<.0001

No formal education

3.40 (2.08, 5.55)

Primary/Secondary

2.46 (1.54, 3.94)

University +

1.0

Parity

0.0031

0

1.24 (1.01, 1.52)

1–2

1.0

>2

1.48 (1.15, 1.89)

At least one antenatal care visit

0.1707

Birth attendant

<.0001

1.22 (0.92, 1.61)

Physician

1.0

Nurse/Midwife/Health worker

0.61 (0.45, 0.84)

Traditional birth attendant

0.74 (0.50, 1.10)

Family/Self/Other

1.38 (0.91, 2.09)

Delivery location

<.0001

Hospital

1.0

Clinic/health center

0.57 (0.44, 0.75)

Home/other

0.89 (0.62, 1.28)

Delivery mode

0.0048

Vaginal

1.0

Vaginal assisted

1.58 (0.80, 3.12)

Caesarean section

1.60 (1.21, 2.13)

Obstructed labor

0.0062

1.58 (1.14, 2.19)

Fetal Malpresentation

0.1140

1.30 (0.94, 1.79)

Severe antepartum hemorrhage

<.0001

2.59 (1.83, 3.66)

Hypertensive disorders

<.0001

6.87 (5.05, 9.34)

a

A generalized linear model was used to evaluate the relationship of potential
factors and maternal mortality and to develop point and interval estimates of
relative risk associated with these factors after controlling for site and all other
listed characteristics. Generalized estimating equations were used to account
for the correlation of outcomes within cluster to develop appropriate
confidence intervals. Unless otherwise noted, the reference group is women
who did not have the listed characteristic

population of the diverse countries in which we
work. For example, our data from the rural provinces in the DRC are likely not reflective of the
population in the urban capital of Kinshasa. However, we do not believe that this variation in methodology entirely accounts for the wide discrepancies we
have observed. We presume these data highlight the
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differences between data measured prospectively in a
direct fashion, compared to indirect measurements
and estimates derived from modelling strategies with
unknown reliability.
We describe an increased risk of maternal death
among women who deliver in hospitals, those who
have deliveries attended by physicians and those who
deliver by Caesarean section. We presume that the
women who seek care by a physician or in a hospital
are at higher risk for pregnancy complications or have
experienced pregnancy complications that have required a higher level of medical care. Therefore, we
believe that these associations are confounded by indication. This presumption is consistent with previous
literature that indicates that the largest proportion of
maternal deaths occur in facilities where the higher
risk patients are treated and where complicated patients are referred [18]. Ronsmans and colleagues describe three categories of women who die in
hospitals: women who arrive in a moribund state too
late to benefit from emergency medical treatment,
high risk women who could have been saved if they
received timely and effective interventions and women
who develop serious complications within the hospital
[18]. While our data are consistent with findings that
hospital delivery is associated with higher maternal
mortality, we do not have data on the quality of care
that was delivered to these women or at what point
in the mother’s illness she arrived at the hospital for
care.
The MNHR represents a useful tool for recording
and tracking the MMR in several LMICs. Our data
are rigorously collected in a prospective fashion with
consistent methodology over a long period of time.
Because we collect data from all pregnant women
living in a geographic area, regardless of delivery
site, the MNHR is ideal for giving an accurate account of the MMR in the population studied. The
MNHR has a high rate of recruitment and retention
(outcomes obtained on 98.6% of women) which provides robust data for studying maternal and neonatal
outcomes through 6 post-partum weeks, referenced
elsewhere in the supplement. Furthermore, the
MNHR contains data from a consistent population
of women in LMICs over a 9-year period. This ongoing data collection tool is ideal for examining
trends in health outcomes within study regions over
time.
The MNHR does have some practical limitations.
Women can be enrolled in the MNHR at any point in
their pregnancy, so we potentially underrepresent maternal death that occurs early in pregnancy that could be
related to miscarriages or MTPs. Our analyses are also
limited to the variables that are collected within the
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Table 5 Cause of maternal death by site, all clusters
Characteristic

Overall

DRC

Guatemala

Belagavi

Nagpur

Kenya

Pakistan

Zambia

Maternal deathsa, n

842

98

79

149

89

78

283

66

Maternal cause of death data availableb, n (%)

436 (51.8)

97 (99.0)

46 (58.2)

50 (33.6)

43 (48.3)

35 (44.9)

139 (49.1)

26 (39.4)

Maternal cause of death, n (%)

436

97

46

50

43

35

139

26

Trauma

22 (5.0)

4 (4.1)

2 (4.3)

4 (8.0)

2 (4.7)

5 (14.3)

3 (2.2)

2 (7.7)

Abortion related

21 (4.8)

6 (6.2)

1 (2.2)

1 (2.0)

2 (4.7)

6 (17.1)

4 (2.9)

1 (3.8)

Preeclampsia/ Eclampsia

69 (15.8)

10 (10.3)

16 (34.8)

8 (16.0)

5 (11.6)

10 (28.6)

15 (10.8)

5 (19.2)

Hemorrhage

144 (33.0)

41 (42.3)

14 (30.4)

16 (32.0)

13 (30.2)

8 (22.9)

44 (31.7)

8 (30.8)

Infection

136 (31.2)

18 (18.6)

13 (28.3)

20 (40.0)

13 (30.2)

2 (5.7)

63 (45.3)

7 (26.9)

Medical condition coincident to pregnancy

23 (5.3)

9 (9.3)

0 (0.0)

1 (2.0)

4 (9.3)

1 (2.9)

6 (4.3)

2 (7.7)

Unknown

21 (4.8)

9 (9.3)

0 (0.0)

0 (0.0)

4 (9.3)

3 (8.6)

4 (2.9)

1 (3.8)

a

Maternal Newborn Health Registry (MNHR) 2010–2018 deliveries, excluding women lost to follow up prior to delivery or missing maternal status at 42 days
Maternal cause of death data collected from late 2013 to 2018. Cause of death determined by a standardized, heirarchical algorithm [16] in which one cause of
death is identified, therefore, categories are mutually exclusive
b

MNHR. For example, the causes of maternal death are
estimates using interview techniques and medical chart
extraction. Supportive laboratory data were rarely available and autopsies were not performed. As such, these
data were not included in the cause of death algorithm
[16]. Additionally, sites that do not routinely measure
blood pressures as part of ANC, report lower rates of
pre-eclampsia/eclampsia. However, despite these biases,
our approach to identify causes of death found similar
relative contributions to other published reports. Therefore, our approach might represent an opportunity to
identify maternal health practices that could prevent
specific causes of mortality [19, 20].

Conclusions
The results of our study contribute important MMR
data in 6 LMICs. The differences that we described,
compared to MMRs from modelling estimates, illustrate the vast variation in MMR estimates given the
data source and strategy used. Because our data are
collected prospectively, we believe that the MNHR is
an ideal source for evaluating key health outcomes.
The high, but relatively stable, MMR in many countries highlights an opportunity for improvement in
these countries. While the Guatemalan and Zambian
sites have demonstrated success in lowering the
MMR over the study period, sites in other countries,

Table 6 Trend in maternal mortality ratio by site and combined years, 2010–2018 in ongoing clustersa
Characteristic

Overall, all sites

Overall,
excluding DRC

DRC

Guatemala

Belagavi

Nagpur

Kenya

Pakistan

Zambia

Births, n

466,772

434,876

31,896

60,434

88,684

84,241

73,904

64,951

62,662

Maternal deaths, n

694

596

98

69

95

84

78

204

66

Ongoing clustersa

Deliveries, n

471,272

438,806

32,466

60,832

89,300

84,872

74,793

65,710

63,299

Live births, n

438,855

407,985

30,870

59,198

78,265

77,968

72,973

57,941

61,640

Total MMR(95% CI)a

158 (147, 169)

146 (135, 157)

317 (257, 378)

117 (90, 143)

121 (100, 143)

108 (86, 129)

107 (83, 130)

352 (309, 395)

107 (82, 132)

141 (91, 192)

MMR, maternal deaths per 100,000 live births (95% CI))b
2010–2012

159 (139, 178)

159 (139, 178)

120 (68, 172)

135 (100, 170)

110 (74, 146)

133 (90, 176)

336 (265, 408)

2011–2013

151 (132, 169)

151 (132, 169)

110 (63, 158)

124 (91, 158)

99 (64, 134)

114 (74, 154)

374 (299, 450)

124 (76, 172)

2012–2014

139 (121, 158)

139 (121, 158)

119 (71, 168)

106 (73, 139)

108 (71, 144)

101 (62, 141)

326 (255, 397)

116 (69, 163)

2013–2015

130 (112, 148)

130 (112, 148)

106 (63, 150)

92 (59, 125)

106 (70, 142)

81 (45, 117)

323 (253, 393)

108 (63, 153)

2014–2016

149 (131, 168)

130 (112, 148)

289 (213, 365)

114 (70, 158)

82 (48, 115)

117 (79, 155)

92 (53, 131)

326 (255, 397)

77 (40, 114)

2015–2017

162 (143, 181)

143 (124, 162)

289 (215, 364)

130 (84, 176)

109 (70, 148)

97 (62, 132)

98 (58, 138)

386 (307, 465)

89 (50, 129)

2016–2018

168 (148, 188)

149 (129, 169)

294 (220, 369)

124 (79, 169)

136 (91, 181)

107 (69, 145)

103 (61, 144)

404 (321, 488)

72 (36, 108)

a
Maternal Newborn Health Registry 2010–2018 deliveries, excluding women lost to follow-up prior to delivery or missing maternal status at 42 days. Clusters
collecting data during the enti re period of 2010–2018, or 2014–2018 for DRC
b
Maternal Mortality Ratio (MMR) is maternal deaths per 100,000 live births. The 95% confidence interval for the MMR is approximated using the variance of the
proportion of maternal deaths for each site and year
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Fig. 2 Running average of maternal mortality ratio1 by site and years, 2010–2018 ongoing clusters2. 1 Maternal Mortality Ratio (MMR) is maternal
deaths per 100,000 live births. 2 Maternal Newborn Health Registry 2010–2018 deliveries excluding women lost to follow-up prior to delivery or
missing maternal status at 42 days. Clusters collecting data during the entire period of 2010–2018, or in the DRC where clusters collecting data
from 2014 to 2018 are represented. DRC is excluded from total, since data not known prior to 2014

like the DRC and Pakistan, had persistently high
MMRs at the end of the study period. Maternal mortality is an important public health problem and these
data confirm the opportunity for improvement.
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Abstract
Purpose Closure of appendiceal stump (CAS) is one of the most crucial steps in laparoscopic appendectomy (LA) because
inappropriate closure of stump may lead to stump leak further causing life-threatening complications like enterocutaneous
fistulas, postoperative peritonitis, and sepsis. Recent studies have established the use of endoclips to be simpler and quicker as
special laparoscopic skills are not required and hence seamlessly adapted. This study further aimed to compare the results of
application endoclips like Liga Clips and Hem-o-Lok for CAS in LA in cases of Appendicitis without complications.
Methods It is a prospective study with sixty patients diagnosed with appendicitis without complications and planned for LA in a
single institute. They were randomly divided into two groups, A and B, of 30 each using the sequentially numbered opaque
sealed envelope (SNOSE) method. Liga Clips were used for CAS in group A and Hem-o-Lok in group B. Operative time and
intraoperative and postoperative events were recorded.
Results The mean operative time (time from skeletonization of appendix to retrieval of the appendix) in group A was noted to be
376.03 s (6.27 min) and that in group B was noted to be 345.50 s (5.75 min) (p = 0.2873). No patient developed stump leak or
intra-abdominal abscess or had to undergo reoperation in either of the groups.
Conclusion In conclusion, the use of both endoclips like Liga Clips and Hem-o-Lok for closure of appendiceal stump in
laparoscopic appendectomy is a quicker, safe, secure, and feasible technique in cases of appendicitis without increased risk of
complications. In our experience, it is suggested that Hem-o-Lok is more efficient in securing the appendiceal stump due to its
lock engagement system giving a sense of security and ease of application.
Keywords Laparoscopic appendectomy . Appendiceal stump closure . Endoclips . Liga Clips . Hem-o-Lok

Introduction
CAS is considered one of the most crucial steps because most
grievous complications of the procedure occur due to stump
leak [1]. An ideal technique for appendiceal stump closure is
considered the one that is safe, more feasible, simpler to use,
and relatively economical [2]. Hence, a variety of techniques
have been tried and tested for closure of appendiceal stump
during LA, including the use of intracorporeal knotting,
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endoloops (Roeder’s knot) (pre-knotted loops), mechanical
endo staplers, bipolar endo-coagulation (Ligasure), ultrasonically activated scalpel (Harmonic scalpel), and
endoclips like Liga Clips (titanium clips) and Hem-o-Lok
(polymeric clips). However, the best method for CAS is still
debatable. Recent studies have established the use of
endoclips as simpler and quicker as special laparoscopic skills
and dexterity are not required [3]. Hence, we further intend to
establish comparison among the endoclips and find the best
solution among the available options.

Patients and methods
This is a prospective, comparative cohort study where 60 patients diagnosed with appendicitis (acute or chronic), in a single
surgical centre, were enrolled in the study. The patients were
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diagnosed clinically and/or based on ultrasonography findings
and had no obvious complications. All the participants electively underwent laparoscopic appendectomy between January
2018 and December 2018. They were explained the details of
the surgical procedure and enrolled to the study after a written
informed consent was taken.
Patients between 18 and 60 years of age, diagnosed with
appendicitis (acute or chronic) with no clinical signs of complications, willing for laparoscopic appendectomy, were included in this study. Patients with acute perforated appendicitis and local or diffuse peritonitis, gangrenous appendiceal
stump intra operatively, patients with bleeding disorders, and
patients not willing to participate in the study were excluded.
Prior to the commencement of this study, approval was
obtained from the ethical and research committee.
The participants were randomized into two cohorts, Group
A and Group B, of 30 each, by the sequentially numbered
opaque sealed envelope (SNOSE) method (Fig. 1).
Group A: Liga Clips were used for CAS
Group B: Hem-o-Lok were used for CAS

Anaesthesia and Standard Procedure
The surgery was performed under general anaesthesia. The
patient was placed in supine position, combined with the
Trendelenburg position and left lateral position (10–15°, inclined towards the surgeon). The surgeon and an assistant
stood on the left side and the monitor on the right side of the

Fig. 1 Consort diagram; CAS
closure of appendiceal stump

patient. Ports were placed at the umbilicus (10 mm) and
suprapubic and left iliac region (5 mm). Diagnostic laparoscopy was done, and abdominal cavity was examined to locate
the appendix in the RIF by the confluence of the three teniae
coli.
The mesoappendix is skeletonized from the tip to the stump
using electrocautery/ dissector. Appendicular artery identified
and ligated using endo clips or diathermy. The approximate
diameter of the appendix was assessed with the blades of the
Maryland dissector which measures 10 mm. Diameter >
10 mm was excluded in the study suspecting gangrenous appendix or impending perforation. Also, the Liga Clips measure 10 mm in length, which would make it technically inadequate for the purpose of CAS.
Operative time was noted from the time of complete
skeletonization of appendix up to the time when the specimen
is retrieved from the 10-mm port. In group A, Liga Clips were
passed through the 10-mm port and applied at the base of the
appendix. Two clips were applied 5 mm apart and a third one
distal to the two. In group B, Hem-o-Lok was introduced
through the 10-mm port. Hem-o-Lok clips were applied in
the similar pattern as Liga Clips in most of the cases (Fig.
2). The appendix was transected in between distal 2 clips,
leaving two clips on the caecal end. After resection of the
appendix, it was retrieved through a 10-mm trocar.
Both groups had similar postoperative management. All
participants were followed up for a period of 2 months. At
the time of follow-up, if the patient was found to be symptomatic and stump leak or intra-abdominal abscess were
suspected, vitals were noted to look for tachycardia, abdomen
examined for guarding, total count repeated to look for
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Fig. 2 (a) Liga Clip loaded onto
the applicator; (b) Liga Clips
applied to the specimen in situ; (c)
Hem-o-Lok loaded on to the applicators; and (d) Hem-o-Lok applied to the specimen in situ

neutrophilia, and an ultrasound of the abdomen and pelvis
were done to look for any localized collection in RIF/diffuse
collection intra peritoneally.
The study was conducted as a single blinded study. The
data collected was then subjected to statistical analysis:
Student unpaired t test and chi-square test were used to compare data from both groups. A p value < 0.05 was considered
statistically significant.

Results
Majority of the patients belonged to the 21–30 years age
group. Also there was an even distribution of male and female
patients among the two groups. It was noted that the age and
gender distribution had no significant association with the
outcome in either of the groups and likewise in regard to
comorbidities in the patients. Of the 30 cases in each group,
24 (80%) in group A and 21 (70%) in group B were that of
acute appendicitis with no statistical significance to the outcomes measured.
The mean operative time in group A was noted to be
376.03 SD 112.05 s (6.27 min) and that in group B was noted
to be 345.50 SD 108.16 s (5.75 min). Although the operative
time was slightly more in group A when compared to group B,
it was not found to be statistically significant (p = 0.2873).
Hence, one can say there is not much difference in the operative time with the use of Liga Clips or Hem-o-Lok.

In the initial few cases, passage of the clips through the port
was assessed less feasible until the surgeon gained practice
and fluency eventually. The feasibility was considered more
in 96.67% of cases in group A and 93.33% of cases in group
B, but the difference was not noted to be statistically significant (Table 1). It was noticed to be less feasible in group B
because the Hem-o-Lok clip (12 mm) along with the applicator had to be partially closed while passing through the port
and at times initially would get accidentally clipped and
locked prior to its passage through the 10-mm port.
The ease with which the two clips were applied was also
assessed by the operating surgeon as more feasible and less
feasible. More feasibility was seen with 86.67% of cases in
group A and 96.67% of cases in group B, but the difference
was not statistically significant (Table 1). This difference was
noted in favour of Hem-o-Lok because of its wider length, i.e.
12 mm, which makes it suitable for inflamed, edematous appendix with a wider stump as well and the engaging lock
system on clipping which seems to provide more security
from the clip loosening or slipping.
In this study as per the designed protocol, three clips were
proposed to be used: two at caecal end and one at appendix
specimen end. But with the progression of the study, as the
surgeon gained more confidence in the engaging locking system of the Hem-o-Lok clip, only two clips were used in a few
cases: one at caecal end and another at specimen end. Two
clips were used in 4 of the 30 cases of group B. When the two
groups were compared in this respect using independent t test,
a p value of 0.039 (< 0.05) was obtained which is statistically
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Table 1

Comparison of the two groups (A and B) with intraoperative findings

Serial no.

Intraoperative findings

Group A, Liga Clips (%)

Group B, Hem-o-Lok (%)

Total (%)

Chi-square

p value

1.
a.
b.

Ease of passing the clip
Less feasible
More feasible

1 (3.33)
29 (96.67)

2 (6.67)
28(93.33)

3 (5.00)
57 (95.00)

0.0001

1.0000

2.
a.
b.

Dropped clip
Zero
Dropped

28 (93.33)
2 (6.66)

27 (90.00)
3 (10.00)

55 (91.67)
5 (8.34)

2.0180

0.3650

Ease of clip application
Less feasible
More feasible

4 (13.33)
26 (86.67)

1 (3.33)
29 (96.67)

5 (8.33)
55 (91.67)

0.8730

0.3500

4.
a.
b.

No. of clips used
Two
Three

0 (0.00)
30 (100.00)

4 (13.33)
26 (86.67)

4 (6.67)
56 (93.33)

2.411

0.1210

5.
a.
b.
c.
d.

Position of the appendix
Pelvic
Preileal
Retrocaecal
Subhepatic

6 (20.00)
1 (3.33)
23 (76.67)
0 (0.00)

4 (13.33)
1 (3.33)
24 (80.00)
1 (3.33)

10 (16.67)
2 (3.33)
47 (78.33)
1 (1.67)

0.7550

0.6860

3.
a.
b.

*p < 0.05

significant. This again goes in favour of Hem-o-Lok clips as
the decrease in the no. of clips used will also improve its costeffectiveness and the operative time as well.
In this study along with the operative time, other technical
difficulties faced by the surgeon intraoperatively were also
taken into consideration. Hence, the number of clips dropped
or slipped during the procedure were made a note of. It also
seems to prolong the operative time in such situations. In
group A, this difficulty was faced in 2 cases out of 30 and 3
cases in group B, but the difference did not attain statistical
significance (Table 1). This problem was again noted in the
initial phase of the study.
None of the patients enrolled in the study developed stump
leak or intra-abdominal abscess, and none of them had to
undergo reoperation. However, 2 out 30 cases in group A
(6.67%) and 1 out of 30 cases in group B (3.33%) had surgical
site infection, and 3 in group A (10%) and 4 in group B
(13.3%) had complaints of pain abdomen postoperatively
which was not statistically significant (Fig. 3), more so implying no increased risk of postoperative complication.

Discussion
Appendiceal stump closure during laparoscopic appendectomy is the most important step as stump leak may result in lifethreatening events. Recent studies have established the use of

endoclips as simpler and quicker in comparison to pre-tied
extracorporeal knots, as special laparoscopic skills are not
required and hence can be seamlessly adapted. Hence, this
study aimed to compare the outcomes on application of the
two endoclips, Liga Clips and Hem-o-Lok, in LA for CAS.
In this prospective study, a total of 60 patients diagnosed
with appendicitis without complications planned for LA were
enrolled for the study. They were divided into two groups, A
and B, of 30 each. Liga Clips were used for CAS in group A
and Hem-o-Lok in group B, and operative time and intraop
and postop events were recorded. In the results of this study,
the mean operative time (time from skeletonization of appendix to retrieval of the appendix) in group A was noted to be
376.03 s (6.27 min) and that in group B was noted to be
345.50 s (5.75 min) (p = 0.2873). Hence suggesting both
modalities are quick and easy to use. None of the patients
enrolled in the study developed stump leak or intraabdominal abscess, and none of them had to undergo reoperation, more so implying no increased risk of postoperative
complication.
Also, with the progression of this study and the practice
and experience gained by the surgeon over time, it was
noted that the ease of passing either of the clips along with
their applicators became more feasible, and the clip drop
rates decreased. However, the number of clips used for the
stump closure decreased significantly subsequently in
group B using Hem-o-Lok probably because of the sense
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Fig. 3 Comparison of two groups
(A and B) in regard to postop
complications

of security, which the surgeon developed over the study
period, owing to the lock engagement system of Hem-oLok. This factor also helps to cut down the cost of the clips
as well as the operative time as fewer of them are used. It is
also noted that even though Hem-o-Lok costs approximately 5 times more than that of Liga Clips per piece, the
technique used cuts down the cost to twice as that for Liga
Clips.
In a study by Kiudelis et al., it was concluded that the use of
endoloops significantly decreased the operative time and did
not have significant differences in overall complications and
hence was considered safe in comparison to intracorporeal
invaginating sutures for CAS [4]. Soon endoloops like preknotted Roeder’s knot gained popularity and were being widely used.
In another study comparing CAS with endoloops and
linear endo staplers [5], the latter were found to have fewer
complications and a shorter operative time but higher cost
of surgery [6]. Endo staplers are still preferred in cases
where the appendiceal stump is found to be necrosed or
gangrenous.

Conclusion
Hence concluding, the use of both endoclips like Liga
Clips and Hem-o-Lok for closure of appendiceal stump
in laparoscopic appendectomy is a quicker, safe, secure
and feasible technique in cases of appendicitis (acute or
chronic) without increased risk of complications. In our
experience, it is suggested that Hem-o-Lok is more efficient in securing the appendiceal stump due to its lock
engagement system giving a sense of security and ease
of application.

Strengths and Limitations of the Study
This is a prospective study comparing the techniques of CAS in
LA in patients diagnosed with appendicitis. However, this study
was a single centre study and the sample size meagre; hence, the
results could not be extrapolated to the general population.

Implications of the Study
It has been established that the use of endoclips is safer, simpler, and quicker than that of endoloops, and we further intend
to establish comparison among the endoclips and find the best
solution among the available options. Hence, this
prospective study aimed to compare the results after application of Liga Clips and Hem-o-Lok for the CAS in LA in cases
of appendicitis without complications.

Suggestions
Further prospective controlled studies to compare various
available techniques for CAS in LA including intra operative
events and postoperative findings.
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Abstract
Dermatophytes are the common etiological agent to cause superficial mycosis, however non-dermatophytes
like yeast and non dermatophyte mould (NDM) are emerging as potential agent to cause superficial mycosis. In
this study, we evaluated epidemiological, clinical and mycological characters of non-dermatophytes causing
superficial infection in the Siddi tribal community. A total of 1004 samples were collected from 937 Siddi
community patients with superficial infection. In that 158 samples shown culture positive, Candida species
(32, 20.25%) was the predominant agent to cause superficial infection other than dermatophytes followed
by Aspergillus species (12, 7.59%), Fusarium species (10, 6.32%) and cladosporium species (2, 1.26%).
Further, Cladosporium species isolated from tineacapitis infection was subjected to PCR, sequencing of ITS
region and identified as Cladosporium halotolerans. Therefore, this study also revealed non dermatophytic
fungi are emerging as important cause of superficial infection.
Key words: Dermatophytes, Mould, Yeast, Trichophyton, Cladosporium, Onychomycosis and Tinea,
Polymerase chain Reaction (PCR)

Introduction
Superficial mycosis is the fungal infection of skin
and its appendages like nail and hair, it is apublic health
problem and of worldwide importance in developing
countries. Potential reason for proliferation of the
infection may be low economic status, poor hygiene,
inadequate health facility and exchanging of footwear
and cloth(1).Even though it is not a life threatening
infection but may affect the social life and day to
day activities. Dermatophytes are common cause of
superficial mycosis worldwide, there is an increase in
the infection by non-dermatophytemould (NDM) and
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yeast has been observed(1,2). Change the incidence of
infection by pathogen may affect the clinician capability
to diagnose and can change the approach to treat(3).
Siddis are tribal community residing in India who
brought from eastern African countries before many
generations. They leave in different parts of Indian states
like Andhrapradesh Maharashtra Gujarat and Karnataka.
In Karnataka they reside in North Karnataka region and
adapted to local social and religious lifestyle. We under
took this study to see the common non dermatophytes
causing the superficial fungal infection in Siddi tribal
community(4,5).

Materials and Method
Study was conducted during 2015 to 2017in north
Karnataka region. A total of 1004 clinical samples like
hair nail and skin scrapping were collected from 937
Siddi tribal patients with suspected superficial fungal
infection. Clinical details were collected with patient
consent. Samples were subjected to direct microscopy
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by 10 % pottacium Hydroxide (KOH) and inoculated in
pairs in plain SabourdoseDextrose Agar (SDA) and SDA
with cycloheximide (0.5% 0.5 mg/ml), chlotetracycline
(0.1% 0.1 mg/ml) and Gentamicine (0.1% 0.1 mg/
ml) and incubated at room temperature. Cultures were
noted for colony character, surface color and color on
the reverse. Culture was identified by macroscopic and
microscopic examination.
PCR and sequencing
Genomic DNA was extracted by phenol-chloroform
isoamyl alcohol method and the extracted genomic
material was eluted with 50 µl Tris-EDTA buffer.
Polymerase chain reaction was carried out using internal
transcribe spacer (ITS); ITS 1 and ITS 4 primer (ITS1,
5’ TCCGTAGGTGAACCTTGCGG 3’, and ITS 4, 5’
TCCTCCGCTTATTGATATGC 3’), with final volume
of 50 µl containing 0.5 µg of template DNA, 20 µl of
Emerald Amp GT PCR Master Mix (2X premix composed
of a DNA polymerase, optimized reaction buffer,
dNTPs, and a density reagent) 15 pmol of each primer.
PCR was performed in a thermo cycler (Eppendorf) with
initial denaturation of 94°C for 6 minutes followed by
35 cycles of 94°C for 30seconds, 58°C for 30 seconds
and 72°C for 1 minute 30 second and final extension
at 72°C for 10 minutes. PCR products were separated
on 1.5% agarose gel stained with ethidium bromide
and visualized in UV transilluminator and imaged.
PCR sequencing was done form PCR product using
ITS 1 and ITS 4 primer and BigDye Terminator Cycle
sequencing kit version 3.1 (Applied Biosystems). ABI
3130 genetic analyzer (Applied Biosystems) was used
for purification and analysis of all sequencing reaction.
Sequences were compared with the GenBank DNA
database using the NCBI BLAST tool (https://blast.
ncbi.nlm.nih.gov), the ISHAM ITS database (http://
its.mycologylab.org/BioloMICSSequences.aspx), and
the CBS database (http://www.westerdijkinstitute.nl/
Collections/BioloMICSSequences.aspx).
Phylogenetic analysis
Phylogenetic analysis of study isolates and standard
sequences retrieved from NCBI were done by aligning
sequences using multiple sequence alignment mode
in ClustalX2 software. The aligned sequences were
exported to Molecular Evolutionary Genetics Analysis
software version 7 (MEGA7)(6) and neighbor joining

tree was constructed using Kimura 2 parameter model
with 1000 bootstrapping replicates.

Results
A total of 1004 samples were collected from
937 patients with suspected superficial mycosis.
Tineaunguim was the most commonly seen clinical
condition followed by tineacorporis and tineacapitis.A
total of 158 samples have shown the culture positive.
Dermatophytes were the most common etiological
agent isolated from 102 (64.55%) cases. Whereas non
dermatophytes were isolated from 56 (35.44%) cases.
Most of the patients were agriculturist (32, 57.14%) and
field workers (9, 16.07%).Commonest clinical condition
seen in superficial infection with nondermatophytes was
tinea unguium (48, 85.71%) in which 52.08% cases were
Proximal subungual onychomycosis (PSO), 22.91% of
cases were white subungual onychomycosis, 16.66% of
cases were Distal lateral subungual onychomycosis and
6.25% of cases were endonyxonychomycosis whereas,
Tineacorporis (5, 8.92%) and Tineacapitis (3, 5.35%)
was seen in 5 (8.92%) and 3 (5.35%) cases respectively.
In this study, Candida species (32, 20.25%) was the
predominant agent to cause superficial infection other
than dermatophytes followed by Aspergillus species (12,
7.59%), Fusarium species (10, 6.32%) and cladosporium
species (2, 1.26%). Further repeat sample was collect to
confirm the infection with Cladosporium species.
Cladosporium species was isolated from twin’s
patients of age 7years old with tineacapitus infection
since from one year. Morphological feature included
unbranched cylindrical conidiophores bearing ovoidal
to ellipsoidal intercalary and terminal conidia.
Both Cladosporium specis were used to sequence
ITS region and were identified as Cladosporium
halotolerans(accession
number
MT588811
and MT588810) Phylogenetic analysis of both strains
were done with standerd Cladosporium species stains
retrieved from the NCBI database [Cladosporium
halotolerans (LN834374, LN834375 and DQ780364),
Cladosporium
angustisporum
(LN834356),
Cladosporium asperulatum (LN834357), Cladosporium
allicinum (LN834353), Cladosporium cladosporioides
(LN834358), Cladosporium flabelliforme (LN834361),
Cladosporium funiculosum (LN834364), Cladosporium
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herbarum (LN834378), Cladosporium subinflatum (LN834391), Cladosporium tenuissimum (LN834398)]. Study
isolates have clustered with Cladosporium halotolerans.

Figure.1 Neighbor–joining (NJ) derived dendrogram of internal transcribe spacer (ITS) gene
based sequences. Phylogenetic analysis was done with the study isolates and standerd CBS stains
retrived from the NCBI database [Cladosporiumhalotolerans (LN834374, LN834375 and DQ780364),
Cladosporiumangustisporum (LN834356), Cladosporiumasperulatum (LN834357), Cladosporiumallicinum
(LN834353), Cladosporiumcladosporioides (LN834358), Cladosporiumflabelliforme (LN834361),
Cladosporiumfuniculosum (LN834364), Cladosporiumherbarum (LN834378), Cladosporiumsubinflatum
(LN834391), Cladosporiumtenuissimum (LN834398)] study isolates (MT588811 and MT588810) have
clustered with Cladosporiumhalotolerans.

Discussion
The present study showed 5.97% prevalence of
superficial infection with non dermatophytes including
yeast and moulds other than dermatophytes. It appears
tineaunguium as the common clinical condition
accounted for 85.71%, the risk factor for increase
prevalence of tineaunguium in superficial mycosis by
non dermatophytes might be due to frequent contact with
soil during their day today life, Age, history of similar
infection or frequent sharing of foot ware. Tineacorporis
and tineacapitiswas seen in 8.92% and 5.35% of the
cases respectively. Similarly Kaur et.al. in 2015 found
nail infection the most common site to cause superficial
infection(7),whereas Lakshmanan et al. in 2015 have

found skin is the common site of superficial infection
followed by nail and hair(8). Infection rate was highest
in the outdoor workers like farmers (57.14%) and daily
wage workers (16.07%) which in accordance with
studies done in other parts of India(9–11).Candida species
(20.25%) was the predominant agent followed by
Aspergillus species(12, 7.59%), Fusarium species(10,
6.32%) and Cladosporiumhalotolerans(2, 1.26%).
Hazarika et.al in 2020 reported NDM were more prevalent
than yeast to cause superficial infection(12). Kaur et.al.
in 2015 have found NDM was the most common agent
to cause superficial mycosis followed by dermatophytes
and yeasts(7). Cladosporium halotoleranshas been
isolated from twin’s patients with tineacapitis to confirm
the infection with Cladosporium halotolerans repeat
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samples were collected from both the patient shown
the growth Cladosporium halotolerans.Cladosporium
usually considered as indoor fungus being isolated in the
environmental sources and geographic location, however
many species of Cladosporium species are important
pathogens to cause infection in plants animal and even
in humans(13,14). In most of the cases Cladosporium
species isolated lack molecular confirmation, however
in the present study Cladosporium species isolated
were sequenced using ITS region and identified as
Cladosporiumhalotolerans. Possible reason for the
isolation of fungus like Cladosporiumhalotoleransin
Siddi tribal community might be due to their low
socioeconomic condition and poor hygiene, as majority
of the Siddi tribal community live their life in poverty.
In conclusion, this study showed other than
dermatophyte, non-dermatophytes like yeast and non
dermatophyticmoulds are also responsible for the
superficial infection in the Siddi tribal community with
prevalence rate of 5.97%. Tineaungum was the most
commonly seen clinical condition to cause superficial
infection by non dermatophytes in 85.71% of cases.
Cladosporium halotolerans which is considered as the
indoor fungus can also cause superficial infection like
tineacapitis in the Siddi tribal community, a detailed
study on Siddi tribal community and native Indians to
find out such fungal superficial infection may reveal
interesting findings, which may further help clinician
diagnosis and may change the approach to treat.
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Brief Report

1‑Year Hospital‑Based Observational Study of Trichoscopy Findings and
Disease Activity in Alopecia Areata
Abstract

Introduction: Alopecia areata (AA) is a chronic, non‑scarring type of alopecia that presents as
patchy hair loss over the scalp and other parts of the body. The diagnosis of AA can sometimes
be challenging. Trichoscopy can be used to observe certain follicular patterns, shaft changes,
and interfollicular pattern which help in diagnosing and determining the disease activity in AA.
Materials and Methods: This study was a 1‑year hospital‑based observational cross‑sectional study
consisting of 60 patients clinically diagnosed with AA. Trichoscopic examination of the scalp and
hair was performed using a videodermatoscope—Dinolite premier AM4113ZT model, trichoscopic
images were recorded, and results were analyzed statistically. Results: AA was more common in
males 39/60 cases (65%) with male to female ratio of 1.85:1. Scalp was the most frequently involved
site, seen in 52/60 cases (86.67%) and patchy alopecia was the most frequent clinical pattern of
presentation (83.33%). The characteristic follicular features noted were black dots, yellow dots, and
empty hair follicles. Black dots were the commonest finding (63.33%) and represented a marker for
active disease. The characteristic hair patterns noted were broken hair, micro‑exclamation mark hair,
coudability hair, all of which were commonly seen in active cases. 72% of cases that had clinically
inactive disease showed active disease on trichoscopy. Conclusion: Trichoscopic features of AA are
characteristic and they not only provide an important clue to the diagnosis in doubtful cases but also
help in assessing disease activity in AA.
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Introduction
Alopecia areata (AA) is a chronic,
non‑scarring, immune‑mediated disease
of anagen hair. It presents as patchy hair
loss over the scalp and other parts of the
body.[1] The diagnosis of AA can sometimes
be challenging and it becomes difficult to
assess the disease activity.[2] Trichoscopy
is a non‑invasive method that is used to
examine various patterns of skin, hair and
subsurface skin structures that helps in
diagnosing and determining the disease
activity in AA.[1]

Materials and Methods
The study was a 1‑year hospital‑based
cross‑sectional observational study where
a total of 60 consecutive consenting
patients who were clinically diagnosed as
having AA were included as per universal
sampling, irrespective of age and sex.
Those with concomitant androgenetic
alopecia, trichotillomania, and other
This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non‑commercially, as long as appropriate credit is given and the
new creations are licensed under the identical terms.
For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

coexisting scalp disorders were excluded.
Clinical photographs were taken and hair
pull test was performed at the advancing
edges of the alopecic patches by grasping
approximately 20–60 hairs between the
thumb, index, and middle fingers from
the base of the hairs near the scalp and
firmly, but not forcefully, tugged away
from the scalp. If more than 10% of hairs
are pulled away from the scalp, this was
considered a positive pull test. Trichoscopic
examination of the scalp and hair was
performed using a videodermatoscope—
Dinolite premier AM4113ZT model—
with polarized light and a contact method
(at times using ultrasound gel as interface
fluid) under 50 × and 200 × magnifications,
and trichoscopic images were recorded. The
trichoscopic features were noted; the results
were tabulated and statistically analyzed
by SPSS version 25 software using the
correlation method and Chi‑square test
wherever applicable.
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Results
Of the 60 cases included in the study, 39/60 (65%) were
male and 21/60 (35%) were female. Most patients belonged
to the group of 21–30 years with the average age of the
patients being 25.12 years.
The duration of onset of the disease in the cases ranged
from 3 days to 10 years with a mean duration of
disease onset being 471.92 days. Most patients in the
study, (22/60;36.67%) had disease onset of fewer than
30 days, followed by 19/60 (31.67%) patients who had a
duration of onset of more than 6 months.
The most common site involved was the scalp constituting
52/60 (86.67%) cases. The commonest feature at
presentation was a single patch that constituted 27/60 (45%)
cases.

Figure 1: Multiple black dots (black arrow) on trichoscopy (50×; polarized mode)

Patchy hair loss was the most common clinical pattern seen
in 50/60 (83.33%) patients followed by alopecia universalis
in 5/60 (8.33%) patients, ophiasis pattern in 4/60 (6.67%)
patients, and diffuse pattern in 1/60 (1.67%) patient.
Clinical activity of the disease was assessed mainly by
positive hair pull test, presence of exclamation mark
hair or black dots over the alopecic patches. Among the
enrolled patients, 35/60 (58.33%) patients had clinically
active disease and 25/60 (41.67%) patients showed inactive
disease.
On trichoscopy, the follicular features noted predominantly
were black dots [Figure 1], yellow dots [Figure 2]), empty
follicles and white dots. The characteristic hair pattern
noted was micro‑exclamation mark hair (EMH) [Figure 3],
coudability hair [Figure 4], and broken hair. Other less
commonly noted patterns were tulip hair, pigtail hair, short
vellus hair, and leucotrichia. The various follicular patterns,
hair patterns and their incidence in our study are tabulated
in Table 1.

Figure 2: Multiple yellow dots (black arrow) on trichoscopy (50×; polarized
mode)

The interfollicular patterns on trichoscopy showed
arborizing blood vessels in 7/60 (11.67%), honeycomb
pattern in 21/60 (35%) and erythema in 23/60 (38.33%)
cases.
When the activity of the disease on trichoscopy was
studied, the presence of black dots, micro‑ exclamation
mark hair, or coudability hair were considered to have
active disease. 52/60 (86.67%) patients had active
disease and 8/60 (13.33%) had inactive disease on
trichoscopy. The association between the disease
activity on trichoscopy with the follicular pattern on
trichoscopy is depicted in Table 2. It was noted that
black dots showed statistical significance (P = 0.0001)
with respect to the disease activity. Amongst the various
hair patterns noted, micro‑EMH and coudability hair
too showed statistical significance (P = 0.0260 and
0.0020, respectively) with respect to the disease activity
as depicted in Table 3. Among the interfollicular
966

Figure 3: Micro‑exclamation mark hair (black arrow) on trichoscopy (50×;
polarized mode)

pattern, in trichoscopically active cases, honeycomb
pattern was noted in 20/21 (95.24%) cases, erythema in
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21/23 (91.30%) cases and arborizing blood vessels in
6/7 (85.71%) cases.
With respect to the correlation between clinical activity
and activity on trichoscopy, it was noted that 18/25 (72%)
cases that had inactive disease clinically showed active
disease on trichoscopy. The sensitivity and specificity of
trichoscopy in evaluating the disease activity were found to
be 97.14% and 28%, respectively. The correlation between
clinical and trichoscopic activity is highlighted in Table 4.

Discussion
Clinical diagnosis of AA is not difficult at most times,
however, sometimes it becomes difficult to differentiate
it from other conditions such as trichotillomania, telogen
effluvium, and tinea capitis. With respect to disease
activity, there are situations where some patients may have
hair pull test negative but have features of active disease
trichoscopically. Also, black dots or exclamation mark hair
can be missed clinically where trichoscopy would be able
to detect them.
Trichoscopy shows characteristic patterns and these
patterns are used not only to diagnose but also to
assess the activity of the disease. Hence, we undertook
this study to observe trichoscopy features in AA that
correlate the various findings with the activity of the
disease.
Of the 60 patients studied, a male predominance with
39/60 (65%) cases was noted. The age of patients
was between 5 and 54 years with the mean age being
25.2 years. Patchy hair loss was the most frequent clinical
pattern observed in 50/60 (83.3%) cases.

Figure 4: Coudability hair (black arrow) on trichoscopy (50×; polarized
mode)

Follicular pattern
Black dots
Yellow dots
White dots
Empty follicles
Micro-exclamation mark hair
Broken hair
Coudability hair
Short vellus hair
Upright regrowing hair
Pigtail hair
Monolitherex hair
I-hair
Tulip hair
Leucotrichia
Interfollicular pattern
Honeycomb
Erythema
Arborizing blood vessels

Follicular features on trichoscopy in our study showed
yellow dots in 50% of cases. This was much more than
the findings noted by Ankad et al.[2] (30%) but similar to

Table 1: Follicular and interfollicular patterns on trichoscopy
No. of cases present
38
30
7
20
21
8
31
27
25
11
1
2
6
7
Present
21
23
7

%
63.33
50.00
11.67
33.33
35
13.33
51.67
45
41.67
18.33
1.67
3.33
10
11.67
%
35.00
38.33
11.67

No. of cases absent
22
30
53
40
39
52
29
33
35
49
59
58
54
53
Absent
39
37
53

Table 2: Association between disease activity on trichoscopy and follicular patterns on trichoscopy

Follicular pattern
No. of cases showing activity
Black dots
38
Yellow dots
26
White dots
7
Empty follicles
18
*P<0.05 is considered to be statistically significant

%
100.00
86.67
100.00
90.00

No. of cases showing inactivity
0
4
0
2
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%
0.00
13.33
0.00
10.00

Chi-Square
12.9520
0.0000
1.2190
0.2880

%
36.67
50.00
88.33
66.67
65
86.67
48.33
55
58.33
81.67
98.33
96.67
90
88.33
%
65.00
61.67
88.33

P
0.0001*
1.0000
0.2700
0.5910
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Table 3: Association between hair patterns with activity of the disease on trichoscopy

Hair pattern
Activity
Micro-exclamation hair
21
Broken hair
8
Coudability hair
31
Short vellus hair
22
Upright regrowing hair
22
Pigtail hair
9
Monolithrix hair
1
I-hair
2
Tulip hair
5
Leucotrichia
6
*P<0.05 is considered to be statistically significant

%
100.00
100.00
100.00
81.48
88.00
81.82
100.00
100.00
83.33
85.71

Table 4: Association between activity on trichoscopy and
clinical activity

Clinical
Activity on trichoscopy
activity Activity
%
Inactivity
%
Total
%
Active
34
97.14
1
2.86
35
58.33
Inactive
18
72.00
7
28.00
25
41.67
Total
52
86.67
8
13.33
60
100.00
Chi-square with Yates’s correction=5.951 P=0.0150*. *P<0.05
Sensitivity-97.14% specificity-28%

the study by El‑Taweel et al.[3] (55%) and lesser than that
observed by Mane et al.[4] (81.8%). These yellow dots are
representative of keratinous material in the hair follicle and
are considered a sensitive marker for AA.[5]
Black dots represent hairs that break at the level of the
surface of the scalp. In our study, black dots were seen
in 38/60 (63.33%) cases, comparable with the study by
El‑Taweel et al. (65%) but much more than that reported
by Mane et al. (44.66%) and Ankad et al. (20%). In our
study, black dots were the most frequent follicular pattern
seen.
The life cycle of the hair follicle has been divided into
anagen, telogen and catagen phase. A further phase,
exogen refers to the phase where hair shaft is extruded
which is being coincident with the emergence of the new
anagen hair. However, at times instead of being occupied
by a new terminal hair, the follicle remains vacant.[6] This
vacant stage is referred to as kenogen phase. Empty hair
follicles have been previously described in AGA. Presence
of this empty hair follicle suggests that the hair cycle is
in kenogen stage. In our study, a higher incidence of
empty hair follicles was noted in 20/60 (33.33%) cases
as compared to the study by Nikam and Mehta where the
incidence was 16%.[7]
Broken hair is considered a sign of active disease and
commonly seen in severe cases.[5] Our study showed lower
incidence, that is, in 8/60 (13.33%) cases compared to
studies by Ankad et al. (30%), El‑Taweel et al. (40.0%),
and Mane et al. (55.4%) who noticed a higher incidence of
broken hair.
968

Inactivity
0
0
0
5
3
2
0
0
1
1

%
0.00
0.00
0.00
18.52
12.00
18.18
0.00
0.00
16.67
14.29

Chi-square
4.9700
1.4200
9.8670
1.1420
0.0660
0.2740
0.1560
0.3180
0.0640
0.0060

P
0.0260*
0.2330
0.0020*
0.2850
0.7970
0.6010
0.6920
0.5730
0.8000
0.9370

Micro‑EMH is seen commonly in active stages of AA,
however, these are not a distinct feature of AA as they
can be seen in other conditions.[7] This feature in our
study was seen in 21/60 (35%) cases, and showed lower
incidence than the study by Ankad et al. (60%), El‑Taweel
et al. (50%), and a higher incidence than the study done by
Mane et al. (12.1%).
Coudability sign is proposed as a marker of disease
activity in AA.[2,7,8] In our study, this feature was seen
in 31/60 (51.67%) cases which was much higher
when compared with the values in the study by Ankad
et al. (10%). This variation may be due to more number of
active cases encountered in our study.
Pigtail hair represents hair regrowth.[2] This feature in our
study was seen in (18.33%) cases and was comparable to
the study by El‑Taweel, et al. (15%).
Monilethrix‑like hair was seen in 1/60 (1.67%) cases which
is comparable to the incidence in the study by Rudnicka
et al. where incidence was 3%.[9] However, other studies
have not mentioned this feature.
The incidence of tulip hair in AA in the present study was
10%. This significantly varied with the incidence in a study
by Rakowska et al. which showed the incidence of 2%.[10]
In our study, “i hair” was noted in 2/60 (3.33%) patients.
This feature has been mentioned in a study by Malakar
et al.[11]
Amongst the follicular changes, in patients with clinically
active disease black dots and yellow dots were present
in 25/35 (65.79%) cases and 16/30 (53.33%) patients,
respectively. In trichoscopically active disease, black dots
were present in 38/38 (100%) cases and yellow dots were
seen in 26/30 (86.67%) patients. Though in our study both
yellow dots and black dots were seen in active disease,
the presence of black dots showed a significant statistical
correlation with the disease activity. Our results match with
the study done by Inui et al.[5,7]
Among the hair shaft changes, in patients with clinically
active disease, micro‑EMH was present in 16/21 (76.19%)
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of patients and was statistically significant. In patients with
trichoscopically active disease, all patients were found to
have micro‑EMH. This suggests that micro‑EMH acts as a
specific marker of active disease.

Financial support and sponsorship

In patients with clinically active disease, broken hair, and
coudability sign were seen in 62.5% and 67.74% patients,
respectively. In trichoscopically active cases, broken hair, and
coudability sign were also seen in all cases, however, only
coudability sign showed a statistically significant correlation
with the disease activity, suggesting that broken hair and
coudability hair correlates positively with disease activity
with coudability hair being more specific than broken hair.

There are no conflicts of interest.

In our study, the clinical activity of the disease was seen
in 58.33%, however, the trichoscopic activity of the
disease was seen in 86.67%. 18/25 (72%) patients who
had inactive disease clinically showed active disease on
trichoscopy. Also, the sensitivity of trichoscopy in assessing
disease activity was 97.14% with specificity being 28%.
Hence, trichoscopy can act as a reliable and sensitive tool
in assessing the disease activity and thereby aid in early
active intervention.

Conclusion
From our study, black dots and yellow dots were seen
mainly in active disease and the presence of black dots
on trichoscopy showed a significant correlation with the
active disease. Micro‑EMH, coudability hair, black dots,
and broken hair showed a positive correlation with disease
activity on trichoscopy. The presence of micro‑EMH
correlated significantly in both clinically and trichoscopically
active disease. Though both broken hair and coudability
hair correlated positively with disease activity, coudability
hair was found to be more specific. Many patients who had
clinically inactive disease were found to have an active
disease on trichoscopy. Hence, trichoscopy would aid in
diagnosing AA and acts as a highly accurate and sensitive
method for detecting disease activity.
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CASE REPORTS

A rare case of right‑sided varicocele
in right renal tumor in the absence of venous
thrombosis and IVC compression
Priyabrata Adhikari, Siddalingeshwar I. Neeli*

and Shyam Mohan

Abstract
Background: The presence of unilateral right-sided varicocele hints at a serious retroperitoneal disease such as renal
cell neoplasm. Such tumors are usually associated with a thrombus in renal vein or spermatic vein. We report a rare
presentation of right-sided renal tumor causing right-sided varicocele in the absence of thrombus in renal vein and
spermatic vein but due to an anomalous vein draining from the tumor into the spermatic vein as demonstrated by
computed tomography angiogram.
Case presentation: A 54-yr-old hypertensive male presented with unilateral grade 3 right-sided varicocele and no
other signs and symptoms. Ultrasound examination of his abdomen showed the presence of a mass lesion in the
lower pole of right kidney. Computed tomography confirmed the presence of right renal mass, absence of thrombus in right renal vein or inferior vena cava. The angiographic phase of CT scan showed an anomalous vein from the
tumor draining into the pampiniform plexus causing varicocele.
Conclusion: The presence of right-sided varicocele should raise a suspicion hidden serious pathological retroperitoneal condition, renal malignancy in particular, and should prompt the treating physician to carry out imaging studies
of the retroperitoneum and careful study of the angiographic phase of the CT scan can ascertain the pathogenesis of
the varicocele.
Keywords: Varicocele, Renal tumor, Retroperitoneal tumor
1 Background
The incidence of RCC has increased since 1970s by an
average of 3–4% per year, largely related to the more
prevalent use of USG and CT for the variety of presentations [1]. The common presentations of RCC are—
macroscopic hematuria, flank pain, abdominal mass,
lumbago, weight loss, malaise, paraneoplastic syndromes
[2]. Varicocele is a rare presentation of RCC, especially
on the right side [3]. The etiology of a right-sided varicocele includes impairment of the venous drainage of
the pampiniform plexus by venous thrombosis, tumor
invasion, or extrinsic compression by an intraabdominal
*Correspondence: sineeli@gmail.com
Department of Urology, Jawaharlal Nehru Medical College, KLES Dr
Prabhakar Kore Hospital and MRC, Nehrunagar, Belagavi 590010, India

tumor [3]. We report a rare case of right-sided varicocele
caused by right renal cell carcinoma tumor secondary to
a vein draining the tumor into the right spermatic vein
and not due to any compression or tumor thrombus in
right renal vein, inferior vena cava or right testicular vein.

2 Case presentation
A 54-year old well controlled hypertensive male presented with painless, non-reducible swelling over
right scrotum of one-month duration. He had no urinary complaints or fever. Physical examination of the
patient revealed distended veins visible on the lateral
aspect of right side of scrotum and thickened right
cord with bag of worm feel on palpation which distended further on Valsalva maneuver suggestive of unilateral grade 3 right-sided varicocele (Fig. 1). Rest of

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
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is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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Fig. 1 a Unilateral grade 3 right varicocele; b Visible dilated veins over right scrotum

the clinical examination was within normal limits. His
hemoglobin was 11 g/dL, total WBC count was 11,200
cells/mm3 with 78% neutrophils (absolute neutrophil count of 8736 cells/mm3), and platelet count was
4 × 105 cells/mm3. He had serum creatinine of 1.1 mg/
dL, serum calcium of 10.2 mg/dL and liver functions
were within normal range. His urine examination was
unremarkable. Ultrasound examination of the scrotum
confirmed the presence of grade 3 varicocele and that
of the abdomen showed a heterogeneous mass arising
from the posterior aspect of lower pole of right kidney, suspicious of a malignant neoplasm. A contrast
enhanced computed tomography (CECT) scan of the
abdomen confirmed the presence of well-defined heterogeneously enhancing lower polar mass in the kidney
measuring 6.7 × 6.5 × 5.4 cm. No evidence of venous
thrombosis or compression by tumor of the inferior
vena cava, renal vein or spermatic vein was noted.
No abdominal lymphadenopathy or intraabdominal
metastases were found. The angiographic phase of
the CT scan showed the tumor being hypervascular
(Fig. 2) and an abnormal vein arising from the mass and
draining into right spermatic vein, which was seen to
be dilated and tortuous and resulting in the clinically
evident right varicocele (Fig. 3). The diameter of the
internal spermatic vein above the point of insertion of
the anomalous vein was 3.8 mm and below the insertion it was 6.08 mm., while the diameter of anomalous
vein draining the tumor was 5 mm. High-resolution CT
(HRCT) of thorax showed randomly distributed nodular lesions in the superior segment of right upper lobe
and lateral basal segment of left lower lobe suggestive
of pulmonary metastases (Fig. 4). The biopsy from the

Fig. 2 Arteriographic phase showing leash of blood vessels
supplying the tumor suggestive of hypervascularity/neovascularity
of the tumor

renal mass suggested clear cell carcinoma (cT1bN0M1).
In view of the presence of pulmonary metastases and
the patient falling into intermediate risk category on
IMDC risk model, he was started on sunitinib. After
6 months of follow-up, the patient continues to be
asymptomatic and his right varicocele is persistent and
has remained the same in size.
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Fig. 3 Multiplanar reconstruction (MPR) images of CECT of abdomen showing an anomalous vein draining the right renal cell carcinoma into the
right spermatic vein and resulting in right varicocele

Fig. 4 HRCT of thorax showing nodular lesions suggestive of
pulmonary metastasis

3 Discussion
Varicocele is defined as dilation of the pampiniform
venous plexus draining the testicle [3]. Its diagnosis is
primarily done by physical exam of the scrotum. Clinically the varicoceles are graded as follows: grade I varicocele (palpable only during Valsalva maneuver), grade II
(palpable in the standing position), and grade III (visible
without palpation). Among healthy men, the incidence of

varicoceles varies from 8 to 22% [3]. Nearly 93% varicoceles occur on the left side, while 25% are bilateral [4]. This
occurs due to certain anatomical relationship between
left renal vein and left testicular vein.
The etiology of varicoceles is multi-factorial. The common causes for left-sided varicocele include absent or
incompetent venous valves, perpendicular insertion of
internal spermatic vein into the left renal vein and nutcracker-like compression of the left renal vein between
the aorta and superior mesenteric artery. On the other
hand, the insertion of the right spermatic vein into the
vena cava in an oblique orientation protects it from the
high pressures of the vena cava. The right-sided varicoceles result from impairment of drainage of the spermatic
vein either by a thrombus or compression [3, 4].
One clinical consequence of infrequency of solitary
right varicocele is that should one be identified, retroperitoneal pathology such as renal tumor should be considered, especially if it is of abrupt onset [4]. While the
reported incidence of varicocele in renal cell carcinoma
varies from 0.6 to 11.4%, the association of an isolated
right varicocele and renal tumors is sparsely documented
[5]. Various mechanisms have been described for the formation of right-sided varicocele in association with renal
cell carcinoma such as extension of tumor thrombus into
the spermatic vein with or without thrombus extending into inferior vena cava, invasion of right renal vein
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by the tumor causing dilatation of the gonadal vein and
obstruction of inflow into duplicated testicular vein due
to renal vein thrombus [6–9]. In the present case of right
varicocele is caused by RCC without any involvement of
tumor thrombus in IVC, right renal vein, right testicular
vein and/or without any IVC compression by the tumor.
In our report this patient has an anomalous vein draining
the hypervascular right renal tumor to the right testicular
vein causing dilatation and tortuosity as demonstrated by
the CT angiogram. Parker et al. have reported a similar
case where they used a varicocelogram to show increased
flow from a venous tributary draining the tumor into
the testicular vein resulting in right-sided varicocele [9].
Kulesza et al. [10] have reported an anatomical variation
in which a venous tributary from the right pampiniform
plexus drains into the right renal vein after traversing
through the renal parenchyma and another tributary
that drains into the right subcostal vein. They believed
that these venous tributaries are remnants of a persistent
subcardinal vein and an anastomosis of the supracardinal and subcardinal veins which was enmeshed into the
growing metanephros. As these variant veins were found
to have no valves, they postulated that these vessels may
provide a venous channel for metastasis of renal cancer
to the ipsilateral testis or for spread from testicular cancer to the ipsilateral testicle.
Parker et al. [9] documented reduction in the size of
the varicocele after nephrectomy along with excision of
the lateral venous tributary which was draining into the
testicular vein. However, in the present case nephrectomy was not performed as the patient had pulmonary
metastases at presentation. The hypervascularity of the
tumor and the presence of anomalous veins may have
caused hematogenous spread of the tumor resulting in
pulmonary metastases in spite of the tumor being less
than 7 cm (T1 tumor) and no obvious lymphadenopathy
on the CT scan.

4 Conclusion
The present case reiterates the fact that despite poor
understanding of pathophysiology of the occurrence of
right-sided varicocele, its presence points toward a hidden serious pathological retroperitoneal condition such
as renal neoplasm and should prompt the treating physician to carry out relevant imaging studies and careful study of the angiographic phase of the CT scan can
ascertain the pathophysiology of the varicocele.
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Introduction

Case Report

Primary malignant non-Hodgkin lymphoma (NHL) of the prostate, presenting as primary extranodal lymphoma, is very rare and
so is the secondary spread of lymphoma to the prostate from
other sites. The diagnosis of NHL in extranodal locations such
as the prostate is challenging as carcinoma is known to mimic
lymphoma on histologic examination [1, 2]. Several experts had
challenged the existence of primary extranodal prostatic NHL
due to the paucity of lymphoid tissue in the prostate [1, 3].
However, rudimentary lymphoid nodules [4] and extra medullary hematopoiesis [5] have been recognized in the prostate.
Moreover, histologic documentation of cases with involvement
limited to the prostate without retroperitoneal lymph node involvement has confirmed the existence of NHL primary to the
prostate. To label any lesion as a primary prostatic lymphoma,
Bostwick et al. [1] suggested three criteria that include (1) symptoms attributable to prostatic enlargement and tumor limited to
the prostate and adjacent soft tissues; (2) involvement of the
prostate predominantly, with or without involvement of adjacent
tissue [6]; and (3) absence of involvement of the liver, spleen, or
lymph nodes within 1 month of diagnosis of the prostatic involvement [7]. We report a case of primary non-Hodgkin lymphoma of the prostate in a 73-year-old male.

A 73-year-old male was admitted to the urological services of the
hospital, with acute retention of urine. He was catheterized and
referred to our hospital. He was known to be having lower urinary tract symptoms for over past 3 years. There was no history
of any systemic symptoms like fever, weight loss, or night
sweats. Clinical examination was unremarkable. Routine hematological and biochemical investigations were within normal
limits except elevated serum PSA levels (46.83 ng/ml). A
transabdominal sonography revealed an enlarged prostate of
147 cc. There was a well-defined echogenic area in the region
of left lateral lobe measuring 3.5 × 3.1 cms (Fig. 1).
Multiparametric magnetic resonance imaging (MRI) revealed a
grossly enlarged prostate measuring 7.0 × 6.1 × 6.5 cms (Fig. 1b,
c, d). The intravesical portion measured 1.4 cms. Transition zone
showed multiple well-defined T2 intense, heterogeneously enhancing nodules, with no areas of diffusion restriction on DW1
sequence. There was a large nodule measuring 3.3 × 3.4 × 3.6
cms on the left side causing mass effect on posterior wall of the
urinary bladder. Computed tomography of the abdomen and
pelvis showed no evidence of hepatosplenomegaly or lymph
node enlargement (Figs 2 and 3).
A TRUS (transrectal ultrasonography) guided 12 core biopsy was done, and the histopathological report suggested
benign prostatic hyperplasia. In view of the patient having
retention of urine in spite of giving catheter free trials, it was
decided to do a transurethral resection of the prostate (TURP).
Following TURP, the patient voided well with a maximum
flow of 25.80 ml/s and a residual of 23 mL. Post TURP, the
serum PSA decreased to 1.9 ng/mL.
Histopathological examination of the TURP chips was
done carefully to include all representative areas.
Microscopy of the studied sections showed sheets of
small round blue cells infiltrating into the prostatic stroma. Cells were small to medium in size with high
nucleus:cytoplasm ratio. Occasional cells showed cleaved
nuclei. Mitotic activity appeared sparse. Immunohistochemistry showed that the cells expressed (cluster
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Fig. 1 a USG shows a huge
prostate with a well-defined
echogenic area 3.5 × 3.1 cms. b,
c, and d. MRI imaging shows
grossly enlarged prostate
measuring 7.0 × 6.1 × 6.5 cms.
Transition zone shows multiple
well-defined T2 intense modules.
A large 3.3 × 3.4 × 3.6 cms
nodule on the left side

of differentiation) CD45, CD20 (pan B cell marker), and
BCL-2 (protein expressed by follicular lymphoma). The
cells were negative for cytokeratin, PSA, and AMACR
(alpha methyl acyl co-enzyme A racemase). The Ki-67
proliferative index was less than 10%. These features
were suggestive of follicular variant of non-Hodgkin lymphoma (grade II).
Patient was referred to medical oncology services for further management; however, he refused further treatment.

Fig. 2 a H & E staining × 40
shows prostatic stroma on the
lower side of the image (thin
arrow) and sheets of lymphocytes
in the upper half of the image
(thick arrow). b H & E staining ×
400. Cells of small to medium
size with high nucleus to
cytoplasm ratio. Occasional cells
show cleaved nuclei

Discussion
Primary non-Hodgkin lymphoma of the prostate is a very rare
lesion and comprises about 0.1% of all non-Hodgkin lymphomas (NHLs) and 0.09% of all prostatic malignancies [8].
Diagnosis of primary NHL of the prostate is based on a combination of factors that include the patient’s symptoms, computed tomography (CT), magnetic resonance imaging (MRI),
and histopathological examination. Patients with NHL of the
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Fig. 3 a IHC study shows positivity for CD 20; b BCL-2 positive; c CD45 positive; d CD3 stains background T cell; e Ki-67 proliferative index less than
10%; and f IHC negative for CK, PSA, AMACR, chromogranin, CD3, cyclin D1, and BCL-6

prostate usually present with lower urinary tract symptoms
with frequency and urgency being the most common symptoms. The prostate is hard on digital examination, but not as
hard as the typical prostate carcinoma [9].
The serum acid phosphatase value and PSA in general are
usually within the normal range. However, Tomaru et al. reported on an 84-year-old patient, diagnosed with a primary lowgrade B cell lymphoma of the prostate, who had a very high
PSA (903 ng/ml) which decreased to 8.6 ng/ml 3 months after
transurethral resection of the prostate (TURP) [10]. Similarly
Oosterheert et al. recently reported on another follicular NHL
of the prostate which had high levels of serum PSA (62 ng/ml)
and decreased to the normal level after lymphoma-specific treatment [11]. Ultrasonography, CT, and MRI scan appearance of
the lesion is non-specific but maybe helpful to stage the lesion.
Our patient too had an elevated serum PSA prior to TURP,
which decreased following the surgery.
Histopathological examination is the only way to obtain an
accurate histological diagnosis. Differential diagnosis includes
prostatitis, prostate cyst or abscess, small cell carcinoma,
lymphoepithelioma-like carcinoma, and Hodgkin lymphoma
(HL) [9]. It is important to remember that a NHL may coexist

with prostate adenocarcinoma [7, 12], and occasionally prostatic
adenocarcinoma is known to mimic a malignant lymphoma, especially when it presents with generalized lymphadenopathy
[13]. Kumar et al. reported a similar case wherein a 62-year-old
male presented with symptoms of prostatism [14].
Diagnosis of this lesion depends on high index of suspicion, especially in younger and middle-aged men who have a
refractory “prostatitis” which does not respond to any antibiotic therapy. Early and appropriate treatment in these patients
can increase the survival and improve the quality of life.
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Abstract
Purpose The management of urinary tract calculi has evolved dramatically in children with the development of smaller and
more durable endoscopic equipment. The indications for therapeutic ureteroscopy in children have significantly expanded
with the availability of smaller caliber endoscopes and Holmium:YAG laser. In this paper, we review our experience of the
management of urolithiasis and report outcomes of therapeutic ureterorenoscopy (URS) in children younger than 60 months.
Methods We retrospectively reviewed the inpatient, outpatient records, and imaging data of our hospital, of all children ≤ 60 months of age undergoing URS for the treatment of urinary stones.
Results During the study period; 77 children, mostly male (70.1%) presenting with a single calculus and a mean age of
28.97 ± 2.44 months underwent therapeutic URS. A majority of children (71.4%) had lower or mid-ureteric calculi. Pre
URS double J (DJ) stenting was necessary for 21 (27.2%) children. A total of 24 (31.1%) children needed ureteric dilatation
before the ureteroscopy. Post URS DJ stenting was necessary in 41 (53.2%) children. Stents were retrieved within 10 days
of the procedure. Stone clearance rate following a single-stage URS procedure was 94.8%, and 4 (5.2%) children needed
additional shockwave lithotripsy (SWL) to achieve stone clearance. Overall complication rate including hematuria and fever
was 12.9% (10 patients).
Conclusion Therapeutic ureterorenoscopy in the management of ureteric and selective renal pelvic calculi is safe and effective. It can be considered as the first-line therapy in young children.
Keywords Pediatric urology · Urolithiasis · Ureterorenoscopy · Laser lithotripsy

Introduction
There has been a dramatic increase in the incidence of urolithiasis in children in more recent years, especially among
adolescents without known metabolic disturbances [1]. Diets
rich in sodium and carbohydrates may contribute to the formation of urinary stones in this cohort of children. Still,
there is yet no clear evidence that supports one etiologic
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theory. Younger children with Dent disease, Primary Hyperoxaluria, or Lesch-Nyhan Syndrome, have metabolic risk
factors [2]. Diabetes and Hypertension, too, are risk factors
for the development of nephrolithiasis in children younger
than 6 years [3].
The management of urinary tract calculi has evolved
dramatically in children in the last two decades, motivated
by adopting and applying adult endourologic methods. The
most important catalyst in the evolution of surgical advancement has been the development of smaller and more durable endoscopic equipment. This advance has allowed more
straightforward endourologic treatment in children at an earlier age [4]. The indications for ureteroscopic management
of upper tract calculi in children have significantly expanded.
Combination of new endourologic instrumentation and
Holmium:YAG (Yttrium–Aluminium–Garnet) Laser has
made the treatment of calculus disease throughout the entire
pediatric urinary tract effective, safe, and readily available
in the acute setting [5–7].

13

Vol.:(0123456789)

Author's personal copy
Pediatric Surgery International

Ishii et al. conducted a systematic review using studies
reported between January 1990 and May 2013 [8]. A total
of 14 studies (1718 procedures) were reported in patients
with a mean age of 7.8 years. The mean stone burden was
9.8 mm, and the mean stone-free rate (SFR) 87.5% with
initial therapeutic ureteroscopy (URS). To assess the impact
of age on failure rate and complications, studies were subcategorized into those that included children with either
a mean age < 6 years (four studies, 341 procedures) or a
mean age > 6 years. (10 studies, 1377 procedures). A higher
failure rate (4.4 vs. 1.7%) and a higher complication rate
(24.0 vs. 7.1%) were observed in children whose mean age
was < 6 years. These complications included false passage,
submucosal guide-wire, ureteric perforation, stone migration
in the intra-op period; residual stones, ureteric strictures and
late vesico-ureteric obstruction in the post-op period.
This made us look back at our series of young children
undergoing therapeutic URS with the purpose of analysing
the outcomes in terms of its safety and efficacy. In this paper,
we report our experience with use of various small-calibre
endoscopes and energy sources, indications and methods of
ureteric dilatation and indications for insertion of a double
J stent and complications associated with therapeutic URS.

Materials and methods
We retrospectively viewed the inpatient, outpatient records,
and imaging data of our hospital, of all children ≤ 60 months
undergoing ureteroscopy for the treatment of urinary stones.
Our hospital being a tertiary-care referral center, most children presented with history of receiving medical management by the local doctor/pediatrician. Hence most children
underwent therapeutic intervention at our center with goal of
stone clearance. Children not responding to or symptomatic
in spite of medical management were selected for surgical
therapy. A 4 Fr. Apple™ or a 4.5/6.5 Fr. Wolf™ semi-rigid
ureteroscope was used in all the children with a lower/midureteric calculus. There was no preference given to a particular ureteroscope as both were of almost similar caliber.
In children with upper ureteric/renal pelvic calculi, a 6 Fr.
Storz ™ flexible ureteroscope was used in case the semirigid ureteroscope was challenging to negotiate or reach the
calculi. Decision for pre-stenting was taken intra-op by the
operating surgeon depending upon the difficult encountered
during introduction of ureteroscope (gripping of scope) and
edematous ureteric mucosa. Pneumatic (ballistic) lithotripsy
was used in most of the cases for stone fragmentation. Laser
lithotripsy (Ho: YAG) was used specifically in children
with upper ureteric or renal pelvis stone (along with flexible ureteroscope) to dust the stone and lessen the chances
of retropulsion.
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Post-ureteroscopy stenting was carried out in cases based
upon duration of procedure, presence of small fragments
in ureter after lithotripsy, edematous ureteric mucosa and
presence of visible ureteric trauma (mucosal injury). All
the procedure related complication were documented in the
operative records. Procedure failure was defined as inability
to pass ureteroscope and retropulsion of calculus from ureter requiring shock-wave lithotripsy in the post-op period.
Ureteric stents were left in-place for 7–10 days; extraction strings were not used in any of the cases. All children
received post-operative antibiotics for 3 days in uncomplicated cases and 7 days for complicated cases. Stone-free
status was defined as absence of calculus/residual fragments
in imaging studies (ultrasonography and X-ray KUB) on
follow-up.
The following variables were noted and analyzed; stone
size and location, children demographics (age and sex),
type of anesthetic used, number and type of procedures performed, method of stone extraction, use of stents (pre- and
post-operatively), stone-free rates (SFRs), procedure failures, procedure-related complications and hospital length of
stay. Major complication was defined as any complication
which required hospital re-admission, urinoma formation,
subcapsular hematoma, bleeding or ureteric clot colic in
patients without stent.

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

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

Results
During the study period January 2005 till December 2019,
77 children aged ≤ 60 months with a single calculus underwent therapeutic ureteroscopy under general anesthesia
(GA) to treat ureteric and select renal pelvic calculi (renal
pelvic calculi alone ≤ 20 mm) at our hospital. The mean age
was 28.9 ± 2.4 months, and 54 (70.1%) of the patients were
males (Table 1).
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Table 1  Age distribution of the children undergoing therapeutic ureterorenoscopy
No Age (Mean ± SD)

Male

Female

Total

1

15

03

18

21

11

32

18

09

27

2
3

≤ 18 months
(13.1 ± 2.39)
19–36 months
(27.34 ± 5.19)
≥ 37 months
and ≤ 60 months
(46.48 ± 7.26)
Mean age (± SD) of
study cohort: 28.97
(± 2.44) months

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

Abdominal pain, vomiting and fever were the most common presenting symptoms. Ultrasonography and plain X-ray
of the kidney ureter and bladder (KUB) region were done
as a primary imaging and screening procedure in all children. Computed tomography plain alone or with contrast
was done in 23 (29.8%) children, which included all children
with calculi in the renal pelvis (Fig. 1a, b). Most children
underwent ultrasonographic imaging in the pre-operative
workup; however, CT scan was done as a requirement for
insurance (Govt. scheme) cases. Children presenting in
emergency (casualty) were initially managed with intravenous hydration, analgesics for symptomatic treatment. Surgical intervention was undertaken based on response to medical treatment and imaging findings. The location of the stone
is detailed in Table 2. The mean stone size was 9.8 ± 2.4 mm.
A 4 Fr. Apple™ ureteroscope or a 4.5/6.5 Fr. Wolf ™
semi-rigid ureteroscope was used in all the children with
a lower/mid-ureteric calculus (Fig. 2a). In children with
upper ureteric/renal pelvic calculi, a 6 Fr Storz ™ flexible
ureteroscope was used in case the semi-rigid ureteroscope

Table 2  Location of the calculi in urinary tract
No

Location

Right side

Left side

Total

1
2
3
4

Lower ureter
Mid Ureter
Upper Ureter
Renal Pelvis
Total

17
16
06
05
44 (57.1%)

14
08
07
04
33 (42.8%)

31
24
13
09
77

was challenging to negotiate or reach the calculi. Pre URS
double J (DJ) stenting was necessary for 21(27.2%) children
(11 children below the age of 18 months) The indications
for pre-URS DJ stenting included children with renal pelvic
calculi, children in whom the ureter was tight enough not
to permit the introduction of the ureteroscope. All children
undergoing pre-URS DJ stenting underwent therapeutic
URS, 1 week later (Table 3).
A total of 24 (31.1%) children needed ureteric dilatation
before the introduction of the ureteroscope. Dilatation of
ureteric orifice and lower ureter was done using Teflon ureteric dilators size 3, 5, and 7 Fr. Pneumatic lithoclast alone
was used to fragment the calculi in 46 children, Holmium
laser alone was used in 19 children, and both were used in
the remaining 12 children. Fragments of calculi (Fig. 2b)
were retrieved in 30 children and sent for chemical analysis.
Post URS DJ stenting was performed in 41(53.2%) children,
and the indications for the same were incomplete fragmentation, ureteric puncture injuries, and gross ureteric edema.
Complete stone clearance was achieved in a single setting
in all children with lower and mid ureteric calculi (55 children), 18 of the 22 children with upper ureteric/renal pelvic
calculi. The stone clearance rate following a single procedure of URS was 94.8%. The remaining 4 (5.2%) children
underwent shockwave lithotripsy (SWL) to clear the small

Fig. 1  a, b Coronal (1a) and
axial (1b) cuts of computed
tomography of KUB (Kidney,
ureter and bladder) region
revealing moderate right
hydroureteronephrosis due to a
lower ureteric calculus (white
arrow) measuring 1.2 cm in
largest dimension with an avg.
Hounsfield Unit (HU) + 886
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Fig. 2  a Semi-rigid pediatric ureterorenoscope (4.5/6 Fr) with a 200 µ laser fibre (inset, white arrow) used for intra-corporeal laser lithotripsy. b
Intra-operative image showing fragmented calculi (white arrow) with a guide-wire in situ
Table 3  Details of Therapeutic
Ureterorenoscopy

No

Age

Pre URS DJ stenting

Ureteric Dilatation

Post URS DJ stenting

1
2
3

≤ 18 months (18)
19–36 months (32)
37–60 months (27)
Total

11
06
04
21 (27.2%)

04
15
05
24 (31.1%)

18
12
11
41 (53.2%)

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

Discussion
Younger children (pre-school) usually are unable to locate
the exact site of their pain and cannot adequately communicate its character or severity. Common presenting symptoms
in this age group include crying, anxiety, vomiting, hematuria, traces of blood or small stones on the diaper, or recurrent
urinary tract infection (UTI) with painful micturition. Imaging modalities like contrast computed tomography (CT), CT
urogram, intravenous urogram, which are commonly used in
adults, are not always applicable to children because of their
association with radiation, which is a matter of concern as
children are known to have a high risk for recurrence [9].
The ALARA protocol (As Low as Reasonably Achievable),
which aims to limit X-ray tests in children, is practiced by
most Paediatric Urologists [10].
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Continuing advances in the design of ureteroscopes and
ancillary instruments over the past few decades have resulted
in miniaturization and increased durability of the small
caliber rigid, semi-rigid, and flexible ureteroscopes that
are used in children. Simultaneous improvement in video
technology coupled with improved optics has enhanced
the ability of the pediatric urologist to evaluate and treat
calculi, even the smallest of patients. Reddy and Defoor
[11]. systematically reviewed several articles about ureteroscopy, published in the contemporary urological literature
(1990–2009), and reported a stone-free rate of 93.4%, and
a 5.9% complication rate in over 832 cases. The stone-free
rates of URS were superior to those obtained with the published success rates with ESWL. Our study, too, demonstrates that the stone-free rate following a single sitting
of therapeutic URS was 94.8% in children ≤ 60 months.
Similarly, several experts have reported high success rates
(80–90%) with ureteroscopy (Table 4).
A wide range of ureteroscopes have been utilized by various experts, as shown in Table 4 and similarly, the stone
fragmenting device (ballistic, laser, ultrasound). The indications for pre-URS double J stenting and post URS double
J stenting have varied among the various experts. Halinski
et al. [9]. observed no complications, such as ureteral stricture formation or VUR appearance during the follow-up
period [13]. However, long-term follow-up and prospective studies are necessary to confirm these results. It is also
important to note that children undergoing a double J stenting suffered less from colics post-operatively than those who
had no stenting [9]. In the study by Halinski et al. eight out
of ten children who did not undergo stenting suffered from
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Table 4  Outcomes of ureterorenoscopy in various series
S.No Study

Age

No. of cases Size of URS (Fr) Meatal/ureteral dilata- Stone-free Rates
tion

1

Our study

28.9 m

77

2

Koura et al. 2007 [7]

5.2 years 22

6/7.5

3

De Dominis et al.
2005 [12]
Schuster et al. 2002
[13]

7.2 years 17

7.5

9.2 years 25

6.9 or 8

El-Assmy et al. 2006
[14]
Raza et al. 2005 [15]

8.7 years 32

8

5.9 years 35

6.8

Taha et al. 2018 [16]
Halinski et al. 2019
[9]

< 4 years 42
28.2 m
87

7.3
4.5 or 6

4
5
6
7
8

4 or 4.5/6

colicky pain in post-operative period. None of the patients
with stent had colicky pain [9].
Metabolic evaluation of the child following removal of
the stone is essential as the stones could be the first manifestation of numerous underlying pathologies and metabolic
disorders. Hypercalciuria and hypocitraturia are known to
increase the risk of nephrolithiasis in 75– 84% of children
with such a presentation [17, 18]. Low urinary volume
is also a contributing factor and should not be forgotten.
Increased intake of dietary sodium and drinking less water
are well-known risk factors for renal stones [19]. Excessive
animal protein and sugar intake are also known contributing factors, and so is obesity in adolescents [17, 20]. Other
risk factors include taking calcitriol, steroids, antiretrovirals, vitamin C and D. Inflammatory bowel disease, cystic
fibrosis, and renal dysplasia are also associated with renal
stone formation [9]. Miniaturization of ureteroscopes and
easy availability of safety wires, DJ stents, and high-end
visualization cameras has made the treatment of even the
smallest patients possible, safe, and effective. Although the
diagnosis and treatment of ureteric and select renal pelvic
calculi in pre-school children are challenging, it is feasible
and effective with therapeutic ureteroscopy.

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

31.1%

Complications

94.8%

12.9% (Hematuria 4,
fever 6)
All cases (9 Fr, Teflon 90% (Single URS) Hematuria (1), Pyelonedilator)
phritis (1)
2 cases (6 – 9 Fr)
94.1%
No major complications
All cases (Balloon
dilatation)

92% (Single URS) Stent migration (1),
Pyelonephritis (1),
Grade I VUR (2)
31.2% (Balloon dilata- 90.7%
Intra-op (9.3%)
tion)
Post-op (6.25%)
5.7% (PTFE dilators) 72–100%
Mucosal tear (1), Stricture (1)
–
69.9%
30.1%
–
86–91%
9.2%

Conclusion
Therapeutic ureteroscopy in the management of ureteric
and selective renal pelvic calculi is safe and effective. It
should be considered as first-line therapy in children with
ureteric and select renal pelvic calculi.
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Reliability and Validity of Clinical COPD Questionnaire and Chronic
Respiratory Questionnaire in Patients with COPD using Tiotropium
Over a Period of 26 Weeks
Gajanan S. Gaude, Mitchelle Lolly, Jyothi Hattiholi and Bhagyashri Patil
Department of Pulmonary Medicine, J.N. Medical College, Belgaum, Karnataka, India
Abstract
Objectives. Patient-centred outcomes, such as health-related quality-of-life (HRQoL) are as important as improvement
in the lung function for the optimal management of the patients with chronic obstructive pulmonary disease (COPD).
Questionnaires used to assess HRQoL of the patients with COPD should have good reliability, validity and responsiveness.
The aim of this study was to investigate and compare the reliability, validity and responsiveness of the Clinical COPD
Questionnaire (CCQ) and Chronic Respiratory Questionnaire (CRQ) in patients with mild-to-moderate COPD taking
tiotropium.
Methods. Seventy-one newly diagnosed patients with mild-to-moderate COPD according to Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria were included in the study and started on tiotropium (18mcg Transcaps/9mcg
metered-dose inhaler), as tiotropium improves the quality-of-life in patients with COPD. Lung function tests were done
with a spirometer. The CCQ and CRQ were completed for these patients along with a proforma. Patients were then
followed up to 26 weeks with repeat questionnaires and spirometry.
Results. Sixty-six patients were analysed as five patients were lost to follow-up. The CCQ was found to be more reliable as
compared to CRQ with a Crohnbach’s alpha of 0.88. The total score of CCQ and CRQ at baseline were able to discriminate
between the GOLD stages making both CCQ and CRQ valid. The CCQ and CRQ were responsive at 8 weeks, 16 weeks
and 26 weeks in all domains after the administration of tiotropium as compared to baseline.
Conclusions. The CCQ was observed to be more reliable than CRQ. Moreover, the CCQ is easier to administer
and interpret compared to CRQ. Therefore, CCQ is better than CRQ for the optimal management of COPD;
however, both the questionnaires can be used for future studies involving patients with mild-to-moderate COPD.
[Indian J Chest Dis Allied Sci 2020;62:197-201]

Key words: COPD, Clinical COPD Questionnaire, Chronic Respiratory Questionnaire, Quality-of-life

Introduction
Chronic obstructive pulmonary disease (COPD) is one
of the leading causes of morbidity and mortality in the
industrialised and developing countries. It is estimated
that the total deaths due to COPD are projected
to increase by more than 30% in the next 10 years,
making it the third leading cause of death by 2030.1
The prevalence of COPD in India is about 3.7% with an
estimated burden of about 1.5 crore cases.2
According to Global Initiative for Chronic
Obstructive Lung Disease (GOLD) management
guidelines3, primary aim of the treatment of COPD
patients is to reduce the symptoms and the future risk
of exacerbations; while improving the health-related
quality-of-life (HRQoL). The HRQoL assessment is as

important as lung function measurement in patients
with COPD to evaluate the effectiveness of therapeutic
interventions. It is important to appreciate that a
relatively small change in the lung functions may not
always reflect the impact of the disease or intervention
on patients’ physical and psychological well-being.
There was an urgent need for the development of simple
tools that will help the clinicians, not only to focus
on the clinical status of the airways, but also activity
limitation and emotional dysfunction. The clinical
COPD questionnaire (CCQ) and clinical respiratory
questionnaire (CRQ) are health status instruments
that give sensitive and specific information about the
frequency and severity of the symptoms and physical
and emotional well-being of the patient.
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Although there are a number of questionnaires,
the CCQ and CRQ are simple, short and available in
many translations. These can be filled by the patients
themselves, thereby allowing the physicians to assess
the health quality accurately and optimise the disease
management. The CCQ and the CRQ-SR (‘self-reported’
used in this study) are both reliable and valid.4,5
Tiotropium is a once daily, inhaled, long-acting
anticholinergic drug that provides 24-hour improvement
in the airflow and hyperinflation in patients with
COPD. Tiotropium has shown an improvement in
patients with COPD, which can consistently translate
into improvement in lung function, exercise tolerance,
and HRQoL.6 Hence, it was used to assess the reliability
and validity of the CRQ and CCQ.6 Therefore, the
present study was undertaken to assess the reliability
and validity of the CCQ and CRQ-SR in patients with
COPD taking tiotropium over a period of 26 weeks.

Material and Methods
The present study was a prospective study done over a
period of one year in a tertiary care hospital. The data
was collected from the patients who were diagnosed to
have COPD, as per GOLD guidelines in the out-patient
department of Pulmonary Medicine at KLE’S Dr
Prabhakar Kore Hospital and Medical Research Centre,
Belagavi. Universal sampling technique was used and
the sample was collected by including consecutive
COPD patients according to the inclusion criteria in 1:2
proportion. The sample size was calculated by using
the formula: N = Distribution of 50%/ (Margin of error
%/confidence level score).2
Patients of more than 40 years of age having mild,
moderate and severe COPD according to GOLD criteria
(GOLD stage 1-3) and started on tiotropium (18mcg
Transcaps/9mcg metered-dose inhaler) for ≤2 months
from the outpatient clinic were enrolled in the study.
Details about the age, gender, height, weight, body
mass index (BMI), presenting symptoms, past history
and duration of COPD, history of smoking, presence
of co-morbidities, such as diabetes, hypertension;
and previous history of hospitalisation were obtained
through a questionnaire.
Patients with very severe COPD (GOLD 4: forced
expiratory volume in one second (FEV1) <30%),
psychiatric disease, history of asthma, allergic rhinitis
or atopy, patients on oral corticosteroids for COPD and
significant psychiatric ailments were excluded from
the study. The study was approved by the Institutional
Ethical and Research Committee. The selected patients
were briefed about the study and written informed
consent was obtained.
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Lung function tests were done at baseline, such as
post-bronchodilator FEV1, forced vital capacity (FVC)
and FEV1/FVC ratio were recorded. The CCQ and CRQ
were completed for these patients at baseline. The total
scores and the individual domain scores in each of the
questionnaire were calculated and recorded. Patients
were then followed-up at the end of 8th week, 16th
week and 26th week with repeat questionnaires and
spirometry in the outpatient department.

Statistical Analysis
The reliability of the questionnaires was assessed by
calculating the Crohnbach’s alpha for each item in the
questionnaire. A Cronbach’s alpha of more than 0.70
was considered good consistency. The discriminant
and convergent validity of the questionnaires were
assessed using Spearman’s rho. The other variables
were analysed using student t-test; while the categorical
variables, such as sex, smoking status and status of comorbidities were compared with the scores using Chisquare test. The total and domain scores of the CCQ
and CRQ-SR were recorded at different points of time
during the course of the study and were analysed with
the baseline scores using student unpaired t-tests.
A P-value of <0.05 was considered to be statistically
significant.

Results
A total of 71 patients with COPD were included in
the study; out of which five were lost to follow-up.
Therefore, a total of 66 patients were analysed at the
end of 26 weeks. There were 41 male and 25 female
patients with 8 patients in 45-54 years age group. 36
patients in 55-64 years age group and 22 patients in >65
years age group. About 42.2% of the patients (all males)
were smokers; out of which 31.8% patients were current
smokers and 10.6% were reformed-smokers.
In our study, the Cronbach’s alpha for CCQ was
0.88 and for CRQ was 0.30 making CCQ more reliable
than CRQ. The Crohnbach’s alpha for the individual
domains in CCQ (symptom, functional and mental
state) ranged from 0.85 to 0.89; whereas in CRQ
(dyspnoea, fatigue, emotional, mastery domain)
ranged from 0.22 to 0.23.
In the present study, there were 39 patients from
COPD stage 3 (59.1%), 19 patients from stage 2 (28.8%)
and 8 patients from stage 1 (12.1%). It was observed
that the baseline total scores of CCQ and CRQ could
discriminate between the COPD stages with higher score
of CCQ and lower score of CRQ indicating a poor qualityof-life (QoL) and more advanced COPD. A statistically
significant (P<0.05) correlation between the baseline
scores of the CCQ and CRQ was observed showing
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its ability to measure HRQoL of patient with COPD.
Hence, the CCQ and CRQ had good convergent validity.
There was a significant correlation between the pack
years of smoking and the symptom, mental and total
scores of CCQ, a higher number of pack years having
higher scores in these domains and impaired QoL.
After comparing the baseline domain scores and total
score with the baseline FEV1, it was found that only
symptom domain of CCQ and the dyspnoea domain of
CRQ significantly correlated with FEV1. This finding also
confirms that lung function measurement by FEV1 values
alone is a poor indicator of the effectiveness of therapeutic
interventions as well as QoL in patients with COPD.
There is no significant correlation between an increase
in FEV1 and improvement in the total scores of CCQ
and CRQ with the treatment, indicating that spirometry
is a poor indicator for the assessment of QoL in patients
with COPD. Although only the baseline symptom
score of CCQ and the dyspnoea score of CRQ had a
correlation with FEV1, it was observed that all the CCQ
domains and total score had a significant correlation
with the modified Medical Research Council (mMRC)
dyspnoea grades, with higher scores in patients with
higher grades of dyspnoea and impaired QoL.
After analysing the different domains of CCQ, it was
observed that the symptom scores showed statistically
significant improvement at 8 weeks, 16 weeks and 26
weeks as compared to baseline (P<0.001). The functional
domain scores also showed significant response at
8 weeks, 16 weeks and 26 weeks when compared to
baseline. The CCQ also showed good response in the
mental domain scores and total scores at 8 weeks,
16 weeks and 26 weeks as compared to the baseline.
Similarly, among different domains of CRQ, there was
significant response in the scores at 8 weeks, 16 weeks
and 26 weeks as compared to baseline (P<0.001).

Discussion
The prevalence of COPD is highly under-estimated in
India and still remains the ‘tip of the iceberg’ phenomenon
due to lack of real time nationwide data and appropriate
validated studies. The main aim of treatment of COPD
is to relieve the symptoms and improve the exercise
tolerance; while preventing the disease progression
and future exacerbations, thereby improving the QoL.
Today, QoL assessment has become a major criterion to
evaluate the effectiveness of therapeutic intervention in
patients with COPD. This was due to the fact that lung
function measurement, that remained the “holy grail”
of COPD management was inappropriate to optimise
the patient management strategies.
The use of QoL questionnaires in the assessment
and management of patients with COPD was first
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addressed in the 2011 revision of GOLD guidelines. It
recommended the use of COPD assessment test (CAT)
to risk the stratify patients into four groups to guide
the management of COPD patients. However, CAT has
certain disadvantages. Although the scores can predict
exacerbations, day-to-day variations may not be picked
up by the CAT.7 COPD specific questionnaires, like CCQ,
can detect day-to-day variation with its daily version.
Moreover, CCQ can also pick up treatment failure
during an exacerbation by its daily version, which can
not be achieved by CAT. In addition, CAT scores cannot
predict mortality; which can be done using CCQ.8
There are very few studies assessing the reliability
and validity of CCQ and CRQ. Furthermore, there is a
paucity of studies comparing these questionnaires with
each other and assessment of its reliability and validity
after the administration of a drug, like tiotropium
which improves the QoL in patients with COPD. To the
best of our knowledge, this is the first study evaluating
the reliability, validity and responsiveness of CCQ and
CRQ after the administration of tiotropium. We also
compared the two questionnaires to evaluate for a
better questionnaire for use in daily clinical practice. We
analysed a total of 66 patients with mild-to-moderate
and severe COPD after the administration of CCQ and
CRQ, and followed them for 8 weeks, 16 weeks and
26 weeks with repeat questionnaires and spirometry
after the administration of tiotropium.
In the present study, we observed that CCQ was
highly reliable with a Crohnbach’s alpha of 0.88 as
compared to CRQ with Crohnbach’s alpha of 0.30.
The Cronbach’s alpha for the individuals domains in
CCQ (symptom, functional and mental state) ranged
from 0.85 to 0.89, whereas in CRQ (dyspnoea, fatigue,
emotional, mastery domain) it ranged from 0.22 to 0.23.
These findings of a high reliability of CCQ has also been
reported in other studies.5,9 Van der Molen et al5 reported
a Cronbach’s alpha of 0.91, while Reda et al9 observed it
to be around 0.77. Tsiligianni et al10 observed that both
CCQ and CAT were highly reliable with a Crohnbach’s
alpha of 0.89 and 0.86, respectively.
However, reliability of CRQ in the present study
was very low as compared to other studies4,5,10. Wijkstra
et al4 reported the Cronbach’s alpha for CRQ to be 0.51
for the dyspnoea domain and 0.71 to 0.88 for fatigue,
mastery and emotional domains. Molken et al11
reported Cronbach’s alpha of CRQ from 0.84 to 0.87,
whereas Reda et al9 showed it to be 0.91 in the fatigue
and emotional domains.
In the present study, there was a significant
correlation between the total scores of CCQ, CRQ and
the GOLD stages with higher scores of CCQ and lower
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scores of CRQ pointing towards higher COPD stages.
However, it should be noted that there is no single score
that distinguishes GOLD stages from each other. The
significant correlation between the two questionnaires
indicates that both the questionnaires assess the health
status of the same clinical condition, i.e. COPD. Our
findings were similar to the findings of Reda et al.9
A good correlation of the symptom domain of
CCQ and the dyspnoea domain of CRQ with FEV1
was observed in the present study, in contrast to other
studies.4,9-11 Although this finding was contradictory to
many previous studies4,9-11, it can be postulated that there
may be a correlation between the symptom domains, i.e.
dyspnoea scores of both CCQ and CRQ as compared to
other domains.
The CCQ achieved its minimally clinically
important difference of 0.44 in all domains within
eight weeks of the administration of tiotropium,
showing an improvement in the QoL. Similarly, CRQ
showed significant improvement in the scores in all the
domains and total scores up to 26 weeks. Reda et al9
observed that there was a significant change only in
the symptom domain, mastery domain and total score
of CRQ-SR. Molken et al11 observed that in CRQ, the
emotional domain and total score was most responsive
to change. This difference in the results of our study
could be due to the usage of tiotropium drug to assess
the responsiveness of the questionnaires, which was
not done in the previous studies.10,11 In earlier studies,
smoking cessation was the most common intervention
to assess the responsiveness of these questionnaires.
Results of the present study also confirms that
tiotropium improves the QoL in patients with
COPD in all the domains as evident by the excellent
responsiveness in the questionnaire scores within eight
weeks of the treatment. This is similar to the findings
in other studies. Understanding Potential Long-term
Impacts on Function with Tiotropium (UPLIFT)
trial showed mean absolute improvement in the St.
George’s respiratory questionnaire (SGRQ) score of 2.3
to 3.3 units at each time point throughout the 4-year
period with tiotropium. Vincken et al13 observed an
improvement in SGRQ scores and these improvements
were maintained over the year in the tiotropium group
as compared to the ipratropium group. In our study,
both CCQ and CRQ were valid and responsive for
use in clinical practice, with CCQ being more reliable
than CRQ. Moreover, CCQ becomes more feasible for
the use than CRQ as less number of items have to be
completed in CCQ. Therefore, the time to completion
of CCQ is much lower than CRQ. In view of these facts,
it is suggested that CCQ is a better questionnaire than
CRQ to assess the QoL in patients with COPD. Recently
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Singh et al14 compared body-mass index, airflow
obstruction, dyspnoea, and exercise (BODE) index with
CAT and CCQ in patients with COPD, and observed
that BODE index correlated significantly with CAT and
CCQ score in stable COPD patients, and the score also
correlated statistically with FEV1%.

We observed that female patients had significantly
higher scores in all domains and total scores in CCQ
and higher scores in the mastery domain of CRQ,
which indicates a poor QoL in them. The PLATINO
study conducted in Latin American countries observed
that female patients with COPD had worse symptoms
in terms of dyspnoea, lower exercise capacity, more
anxiety and depression and worse HRQoL.15 The
reasons for these are not well understood, but it
has been suggested that the increased perception of
breathlessness in females is related to hormonal effects
on the airways.16 After 26 weeks of the treatment with
tiotropium, it was observed that there were comparable
scores between male and female patients in the
symptom and functional domains of CCQ, but higher
mental scores among the female patients. This confirms
the hypothesis of the PLATINO study that women have
higher incidence of anxiety and depression leading to
increased perception of breathlessness and worse QoL
as compared to males.15
In the present study, we observed that higher the
pack years of smoking, worse is the health status
scores and poor QoL. Spencer et al17 observed that
current smokers had higher scores in the symptom
domain and total scores in SGRQ. This was similar
to the results of the present study which showed
comparable scores in current smokers and reformed
smokers at 26 weeks of the treatment. In the present
study, it was also observed that the presence of comorbidities had no effects on the total score or any of
the domains in CCQ or CRQ in COPD patients. Anja
et al18 observed that five co-morbidities, i.e. depression,
anxiety, peripheral artery disease, cerebrovascular
disease, coronary heart disease and/or heart failure had
the largest impact on patient reported health status as
measured by a new index with acronym COMCOLD
index (Co-morbidities in Chronic Obstructive Lung
Disease). Burgel et al19 reported higher SGRQ scores
in patients with depression; but not in patients with
cardiovascular comorbidities or diabetes. In a recent
study by Wacker et al,20 the SGRQ showed the best
discrimination between the COPD stages and less
influenced by the comorbidities

Conclusions
The present prospective study not only assessed the
reliability and validity of COPD specific questionnaires;
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but also studied the impact of various variables on the
quality-of-life in patients with mild-to-moderate COPD.
This study has the strength of being the first study of
its kind to assess the reliability and validity of COPD
specific HRQoL questionnaires after the administration
of tiotropium. The CCQ and CRQ were both valid and
responsive for the use in the clinical practice, with CCQ
being more reliable than CRQ. It is also important to
appreciate that CCQ becomes more feasible for day-today use as compared to CRQ due to the lower number
of questions and the lesser time required for completing
the questionnaire.
This study has some limitations. It is a single centre
study and sample size is small. Also, there was no
control group to compare the variation in scores in
patients without COPD.

References

9.

201

Reda AA, Kotz D, Kocks JWH, Wessling G, Van
Schayck CP. Reliability and validity of the clinical COPD
questionnaire and chronic respiratory questionnaire.
Respir Med 2010; 104:1675–82.

10. Tsiligianni IG, van der MolenT, Moraitaki D, Lopez I,
Kocks JWH, Karagianni K, et al. Assessing health status
in COPD: a head-to-head comparison between the
COPD assessment test(CAT) and the clinical COPD
questionnaire (CCQ). BMC Pulmon Med 2012;12:20.
11. Mölken MR, Roos B, Noord JA. An empirical comparison
of the St George’s Respiratory Questionnaire (SGRQ) and
the Chronic Respiratory Disease Questionnaire (CRQ) in
a clinical trial setting. Thorax 1999;54:995–1003.
12. Tashkin DP, Celli B, SennS,Burkhart D, Kesten S,
Menjoge S, Decramer M. A 4-year trial of tiotropium in
chronic obstructive pulmonary disease. N Engl J Med
2008; 359:1543–54.

1.

World Health Organization. Burden of COPD. [database
on the Internet]. 2018 [updated 2018; cited 2013 Sept 5].
Available from URL: www.who.int/respiratory/copd/
burden/en/. Accessed on May 9, 2019.

13. Vincken W, Noord JA, Greefhorst APM, Bantje TA,
Kesten S, Korducki L, et al. Improved health outcomes
in patients of COPD during 1 year treatment with
tiotropium. Eur Respir J 2002;19:209–16.

2.

Gupta D, Agarwal R, Aggarwal AN, Maturu VN,
Dhooria S, Prasad KT, et al. Guidelines for diagnosis and
management of chronic obstructive pulmonary disease
on behalf of Indian Chest Society and National College of
Chest Physicians 2014. Indian J Chest Dis Allied Sci 2014;
56:1–54.

14. Singh S, Daga MK, Hira HS, Kumar L, Mawari G.
Correlation of chronic obstructive pulmonary disease
assessment test and clinical chronic obstructive
pulmonary disease questionnaire score with BODE
index in patients of stable chronic obstructive pulmonary
disease. Lung India 2018;35:494–8.

3.

Global Initiative for Chronic Obstructive Lung disease.
Global strategy for the diagnosis, management and
prevention of chronic obstructive lung disease. Updated
2019. Available from URL: http://www.goldcopd.com.
Accessed on May 10, 2019.

15. Lopez MV, Oca M, Halbert RJ, Mulno A, Perz R, Talmo C,
et al. Sex related differences in COPD in five Latin
American cities: The PLATINO study. Eur Respir J 2010;
36:1034–41.

4.

Wijkstra PJ, Vergert EM, Altena RV, Otten V, Postma DS,
Kraan J et al. Reliability and validity of the chronic
respiratory questionnaire (CRQ). Thorax 1994;49:465–67.

5.

Van der Molen T, Willems BWM, Schokker S, Hacken NH,
Postma DS , Juniper EF. Development, validity and
responsiveness of the Clinical COPD Questionnaire.
Health Qual Life Outcomes 2003;1:13–20.

6.

Kaplan A. Effect of tiotropium on quality of life in COPD:
a systematic review. Prim Care Respir J 2010;19:315–25.

7.

Miravitlles M, García-Sidro P, Fernández-Nistal A,
Buendía MJ, Monteros MJE, Molina J. Course of COPD
assessment test (CAT) and clinical COPD questionnaire
(CCQ) scores during recovery from exacerbations of
chronic obstructive pulmonary disease. Health Qual Life
Outcomes 2013;11:147.

8.

Sundh J, Janson C, Lisspers K, Montgomery S, Ställberg B.
Clinical COPD Questionnaire score (CCQ) and mortality.
Int J Chron Obstruct Pulmon Dis 2012;7:833–42.

16. Becklake MR, Kauffmann F. Gender differences in airway
behaviour over human life span. Thorax 1999;54:1119–38.
17. Spencer S, Peter MA, Calverley P, Sherwood B, Jones PW.
Health status deterioration in patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
2001;163:122–9.
18. Frei A, Muggenstrum P, Putcha N, Seibeling L, Zoller M,
Boyd CM, et al. Five comorbidities reflected the health
status in patients with chronic obstructive pulmonary
disease: the newly developed COMCOLD index. J Clin
Epidemiol 2014;67:904–11.
19. Burgel PR, Escamilla R, Perez T, Carre P, Cailaud D,
Chanez P, et al. Impact of comorbidities on COPD specific
health related quality of life. Respir Med 2013;107:233–41.
20. Wacker ME, Jorres RA, Karch A, Wilke S, Heinrich J,
Karrasch S, et al and for the COSYCONET-Consortium.
Assessing health-related quality of lifein COPD:
comparing generic anddisease-specific instruments
withfocus on comorbidities. BMC Pulm Med 2016;16:70–80.

spine
3.5 mm

Journal of Indian Association of Pediatric Surgeons

•

Volume 25

•

Issue 5

•

September-October 2020

•

Pages ***-***

Original Article

A 1‑Year Study on Association between Peripherally Inserted Central
Catheter Tip Position and Complications in Neonates
Department of Pediatrics,
Jawaharlal Nehru Medical
College, Belgaum,
Karnataka, India

Submitted: 13‑May‑2019.
Revised: 28‑Jun‑2019.
Accepted: 08‑May‑2020.
Published: 31-Aug-2020.

Abstract

Kshitija Patil, S. M. Dhaded, Manisha Bhandankar

Aims: A peripherally inserted central catheter (PICC) is required in preterm
neonates, especially those with low birth weight. However, PICC is associated
with various complications resulting in increased morbidity and mortality. The
objective of the study was to evaluate the association between PICC tip position
and complications in neonates.
Materials and Methods: One hundred neonates were recruited in a 1‑year
hospital‑based, longitudinal, observational study. Radiographs were obtained
to confirm the position of the catheter tip as central or noncentral in relation to
vertebral level (T9–L5). The variables studied included site of insertion, duration of
stay of PICC, time of removal, reason for removal, and associated complications.
These were compared between the groups using SPSS version 20. Fisher’s exact
test was used to find the associations.
Results: Most of the neonates were preterm (78%) and 81% were low birth
weight. Catheter was placed in the right lower limb in most of the neonates (85%),
and the catheter tip was central in position in 84% of neonates. The incidence
of complications was observed in 29%. Noninfectious complications were
common (26%) compared to infectious (3%). The most frequent PICC‑induced
complication was phlebitis (11%). Incidence of complications (P = 0.020),
especially occlusion (P = 0.008), was significantly higher in neonates with
noncentral catheter tip compared to the central tip.
Conclusion: We observed a high incidence of PICC‑induced complications
in neonates, with phlebitis being most common. Further, the incidence of
complications is influenced by noncentral tip position.
Keywords: Bloodstream infections, catheter occlusion, catheterizations, central
catheter complications, peripheral

Introduction

P

eripherally inserted central catheter (PICC) is used
increasingly in critically ill patients in the neonatal
intensive care unit (NICU), particularly in preterm
newborns.[1,2] They are required to maintain the venous
access for longer durations and allow safe infusion of
medication, hypertonic solutions, and total parenteral
nutrition into central veins.[3,4]
In addition to several benefits attributed to PICC,
certain risks are involved in use of this device. The
complications occur during insertion, when catheter
moves through venous pathway, during maintenance,
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and during removal of catheter. Complications can be
noninfectious such as obstruction, catheter rupture,
punctured vessels, overflow, thrombosis, hydrothorax, or
infectious, especially systemic sepsis.[1,4,5]
Although PICC is frequently used in neonates,
the relationship between position of catheter tip
and complications in this population remains
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unclear.[1] Limited studies have been conducted to
determine the relationship between catheter tip position
and complications in the Indian NICU settings. Hence,
the present study aims to determine the relationship
between PICC tip position and risk of associated
complications.

Materials and Methods
One‑year longitudinal, observational study was
conducted from January 2015 to December 2015.
The sample size was calculated using the formula for
prevalence: n = 4pq/d2 (p = 50% [as the exact prevalence
is not known], q = 100 − p = 50%, and d = absolute
error = 10% p = 5%) and hence n = 400. However,
the rate of insertion of PICC in our institution is 25%.
Hence, a total of 100 neonates admitted to the NICU
with PICC inserted during their stay were enrolled in the
study (inclusion criterion). Neonates with PICC placed
outside the NICU and the cases in which follow‑up was
not possible until discharge or removal of catheter were
excluded (exclusion criterion). After explaining purpose
of the study, written informed consent was obtained from
all the participants. The sociodemographic data, detailed
history, and systemic examination were recorded in a
predesigned and pretested proforma. Ethical clearance
was obtained from the institutional ethical committee.
PICC was inserted with all aseptic precautions, and
radiograph was obtained. The tip position was classified
as central (between the 9th thoracic vertebra [T9] and the
5th lumbar vertebra [L5]) or noncentral (positions other
than central).[6,7]
The variables including site of insertion, duration of
stay, reason for removal, and associated complications
were recorded. The trained nursing staff monitored
and identified the catheter‑associated complications
and recorded them in the proforma. Catheter‑related
bloodstream infections, occlusion, phlebitis, leakage,
and mechanical complications such as dislodgement
were identified as catheter‑associated complications.
The data were analyzed using SPSS version 20 (Armonk,
NY: IBM Corp). The association between PICC tip
position and complications was analyzed using Fisher’s
exact test. P ≤ 0.05 was considered statistically significant.

Results
Majority of the neonates were preterm (75%) and
81% were low birth weight. Other demographic
characteristics of the study are detailed in Table 1.
The incidence of catheter‑induced complications
was observed in 29% of the neonates. The most
common complication was phlebitis (11%), followed

Variable

Table 1: Incidence of complications

Gender
Male
Female
Gestational age (weeks)
<34
34‑37
>37
Birth weight (g)
<1000
1000‑1500
1501‑2499
≥2500
Site of catheter insertion
Left lower limb
Right lower limb
Catheter tip position
Central
Noncentral
Duration of catheter stay (days)
<7
7‑14
>14

Complication
Absent,
Present,
n (%)
n (%)

P

45 (75)
26 (65)

15 (25)
14 (14)

0.280

26 (65)
27 (71.05)
18 (81.82)

14 (35)
11 (28.90)
4 (18.18)

0.137

3 (75)
18 (81.82)
37 (67.27)
13 (68.42)

1 (25)
4 (18.18)
18 (32.73)
6 (31.58)

0.137

9 (60)
62 (72.94)

6 (40)
23 (27.06)

0.235

64 (76.19)
7 (43.75)

20 (23.81)
9 (56.25)

0.020

10 (66.67)
50 (73.53)
11 (64.71)

5 (33.33)
18 (26.47)
6 (35.29)

0.713

by occlusion (10%), mechanical complication (3%),
infections (3%), and leakage (2%). The incidence of
complications was significantly high in neonates with
noncentral tip position (P = 0.028; odds ratio = 4.1142;
confidence interval = 1.36–12.46). Noncentral catheter
tip position was significantly associated with occlusion.
As shown in Table 2, odds of having complications is
four times more for the subjects with noncentral catheter
tip position compared to central position of catheter
tip. Odds of having occlusion complication is seven
times more for the subjects with noncentral catheter tip
position compared to central tip position of catheter tip.

Discussion
In the present study, we observed the relationship
between PICC tip position and associated complications
in neonates. We found that complications occurred in
29% of the neonates with PICC. Singh et al.[8] observed
complications in 23% of the neonates and Jain et al.[9] in
36% of the neonates.
The noninfectious complications including occlusion,
phlebitis, leakage, and mechanical complications accounted
for 89.6% of the total complications while infections were
10.3% of total complications. Hoang et al.[10] reported 62.4%
of noninfectious complications including phlebitis, occlusion,
and leakage and 37.5% of infectious complications.
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Table 2: Association of catheter tip position with complications

Variable

Overall complications
Absent
Present
Occlusion
Absent
Present
Phlebitis
Absent
Present
Leakage
Absent
Present
Mechanical complications
Absent
Present
Infections
Absent
Present
OR: Odds ratio, CI: Confidence interval

Central, n (%)

Tip position

64 (76.19)
20 (23.81)

7 (43.75)
9 (56.25)

4.1142 (1.3585‑12.4595)

79 (94.05)
5 (5.95)

11 (68.75)
5 (31.25)

7.1818 (1.787‑28.8581)

75 (89.29)
9 (10.71)

14 (87.50)
2 (12.50)

1.1905 (0.2320‑6.1064)

84 (97.67)
2 (2.33)

16 (100)
0

1.0242 (0.04699‑22.3271)

82 (97.62)
2 (2.38)

15 (93.75)
1 (6.25)

2.7333 (0.2329‑32.08122)

82 (97.62)
2 (2.38)

15 (93.75)
1 (6.25)

2.7333 (0.2329‑32.08122)

The noncentral catheter tip position was significantly
associated with the incidence of complications
(P = 0.028; OR = 4.11; CI = 1.36–12.46). Similarly,
Jain et al.[9] observed a higher rate of complication in
patients with noncentral tip position (P = 0.001).

Conclusion

Among individual complications related to tip position,
occlusions were significantly higher in neonates with
noncentral tip position (P = 0.020). However, other
complications including phlebitis, leakage, mechanical
complications, and infections were not influenced by
the tip position (P > 0.05). Jain et al.[9] also reported
that infectious and mechanical complications were not
influenced by the tip position (P > 0.75).
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Leukocyte adhesion deﬁciency (LAD) syndrome is a group of inborn errors of immunity
characterized by a defect in the cascade of the activation and adhesion leading to the
failure of leukocyte to migrate to the site of tissue injury. Three different types of LAD have
been described. The most common subtype is LAD type 1 (LAD1) caused due to defects
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in the ITGb2 gene. LAD type 2 (LAD2) is caused by mutations in the SLC35C1 gene leading
to a generalized loss of expression of fucosylated glycans on the cell surface and LAD type
3 (LAD3) is caused by mutations in the FERMT3 gene resulting in platelet function defects
along with immunodeﬁciency. There is a paucity of data available from India on LAD
syndromes. The present study is a retrospective analysis of patients with LAD collated from
28 different centers across India. For LAD1, the diagnosis was based on clinical features
and ﬂow cytometric expression of CD18 on peripheral blood leukocytes and molecular
conﬁrmation by Sanger sequencing. For patients with LAD3 diagnosis was largely based
on clinical manifestations and identiﬁcation of the pathogenic mutation in the FERMT3 gene
by next-generation Sequencing. Of the total 132 cases diagnosed with LAD, 127 were
LAD1 and 5 were LAD3. The majority of our patients (83%) had CD18 expression less than
2% on neutrophils (LAD1°) and presented within the ﬁrst three months of life with
omphalitis, skin and soft tissue infections, delayed umbilical cord detachment, otitis
media, and sepsis. The patients with CD18 expression of more than 30% (LAD1+)
presented later in life with skin ulcers being the commonest manifestation. Bleeding
manifestations were common in patients with LAD3. Persistent neutrophilic leukocytosis
was the characteristic ﬁnding in all patients. 35 novel mutations were detected in the ITGb2
gene, and 4 novel mutations were detected in the FERMT3 gene. The study thus presents
one of the largest cohorts of patients from India with LAD, focusing on clinical features,
immunological characteristics, and molecular spectrum.
Keywords: Leukocyte Adhesion deﬁciency, CD18, CD11, FERMT3, ITGb2

(13). LAD type 3 (LAD3) is caused by a mutation in the FERMT3
gene that encodes protein kindlin-3 which plays a crucial in integrin
activation (14–16). These patients also have severe recurrent
bacterial infections, persistent leukocytosis, and delayed umbilical
cord fall with a platelet aggregation defect that results in severe
bleeding manifestation (17). Though individual case reports and
small case series are available from India (18–23), there is a paucity
of data on the clinical, immunological, and molecular spectrum in
LAD. In this study, we report a retrospective cohort study of 132
patients LAD patients from 28 different centers of India.

INTRODUCTION
Leukocyte adhesion deﬁciency (LAD) is a rare phagocytic disorder
characterized by a defect in the trafﬁcking of leukocytes from the
blood vessels to the site of tissue injury (1–4). These patients usually
present in infancy with delayed separation of the umbilical cord,
omphalitis, and necrotic infections of the skin and mucosal surfaces
(5). The absence of pus and persistent marked neutrophilic
leukocytosis are the hallmarks of LAD. Three types of LAD have
been described, with LAD type 1 (LAD1) being the most common
form. LAD1 is caused due to defect in the ITGb2 gene encoding the
common beta subunit of b2 integrins (CD18) (5–9). b2 integrins
form a heterodimer by non-covalently binding to the different
subunits including, aL (CD11a), aM (CD11b), aX (CD11c), and
aD (CD11d) (1, 4, 9). In a setting of strong clinical suspicion, the
immunological workup for diagnosis of LAD1 involves studying the
ﬂow cytometric expression of CD18 and CD11 on leukocytes
followed by molecular conﬁrmation. Depending on the CD18
expression on neutrophils LAD1 patients are classiﬁed into severe
(CD18 expression <2%), moderate (2%–30%), and mild (>30%) (1,
2, 5, 10). LAD type 2 (LAD2) is caused due to mutations in the
SLC35C1 gene leading to defective expression of cell surface
fucosylated glycan structures (11, 12). These patients suffer from
recurrent bacterial infections, severe mental, and growth
retardation characterized by distinct facial characteristics (12).
Flow cytometry demonstrates the absence of SLeX (CD15a)
expression on cell-surface glycoproteins, along with deﬁciency of
H antigen on erythroid cells, resulting in the Bombay phenotype
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MATERIALS AND METHODS
Patients with a clinical suspicion of LAD referred to the Indian
Council of Medical Researc h-National Insti tute of
Immunohaematology (ICMR-NIIH) and other tertiary care
centers in India between 1990 and 2020 were retrospectively
analyzed in this study. The clinical and laboratory information
about the age of presentation, age at diagnosis, site of infections,
organisms isolated, umbilical cord complications, family history,
consanguinity, complete blood count (CBC), immunological
investigations were collected from the data available. The study
was approved by the institutional ethics committee of ICMR-NIIH.
As a part of the diagnostic workup of LAD the ﬂow cytometric
expression of CD18, CD11 markers on leukocytes was assessed.
Based on the CD18 expression on neutrophils, LAD1 was subclassiﬁed into three phenotypes viz. severe (LAD1°) with CD18
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to LAD1- 25 × 103/ml (16–74× 103/ml), LAD1+ 27 × 103/ml (10–
91× 103/ml), and LAD3 21 × 103/ml (10–38× 103/ml).

expression <2% moderate (LAD1-) phenotype with CD18 expression
2%–30%, and mild (LAD1+) phenotype with CD18 expression ≥30%.
CD11a expression data were available for 89 patients. We analyzed
our data by looking at different parameters like median ﬂuorescence
intensity (MFI) and stain index (SI) index on different populations of
leukocytes via, neutrophils, lymphocytes, and monocytes.
Molecular conﬁrmation was performed was done using Sanger
sequencing for LAD1 and next-generation sequencing (NGS) for
LAD3. The candidate variants identiﬁed by NGS were conﬁrmed by
Sanger sequencing in the index and family members.
Graph pad prism version 5.03 statistical software was used to
perform statistical analysis. The descriptive variables were
expressed as percentage counts and the median-interquartile
range (IQR) were used. The groups in this study were
compared using the one-way ANOVA. The test was performed
at a 95% conﬁdence interval (95% CI), and p<0.05 was
considered statistically signiﬁcant. Kaplan–Meier evaluation
was used to predict the survival probabilities of the patients.

Clinical and Genetic Characteristics of
Leukocyte Adhesion Deﬁciency 1
On the basis of absent or abnormal CD18 expression on the surface
of neutrophils, three distinct phenotypes were observed in our
cohort. The commonest being LAD1° seen in 83% (n=106)
individuals, followed by LAD1- phenotype seen in 9% (n=11) of
the cases and LAD1+ in 8% (n=10). The mean CD18 expression in
LAD1- and LAD1+ patients was 9.6 ± 5% (3%–18%) and 68 ± 24%
(32%–99%), respectively. The median ﬂuorescence intensity was
noted in 76/127 LAD1 patients. Figure S1, presents the percentage,
MFI, and SI on neutrophils, monocytes, and lymphocytes in LAD1°,
LAD1-, and LAD1+ cases. Although the expression of CD18 was
>30% in LAD1+ cases, the CD11a was signiﬁcantly reduced in 80%
(8/10) of the cases. The median age of presentation was 0.3 months
(0.03–12 months) for the LAD1° patients, 1 month (0.09–72
months) for LAD1- and 2.5 months (0.5–132 months) for
patients with LAD1+. The median age of diagnosis was 3 months
(0.1–48 months) for LAD1°, 5 months (1–78 months) for LAD1and 84 months (3–168 months) for LAD1+.
Umbilical cord related complications like omphalitis (64%) and
delayed separation (62%) were the most common manifestation
seen in the LAD1° and LAD1- cases. Other frequent infections
included lower respiratory tract infection (LRTI) in 41% (43/106),
sepsis in 37%. Necrotic skin ulcer was the most common infection in
LAD1+ which may mimic pyoderma gangrenosum. The perianal
region was the commonest site in LAD1- cases (27%). Infectious
organisms were isolated from 69 cases comprising predominantly
bacterial infections including Pseudomonas aeruginosa (n=28),
Staphylococcus aureus (n=17), and Klebsiella pneumonia (n=11),
and fungal infections were noted in 7 patient. Also, unusual
organisms like Proteus sp., Citrobacter sp., Stingomonas

RESULTS
Patients Characteristics
In this study, we analyzed a total of 127 cases from 125 families
with LAD1 and 5 cases from 4 families with LAD3. LAD2 were
not reported in our cohort. The clinical and demographic
features of the patients are as shown in Table 1. Consanguinity
was seen in 51% of the patients. Male preponderance was seen in
our cohort (62%). The genetic diagnosis was available in 80% of
cases (n=105) cases. White blood count (WBC) and absolute
neutrophil count (ANC) were noted in all the cases with a
median of 53 x103/ml (14–167 x103/all) and 36 x103/ml (22–
137x103/ml), respectively. It was observed that the ANC was
higher in LAD1° 40 × 103/ml (11–136× 103/ml) cases as compared
TABLE 1 | Clinical characteristics of patients with leukocyte adhesion deﬁciency (LAD).

Total patient (n)
Age of presentation in months Median (Range)
Age of diagnosis in months Median (Range)
Median WBC count (Range)
Median ANC × 103/ml (Range)
Gender (Males)
Family History
Consanguinity
Umbilical cord complication
LRTI
Sepsis
Skin infections
Periodontal infections
Otitis media
Diarrhea
Failure to thrive
Meningitis
Bleeding Manifestation
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LAD1°

LAD1-

LAD1+

106
0.3
(0.03–12)
3
(0.1–48)
57 (16.5–167)
40 (11–136)
n
%
63
59
38
36
54
51
65
61
43
41
39
37
55
52
11
10
22
21
9
8.5
31
29
5
5
–

11
1
(0.09–72)
5
(1–78)
38.6 (19.2–140)
25 (16–74)
n
%
7
63
1
9
5
45
7
64
5
45
3
27
4
36
–
–
2
18
1
9
3
27
–
–

10
2.5
(0.5–132)
84
(3–168)
32.5 (14.7–102)
27 (10–91)
n
%
8
80
3
30
5
50
2
20
3
30
2
20
7
70
–
–
1
10
–
–
4
40
–
–

3

LAD3

n
4
2
2
3
–
–
–
1
1
–
–
–
5

5
0.8
(0.03–1)
34
(3–168)
30 (18–99.6)
21 (10–38)
%
80
40
40
60
–
–
–
20
20
–
–
–
100
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paucimobilis, and Acinetobacter baumani were noted in a
few patients.
Direct Sanger sequencing of the ITGb2 gene revealed 57
disease-causing variants in 105 patients (Table S2), including
30 patients we have previously reported (18). These mutations
were clustered mostly in exons 6 (22%) and exon 7 (11%). The
spectrum of mutation has been shown in Figure 1. The
frequency of mutation c.533C>T (p.Pro178Leu) and c.817G>A
(p.Gly273Arg) was high. The majority of the patients (n=95) had
homozygous mutations, while compound heterozygous
mutations were identiﬁed in only 10 patients. These compound
heterozygous mutations were seen only LAD1° cases. Missense
mutations (40%) were the most common mutations identiﬁed in
our cohort followed by nonsense (21%), splice site (19%), and
frameshift (19%). 54% of the mutations were located in exon 5–9,
a highly conserved region of the extracellular domain of CD18
followed by cysteine-rich repeat region (CRR) domain (32%),
Mid region (7%), plexins, semaphorins, and integrins domain
(PSI) domain (5%) and transmembrane domain (TM) region
(2%). Missense and nonsense mutations were frequently seen in
LAD1° and LAD1- patients. On the other hand, splice site
mutations affected almost 60% of LAD1+ patients.

was 34 months (3–168 months). Omphalitis was seen in 3/5
patients. CD18 expression on the surface of the leukocytes was
normal in all patients. The molecular diagnosis using NGS
technology identiﬁed four novel pathogenic variants in the
FERMT3 gene in ﬁve LAD3 patients which were conserved
across the species. Out of these 3 were missense mutations and
one was nonsense mutations.

Outcome
Follow up data were available for 124 patients with the median
follow up duration of 7 months (0.033–216 months), 6 months
(2–120 months), 182 months (5–276 months), and 60 months
(11–192 months) for LAD1°, LAD1-, LAD1+, and LAD3,
respectively. Out of these, 81% of patients expired due to
severe infections in absence of hematopoietic stem cell
transplant (HSCT). The majority of them died within the ﬁrst
year of life (n=70). The overall survival in our LAD1 cohort is
only 14% while that of LAD3 is 83%. Mortality was higher in
LAD1° patients with only 6% survival beyond 2 years as
compared to 16% of the LAD1 - and 60% of the LAD1 +
patients in our cohort (Figure 2). Twelve patients underwent
HSCT. Of these, ten patients underwent stem cell transplant
(SCT) from HLA-matched related donors, whereas two patients
received graft from matched unrelated donor. Three patients
expired due to severe graph versus host disease (GVHD) and
secondary complications.

Clinical and Genetic Features of
Leukocyte Adhesion Deﬁciency 3
Recurrent infections and severe bleeding manifestation were seen
in all patients within 1 month of life. The median age of diagnosis

A

B

D

C

FIGURE 1 | Schematic representation of domain wise distribution of the mutations identiﬁed in our LADpatients (A) b2 integrin (B) kindlin-3 protein. Combined
annotation–dependent depletion (CADD) and Minor allele frequency (MAF) scores of the variants reported in gnomAD and novel variants identiﬁed in our cohort for
the genes (C) ITGb2 and (D) FERMT3 using PopViz software (24). The mutation signiﬁcance cutoff (MSC) with 99% conﬁdence interval is shown in dotted line.
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where the expression is <2% diagnosis is easy and reliable. The
expression may vary from patient to patient despite the same
underlying disease-causing mutation (5, 30). It was observed that
positive predictive value (PPV) of the assay signiﬁcantly
increased from 98.51 to 100% when the MFI of patients and
healthy controls are compared (p<0.001) (data not shown). It is
known that a- subunit of LFA-1 cannot be efﬁciently expressed
unless it ﬁrst associates with the b subunit. Previous studies have
also reported that the expression of CD11a is abnormal in all the
patients of LAD1 irrespective of CD18 expression (7, 32, 37). In
P20 and P28, the CD18 expression was 50 & 90% and CD11a
expression was 70 & 50%, respectively; SI observed was
comparatively below laboratory lower limits obtained from the
SI of healthy controls (SI of CD18/CD11a: P20- 1.81/1.59 & P281.61/1.75). This concurs that the addition of the CD11a marker
to the assay may increase the diagnostic accuracy (32).
We identiﬁed 57 mutations in 105 patients of which 35 were
novel suggesting heterogeneity in the mutation spectrum for
LAD1. 51% (29/57) of the mutations were identiﬁed in the
VWFA domain followed by 16% (n=9) in cysteine-rich region
and 3% (n=2) PSI domain, 4% (n=2) mid-region and 2% (n=1)
in TM. The common mutation identiﬁed included c.533C>T
(n=9), c.817G>A (n=9), c.751G>A (n=5), c.1224+4A>G (n=5),
and c.2077C>T (n=5) in different domains. Out of the total
mutations identiﬁed in the VWFA domain, 89% of them resulted
in absent expression of CD18 on PMNs causing severe infection
in LAD1° and LAD1- cases.
50% of LAD1+ had a splice site mutation. These patients
presented later in life with recurrent skin lesions like pyoderma
gangrenosum. All of them had the same c.1224+4A>G mutation
and 4 of these patients have been reported by us earlier (39). In
contrast to other patients with pyoderma gangrenosum, there is a
paucity of neutrophils in the dermis of the skin lesions in patients
with LAD1+ and they also show only partial and temporary
response to steroids. Though the pathogenesis of these
inﬂammatory lesions is not clear, partial expression of CD18
resulting in an aberrant oscillation of integrins on the neutrophil
surface and Th17 mediated aberrant inﬂammatory response may
be responsible for these inﬂammatory skin lesions (40, 41).
LAD3 was diagnosed in 5 patients classically presenting with
recurrent infection of skin, ear, and mucosal surfaces, and
bleeding from gums and skin. There was a signiﬁcant variation
in the age of diagnosis and presentation in these patients.
Unfortunately, platelet aggregation studies were not available
for these cases. Unlike LAD1, the surface expression of CD18/
CD11 expression on leukocytes was normal in these patients.
This disorder has mostly been reported in patients of Arab
Maltese, Turkish, or African American origin (15, 16, 20, 42, 43).
The overall outcome in our cohort was poor with 81%
mortality. The time taken for the patients from the diagnosis
to treatment is critical and many patients are lost before they
reach the stage of transplant. HSCT was possible in only 12 cases
as most of the patients included in the study were from the last
decade when limited transplantation facilities were available in
India. However, with the increase in the number of HSCT
centers, this scenario may change in the near future. Recent

FIGURE 2 | Outcome of leukocyte adhesion deﬁciency (LAD) patients: KaplanMeier curve showing survival of patients diagnosed with LAD in our cohort.

DISCUSSION
Leukocyte adhesion deﬁciency is a rare phagocytic disorder
associated with defective neutrophil recruitment, rolling, and
adhesion (1, 25–27). To the best of our knowledge, this is the
largest comprehensive study on clinical, immunological, and
molecular ﬁndings of LAD from India. Most of our patients
presented with recurrent bacterial infections with a history of
umbilical cord related complications. The infective spectra was
similar to other reported cohorts with LRTI and sepsis being the
commonest (5, 8, 9, 28–37). Delayed umbilical cord fall was seen in
only 66% of the cases. Periodontal infections including gingivitis
and oral ulcers are reported in 24% of severe and 52% of moderate
LAD1 patients (5). In our cohort, it was observed in 10% of LAD1°
patients. This might be because of under-diagnosis of mild LAD1
phenotype. Late- onset autoimmune complications have been
reported previously (38). However, it was not observed in our
patients as most of them expired in infancy.
The degree of severity of infections in LAD1° and LAD1patients was high with poor survival of 8% and 33% (beyond 24
months), respectively. On the other hand, patients with LAD1+ had
a more variable clinical phenotype with a signiﬁcant difference
between the age of onset and diagnosis. We observed that the
mortality rate was high in LAD1° as well as LAD1- compared
to LAD1+.
The clinical suspicion was strengthened with the presence of
marked neutrophilic leukocytosis observed in all patients with total
WBC count >25 x 103/ml in 86% cases and ANC of >15 x 103/ml in
82% of the cases. The median WBC count was higher in LAD1° as
compared to the other subtypes and LAD3 patients, however, there
was no signiﬁcant correlation (r<0.1) between the WBC count and
CD18 expression on neutrophil for the entire LAD1 cohort and the
three phenotype as seen in the earlier studies (Figure S2).
The diagnosis of LAD1 often relies on the percentage of
positive neutrophils expressing CD18. For severe forms of LAD1
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and AJ performed the laboratory investigations for the different
cases. PK, PK, MG, MSh, and VJ were involved in the molecular
analysis of the different patients. MM supervised the study and
reviewed the manuscript. All authors contributed to the article and
approved the submitted version.

advancements in gene therapy for LAD1 may change the course
of management (30).
This study describes the clinical and molecular spectrum of a
large cohort of patients of LAD from India. It highlights the
importance of analyzing MFI and SI of CD11a along with CD18
for accurate diagnosis of LAD1. It reports a large number of
previously unreported mutations in the ITGb2 and FERMT3
gene. Knowledge of the nature and frequency of these mutations
is not only important for providing accurate diagnosis and
genetic counseling to the families but will also help in the
future for planning gene editing and gene therapy strategies for
these rare genetic disorders.

FUNDING
Support from Indian Council of Medical Research to NIIH is
gratefully acknowledged.

DATA AVAILABILITY STATEMENT
ACKNOWLEDGMENTS

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

We acknowledge the Foundation for Primary Immunodeﬁciency
(FPID) for providing support for establishing FPID centers
across India, which has been beneﬁcial in increased awareness,
diagnosis, and management.

ETHICS STATEMENT
The studies involving human participants were reviewed and
approved by the Indian Council of Medical Research National
Institute of Immunohematology. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin. Written informed consent was obtained from
the minor(s)’ legal guardian/next of kin for the publication of any
potentially identiﬁable images or data included in this article.

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/ﬁmmu.2020.612703/
full#supplementary-material
SUPPLEMENTARY FIGURE S1 | The percentage expression, median
ﬂuorescence intensity (MFI), stain index (SI- ratio of intensity of stain/unstain) of
CD18 and CD11a on a) Neutrophils b) Lymphocytes, and c) monocytes.

AUTHOR CONTRIBUTIONS

SUPPLEMENTARY FIGURE S2 | Correlation between WBC count and CD18
expression on neutrophils a) all LAD patients b) LAD1° c) LAD1- d) LAD1+ e) LAD3.

PK analyzed the data and wrote the manuscript. UB and RM helped
in procuring the clinical details and follow-up of the patients. MD,
AR, PT, VG, AP, AG, KA RKP, HC, PK, AA, SunK, SagB, SR, RCP,
VinG, RR, RU, MSi, DM, HP, MKa, AnuS, AviS, SarB, GG, ShoK,
RN, MamM, GS, AbhS, ICK, ParG, SwaK, SPM, VK, ShN, and

SUPPLEMENTARY TABLE S1 | Clinical summary of all the patients diagnosed
with LAD.
SUPPLEMENTARY TABLE S2 | M u t a t i o n s p e c t r u m o f I T G b 2 g e n e
and FERMT3 genes.

REFERENCES

7. Wolach B, Gavrieli R, Wolach O, Stauber T, Abuzaitoun O, Kuperman A,
et al. Leucocyte adhesion deﬁciency—A multicentre national experience. Eur J
Clin Invest (2019) 49:e13047. doi: 10.1111/eci.13047
8. Sun B, Chen Q, Dong X, Liu D, Hou J, Wang W, et al. Report of a Chinese
Cohort with Leukocyte Adhesion Deﬁciency-I and Four Novel Mutations.
J Clin Immunol (2019) 39(3)309–15. doi: 10.1007/s10875-019-00617-4
9. Gorjipour H, Chavoshzadeh Z, Fahimzad A, Darougar S. Leukocyte Adhesion
Deﬁciency Type 1 : A Case Series and Review of the Literature. EMJ Allergy
Immunol (2019) 4(1):95–100.
10. van de Vijver E, Maddalena A, Sanal Ö, Holland SM, Uzel G, Madkaikar M, et al.
Hematologically important mutations: Leukocyte adhesion deﬁciency (ﬁrst
update). Blood Cells Mol Dis (2012) 48:53–61. doi: 10.1016/j.bcmd.2011.10.004
11. Dauber A, Ercan A, Lee J, James P, Jacobs PP, Ashline DJ, et al. Congenital
disorder of fucosylation type 2c (LADII) presenting with short stature and
developmental delay with minimal adhesion defect. Hum Mol Genet (2014)
23:2880–7. doi: 10.1093/hmg/ddu001
12. Knapp KM, Luu R, Baerenfaenger M, Zijlstra F, Wessels HJCT, Jenkins D,
et al. Biallelic variants in SLC35C1 as a cause of isolated short stature with

1. Roos D, Law SKA. Hematologically important mutations: Leukocyte adhesion
deﬁciency. Blood Cells Mol Dis (2001) 27:1000–4. doi: 10.1006/bcmd.2001.0473
2. Harris ES, Weyrich AS, Zimmerman GA. Lessons from rare maladies:
Leukocyte adhesion deﬁciency syndromes. Curr Opin Hematol (2013)
20:16–25. doi: 10.1097/MOH.0b013e32835a0091
3. Etzioni A. Defects in the leukocyte adhesion cascade. Clin Rev Allergy
Immunol (2010) 38:54–60. doi: 10.1007/s12016-009-8132-3
4. Bednarczyk M, Stege H, Grabbe S, Bros M. b2 Integrins—Multi-Functional
Leukocyte Receptors in Health and Disease. Int J Mol Sci (2020) 21:1–43.
doi: 10.3390/ijms21041402
5. Almarza Novoa E, Kasbekar S, Thrasher AJ, Kohn DB, Sevilla J, Nguyen T, et al.
Leukocyte adhesion deﬁciency-I: A comprehensive review of all published cases. J
Allergy Clin Immunol Pract (2018) 6:1418–1420.e10. doi: 10.1016/j.jaip.2017.12.008
6. Yassaee VR, Hashemi-Gorji F, Boosaliki S, Parvaneh N. Mutation spectra of
the ITGB2 gene in Iranian families with leukocyte adhesion deﬁciency type 1.
Hum Immunol (2016) 77:191–5. doi: 10.1016/j.humimm.2015.11.019

Frontiers in Immunology | www.frontiersin.org

6

December 2020 | Volume 11 | Article 612703

Kambli et al.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Leukocyte Adhesion Deﬁciency: An Indian Experience

31. Wright AH, Douglass WA, Taylor GM, Lau Y -L, Higgins D, Davies KA, et al.
Molecular characterization of leukocyte adhesion deﬁciency in six patients.
Eur J Immunol (1995) 25:717–22. doi: 10.1002/eji.1830250313
32. Levy-Mendelovich S, Rechavi E, Abuzaitoun O, Vernitsky H, Simon AJ, Lev A,
et al. Highlighting the problematic reliance on CD18 for diagnosing leukocyte
adhesion deﬁciency type 1. Immunol Res (2016) 64:476–82. doi: 10.1007/s12026015-8706-5
33. Cox DP, Weathers DR. Leukocyte adhesion deﬁciency type 1: an important
consideration in the clinical differential diagnosis of prepubertal periodontitis.
A case report and review of the literature. Oral Surg Oral Med Oral Pathol
Oral Radiol Endodontol (2008) 105:86–90. doi: 10.1016/j.tripleo.2007.02.026
34. Wardlaw AJ, Hibbs ML, Stacker SA, Springer TA. Distinct mutations in two
patients with leukocyte adhesion deﬁciency and their functional correlates.
J Exp Med (1990) 172:335–45. doi: 10.1084/jem.172.1.335
35. Teimourian S, De Boer M, Roos D, Isaian A, Bemanian MH, Lashkary S, et al.
Genetic Analysis of 13 Iranian Families With Leukocyte Adhesion Deﬁciency Type 1.
J Pediatr Hematol Oncol (2018) 00:1–4. doi: 10.1097/MPH.0000000000001221
36. Wada T, Tone Y, Shibata F, Toma T, Yachie A. Delayed Wound Healing in
Leukocyte Adhesion Deﬁciency Type 1. J Pediatr (2011) 158:342. doi: 10.1016/
j.jpeds.2010.07.057
37. Cabanillas D, Regairaz L, Deswarte C, Garcı́a M, Richard ME, Casanova JL,
et al. Leukocyte Adhesion Deﬁciency Type 1 (LAD1) with Expressed but
Nonfunctional CD11/CD18. J Clin Immunol (2016) 36:627–30. doi: 10.1007/
s10875-016-0322-1
38. De Rose DU, Giliani S, Dora L, Lougaris V, Lanfranchi A, Martire B, et al. Long
term outcome of eight patients with type 1 Leukocyte Adhesion Deﬁciency (LAD1): Not only infections, but high risk of autoimmune complications. Clin Immunol
(2018) 191:75–80. doi: 10.1016/j.clim.2018.03.005
39. Madkaikar M, Italia K, Gupta M, Desai M, Aggarwal A, Singh S, et al.
Leukocyte Adhesion Deﬁciency-I with a Novel Intronic Mutation Presenting
with Pyoderma Gangrenosum- Like Lesions. J Clin Immunol (2015) 35:431–4.
doi: 10.1007/s10875-015-0155-3
40. Shaya S, Kindzehkii AL, Minor J, Moore EC, Todd RF, Petty HR. Aberrant
integrin (CR4; a(x)b2; CD11c/CD18) oscillations on neutrophils in a mild
form of pyoderma gangrenosum. J Invest Dermatol (1998) 111:154–8.
doi: 10.1046/j.1523-1747.1998.00255.x
41. Adachi Y, Kindzelskii AL, Cookingham G, Shaya S, Moore EC, Todd RF, et al.
Aberrant neutrophil trafﬁcking and metabolic oscillations in severe pyoderma
gangrenesum. J Invest Dermatol (1998) 111:259–68. doi: 10.1046/j.15231747.1998.00311.x
42. Aygun D, Nepesov S, Gershoni R, Camcıoglu Y. Leukocyte Adhesion
Deﬁciency III: Report of Two Siblings. Pediatr Neonatol (2017) 58:99–100.
doi: 10.1016/j.pedneo.2016.07.006
43. Kuijpers TW, Van Lier RAW, Hamann D, De Boer M, Thung LY, Weening
RS, et al. Leukocyte adhesion deﬁciency type 1 (LAD-1)/variant. A novel
immunodeﬁciency syndrome characterized by dysfunctional b2 integrins.
J Clin Invest (1997) 100:1725–33. doi: 10.1172/JCI119697

intellectual disability. J Hum Genet (2020) 65:743–50. doi: 10.1038/s10038020-0764-4
Phillips ML, Schwartz BR, Etzioni A, Bayer R, Ochs HD, Paulson JC, et al.
Neutrophil adhesion in leukocyte adhesion deﬁciency syndrome type 2. J Clin
Invest (1995) 96:2898–906. doi: 10.1172/JCI118361
Fagerholm SC, Guenther C, Asens ML, Savinko T, Uotila LM. Beta2-Integins
and interacting proteins in leukocyte trafﬁcking, immune supression, and
immunodeﬁciency disease. Front Immunol (2019) 10:254. doi: 10.3389/
ﬁmmu.2019.00254
McDowall A, Svensson L, Stanley P, Patzak I, Chakravarty P, Howarth K, et al.
Two mutations in the KINDLIN3 gene of a new leukocyte adhesion deﬁciency
III patient reveal distinct effects on leukocyte function in vitro. Blood (2010)
115:4834–42. doi: 10.1182/blood-2009-08-238709
Kuijpers TW, Van De Vijver E, Weterman MAJ, De Boer M, Tool ATJ, Van
Den Berg TK, et al. LAD-1/variant syndrome is caused by mutations in
FERMT3. Blood (2009) 113:4740–6. doi: 10.1182/blood-2008-10-182154
Alon R, Etzioni A. LAD-III, a novel group of leukocyte integrin activation
deﬁciencies. Trends Immunol (2003) 24:561–6. doi: 10.1016/j.it.2003.08.001
Madkaikar M, Italia K, Gupta M, Chavan S, Mishra A, Rao M, et al. Molecular
characterization of leukocyte adhesion deﬁciency-I in Indian patients:
Identiﬁcation of 9 novel mutations. Blood Cells Mol Dis (2015) 54:217–23.
doi: 10.1016/j.bcmd.2015.01.012
Deshpande P, Kathirvel K, Alex AA, Korula A, George B, Shaji RV, et al.
Leukocyte Adhesion Deﬁciency-I: Clinical and Molecular Characterization in
an Indian Population. Indian J Pediatr (2016) 83:799–804. doi: 10.1007/
s12098-016-2051-0
Mishra A, Gupta M, Dalvi A, Ghosh K, Madkaikar M. Rapid ﬂow cytometric
prenatal diagnosis of primary immunodeﬁciency (PID) Disorders. J Clin
Immunol (2014) 34:316–22. doi: 10.1007/s10875-014-9993-7
Madkaikar M, Currimbhoy Z, Gupta M, Desai M, Rao M. Clinical proﬁle of
leukocyte adhesion deﬁciency type I. Indian Pediatr (2012) 49:43–5.
doi: 10.1007/s13312-012-0005-9
Das J, Sharma A, Jindal A, Aggarwal V, Rawat A. Leukocyte adhesion defect:
Where do we stand circa 2019? Genes Dis (2020) 7:107–14. doi: 10.1016/
j.gendis.2019.07.012
Madkaikar MR, Gupta M, Rao M, Ghosh K. Prenatal diagnosis of LAD-I on
cord blood by ﬂowcytometry. Indian J Pediatr (2012) 79:1605–9. doi: 10.1007/
s12098-012-0737-5
Zhang P, Bigio B, Rapaport F, Zhang SY, Casanova JL, Abel L, et al. PopViz: A
webserver for visualizing minor allele frequencies and damage prediction
scores of human genetic variations. Bioinformatics (2018) 34:4307–9.
doi: 10.1093/bioinformatics/bty536
Anderson DC, Children T, Springer TA, Ph D. LEUKOCYTE ADHESION
DEFICIENCY : An Inherited defect in the Mac-1, LFA-1, and p150,95
glycoproteins. Annu Rev Med (1987) 38:175–94. doi: 10.1146/annurev.
me.38.020187.001135
Tan S. The leucocyte b2 (CD18) integrins: the structure, functional regulation
and signalling properties. Biosci Rep (2012) 32:241–69. doi: 10.1042/
bsr20110101
Arnaout MA. Leukocyte Adhesion Molecules Deﬁciency: Its Structural Basis,
Pathophysiology and Implications for Modulating the Inﬂammatory
Response. Immunol Rev (1990) 114:145–80. doi: 10.1111/j.1600-065X.
1990.tb00564.x
Aghamohammadi A, Chavoshzadeh Z, Ghalehbaghi B, Mamishi S, Ashraﬁ F,
Parvaneh N, et al. Characterization of 11 New Cases of Leukocyte Adhesion
Deﬁciency Type 1 with Seven Novel Mutations in the ITGB2 Gene. J Clin
Immunol (2010) 30:756–60. doi: 10.1007/s10875-010-9433-2
Bleesing JH, Hinze CH, Lucky AW, Marsh RA, Passo MH, Bove KE.
Leukocyte Adhesion Deﬁciency Type 1 Presenting with Recurrent
Pyoderma Gangrenosum and Flaccid Scarring. Pediatr Dermatol (2010)
27:500–3. doi: 10.1111/j.1525-1470.2010.01260.x
Hu J, Zhang Q, Zheng H, Chang H, Xian Y, Nie N, et al. Novel mutations in
the b2 integrin gene (ITGB2) in a moderate leukocyte adhesion defect type 1
patient. Arch Iran Med (2018) 21:296–301.

Frontiers in Immunology | www.frontiersin.org

Conﬂict of Interest: The authors declare that the research was conducted in the
absence of any commercial or ﬁnancial relationships that could be construed as a
potential conﬂict of interest.
Copyright © 2020 Kambli, Bargir, Yadav, Gupta, Dalvi, Hule, Kelkar, Sawant-Desai,
Setia, Jodhawat, Nambiar, Dhawale, Gaikwad, Shinde, Taur, Gowri, Pandrowala,
Gupta, Joshi, Sharma, Arora, Pilania, Chaudhary, Agarwal, Katiyar, Bhattad,
Ramprakash, CP, Jayaram, Gornale, Raj, Uppuluri, Sivasankaran, Munirathnam,
Lashkari, Kalra, Sachdeva, Sharma, Balaji, Govindraj, Karande, Nanavati,
Manglani, Subramanyam, Sampagar, CK, Gutha, Kanakia, Mundada, Krishna,
Nampoothiri, Nemani, Rawat, Desai and Madkaikar. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

7

December 2020 | Volume 11 | Article 612703

JKIMSU, Vol. 9, No. 4, October-December 2020

ISSN 2231-4261

ORIGINAL ARTICLE

Effect of Glutathione on Depression Paradigms in Male Wistar Rats and Swiss
Albino Mice
1*

1

Urmila Anil Kagal , Netravathi Basavaraj Angadi
1

Department of Pharmacology, KLE's Academy of Higher Education and Research, Jawaharlal Nehru
Medical College, Nehru Nagar, Belagavi-590010 (Karnataka) India

Abstract:
Background: Depression is a major public health
concern. In the recent years, two intertwined events
namely oxidative stress and inflammation have
emerged as major players in the pathophysiology of
depression with evidence that, there are reduced
antioxidant defenses in depression. Aim and
Objectives: This study was aimed at evaluating the
antidepressant activity of glutathione which is an
antioxidant, using behavioural models of depression
namely Forced Swim Test (FST) in male Wistar rats
and Tail Suspension Test (TST) in male Swiss mice.
Material and Methods: All drugs were administered
orally. Amitriptyline in 1% gum acacia suspension was
used as the standard drug. For the FST, rats were
divided into three groups of six animals each,
amounting to a total of 18 animals. Control group
received 0.5 ml of 1% gum acacia suspension. Test
group received glutathione in 1% gum acacia
suspension. For the TST, mice were divided into three
groups of six animals each, amounting to a total of 18
animals. Control group received 0.5 ml of 1% gum
acacia suspension. Results: There was a statistically
significant difference in the duration of immobility
with amitriptyline and glutathione treated groups when
compared to that of control groups in both models of
depression. Conclusion: Based on the findings of this
study, it can be concluded that glutathione has
significantly better antidepressant activity as compared
to control in both FST as well as TST. But, significantly
better antidepressant activity as compared to amitriptyline is found only in FST. Based on the results of the
present study and the fact that oxidative stress has a

major role to play in the pathophysiology of
depression, glutathione appears to be a promising agent
for the treatment of depression. Antidepressant activity
of glutathione can be explained by its role in
neutralizing reactive oxygen species, role as a
neuromodulator and neurotransmitter as well as a
regulator of transcription of inflammatory cytokines.
Keywords: Glutathione; Depression; Amitriptyline;
Oxidative Stress

Introduction:
As per the World Health Organization (WHO), the
proportion of the world population suffering from
depression was estimated to be 4.4% in 2015 and
322 million people across the globe live with
depression with nearly fifty percent of them
residing in South-East Asia and the Western
Pacific Region. Over a period of 10 years from
2005 to 2015 there has been an increase of 18.4%
in the number of people living with depression [1].
Depression is not just consistent with persistent
low mood and negative thoughts but also
interferes with a person's routine activities like
sleep, appetite and libido. It also affects inter
personal relationships with family, friends and
work place interactions [2-3]. In 2015, it was
estimated that 7,88,000 people died after having
committed suicide and many more tried
committing suicide. Suicide contributed to the top
20 prominent causes of death in 2015 [1].
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Presently available antidepressants are a diverse
group of compounds acting by different
mechanisms of action and although widely used in
the treatment of depression 30% of patients are
non-responders and 70% fail to achieve
remission. Moreover, these compounds also
produce a plethora of adverse effects and have a
potential for abuse [4].
The well-known theories of depression are brain
monoaminergic transmission disturbances, reduced Brain Derived Neurotropic Factor (BDNF)
levels and dysregulation of Hypothalamo-pituitary
Adrenal (HPA) axis [5].
In the recent years, two interlinked events namely
oxidative stress and inflammation have emerged
as major players in the pathophysiology of
depression. The susceptibility of neurons to
oxidative stress is because of their high oxygen
consumption and metabolism. At the same time,
neurons have comparatively low levels of antioxidant substances and enzymes in comparison to
other tissues [6].
Evidence also points out that, there is a deficiency
of antioxidant defense mechanisms in depression.
This is as evidenced by a deficiency of vital
antioxidants as well as enzymes serving as
antioxidants which include scarcity of coenzyme
Q10, vitamin E, glutathione, serum zinc and
Glutathione Peroxidase (GPX) [7]. Also, there is
evidence that, glutathione levels are deficient in
prefrontal cortex of patients with major depressive
disorder as pointed out during postmortem
examination of the brain [8]. Hence, the present
study aimed at investigating the effect of
glutathione on depression using behavioural
models of depression namely Forced Swim Test
(FST) in male Wistar rats and Tail Suspension Test
(TST) in male Swiss mice.

Urmila A. Kagal & Netravathi B. Angadi

Material and Methods:
Animals:
Adult male Wistar rats having a body weight of
150+/-25g and adult male Swiss mice of 25+/-5g
were obtained from the Central Animal House of
the Institution. They were adapted to a light - dark
cycle consisting of 12 hours each of light and dark
for 10 days prior to the start of the experiment.
They were allowed to feed on standard chow
pellets of Amrut Brand and water at liberty. The
study was approved by the Institutional Animal
Ethics Committee (IAEC) constituted as per the
guidelines framed by Committee for the Purpose of
Control and Supervision of Experiments on
Animals (CPSCEA), New Delhi. For the FST, rats
were divided into three groups of six animals each,
amounting to a total of 18 animals. Control group
received 0.5ml of 1% gum acacia suspension.
Standard group received amitriptyline in 1% gum
acacia suspension. Test group received glutathione
in 1% gum acacia suspension. All drugs were
administered orally. For the TST, mice were
divided into three groups of six animals each,
amounting to a total of 18 animals. Control group
received 0.5ml of 1% gum acacia suspension.
Standard group received amitriptyline in 1% gum
acacia suspension. Test group received glutathione
in 1% gum acacia suspension. All drugs were
administered orally.
Drugs and Doses:
Considering the therapeutic doses of glutathione
and amitriptyline [9-10] equivalent doses for rats
and mice were calculated with the help of
converting table devised by Paget and Barnes
[11]. Standard groups received amitriptyline (27
mg/kg body weight of rat and 39 mg/kg body
weight of mice) equivalent to 300 mg of clinical
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dose orally [10]. Test groups received glutathione
(54 mg/kg body weight of rat and 78 mg/kg body
weight of mice) equivalent to 600 mg of clinical
dose orally [11]. Antidepressant activity was
assessed with the help of following paradigms:
FST:
Principle: When a rat is involuntarily made to swim
in an environment from which it cannot escape, it
initially shows vigorous activity and ultimately
stops all movements except for those movements
necessary to maintain its head above the water.
This form of immobility is typical and points out to
a state of despair. The rat is forced to resign itself to
the existing situation since it realizes that, there is
no escape. This typical behavior is considered to be
the equivalent of clinical depression. Therefore,
drugs that decrease this immobility would have to
possess antidepressant activity. Rats are preferred
over mice in this test, because the rat version is said
to be more selective for this experiment i.e. fewer
false positives [12-14].
Procedure of FST:
A vertical cylinder made of plexiglass having a
height of 21cm, diameter of 12cm and containing
0
a 15cm water column maintained at 25 C was used
for the test. FST has two swim sessions namely a
pre-test session and a test session. First session is
known as the “Pre-test” session. This lasts for 15
minutes and is held prior to drug administration
and no recording of animal behavior is done. This
serves as a habituation session and guarantees a
stable and high duration of immobility during the
6-min test session which is held 24 hours later [12,
14].
Adult male Wistar rats weighing 150± 25 g were
subjected to swimming for 15 minutes during
which no immobility scoring was done. The rats
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were removed, dried and the first dose of the drug
was given orally and they were returned to their
cages, where they were provided with food and
water. The water in the cylinder was changed for
every rat before subjecting it to swimming. These
rats were subjected to the test session on the next
day 24 hours after the pretest session [14]. On the
day of the test session, the rats were given the
second dose of the drug orally - 4 hours prior to
test and third dose of drug orally - 1 hour prior to
test. The reason for administration of three doses
of drug prior to the test is to provide more stable
pharmacological results than a single administration. Then they were subjected to FST and the
duration of immobility (in seconds) was recorded
for 6 minutes [12,14].
TST:
Principle: Basic principle of this test is, the
behavioral despair paradigm which has already
been described in FST. When mice are hung by
their tails, they are subjected to inescapable stress.
The mice finally attain immobility after an initial
period of vigorous activity. Any drug that
decreases the time spent in immobility is supposed
to possess antidepressant activity [11, 13].
Procedure: It consist of 2 metallic rods placed 35
cm away from each other and connected with a
horizontal rod required to hang a nylon thread
from its centre. A mouse treated with either the
drug or vehicle was suspended from the hook
hanging from the center of the horizontal rod with
the help of an adhesive tape fixed 1 cm proximal to
the tip of the tail. The mouse was said to be
immobile, when it ceased to move and hung
totally motionless. Immobility time in seconds
was recorded over a period of 6 minutes [12, 13].
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Statistical Analysis:
The results are represented in the form of mean±
Standard Error of Mean (SEM) of 6 mice / 6 rats in
each group. The results were analyzed by one-way
analysis of variance (ANOVA) followed by a post
hoc test called Bonferroni's test. P < 0.05 was
considered statistically significant [15].
All data were analyzed using statistical software
called GraphPad Prism (GraphPad Software, Inc.
La Jolla, California, USA).

FST:
The duration of immobility in seconds was noted
over 6 minutes. The mean immobility time in the
control group was 156 ± 1.5 seconds, while it was
found to be 74 ± 1.6 seconds and 51 ± 6.6 seconds
in the amitriptyline and glutathione groups
respectively. There was a statistically significant
difference (P< 0.0001) in the duration of
immobility in amitriptyline and glutathione treated
groups as compared to that of control group. There
was also a significant difference (P< 0.01) in the
duration of immobility in glutathione treated group
as compared to amitriptyline group (Fig. 1)
indicating superiority of glutathione over
amitriptyline in FST.
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Results:
In the present study, glutathione has been
evaluated for its antidepressant activity using two
models of depression in animals namely forced
swim test performed in rats and tail suspension
test performed in mice. Amitriptyline has been
used as a standard antidepressant drug for the
purpose of comparison.

G roups

Fig. 1: Effect of Various Treatments on Duration of Immobility in FST
Values are represented as Mean± Standard error of mean (SEM) (n=6). ANOVA followed by Post Hoc Analysis by
Boniferroni's test. ****P < 0.0001- Glutathione and Amitriptyline as compared to control.##P < 0.01 - Glutathione as
compared to Amitriptyline
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G roups

Fig. 2: Effect of Various Treatments on Duration of Immobility in TST
Values are represented as Mean± Standard error of mean (SEM) (n=6). ANOVA followed by Post Hoc Analysis by
Bonferroni's test. ****P < 0.0001- Glutathione and Amitriptyline as compared to control. #### P < 0.0001Amitriptyline as compared to Glutathione.

TST:
The duration of immobility in seconds was noted
over 6 minutes. The mean duration of immobility
in the control group was found to be 190 ± 3.2
seconds while it was 82 ± 2 seconds and 130 ± 4.6
seconds in the amitriptyline and glutathione
groups respectively. There was statistically
significant difference (P< 0.0001) in the duration
of immobility with amitriptyline and glutathione
treated groups, when compared to that of control
groups (Fig. 2). There was also a significant
difference (P< 0.0001) in the duration of
immobility in amitriptyline treated group as
compared to glutathione group (Fig. 2) indicating
superiority of amitriptyline over glutathione in
TST.
Discussion:
In the present study, glutathione was evaluated for
its antidepressant activity using two models of
depression in animals, namely FST performed in

rats and tail suspension test performed in mice.
Glutathione was found to have significantly better
antidepressant activity as compared to control in
both FST as well as TST. But, significantly better
antidepressant activity as compared to
amitriptyline was found only in FST.
FST and TST are widely used in research in
depression since they are economical, sensitive
and easy to perform. Among the two tests TST is
supposed to be more sensitive to lower drug doses
and provides a clearer dose response relationship
[16, 17]. As mentioned earlier, the role of oxidative
stress and inflammation in the pathophysiology of
depression, have gained significance in the recent
years. The susceptibility of the brain cells to
harmful effects of oxidative stress can be explained
by the fact that, brain cells have a high metabolic
rate (more than 20% of the total oxygen consumption is accounted for by the brain), abundant
amount of highly peroxidizable substrates are
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generated in the brain and the antioxidant levels in
the brain are modest [18].
Studies have been done which have proven not
only that oxidative stress plays a role in depression
but also that glutathione has been found to be
deficient in animals with depression like behavior
as elaborated below.
A study which used Ultrasound (US) model as a
source of stress in rats, found that US caused
depression-like behavioral disorder in rats. In the
study, the beginning of behavioral symptoms
(increased immobility in FST and decreased
sucrose intake) correlated with a rise of oxidative
stress markers in the brain. Levels of protein
carbonyl and total glutathione in the hippocampus
and prefrontal cortex were altered which support
the existence of a link between development of the
depression like state and oxidative stress in the
brain [19].
A study was performed to evaluate biochemical
and molecular changes associated with Reactive
Oxygen Species (ROS) generation in the brains of
rats submitted to chronic variable stress. After
sacrificing the animals various biochemical
parameters were measured in the prefrontal cortex.
Of relevance was the fact that, the prefrontal cortex
of rats submitted to chronic stress did show a
statistically significant decrease in the GSH/ GSSG
ratio (ratio of reduced to oxidized glutathione). The
GSH/GSSG ratio is considered to be a sensitive
indicator of the cellular redox state [20]. Studies
similar to the present study have also used forced
swim test but the differences are that they have not
used tail suspension test, they have used N-Acetyl
Cysteine (NAC - a prodrug of glutathione) and
have measured levels of some oxidative stress
parameters. A study was performed to evaluate the
possible role of oxidative stress in depression
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induced by morphine administration. It was found
that, in albino rats administered NAC along with
morphine all parameters demonstrated clear trends
to nearly full normalization in comparison to the
controls administered morphine alone. Parameters
studied included immobility duration in the forced
swim test and levels of oxidative stress markers in
the prefrontal cortex [21].
A study was performed with the objectives of
assessing the preventive effect of metoprolol,
NAC and escitalopram on Chronic Unpredictable
Mild Stress (CUMS)-induced depression and
effect of endoplasmic reticulum stress on
antidepressant role of these drugs. Of relevance is
the fact that, NAC mitigated depression like
behaviors (as assessed by open field activity and
sucrose preference) and also decreased hippocampal cell apoptosis. NAC also decreased
markers of endoplasmic reticulum stress such as
Glucose-Regulated Protein 78 (GRP78), C/EBPHomologous Protein (CHOP), and caspase-12
[22].
Glutathione is present in the cells in millimolar
concentrations. It is a tripeptide and a smallmolecule antioxidant and is considered one of the
most vital small-molecule antioxidants in the
somatic cells. It is also the most prevalent
antioxidant in the brain. Glutathione is a thiolcontaining molecule consisting of three amino
acids namely glutamate, glycine and cysteine. It
reacts with ROS and nucleophilic compounds.
Reduced glutathione gets oxidized after reacting
with free radicals. This reaction is catalyzed
glutathione peroxidase or occurs independently.
Recycling of oxidized glutathione to two
molecules of its reduced form is catalyzed by
Glutathione Reductase (GR) [23-24]. The role of
glutathione as an antidepressant with respect to its
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antioxidant property can be explained by the fact
that, it serves several vital functions in the body
such as direct chemical neutralization of various
free radicals and serves as a cofactor for several
antioxidant enzymes[25].
Glutathione also plays a role a as a neuromodulator/
neurotransmitter where in it moderates the activity
of the N-Methyl-D-Aspartate (NMDA) receptors.
Glutathione modulates the redox site of NMDA
receptors by virtue of its free cysteinyl thiol group.
Besides this, glutathione also aids as an endogenous
nitric oxide pool from which S-Nitrosoglutathione
(GSNO) is generated which has a shielding effect in
the brain under oxidative stress conditions. Hence,
it is proposed that glutathionemay have a role to
play in synaptic transmission [26-27].
A vital role is played by the redox state of the cells
in the regulation of the transcription of cytokines
namely interleukin-1 beta (IL-1β), IL-6, and
Tumor Necrosis Factor (TNF-α). The redox state
also modulates the signaling pathways activated
by these cytokines. Diminution of glutathione
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enhances both transcription as well as deleterious
effects of cytokines. On the contrary, raised levels
of glutathione and cysteine inhibit transcription of
pro-inflammatory cytokines. The ratio of reduced
to oxidized glutathione regulates the transcription
of IL-6, IL-8, IL-4, and TNFα [28].
Conclusion:
Based on the findings of this study, it can be
concluded that glutathione has significantly better
antidepressant activity as compared to control in
both FST as well as TST. But, significantly better
antidepressant activity as compared to amitriptyline is found only in FST. Based on the results of
the present study and the fact that oxidative stress
has a major role to play in the pathophysiology of
depression, glutathione appears to be a promising
agent for the treatment of depression. Antidepressant activity of glutathione can be explained by its
role in neutralizing reactive oxygen species, role as
a neuromodulator and neurotransmitter as well as a
regulator of transcription of inflammatory
cytokines.
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Prevalence and Severity of Adverse Drug Reactions Among
Patients Receiving Antipsychotic Drugs in a Tertiary Care
Hospital
Netravathi Basavaraj Angadi, Chhavi Mathur
Department of Pharmacology, KAHER’s Jawaharlal Nehru Medical College, Belagavi, Karnataka, India

Abstract
Aims: Adverse drug reactions are usually dose dependent and can be influenced by patient characteristics including age and gender and these
confounding factors should be considered in clinical practice and in the interpretation of research data. This study was planned to evaluate the
profile of adverse drug reactions among patients receiving antipsychotic drugs in a tertiary care hospital and to assess the severity of adverse
drug reactions. Methods: It was a hospital-based cross-sectional study, conducted in Department of Psychiatry in a tertiary care hospital. An
assessment of severity was done using modified Hartwig and Siegel scale. Categorical variables were summarized as percentages. Chi-square
test was used to test for independence of two categorical variables. P < 0.05 was considered as statistically significant. Results: The overall
prevalence of ADRs in the study population was found to be 51.9%. When the percentage of individual ADRs was taken into consideration, the
most common ADR was increase in weight (15.7%) followed by sedation (9.6%), increased appetite (7.8%), Rigidity (6.8%) and akathesia
(5.1%) As per modified Hartwig and Siegel scale for assessing the severity of ADRs, 34(63.0%) ADRs were mild in severity and 20 (37.0%)
ADRs were moderate in severity. Conclusion: ADRs occur quite frequently in these patients receiving antipsychotic drugs, which are often
mild in nature Thus, the recognition of these side-effects and their management can ensure optimal care for the patient.
Keywords: Antipsychotic drugs, ADR prevalence, modified Hartwig and Siegel scale

INTRODUCTION
According to WHO, adverse drug reaction (ADRs) is defined
as “Any response to a drug which is noxious and unintended,
and which occurs at doses normally used in man for
prophylaxis, diagnosis, or therapy of disease, or for the
modification of physiological function”[1] ADRs are
known to be the significant cause of morbidity and
mortality both inpatients and outpatients settings.[2] ADRs
are recognized to be one the significant cause of hospital
admissions and the incidence varied from 0.2% to 41.3%.[3]
Antipsychotic drugs are considered the cornerstone for the
treatment of schizophrenia and other psychotic disorders.[4]
Earlier conventional antipsychotics were used, with the
introduction of atypical antipsychotics use of conventional
ones has come down. Data from the various studies have
indicated that atypical antipsychotic drugs are superior in
efficacy to conventional antipsychotic drugs.[5] Though
the symptoms will be resolved with long-term medication,
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non-adherence, adverse reactions and drug interactions are
major complications in the pathway. Antipsychotics produce
their own spectrum of adverse drug effects including extrapyramidal effects, weight gain, seizures, hypotension,
hyperlipidemia and increased risk of diabetes mellitus [6]
Over the last few years, atypical antipsychotics have been
increasingly used in the pharmacological treatment of
schizophrenia and other related psychotic disorders. These
agents improve quality of life, have better medication
compliance, and also decrease suicidal tendencies and
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depression in these patients.[7] Atypical antipsychotics differ
from conventional agents in that they have lower risk of EPS
and significantly reduce both positive and negative symptoms
of schizophrenia. Although the atypical antipsychotics have
lower risk of extrapyramidal side effects, these agents present
their own spectrum of adverse effects including hypotension,
seizures, weight gain, increased risk of diabetes mellitus and
hyperlipidemia.[8] Therefore, there is growing concern among
the healthcare personnel to assess the ADRs of atypical
antipsychotics, which have an impact on long-term
compliance and achieving successful treatment.
There have been few studies in this regard, a study on
metabolic syndrome in outpatients receiving antipsychotic
therapy by Mainara et al.[9] has shown that prevalence of
metabolic syndrome was significantly higher in subjects on
antipsychotics (27.0%) and elevated body mass index was
seen in 33.40% of them. A study done by Simpson et al.[10]
has shown that treatment with atypical antipsychotics was
associated with more weight gain than treatment with typical
antipsychotics. Few studies have shown that typical
antipsychotics like haloperidol and flupenthixol have been
known to cause ADRs in 19% and 7% of the patients[7,11].
Pharmacovigilance (PV) is the pharmacological science
relating to the collection, detection, assessment, monitoring
and prevention of adverse effects or any other drug-related
problem[12] It is a key component of effective drug regulation
systems, clinical practice and public health programs.
The national pharmacovigilance centres have become a
significant influence on the drug regulatory authorities, at
a time when drug safety concerns have become increasingly
important in public health and clinical practice.[12]
Pharmacovigilance highly essential in developing countries
where there is lack of adequate safety-related data for drugs in
general and psychotropic agents in particular.[13]
In India, pharmacovigilance studies are still at fledgling stage
and there are very fewer reports accessible on the ADR
profile of antipsychotic agents inaccurate.
This study was planned to evaluate the profile of ADRs
among patients receiving antipsychotic drugs in a tertiary
care hospital and to assess the severity of ADRs using
modified Hartwig and Seigel scale.

MATERIALS

AND

METHODS

This study was carried after obtaining Ethical clearance was
obtained from the Institutional Ethics committee for conduct
of research in humans. It was a hospital-based cross-sectional
study conducted in Department of Psychiatry in a tertiary
care hospital. All the in-patients in the psychiatry ward of
either sex in the age group 18–65 years who were receiving
antipsychotic drugs for more than 6 weeks were included in
the study by universal sampling method. Data was collected
after taking written informed consent from the patients. The
data collection instrument included a pretested questionnaire,
including demographic information, brief history of the

disease, the medication history, information on
development of any ADRs during the course of treatment
and its profile was collected.
Proforma also included name, dose, route and frequency of
antipsychotics and other co-prescribed drugs given. Blood
pressure, pulse rate, body weight in kilograms (kgs),
height in centimetres and random blood sugar (RBS) were
measured. Body mass index of all the patients was calculated
using the formula, BMI= weight in kgs/ Height in meter2 The
patients were grouped into categories of normal weight,
overweight and obese based on consensus statement for
diagnosis of obesity, abdominal obesity and the metabolic
syndrome for Asian Indians and recommendations for
physical activity, medical and surgical management.[14]
Normal BMI: 18.0-22.9 kg/m2, Overweight: 23.0-24.9 kg/
m2, Obesity: >25 kg/m2. The details about the various
ADRs were recorded viz, the presence or absence of adverse
effects like drowsiness, giddiness, pedal oedema, urinary
retention, altered appetite, insomnia, weight gain,
constipation, hyper salivation, extrapyramidal symptoms like
tremor, rigidity, akathisia, tardive dyskinesia and perioral
tremor, irregular menstrual cycles and galactorrhea in female
patients. All these data were obtained by questioning the
patients and the accompanying person. Any other adverse
reaction was also noted down.
Modified Hartwig criteria were followed for assessing the
severity of ADR, based on this severity assessment scale,
adverse reactions were categorized broadly into mild,
moderate and severe.[15]

Statistical Analysis
Categorical variables were summarized as percentages.
Chi-square test was used to test for independence of
two categorical variables. P < 0.05 was considered as
statistically significant.

RESULTS
Out of total 104 patients enrolled for the study, 48(46.2%)
were constituted by males and 56(58.3%) of the study
population were females. Out of the total study population,
54 patients reported at least one or more ADRs out of which
29 were females and 25 were males. However there was no
statistically significant relationship of ADRs with age or
gender of the study population [Table 1].

Table 1: Prevalence of ADR among the study participants

Female
Male
Total

Patients withADR N
(%)

Patients withoutADR N
(%)

Total

29(53.7)
25(46.3)
54(51.9)

27(54)
23(46)
50(48.1)

56
48
104
(100)

ADR, Adverse drug reaction
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Table 2: Prevalence of ADR in study participants according to the drug used
Drugs used

ADR

Olanzapine
Trifluperazine
Paroxetine
Quetiapine
Risperidone
Ziprasidone
Aripiprazole
Clozapine
Haloperidol
Olanzapine+Amisulpride
Total

Total

Present N (%)

Absent N (%)

17(60.8)
08(53.3)
07(50)
06(42.9)
06(54.6)
03(37.5)
02(33.3)
03(75)
01(50)
01(50)
54(51.9)

11(39.2)
07(46.7)
07(50)
08(57.1)
05(45.4)
05(62.5)
04(66.7)
01(25)
01(50)
01(50)
50(48.1)

28
15
14
14
11
08
06
04
02
02
104

ADR, Adverse drug reaction

Table 3: The antipsychotic drugs commonly implicated in the most common ADRs
Sr. No.

Adverse drug reaction

Drugs implicated in decreasing order of frequency

1.
2.
3.
4.
5.
6.
7.

Weight gain
Sedation
Rigidity
Extra pyramidal symptoms
Dry eyes
Erythema of tongue
Hyper salivation

Olanzapine, Clozapine
Olanzapine, Trifluperazine, Ziprasidone
Trifluperazine, Olanzapine, risperidone,
Risperidone, Olanzapine, Aripiprazole, Quetiapine, Paroxetine
Olanzapine
Olanzapine
Risperidone

ADR, Adverse drug reaction

Out of 104 patients, 58 patients had obesity. 41(70.6%) had
their BMI in the range of 25–29.9 and 17 had their BMI > 30.
Among the antipsychotics prescribed Olanzapine, risperidone
and clozapine the prevalence of obesity with maximum with
olanzapine.

As per modified Hartwig and Siegel scale for assessing the
severity of ADRs, 34(63.0%) ADRs were mild in severity and
20 (37.0%) ADRs were moderate in severity. None of the
reported ADRs belonged to the ‘severe’ or ‘lethal’ category
[Figure 1, Table 4].

Most frequently prescribed drugs were olanzapine,
trifluperazine and paroxetine in with their frequency of
26.9%, 14.4% and 13.5% respectively and the other drugs
used included either clozapine alone or the combination of
various antipsychotics.

DISCUSSION

The overall prevalence of ADRs in the study population was
found to be 51.9% [Tables 1 and 2]. When the percentage of
individual ADRs was taken into consideration, the most
common ADR was increase in weight (15.7%) followed
by sedation (9.6%), increased appetite (7.8%), rigidity
(6.8%) and akathesia (5.1%) Out of 104 cases, 16 cases
(15.7 %) had documented weight gain. The mean
percentage of weight gain was 11.3%.
When the percentage of individual ADRs was taken into
consideration according to the drug used, the most
common drug showing ADR was olanzapine(60.8%)
followed by trifluperazine, paroxetine and others
[Table 2]. Among atypical antipsychotics, olanzapine was
most commonly associated with ADRs followed by
trifluperazine [Table 3].
146

Atypical antipsychotics are now considered as first line
agents based on treatment efficacy, better tolerability and
reduced risk of extra-pyramidal symptoms.[4,5] Knowledge
about the association of various ADRs with various
antipsychotics can prevent their frequency as well as the
severity when various factors influencing the same are taken
into consideration. So the present study was conducted to
know the prevalence of ADRs and severity assessment was
done using the modified Hartwig and Siegel scale. The
results were compared with the studies conducted earlier
and we also tried to determine their relationship with age
and sex of the patients. In the present study, the participants
were in the young and middle age groups and the female to
male ratio was 1.16. However there was no significant
relationship of ADR with age or sex of the enrolled
patients. The proportion of patients with at least one
ADR was found to be (51.9%) and most of them being
mild in severity. The number of females showing ADRs was
more as compared to the males It is also evident from the
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Figure 1: Severity of ADR in the study population according to the modified Hartwig and Siegel scale.

CONCLUSION

Table 4: Severity of ADR in the study population
according to the modified Hartwig and Siegel scale
Severity of ADR
Mild
Moderate
Severe
Lethal
Total

Frequency

Percent

34
20
0
0
54

63
37
0
0
100.0

ADR, Adverse drug reaction

From this study, we can conclude that ADRs occur quite
frequently in these patients receiving antipsychotic drugs,
which are often mild in nature Thus, the recognition of
these side-effects and their management can ensure optimal
care for the patient. Such prospective studies conducted
across multiple hospitals through active collaboration of
psychiatrists and pharmacologists can be helpful in building
up a database for ADRs occurring due to psychotropic
drugs.

Financial support and sponsorship
previous studies that the prevalence of ADRs is more in case
of females than the males.[16]Increase in weight, sedation,
increased appetite, and akathesia were the most common
ADRs observed in our study population in decreasing order
of their occurrence. When compared to other studies
conducted earlier, weight gain was reported as the most
common ADR where as tremor was the most common ADR
followed by weight gain. This difference may be attributed
to a different patient population group used by Sengupta
et al and Prajapati et al. [6,17-18] It is also worth to mention
that these studies reported ADRs in a population of patients
on psychotropic drugs whereas in our study, the patients
were receiving only antipsychotics among psychotropic
drugs. Since the most frequently drugs prescribed in the
present study were olanzapine, trifluperazine, Paroxetine
and quietapine and as such more patients showing adverse
effects related to them were seen while as the percentage of
patients showing adverse effects to clozapine and the
combination of various antipsychotics very less and
thus needs evaluation through further research. Due to
the ADRs faced by patients, they tend to discontinue
their prescribed medicine once their symptoms start to
disappear. This often causes the symptoms to reappear.
To prevent this from happening and to give the
patients better advice, an understanding of these ADRs is
important. Documentation of these ADRs and
interactions may serve as a database that could provide
warning signals for early prevention of such episodes in
future.
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Editorial

Pattern of clinical research in the era of COVID‑19
pandemic: A new learning experience for the
present as well as future
The COVID‑19 pandemic, a public health emergency, has
affected 29,185,976 lives worldwide and 4,846,427 people
across India.[1] It has affected day‑to‑day life of each and
every individual (health, social, and economy). Among
various sectors, biomedical and health research has also
been affected by this pandemic. COVID‑19 has brought
with it a number of challenges in the conduct of research
during this pandemic. To fight against this pandemic,
the Ministry of Home Affairs announced the “Disaster
Management Act” with suspension on transportations
and closure of institutions, such as education, training,
and coaching centers.[2]
Nevertheless, it is research that has to be given prime
importance to overcome this pandemic. Further, it is to be
taken into account that on‑going research that is already
being carried out might require some inevitable protocol
deviations and novel ways to overcome the challenges.

Recent Trend of Articles during COVID‑19
At present, research can be categorized into the following
categories:
a. New research that is associated with COVID‑19
b. On‑going research not associated with COVID‑19
c. New research not associated with COVID‑19.
Research review needs to be prioritized on the basis of
urgency and essential steps need to be taken that will
enable new research’s review and carry on the on‑going
research after amendments are made as per the need
considering social distancing norms.[3]
The major challenges posed during the conduct of
research are social distancing norms, quarantine,
restrictions in travel, transportation of samples, hindrance
in the production, as well as supply chain of different
materials required for carrying out research, and the
most challenging one is the chance of participants as well
as researchers getting infected with SARS‑CoV‑2 virus.

Decisions regarding on‑going studies

It is important to consider the influence of COVID‑19
on on‑going studies, recruitment, and continued
participation of participants. The requirements for
research studies other than COVID‑19 which are

on‑going/near‑term/have direct benefits and in
case stopped can pose risk to the patients; hence,
such circumstances must be wisely assessed. Such
studies can either be continued, or mechanisms for
continuation can be suggested. The measures that are
considerable include temporary termination of study
either at few clinical trial sites or at all; suspension
or delaying the study or activation of sites that are
yet to be initiated without any compromise of safety
and wellness of participants; continuing study with
restricted parameters; phone or video calls instead of
physical visits; delay or cancellation of visits to make
certain that visits that are too necessary are performed
at sites; it may be required to take re‑consent of patients
who are already enrolled in an on‑going study for
the implementation of urgent changes; which can be
accomplished through phone/video calls/oral consents
accompanied by e‑mail confirmation. Furthermore,
restricting travel, confinement of participants, and
workforce to perform visits need to be considered.[3]

Review of new non-COVID research
Research other than COVID-19 should not be affected
because of COVID-19 and studies that will assess treatment
for communicable diseases/chronic conditions/injuries/
others can also be given consideration for review by
ethical committee (EC) because these conditions also
require utmost importance. EC needs to review and
evaluate the negative influence that any planned study
may have on safety of participants or enhance risk to
them because of COVID-19 and decide whether to permit
or not. It can also suggest added safety measures for the
conduct of research in this emergency. The review can
also be done via virtual EC meetings and ensure proper
scientific and ethical review as well as satisfying quorum
requirements.[3]

Types of Research Regarding COVID‑19
That Could be Undertaken
New research directly related to:
a. Development of new diagnostic tools: Standardized
diagnostics provide sensitive and specific
identification among suspects, whereas lack of
proper diagnostic methods may cause delay in the
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b.

c.

d.

e.

identification of the pathogen. Local availability of
diagnostics can control the outbreak at the start point
itself
Development of strategies to fight against the
pandemic: Development of antiviral agents, vaccines,
immunomodulation, prophylaxis, and supportive
therapy
Online surveys of front‑line workers concerned to
their mental status, social, and economic security, etc.,
However, feasibility of research is the most important
factor that has to be borne in mind while planning or
carrying a clinical trial during a pandemic
For studies requiring conventional methods of data
collection, alternative methods such as electronic
formats such as mails, questionnaire‑based surveys,
and calls via telephone or video may also be adopted
Appropriate training should be given to all healthcare
workers involved in COVID‑19 research. Priority
to safety of health workers should be given as
the general public requires their service during a
pandemic.

For on‑going non‑COVID‑19 research, strategies such as
extension of study duration can be done; conduct of the
study can be narrowed down by reducing the parameters
to be assessed; conventional methods of data collection
and informed consent can be replaced by electronic
means. Only the visits that are absolutely essential at
research sites should be allowed with all the necessary
precautions. These methods can be followed with the
prior approval of the EC.[3]
Feasibility in the conduct of clinical trials should also be
verified during a pandemic.
The follow‑up visits to the investigational site as per
the protocol may not be feasible during a pandemic.
Hence, they can be replaced by any electronic means as
mentioned earlier or investigations can be performed at a
local laboratory if required. COVID‑19 screening should
be made mandatory for all the participants. In case of
any deviations in the protocol, sponsors and clinical
investigators should communicate with the EC as soon
as possible. Missing data due to missed visits or study
discontinuation due to COVID‑19 may be considered
as “last follow‑up data carry forward,” and such data
must be summarized in the clinical report. Assessment
of parameters can be done virtually by telephone or
video calls.

Role of Ethics Committee
EC to ensure all clinical trials, biomedical, and health
research to be registered on the Clinical Trial Registry of
India (CTRI) with appropriate approval from regulators.
Fast‑track reviews may be done within 24–48 h if the EC
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meets frequently. Non‑COVID‑19 research should not
suffer due to “COVID‑19.”

Current Evidence of Pattern of Research
during COVID‑19
There has been an enormous spike in research articles on
COVID‑19 since the outbreak of this pandemic. A review
article published in the previous issue has focused in
detail on different aspects of COVID‑19 as per the current
evidence.[4] We observe that there has been a change in
the pattern of research because of COVID‑19 pandemic.
Therefore, in the present editorial, we have focused on
the pattern of research, various challenges faced, and few
strategies to overcome the challenges. Table 1 Number
of Clinical Trials registered with various databases (as
of 3rd September, 2020).

Diagnostics
Among other pandemic control management strategies,
diagnostics are also at priority to focus on for advancement.
Standardized diagnostics give sensitive and specific
identifications among suspects, whereas lack of proper
diagnostic methods cause delay in the identification of
the pathogen. Local availability of diagnostics can control
the outbreak at start point.
As of September 3, 176 trials are registered for
diagnosis of COVID‑19 at ClinicalTrial.gov. Among
these, 15 interventional and observational studies are
completed. From all these studies, an approximately
30% are based on the conventional RT‑PCR technique
and 33% on rapid diagnostic tests with approximately
90% on antibody detection tests. 20% are based on
radiological analysis using CT scan and ultrasound
findings. Around nine studies were based on self‑test/
home test for the detection of COVID‑19. According to
a systematic review by Mahendiratta et al., RT‑PCR is
a gold standard test for COVID‑19 till date. However,
drawbacks of the technique such as false‑negative
result have also been mentioned as limitations of the
technique.[5]

Repurposing of Conventional Drugs
Chloroquine and hydroxychloroquine

FDA has given approval for the use of chloroquine and
hydroxychloroquine (CQ and HCQ) in COVID‑19 with
some limited circumstances through the EUA.[6] The role
of CQ and HCQ in COVID‑19 has been discussed in detail
by Mahalmani et al.[7] As of September 3, 2020, 212 HCQ
trials (179 randomized) are registered at ClinicalTrials.
gov out of which seven clinical trials (Phase III) and one
nonrandomized trial have been completed. One of the
Phase III randomized trials has been terminated and four
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suspended. 16 randomized parallel‑group multiple‑arm
trials of HCQ are registered at CTRI.
Similarly, 38 CQ trials (31 randomized) are registered
at ClinicalTrials.gov; two clinical trials (Phase II) and
one nonrandomized trial have been completed. One
of the Phase II randomized trials has been suspended
and one (Phase IV) terminated. Two randomized
parallel‑group multiple‑arm trials of CQ are registered
with CTRI.

Ivermectin

Ivermectin is an FDA‑approved antiparasitic drug that
has shown antiviral activity against various RNA as well
as DNA viruses.[8,9] As of September 3, 2020, 36 ivermectin
trials (30 randomized) are registered at ClinicalTrials.
gov, of which two randomized trials (Phase I, Phase
II/Phase III) and one observational study have been
completed. Seven trials of ivermectin are registered at
CTRI.
It has potential for use in COVID‑19 and is safe at higher
doses and frequent regimens.[10] An in vitro study by
Caly et al. has shown that 5 µM of ivermectin is effective
in reducing viral RNA, with an IC50 value of ~2 μM.[8]
However, well‑controlled dose–response study needs to
be considered for carrying out a clinical trial of ivermectin
because in vitro inhibitory concentrations (5 µM/L) are
not probable to be achievable in humans.[11] Various
studies have reported clinical efficacy of ivermectin in
COVID‑19 patients.[12‑15]

Antivirals

Various antivirals that have shown their potential effect
for use in COVID‑19 target RNA‑dependent RNA
polymerase, papain‑like proteinase, 3‑chymotrypsin‑like
proteinase (3CLpro), S protein, and TMPRSS2. As of
September 3, 2020, 32 lopinavir/ritonavir trials (27
randomized) are registered at ClinicalTrials.gov of which
one randomized trial (Phase II) and one nonrandomized
trial have been completed. A Phase III randomized trial
of lopinavir/ritonavir has been withdrawn, and also,
a Phase II randomized trial has been terminated. Two
randomized trials of lopinavir/ritonavir are registered
at CTRI.
Twenty‑four remdesivir trials (17 randomized)
are registered at ClinicalTrials.gov of which three
randomized trials (Phase III) and a nonrandomized trial
have been completed. One of the Phase III randomized
trials has been terminated and one suspended. One
randomized parallel‑group multiple‑arm trial of
remdesivir is registered at CTRI.
Twenty‑nine favipiravir trials (27 randomized) are
registered with ClinicalTrials.gov from which five

randomized trials (4 Phase I trials and a Phase III trial)
and a nonrandomized trial have been completed. Three
randomized trials of favipiravir are registered with CTRI.

Corticosteroids

Corticosteroids have been used for the treatment of
SARS‑CoV and MERS and at present are used for
SARS‑CoV‑2. As of September 2, 2020, 17 dexamethasone
trials (15 randomized) are registered at ClinicalTrials.gov
of which one randomized trial and an observational study
have been completed. One of the Phase III randomized
trials has been terminated and one Phase IV trial has been
suspended. Two randomized trials of dexamethasone
are registered at CTRI. 17 methylprednisolone trials (14
randomized) are registered at ClinicalTrials.gov
of which two randomized and two observational
studies have been completed. A randomized trial of
methylprednisolone is registered at CTRI. Studies have
shown efficacy of prednisolone in SARS‑CoV‑2‑infected
patients. As of September 3, 2020, two prednisolone
trials (1 randomized) are registered at ClinicalTrials.gov.

Janus kinase inhibitors

As of September 3, 2020, 12 baricitinib trials (6
randomized) and 20 ruxolitinib trials (7 randomized)
are registered at ClinicalTrials.gov from which one Phase
II/Phase III study of baricitinib has been completed. One
Phase II study of ruxolitinib has been discontinued.

Biologicals
Monoclonal antibody

As of September 3, 2020, 46 studies have been registered
at ClinicalTrials.gov of which 32 are in recruiting phase,
3 in active, not recruiting phase, and 1 was suspended.
Out of the studies that are going on, single study is in
early Phase I, 12 studies in Phase I, 23 in Phase II, 7 in
Phase III, and 2 studies in Phase IV.

Mesenchymal stromal/stem cells

As of September 3, 2020, 53 studies have been registered
at ClinicalTrials.gov of which 23 are in recruiting phase, 4
in active, not recruiting phase, and 2 are completed. Out
of the studies that are going on, 4 are in early Phase I, 27
studies are in Phase I, 34 in Phase II, and 2 in Phase III.
As the key for the treatment of SARS‑CoV‑2 infection
lies in the management of cytokine storm, mesenchymal
stromal/stem cells (MSCs) are considered to have
a potential role in COVID‑19 by virtue of their
immunomodulatory and anti‑inflammatory properties.[16]
Liang et al., in a case report of a critically ill
COVID‑19 patient, showed that on treating with
allogeneic human umbilical cord MSC, the patient
improved within 5 days of her second cell infusion. The
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patient was off the ventilator and able to walk along
with improvement in T‑cell counts with no obvious
side effects.[17]
Another study by Leng et al. revealed that intravenous
transplantation of MSCs was safe and effective in
critically ill severe COVID‑19 pneumonia. However, the
sample size is limited only to seven patients.[18] Despite
the lack of robust clinical evidence, currently, a number
of promising trials are underway.

Convalescent plasma therapy

As of September 3, 2020, 131 convalescent plasma
therapy trials are registered at ClinicalTrials.gov of which
nine studies (4 randomized) have been completed. One
Phase II study has been withdrawn. Eleven trials of
convalescent plasma therapy are registered with CTRI.

Vaccines

As of September 3, 2020, 72 vaccine trials have been
registered at ClinicalTrials.gov., out of them 32 are in
recruiting phase, 13 are active, not recruiting phase, a
study is terminated, and 2 studies have been completed.
Out of the studies that are going on, 2 are in early
Phase II, 22 are Phase I, 22 in Phase II, 27 in Phase III,
and 4 studies are in Phase IV.
Phase II clinical trials of the Oxford University‑AstraZeneca
vaccine candidate for COVID‑19, manufactured by
Serum Institute of India, will probably begin soon in
the month of August. ChAdO×1 nCoV‑19 (AZD1222)
has exhibited encouraging results in early human
trials. Pune‑based Serum Institute, the world’s largest
manufacturer of vaccines, is conducting Phase II/III clinical
trials, which has been named as “Covishield” in India.[19]
Bharat Biotech in collaboration with the Indian Council
of Medical Research‑National Institute of Virology has
developed an India’s indigenous COVID‑19 vaccine
“COVAXIN.”[20] However, these trials are currently
on‑going and the government has permitted fast‑tracking
of regulatory clearances for the vaccine.

Dietary Supplements
As of September 3, 2020, 17 clinical trials are registered
at ClinicalTrial.gov for zinc, Vitamin C, and magnesium.
12 are in combination of Zinc with CQ, HCQ, Vitamin D,
and Vitamin C in which two are in Phase IV and two are
in Phase III.

Traditional Indian Medicine

Various studies are initiated to observe the effect of
traditional Indian medicines (Ayurveda, Unani, Siddha,
and Homeopathic [AYUSH]) in COVID‑19 pandemic.
In majority of the clinical trials, traditional Indian
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Table 1: Number of Clinical Trials registered with
various databases (as of September 3, 2020)
Database
ClinicalTrials.gov
ICTRP
CTRI
ChiCTR
European Union Clinical Trials Register
ANZCTR

Number of clinical trials
3201
2361
471
699
313
116

ICTRP=International Clinical Trial Registry Platform, CTRI=Clinical
Trial Registry of India, ChiCTR=Chinese Clinical Trial Registry,
ANZCTR=Australian New Zealand Clinical Trials Registry

medicines (TIMs) for use in COVID‑19 are studied
as an add‑on therapy in addition to standard of care
medicines or as a prophylactic/preventive measure in
high‑risk population. TIM is studied as stand‑alone in
asymptomatic patients or patients with mild‑to‑moderate
disease. In CTRI, around 16 AYUSH interventional trials
are registered for the treatment of the disease are ongoing
on several Ayurveda formulations such as AYUSH‑64,
Ashwagandha and Shunti capsule, Arsenicum Album,
Guduchi Ghan Vati, and Maha‑Sudarshana Ghan Vati.
As of September 3, 2020, 123 trials of TIM are registered
with CTRI and 7 with ClinicalTrials.gov.

Traditional Chinese medicine

Traditional Chinese medicine (TCM) may prevent the
entry of SARS‑CoV‑2 into the host cell by targeting
ACE‑2 or inhibit its replication and assembly inside the
cells by targeting 3CLpro. In China, it is recommended
to use TCM in combination with conventional treatment
for COVID‑19. It was shown that intervention of TCM in
COVID‑19 improved cure rate, reduced course of disease,
delayed progression of disease, and decreased death
rate. Huang et al. suggested that quercetin, kaempferol,
luteolin, isorhamnetin, baicalein, naringenin, and
wogonin are the important ingredients of TCM for the
management of COVID‑19.[21] As of September 3, 2020,
24 trials of TCM are registered with ChiCTR and 8 with
ClinicalTrials.gov.

Conclusion
In view of the current situation of COVID‑19, carrying
out effective clinical research is very crucial. However,
the pandemic has affected the research especially the
on‑going research experiments and clinical trials. All
the researchers are recommended to work in context
of gathering more clinical data and actual ground
base studies for COVID‑19. With restricted resources
and work force, every country is suffering in research.
However, let’s not give up and join hands together to
overcome the challenges we are facing at present. With
the combined efforts, we will definitely win this battle.
Every beginning has an end and so is this pandemic too.
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Abstract
Context: Conventional fractionated radiotherapy (CRT) achieves control of pathological hypercortisolism in 75%-80% of patients with persistent or recurrent Cushing's
disease (CD), over a mean period of 18-24 months. Medical therapy is recommended
as bridge therapy while awaiting RT effect.
Objective: To determine long-term outcome of CRT and its predictors in CD patients.
Design, Setting and Patients: This is a retrospective case record analysis of 42 patients with CD who received CRT as a treatment modality and had at least 12 months
post-RT follow-up. The dose delivered was 45 Gy in 25 fractions over 5 weeks.
Demographic details, hormonal evaluation and radiological data were extracted from
case records. Dexamethasone suppressed cortisol at cut-off of 1.8 µg/dL was used
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to define remission or recurrence. Possible predictors for remission and recurrence
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Results: The mean age at the time of CRT administration was 23.7 ± 10.7 (range:

were analysed.
12-48) years. A total of 29 (69%) patients achieved remission 26.5 ± 28.5 (median:
18, range: 3-120) months after RT, while 13 (31%) patients had persistent disease at
last follow-up. There were no significant predictors of disease remission after CRT.
Six (20.7%) patients had recurrence after a documented initial remission. Recurrence
occurred 66.6 ± 25.9 (median: 74; range: 18 to 90) months after documented remission. Recurrence of the disease was exclusively seen in patients who received peri-RT
cabergoline. Peri-CRT use of cabergoline was significantly associated with increased
recurrence rates (P = .016).
Conclusion: Use of cabergoline in the peri-CRT period did not affect initial remission
after CRT but was associated with increased recurrence after initial remission in CD.
KEYWORDS

cabergoline, conventional/conformal fractionated radiotherapy, ketoconazole, overnight
dexamethasone suppression test, recurrence, remission
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1 | I NTRO D U C TI O N

(cabergoline and/or ketoconazole) was given to some of these patients before, during or after CRT. Most of the patients who received

Cushing's disease (CD) is the most common cause of endogenous

cabergoline were the consecutively selected patients with persis-

Cushing's syndrome (CS) and accounts for approximately 70% cases

tent or recurrent CD after TSS and/or RT, irrespective of the disease

of CS. The therapeutic goal in CD is not only to achieve initial re-

severity, as a part of a study protocol.5 However, they were selected

mission but also to maintain long-term clinical and biochemical re-

for cabergoline treatment over a short period of 2 years (2007-2008)

mission. Selective adenomectomy through transsphenoidal surgery

compared to a wide selection period (1995-2016) for the whole co-

(TSS) is the primary treatment modality in CD patients; however, the

hort. Drug treatment was initiated after 2010 in all the patients who

reported remission rates (52%-96.6%) vary significantly across dif-

received ketoconazole. However, there was a cohort of patients who

1

ferent centres. Recurrence of CD following initial remission after

had received no medical management even after 2010, mainly due

TSS is a well-recognized phenomenon and is reported to be as high as

to either local unavailability, intolerance or unaffordability for the

15%-66% in long-term studies. 2 Therapeutic options for persistent

ketoconazole.

or recurrent CD after TSS include repeat TSS, medical management,
bilateral adrenalectomy and pituitary radiotherapy (RT). Linear accelerator-based conventional/conformal fractionated external beam

2.3 | Assays

RT (CRT) controls pathological hypercortisolism in 75%-80% of persistent or recurrent disease over a mean period of 18-24 months and

Hormonal evaluation was radioimmunoassay-based initially and

recurrence after CRT has not been reported in any of these cohorts

was later (after 1999) shifted to chemiluminescent assay (CLIA).

(including the one from our centre).3-5 In the recent past, we noticed

Cortisol was measured by a solid-phase competitive CLIA (Siemens

disease recurrence after CRT in few CD patients. Hence, we re-anal-

Healthcare) with an analytical sensitivity of 0.2 μg/dL (5.5 nmol/L).

ysed our data of CD patients who received CRT. In the current study,

Intra- and interassay coefficients of variability (CVs) for cortisol

our objective is to determine long-term outcome of CRT and its pre-

assay were 6.9% and 7.3%, respectively. Adrenocorticotropic hor-

dictors in CD patients.

mone (ACTH) was measured by a solid-phase, two-site sequential
CLIA (Siemens Healthcare) with an analytic sensitivity of 0.5 pg/

2 | PATI E NT S A N D M E TH O DS
2.1 | Patients

mL. Intra- and interassay CVs for ACTH assay were 9.6% and 8.8%,
respectively.

2.4 | Radiotherapy

A total of 60 patients with CD received CRT at a single centre in
western India from 1995 to 2016. A retrospective analysis of case

All patients received linear accelerator-based fractionated exter-

records of 42 patients (12 males and 30 females) was done, for whom

nal beam RT. The dose delivered was 45 Gy in 25 fractions over

at least 12 months of post-RT follow-up was available. The diagno-

5 weeks prescribed to the iso-centre of the planning target volume

sis of CD was based on histopathology in 38 patients and in CRH-

(PTV). Treatment planning and plan evaluation was done in accord-

stimulated bilateral simultaneous inferior petrosal sinus sampling

ance with the guidelines and recommendations of the International

(BIPSS) showing central gradient in the remaining. Baseline demo-

Commission on Radiation Units and Measurements (ICRU). A 5-mm

graphic features, pre- and post-operative hormonal values, magnetic

isotropic margin was applied to the clinical target volume (CTV) to

resonance image (MRI) findings and histopathological features were

generate the final planning target volume (PTV) to take care of set-

recorded. Institutional ethics committee approval was obtained for

up errors inherent to a course of fractionated RT. Details of RT pro-

this retrospective analysis.

cedure have been described in detail in a prior publication by Budyal
et al6 from our institute.

2.2 | Methods

2.5 | Follow-up evaluation after CRT

Transsphenoidal surgery was the first-line treatment in most of the
CD patients. Persistent disease was defined as early post-operative

Detailed clinical evaluation, MRI and complete hormonal evalua-

serum cortisol ≥5 μg/dL (≥138 nmol/L) with documented hypercor-

tion was done 3 months after the completion of RT. Thereafter, the

tisolism [overnight 1 mg dexamethasone suppression test (ODST)

hormonal evaluation was done at 6 monthly intervals and MRI was

serum cortisol >1.8 μg/dL (≥50 nmol/L)] at initial follow-up visits.

done as clinically required. Remission in patients on medical treat-

Recurrence of the disease was defined as ODST serum cortisol

ment was confirmed after stopping the drug at least for 6 weeks.

>1.8 μg/dL (≥50 nmol/L) in patients with prior remission. Persistent/

Remission was defined as ODST cortisol <1.8 μg/dL (<50 nmol/L) on

recurrent CD patients were subjected to repeat TSS or RT accord-

at least two separate occasions ≥3 months apart. Recurrence of the

ing to the clinical and radiological findings. Medical management

disease was defined as ODST serum cortisol >1.8 μg/dL (>50 nmol/L)
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on at least two separate occasions ≥3 months apart, in patients with

remission. Recurrence occurred 66.6 ± 25.9 (median: 74; range: 18

prior remission.

to 90) months after documented remission. Patient characteristics
such as age, sex, severity of the disease (pre-RT 8

2.6 | Statistics

am

cortisol and

ODS cortisol), tumour size and time to initial remission were not different between those who had sustained remission of the disease
and those who had disease recurrence. Recurrence of the disease

Statistical analysis was performed using IBM SPSS Statistics for

was exclusively seen in patients who received peri-RT cabergoline

Windows, version 23.0 (Armonk, NY: IBM Corp). Variables evalu-

(Figure 3). Peri-CRT use of cabergoline and total follow-up after

ated for possible association with initial remission were age, sex,

RT were the only significant predictors of recurrence (Table 2). In

pre-RT 8

cortisol, pre-RT ODS cortisol, nature of adenoma

Kaplan-Meier survival analysis using logrank test, peri-RT cabergo-

(macro- vs microadenoma) at initial diagnosis, size of pre-RT tumour

line exposure was significantly associated with disease recurrence

residue, duration of follow-up after CRT and peri-CRT use of caber-

(P = .039). The repeat analysis after the exclusion of two patients

goline or ketoconazole. Quantitative data were represented using

who received ketoconazole in addition to cabergoline, retained sta-

mean ± standard deviation (SD). Quantitative data between the

tistical significance (P = .016) (Figure 3). On retrospective review,

two groups were analysed using unpaired t test and qualitative data

disease severity characteristics were not significantly different be-

by chi-squared test. Kaplan-Meier survival analysis with logrank

tween those who received cabergoline ± ketoconazole and those

(Mantel-Cox) test was used to evaluate the effect of variables on

who received no medical treatment except for smaller pre-RT resid-

remission or recurrence rates. For all statistical tests, P value <.05

ual tumour in cabergoline ± ketoconazole group (Table 3).

am

was considered significant.

Closest time point of cabergoline use to CRT administration was
−17 ± 26 (median: −12; range: −62 to 2) months in the sustained re-

3 | R E S U LT S

mission group vs 11.6 ± 31.7 (median: −1; range: −6 to 76) months
in recurrence group (P = .14). Duration of cabergoline treatment
was 18.2 ± 20.3 (median: 4; range: 3 to 46) months in the sustained

The mean age at the time of CRT administration was 23.7 ± 10.7 years

remission group vs 14.3 ± 10.4 (median: 11.5; range: 4-29) months

(range: 12-48 years). Three patients were younger than 18 years

in recurrence group (P = .68). Cumulative dose of cabergoline was

at diagnosis of CD, whereas only one patient was younger than

168.4 ± 202.4 (median: 42; range: 16-476) mg in the sustained remis-

18 years at the time of RT administration. In two adolescent-onset

sion group vs 117.6 ± 76.2 9 (median: 99; range: 48-232) mg in the

CD cases, CRT was administered as the first line of treatment. In the

recurrence group (P = .58) (Table S1).

remaining cases, RT was administered after one or two failed TSS
or recurrence after surgical cure. Medical treatment for CD was received by 22 (52%) patients. Medical treatment included cabergoline

4 | D I S CU S S I O N

alone (n = 13) or with ketoconazole (n = 9). Total duration of followup after RT was 71.5 ± 51.3 months.

Medical management for CD is typically indicated and recom-

A total 29 (69%) patients achieved remission 26.5 ± 28.5 (me-

mended as a bridge therapy while awaiting response to RT. 2 To the

dian: 18, range: 3-120) months after RT (Figure 1), while 13 (31%)

best of our knowledge, this is the first study to report the effect of

patients had persistent disease at last follow-up. Baseline character-

cabergoline on remission and recurrence rates after any RT modal-

istics of the total cohort, patients who achieved initial remission and

ity in CD. This study reports that peri-CRT use of cabergoline was

those who had persistent disease are summarized in Table 1.

significantly associated with recurrence in CD.

Patient characteristics such as age, sex, severity of the disease

The initial remission rates in our study are comparable to the

(pre-RT 8 am cortisol and ODS cortisol), tumour size (micro- vs mac-

previously reported numbers with CRT and SRS.7 In a recent me-

roadenoma at baseline and maximum tumour dimension before RT)

ta-analysis, prior TSS (73% vs 53%), male gender (79% vs 50%) and

and follow-up period after RT were not different between those

ancillary medical treatment (72% vs 52%) did not predict remission

who had disease remission and those who had persistent disease.

in CD patients treated with RT.8 None of the previous studies have

Overall, use of cabergoline in the peri-RT period was more frequent

reported adverse effect of ancillary medical treatment with remis-

in those with persistent disease (P = .045); but it was not its isolated

sion after CRT. However, two previous studies have demonstrated

use that was more frequent (P = .696) in patients with persistent

the interference of ketoconazole with efficacy of SRS in CD. In a

disease, but its use in combination with ketoconazole (P = .001)

study by Castinetti et al9, the use of ketoconazole during gamma

(Table 1). However, Kaplan-Meier survival analysis with logrank test

knife radiosurgery (GKRS) was associated with reduced remission

revealed no significant difference in remission rates among patients

rates, whereas in another study by Sheehan et al10, ketoconazole

with peri-RT cabergoline exposure, peri-RT cabergoline and keto-

use was associated with delayed remission after stereotactic ra-

conazole exposure and no medical treatment (Figure 2).

diosurgery (21.8 vs 12.6 months, P = .012). Although, ketoconazole

Total follow-up period after initial remission was 72 ± 51.9 months.

use was significantly more frequent in our patients with persistent

Six (20.7%) patients had recurrence after a documented initial

disease, it did not attain a statistical significance in the survival
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F I G U R E 1 Overall remission of
Cushing's disease after conventional
radiotherapy

analysis using logrank test, most probably due to shorter duration

in our study 20.6% of patients who had initial remission after CRT

of follow-up in patients who received ketoconazole. Studies with

developed recurrence.

longer follow-up periods may demonstrate the negative effect of

Although the effect of anticortisolemic drugs in reducing and/or

peri-RT ketoconazole on remission after CRT. The potential nega-

delaying the remission after RT in CD patients is gaining attention, their

tive effect of peri-RT ketoconazole on remission after RT may be

effect on recurrence rates is still not widely appreciated. In a recent ret-

attributed to its antiproliferative and antiapoptotic effects on ACTH

rospective, international multicentre study, prior medical therapy (ke-

secreting pituitary adenoma cells.11 Although cabergoline alone ex-

toconazole) tended to be more frequent in CD patients who recurred

posure did not significantly prevent remission, but exposure to an

after whole sellar GKRS than those who did not recur (55.6% vs 23.5%,

additional antiproliferative agent (ketoconazole) did show a trend

P = .063).14 In our study, only two patients who received ketoconazole

towards more persistent disease. Alternatively, we also hypothesize

in addition to cabergoline had achieved initial remission, with disease

that adenoma cells exposed to cabergoline resumed proliferation

recurrence in one of them. Hence, our study was not adequately pow-

later in time course, explaining no impact on remission but increased

ered to assess effect of ketoconazole on disease recurrence.

recurrence.

Peri-RT exposure to cabergoline was significantly associated with

Recurrence after CRT varies from 0%-62.5% (median: 0%, mean:

disease recurrence in this study. The association was independent

15.9%).7 Surprisingly, all the reported recurrences after CRT in the

of duration of follow-up or adjuvant ketoconazole use as suggested

world literature were in patients who received CRT as a primary

by the logrank test and repeat analysis after exclusion of patients

treatment, whereas none of the patients who received CRT as a

who received ketoconazole, respectively. Dopamine agonists (DA)

secondary therapy after surgery had recurrence. In addition, recur-

are known to cause growth arrest and have an antiproliferative ef-

rences after primary CRT were also attributed to low RT dose12 or

fect on pituitary tumour cells in prolactinomas.15 The mechanism

13

use of reserpine, a radioprotective agent. Stereotactic radiosurgery

responsible for antiproliferative effect of DA in pituitary tumours

(SRS), the most commonly used current mode of RT for CD patients,

has been postulated to be mediated by TGFβ1 expression and alter-

is associated with higher rates of recurrence despite similar initial

ation of calcium, protein kinase C and MAPK pathway.16 Inhibition

7

remission rates than CRT. A higher rate of recurrences with SRS has

of proliferation of adenoma cells by DA may render them less vul-

been attributed to lesser margin doses, leaving few adenoma cells to

nerable to DNA damage by ionizing radiation. Later, some of these

resume their neoplastic proliferation after a long latency. However,

adenoma cells, which had escaped radiation-induced permanent
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TA B L E 1 Comparison of patients with
initial remission of disease and persistent
disease
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Total (n = 42)

Remission of
disease (n = 29)

Persistent
disease (n = 13)

P value*

Age (years)

23.7 ± 10.7

21.8 ± 11.1

27.9 ± 8.9

.173

Male: female

12:30

10:20

2:10

.483

Pre-RT 8 am cortisol
(µg/dL)

19.8 ± 10.4

20.8 ± 11.7

17.6 ± 6.0

.35

Pre-RT ODST cortisol
(µg/dL)

14.4 ± 9.5

12.5 ± 9.12

12.9 ± 6.8

.9

Micro-:
Macroadenoma at
initial diagnosis

26:16

18:12

8:4

.742

Max tumour dimension before RT (mm)

8.4 ± 8.5

8.6 ± 9.0

8.5 ± 7.5

.97

Follow-up after RT
(months)

71.5 7 ± 51.3

75.6 ± 50.4

63.0 ± 54.2

.46

Received cabergoline
alone

10/42

8/29

2/13

.696

Received any
cabergoline
(± ketoconazole)a

19/42

10/29

9/13

.045

Received cabergoline + ketoconazole

9/42

2/29

7/13

.0014

Abbreviations: ODST, overnight 1 mg dexamethasone suppression test.
a

Three patients who received cabergoline after 36 mo of RT administration were considered as not
received cabergoline for remission analysis.
*P value for comparison of patients with initial remission of disease and persistent disease.

F I G U R E 2 Remission of Cushing's
disease after conventional radiotherapy
in various subgroups based on medical
treatment
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F I G U R E 3 Recurrence of Cushing's
disease after conventional radiotherapy

DNA damage, may proliferate to cause disease recurrence. Similar

prevent the remission after SRS.17,18 In vitro analysis of the effect

radioprotective effects have also been reported for octreotide and

of cabergoline on CD tumour cell lines may give further insights into

DA in acromegaly and prolactinomas, respectively, and to delay or

the possible mechanisms of their radioprotection.

Sustained remission
(n = 23)

Recurrence (n = 6)

P value

Age (years)

21.6 ± 11.8

22.6 ± 8.4

.77

Male: female

7:16

3:3

.63

Pre-RT 8 am Cortisol (µg/dL)

20.0 ± 11.6

23.7 ± 12.6

.49

Pre-RT ODS Cortisol(µg/dL)

13.2 ± 10.2

10.4 ± 4.1

.53

Micro: Macroadenoma

14:9

3:3

.67

Max tumour dimension
before RT (mm)

9.0 ± 9.8

7.1 ± 5.3

.65

Time to remission (months)

25.3 ± 25.8 Median: 18
(3-120)

31 ± 39.3 Median: 14
(3-108)

.312

Cabergoline alone

4/23

5/6

.005

Received any cabergoline
(± ketoconazole)

5/23

6/6

.001

Received
cabergoline + ketoconazole

1/23

1/6

.87

Mean follow-up after CRT
(months)

66.9 ± 49.5

115.2 ± 41.3

.037

Abbreviation: ODST, overnight 1 mg dexamethasone suppression test.

TA B L E 2 Comparison of patients with
sustained remission and recurrence
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TA B L E 3

61

Comparison of patients based on medical management history
Total (n = 42)

No medical treatment
(n = 20)

Received any cabergoline (±
ketoconazole) (n = 22)

Age

23.7 ± 10.7

26.9 ± 11.6

27.1 ± 8.7

.94

P value*

Pre-RT 8 am cortisol (µg/dL)

19.8 ± 10.4

20.9 ± 11.9

18.8 ± 9.1

.54

Pre-RT ODS cortisol (µg/dL)

14.4 ± 9.5

11.7 ± 10

13.4 ± 6.7

.51

Max tumour dimension before RT
(mm)

8.4 ± 8.5

11.4 ± 10.5

5.9 ± 5.2

.03

Follow-up after RT (mo)

71.5 ± 51.3

59 ± 52.6

85 ± 48.3

.1

Remissiona

29/42 (69%)

17/20 (85%)

10/19 (52%)

.02

Recurrence

6/29 (20%)

0/17 (0%)

6/10 (60%)

<.01

a

Three patients who received cabergoline after 36 mo of RT administration were considered as not received cabergoline for remission analysis.

*P value is for comparison between no medical treatment group and any medical treatment group (cabergoline ± ketoconazole).

Three patients with disease recurrence had stopped cabergoline 2-6 months before CRT administration, whereas in one pa-

number of patients and longer follow-up as well as basic in vitro studies to elucidate radioprotective effects of cabergoline are needed.

tient cabergoline was initiated 5 months after CRT administration.
Association of peri-RT cabergoline exposure, despite no exposure

C O N FL I C T O F I N T E R E S T

during CRT administration, with recurrence suggests that radiopro-

Nothing to declare.

tective effect of cabergoline on adenoma cells may be rapid-onset
and long-lasting. The long-lasting antiproliferative effect of caber-

ORCID

goline has also been supported by the occurrence of delayed recur-

Vijaya Sarathi

rences of prolactinomas after cabergoline withdrawal. Hence, we

Swati Ramteke-Jadhav

https://orcid.org/0000-0002-0243-0448

propose that the use of cabergoline at least 6 months before or after

Manjunath Goroshi

RT administration should be judicious. One patient, who achieved

Tushar Bandgar

https://orcid.org/0000-0003-1251-8918
https://orcid.org/0000-0001-7679-6656

https://orcid.org/0000-0002-6902-4639

late initial remission at 108 months after RT administration and had
recurrence at 184 months, had received cabergoline 76 months after

DATA AVA I L A B I L I T Y S TAT E M E N T

RT administration. The causative role of cabergoline in disease re-

The data that support the findings of this study are available on re-

currence of this patient is uncertain and further studies are needed

quest from the corresponding author.

to address whether such distant exposure to cabergoline affects recurrence rates after RT.
Limitations of our study include its retrospective nature, smaller
sample size and relatively shorter duration of follow-up to aptly describe recurrence rates. The allocation of patients for medical management or no drugs was not systematic. This might have introduced
a potential selection bias. In addition, 24-h urinary-free cortisol, a
more commonly used measure of disease severity, was not available
in most of our patients.
Nevertheless, it is the first study to report the association of cabergoline with CD recurrence after CRT. Uniformity of CRT parameters such as dose, fractions and the machine and planning of CRT by
the experts are the strengths of our study.

5 | CO N C LU S I O N
Use of cabergoline in the peri-CRT period did not affect initial remission after CRT but was associated with increased recurrence
after initial remission. Hence, we caution against the peri-CRT use
of cabergoline in CD patients. However, further studies with larger
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Active management of the third stage of labour with and
without controlled cord traction: a randomised, controlled,
non-inferiority trial
A Metin Gülmezoglu, Pisake Lumbiganon, Sihem Landoulsi, Mariana Widmer, Hany Abdel-Aleem, Mario Festin, Guillermo Carroli,
Zahida Qureshi, João Paulo Souza, Eduardo Bergel, Gilda Piaggio, Shivaprasad S Goudar, John Yeh, Deborah Armbruster, Mandisa Singata,
Cristina Pelaez-Crisologo, Fernando Althabe, Peter Sekweyama, Justus Hofmeyr, Mary-Ellen Stanton, Richard Derman, Diana Elbourne

Summary
Background Active management of the third stage of labour reduces the risk of post-partum haemorrhage. We aimed
to assess whether controlled cord traction can be omitted from active management of this stage without increasing
the risk of severe haemorrhage.
Methods We did a multicentre, non-inferiority, randomised controlled trial in 16 hospitals and two primary healthcare centres in Argentina, Egypt, India, Kenya, the Philippines, South Africa, Thailand, and Uganda. Women expecting
to deliver singleton babies vaginally (ie, not planned caesarean section) were randomly assigned (in a 1:1 ratio) with a
centrally generated allocation sequence, stratiﬁed by country, to placental delivery with gravity and maternal eﬀort
(simpliﬁed package) or controlled cord traction applied immediately after uterine contraction and cord clamping (full
package). After randomisation, allocation could not be concealed from investigators, participants, or assessors.
Oxytocin 10 IU was administered immediately after birth with cord clamping after 1–3 min. Uterine massage was
done after placental delivery according to local policy. The primary (non-inferiority) outcome was blood loss of 1000 mL
or more (severe haemorrhage). The non-inferiority margin for the risk ratio was 1·3. Analysis was by modiﬁed
intention-to-treat, excluding women who had emergency caesarean sections. This trial is registered with the Australian
and New Zealand Clinical Trials Registry, ACTRN 12608000434392.
Findings Between June 1, 2009, and Oct 30, 2010, 12 227 women were randomly assigned to the simpliﬁed package
group and 12 163 to the full package group. After exclusion of women who had emergency caesarean sections,
11 861 were in the simpliﬁed package group and 11 820 were in the full package group. The primary outcome of blood
loss of 1000 mL or more had a risk ratio of 1·09 (95% CI 0·91–1·31) and the upper 95% CI limit crossed the pre-stated
non-inferiority margin. One case of uterine inversion occurred in the full package group. Other adverse events were
haemorrhage-related.
Interpretation Although the hypothesis of non-inferiority was not met, omission of controlled cord traction has very
little eﬀect on the risk of severe haemorrhage. Scaling up of haemorrhage prevention programmes for non-hospital
settings can safely focus on use of oxytocin.
Funding United States Agency for International Development and UN Development Programme/UN Population
Fund/WHO/World Bank Special Programme of Research, Development and Research Training in Human
Reproduction, Department of Reproductive Health and Research.

Introduction
Post-partum haemorrhage is a major cause of severe
morbidity and maternal death, particularly in Africa and
Asia, where nearly a third of pregnancy-related deaths are
associated with haemorrhage.1 Most such deaths occur
because of insuﬃcient uterine contraction soon after
birth. Two management packages for the third stage of
labour are commonly used, known as active management
and expectant management.2 In active management,
several prophylactic interventions are applied in combination. WHO recommends administration of oxytocin
soon after delivery of the baby, controlled cord traction,
and delayed clamping and cutting of the cord until the
health-care worker is ready to apply traction.3 Uterine
massage after placental delivery is included in professional
www.thelancet.com Vol 379 May 5, 2012

society guidelines.4 In expectant management, the interventions included in active management are withheld
unless needed. Randomised trials5,6 of active versus expectant management have been done in hospital settings and
they included early clamping and cutting of the cord in
addition to the WHO components. Overall, the risk of
post-partum haemorrhage was more than 60% lower
with active management than with expectant management. The timing of cord clamping does not seem to play
a signiﬁcant part in blood loss.7 Side-eﬀects such as
increased blood pressure, nausea, vomiting, and increased
placental retention are generally attributed to the use of
uterotonic ergot alkaloids.
WHO recommendations published in 20073 advocated use of the full active management package, while

Lancet 2012; 379: 1721–27
Published Online
March 6, 2012
DOI:10.1016/S01406736(12)60206-2
This publication has been
corrected twice. The ﬁrst
corrected version ﬁrst
appeared at thelancet.com on
May 4, 2012, and the second
on July 20, 2012
See Comment page 1684
UNDP/UNFPA/WHO/World
Bank Special Programme of
Research, Development and
Research Training in Human
Reproduction, World Health
Organization, Geneva,
Switzerland
(A M Gülmezoglu MD,
S Landoulsi MSc, M Widmer MSc,
J P Souza MD, E Bergel PhD,
G Piaggio PhD); Department of
Obstetrics and Gynaecology,
Faculty of Medicine, Khon Kaen
University, Khon Kaen,
Thailand
(Prof P Lumbiganon MD);
Department of Obstetrics and
Gynaecology, Faculty of
Medicine, Assiut University,
Assiut, Egypt
(Prof H Abdel-Aleem MD);
Department of Obstetrics and
Gynaecology, Philippine
General Hospital, University of
the Philippines, Manila,
Philippines (M Festin MD,
C Pelaez-Crisologo MD); Centro
Rosarino de Estudios
Perinatales, Rosario, Argentina
(G Carroli MD); Department of
Obstetrics and Gynaecology,
University of Nairobi, Nairobi,
Kenya (Z Qureshi MD); Women’s
and Children’s Health Research
Unit, Jawaharlal Nehru Medical
College, Belgaum, Karnataka,
India (Prof S S Goudar MD);
Harvard Medical School,
Boston, MA, USA
(Prof J Yeh MD); United States
Agency for International
Development, Washington,
DC, USA (D Armbruster CNM,
M-E Stanton MSN); Eﬀective

1721

Articles

Care Research Unit, Eastern
Cape Department of Health,
Universities of Witwatersrand
and Fort Hare, East London,
South Africa (M Singata MBA,
Prof J Hofmeyr MD); Institute for
Clinical Eﬀectiveness and
Health Policy, Buenos Aires,
Argentina (F Althabe MD);
San Raphael of St Francis
Hospital, Nsambya, Uganda
(P Sekweyama MD);
Department of Obstetrics and
Gynaecology, Center for
Women’s and Children’s Health
Research, Christiana Care
Health Services, Newark, DE,
USA (R Derman MD); London
School of Hygiene and Tropical
Medicine, London, UK
(Prof D Elbourne PhD)
Correspondence to:
Dr A Metin Gülmezoglu, World
Health Organisation,
Department of Reproductive
Health and Research,
Geneva CH-1211, Switzerland
gulmezoglum@who.int

acknowledging the absence of evidence for the eﬀectiveness of some individual components. Estimation of the
relative contribution of each of the components could
help to determine the most eﬀective way to use the
intervention at diﬀerent levels of health care or by healthcare workers with diﬀerent skills.6 Some evidence suggests that the uterotonic component can be eﬀective on
its own.8,9 However, the contribution of controlled cord
traction is largely unknown.
In controlled cord traction10 the birth attendant pushes
the uterine fundus upwards with one hand while the
other hand applies continuous traction on the umbilical
cord to extract the placenta.11 Because the procedure
requires manual skills, it has been recommended for
use by skilled birth attendants only. However, if traction
does not have a meaningful eﬀect on blood loss then it
could be omitted and a simpliﬁed package focusing
mainly on the uterotonic could be recommended. Such a
recommendation would have important implications for
reducing resources required to train and deploy healthcare personnel attending childbirth and could expand
access to eﬀective care in places where staﬀ shortages and
physical barriers to access remain.
We aimed to ﬁnd out whether a simpliﬁed approach to
management of the third stage of labour without
controlled cord traction is not less eﬀective than the full
active management package at reduction of severe blood
loss (ie, ≥1000 mL).

Methods
Study design and patients
We did a multicentre, non-inferiority, randomised
controlled trial in 16 hospitals and two primary healthcare centres in Argentina, Egypt, India, Kenya, the
Philippines, South Africa, Thailand, and Uganda. Before
the trial started we assessed the existing policies at the
study sites. With the exception of the two primary-care
centres in India, all sites practised controlled cord traction.
All sites used intramuscular or intravenous oxytocin
10 IU, although the timing of administration diﬀered. In
the Philippines, a policy of concurrent use of intramuscular
oxytocin and ergometrine was in place before the trial. In
Argentina and Kenya, cord clamping was described as
delayed, whereas other sites were practising immediate
cord clamping. Uterine massage after placental delivery
was part of routine management in the Philippines and
Thailand and reported as about 50% in Egypt. It was not
part of routine policy in any of the other countries.
All women expecting to deliver vaginally at the
participating hospitals were potentially eligible. They
were excluded if they were ﬁrst seen in advanced labour
(>6 cm cervical dilatation), were not capable of giving
consent because of an obstetric emergency, a mental
disorder, or distress, or if they planned to have caesarean
section, were minors without a guardian, or had twin
pregnancies. The fetus had to be at a gestational age of
viability according to local limits. Women were asked for
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written informed consent either before or early in labour.
The trial protocol was approved by the WHO Ethics
Review Committee and the local ethics committees of the
participating institutions.

Randomisation and masking
Random allocation took place as close to the anticipated
vaginal delivery as possible. The random allocation
sequence was computer generated centrally at WHO.
Randomisation was stratiﬁed by country and restricted
with randomly varying blocks of six to eight. At each
facility, a computer programmed with the random allocation sequence was provided and allocation was made
once the woman’s details were entered into the computer
by local investigators. Each site had one spare computer in
case of break-down or theft; if both failed the centre had to
revert to sealed opaque envelopes as the back-up option.
Centres in Egypt and Kenya had to revert to sealed opaque
envelopes because of break-down and theft midway
through the trial. Neither the investigators nor participants
could be masked to the interventions or outcomes.

Procedures
In both groups of the trial, intramuscular oxytocin 10 IU
was administered as soon as possible after birth,
preferably within 1 min. If a woman had an intravenous
line, oxytocin diluted in 100 mL saline could be
administered through the line for 5 min. The cord was
clamped and cut after manual or visual observation of a
uterine contraction, usually around 1–3 min after delivery
of the baby. Collection of lost blood was initiated
immediately after birth of the baby by passing a drape
under the woman’s buttocks.12 Blood collected in the
drape was put in a bucket, weighed on a digital scale
together with the drape, and the amount recorded in
grams. Trial interventions were administered by the staﬀ
who managed the deliveries. For the analysis, the weight
of the drape was subtracted and the weights were
converted to volumes; the value in grams was divided by
1·06 (blood density in g/mL).13
The experimental intervention assessed in the trial
was the simpliﬁed package, in which placental delivery
was allowed to occur with the aid of gravity and maternal
eﬀort. The birth attendant was expected to note the signs
of placental separation such as a gush of blood, uterine
contraction, lengthening of the umbilical cord, and
visualisation of the placenta in the vagina, and then
encourage the woman to cough or push. The control was
the full package, in which controlled cord traction was
applied immediately after observation of a uterine
contraction. The cord was clamped and cut as described
for the simpliﬁed package. The full package practised in
the trial was applied as in other active management trials
except for timing of cord clamping. However, available
evidence suggests that the timing of cord clamping is
not likely to have a major eﬀect on blood loss.7 The
protocol required that after placental delivery the uterine
www.thelancet.com Vol 379 May 5, 2012
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fundus was rubbed and any clots expressed. Because
policies for uterine massage varied and no evidence to
support or refute its role is available, individual sites
were allowed to implement it or not according to their
existing routine. The protocol stated that, if the procedure
was used, the uterus should be massaged gently until it
contracted and then every 15 min for up to 2 h. Adherence
to allocated treatment was deﬁned as hands-oﬀ management of the cord in the simpliﬁed package group and
application of cord traction within 30 min of delivery in
the full package group.
The primary (non-inferiority) outcome was severe postpartum haemorrhage deﬁned as measured blood loss of
1000 mL or more at 1 h and up to 2 h for women who
continued to bleed after 1 h. The secondary (superiority)
outcomes were blood transfusion, use of additional uterotonics, blood loss of 500 mL or more, maternal death,
manual placental removal, surgical procedures (hysterectomy, ligation of vessels), the composite outcome of
maternal death or severe morbidity (admission to intensivecare unit, hysterectomy, blood loss of 2000 mL or more,
uterine inversion), and initiation of breastfeeding.
The Data Safety and Monitoring Committee met three
times during the course of the project. The Committee
reviewed two interim analyses according to the HaybittlePeto rule14 with a superiority criterion on the primary
outcome. The committee advised the trial Steering
Committee to continue recruitment on both occasions.

Statistical analysis
We aimed to assess non-inferiority of the simpliﬁed
package compared with the full package in terms of
eﬃcacy within a pre-stated non-inferiority margin. We
chose the non-inferiority margin by examining the eﬀect
of the gold standard, in this case full active management,
compared with expectant management (control) in
previous trials.5,15 Estimates of severe post-partum
haemorrhage with active and expectant management
were taken from published and unpublished data of
WHO studies in which post-partum blood loss was
measured.5,9,16 On the basis of those data, we assumed a
1·5% risk of severe haemorrhage with the full package.
The severe haemorrhage rate with expectant management
was based on data available from earlier trials.5,15 Values
between 3·0% and 4·0% were judged realistic. For
sample size estimates, we therefore assumed a 3% risk
of severe haemorrhage with expectant management. The
simpliﬁed package was assumed to preserve 70% of the
beneﬁt of the full active management package. With
these assumptions, a trial of 22 908 women would have
80% power to show non-inferiority of the simpliﬁed
package within 0·45% of the severe haemorrhage rate
for the full package (ie, [1·0–0·7] × [3·0–1·5], with a
two-sided 95% CI, and an α of 2·5%). In relative
terms, this gives a margin of non-inferiority of 1·3
(ie [1·5 + 0·45] / 1·5 = 1·95 / 1·5). The non-inferiority
hypothesis was used for the primary outcome. For the
www.thelancet.com Vol 379 May 5, 2012

secondary endpoints superiority hypotheses were used.
SAS version 9.1 was used for all analyses.
We identiﬁed two analysis populations: intention-totreat population—all enrolled women assessed within
groups as randomised, irrespective of adherence—and
modiﬁed intention-to-treat population—as intention-totreat population, but excluding women having a caesarean
section after randomisation. Our primary analysis and
interpretation are based on the modiﬁed intention-totreat population. We chose to focus on this population
because for women having a caesarean section (whether
elective or emergency), the trial interventions could not
be implemented, nor the primary outcome assessed, in
the same way as with a vaginal delivery. Elective caesarean
section was an exclusion criterion but some emergency
caesarean sections occurred after randomisation.
Although some researchers have suggested that in
non-inferiority trials per-protocol analysis provides a
more conservative interpretation,17 this notion has been
disputed.18 In this trial, women with much blood loss in
the simpliﬁed group were more likely to receive cord
traction and other interventions to remove the placenta
than were women with little blood loss. Because women
with great blood loss would be excluded in a per-protocol
analysis, the results would favour the simpliﬁed package group, and push the results towards erroneous
non-inferiority.
Because the eﬀects of uterine massage with or without
the full package were unknown, we planned stratiﬁed
analysis according to the policy of use or non-use of
uterine massage. Finally, we did sensitivity analyses with
and without the data set from the Philippines. We

36 131 assessed for eligibility

11 741 excluded
9186 did not meet the inclusion criteria
2544 not eligible after screening before
randomisation
11 other reasons

24 390 randomised

12 227 allocated to the simpliﬁed AMTSL package
11 265 received the allocated intervention
962 did not receive allocated intervention

366 caesarean sections

11 861 analysed (modiﬁed ITT population)
11 253 received the allocated intervention
608 did not receive allocated intervention

12 163 allocated to the full AMTSL package
11 547 received the allocated intervention
616 did not receive allocated intervention

343 caesarean sections

11 820 analysed (modiﬁed ITT population)
11 406 received the allocated intervention
414 did not receive allocated intervention

Figure: Trial proﬁle
AMTSL=active management of the third stage of labour. ITT=intention to treat.
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Simpliﬁed package
Age (years)*

25·3 (5·6)

Primigravidae
Duration of gestation ≥37 weeks
Labour induced or augmented
Spontaneous cephalic vaginal delivery

Full package
25·3 (5·6)

5362/11 823 (45%)

5476/11 799 (46%)

10 713/11 815 (91%)

10 620/11 797 (90%)

5923/11 815 (50%)

5796/11 795 (49%)

11 266/11 818 (95%)

11 240/11 795 (95%)

Perineal trauma (episiotomy or tear requiring suture)

7667/11 816 (65%)

7616/11 791 (65%)

Birthweight (g)†

3069 (538)

3054 (544)

Baby alive

11 661/11 818 (99%)

11 639/11 797 (99%)

Data are n/N (%) or mean (SD). Denominators vary because of missing data. *N=11 861 for the simpliﬁed group, and
11 820 for the full package group. †N=11 818 for the simpliﬁed group, and 11 797 for the full package group.

Table 1: Characteristics of women at trial entry and delivery for the modiﬁed intention-to-treat population

Role of the funding source
The study was supported by the United States Agency for
International Development and UN Development
Programme/UN Population Fund/WHO/World Bank
Special Programme of Research, Development and
Research Training in Human Reproduction, Department
of Reproductive Health and Research, WHO. The
sponsors had no role in data collection, analysis, or
interpretation of the data, the writing of the report, or the
decision to submit for publication. All authors had access
to the analysis plan, the outputs of that analysis and could
see the data if they wished to do so. All authors participated
in the ﬁnal discussion and approved the submission.

Results
Simpliﬁed package

Full package

Cord management according to protocol*†

11 253 (95%)

11 406 (97%)

Oxytocin administered†

11 779 (99%)

11 751 (99%)

9321 (79%)

9242 (78%)

Adherence

Delayed cord clamping and cutting†
Interventions used for ﬁnal delivery of the placenta‡
Hands oﬀ (maternal eﬀort)§

10 668 (91%)

Controlled cord traction¶

731 (6%)

Umbilical vein injection||

10 (<1%)

833 (7%)
11 389 (97%)
10 (<1%)

Manual removal ||

153 (1%)

105 (<1%)

Curettage||

165 (1%)

98 (<1%)

Hysterectomy||

2 (<1%)

Left in situ because of severe adherence**

2 (<1%)

6 (<1%)

29 (<1%)

23 (<1%)

Placenta and baby delivered simultaneously††

6 (<1%)

Data are n (%). Denominators vary because of missing data. *Hands-oﬀ in the simpliﬁed package and controlled cord
traction in the ﬁrst 30 min in the full package. †N=11 861 for the simpliﬁed package, and 11 820 for the full package.
‡More than one intervention could be used for any one patient. §N for hands oﬀ is 11 776 for the simpliﬁed package,
and 11 763 for the full package. ¶N for controlled cord traction is 11 777 for the simpliﬁed package, and 11 766 for the
full package. ||N for umbilical vein injection, manual removal, curettage, and hysterectomy is 11 814 for the simpliﬁed
package, and 11 794 for the full package. **N for left in situ is 11 813 for the simpliﬁed package and 11 792 for the full
package. ††N for delivered simultaneously is 11 814 for the simpliﬁed package, and 11 797 for the full package.

Table 2: Adherence to trial interventions and ﬁnal mode of placental delivery

decided on the sensitivity analysis after the protocol was
written but before the analysis. In the Philippines, both
study sites were large, high-volume hospitals and
frequent closures occurred because of repairs and
infections in the neonatal units that led to interruptions
in recruitment and loss of study forms (140 of 2527 [5·5%]
in the simpliﬁed package group and 137 of 2524 [5·4%]
in the full package group). When examining the quality
of data from the Philippines, we noted that in one of the
two sites, the routine policy of oxytocin and ergometrine
administration from before initiation of the study
continued during the trial. For these reasons, and
especially in view of the association of ergometrine with
placental retention identiﬁed in published work,5 the
trial steering committee decided that the sensitivity
analyses were justiﬁed. This trial is registered with the
Australian and New Zealand Clinical Trials Registry,
ACTRN 12608000434392.
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The ﬁgure shows the trial proﬁle. Enrolment took place
between June 1, 2009, and Oct 30, 2010. 3455 women
were in Argentina, 3527 in Egypt, 2165 in India, 4005 in
Kenya, 5051 in the Philippines, 1277 in South Africa,
3181 in Thailand, and 1729 in Uganda. Table 1 shows
patient characteristics at trial entry and delivery.
Adherence to the oxytocin and controlled cord traction
components was high (>90%), with overall package
adherence reduced mainly because of the timing of cord
clamping and cutting (table 2). Rates of early cord
clamping were particularly high in some of the Thai
facilities because of hospital policies. Most sites did not
practise uterine massage regularly, except Egypt (2507 of
3518 cases, 99·7%), Thailand (2790 of 2976, 93·7%), and
Uganda (1715 of 1723 cases, 99·8%). In all other sites
uterine massage was used in less than 10% of cases.
Some diﬀerences between policies before and at the end
of the trial are to be expected because the principal
investigators attempted to bring their policies in line with
trial procedures. About 6% of all women allocated to the
simpliﬁed package eventually needed controlled cord
traction (table 2). We were not able to diﬀerentiate
whether their placentas were truly retained or whether
the total included women whose placentas were already
separated but not expelled by maternal eﬀorts.
Table 3 shows primary and secondary outcomes. For
the primary endpoint, the upper range of the 95% CI
lies slightly above the non-inferiority limit (1·30). The
risk of the secondary outcome of post-partum haemorrhage was higher in women given the simpliﬁed package
than in those given the full package (risk ratio 1·07,
95% CI 1·00–1·14, superiority hypothesis). The rate of
manual placental removal was signiﬁcantly higher in
the simpliﬁed package group (table 3). Mean blood loss
was about 11 mL greater and the third stage about 7 min
longer with the simpliﬁed package than with the full
package. One case of uterine inversion occurred in
the full package group. Other adverse events were
haemorrhage-related.
In the sensitivity analysis excluding the Philippines
(table 4), the summary estimates had slightly larger CIs,
and the statistically signiﬁcant diﬀerence in the rate of
www.thelancet.com Vol 379 May 5, 2012
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Simpliﬁed package

Full package

Blood loss ≥1000 mL*

239 (2%)

219 (2%)

Blood loss ≥500 mL*

1598 (14%)

1493 (13%)

Blood loss in mL†
Additional uterotonics‡
Blood transfusion§

282

271

2434 (21%)
62 (<1%)

Manual removal of placenta¶

153 (1%)

Third stage duration in min||

12·6

Maternal death**
Additional surgical procedures††
Maternal death or severe morbidity‡‡
Baby put to breast within 30 min§§

% risk diﬀerence (95% CI)

Risk ratio (95% CI)

0·17 (–0·19 to 0·53)

1·09 (0·91 to 1·31)

0·90 (0·03 to 1·78)

1·07 (1·00 to 1·14)

10·8 (4·7 to 16·9)

··

2390 (20%)

0·34 (–0·69 to 1·37)

1·02 (0·97 to 1·07)

55 (<1%)

0·06 (–0·12 to 0·24)

1·12 (0·78 to 1·62)

105 (<1%)

0·40 (0·14 to 0·67)

1·45 (1·14 to 1·86)

6·1

6·5 (6·2 to 6·8)

1 (<1%)

0·01 (–0·02 to 0·04)

2·00 (0·18 to 22·0)

2 (<1%)

··

2 (<1%)

9 (<1%)

–0·06 (–0·11 to 0·00)

0·22 (0·05 to 1·03)

20 (<1%)

31 (<1%)

–0·09 (–0·22 to 0·03)

0·65 (0·37 to 1·13)

10 565 (90%)

10 532 (90%)

0·14 (–0·62 to 0·91)

1·00 (0·99 to 1·01)

Data are n (%) or mean (SD) unless otherwise speciﬁed. *N=11 621 for both packages. †Denominator is 11 621 for both groups. ‡N= 11 802 for the simpliﬁed package, and
11 783 for the full package. §N=11 814 for the simpliﬁed package, and 11 790 for the full package. ¶N=11 814 for the simpliﬁed package, and 11 794 for the full package.
||Denominator is 11 662 for simpliﬁed package, and 11 648 for full package. **N=11 818 for the simpliﬁed package, and 11 798 for the full package. ††N=11 814 for the
simpliﬁed package, and 11 790 for the full package. ‡‡N=11 616 for both packages. §§N=11 711 for the simpliﬁed package, and 11 693 for the full package.

Table 3: Trial outcomes for the modiﬁed intention-to-treat population

Simpliﬁed package

Full package

% risk diﬀerence (95% CI)

Risk ratio (95% CI)

Blood loss ≥1000 mL*

153 (2%)

140 (2%)

0·14 (–0·21 to 0·49)

1·09 (0·87 to 1·37)

Blood loss ≥500 mL*

987 (11%)

927 (10%)

0·65 (–0·22 to 1·51)

1·07 (0·98 to 1·16)

Blood loss (mL)†
Additional uterotonics‡

266
1026 (11%)

256

10·2 (3·9 to 16·4)

962 (10%)

··

0·66 (–0·21 to 1·54)

1·07 (0·98 to 1·16)

Blood transfusion§

50 (<1%)

34 (<1%)

0·17 (–0·02 to 0·36)

1·47 (0·95 to 2·27)

Manual removal of placenta¶

62 (<1%)

64 (<1%)

–0·02 (–0·25 to 0·21)

0·97 (0·68 to 1·37)

Third stage duration (min)||

11·4

Maternal death**
Additional surgical procedures§
Maternal death or severe morbidity††
Baby put to breast within 30 min‡‡

1 (<1%)
0

6·2

5·2 (4·9 to 5·5)

1 (<1%)

0·00 (–0·03 to 0·03)

··
1·00 (0·06 to 16·0)

3 (<1%)

–0·03 (–0·07 to 0·00)

12 (<1%)

15 (<1%)

–0·03 (–0·14 to 0·08)

0·80 (0·37 to 1·71)

··

8571 (91%)

8566 (91%)

–0·01 (–0·85 to 0·82)

1·00 (0·99 to 1·01)

Data are n (%) unless otherwise speciﬁed. N=9411 for the simpliﬁed package, and 9420 for the full package. †Denominator is 9403 for the simpliﬁed package, and 9409 for
the full package. ‡N=9472 for the full package, and 9459 for the full package. §N=9484 for the simpliﬁed package, and 9463 for the full package. ¶N=9483 for the simpliﬁed
package, and 9470 for the full package. ||Denominator is 9391 for the simpliﬁed package, and 9378 for the full package. **N=9487 for the simpliﬁed package, and 9471 for
the full package. ††N=9407 for the simpliﬁed package, and 9415 for the full package. ‡‡N=9468 for the simpliﬁed package, and 9461 for the full package.

Table 4: Sensitivity analysis for the trial outcomes excluding Philippines sites, for the modiﬁed intention-to-treat population

manual placental removal was no longer apparent.
Mean blood loss was still greater and the third stage
longer with the simpliﬁed package than with the full
package. We recorded uterine massage after placental
delivery and did a pre-speciﬁed subgroup analysis of
the primary and secondary outcomes with or without
uterine massage (data not shown). The interaction test
did not suggest that the outcomes diﬀered according to
this policy (p=0·61).

Discussion
Our ﬁndings suggest that omission of cord traction
results in very little, if any, increased risk of severe
haemorrhage. The primary outcome of blood loss of
1000 mL or more has a risk ratio of 1·09 (95% CI 0·91
to 1·31) and the upper 95% CI limit crosses the pre-stated
non-inferiority margin of 1·30 (appendix). If the upper
www.thelancet.com Vol 379 May 5, 2012

limit had been below 1·30 we would have declared the
simpliﬁed package non-inferior to the full package.19 The
estimated number needed to harm (the reciprocal of the
risk diﬀerence 0·17%) is 581 (one-sided 97·5% CI 189
to ∞), indicating that for every 581 women receiving the
simpliﬁed package, one additional woman would have a
severe haemorrhage than if all received the full package.
We draw two inferences from these results: ﬁrst, controlled cord traction is safe and its use can be continued in
settings in which it is routinely practised; and second,
the main component of active management is the
uterotonic and in settings in which the full package
cannot be used safely, focus should be on the uterotonic
component (panel).
The higher rate of manual removal with the simpliﬁed
package is probably attributable to the high use of
ergometrine as prophylaxis in one of the Philippines

See Online for appendix
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Panel: Research in context
Systematic review
We searched PubMed and the Cochrane Library with the
terms “postpartum hemorrhage” and “randomised
controlled trial” for trials and systematic reviews assessing
controlled cord traction. We indentiﬁed one review20 at
protocol stage and one pilot randomised trial,13 which
included 200 women and suggested a potential protective
eﬀect of controlled cord traction on blood loss. The date of
the last search was Feb 7, 2012.
Interpretation
Our study provides the largest evidence so far of the eﬀect of
controlled cord traction as part of active management.
Controlled cord traction adds only marginally to the beneﬁcial
eﬀect of the full package. Because the main component of
the management package is oxytocin, in settings in which no
skilled birth attendants are present to give the full package,
eﬀorts should focus on the uterotonic (primarily oxytocin) to
reduce post-partum haemorrhage.

sites as suggested by the sensitivity analysis and earlier
systematic review.5
Our ﬁndings challenge the concept of active management of the third stage of labour as a package of interventions. Eﬀective prevention of post-partum haemorrhage
can be accomplished by an intramuscular injection of
oxytocin 10 IU after delivery of the baby and present
evidence suggests that the uterotonic component of the
active management package is the essential component.
The strengths of our study were its size and the diversity
of settings of the study sites. We used a secure method of
allocation concealment that allocated the women only
after speciﬁc data were entered. Furthermore, the large
number of participants allowed us to implement the study
at a realistic scale in line with the prevalence of severe
postpartum haemorrhage recorded in other work. The
data for measured blood loss were collected consistently
across the trial sites. The adherence to trial intervention
in terms of cord management was high—in previous
trials of active versus expectant management, adherence
with cord management was between 46% and 99%.5
Because of the nature of the intervention we could not do
the trial in a double-blind manner. We acknowledged the
potential for bias and attempted to minimise this risk by
providing standard training for staﬀ who were going to
implement the trial interventions. However, we could not
make blind outcome assessments.
Our study is relevant both to health-facility settings and
to those in which health-care personnel do not have the
skills to apply controlled cord traction safely. However,
we could not have done the trial in a non-facility setting
precisely because such personnel are not available. The
issue investigated is also relevant to settings in which
skilled attendants are available but women prefer a
1726

hands-oﬀ mode of placental delivery. Our ﬁndings
suggest such placental delivery can be safely oﬀered in
those circumstances.
Recruitment interruptions and the high number of
deliveries in the Philippines resulted in loss of about 5%
of forms. However, those losses were similar in both
groups of the trial. The high rates of ergometrine use in
one of the Philippine hospitals was another justiﬁcation
for the sensitivity analysis, which supported the hypothesis that the overall increase in manual removal could be
attributable to ergometrine use. However, this analysis
was post hoc and the increase in manual removal could
be attributable to other unknown factors.
Our ﬁndings have several implications for clinical
practice. Simpliﬁcation of the active management of
third stage of labour is possible: an intramuscular
injection of oxytocin 10 IU after delivery of the baby
should be regarded as the primary intervention for
prevention of haemorrhage. Injections are increasingly
being used in settings in which skilled birth attendants
are not available but a trained health worker is present.
In such settings, oxytocin should be used as the routine
uterotonic for prevention of post-partum haemorrhage
even if controlled cord traction cannot be implemented.
Such a policy could also result in cost savings by
eliminating the need for training in cord traction skills.
In settings in which skilled birth attendants are available,
the full package of oxytocin and controlled cord traction
should be preferred especially if the shortest possible
third-stage duration is desirable. Because a few women
will eventually require controlled cord traction with the
simpliﬁed package and it is the ﬁrst procedure to be
attempted in case of retained placenta, we believe that
teaching of controlled cord traction in medical and
midwifery curricula should continue.
Our study likewise has implications for future research.
A substantial proportion of maternal deaths from haemorrhage take place in settings in which skilled birth
attendants and facility-based care are not available. Our
ﬁndings strengthen the need to focus on strategies to
scale up the use of oxytocin in peripheral health-care
settings as the primary component of active management
of the third stage of labour. In this context, the use of
task-shifting strategies to expand access should be
considered and assessed. Such scaling-up eﬀorts could
be aided by use of prophylactic oxytocin in a preﬁlled, compact, auto-disabled device system. A clusterrandomised trial to investigate the eﬀects of this system
on post-partum haemorrhage at community level in
Ghana is under way (NCT01108289). In settings in which
no injection is possible, the role of misoprostol should be
assessed with similarly rigorous research.
We were not able to examine any possible role of
uterine massage in reducing blood loss in this trial.
Uterine massage remains one component of third-stage
management that can be implemented without any need
for technology or skilled birth attendants. However, it has
www.thelancet.com Vol 379 May 5, 2012
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not been rigorously assessed so far.21 The variation in use
of uterine massage across study sites suggests that
uncertainty remains among practitioners and a thorough
investigation of the preventive and therapeutic use of this
intervention would be timely.
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Introduction :
Obscure GI bleed is a condition when there is definitive
Gastro-Intestinal(GI) bleed, whose source remains elusive
despite an initial negative Upper-GI endoscopy and a
colonoscopy1. Occult GI bleed can occur anywhere in the
GI tract. But the diagnosis becomes extremely tricky when
endoscopic reports are negative for gross bleeds. The newer
diagnostic modalities like Capsule Endoscopy (CE ) thus
perfectly fit into this vacuum of diagnostic modalities. We
report one such case diagnosed by Capsule Endoscopy.
Case Report :
A 52 year old otherwise healthy female patient presented to
the casualty with complaints of generalized weakness & easy
fatigability since 1 month. There was no history of any
bleeding tendencies. Routine investigations showed a severe
anemia of 6.7g/dl Hemoglobin. Stool for occult blood was
positive. This prompted us to focus on the GI tract for the
source of the bleeder. She later underwent an upper GIendoscopy which was normal. A colonoscopy also showed
a normal study. Then suspecting the source of the bleed to
be between the duodenum 3rd part and the ileo-caecal
junction, the patient was subjected for a capsule endoscopy
(CE) examination. This showed multiple bleeding spots in
the jejunum which were actively bleeding. The patient was
then posted for surgery, when she underwent a short segment
resection anastomosis of the jejunum.
On histopathological examination of the resected sample, it
showed congested mucosa with lamina propria showing
numerous ectatic blood vessels of varying sizes suggestive
of vascular ectasias.
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Fig.-1 : The picture shows the capsule endoscopy showing
active bleeding from the jejunum.
Results :
Post-operatively the patient showed remarkable
improvement with no sequele and was discharged 10 days
later from hospital.
Discussion :
Gastro-Intestinal bleeds that occur as a result of bleeders in
between the Ligament of Treitz and the Ileo-Caecal valve;
in other words between that part of the Gastro-intestinal tract
not visualized by the routine Upper-GI scopy and
colonoscopy accounts for approximately 5% of gastrointestinal bleeding2. Amongst the most common causes
bleeding from this region includes angiectasias which
accounts for 30-40% amongst these; specially in elderly3.
Other important causes of occult GI bleeds from the small
bowel includes NSAID induced enteropathy, IBD with ulcers
or erosions, tumours, radiation enteropathy, Dieulafoy’s
lesions & small bowel varices. The location of these lesions
make it extremely tricky to diagnose.
The capsule endoscope however lets us have a visualization
of the entire small intestine.
Compared to intraoperative enteroscopy, Capsule Endoscopy
had a sensitivity of 95% and specificity of 75% in a
prospective of 47 patients in.4
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Comapredto CT angiography and standard angiography,
Capsule Endoscopy detected more bleeding source lesions
(72% with VCEvs 24% with CTA and 56% with angiography).5
Benefits of capsule endoscopy include its non-invasive
nature, better patient compliance and safety.
But drawbacks include inability as a therapeutic intervention,
many false positive results and chances of erratic passage
causing missed lesions.
If significant lesions like the one discovered in our patient is
detected, the patient is referred for specific management of
the cause. If the initial capsule endoscopy is negative one
more attempt maybe done. If the second capsule endoscopy
is also negative then the patient maybe managed
conservatively.
Conclusion :
The main objective of this case report was to highlight the
role of capsule endoscopy in reaching and identifying occult
bleeding points which were till recently inaccessible. Even
though capsule endoscopy lacks the therapeutic intervention
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needed, it can direct the physician on further course of
management.
Hence we suggest that Capsule endoscopy as the first
investigation of choice for evaluation of small bowel in
patients with occult gastro-intestinal bleeds.
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The Psychological Effects of
COVID-19 Pandemic Related
Lockdown in Children
In India, varying degrees of lockdown due to coronavirus disease
2019 (COVID-19) pandemic have been enforced in most states
since late March, 2020, which has extended for more than four
months now. Schools across India have closed and restrictions
on public movement is in effect. Most children are forced to
stay indoors because of this lockdown, which has significantly
disrupted their routine and reduced social contact.
This prolonged indoor stay is likely to affect their
psychological well-being in many ways. Restriction of movement, inability to indulge in physical outdoor sports activities,
reduced social contact with peer group, monotonous daily routine
and difficulty in being engaged can have a negative bearing on the
child. The childhood psychological reactions to COVID-19
pandemic can be broadly classified into internalizing problems
like anxiety, depression, withdrawn state and somatic complaints
and externalizing problems like irritable states, aggression,
disruptive and rule breaking behavioral responses. An Italian
study done among children during COVID lockdown reported
an increase in externalizing tendencies like irritability, intolerance
to rules, whims and excessive demands [1]. A similar Spanish
study showed increase in nervousness, worry, feeling of loneliness, boredom and anger which includes both internalizing and
externalizing tendencies [2]. Lockdown also impaired the quality
of sleep and sleep stabilization in children [3]. Quarantined
Indian children were found to experience greater psychological
distress like worry, helplessness and fear [4]. On the other hand,
reduction in academic pressure and more time spent with family
may also contribute to reduction in stress.

Do All Children With Autoimmune
Encephalitis Need Aggressive
Immunotherapy?
Autoimmune encephalitis is increasingly being recognized in
children in India, and the recent review was therefore timely [1].
Many centers have reported that autoimmune encephalitis as a
group is more common than encephalitis caused by any single
etiogical agent like virus/bacteria [2]. They usually have an acute
to subacute poly-symptomatic presentation [3].
Prompt immunotherapy in time gives good neurological
outcomes in most of them. As antibody testing results takes few
days, many clinico-laboratory criteria have been proposed for
diagnosis of early possible/probable and seronegative
autoimmune encephalitis so that treatment can be started
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Our understanding about the psychological effects of
COVID-19 lockdown in children is still evolving. Most of the
available data are based on unvalidated, ad hoc questionnairebased studies with poor external validity and have to be
interpreted cautiously. More studies on this aspect are needed
in order to understand and prevent psychological problems in
children
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pending the results [4]. This puts the pediatrician under
pressure to start immunomodulation after common infectious
causes are ruled out. Which drugs to use for immunomodulation
is not clear from the literature. Though many authors and
guidelines advocate use of methylprednisolone pulse therapy
(MP) with intravenous immunoglobulin (IVIG) as the initial
modality of treatment, it is not clear whether they should be
used simultaneously or sequentially [3]. If sequentially, after
how many days of methylprednisolone therapy should IVIG be
used is also not clear. Whether IVIG should be used in all or on
the basis of clinical severity or response to MP is also unclear.
Like Guillain-Barre syndrome and many other diseases,
there is a spectrum of severity of autoimmune encephalitis and
all children may not need aggressive treatment with both MP
and IVIG. While milder ones may be self-limiting, the mild to
moderately severe ones may need just 2-3 cycles of MP and the
severe ones may need more than one agent and chronic
immunomodulation for longer duration. Most of the milder
forms of autoimmune encephalitis may not reach the tertiary
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care centers also and these cases may be missed from the series
of tertiary care centers.
While working in a medical college situated in a district
place, we have managed six cases of anti-NMDAR autoimmune
encephalitis (antibody confirmed) with poly-symptomatic
presentation in the last four years. Four of them responded to
just 3-6 monthly cycles of MP while only two (presented to us
more than 4 weeks after onset) had to be given either IVIG or
rituximab after methylprednisolone because of lack of response
to MP in one week. Most of them could not afford IVIG/
rituximab, and received only MP. They showed good clinical
response. None of the children who received MP have had any
relapse (duration of follow-up: 6 month-4 years).
We want to suggest that all children with anti-NMDAR
antibody
encephalitis
do
not
need
aggressive
immunomodulation with MP, IVIG and other agents. Many of
them may just respond to 3-6 doses of MP alone. However
more studies including milder cases from peripheral centers are
needed to generate robust evidence on this aspect.
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patients with anti-NMDAR encephalitis, of whom 211 were
children, 94% underwent first-line therapy/tumor removal, and
53% improved within 4 weeks. Most patients improved with
immunotherapy, with 81% living independently two years after
the diagnosis [2]. In this cohort, predictors of favorable outcome
(including in 177 of 211 children) were early initiation of
treatment and lack of intensive care unit (ICU) admission.
Hence, authorities recommend escalation to second-line therapy
if there is lack of significant improvement on first-line therapy
in 10-14 days in anti-NMDAR encephalitis, especially among
patients admitted to the ICU [3]. However, this brisk escalation
may not be warranted for other autoimmune encephalitis and
clinicians may wait longer before introducing second-line
therapy [4].
While steroids are definitively therapeutic in this condition,
there are certain issues with their use. Often, it is difficult to
differentiate infectious causes of encephalitis from autoimmune
encephalitis, and steroid initiation may be delayed.
Additionally, the immunological effects of steroids are much
more on T-cells compared to B-cells, and since autoimmune
encephalitis is antibody-mediated largely, whether steroids
alone would be as effective in all cases of autoimmune
encephalitis is uncertain [5].
However, as the authors note, there are no clear guidelines
on how frequently to repeat steroid dosing and the dosing
interval is usually dictated by severity of the disease and the
response of the child to therapy, including relapses. Indeed, all
children may not warrant aggressive immunotherapy and it is
better to individualize treatment rather than the ‘one-size-fitsall’ approach.
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Abstract Tonsillectomy is one of the common surgeries
performed by Otorhinolaryngologists and is associated
with several morbidities with pain being the commonest,
which can cause considerable delay in oral intake and
discharge from the hospital. As a commonly performed day
care procedure nowadays, pain control is much better than
what it used to be previously observed. Therefore newer
drugs are being constantly studied inorder to give better
analgesia and post operative comfort to the patient with
minimal side effects. The main obstacle being finding the
best medical method to control pain with minimum side
effects, but at the same time making sure that the patient is
adequately hydrated and they resume regular eating as soon
as possible. Our aim is to study the role of pre-incisional
0.5% bupivacaine versus normal saline infiltration in posttonsillectomy analgesia. Over a period of 1 year, 30
patients with each group of 15 were compared for the
efficacy of 0.5% bupivacaine and 0.9% normal saline in
post-operative tonsillectomy pain management. After
thorough clinical examination and investigations, all
patients underwent tonsillectomy by dissection and snare
method. After intubation, 0.5% bupivacaine or normal
saline was infiltrated in the tonsillar fossa and pain scores
was obtained using Visual Analogue Scale (V.A.S) at 6, 12
and 24 h post operatively. Using Mann–Whitney nonparametric statistical test, inter-group analysis was done
which showed highly significant p-value (\0.0001) indicating that the pre-incisional bupivacaine infiltration is
highly effective in reducing the post-tonsillectomy pain.
& Rajesh Radhakrishna Havaldar
rajeshhavaldar@yahoo.com
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Hence, we recommend the routine use of pre-incisional
peritonsillar infiltration of 0.5% bupivacaine in all tonsillectomy/adenotonsillectomy cases, irrespective of the age
of the patient to reduce the post tonsillectomy pain and
other discomfort associated with it.
Keywords Tonsillectomy  Adenotonsillectomy 
Bupivacaine  Post-tonsillectomy analgesia 
Post-operative tonsillectomy pain

Introduction
Tonsillectomy is a surgery being performed over
2000 years, Celsus was the first to report removal of the
tonsils. Describing his surgical technique, Celsus indicated
that ‘‘the tonsils are loosened by scrapping around them
and then torn out’’. Later however, Mackenzie improved on
the Tonsillotome and popularized its use for surgery of the
tonsils in the late nineteenth century. Since then this surgery has evolved to newer dimensions [1].
It is one of the common surgeries performed by
otorhinolaryngologists around the globe. Tonsillectomy is
associated with several morbidities with pain being the
commonest, which can cause considerable delay in oral
intake and discharge from the hospital. Post-operative pain
management is a major challenge, obstacles include finding
the best post-operative medical method to control pain with
minimum side effects at the same time making sure patient
is adequately hydrated and they resume regular eating as
soon as possible.
Although children receive analgesics for pain control,
operative pain remains a significant problem that is often
undertreated in the paediatric population for several reasons. Children often refuse analgesics because the
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medication is not palatable or causes adverse effects such
as nausea, vomiting, or somnolence. In addition, parents
may not always recognize that a child is suffering because
the child does not complain, but rather withdraws or
becomes depressed.
Prevention of pain perception may be a key factor in the
management of postoperative pain. Several studies have
shown that the analgesic effects of local anaesthetics
applied prior to injury far outlast the effects of local
anaesthetics instilled following injury [2–5].
In the light of the problems associated with post-operative pain, various strategies for the management of post
tonsillectomy pain have been proposed. Local anaesthetics
in the form of pre-incisional or post-incisional peritonsillar
infiltration and also topical post-incisional spray or packing
are some of the most effective methods for post-tonsillectomy pain management, although some studies refute their
use. This has also led to advent of use of other methods of
tonsillectomy which include micro-debrider, coblation
tonsillectomy, radio-frequency ablation, harmonic scalpel
and laser tonsillectomy.
The present study assesses the effect of bupivacaine in
blocking nociceptive input and reducing pain during the
immediate post-operative period.

Objective
To study the role of pre-incisional bupivacaine infiltration
in post-tonsillectomy analgesia, in-patients undergoing
tonsillectomy at KLES’ Dr Prabhakar Kore Charitable Hospital, Belagavi, Karnataka, India.

Material and Methods
Study Design
Observational study.
Study Period
January 2019 to December 2019.

Sample Size
30 cases (15 in each group)
Inclusion Criteria
All patients undergoing Tonsillectomy in the age group
between 6 to 16 years.
Exclusion Criteria
Patients allergic to Bupivacaine and those patients who
were not willing to be part of the study.
Methodology
Patients details and a thorough clinical history was
obtained for the duration of symptoms. All patients were
clinically examined including general physical examination and a thorough examination of the ear, nose and throat.
All the patients (30) were divided into 2 groups
randomly:
• Group 1: In this group the patients (15) received 2.5 ml
0.5% bupivacaine hydrochloride in each tonsillar fossa.
A total of 5 ml was injected.
• Group 2: In this group the patients (15) received 2.5 ml
of 0.9% normal saline in each tonsillar fossa. A total of
5 ml wa0s injected.
• Pre-operatively, patients were explained about the
correct use of Visual Analog Scale (V.A.S.) since the
study involved direct questioning [6].
• Post-operative pain assessment was done using V.A.S
at 6, 12 and 24 h post operatively:
• After intubation, peritonsillar infiltration was be given
at 3 points: upper pole, lower pole and tonsillar fossa, a
total of 2.5 ml was injected in each fossa.
• Tonsillectomy was perfomed using dissection and snare
method.
• Post-operative pain was measured using V.A.S in both
the groups at 6 hr, 12 hr and 24hrs periods [6].
Data analysis was done measuring mean of all observations, Wilcoxon test and Mann–whitney test wherever
applicable.

Source of Data
All patients between age group of 6 to 16 years with
chronic tonsillitis or chronic adenotonsillitis attending the
outpatient department of ENT, KLES Dr.Prabhakar Kore
hospital during the study period and willing to undergo
surgery for the same were included in the study.
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Results
Out of a total 30 cases, 17 (56.7%) were male and 13
(43.3%) were female. The patients were between 7 to
16 years of age. The mean age was found to be 10.13 years
in Group-1 and 13.13 years in Group-2. Table 1 shows the
gender wise distribution of patients into two groups.
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Table 1 Distribution of male and female patients in two groups
Gender

Group-1 (0.5%bupivacaine)
Number

Group-2 (normal saline)
Percentage

Number

Percentage

Female

6

40.00

7

Male

9

60.00

8

53.33

Total

15

100.00

15

100.00

Group-1 had 9 (60%) male patients and 6 (40%) female
patients whereas Group -2 had 8(53.33%) male patients
and 7 (46.67%) female patients.
Using Mann–whitney non-parametric statistical test,
inter group analysis was done showing highly significant
p-value indicating that the pre-incisional bupivacaine
infiltration(Group1) is highly effective in reducing the
post-tonsillectomy pain as seen in the Fig. 1 and Table 2.

Discussion
The notion of pre-emptive analgesia was introduced by
Woolf in 1983, to reduce the intensity and duration of
postoperative pain. Following this, there was an overwhelming amount of experimental data which provided
numerous ways of anti-nociceptive techniques which when
applied before surgery was effective in reducing the post
operative pain. Eventually, these promising experimental
findings were taken into clinical testing to prove this
hypothesis. At present, clinicians do believe the efficacy of
pre-emptive analgesia, even though some early reviews did
prove to be contradictory. In this study, we compared the
effect of bupivacaine in reducing post-operative pain [7].
This was a comparative study done in a total of 30
patients, who were admitted for Adenotonsillectomy or

Fig. 1 Graph showing Inter
group comparison using visual
analogue scale at different time
intervals (Group 1 – 0.5%
bupivacaine, Group 2 = normal
saline)

46.67

Tonsillectomy, after acquiring institutional consent from
the Institutional Ethics Committee.
All patients underwent Cold knife (steel) Dissection and
snare method of tonsillectomy, and patients were observed
in post-operative ward during which pain score was analysed using V.A.S. Post-operative pain at 6hours, 12hours,
24hours respectively in both the groups.
Bhadoria et al., conducted a double blind randomized
study involving 38 patients with ASA grade I (American
Society of Anaesthesiologists) status, from age group
6–16 years and divided them into groups of 19 each, with
mean age 10.6 ± 0.5 years in both groups. Bupivacaine
and normal saline was compared in this study. On comparison it showed that patients receiving bupivacaine
showed better pain relief at 2nd and 6th hour postoperatively. The patients were comfortable and this was assessed
in terms of no significant tachycardia or hypertension [8].
Wong et al. analysed 43 children in three groups between
the age group of 2–10 years with ASA grade I and II with
no bupivacaine allergy. 1st group received 0.5 mg/kg
normal saline spray, 2nd group received 2 mg/kg bupivacaine with 1:200,000 epinephrine by infiltration and the 3rd
group received 2 mg/kg bupivacaine with 1:200,000 epinephrine sprayed on the tonsil. The study concluded that
infiltration of bupivacaine provided better pain relief and a

Intergroup Comparison using Visual Analogue Scale
(V.A.S)
10

V.A.S

8
6
4
2
0
PRE-OP

6 HR

12 HR

24 HR

TIME

GROUP 1

GROUP 2
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Table 2 Inter group comparison using visual analogue scale at different time intervals (Mann–Whitney Test)
Time

Median
Group 1 (0.5%bupivacaine)

p value

Inference

Group 2 (normal saline)

6h

5

9

\0.0001

HS (Highly Significant)

12 h

4

8

\0.0001

HS (Highly Significant)

24 h

3

7

\0.0001

HS (Highly Significant)

lower pain score of 4.8 when compared to 7.8 and 7.4 for
normal saline spray and bupivacaine spray respectively [9].
Ehab Said conducted a study on preincisional infiltration
with bupivacaine, tramadol, ketamine alone and in combination in 180 patients. All patients received infiltration
with 2 ml of the drug, 1 ml in each tonsillar fossa and
superior pain management was found in bupivacaine and
tramadol when used in combination [10].
Gupta et al., did a study on 60 patients aged between 15
to 40yrs, and 3 groups were studied. 1st group received
preoperative Diclofenac sodium, 2nd group received
preincisional infiltration of bupivacaine and 3rd group
received post tonsillectomy Transcutaneous Electric Nerve
stimulation (TENS). Patient scores were recorded using
VAS, and it was studied that rescue analgesia was less used
in TENS followed by Bupivacaine and lastly using
Diclofenac [11]. Bhatia and Patel, conducted a randomized
double binded study on pediatric patients wherein one
group received bupivacaine and the other group received
normal saline. Bupivacaine infiltration had better pain
management, with analgesia lasting for 6 to 8 h post
operatively [12]. Kannntakis, conducted a study on 30
patients over a period of 2 years, divided them into 2
groups, and compared bupivacaine with normal saline. It
was concluded that initial pain management was better
with bupivacaine infiltration and oral analgesics were less
consumed post operatively but after the 3rd day, it was
observed that the patients started consuming same or
higher amount of analgesics compared with the normal
group. Thus, it was inferred that in a 10 day study, bupivacaine does not prove to be better analgesic [13].
Our study confirms the similar results with most of the
previously conducted studies in addition to assessing the
VAS scores upto 24 h post operatively. In the immediate
post-operative period, when the pain is more, the effect of
infiltration with bupivacaine proved to be of benefit to the
patients. As most of the patients were dischatged from the
hospital on the 2nd post operative day when they started
feeding better, all our patients did not complain of pain
during their follow up visits. This suggests that in an
uncomplicated case of tonsillectomy, it is important to
provide adequate analgesia during the first 24 h as after
that, the patients tend to overcome the symptom due to
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better feeding and resumption of movement of muscles in
the oropharynx which probably helps to ward off the
inflammatory mediators.

Conclusion
Nociceptive blockage during the initial post-operative
period following tonsillectomy was effective with 0.5%
bupivacaine, reducing morbidity caused by pain. It is also
effective in starting early oral feeds and discharge from
hospital. Since we did not encounter any adverse effects
associated with 0.5% bupivacaine, it is hereby recommended to routinely use pre-incisional peritonsillar infiltration of 0.5% bupivacaine in all tonsillectomy /
adenotonsillectomy cases, irrespective of the age of the
patient to reduce the post tonsillectomy pain and discomfort associated with it.
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Abstract
This study aimed to assess the changes in neonatal and infant mortality rates in Nigeria over the
period 1990 to 2018 using Nigerian Demographic and Health Survey (NDHS) data, and assess their
socio-demographic determinants using data from the most recent survey conducted in 2018. The infant
mortality rate was 87 per 1000 live births in 1990, and this increased to 100 per 1000 live births in 2003 – an
increase of around 15% over 13 years. Neonatal and infant mortality rates started to decline steadily thereafter and continued to do so until 2013. After 2013, neonatal morality rose slightly by the year 2018.
Information for 27,465 infants under 1 year of age from the NDHS-2018 was analysed using bivariate
and multivariate analysis and the Cox proportional hazard technique. In 2018, infant deaths decreased
as wealth increased, and the incidence of infant deaths was greater among those of Islam religion than
among those of other religions. A negative association was found between infant deaths and the size
of a child at birth. Infant mortality was higher in rural than in urban areas, and was higher among male
than female children. Both neonatal and infant death rates varied by region and were found to be highest in
the North West region and lowest in the South region. An increasing trend was observed in neonatal
mortality in the 5-year period from 2013 to 2018. Policy interventions should be focused on the poor classes, women with a birth interval of less than 2 years and those living in the North West region of the
country.
Keywords: Neonatal mortality; Infant mortality; Nigeria

Introduction
Globally, around 4 million infants die every year within the first 28 days of life. Three-quarters of
these deaths occur in the first week of life, with more than a quarter occurring in the first 24 hours
of life. Although there has been a considerable decline in infant mortality rates throughout the
world in the past two decades, they have remained largely unchanged in developing countries
(UNICEF, 2009).
Child mortality is largely concentrated in the first year of life, and mortality in this period
is known as ‘infant death’. Worldwide, 4 million infants die each year in the first 28 days of life
(the neonatal period). The child survival Millennium Development Goal cannot be met without a
substantial reduction in infant mortality (UNICEF, 2009). Infant and child mortality rates are
important indicators of the health status of a nation, and the infant mortality rate is a widely
accepted index of socioeconomic development reflecting a country’s health care system and
quality of life.
© The Author(s), 2020. Published by Cambridge University Press
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Figure 1. Infant mortality rate (IMR) and neonatal mortality rate (NNMR) trends in Nigeria, 1990–2018. Data source: Nigeria
Demographic and Health Survey Report 2018 (NPC, 2019).

The decline in the infant mortality rate in Nigeria over the past few years has been inadequate
(Aigbe & Zannu, 2012). More specifically, the decrease in infant mortality has been accompanied
by an increased concentration of deaths in the first week of life. It is generally argued that
two-thirds of all deaths in the first 5 years of life in developing countries are infant deaths, with
two-thirds of these deaths being confined to the neonatal period (Whitworth & Stephenson, 2002;
DaVanzo et al., 2004). In Nigeria, the newborn death rate, especially in the neonatal mortality
period, is almost 528 per day. This neonatal mortality is one of the highest in the world.
More than a quarter of a million children die under the age of 5 years annually in Nigeria.
These deaths occur during the first 28 days of life, especially in the neonatal period. One important
thing about this mortality is that about nine out of ten newborn deaths are preventable. In Nigeria,
about 5.3 million children are born yearly, which is about 11,000 every day; 1 million of these
children die before the age of 5 years (UNICEF, 2019).
An important determinant of the risk of death in the first 5 years of life repeatedly highlighted
in previous studies is the birth interval (Winikoff, 1983; Biradar et al., 2019). It has been conclusively argued that newborns with a short birth interval (less than 2 years) have a higher probability
of dying in the first 5 years of life than those with a birth interval of 3 years or more (Gubhaju,
1986). The published literature shows that there is high mortality rate in the first years of life in
Nigeria, but little is known about how this has changed over time, or its determining factors.
The aim of this study was to attempt to understand the effects of policy over recent decades
on neonatal and infant mortality, as implemented by governmental and non-governmental organizations in Nigeria.

Methods
Data

Data were taken from the ‘child’ file of the fifth round (2018) of the Nigerian Demographic and
Health Survey (NDHS-2018) implemented by the National Population Commission (NPC, 2019).
This collected information on 27,465 infants under the age of 1 year, all of which were analysed
in the study. The survey provides information about important aspects of neonatal and
post-neonatal care, infant deaths, birth spacing, family planning, child feeding practices, women
and child nutritional status and knowledge and attitudes regarding HIV/AIDS.
To examine the changes in neonatal and infant mortality rates over time, information at 1990,
2003, 2008, 2013 and 2018 were extracted from NDHS-2018 report, and this is shown in Figure 1.
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Figure 2. Percentage changes in Infant mortality rate (IMR) and neonatal mortality rate NNMR, 1990-2018. Data source:
Nigeria Demographic and Health Survey Report 2018 (NPC, 2019).

From this the changes in neonatal and infant mortality rates were estimated (see Figure 2).
Neonatal and infant mortality rates can also be estimated from the ‘child’ file of the five rounds
of Nigeria Demographic and Health Survey (NDHS).

Study variables

The response variables were neonatal mortality and infant mortality, estimated as percentages of
live births. The associations of these with various socioeconomic and demographic predictors
were analysed. A wealth index was constructed using information about household assets and
amenities collected during the NDHS-2018. Other predictor variables were mother’s education
(not educated, educated), mother’s occupation (not working, working), mother’s age at first birth
(<20 years, ≥20 years), type of delivery (non-institutional delivery, institutional delivery), antenatal care (no ANC visits, at least one ANC visit), birth size (very small, smaller than average,
average, larger than average), religion (Islam, Other), place of residence (urban, rural), number
of children in household (1–2, 3–4, ≥5) and child’s sex (male, female).

Analysis

Bivariate and multivariate analyses were done using SPSS Version 22 software. Bivariate analysis
was employed to estimate the distribution of neonatal and infant mortality by background
variables. For multivariate analysis, the Cox regression model was used as this deals with censored
observations, and, moreover, the outcome variable was time dependent. So, this model was appropriate to assess the effects of socioeconomic and demographic factors on neonatal and infant
mortality.
Cox regression is a method of studying the effect of variables on the time an itemized event
takes to occur. For an outcome such as death, this is known as Cox regression for survival analysis.
Cox regression was used to examine the effect of socioeconomic and demographic variables on
neonatal and infant mortality. This model was employed primarily for two reasons: 1) it is appropriate while analysing survival data and handling censored observations, and 2) it accounts for
the hierarchical structure of data (Adedini et al., 2015). Using the Cox proportional hazard model,
the probability of death was regarded as the hazard (Rabe-Hesketh et al., 2004). The hazard was
determined using the following equation:
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Table 1. Neonatal and infant deaths (n, %) by region, Nigeria, NDHS-2018, N = 27,465
Neonatal deaths

Infant deaths

Region

n

%a

n

%a

North Central

138

3.7

229

6.2

North East

191

3.8

348

6.9

North West

496

4.9

844

8.4

South East

82

3.0

135

5.0

South South

56

2.4

114

4.7

South West

118

3.3

168

4.7

1082

3.9

1838

6.7

Total deaths
a

Percentage of total births.



P t 
 a1 X1  a2 X2  a3 X3     . . . . . . . . . :  an Xn
ln
P0 t 
where X1, X2, X3 : : : : : : : : : Xn are the sets of independent variables, a1, a2, a3, : : : .an are the
coefficients in Cox regression, P0(t) is the baseline hazard at time t, P(t) is the hazard function
at time t and P(t)/P0(t) is defined as the hazard ratio (HR).

Results
Trends in neonatal and infant mortality rates over time

The infant mortality rate in Nigeria was 87 per 1000 live births in 1990 and this increased to
100 per 1000 live births in the year 2003 – an increase of around 15% over 13 years. The corresponding estimates for the neonatal mortality rate were 42 per 1000 live births in 1990 and 48 per
1000 live births in 2003 – an increase of nearly 14% over the same 13-year period. Neonatal as well
as infant mortality rates started to decline thereafter and continued to do so until 2013 (Fig. 1).
Infant deaths decreased by almost 25%, 8% and 2.9% over the 5-year periods 2003–2008,
2008–2013 and 2013–2018, respectively. Neonatal mortality decreased by around 17% and
7.5% over the 5-year periods 2003–2008 and 2008–2013, respectively, and increased by 5.4% over
the period 2013–2018 (Fig. 2).

Neonatal and infant mortality in 2018 by socio-demographic characteristics

Tables 1 and 2 show the percentage distribution of neonatal and infant deaths in 2018 by region
and socio-demographic characteristics, respectively. Neonatal and infant deaths were highest in
the North West region at 8.4% and 4.9% of total deaths respectively, and lowest in the South
region of the country (Table 1). Neonatal and infant deaths were higher among mothers who
had their first birth at less than 20 years of age compared with those who did so at age 20 years
or over (Table 2). Neonatal and infant deaths were higher among illiterate mothers, among who
had a non-institutional delivery and those who did not receive any antenatal care (ANC). More
male babies died before their first birthday than did female babies. Infant deaths decreased as
wealth index increased, with more deaths occurring in the poor economic class, followed
by the middle class. Deaths were more common in infants who had a small birth size than among
those who had an average or larger than average size at birth. The death rates of infants and
neonates with small birth size were around 12% and 8%, respectively. The death rates were highest
Downloaded from https://www.cambridge.org/core. University of New England, on 03 Nov 2020 at 00:17:14, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932020000619

Table 2. Neonatal and infant deaths rates by selected background characteristics of mothers, NDHS-2018
Neonatal deaths

Infant deaths

n

%a

n

%a

Total live births

<20 years

746

4.1

1291

7.1

18,251

≥20 years

337

3.7

546

5.9

9215

Not educated

556

4.3

1014

7.9

12,811

Educated

527

3.6

824

5.6

14,655

No

621

3.8

1170

7.2

16,237

Yes

461

4.1

668

5.9

11229

Background characteristic
Mother’s age at first birth

Mother’s education

Institutional delivery

Antenatal care
No ANC visits

110

2.7

212

5.2

4089

At least one ANC visit

259

2.3

423

3.7

11,352

Male

584

4.2

987

7.0

14,052

Female

499

3.7

850

6.3

13,413

Very small

284

7.7

439

12.0

3664

Smaller than average

463

3.2

842

5.9

14,306

Average or larger

279

3.1

491

5.4

9077

<2 years

379

5.5

628

9.2

6848

2–3 years

232

2.9

478

5.9

8065

>3 years

201

2.8

335

4.7

7123

1–2

444

4.8

713

7.7

9274

3–4

263

2.8

496

5.4

9242

>5

259

3.0

455

5.2

8688

Urban

381

3.6

587

5.5

10,627

Rural

702

4.2

1250

7.4

16,839

Sex of child

Birth size

Birth interval

Children in household

Place of residence

Wealth Index
Poor

513

4.1

965

7.8

12,388

Middle

252

4.5

387

6.9

5607

Rich

317

3.3

485

5.1

9470

Islam

754

4.3

1301

7.5

17,418

Other

328

3.3

536

5.3

10,047

1082

3.9

1838

6.7

27,465

Religion

Total deaths
a

Percentage of total births.
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Table 3. Results of Cox regression analysis of the association between neonatal mortality and socio-demographic factors,
NDHS-2018
HR

95% CI

p-value

0.736

[0.56, 0.97]

<0.05

0.617

[0.47, 0.82]

<0.01

1.579

[1.20, 2.08]

<0.01

Smaller than average

0.448

[0.33, 0.61]

<0.001

Average or larger

0.477

[0.35, 0.66]

<0.001

Background characteristic
Mother’s age at first birth
<20 years (Ref.)
≥20 years
Mother’s education
Not educated (Ref.)
Educated
Institutional delivery
No (Ref.)
Yes
Birth size
Very small (Ref.)

Birth interval
<2 years (Ref.)
2–3 years

0.737

[0.55, 0.98]

<0.05

>3 years

0.627

[0.47, 0.83]

<0.01

3–4

0.588

[0.43, 0.8]

<0.01

>5

0.695

[0.52, 0.92]

<0.05

Children in household
1–2 (Ref.)

All factors (mother’s age at first birth, mother’s education, antenatal care, birth interval, sex of child, children in the household, place of
residence, wealth index, religion, institutional delivery and birth size) were included in the Cox Forward LR model but only significant
factors are presented in the model.
Ref.: Reference Category; HR: Hazard Ratio.

among women with a birth interval of less than 2 years, followed by those with an interval of
2–3 years. Infant and neonatal death rates were higher among practitioners of Islam than those
of other religions, and higher among those residing in rural settings than those residing in
urban areas.
Tables 3 and 4 show the results of the Cox regression analysis for the effects of sociodemographic characteristics on neonatal and infant deaths in Nigeria in 2018. Women who
had more than 3 years birth interval had significantly fewer neonatal and infant deaths.
Deaths of infants were significantly fewer in the rich (around 45%) and middle economic classes
(nearly 29%) than in the poor class. The Islamic community had a significantly higher infant death
rate than other communities. Mortalities were significantly higher in male than female children.
Neonatal deaths were found to be 25% fewer in mothers who had their first child at age 20 or
over compared with those who had the first child under the age of 20. Institutional delivery
was associated with decreased neonatal and infant mortality.
The survival functions for neonatal and infant mortality by selected significant sociodemographic variables are shown in Figures 3 and 4, respectively. Figure 3 shows a higher infant
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Table 4. Result of Cox regression analysis of the association between infant mortality and sociodemographic factors, NDHS-2018
HR

95% CI

p-value

1.233

[1.00, 1.52]

0.05

0.769

[0.65, 0.92]

<0.01

Smaller than average

0.562

[0.45, 0.71]

<0.001

Average or larger

0.499

[0.39, 0.64]

<0.001

2–3 years

0.921

[0.75, 1.14]

0.44

>3 years

0.734

[0.59, 0.91]

<0.01

3–4

0.639

[0.52, 0.79]

<0.001

>5

0.576

[0.47, 0.71]

<0.001

Middle

0.711

[0.56, 0.9]

<0.01

Rich

0.542

[0.43, 0.69]

<0.001

0.709

[0.58, 0.87]

<0.01

Background characteristic
Institutional delivery
No (Ref.)
Yes
Sex of child
Male (Ref.)
Female
Birth size
Very small (Ref.)

Birth interval
<2 years (Ref.)

Children in household
1–2 (Ref.)

Wealth index
Poor (Ref.)

Religion
Islam (Ref.)
Other
See footnote to Table 3.

mortality rate in mothers who had their first child before 20 years of age. Also, mortality was
higher in illiterate women and women with birth intervals of under 2 years. In other words,
the children of women who gave birth with an interval of 2 years or more had a better chance
of survival than those who gave birth with an interval of under 2 years. Additionally, neonatal and
infant mortality rates were lower in mothers from rich families compared with mothers in other
economic groups.

Discussion
Birth interval is a significant risk factor for death in the first 5 years of life (Winikoff, 1983;
UNICEF, 2009; Biradar et al., 2019). Biradar et al. (2019) showed the effect of wealth and birth
interval on under-5 child mortality in Nigeria. Adedini et al. (2015) and Slinkard et al. (2018)
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Figure 3. Survival function for neonatal mortality, Nigeria.

Figure 4. Survival function for infant mortality, Nigeria.
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reported mortality rates and their determinants in Nigeria, but none has assessed its variation and
determinants over time. The present study aimed to understand the effect of policy on neonatal and
infant mortality in Nigeria, as implemented by the governmental and non-governmental organizations, in an attempt to reduce mortality in accordance with the Millennium Development Goals.
The results indicate that the infant mortality rate increased by around 15% over the 13 years
from 1990 to 2003, and that the neonatal mortality rate increased by nearly 14% over the same
period, with both rates declining thereafter until 2013. In addition, infant deaths were shown
to have decreased by almost 25%, 8% and 2.9% over the 5-year periods 2003–08, 2008–13 and
2013–18, respectively. Neonatal deaths decreased by around 17% and 7.5% over the 5-year periods
2003–08 and 2008–13, respectively, but increased by 5.4% from 2013 to 2018. This may have been
due increases in poverty or declines in health care. In 2018, neonatal and infant deaths were highest in the North West region and lowest in the South region of the country. This result may be
attributed to spatial inequality in economic and social development between regions (Antai, 2011),
with regional differences in maternal education and hygiene practices (Ladusingh & Singh, 2006),
distribution and use of health facilities (Say & Raine, 2007), age at first marriage (Wall, 1998) and
education and use of preventive health care services (Kravdal, 2004; Ladusingh & Singh, 2006).
Furthermore, a different causal mechanism similar to the regional diversification in immunization
protection, might account for the massive disparities in mortality between the south and north of
Nigeria.
In 2018, infant and neonatal deaths were lower in mothers who had their first child at older
ages, i.e. after the age of 20. This finding is consistent with the results of other studies conducted in
Nigeria and other developed countries (Ballot et al., 2010; Onwuanaku et al., 2011). Institutional
delivery appeared to play a negative role in the country. However, previous studies have suggested
that components of social capital are positively associated with better health care services,
especially professional delivery care (Story, 2014; Biradar, 2018). Mothers who had at least one
ANC visit had 17% fewer infant deaths than those who had no ANC visits. Death rates were
a little higher in rural compared with urban settings. This finding is supported by other study
conducted in Nigeria (Adedini et al., 2015).
Women who had a birth interval of more than 3 years had significantly fewer neonatal and
infant deaths. Deaths of infants were significantly fewer in the rich (around 35%) and the middle
(nearly 21%) economic classes than in the poor class. This finding supported that of Adedini et al.
(2015), who found birth interval and economic class to be important predictors of infant mortality
in Nigeria. Furthermore, mortality rates were significantly higher in male than female children.
Similar findings have been made in a cross-sectional studies in Indonesia (Titaley et al., 2008) and
Bangladesh (Mondal et al., 2009). The higher risk of death among male infants may be due to their
greater susceptibility to infectious disease (Alonso et al., 2006). The lower infant death rate among
female infants may be due to earlier fetal lung maturity during the first week of life resulting in a
lower incidence of respiratory infection. Worldwide, an estimated 23% of newborn deaths can be
attributed to respiratory problems (Khoury et al., 1985).
Higher neonatal and infant deaths were observed among mothers who had their first birth at
less than 20 years of age compared with those who did so at 20 or over. The multivariate analysis
also indicated that mother’s age at first birth had a significant effect on neonatal mortality.
In addition, neonatal and infant mortality rates were higher among illiterate mothers, those
who had a non-institutional delivery and those who did not receive antenatal care. Other studies
have also supported and demonstrated that education plays a significant role in infant mortality
(Adedini et al., 2015; Biradar et al., 2019). Slinkard et al. (2018), in their study on infant mortality
in Nigeria, found a high mortality rate due to a lack of initial ANC visits. The 2018 NDHS reported
that 34% of women did not receive any ANC visits, and only 18% received ANC during the first
trimester of pregnancy (NPC, 2019).
More male than female babies died before their first birthday. Deaths were also more common
in infants of small birth size than among those of an average or larger size. Deaths were more
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common in the poor economic class, followed by the middle class. Infant deaths decreased as
wealth index increased. Similar findings have been made in Kenya, where infant deaths are lower
among those from wealthier households (Mutunga, 2011). Infant mortality was also higher among
women with birth intervals of less than 2 years, than those with birth intervals of 2–3 years.
In conclusion, this study found that neonatal mortality in Nigeria increased by around
5.4% over the 5-year period 2013 to 2018. Analysis of the most recent NDHS data indicated that
in 2018 infant deaths decreased as wealth increased in 2018, the incidence of infant deaths was
greater in the Islamic community and there was a negative association between the size of a child
at birth and chance of infant death. Also, infant mortality was higher in rural than urban areas.
It was also higher among male children compared with female children. Overall, neonatal infant
and mortality was found to vary by region and other socio-demographic characteristics in the
country. These findings should be taken into account in policy interventions in Nigeria, and
periodic evaluations of the interventions should be made. Particular focus should be given to
the poorer classes, women with birth intervals of less than 2 year and those living in the
North West region of the country.
Conflicts of Interest. The authors have no conflicts of interest to declare.
Ethical Approval. The authors assert that all procedures contributing to this work comply with the ethical standards of
the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975,
as revised in 2008.
Funding. This research received no specific grant from any funding agency, commercial entity, or not-for-profit organization.

References
Adedini SA, Odimegwu C, Imasiku EN, Ononokpono DN and Ibisomi L (2015) Regional variations in infant and child
mortality in Nigeria: a multilevel analysis. Journal of Biosocial Science 47(2), 165–187.
Aigbe GO and Zannu AE (2012) Differentials in infant and child mortality rates in Nigeria: evidence from the six geopolitical
zones. International Journal of Humanities and Social Science 2(16), 206–114.
Antai D (2011) Regional inequalities in under-5 mortality in Nigeria: a population-based analysis of individual- and
community-level determinants. Population Health Metrics 9(6), 1–27.
Alonso V, Fuster V and Luna F (2006) Causes of neonatal mortality in Spain (1975–98): influence of sex, rural–urban residence and age at death. Journal of Biosocial Science 38(4), 537–551.
Ballot DE, Chirwa TF and Cooper PA (2010) Determinants of survival in very low birth weight neonates in a public sector
hospital in Johannesburg. BMC Pediatrics 10(1), 30.
Biradar R, Patel KK and Prasad JB (2019) Effect of birth interval and wealth on under-5 child mortality in Nigeria. Clinical
Epidemiology and Global Health 7(2), 234–238.
Biradar R (2018) Material health outcomes and its determinants: a comparative study among scheduled caste and other
backward caste, populations in Vijayapur District, Karnataka, India. MPhil dissertation, Tata Institute for Social
Sciences, Mumbai.
DaVanzo J, Razzaque A, Rahman M, Hale L, Ahmed K, Khan MA et al. (2004) The Effects of Birth Spacing on Infant
and Child Mortality, Pregnancy Outcomes, and Maternal Morbidity and Mortality in Matlab, Bangladesh. Technical
Consultation and Review of the Scientific Evidence for Birth Spacing. https://www.rand.org/content/dam/rand/pubs/
working_papers/2004/RAND_WR198.pdf
Gubhaju BB (1986) Effect of birth spacing on infant and child mortality in rural Nepal. Journal of Biosocial Science 18(4),
435–447.
Khoury MJ, Marks JS, McCarthy BJ and Zaro SM (1985) Factors affecting the sex differential in neonatal mortality: the role
of respiratory distress syndrome. American Journal of Obstetrics and Gynecology 151(6), 777–782.
Kravdal Ø (2004) Child mortality in India: the community-level effect of education. Population Studies 58(2), 177–192.
Ladusingh L and Singh CH (2006) Place, community education, gender and child mortality in North-east India. Population,
Space and Place 12(1), 65–76.
Mondal MN, Hossain MK and Ali MK (2009) Factors influencing infant and child mortality: a case study of Rajshahi District,
Bangladesh. Journal of Human Ecology 26(1), 31–39.
Mutunga CJ (2011) Environmental determinants of child mortality in Kenya. In Health Inequality and Development. Palgrave
Macmillan, London, pp. 89–110. https://link.springer.com/chapter/10.1057/9780230304673_5
Downloaded from https://www.cambridge.org/core. University of New England, on 03 Nov 2020 at 00:17:14, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932020000619

Journal of Biosocial Science

11

NPC (2019) Nigeria 2018, Nigeria Demography and Health Survey. Nigeria Population Commission and ICF Macro,
Calverton, MD.
Onwuanaku CA, Okolo SN, Ige KO, Okpe SE and Toma BO (2011) The effects of birth weight and gender on neonatal
mortality in north central Nigeria. BMC Research Notes 4(1), 562.
Rabe-Hesketh S, Skrondal A, Pickles A and GllaMM Manual (2004) UC Berkeley Division of Biostatistics Working
Paper No. 160. URL: http://www.bepress.com/ucbbiostat/paper160 (accessed 30th June 2019).
Say L and Raine R (2007) A systematic review of inequalities in the use of maternal health care in developing countries:
examining the scale of the problem and the importance of context. Bulletin of the World Health Organization 85,
812–819.
Slinkard SA, Pharr JR, Bruno T, Patel D, Ogidi A, Obiefune M and Ezeanolue EE (2018) Determinants of infant
mortality in southeast nigeria: results from the healthy beginning initiative, 2013–2014. International Journal of MCH
and AIDS 7(1), 1.
Story WT (2014) Social capital and the utilization of maternal and child health services in India: a multilevel analysis. Health
& Place 28, 73–84.
Titaley CR, Dibley MJ, Agho K, Roberts CL and Hall J (2008) Determinants of neonatal mortality in Indonesia. BMC Public
Health 8(1), 232.
UNICEF (2009) The State of the World’s Children 2009: Maternal and Newborn Health. UNICEF, New York.
UNICEF (2019) Mother, Newborn and Child Health and Mortality in Nigeria – General Facts. URL: http://www.unicef.org/
nigeria/ng_publications_advocacybrochure.pdf (accessed 1st July 2019).
Wall L L (1998) Dead mothers and injured wives: the social context of maternal morbidity and mortality among the Hausa of
northern Nigeria. Studies in Family Planning 29(4), 341–359.
Whitworth A and Stephenson R (2002) Birth spacing, sibling rivalry and child mortality in India. Social Science & Medicine
55(12), 2107–2119.
Winikoff B (1983) The effects of birth spacing on child and maternal health. Studies in Family Planning 1, 231–245.

Cite this article: Patel KK, Prasad JB, and Biradar RA. Trends in and determinants of neonatal and infant mortality in Nigeria
based on Demographic and Health Survey data. Journal of Biosocial Science. https://doi.org/10.1017/S0021932020000619
Downloaded from https://www.cambridge.org/core. University of New England, on 03 Nov 2020 at 00:17:14, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932020000619

ORIGINAL CONTRIBUTION

Percutaneous Balloon Mitral Valvuloplasty
During Antenatal Care and Apgar Score:
The ANC-Valve Study
Vaibhav Bansidhar Patil, MD, DM and Suresh Patted, MD, DM
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ABSTRACT: Objectives. The present study aimed to evaluate maternal and fetal outcomes in patients who underwent percutaneous balloon mitral valvuloplasty (PBMV) during antenatal care. Methods. Analysis of 117 pregnant women who underwent
PBMV for rheumatic mitral stenosis. Demographic, clinical, echocardiographic, hemodynamic, and Doppler examinations were
performed. The pregnant women were stratified according to New York Heart Association classification. Apgar scores were
recorded at 1, 5, and 10 minutes to assess the neonatal outcomes. Results. In our study cohort, 74.36% underwent PBMV
during their second trimester, at gestational age of 22.49 ± 5.82. Term birth, mode of delivery, birth weight, and Apgar score
at 5 minutes were significantly associated with pregnancy and neonatal outcomes. Mitral valve area, mitral valve gradient,
and pulmonary artery systolic pressure were significantly improved (P<.001) after PBMV. Pulmonary edema, medical termination of pregnancy, hypothyroidism, hepatitis B infection, pneumonia, and postprocedural delivery, as well as postprocedure
severe mitral regurgitation requiring surgery in 2 patients, were the few complications observed. Mean fluoroscopy time was
4 minutes, 50 seconds, with 100% success rate. No maternal mortality was observed. Conclusion. PBMV is a safe and effective intervention for mitral stenosis in pregnant women, with favorable maternal and short-term neonatal outcomes. PBMV
offers excellent results in terms of symptomatic relief, hemodynamic improvement, and 100% success rate. Hence, it could
be regarded as a preferred choice of intervention in managing symptomatic moderate to severe rheumatic mitral stenosis in
pregnant women.
J INVASIVE CARDIOL 2020;32(11):427-432.
KEY WORDS: Apgar score, mitral valve area, mitral valve gradient, NYHA class, pulmonary artery systolic pressure, rheumatic
mitral stenosis
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he overall prevalence of rheumatic mitral stenosis in
developed countries is estimated at 1%-2%, but in
developing countries it is much more prevalent and
accounts for 40%-50% of the cardiac disease seen in pregnancy.1,2 It is a predominant valvular disease among pregnant
women in developing countries.3 Rheumatic fever is the
main cause of mitral stenosis, whereas other causes include
calcification of mitral valve and congenital heart disease.4,5
During mitral stenosis, the reduced mitral valve area (MVA)
to <1 cm2 increases the pressure in the left atrium and results
in loss of atrial kick, which eventually leads to decrease in
the cardiac output and development of congestive cardiac
failure. The common symptoms of mitral stenosis include
palpitation, chest pain, thromboembolism, hepatomegaly, ascites, and edema.4 It is associated with adverse maternal outcomes, including arrhythmia, pulmonary edema, and thromboembolism, as well as adverse neonatal events, including
intrauterine growth retardation, preterm delivery, low birth
weight, and neonatal or fetal morbidity or mortality.6
Although there are several non-invasive tests, echocardiography is the standard imaging tool to assess patients
with mitral stenosis.4 Medical therapy, percutaneous balloon mitral valvuloplasty (PBMV), and surgical therapy are
Vol. 32, No. 11, November 2020

the different options available for mitral stenosis.5 However,
medical treatment is the first line of management in symptomatic patients. PBMV is a minimally invasive intervention
that can be considered in symptomatic and asymptomatic patients with mitral stenosis. Surgical intervention/mitral valve replacement surgery is indicated in patients with
moderate or severe mitral stenosis when PBMV is contraindicated due to mitral regurgitation (MR).7
Several studies8-11 have evaluated and put forward the
clinical, echocardiographic, and hemodynamic outcomes
of PBMV in the population of pregnant women with
mitral stenosis. Considering the paucity of literature, we
aimed to evaluate the maternal and fetal outcomes in patients who underwent PBMV during pregnancy at our
tertiary-care center.
Methods
The study was conducted between January 2006 and December 2019, and included 117 pregnant women who underwent PBMV for rheumatic mitral stenosis at a tertiary-care
center. The pregnant women were classified according to New
York Heart Association (NYHA) functional class. Approval
was obtained from the institutional ethical committee before
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Table 1. Apgar score.
O Points

1 Point

2 Points

Activity (muscle tone)

Absent

Arms and leg flexed

Active movement

Pulse

Absent

<100 beats/min

>100 beats/min

Grimace (reflex irritability)

Flaccid

Some flexion of extremities

Active motion (sneeze, cough, pull away)

Appearance (skin color)

Blue, pale

Body pink, extremities blue

Completely pink

Respiration

Absent

Slow, irregular

Vigorous cry

exposure, left ventriculography was not performed. Fluoroscopy was used only when necessary. The patients’ abdomens
and pelvises were shielded with a folded 5-mm lead shield
throughout the procedure. Color Doppler technique was used
to assess interatrial communication and severity of MR.15
Post PBMV, an MVA of ≥1.5 cm2 or an increase in MVA
of >25% in comparison with baseline, and in the absence of
severe MR, was considered to be a successful optimal outcome. Clinically, two-dimensional and Doppler echocardiographic studies were also performed after 24-48 hours in all
patients.15 The course of further pregnancy was followed up
regularly in the outpatient clinic after patient discharge.
When each patient was admitted for delivery, the mode of
delivery was selected based on obstetrics indications, such as hydramnios/oligohydramnios, premature rupture of membranes
>12 hours, placenta previa, and fetal distress.
Neonatal outcome was recorded by the pediatrician. Apgar scores16 were recorded at 1, 5, and 10 minutes to assess
the neonatal outcomes (Table 1). Apgar scoring was repeated
in cases with a low score. Apgar scores ≥7 were considered
excellent condition, scores 4-6 as moderately depressed, and
scores <3 as severely depressed.15
After birth, the infant and mother were followed in the
cardiology outpatient clinic at 1 month, 3 months, 6 months,
and 1 year. Each infant’s developmental milestones and physical and mental development were assessed and recorded
during each follow-up visit.
Statistical analysis. R i386.3.5.1 statistical software and
Microsoft Excel were used to analyze the data. Continuous
data were represented in the form of mean ± standard deviation and categorical variables were represented using the
frequency table. Pre- and postprocedure data were compared
using the Wilcoxon signed-rank test. Proportion/binomial
test was used to study single proportions. A P-value <.05 was
considered statistically significant.
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commencement of the study. Informed consent was obtained
from the patients prior to the initiation of the study. All patients
underwent clinical exam (cardiac and obstetric), electrocardiography, and echocardiography before the intervention. Drug
history, such as diuretics (furosemide), digoxin, and beta-blockers, was noted.
Inclusion criteria. All patients with severe mitral stenosis (MVA ≤1.5 cm2; with symptoms stage D or without
symptoms stage C), or very severe mitral stenosis (MVA ≤1.0
cm2; with symptoms stage D or without symptoms stage C),
who underwent PBMV with favorable valve morphology
(Wilkins score ≤8) were included in the analysis.12
Exclusion criteria. Patients with moderate to severe
MR at baseline, severe aortic or tricuspid valve disease that
required surgery, recent thromboembolic stroke, presence
of left atrial thrombi as confirmed by electrocardiography, and moderate to severe mitral stenosis with unsuitable
valve morphology (Wilkins score >8) were excluded from
the analysis.
Data collection. Demographics, including clinical characteristics of the pregnant women (maternal age, gestation
weeks, gravidity, and number of fetuses) were recorded. The
severity of mitral stenosis was assessed using two-dimensional and Doppler echocardiography, with special emphasis on
mitral valve morphology, and echocardiographic mitral valve
scores were assigned using criteria described by Wilkins et
al.13 Two-dimensional planimetry was used to measure MVA.
The MVA, mean diastolic mitral gradient, and pulmonary
artery systolic pressure were assessed before and after PBMV.
Percutaneous balloon mitral valvuloplasty. The
pregnant women, during antenatal care (ANC), underwent
PBMV under local anesthesia using the Inoue balloon technique with transseptal, anterograde left-sided cardiac approach.14 Following transseptal puncture, an Inoue balloon
was positioned in the mitral orifice. The balloon was inflated
in a stepwise manner until the indentation in the balloon
created by the stenotic valve was no longer visible.
Maternal outcome was recorded by assessing standard
hemodynamics, including transmitral pressure gradient and
pulmonary artery pressure, during the procedure. All hemodynamic measurements were obtained both before and immediately after PBMV. Heparin was given (100 IU/kg of
body weight) after transseptal puncture.To minimize radiation
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Severely depressed = 0-3 points; Moderately depressed = 4-6 points; Excellent condition = 7-10 points.
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Results
Demographics, including clinical characteristics of the
pregnant women, are provided in Table 2. A total of 117 pregnant women, mean age 24.87 ± 4.21 years, were considered
for the study, with most patients (49.57%) in the age range
of 20-25 years. Mean gestational age of the pregnant women
was 22.49 ± 5.82 weeks. Most of the pregnancies were either
The Journal
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Table 2. Baseline characteristics of the pregnant women
who underwent balloon mitral valvuloplasty.

Table 3. Percutaneous balloon mitral valvuloplasty associated
characteristics in pregnancies.

Factor

Characteristics

Observation

Gestation age (weeks) at PBMV

22.49 ± 5.82

(n = 117)

Maternal age (years)

24.87 ± 4.21

Age <20 years

18 (15.38%)a

Age 20-25 years

58 (49.57%)

Age 25-30 years

29 (24.79%)

I

1 (0.85%)

Age 30-35 years

8 (6.84%)

II

87 (74.36%)a

Age >35 years

4 (3.42%)

III

29 (24.79%)

Gestation (weeks)

22.49 ± 5.82

Wilkins score

2
3
4

48 (41.03%)a

7

61 (52.14%)

41 (35.04%)

8

25 (21.37%)

24 (20.51%)

9

1 (0.85%)

3 (2.56%)

5

1 (0.86%)

Pregnancy by number of fetuses
Singleton

116 (99.15%)

Twin

1 (0.85%)

New York Heart Association class
I

0 (0%)

II

32 (27.35%)

III

74 (63.25%)a

IV

11 (9.40%)

Atrial fibrillation

30 (25.64%)a
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Antenatal trimester

6

Gravida

0 (0%)

Data presented as mean ± standard deviation or count (percentage).
a
Includes 1 twin pregnancy, which is treated as 1 count.

Balloon size
24 mm

49 (41.88%)

26 mm

68 (58.12%)a

BMV mitral valve area

yr
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< .001b,c

Pre

0.85 ± 0.15

Post

1.83 ± 0.17

Mitral valve gradient (mm Hg)

< .001b,c

Pre

30 ± 9

Post

8±5

PASP (mm Hg)
Pre

Post

Previous PBMV status

gravida 1 (41.03%) or gravida 2 (35.04%), with only 1 twin
pregnancy. Most of the pregnant women (63.25 %) were in
NYHA functional class III. However, none of the patients
had atrial fibrillation.
As shown in Table 3, most of the patients (74.36%) underwent PBMV during the second trimester at a mean gestational age of 22.49 ± 5.82 weeks; most of the patients (52 .14%)
had a Wilkins score of 7, and 1 patient who had Wilkins score
of 9 underwent PBMV as bailout procedure; she underwent
medical termination of pregnancy (MTP). Antenatal trimester
and Wilkins score had a significant association with PBMV. A
significant improvement in MVA (P<.001) was found following PBMV, while mitral valve gradient and pulmonary artery
systolic pressure were significantly reduced (P<.001). Eleven
patients (9.40%) who previously underwent PBMV and presented with restenosis in this pregnancy were again symptomatic during this second pregnancy and therefore underwent
PBMV. However, 106 patients (90.60%) in the study had not
undergone previous PBMV.
As presented in Table 4, gestational age at the time of delivery was 37.22 ± 1.21 weeks. The majority (64.96%) were

PValue

First time PBMV

< .001b,c
52 ± 20
31 ± 8
11 (9.40%)
106 (90.5%)

Data presented as mean ± standard deviation or count (percentage).
a
Includes 1 twin pregnancy, which is treated as 1 count.
b
Indicates Wilcoxon signed-rank test.
c
Significant P-value (defined as <.05).
PASP = pulmonary artery systolic pressure; PBMV = percutaneous
balloon mitral valvuloplasty.

full-term pregnancies with healthy neonates; 2 neonates
(1.70 %) were stillbirths (born without signs of life after 28
weeks of gestation) and 3 pregnancies (2.55 %) were medically terminated (1 during the first trimester, 1 at 20 weeks,
and 1 at 22 weeks of gestation) for reasons unrelated to the
present study.Vaginal and cesarean delivery rates of live births
were 53.57% and 46.43%, respectively.
Among the 112 live births, 107 neonates (95.53%) were
≥2.5 kg and 5 neonates (4.47%) were ≤2.5 kg. Using Friedman’s test, we concluded that distribution of Apgar score was
significantly different for at least 2 timepoints (P<.001). Using pairwise Wilcoxon sign-rank test with Bonferroni correction post hoc, we concluded that the distribution of Apgar
score was significantly different at each timepoint (adjusted
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Table 4. Pregnancy and neonatal outcomes.
Outcomes of all neonates
Gestational age at delivery (weeks)

and

PATTED

Table 5. Outcomes of percutaneous balloon mitral
valvuloplasty.

(n = 117)
37.22 ± 1.21

Full-term birth (≥37 weeks)

76 (64.96%)

Preterm birth (<37 weeks)

41 (35.04%)

a

MR

(n = 117)

(n = 117)

Pre-PBMV MR

Post-PBMV MR

None

75 (64.10%)

48 (41.02%)

3 (2.55%)

Grade 1

40 (34.18%)

55 (47.00%)

Stillbirth

2 (1.70%)

Grade 2

2 (1.70%)

12 (10.25%)

Outcomes of Live Neonates

(n = 112)

Grade 3

0 (0.00%)

1 (0.85%)

0 (0.00%)

1 (0.85%)

a

Grade 4

Mode of delivery for live births
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Medical termination of pregnancy

Vaginal

60 (53.57%)

Mean fluoroscopy time

Cesarean section

52 (46.43%)

Postprocedure severe MR requiring
surgery

2 (1.70%)

107 (95.53%)

Pericardial effusion

0 (0.00%)

5 (4.47%)a

Procedural success

117 (100%)

Maternal mortality

0 (0.00%)

Birth weight
≥2.5 kg
<2.5 kg

Apgar score of newborns
1 minute
5 minute
10 minutes

6.00 ± 0.70

Postprocedural delivery (within 24 hours)

3 (2.56%)

7.00 ± 0.75

Fetal mortality (MTP + stillbirth)

5 (4.27%)

8.27 ± 0.48

Data presented as count (percentage).
MR = mitral regurgitation; MTP = medical termination of pregnancy;
PBMV = percutaneous balloon mitral valvuloplasty.

5 minute Apgar score
<7

29 (29.06%)a

≥7

83 (70.94%)

Outcomes of Neonates With 5-Minute Apgar
Score <7
Gestational age (weeks)
<37 weeks

(n = 29)a

37.35 ± 1.04
13a

≥37 weeks

16

Data presented as mean ± standard deviation or count (percentage).
a
Includes 1 twin pregnancy, which is treated as 1 count.
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P<.001). Most of the neonates (70.94 %) had 5-minute Apgar scores of ≥7.
Mean gestational age of neonates with 5-minute Apgar
score <7 (n = 29) was 37.35 ± 1.04 weeks. Of these 29 neonates, 13 were preterm births (<37 weeks) while 16 were
full-term births (>37 weeks). Term birth, birth weight, and
Apgar score at 5 minutes were significantly associated with
pregnancy and neonatal outcomes.
As shown in Table 5, mean fluoroscopy time was observed to be 4 minutes, 50 seconds. Procedural success rate
was 100%, and 2 patients developed postprocedure severe
MR requiring surgery; both required mitral valve replacement. These patients were on medications, diuretics, and beta-blockers during the period between PBMV and surgery;
they tolerated the postprocedural period well until delivery
and underwent mitral valve replacement at 6 months post
delivery. No pericardial effusion and maternal mortality were
observed post intervention. Pulmonary edema (1.71%), MTP
and stillbirth (4.27%), hypothyroidism (0.85%), hepatitis B
430
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infection (0.85%), pneumonia (1.71%), and postprocedural
delivery (within 24 hours) (2.56%) were the few complications observed after PBMV.

Discussion
Our study provides maternal and neonatal outcomes of
PBMV for mitral stenosis among pregnant women in relation with fluoroscopy time and Apgar score. Studies have
reported PBMV to be the most accepted intervention for
pregnancy-associated rheumatic mitral stenosis, with precise
assessment of clinical status and commissure morphology of
the patients.3,10,17
Surgery/intervention during pregnancy is associated
with several complications and significant maternal or fetal
mortality, with hypothermia-induced uterine contractions
and reduced placental flow.10 However, increase in MVA,
as well as decreases in mitral valve gradient and pulmonary systolic blood pressure, will reduce the complications
for the mother and fetus. Similarly, in our study, all hemodynamic parameters significantly improved after PBMV.
Joshi et al18 also observed significant increase in mean MVA
(1.49 ± 0.23 cm2 vs 1.60 ± 0.26 cm2; P<.05) and significant decrease in mean mitral gradient (19.13 mm Hg vs
8.9 mm Hg; P<.05) during follow-up immediately post
procedure. Kumar et al2 reported significant increase in
MVA from baseline value of 0.93 ± 0.17 cm2 to 1.75 ± 0.27
cm2 (P<.001) and significant decrease in pulmonary artery
pressure from 43.05 ± 15.88 mm Hg to 22.31 ± 6.36 mm
Hg (P<.001) after intervention.
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Overall, our findings affirm that PBMV could be considered as relatively safe and effective for the management of
mitral stenosis. PBMV offers excellent results in terms of
symptomatic relief, hemodynamic improvement, and reduced
fluoroscopy time, with a 100% success rate. Significant functional improvement goes hand in hand with hemodynamic
improvement; furosemide and digoxin were discontinued in
80% and 70% of patients, respectively.There were no maternal
deaths in our study. In contrast, mortality from surgical closed
mitral commissurotomy was as high as 3%,30-32 while mortality from open commissurotomy reached 5%.33-36 Maternal and
neonatal outcomes were observed immediately after the study
(short term). Hence, long-term maternal and fetal outcome
studies with large sample sizes must be conducted to reach a
definitive conclusion.
Study limitations. This is a single-center study and it is
not possible to elaborate on the results by comparison with a
control group (either medically managed patients or healthy
pregnant women).
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Radiation exposure during fluoroscopy is hazardous to
the unborn child.19 Hence, shielding the patient’s abdomen
and pelvis may reduce the risk of radiation for both mother
and fetus. The same was accomplished in our study to prevent adverse outcomes. Moreover, fetal abnormalities due
to radiation exposure mostly occur before 20 weeks of gestation; thus, PBMV is usually performed during the second
trimester.19 Therefore, in our study, the intervention was carried out during the second trimester at a mean gestational
age of 22.48 ± 5.80 weeks. Only 1 pregnant woman underwent PBMV during the first trimester; she underwent MTP
at a later date for reasons unrelated to the current study.
The literature has reported that PBMV is ineffective
when the Wilkins score is >10 and it is associated with higher incidence of severe MR.20 In our study, all the pregnant
women had Wilkins scores <10 and their results confirm
that PBMV is effective to implement. One patient who had
a Wilkins score of 9 underwent PBMV as bailout procedure;
she later underwent MTP. It has been reported that Inoue
balloon size of 26 mm is associated with lesser degree of
MR and provides better results, and the same was observed
in our study.
Although PBMV was 100% successful in the current study,
patients with MR increased post PBMV.This might be due to
a higher calcification score and a lower MVA, before PBMV.21
However, in some cases, it could not be predicted by clinical
characteristics of the patient or by features of the valve/subvalvular apparatus.22 Therefore, there are no exact predictors
to assess the development of MR post PBMV.
PBMV needs significant radiation time for fluoroscopy
guidance for precise employment of the dilating balloon. As
it is known that radiation exposure with fluoroscopy has adverse effects on fetuses, fluoroscopy time must be shortened.
This can be achieved by using the Inoue technique rather
than using a double-balloon intervention.23 Our study results were in accordance with this observation. The mean
fluoroscopy time in our study was 4 minutes, 50 seconds.
This time reflects the expertise of interventional cardiologists performing PBMV at a tertiary-care center. A recent
case series from South India by Pillai et al24 found the mean
fluoroscopy time to be 5.4 ± 5.8 minutes (range, 1.8-29
minutes), whereas Joshi et al18 reported the mean fluoroscopy time of their entire group to be 3.97 minutes.
Neonates with low Apgar score (0-3) at 5 minutes may
suffer from adverse short-term and long-term neurodevelopmental abnormalities and neonatal mortality.25 With moderate Apgar scores (4-6), similar adverse outcomes will be
evidenced, at lower magnitude.12,26 Conversely, in neonates
with Apgar scores of ≥7 at 5 minutes, the adverse neonatal
outcomes may progressively reduce.27 In our study, the mean
Apgar score was 7.00 ± 0.75 at 5 minutes and 8.27 ± 0.48 at
10 minutes, which was similar to other reports.28,29 Thus, it
can be concluded that children delivered at our institution
had low risk of neonatal and infantile mortality.

PATIL

Conclusion
PBMV is a safe, effective, and less-invasive intervention
for rheumatic mitral stenosis in pregnant women with
favorable maternal and short-term neonatal outcomes.
Hence, with no contraindications, this could be recommended as a preferred choice of intervention in managing
symptomatic moderate to severe rheumatic mitral stenosis
in pregnant women.
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dilated Sylvian fissures (bat-wing appearance)4,5. Treatment
includes lysine-restricted diet, carnitine supplementation
and emergency management6.

Abstract
Glutaric-Acidemia type-I(GA-I) is a neurometabolic
disease caused by mutations in glutaryl-CoAdehydrogenase (GCDH) gene. MRI was performed on
the patient using the 1.5 T magnet. The patient’s
organic acids were measured using dried blood spot
(DBS) and a urine sample using MS/MS and GC/MS
respectively. DNA was isolated from the patient’s DBS
and PCR was performed to amplify all exons and the
PCR products were bi-directionally sequenced.

Based on the urinary metabolite excretion of GA, GA-I
patients are classified into two biochemical phenotypes i.e.
high (GA>100 mmol/mol Cr in urine) and low (GA<100
mmol/mol Cr levels in urine) excretor6. Both the
biochemical phenotypes possess same risk of developing
striatal injury6. Detecting low-excretors has some diagnostic
pit falls6. Hence, for these patients, DNA based mutational
screening can be an important diagnostic method6. In India,
GA-I is a significantly reported organic acidurias with an
incidence of 14 in 17,1007. However, till date, there are
inadequate genetic studies describing the course of Indian
GA-I patients. Here, we present an Indian patient diagnosed
with GA-I that can be attributed to a novel homozygous
missense mutation in the GCDH gene.

The patient exhibited clinical features and MRI
findings compatible with a diagnosis of GA-I. The
abnormal elevation of organic acids in the urine
supported the presence of glutaryl-CoA dehydrogenase
deficiency. Gene sequencing revealed a novel
homozygous missense mutation, S190T(g.9896G>C) in
exon 6. The present study revealed a novel missense
mutation accountable for a severe GA-I phenotype in
an Indian patient. This novel mutation will ultimately
contribute to a better understanding of the molecular
pathology of GA-I disease and shed light on the
intricacies of the genotype-phenotype correlation of
this disorder.

Material and Methods
Patient: The proband was an 8-month old boy was who was
born from a first cousin consanguineous marriage. His
clinical examination showed a normal body weight of 10.5
kg and his head circumference measured 45 cm with <98
percentile. No previous history of GA-I was present in the
family. He was referred due to delayed development,
dystonia and lack of head support. There was neither
dystonia nor convulsions. Afterwards, motor delay became
prominent. He was referred due to delayed development,
dystonia and lack of head support. GA I diagnosis was
suspected and confirmed by the quantification of organic
acids in the urine and dried blood using MS/MS and GC/MS,
brain imaging using MRI and genetic testing of the GCDH
gene.

Keywords: Glutaric aciduria type 1, Glutaric acid, Mutation,
Glutaryl-CoA dehydrogenase gene, Genetic screening.

Introduction
Glutaric acidemia type-I (GA-I) (OMIM#231670) is an
autosomal recessive deficiency of glutaryl-CoA
dehydrogenase (GCDH, E.C. 1.3.8.6) reported worldwide
with a rate of 1 in 30, 000 to 100,000 newborns1, 2. GCDH is
a mitochondrial matrix enzyme involved in the degradation
of lysine and tryptophan. Dysfunctional GCDH enzyme
leads to block in the degradation pathway of lysine and
tryptophan leading to accumulation of toxic by-products
such as glutaric acid (GA), 3-hydroxy glutaric acid (3-OHGA) and glutaconic acid (GC) in body fluids.

Lysine and tryptophan-restricted protein diet with carnitine
supplementation and riboflavin was offered. Adequate
emergency management was implemented according to
current
guidelines6.
Baclofen,
Gabapentin
and
Trihexyphenidyl was administered to control spasticity,
seizures and poor muscle control respectively. Risperidone
was given as an antipsychotic drug. Clonazepam was
administered to treat seizures and the movement disorder.

The clinical manifestations associated with GA-I are varied
which include developmental delays, seizures, hypotonia,
dystonia, speech disabilities etc. In GA-I macrocephaly is a
characteristic finding3. Some of the common neurological
signs associated are brain atrophy, expansion of
frontotemporal cerebrospinal fluid spaces and characteristic

Genetic analysis: The institutional ethics committee
approved this study and written informed consent was
obtained from the parents of the patient. DNA was extracted
from the DBS of the patient using the single lysis salting out
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method8. The DNA was further amplified by PCR using
forward and reverse primers designed to cover the exon
sequence of the GCDH gene with flanking intronic regions
and were amplified by polymerase chain reaction (PCR)
using exon specific primers (sequences available upon
request) and a thermal-cycler (Mastercycler® nexus,
Eppendorf). Direct DNA sequencing was performed using
ABI 3500xl Genetic Analyzer (Applied Biosystems) with
the Big Dye Terminator Cycle Sequencing-Ready Reaction
Kit (Applied Biosystems) (Chromous Biotech Pvt. Ltd.).

matter structures were abnormal. The globus pallidus,
putamen and caudate, showed abnormal signals on T2WI.
The neuroradiology profile of the patient (Fig. 1) revealed
characteristic abnormalities previously described among
GA-I patients11,12 in the form of widening and dilatation of
CSF spaces anterior to the temporal poles. Extensive white
matter abnormalities were evident in contrast to the Amish
population, where white matter was rarely involved13.
Interestingly, gray matter involvement significantly
correlated to the morbidity of GA I, whether secondary to an
acute encephalopathic crisis or the onset of an insidious
disease11. It is possible that the severe form of GA-I in the
patient led to the patient’s early death and brain atrophy
curbed macrocephaly9,10.

Neuroradiology: An MRI of the brain was performed on the
patient at the age of 8 months using the 1.5 T magnet (Hubli
Scan Centre, Hubli, India). Multiple pulse sequences were
obtained including axial T2 TSE (TR/TE: 3795/110 ms) and
axial FLAIR (TR/TE/IT: 111,000/130/2000 ms).

Biochemical findings: Upon selective screening by tandem
mass spectroscopy, elevated C5DC level found was 1.7
µmol/L (Ref. Range = 0.00-0.56 µmol/L). Subsequently,
confirmation by urine organic acid analysis detected GA fold
increase of 25 and 3-OH-GA fold increase of 40 (Ref GA:
0.00%– 4.00% and Ref: 3-OH-GA: 0.0% – 0.0%).
Laboratory biochemical analysis of the organic acids was
consistent with the MRI findings.

Biochemical analysis
MS/MS and GC/MS: Blood sample was taken from the
patient by heel prick and placed on a Guthrie card
(Whatmann 903 filter paper, GE Healthcare, New Jersey,
USA). The blood spots were analysed for glutaryl carnitines
and amino acids by tandem mass spectrometer with a
positive electrospray ionization probe utilizing Mass
Chrom® amino acids and acylcarnitine from the Dried
Blood kit (Chromsystems Instruments and Chemicals
GmbH, München, Germany) according to the
manufacturer’s instructions. The urine sample of the patient
was collected and frozen until derivatization. The MS/MS
analysis was performed by Sandor Life Sciences,
Hyderabad, India. The results are in terms of relative
percentage area of internal standard (margaric acid).

Genotype-phenotype correlation: Although the genotypephenotype correlation for GA-I patients is still inscrutable,
correlation could be drawn between genotype and
biochemical phenotype in patients with GA I with no clear
correlation with the severity of the clinical symptoms14.
Further, low metabolite excretion does not prevent the
development of a severe phenotype15. The mutation
presented herein may suggest a genotype-phenotype
correlation due to the reasons such as the presence of severe
clinical symptoms, significantly elevated glutaric acid and 3OH-GA, an abnormal rise of C5DC level, severe
neurological manifestation suggested by the neuroradiology
profile and the early death of the patient. However, because
the patient died, the measurement of GCDH enzyme activity
was not possible.

Results and Discussion
Molecular genetics findings: In this study, we report the
identification of a novel homozygous missense mutation
S190T resulting from the change of G to C at position g.9896
of GCDH gene (Refseq: NM_000159.3) exon 6 (Fig. 2) in
an Indian patient diagnosed with GA-I; the diagnosis was
confirmed via clinical, neuroimaging and biochemical
profile. The mutation was not found in 100 chromosomes
(50 normal individuals) and a representative of sequenced
normal individual is shown in fig. 2 and was not reported in
the exome variant database (http://evs.gs.washington.edu/
EVS/) or in the genome databases. This mutation was
present in heterozygous state in both the parents.

Conclusion
The novel homozygous missense mutation S190T resulting
from the change of G to C at position g.9896 of GCDH gene
results in severe clinical and neurological manifestations.
Timely diagnosis and newly born screening for GA-I can
prevent irreversible cerebral damage in patients16.
Unfortunately, new-born screening program in India is at its
infancy ultimately leading to delays in diagnosing patients
until symptoms appear resulting in the early death.

Radiological findings: The clinical presentation of the
patient with this novel mutation was severe. Severe
neurological features were developed without a clear
encephalopathic crisis. Although macrocephaly is a major
feature of GA-I, the proband did not exhibit macrocephaly
irrespective of having all clinical and radiological features of
GA I. The MRI scan (Fig. 1) showed T2 and FLAIR hyper
intensities in bilateral striatum, frontoparietal subcortical
white matter and tegmentum. Wide CSF spaces were seen
anterior to temporal poles and within Sylvian fissures which
appeared under-opercularized. Multiple white and gray

Although there is a scarcity of data about GA-I prevalence
among Indians, it is suspected to be high due to the
prevalence of consanguineous marriages, first cousin
marriages and endogamous marriages.
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Fig. 1: Brain MRI and CT scan of the patient at 8 months of age. T1-weighted axial image showing fronto-temporal
atrophy and bat-wing dilatation of the Sylvian fissures with open opercula (arrow).

Fig. 2: Sequencing chromatograms showing (A) site highlighted in grey of Control (B) mutant site highlighted in grey
of patient with S190T (g.9896G>C) with single peak representing homozygous alleles.
4. Martínez-Lage J.F., Neurosurgical treatment for hydrocephalus,
subdural hematomas and arachnoid cysts in glutaric aciduria type
1, Neuropediatrics, 27(6), 335-6 (1996)
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Incidence of Wound Dehiscence Following Obstetric and
Gynecological Surgeries at a Tertiary Care Hospital: A
Retrospective Study
Mrityunjay C Metgud1, Anubha Kataria2, Spoorthi R Nadipally3, Kamal Patil4

A b s t r ac t
Aim: A retrospective analysis with an aim to find out the incidence of wound dehiscence following obstetric and gynecological surgeries was
carried out at a referral hospital and to review some of the practices in the hospital surgical and postoperative care of the surgical wound.
Materials and methods: This study was carried out in the Department of Obstetrics and Gynecology at KLEs Dr Prabhakar Kore Charitable Hospital,
a tertiary referral hospital in Belagavi, Karnataka, India, from May 2016 to August 2017 by obtaining data from medical records in the hospital.
Results: During the study period, 3,172 women underwent major obstetric and gynecological surgeries; out of which 97 women developed
wound dehiscence (3.05%). A total of 82 women had wound dehiscence following obstetric surgeries (84.54%) and 15 women following
gynecological surgeries (15.46%). The number of emergency surgeries were 79 (81.44%), which included emergency lower segment cesarean
section (LSCS) and the elective cases were 18 (18.56%), which comprised of elective LSCS, tubal ligation, and gynecological surgeries.
Conclusion: The aim of this study was to review some of the practices during surgery and postoperative care in our hospital. The practice of
scrubbing the abdomen prior to the day of surgery was followed. Subcutaneous fat suturing before closing the skin with subcuticular sutures
was never practiced even when the fat layer was quite thick. Dressing was routinely changed on the 3rd day in the postnatal ward (exposing
the wound to dirty linen particles when the wound had still not healed). However, preoperative antibiotics were routinely given prior to incision
and also postoperative antibiotics for a total of 5 days.
Clinical significance: Intraoperative and postoperative factors are significant in wound healing in addition to patient factors. Dressing should
probably be done first only on the 5th postoperative day, which may prevent introduction of infection.
Keywords: Dehiscence, Retrospective study, Wound dehiscence.
Journal of South Asian Federation of Obstetrics and Gynaecology (2020): 10.5005/jp-journals-10006-1763

I n t r o d u c t i o n
A wound is an interruption in the permanence of the soft parts of
the body structures.1 Both endogenous or exogenous flora can
infect a surgical wound. 2 In spite of a range of advances made in
the field of asepsis, antimicrobial drugs, operative methods, and
sterilization, the postoperative wound problems continue to be
a foremost threat. 3 Appraisal of factors responsible for surgical
site infection in obstetric patients is important.4–6 Strategiesfor
prevention of wound infections have been suggested from time
to time.7 The rising incidence of wound gape in the postoperative
period is a humungous challenge to the obstetricians and
gynecologists despite many amendments in the protocols for
the preoperative, intraoperative, and postoperative management
of the patient time and again. Consequences of post-cesarean
section wound infection can be the discharge from suture
line, wound gaping, and can be upsetting resulting in burst
abdomen. 8 Considering that the overall basic standards are
ideally maintained in all tertiary care hospitals, a retrospective
study was done to measure the incidence of wound gape in the
postoperative period and the contributing risk factors along
with the common causative organisms. This particular study
is a prelude to the prospective study to be done to know the
importance of measures like suturing subcutaneous fat before
approximating the skin, keeping drain in situ in obese women,
and avoiding changing of dressing in the wards prior to the 5th
postoperative day.
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M at e r ia l s

a n d  M e t h o d s

Setting
This study was a retrospective observational study carried out in the
department of obstetrics and gynecology at a tertiary care hospital
attached to KLEs Dr Prabhakar Kore Charitable Hospital in Belagavi,
Karnataka, India. This is a 1,250-bed tertiary care hospital attached
to KAHER’s Jawaharlal Nehru Medical College and one of the major
referral centers in the northern part of Karnataka in India.

Duration
The study was conducted during a period of May 2016–August 2017.
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Inclusion Criteria and Exclusion Criteria
All the patients who underwent major obstetric and gynecological
surgeries in KLEs Dr Prabhakar Kore Charitable Hospital in Belagavi,
Karnataka, India, from May 2016 to August 2017 were included in
the study. The procedures included were both emergency and
elective cases. Emergency cases included emergency lower segment
cesarean section (LSCS) carried out in the labor room operation
theater, and elective cases included elective LSCS, abdominal
tubectomy, and major gynecological surgeries (abdominal
hysterectomy, exploratory laparotomy, or tumor excision) done
in the routine operation theater for elective cases. Laparoscopic
surgeries, fractional curettage, and medical termination of
pregnancy were excluded.
All the patients undergoing surgery were given preoperative
antibiotics in the form of intravenous ceftriaxone 1 g IV. The surgical
site was painted adequately with betadine solution (10%) followed
by alcohol. All surgical closures in primary surgery were done by
vicryl (polyglactin). The rectus sheath was closed with polyglactin
no.1. Skin was approximated by subcuticular sutures using
polyglactin 3-0/polyglactin 2-0. However, in none of the patients
subcutaneous fat was approximated. The first wound dressing
postoperatively was done on the 2nd or 3rd day in the wards.

Data Collection
Data were collected retrospectively from the medical records in
the operation theater and wards. This data included the patient
demographics, date of admission, indication for surgery, date and
type of surgery, already existing comorbidities in the patient, type
of sutures used to close the wound site, an duration of stay in the
hospital for primary surgery and then for secondary suturing. Also
data were collected from the microbiology laboratory regarding
organisms grown on culture from the swab taken from the wound
dehiscence site. Ethical clearance for the study was obtained from
the institutional ethics committee.

Statistical Analysis
The statistical analysis in this study was simple tabulation of each
variable along with its frequency in wound dehiscence infections.
Then a comparative univariate analysis of these variables was
done, which led to a simple calculation of percentage. All women
who underwent the abovementioned surgeries in these particular
operation theaters were followed up and the number of women who
developed wound dehiscence was used to calculate the incidence of
wound gape (primary outcome), expressed in terms of percentage.
All the secondary outcomes were calculated using univariate
analysis and results were expressed in the form of percentage.

R e s u lts
Incidence of Wound Dehiscence
A total of 3,172 women underwent major obstetric and gynecological
surgeries. Out of these 97 women developed wound dehiscence,
with an incidence of wound dehiscence as 3.05%. All 97 women
underwent secondary suturing. Among these 97 women, 82 women
had wound dehiscence following obstetric surgeries (84.54%) and
15 women following gynecological surgeries (15.46%) (Table 1). The
number of emergency surgeries was 79 (81.44%), which included
emergency LSCS, and the elective cases were 18 (18.56%), which
comprised of elective LSCS, tubal ligation, and gynecological
surgeries (Table 2).
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Table 1: Percentage of wound dehiscence in different types of surgeries
Surgery
Gynecological
Obstetric

Percentage (n = 97)
15.46 (15)
84.54 (82)

Table 2: Distribution of wound dehiscence in elective and emergency
surgeries
Surgery
Elective
Emergency

Percentage (n = 97)
18.56 (18)
81.44 (79)

Table 3A: Distribution of wound dehiscence cases in different age
groups (obstetric cases)
Age
<20
20–29
30–39
40–49
>50
Total

Percentage (n = 82)
7.31 (6)
82.92 (68)
9.75 (8)
0
0
100.00

Table 3B: Distribution of wound dehiscence cases in different groups
(gynecological cases)
Age
<20
20–29
30–39
40–49
>50
Total

Percentage (n = 15)
0
13.33 (2)
33.33 (5)
40.00 (6)
13.33 (2)
100.00

Risk Factors for Wound Dehiscence
Age
Among 82 wound dehiscence cases who underwent obstetric
surgeries, 82.92% women were in age group of 20–29 years, 9.75%
were in 30–39 years, and 7.31% were less than 20 years of age.
Among 15 cases who underwent gynecological surgeries, 40%
belonged to age group of 40–49 years, 33.33% to 30–39 years,
13.33% to more than 50 years, and 13.33% to less than 20 years of
age (Tables 3A and 3B).

Parity
Among obstetric cases, primipara had a higher number of wound
dehiscence cases with 53 patients (54.64%). Twenty-nine patients
were multipara (35.36%). Among gynecological cases, the incidence
was lowest in nullipara and grandmultipara (Tables 4A and 4B).

Indications for LSCS
The two commonest indications for LSCS among wound dehiscence
patients were fetal distress (25.77%) and previous LSCS (19.58%).
The least common incidence was twin gestation (Table 5).
Antepartum hemorrhage includes central placenta previa and
abruption both. Hypertension includes gestational hypertension,
preeclampsia (mild and severe), and chronic hypertension. Previous
LSCS includes both previous 1 and previous 2.
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Table 4A: Paritywise distribution of wound dehiscence cases (obstetric
cases)
Parity
Primipara
Multipara
P2
P3
P4
>P4
Total

Percentage (n = 82)
64.63 (53)
35.36 (29)
23.17 (19)
10.97 (9)
1.21 (1)
0.00
100.00

Table 4B: Paritywise distribution of wound dehiscence cases
(gynecological cases)
Parity
Nullipara
Primipara
Multipara
P2
P3
P4
>P4
Total

Percentage (n = 15)
6.66 (n = 1)
0.00

Risks
Nil
Hypertension
GDM/overt DM/IGT
PROM
Fever on admission
Total

Percentage (n = 97)
56.70 (55)
19.58 (19)
5.15 (5)
5.15 (5)
1.03 (1)
100.00

Table 7: Hb levels in wound dehiscence cases
Hb (g%)
7–9.9
10–10.9
Total

Percentage (n = 97)
21.65 (21)
78.35 (76)
100.00

Table 8: History of previous surgeries
33.33 (n = 5)
13.33 (n = 2)
26.66 (n = 4)
20.0 (n = 3)
100.00

Table 5: Indications for LSCS among wound dehiscence cases
Indication
Fetal distress
Previous LSCS
Hypertension
CPD
Malpresentation
Failed induction
Antepartum hemorrhage
Preterm labor
MCDA twins
Total

Table 6: Various coexisting risk factors in wound dehiscence cases

Percentage (n = 82)
30.48 (n = 25)
23.17 (n = 19)
15.85 (n = 13)
8.53 (n = 7)
6.09 (n = 5)
3.65 (n = 3)
2.43 (n = 2)
2.43 (n = 2)
1.21 (n = 1)
100.00

Comorbidities
The most common comorbidity was hypertension (19%) among
wound gape patients. Hypertension included gestational
hypertension, preeclampsia (mild and severe), HELLP, and chronic
hypertension. The other comorbidities were diabetes (5.15%)
including GDM and PROM (5.15%) (Table 6).

Anemia
As a risk factor, anemia was evaluated separately. In our study, all
patients were found to have anemia, which varied from mild to
moderate. AHb level <11 g/dL was taken as anemia. Majority of the
patients had Hb levels between 10 and 10.9 g/dL, which could be
classified as mild anemia according to ICMR classification.
The total number of mildly anemic patients was 76 (78.35%).
While a total number of 21 patients had moderate anemia, that is,
Hb was 79.9 g/dL (Table 7).

Previous Surgeries
Any history of previous surgeries was also taken into account as
one of the predisposing factors. About 14% of patients gave such
history (Table 8).

Previous surgery
None
Previous surgery
Total

Percentage (n = 97)
76.29 (74)
14.43 (14)
100.00

Table 9A: Hospital stay (for primary surgery, secondary suturing, wound
healing)
Hospital stay (no. of days)
0–7
8–14
15–21
22–28
29–35
Total

Percentage (n = 60)
0 (0)
15 (9)
45 (27)
36.66 (22)
3.3 (2)
100.00

Table 9B: Hospital stay [for secondary suturing, wound healing
(women discharged after primary surgery and readmitted with wound
dehiscence)]
Hospital stay (no. of days)
0–7
8–14
14–21
Total

Percentage (n = 37)
16.21 (6)
40.5 (15)
43.24 (16)
100.00

Average Duration of Hospital Stay
Among 97, 60 patients developed wound dehiscence while their
postoperative stay in the hospital following primary surgery and
continued hospital stay further to undergo secondary suturing.
The hospital stay for these patients even extended over 30 days
(Table 9A). However, 37 patients out of 97 were discharged from
the hospital with an apparently healthy wound and got readmitted
in view of wound dehiscence for secondary suturing. The average
hospital stay was shorter for these patients (Table 9B).

Causative Organisms
All the wound dehiscence cases were evaluated for the presence
of infection through swabs taken from the wound sites and then
sent for culture and sensitivity in the microbiology laboratory in the
hospital. Most of the cultures showed absence of any organism or
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presence of skin commensals. Apart from these the most commonly
isolated organism were Staphylococcus aureus and E. coli (Table 10A).
There was also a comparison done between commonly isolated
organisms in emergency cases and elective cases (Tables 10B and
10C). However, the isolated organisms were similar in both the cases.
Table 10A: Organisms isolated from the wound site
Wound culture
No organisms
Skin commensals
S. aureus
E. coli
Pseudomonas aeroginosa
Betalactamase-producing citrobacter
Betalactamase-producing E. coli
Citrobacter
Citrobacter, E. coli
Coagulase neg S. aureus
Enterococcus species
ESBL-producing citrobacter
Klebsiella pneumoniae
Klebsiella pneumoniae, Pseudomonas
MRSA
S. aureus, E. coli

Percentage (n = 97)
23.71 (23)
22.68 (22)
13.40 (13.4)
10.31 (10)
8.25 (8)
2.06 (2)
1.03 (1)
2.06 (2)
1.03 (1)
1.03(1)
1.03(1)
2.06(2)
4.12(4)
1.03(1)
5.15(5)
1.03(1)

Table 10B: Organisms isolated from the wound site (elective cases)
Wound culture
No organisms
Skin commensals
S. aureus
E. coli
Betalactamase-producing E. coli
Klebsiella pneumoniae
MRSA

Percentage (n = 18)
41.11 (7)
27.77 (5)
5.5 (1)
5.5 (1)
5.5 (1)
11.11 (2)
5.5 (1)

Table 10C: Organisms isolated from the wound site (emergency cases)
Organisms isolated from wound site
No organisms
Skin commensals
S. aureus
E. coli
Pseudomonas aeuroginosa
MRSA
Betalactamase-producing citrobacter
Citrobacter
ESBL-producing citrobacter
Citrobacter, E. coli
Coagulase neg S. aureus
Enterococcus species
Klebsiella pneumoniae
Klebsiella pneumoniae, pseudomonas
S. aureus, E. coli

76

Percentage (n = 74)
21.62 (16)
22.97 (17)
16.21 (12)
8.1 (6)
10.8 (8)
5.4 (4)
2.7 (2)
2.7 (2)
1.35 (1)
1.35 (1)
1.35 (1)
1.35 (1)
1.35 (1)
1.35 (1)
1.35 (1)

D i s c u s s i o n
Postoperative wound infection and dehiscence is an upcoming
challenge to the operating surgeon. The success in the field of
surgery in terms of advances in surgical techniques and the easy
availability of surgery as a treatment option have been marred by
the increasing incidence of wound dehiscence. Wound healing
by itself is a complex process affected by various internal and
external factors. The internal factors constitute comorbidities like
diabetes and hypertension. The external factors include wound
infection, the common suturing practices, suture materials, and
wound care. The incidence of infection in post-cesarean wound
and independent risk factors related with infection of wound have
been studied retrospectively at tertiary care hospitals.7 The overall
incidence of wound dehiscence in our hospital setting was found
to be 3.05% and all of these patients required secondary suturing.
An introspection of these wound dehiscence cases led to the
initiation of this retrospective study. The preoperative preparation,
the wound care postoperatively, suture materials used, and the
suturing technique or practice differ from one institute to another.
The practice of changing dressing postoperatively too is different
in different institutes. The normal practice is to change the dressing
on the 2nd and 3rd postoperative day as a routine in our institute.
The change of dressing was done in postnatal wards.
Intraoperatively, the subcutaneous fat suturing was not done
and directly subcuticular sutures were taken in majority of the
cases in our institute. Abdomen closure in our institute was done
with polyglactin. The rectus sheath was closed by polyglactin no.
1 and skin by polyglactin 2-0, 3-0. Since wound healing is affected
by various factors like comorbidities, presence of infection, and
wound care, the secondary outcomes in this study were all those
risk factors that could play a role in causing wound dehiscence.
In our study, the commonest coexisting morbidities were found
to be hypertension and diabetes. Among LSCS cases, patients
who developed wound dehiscence had commonest indication
for section as fetal distress followed by hypertension. Among
coexisting diseases, hypertension and diabetes showed to have
a greater incidence of wound dehiscence. Another secondary
outcome was the average stay of patients with wound dehiscence,
which reflected overall morbidity in such patients. Patients who
developed wound dehiscence during their stay in the hospital
had a longer stay in the hospital. It was important to note the
coexistence of any infection in the wounds. However, most of
the wound dehiscence culture came negative for presence of
any organisms. The second most common wound culture was
skin commensals. However, S. aureus and E. coli were the most
frequently isolated organism from the infected wounds. Reasons
that enhance risk to postoperative wound dehiscence incorporate
age, obesity, nutritional status, preoperative medical disorders like
anemia, diabetes, jaundice, use of steroids, poor intraoperative
preparation, emergency or elective surgeries, duration and type
of surgeries, postoperative wound site contamination or increase
in intra-abdominal pressure, infection, etc.4
Skilled appraisal and a methodical consideration of the
physiological needs for wound healing allow to appreciate why
some wounds heal quickly and others are slow to heal.9 Earlier
researchers have proposed that antimicrobial prophylaxis
reduces the peril of endometritis and incisional SSI when correctly
administered.10
Clinicians have observed that incidence of postoperative
wound gaping was higher in emergency obstetrics cases in contrast
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to elective cases.11 Work has been carried out to investigate causal
features regarding abdominal wound dehiscence and evisceration
in order to ameliorate healing.12
Incidence of wound dehiscence following obstetric and
gynecological surgeries can be taken as surgical emergency, which
can extend the total period of sickness causing unnecessary stress
to patients and can also accelerate the hospital expenditures.
There is a strong need to avoid these impediments by properly
addressing the factors incorporated in the development of wound
dehiscence.4 The wound gaping problem has started occupying
scientific concern revealed by different explorations conducted
from time to time. Clinicians have used various combinations of
antibiotics as a single-dose chemoprophylaxis in gynecological
surgery.13 Concerning the fact that vitamin C plays an important
role in maintaining the integrity of capillaries, investigations
have been carried out relating vitamin C deficiency and wound
healing.14 Wound closure has a great influence on wound healing
in gynecological surgery.15 Though wound dehiscence is a surgical
snag, however, factors associated with it are knowable and
preventable. Triumph of a gynecological practice rests on wary
incision and appropriate closure of the wound. Various factors are
to be taken care of to check postoperative infections and wound
dehiscence.
Scientists believe that apposite surgical wear and proper hand
washing alongwith adequate theater sterility are considered to
be significant aspects in minimizing the infections. In order to
avoid wound dehiscence, accurate surgical procedures involving
maintenance of effective homeostasis, removal of all devitalized
tissue along with tender tissue dealing and exterminating
dead space, circumventing unintentional entries into a viscous,
employing drains and suture material aptly are important.16 Wound
dehiscence has many causes and deterrence is of prime importance
for bringing reduction in incidence of wound dehiscence. Scientists
consider that patients who develop wound dehiscence have more
chances to spend time in an ICU.17 Perceptiveness of the different
treatment choices and timely referral guides to Esthetic and good
functional outcomes.18 It is important to correlate wound gaping
with certain disease states like diabetes.19 Earlier research attempted
to compare healing in postoperative wounds with occlusive gauze
dressing.20
The present investigation has attempted to provide incidence
of wound dehiscence following obstetric and gynecologic surgeries
at a tertiary hospital and advocated the avoidance of changing
of dressing in the wards prior to the 5th postoperative day. This
will assist in discerning the relevance of appraisals incorporating
suturing subcutaneous fat before approximating the skin with
maintaining drain in situ in obese women. The strength of this study
includes the number of participating patients, the appraised risk
factors, and the most of the wound gape culture came negative for
presence of any organisms.

C o n c lu s i o n
Wound healing is pretentious not just by patient issues but also
by intraoperative and postoperative factors. Apart from following
the standard operative modus operandi, early wound dressing
(postoperative day 3) is a vital aspect piloting to enhanced wound
gape. To lessen this occurrence, dressing should almost certainly
be carried out first only on the 5th postoperative day, which may
avert establishment of infection in the wound from wards or may
thwart commotion of healing process, imparting a better healed

wound on the 5th postoperative day. Moreover, subcutaneous fat
should possibly be sutured intraoperatively, which may put off
creation of dead space for secretions to get stockpiled that may
prompt the wound dehiscence or cause wound infection. Besides,
patient elements incorporating hypertension and diabetes could
be supervised efficiently to put a stop to wound dehiscence.
Convention of pre- and postoperative antibiotics, timing of
preoperative antibiotics, reducing second stage of labor, proper
handling of sterile instruments, intra-op suturing techniques and
materials, postoperatively proper wound care practices by doctors
and the allied staff, and usage of clean linen in wards are crucial in
bringing down the overall number of wound dehiscence.

C l i n i c a l  S i g n i f i c a n c e
Intraoperative and postoperative factors are noteworthy in wound
healing in addition to the patient factor. Routine dressing should
probably be done first only on the 5th postoperative day, which
may prevent introduction of infection in the wound from wards or
may prevent disruption of the healing process. However, dressing
can be done earlier than 5th postoperative day when there is
soakage of dressing or there are signs of sepsis. Subcutaneous fat
should probably be sutured intraoperatively. Early and effective
management of patient factors can assist in preventing wound
dehiscence and can prove worthwhile for improved result of the
surgery alongwith curtailing off the overall burden of wound
dehiscence. The data presented in the investigation can support in
ameliorating the understanding of the patient-associated factors
in wound dehiscence cases. This can provide assistance to surgical
teams in directing the patients of their risk before starting the
surgery. Surgeons can also focus on modifiable risk factors before
going to elective surgeries. Clinically, wound dehiscence following
obstetric and gynecological surgeries is posing a challenge; yet, it
is manageable employing scientific approaches.
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Persistence of Immune Responses With an Inactivated
Japanese Encephalitis Single-Dose Vaccine, JENVAC and
Interchangeability With a Live-Attenuated Vaccine
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Background. This study reports immunogenicity, safety, and interchangeability of a single-dose, inactivated, Vero-cell derived,
JENVAC to the live-attenuated SA 14-14-2 vaccine in healthy children.
Methods. This phase 4, multicenter, open-label, randomized, control trial enrolled 360 children who were equally randomized to receive a single dose of either JENVAC or SA 14-14-2. Children were followed at various time points, until 2 years (day
720) postvaccination, upon which a subset from each group was divided and allocated to a receive a booster dose or the other vaccine.
Results. At all time points, immunological measures were statistically higher in the JENVAC group. In the interchangeability
study, children receiving 2 doses of JENVAC reported significantly higher response compared with 2 doses of SA 14-14-2. No difference in adverse events was observed. These corroborate with excellent seroprotection after the first dose of an earlier JENVAC study.
Conclusions. A single-dose vaccination with JENVAC induces protective titers that persist up to 1 year. We report appreciable
interchangeability between both vaccines, with JENVAC/JENVAC combination exhibiting the highest immune response. JENVAC
is now licensed as a single-dose Japanese encephalitis vaccine.
Keywords. immunogenicity; Japanese encephalitis vaccine; Jenvac; SA 14-14-2.
Japanese encephalitis (JE) virus is a leading cause of acute encephalitis in Asia [1]. Children below the age of 14 years and
travelers who visit endemic areas are at the highest risk of acquiring this infection [1, 2]. The World Health Organization
(WHO) recommends the use of JE vaccine in national immunization programs (NIPs) in all areas where JE is recognized as
a public health priority [3]. Currently, there are 15 JE vaccines
in use globally. With relevance to this study, only a few vaccines are mentioned. The live-attenuated lyophilized vaccine,
CD.JEVAX, is notably the most widely administered JE vaccine.
It was derived from the wild-type SA 14-14-2 strain in Primary
Hamster Kidney Cells and is manufactured by Chengdu
Biologicals, China [4]. New-generation, Vero cell-derived inactivated vaccines are gaining favor with regards to conferring
longer lasting immunity. IXIARO is an inactivated cell-derived
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vaccine, based on SA 14-14-2 strain, manufactured by Valneva,
Scotland [5, 6], and the same vaccine is produced in India as
JEEV (Biological E. Ltd) [7].
JENVAC, manufactured by Bharat Biotech, India was initially licensed as a 2-dose vaccine in 2014 [8]. This inactivated
Vero cell-adapted vaccine is produced based on the Kolar strain
821564XY, which was isolated from the peripheral blood of a
viremic individual during a JE outbreak in India. The strain was
identified based on neutralization indexes to JE (Nakayama)
strain [9]. Most JE vaccines are recommended as 2-dose regimens (primary immunization series) often requiring an additional booster dose at a later time point [10, 11].
In contrast to excellent efficacy results of the widely used
SA 14-14-2 in China, South Korea, and Nepal [12–15], the efficacy and immunogenicity in India were found to be lower
postvaccination [8, 16, 17], and the second dose of this vaccine
has been recommended. Hence, it is essential to determine the
long-term immune response to a single-dose regimen. Such a
regimen would also be beneficial for mass vaccination programs
to improve vaccine coverage [18].
We previously reported that a 2-dose regimen (administered 4 weeks apart) of JENVAC was well tolerated and immunogenic in a phase 2/3 study of age groups from 1 to 50 years.
In this study, seroprotection (SPR) rates for SA 14-14-2
(postsingle dose) were 79.6% after 28 days, whereas the corresponding value for JENVAC (postsingle dose) was 98.7%.

JENVAC (2-dose) demonstrated a significantly higher immune
response than the SA 14-14-2 vaccine at all other time points
[8]. Significant effort was made to contact and collect serum
from the participants who dropped out (received 1 dose of either vaccine). Immune responses for JENVAC were higher at 1
and 2 years, postvaccination, albeit with low sample size. The
persistence of antibody levels with a single dose of JENVAC
in large cohort studies is unknown. Furthermore, since the introduction of Vero cell-derived JE vaccines, there are no published data to support whether they are interchangeable with SA
14-14-2. Based on our previously reported findings and because
both vaccines are widely used in India, we conducted a phase 4,
open-label, randomized, controlled trial to evaluate and compare (1) single-dose, immunogenicity, and safety of JENVAC
and SA 14-14-2 vaccine and (2) interchangeability of a 2-dose
regimen of either vaccine.

children (n = 178) were consented again, enrolled, and assigned (nonrandom) to receive a booster of the same vaccine
(previously received) or interchanged to receive the other vaccine. This led to 4 treatment arms: (1) JENVAC + JENVAC, (2)
JENVAC + SA 14-14-2, (3) SA 14-14-2 + JENVAC, and (4) SA
14-14-2 + SA 14-14-2 groups, respectively.

METHODS

Randomization and Blinding

Study Objectives/Endpoints

This study was conducted to compare the long-term immune
response and safety profile of a single dose of JENVAC and SA
14-14-2. After successful completion of the single-dose study,
children either received a booster of the same vaccine (previously administered) or interchanged to receive the other vaccine (from now on referred to as the interchangeability study).
The focus of this study was on subjects in the age group of 1 to
15 years considered as the “vulnerable” age group from a JE disease perspective [1].
Clinical Trial Design and Children

This phase 4 study was a multicenter, randomized, single-blind,
clinical trial conducted from June 2014 for the single-dose
study and May 18 to July 14, 2016 for the interchangeability
study at 4 sites in India. The trial was approved by the Drug
Controller General and respective ethical committees. A data
safety monitoring board reviewed safety data periodically. The
trial was registered with Clinical Trials Registry of India (www.
ctri.nic.in; Clinical Trials Registration CTRI/2014/02/004386
and CTRI/2016/05/006909).
Study Children and Trial Design

Children were screened for eligibility and enrolled (n = 360)
after obtaining written informed consent from the parents
and/or legally acceptable representative under audiovisual recording. Children were equally randomized to receive JENVAC
(Group 1) or SA 14-14-2 (Group 2) on day 0 and were followed until 1 year after receipt of a single dose of either vaccine.
Each group was stratified into 3 age-wise subgroups: (1) ≥1 to
≤5 years, (2) 5> to ≤10 years, and (3) >10 to ≤15 years. After
this study was completed, on day 720, parents and/or guardians
of children from the parent study were contacted for their willingness to participate in the interchangeability study. Screened

Vaccine

Study vaccine was administered as a single dose of JENVAC
(5 µg/0.5 mL/dose) administered intramuscularly. The study
vaccine was based on the Kolar-821564XY strain. The comparator vaccine was a commercially obtained lyophilized
live-attenuated vaccine SA 14-14-2 (≥105.4 plaque-forming
units/dose) manufactured by Chengdu Institute of Biological
Products, which was administered subcutaneously as a single
dose.
Children were equally randomized to receive JENVAC
(Group 1) or SA 14-14-2 (Group 2). Study staff at all sites were
unaware of the randomization sequence. Due to the difference
in vaccine formulations, JENVAC (liquid), and SA 14-14-2
(lyophilized), field staff were not blinded. A copy of the randomization list of healthy infant identification numbers and decoded key were sent to the biostatistician at the end of the study.
Samples collected for serological testing were deidentified. The
sponsor and laboratory staff (performing serologic assays) remained blinded to all treatment assignments. Randomization
procedures were conducted by a third-party Contract Research
Organization, Croissance Clinical Research
Procedures

For the single-dose study, children were screened for eligibility
and enrolled after obtaining written informed consent from the
parents and/or legally acceptable representative. Children were
equally randomized to receive study or comparator vaccine on
day 0. Peripheral venous blood samples (2 mL) were obtained
on day 0 (before vaccine administration) and on days 28, 56,
90, 180, 360 (postvaccination). For the interchangeability study,
samples were collected on day 720 (prebooster) and on day 748
(postbooster/interchange). Clinical data management and analyses were contracted to Sensaas India Pvt. Ltd.
Immunogenicity

Serum was obtained from all the children at all specified time
points. Samples were subjected to the determination of 50%
plaque reduction neutralization titer (PRNT50). In brief, heatinactivated serum was serially diluted 4-fold starting at a dilution of 1:10, incubated with JEV 821564XY, and inoculated onto
Vero cells in 6-well plates. The monolayers were overlaid with
.84% methylcellulose and incubated for 5 days before staining
with 0.1% crystal violet and counting plaques. The PRNT50 was
computed by using the formula [X − 50/47.7662] + Y, where X
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is the percentage of plaques reduced in the next dilution above
50%, and Y is the next log dilution above 50%, as described previously [19]. Serological assays were performed in a blinded
manner at Bharat Biotech, after detailed validations in a blinded
manner in an external laboratory [8].
The PRNT50 values were transformed to SPR, seroconversion
(SCR), and geometric mean titers (GMTs). A PRNT50 of ≥10 U/
mL was considered to be seroprotective [20]. Seroconversion
was defined as a titer of ≥10 U/mL if the baseline titer (before
vaccination on day 0) was <10 U/mL or as a 4-fold increase, if
the baseline titer was ≥10 U/mL. The GMTs were calculated as
the antilog of the mean of the log transformation of titers.
Reactogenicity and Safety

All children were followed up for safety after vaccination by
documentation of adverse events (AEs) between the administration of the first dose and 28 days after the last dose. Children
were observed for 30 minutes postvaccination for assessing immediate adverse reactions. Vaccine reactogenicity was documented as events reported within 7 days after vaccination.
Detailed safety information for solicited AEs, unsolicited AEs,
and serious AEs was collected via subject diary card, telephonic
contact by the clinical trial team, and review at each study visit.
Serious AEs were reviewed by a Data Safety Monitoring Board.

Statistical Analyses

A sample size of 360 children was calculated assuming 80%
power, a noninferiority margin of 10%, and a 95% confidence
interval (CI). Assuming a response rate of 90% from the test
group and a 75% from the reference group at day 28, children
were randomized 1:1 to receive either vaccine assigned by a
computer-generated plan with stratification by age.
The per-protocol population was used for the main immunogenicity analysis. Categorical variables were presented as counts
and percentages with 95% CIs. Comparison of SPR, SCR, and
AEs between groups was performed using χ 2 test with Yate’s
correction or Fisher’s exact test. Differences in GMTs was performed using the 2-sample paired t test. An independent organization, Sensaas India Pvt. Ltd, conducted the analyses using
SAS version 9.3.
RESULTS
Single-Dose Study

Among 360 children randomized, 329 (91.4%) completed the
trial as per protocol, 31 of whom children dropped out either
due to loss to follow-up, migration from the trial area, or withdrawal of consent (Figure 1). There were no significant demographic and baseline differences between groups (Table 1).

Assessed for
eligibility (n = 360)
Discontinued study
(n = 1)
Randomized
(n = 359)

Day 0

SA 14-14-2 (n = 179)

JENVAC (n = 180)

Lost to follow-up (n = 14)
Missed at least one visit
(n = 40)

Lost to follow-up (n = 16)
Missed at least one visit
(n = 69)
Day 360

Analyzed (n = 164)

Contacted for the
interchangeability study
(n = 96)

Analyzed (n = 165)

Day 720

JENVAC+
JENVAC
(n = 46)

JENVAC+
SA 14-14-2
(n = 50)

SA 14-14-2+
JENVAC
(n = 46)

Day 748

Analyzed (n = 46)

Analyzed (n = 50)

Analyzed (n = 46)

Contacted for the
interchangeability study
(n = 82)

SA 14-14-2+
SA 14-14-2
(n = 36)

Analyzed (n = 36)

Children were equally randomized to receive JENVAC (Group I) or SA 14-14-2 (Group 2) on Day 0 and were followed till one year (day 360)
after receipt of a single dose of either vaccine. After the study was completed, on day 360, parents/guardians of children were contacted for their
willingness to participate in the interchangeability study, on the penultimate follow-up visit (day 720), 178 children (96 and 82 in the JENVAC
and SA 14-14-2 groups, respectively) were assigned to receive a booster dose or interchanged to receive the other vaccine
Figure 1.

Enrollment flowchart.
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Table 1.

Demographic Data for the Trial Cohort in Each Treatment Groupa

Variable

JENVAC (n = 180)

SA 14-14-2 (n = 179)

P value

Age (years), mean (SD)

7.4 (3.8)

7.4 (3.8)

.92

Height (cm), mean (SD)

113 (22.9)

113 (21.4)

.99

Weight (kg), mean (SD)

21.2 (9.4)

21.2 (9.9)

.99

Females, n (%)

89 (49.4)

75 (41.7)

.18

Before vaccination seroprevalence, n (%)

37 (20.6)

41 (22.9)

.59

Abbreviations: N, number of children allotment in treatment; SD, standard deviation.
a

P values calculated by unpaired t test and χ 2 test. Before vaccination, seroprevalence was defined as the proportion of children with a 50% plaque reduction neutralization titer ≥10 U/mL
on day 0.

Immunogenicity

Single-Dose Study

At day 360 (postvaccination), GMTs were 33.7 (95% CI, 27.9–
40.77) and 12.2 (95% CI, 10.3–14.4) in the JENVAC and SA
14-14-2 groups, respectively, and 81.7% (95% CI, 74.9–87.3)
in JENVAC group and 47.9% (95% CI, 40.1–55.8) in the SA
14-14-2 group achieved SPR (Figure 2). The GMT ratio for recipients (at day 28) of JENVAC at the first dose relative to the
GMT for recipients of SA 14-14-2 was 2.91 (Table 2). JENVAC
reported statistically higher immune responses at day 28 and
subsequent time points. In the JENVAC-stratified age groups,
the SPR at day 360 was 85.7% (95% CI, 76.6–94.9), 75.9% (95%
CI, 64.5–87.3), and 83.3% (95% CI, 73.4–93.3) in the ≥1 to ≤5,
5> to ≤10, >10 to ≤15 years, respectively. Geometric mean titers
at most time points in the JENVAC group was significantly
higher than the SA 14-14-2 group (Figure 3).
Interchangeability Study

On the final follow-up visit (day 720), 178 children (96 and 82
in the JENVAC and SA 14-14-2 groups, respectively) were assigned (nonrandom) to receive a booster dose or interchanged
to receive the other vaccine. Forty-six children received
JENVAC + JENVAC, 50 children received JENVAC + SA 14-142, 46 children received SA 14-14-2 + JENVAC, and 36 children
received SA 14-14-2 + SA 14-14-2 (Figure 1).
At day 720 (postreceipt of a single dose of either vaccine),
88.5% (95% CI, 80.4–94.1) in JENVAC group and 68.3% (57.1,
78.1) in the SA 14-14-2 group achieved SPR (Figure 2). The estimated GMT ratio for recipients of JENVAC at the first dose,
relative to the GMT for recipients of SA 14-14-2 at the first dose,
was 2.91 (P < .05) (Table 2). At day 748, the group that received
JENVAC + JENVAC had the highest GMT response (Figure 4).
Adverse Events

A total number of children reporting at least 1 AE was 57 and 62
in the JENVAC and SA 14-14-2 groups, respectively (Table 3).
Fever was the most commonly reported solicited AEs with a
reporting of 39.1% and 28.6% of events in the JENVAC and
SA 14-14-2 groups, respectively. There was no significant difference between the JENVAC and SA 14-14-2 groups in either
local or general AEs (P = .31). Two serious AEs were reported

in the JENVAC group: 1 case of pneumonia and 1 case of urinary tract infection. Both events resolved within 1 week and
were deemed unrelated to the vaccine. In the interchangeability
study, 11 general AEs were reported (4, 2, and 5 in the JENVAC
+ JENVAC, JENVAC + SA 14-14-2, and SA 14-14-2 + JENVAC
groups, respectively). No illness associated with JE was observed during the 3-year study period.
DISCUSSION

We report the safety and immunogenicity findings from a single
dose of JENVAC and SA 14-14-2 and its interchangeability in
children of ages 1–15 years, the most critical age group from
JE disease burden point of view. All immunogenicity measures after JENVAC were found to be higher and longer-lived
than the comparator SA 14-14-2. All age-stratified subgroups
(≥1 to ≤5, 5> to ≤10, >10 to ≤15 years) demonstrated robust
responses to JENVAC. Children receiving 2 doses of JENVAC
(2 years apart) showed the highest GMT titer. The interchangeability study demonstrated that children who received their primary and booster vaccination with SA 14-14-2 had statistically
lower JE-neutralizing antibodies compared with those receiving
2-doses of JENVAC.
Because JE vaccines are being widely used in India, conducting an efficacy trial with clinical outcomes was not feasible. According to the WHO consultation on immunological
endpoints for JE vaccines, the accepted assay for protection is a
serum-neutralizing antibody titer of at least 1:10 as determined
by PRNT50 [20]. Immunogenicity analyses are influenced by the
virus strain and cell substrate used in the PRNT50 assay. With
no established reference serum, these immunogenicity results
should therefore be considered in the context of the virus strain
and cell substrate [3]. However, in the earlier phase 2/3 study,
the authors evaluated the cross-reactivity of JENVAC sera
with homologous/heterologous strains of JE virus. In addition,
JENVAC sera was shown to variably cross-react with strains
from genotypes I–IV in various cell substrates [8].
Before this study, the participants who dropped out (received 1 dose of either vaccine) from the phase 2/3 trial were
contacted for collection of serum samples. Immune responses
for JENVAC were higher even after 1 year postvaccination,
further corroborating the persistence of antibody levels with
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81.8
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Seroconversion (%)
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74.1

72.5

61.6
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53.7
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44.9

47.5

43.1
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JENVAC
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Seroprotection (%)
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Figure 2. Comparison of geometric mean titers (GMTs) (A), proportion of children achieving seroconversion (B), and seroprotection (C) between groups, before vaccine (day
0) and postvaccine administration (days 28, 56, 90, 180, 360, and 720). (A) The GMTs were calculated as the antilog of the mean of the log transformation of titers for all the
children within a group. (B) Seroconversion was defined as a 50% plaque reduction neutralization titer (PRNT50) of >10 U/mL if the baseline titer was <10 U/mL or as a 4-fold
increase if the baseline titer was >10 U/mL. (C) Seroprotection was defined as the proportion of children with a PRNT50 >10 U/mL. A significant difference was observed
between JENVAC and SA 14-14-2 groups (P < .05) at the respective day represented with 95% confidence intervals.
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Table 2.

Regression Modeling of Effects of Vaccine Given at First and Second Dose on Geometric Mean Titer and Seroconversiona

Variable

GMT Ratio (95% CI)

P Value

Odds Ratio SCR (95% CI)

P Value

JENVAC at 1st dose

2.91 (1.84–4.59)

<.0001

7.02 (2.82–17.45)

<.0001

JENVAC at 2nd dose

1.69 (1.10–2.60)

.017

1.87 (.85–4.12)

Log10 titer at day 720

1.87 (1.30–2.70)

.017

0.10 (.05–.23)

.12
<.0001

Abbreviations: CI, confidence interval; GMT, geometric mean titer; SCR, seroconversion.
a
In a linear regression modeling of the log10-transformed titer at day 748 model with only the main effects of the 3 independent variables, all 3 were significant. The estimated GMT ratio for
recipients of JENVAC at the first dose, relative to the GMT for recipients of SA 14-14-2 at the first dose, was 2.91. For the booster dose, the estimated GMT ratio for JENVAC recipients was
1.69. In the model for seroconversion at day 748 relative to the titer at day 720 as a baseline, the effects are presented as odds ratios and interpreted similarly as the effects in the model
for log10 (titer at day 748), the effect of the JENVAC at first dose was significant (P < .0001), but the effect of the vaccine given at booster dose was not (P = .12). The estimated odds ratio of
seroconversion for JENVAC recipients at the first dose, relative to the odds for SA 14-14-2 recipients at the first dose, was 7.02.
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Figure 3. Comparison of geometric mean titers among treatment groups stratified by age. Geometric mean titers are based on 50% plaque reduction neutralization titers
represented with 95% confidence intervals. Age stratified groups were classified as (A) ≥1 to ≤5 years, (B) 5> to ≤10 years, and (C) >10 to ≤15 years.

a single dose [8]. Furthermore, the seroprotection rates in
both the clinical trials post 1 dose of JENVAC were greater
than 90%, establishing the fact that single dose of JENVAC
is sufficient to give excellent immune protection against JE
disease.
Findings comparing the SPRs (at day 28) of participants
(same age groups) receiving JENVAC (single dose) were not
comparable (99.3% and 92.4%, P = .0001) between the phase
2/3 and 4 studies, respectively. Both studies had spatial and
temporal differences. Seroprevalence of JE (PRNT50 ≥10 U/
mL on day 0) was 11.6% and 22.7% (P = .0002) between phase
2/3 (n = 397) and 4 (n = 359) studies, respectively, indicating
a higher proportion of circulating JE antibodies in the latter

study. National Vector Borne Disease Control Program
(NVDCP) reported an enhanced number of JE cases and
JE-related deaths, over the period during which the 2 clinical trials were carried out [21]. However, it is important to
note that within the ages of 1–2 years, there was no difference in the seroprevalence at day 0 (P = .9), and the GMTs
postvaccination with a single dose of JENVAC were also
comparable, approximately 180 U/mL, suggesting that these
children would not have had much exposure to subclinical JE
infections. We believe that this enhanced baseline seroprevalence rate may have had an inverse relation to JE (JENVAC
and SA-14-14-2) vaccine immune response in the older age
groups (Supplementary Table 1).
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Figure 4. Comparison of geometric mean titers among boosted and interchanged treatment groups. Geometric mean titers are based on 50% plaque reduction neutralization titers represented with 95% confidence intervals.

In endemic countries, higher prevaccination dengue titers
are known to result in lower JE postvaccination titers [22]. We
hypothesize that the relatively lower postvaccination JE titers
in the current study may be attributable to a heightened exposure to dengue, albeit it is well known that flavivirus antibodies
cross-react with other flaviviruses [23, 24]. According to the
NVDCP, from 2011 to 2019, there has been a marked increase
in dengue cases and deaths [25, 26]. Most of the study sites are
reported to be dengue-endemic regions.
This study reported an SPR of 92.4% (95% CI, 88.4–96.4)
and 81.7% (95% CI, 75.8–87.6) at days 28 and 360, respectively,
from a single dose of JENVAC. A more appropriate assessment
would be to compare immune responses between JENVAC and
other inactivated JE vaccines in endemic settings. An IXIARO
study in the Philippines (endemic for JE) reported an SPR of
89.6% (95% CI, 80.0–94.8) 1 year after the primary immunization series (2 doses administered 4 weeks apart) [27]. Thus,
a single dose of JENVAC offers similar long-term immune responses to that exhibited by 2 doses of the other inactivated JE
vaccines.
Among participants who were lost to follow-up, the distribution among age groups and gender were comparable. We
report that no potential biases (with regards to attrition) influenced the outcome of this study. A limitation of our study is
1484 • jid 2020:222 (1 November) • Vadrevu et al

that it was conducted in an endemic country, where JE virus
is circulating, and, hence, natural exposure might influence the
results. In JE-endemic areas, due to constant natural exposure
to flaviviruses, the duration of protective responses (from a JE
vaccine) is expected to be longer than that in nonendemic areas.
In endemic countries, higher JE seroprevalence has been associated with persistence of antibodies towards JE [22]. An equal
number of children in both groups (approximately 52%) and
across all sites experienced natural boosting (based on higher
immunogenicity titers on day 720 when compared with day
360), a proportion high enough to contribute to maintenance of
responses (Figure 2). A similar phenomenon was not observed
in our previous phase 2/3 trial in either group [8]. However, the
clinical trials were carried out with a time gap of almost 4 years,
and several of the sites were different.
According to the NVDCP, JE accounted for 16.2% of a total
of 64 690 acute encephalitis syndrome cases reported during
2010–2017 [28]. In 2006, the SA 14-14-2 vaccine was introduced
in India as part of the NIP in 181 endemic districts [16], which
increased to 260 districts in 2017 [29]. It is now administered with
2 doses at 9 and 18 months of age, although it was initially introduced as a single-dose vaccine. Postmarketing surveillance by
the Indian Council of Medical Research reported SCRs, 28 days
postvaccination, to be 67.2% in JE-naive children alone and 73.9%

Table 3. General Solicited Adverse Events by Treatment Group for the
Trial Cohorta

General Solicited AEs

JENVAC
(N = 180) n (%)

SA 14-14-2
(N = 179) n (%)

General Symptoms
Fever

surveys conducted in India reported rates of 75% and 42%
for the first and second dose, respectively [18]. A single-dose
JE vaccine may be advantageous for mass vaccination. Further
boosting at later time points may be beneficial. The Drug
Controller of India has approved the licensure of JENVAC as a
single dose in 2016.

34 (39.1%)

26 (28.6%)

Headache

8 (9.2%)

6 (6.6%)

Nausea

1 (1.1%)

1 (1.1%)

CONCLUSIONS

Vomiting

3 (3.4%)

5 (5.5%)

18 (20.7%)

16 (17.6%)

Studies from new-generation JE vaccines are reporting longer
lasting immunity with a primary immunization series (2 doses 4
weeks apart) [6, 8, 22, 39–41]. Our study reports the long-term
persistence of JE-neutralizing antibodies with a single dose. There
is a need for a shift in policy to adopt newer generation JE vaccines that show long-lasting immunity. Such a change would
warrant interchangeability data. We demonstrated that children
who received a primary vaccination and booster with SA 14-14-2
had significantly lower JE-neutralizing antibodies than children
who received 2-doses of JENVAC. The ability to produce robust
immune responses and elicit cross-protection against numerous
homologous and heterologous JE strains from a single-dose provides JENVAC with the opportunity for global licensure. A single
dose of JENVAC reported statistically higher immune responses
4 weeks postvaccination, proving to be an effective traveler’s vaccine. In future studied, researchers should evaluate the duration of
protection of JENVAC for traveler’s in nonendemic settings.

Others
Local Symptoms
Pain at injection site
Redness
Swelling

13 (14.9)

17 (9.4)

7 (8.0)

11 (18.7)

3 (3.4)

9 (9.9)

Total number of events

87 (100%)

91 (100%)

Number of children reporting at
least 1 AE

57 (31.7%)

62 (34.6%)

Abbreviations: AE, adverse events; N, number of children; n, number of events in each
group across visits; %, percentage of events in each group.
a
Comparison AEs between groups was performed using χ 2 test with Yate’s. Both groups
showed comparable safety outcomes (P = .31).

overall. The vaccine effectiveness estimate is reported to be 43.8%
(95% CI, 1.9–67.8) for a single dose of SA 14-14-2 [30]. Despite the
vaccine being available for more than 12 years, numerous JE outbreaks were reported, affecting an increased proportion of adults
and children [9, 31–36]. A few reasons for these recurring surges
may be attributable to rapidly waning of JE-neutralizing antibodies conferred by the vaccine, emergence of new strains against
which SA 14-14-2 does not offer protection, and suboptimal vaccine coverage for a 2-dose schedule. Such data are extremely critical before any JE vaccine is introduced into the country’s NIP.
Another limitation of our study is the absence of a control
arm with no JE vaccine administration used [22]. This would
ensure the assessment of the background JE seroprevalence
rates as a function of time. However, the fact that we had an
active comparator arm with SA 14-14-2 that bolsters the immune response patterns observed with JENVAC is a true reflection of the vaccine performance in an endemic setting. It has
to be mentioned here that allocation of either vaccine on day
720 was not performed in a random manner. This was due to
the uncertainty in recruiting adequate numbers after a 2-year
follow-up period, thus introducing channeling bias. The investigators managed to recruit comparable numbers across groups
(Figure 1).
It is currently recommended that inactivated and live JE vaccines be administered in 2 doses (4 weeks apart) as a primary
immunization series [10, 11, 16], with the exception of IMOJEV
[37]. A contributing factor to improving JE vaccine coverage
would be limiting the number of doses, either in a primary immunization series or the number of booster doses required. It is
estimated that approximately one third of the children (having
no contraindications) visit a healthcare facility and miss 1 or
more vaccines [38]. Japanese encephalitis vaccine coverage
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Background: Healthcare workers, especially the young medical students, can play a significant role in providing
the recommendations to prevent or manage cervical cancer (CC) caused by human papilloma virus (HPV).
However, it is often observed that the awareness about the knowledge of CC and HPV is limited in the medical
students, who are part of the front-line support for managing the patients.
Objective: To evaluate the knowledge, attitude, and acceptance of CC and HPV vaccine among medical students.
Method: ology: In this cross-sectional study, 297 medical students of the age group > 18 years were included.
Their knowledge regarding cervical cancer (risk factors, screening and prevention) was explored through a
questionnaire. The acceptability of HPV vaccine among girls was also assessed. Descriptive statistics, chi-square
test and regression method were used to analyze the study data with p < 0.05 considered as statistically
significant.
Results: Knowledge regarding cervical cancer and HPV vaccine was 2.38 times more in MBBS III-year subjects
than compared to MBBS II year (p > 0.0001). Proportion of subjects willing for vaccination in future was high
among females (p > 0.0001). Age (p = 0.047) and education (p > 0.0001) were the only variables significant
after application of logistic regression model.
Conclusion: The study suggests that the overall awareness and knowledge about CC, HPV and HPV vaccination
was high among college students and associated with sex, education and also family background. This study
inferred that a vast majority of subjects were fairly aware of CC, but the knowledge of risk factors and prevention
techniques was lacking.

1. Introduction
Cervical cancer (CC) is the fourth most frequent cancer in women
and eighth most commonly occurring cancer overall with an estimated
5,70,000 new cases in 2018 representing 6.6% of all female cancers.
Lower income countries have the highest burden with nearly 80% cases
of CC and in low and middle-income countries, approximately 90% of
deaths have occurred from CC.1 India has a population of 436.76 million women, aged 15 years and older, who are at the risk of developing
CC of which annually, 1,22,844 women are diagnosed with CC and
67,477 die due to CC. It is the second most common cancer among
women in the reproductive age group.2
CC is caused by the human papilloma virus (HPV); HPV-16 and
HPV-18 are predominantly responsible for 70%–80% of the total cases.2
Based on Indian studies, about 82.7% of invasive CCs have shown the
presence of HPVs 16 or 18.2 As evidence, CC is a major public health
issue in India which creates the need to spread awareness among the

∗

female population regarding its risk factors and preventive measures.
There is an urgent need to sensitize them to the disease through health
education and screening programs. Though Pap smear is the conventional screening method, it is less known among the rural regions.
Another barrier to the diagnosis of CC is the stigma faced by the
women, especially in rural area, when discussing the problem and the
screening procedure.3
CC can be prevented and cured through a comprehensive approach
comprising of prevention, early diagnosis, application of various
screening methods and treatment measures.4 The health care professionals (HCP) play a vital role in prevention and spreading awareness
regarding CC and HPV vaccines. HCPs including the paramedical staff
comprise the most visible front-line personnel providing health education to the patients and the general population.5
There is an urgent need to create awareness among medical students
as they are the future doctors who will work for the betterment of the
society. Knowledge regarding CC and HPV vaccination among medical
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Fig. 1. Distribution of subjects according to source of information.

students is also important for their own well-being. Therefore, the
current study was designed to assess the awareness and knowledge
regarding CC and HPV Vaccination among Medical Students and also to
know about the acceptability of HPV vaccination among female medical students.

Table 1
Knowledge of students regarding cervical cancer.
Questions

Number of
subjects (%)

Is cervical cancer preventable?

Yes
No
Don't know

246 (82.8%)
8 (2.7%)
43 (14.5%)

What is the etiology of cervical cancer? *

Bacteria
Virus
Fungus
Don't know

16 (5.39%)
171 (57.57%)
3 (1.01%)
42 (14.14%)

What is the mode of transmission of cervical
cancer*?

Sexual
contact
Blood borne
Injections
Vertical
Don't know

156 (52.52%)

Can cervical cancer be identified in the early
stages?

Yes
No
Don't know

228 (76.77%)
14 (4.71%)
45 (15.15%)

What are the risk
factors for
cervical cancer?

Yes
No
Don't
Yes
No
Don't
Yes
No
Don't
Yes
No
Don't
Yes
No
Don't

190 (63.97%)
33 (11.11%)
68 (22.89%)
130 (43.77%)
90 (30.30%)
70 (23.57%)
214 (72.05%)
30 (10.10%)
49 (16.49%)
240 (80.80%)
15 (5.05%)
38 (12.79%)
135 (45.45%)
62 (20.87%)
93 (31.31%)

Long term use of
hormonal contraceptives
Early sexual intercourse
Multiple sexual partners
Poor hygiene
Smoking

Abbreviations:

*

know
know
know
know
know

40
25
29
80

2. Materials and methods
This cross-sectional study was conducted among 297 medical students (152 MBBS Phase II students and 145 MBBS Phase III students)
from a medical college in Belagavi during the period of 1st October to
December 31, 2019. The study was approved by the Institutional Ethics
Committee (EC No: MDC/DOME/148) and Informed consent was obtained from all the participants before the c commencement of the
study.
Pre-designed, pre-tested questionnaire was used as study tool and
information regarding sociodemographic profile of study participants,
their knowledge regarding CC—risk factors, screening, and prevention
were assessed. Knowledge regarding CC vaccine and the acceptability
of HPV vaccine among girls was also assessed. The assessment of the
knowledge was performed using a score-based method. The correct
answer was scored “2”, near correct “1” and incorrect or don't know
was scored as “0”.
Data was analyzed using R software version 3.6.0 and Excel.
Continuous variable like age was represented in mean ± SD form. The
study population was characterized by using descriptive statistics and
expressed as percentages. Chi-square test was applied to test the association between the baseline characteristics and the score was obtained.
Odds ratio was calculated to estimate the knowledge over score for
different variables and regression analysis was applied. One-sample
proportion test was used to assess the willingness to get vaccinated. Pvalues < 0.05 were considered to be statistically significant.

(13.47%)
(8.42%)
(9.76%)
(26.94%)

3. Results

multiple responses

The study included students with the mean age of 20.45 ± 1.23
years (18–25 years), predominantly females (58.2%) and MBBS II year
290
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Table 2
Knowledge of students regarding screening and preventive measures of cervical cancer.
Questions

Number of subjects (%)

What are the screening techniques for cervical cancer?

Pap smear
Blood Culture
PCR
Don't know

234 (78.78%)
7 (2.35%)
6 (2.02%)
42 (14.14%)

What is the screening interval?

Once in a year
Once in two years
Once in three years
Don't know

135 (45.45%)
30 (10.10%)
43 (14.47%)
81 (27.27%)

Yes
No
Don't
Yes
No
Don't
Yes
No
Don't
Yes
No
Don't
Yes
No
Don't
Yes
No
Don't

164 (55.22%)
54 (18.18%)
74 (24.91%)
260 (87.54%)
7 (2.35%)
23 (7.744%)
275 (92.60%)
2 (0.67%)
18 (6.06%)
257 (86.53%)
7 (2.35%)
26 (8.75%)
211 (71.04%)
23 (7.74%)
58 (19.52%)
237 (79.79%)
13 (4.37%)
43 (14.48%)

What are the preventive methods against cervical cancer?

Sexual relationship with a single partner
Personal hygiene
Vaccination
Regular scanning for cervical cancer
Barrier methods for contraception
Good nutrition

(51.2%) students. Out of the total sample, 295 students (99.3%) had no
family history of CC. Majority of the participants obtained the information about CC through standard medical literature such as textbooks (65.3%), followed by internet forums (43.8%) and radio broadcasts (2%) (Fig. 1).
Assessment of knowledge using questionnaire revealed that the
majority of the students were having knowledge about the prevention
of CC, its causative agent being virus, mode of transmission being
sexual contact, and major risk factors being long-term use of hormonal
contraceptives, early sexual intercourse, multiple sexual partners, poor
hygiene and smoking. The students also acknowledged that the cervical
cancer can be detected in its early stages (Table 1).
With respect to screening, vaccination and preventive methods, the
students were knowledgeable with the essential information. However,
they had poor knowledge with respect to the types of vaccine available
in India, number of doses required for age > 16 years, options of vaccination to those with HPV infection, and choice of multiple partners
after vaccination (Tables 2 and 3).

know
know
know
know
know
know

and willingness of the first-year students observed that the knowledge
amongst them was poor and only 11.6% females intended to be vaccinated whereas in this study, 79.79% subjects were aware of vaccine
and 36 subjects had already been vaccinated as well as 234 subjects
were aware about pap smear.7 In the study, only 85.55% students
showed willingness for HPV vaccination as compared to 88% in a study
done by Mehta et al.(2013).8 The study conducted by Zimet et al.(2007)
showed that 48% of the non-vaccinated population were unlikely to go
for vaccination and the reasons cited were that they were married and
in a monogamous relationship.9 Similarly, most of the students in this
study were unwilling to consent for vaccination as they had doubts
regarding the efficacy of the vaccine. In the study, students of MBBS IIIyear subjects illustrated good knowledge regarding cervical cancer and
HPV vaccination as compared to MBBS II-year subjects. Similar findings
were addressed in the study conducted by Tripathy et al. (2015).10
Female medical students had a significant knowledge score than the
male students. Moreover, they also had very good knowledge regarding
screening, preventive measures of CC and were more willing to get
vaccinated in future. Similar findings were observed in the studies
conducted by Fu et al.(2014), Boehner et al. (2003) and Blumenthal
et al. (2012) where female students have answered most of the questions correctly and showed a positivity towards HPV vaccination.11–14
The present study reported that there was no association of age, sex,
family history, parents occupation and education which was commensurate with the observations of Swarnapriya K et al. (2015).15
The present study was an initiative to evaluate the level of knowledge among the II and III year MBBS students about CC and its related
factors. It has also added new insights to the existing literature.
Prevention of the CC can be done through HPV vaccination and testing
which is recommended women for all age groups, but despite of the
recommendations it has been notified that HPV vaccination rate and
screening were very low as stated by Perkins et al. (2013) Therefore the
study also has attempted to educate and spread awareness about the
vaccination and screening which has anticipated to have a positive
impact on the students.
Future studies can increase the impact by conducting a multi-centric
study, including medical interns, post-graduates and nursing students

4. Discussion
Cancer is an invincible disease among which CC is the most common
gynecological cancer affecting the women of age group between 15 and
44 years old. There are different modalities of treatment of cancers.
Researchers have found that vaccines could be helpful in the prevention
of certain cancers. But the knowledge about HPV, its association with
CC and the preventable measures are low among the Indian medical
students.4 Thus, the current study was conducted to evaluate the overall
knowledge and attitude of II and III year MBBS students in the Belagavi
region.
The mean age of the subjects in the present study was 20.55 years.
The study results also indicated that females had more information
regarding screening and preventive measures of CC. Majority of the
students (57.57%) were aware of the availability of the HPV vaccine
through sources like word of mouth, internet, magazine etc. This
finding was similar to the study done by Pandey et al.(2012).6 In a
study conducted by Durusoy et al.(2010) on HPV vaccine awareness
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associated with sex, education and also family background. This study
inferred that a vast majority of subjects were fairly aware of CC, but the
knowledge of risk factors and prevention techniques was poor. less. As a
breach in the knowledge regarding HPV infection and vaccination was
apparent a more integrated teaching approach regarding HPV carcinogenesis, vaccination and CC is crucial. HPV education should be
systematically incorporated in college curriculums to increase the
awareness of HPV vaccination among medical students. Considering the
small sample size and convenient sampling strategy used in this study,
we look forward to undertaking a larger survey, to disseminate more
knowledge and information regarding CC and HPV vaccination, which
can help in many outgrowths.

Table 3
Knowledge of students regarding cervical cancer vaccine.
Questions

Number of subjects
(%)

Are vaccines available in India?

Yes
No
Don't
know

237 (79.79%)
7 (2.35%)
49 (16.49%)

What are the type of vaccines available in
India?

1
2
3
Don't
know

20 (6.73%)
52 (17.50%)
17 (5.72%)
197 (66.33%)

What are the number of doses required for
age greater than 16 years?

1
2
3
Don't
know

28 (9.42%)
51 (17.17%)
51 (17.17%)
153 (51.51%)

At what age can vaccine be given (in
years)*?

0–9
10–30
31–50
≥51
Don't
know

22 (7.40%)
145 (48.82%)
18 (6.06%)
98 (32.99%)
98 (32.99%)

Who can be vaccinated?

Boys
Girls
Both
Don't
know

0
230 (77.44%)
36 (12.12%)
28 (9.42%)

Can the vaccine can be given to a sexually
active girl?

Yes
No
Don't
know

213 (71.71%)
20 (6.73%)
54 (18.18%)

Is screening required before vaccination?

Yes
No
Don't
know

154 (51.85%)
69 (23.23%)
69 (23.23%)

Can vaccines be administered to those
infected with HPV?

Yes
No
Don't
know

95 (31.98%)
78 (26.26%)
116 (39.06%)

Post- vaccination, can one have multiple
sexual partners?

Yes
No
Don't
know

54 (18.18%)
119 (40.06%)
120 (40.40%)

Is cervical cancer screening required
following vaccination?

Yes
No
Don't
know

198 (66.66%)
16 (5.39%)
77 (25.92%)

Will you recommend it to others?

Yes
No
Don't
know

239 (80.47%)
3 (1.01)
38 (12.79)
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across the country.
5. Conclusion
The study suggests that the overall awareness and knowledge about
CC, HPV and HPV vaccination was high among college students and
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Abstract
Background: In recent years, the hysterectomy, a surgical removal of the uterus, has received increased attention
in health policy debates in India. The trigger for this was a series of media reports that highlighted an unusual
surge in the number of women undergoing hysterectomies with a significant number of cases involving young
and early menopausal women from low-income families. When menopause occurs as a result of hysterectomy,
then the hormones such as estrogen and progesterone affect how the body cells respond to insulin. To date, we
have not come across a national study following blood glucose levels among women who undergo a hysterectomy.
Methods: The study used the Indian fourth round of National Family Health Survey data, which is a cross-sectional
nationally representative sample of 699,686 women in the age group 15–49 years and conducted during 2015–16.
Bivariate and multivariate logistic regressions were used to examine the effect of hysterectomy on blood glucose level
of > 140 mg/dl among women of reproductive age groups.
Results: The blood glucose level of > 140 mg/dl was much higher among women who had undergone a hysterectomy
(12.2%) compared to non-hysterectomy women (5.7%). The pattern holds true among relevant background characteristics
such as age, place of residence, education, caste, religion, wealth, marital status, body mass index (BMI), anaemia and
consumption of tobacco. The adjusted odds after controlling for significant background factors, women who underwent
hysterectomy experienced 15% higher odds of blood glucose level of > 140 mg/dl compared those who did not.
Conclusions: The results indicated increased blood glucose level among women post hysterectomy. Hence, the
government of India should consider developing evidence-based policies and programming to provide effective targeted
interventions for the better reproductive health of women.
Keywords: Hysterectomy, Increased blood glucose, National Family Health Survey, India

Background
The surgical removal of woman’s uterus, hysterectomy,
is becoming common in many countries. More than
600,000 hysterectomies are conducted in the United
States each year [1]. In many countries hysterectomies
are the second most common major operation in women
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of childbearing age [2]. In case of India, prevalence of hysterectomy is 3.2%, which vary by states/union territories,
from 0.9 to 8.9% [3]. Some of the reasons for removal the
woman’s uterus are fibroid tumours, endometriosis, and
uterine prolapse. Approximately 44% of women have concomitant bilateral salpingo-oophorectomy (BSO) at the
time of hysterectomy to prevent the subsequent development of ovarian cancer, treat medical conditions, or prevent the need for future adnexal surgery [1].
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The surgical removal of woman’s uterus before end of
reproductive period is significantly associated with death
from all causes, and some have attributed it to a higher
risk of cardiovascular disease [4, 5]. It has been postulated that women who undergo early hysterectomy may
subsequently experience a higher risk of type 2 diabetes
mellitus (hereafter referred to as diabetes) compared
with women who do not undergo hysterectomy [6]. It is
found that estrogens control of energy balance and glucose homeostasis show ovarian hormones regulate both
insulin secretion and survival of pancreatic beta cells [7].
Epidemiological studies have shown associations between hysterectomy and diabetes risk elsewhere in the
world. A study of 2597 postmenopausal in the United
States reported that a hysterectomy was significantly
associated with diabetes risk [8]. Also, earlier age at
menopause and a shorter reproductive lifespan can
lead to diabetes [9]. Another small, prospective study
(only 33 hysterectomy women) found that women
had a significant increase in fasting glycaemia in
women with hysterectomies compared with women
with natural menopause [10]. One rationale for this
study was found in a British Broadcasting Corporation
(BBC) documentary on hysterectomy highlighting that
Doctors, especially in rural India, instead of using
conservative techniques, went straight for surgeries
which meant more money for them by exploiting the
national health insurance scheme [11]. Reports from a
few Indian states, including Rajasthan, Chhattisgarh,
Bihar, and Andhra Pradesh, suggest that an unusually
high number of women are having their uteruses removed, including many below the age of 40 [12]. For instance, the Oxfam report from one of the health camps
stated that of 2606 women who were examined, 316
women, about 12% - had their uteruses removed unnecessarily [11]. However, this has adverse health effects both
in the short term and long term [13]. Oxfam’s Health Policy Advisor reported the immediate health consequences
such as incontinence, irritable bowel syndrome, back pain,
depression, loss of sexual pleasure, thrombosis and vaginal
prolapse [11, 13].
In the recent years, hysterectomy has received much
attention in health policy debates in India. The reason
for increased focus has been due to lots of media attention in highlighting significant increase in young women
undergoing surgical removal of uterus in many states of
India especially women from low-income families [11–13].
However, this may lead to an immediate decline in the production of sex hormones such as estrogen and progesterone, and in turn these affect how the body cells respond to
insulin (7). A developing country like India, for effective targeting of health system resources and services especially
with respect to non-communicable diseases, it is essential
to understand whether hysterectomy will increase diabetes
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risk. This is particularly important as India is considered
the diabetic capital of the world with more than 50 million
Indians suffering from diabetes [14]. Recent study has
shown that people living with diabetes in India increased
from 26 million in 1990 to 65 million in 2016 [15]. Estimation showed that diabetes would be increasing from 73 million in 2017 to 134 million by 2045 in India for 20+ age
[16]. About 25% of Indians above 18 years will add to future
burden and risk of death due to diabetes/hypertension [17].
While wide variations by sex in the prevalence of diabetes
mellitus have been documented in several articles [18–21],
the causes of this heterogeneity need to be understood including the effect of hysterectomy on diabetes risk among
reproductive women. To date no nationally representative
study of increased blood glucose among women who
undergo hysterectomy (hereafter referred to as hysterectomy women) and women who did not undergo hysterectomy (hereafter referred to as non-hysterectomy women) in
India. Hence, the purpose of this study is an attempt towards addressing this research gap to provide muchneeded evidence to inform policymakers.

Methods and materials
Sampling method

The NFHS is a large scale survey conducted by the
International Institute for Population Sciences, and the
detailed description of sampling design is provided in
the published NFHS report [3]. The survey is based on a
multi stage cluster sampling design using 2011 Census
of India as a sampling framework to select primary sampling units to represent both rural and urban areas. In
the second stage, households were selected from the selected primary sampling units in rural and urban clusters
using a systematic random sampling design; and eligible
women were selected from the selected households.
Sample size and data

As indicated earlier the International Institute for Population Sciences conducted the survey and the study used
the women’s file of National Family Health Survey round
four (NFHS-4) 2015–16. This was a household survey
covering 640 districts from 29 States and 6 Union Territories of India. Across the country, 28,586 Primary Sampling Units (PSUs) were selected, out of which 28,522
clusters fieldwork was completed. With a response rate
of 98%, a total of 601,509 households were successfully
interviewed by well trained interviewers in a private
setting (e.g., house) to maintain confidentiality using
Computer-assisted personal interviewing (CAPI) electronic device to answer the free installed structured
questionnaire. A total of 723,875 eligible women age
15–49 were identified for an interview among interviewed households. With a 97% response rate, 699,686
women participated in the survey. However, we excluded
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pregnant women, and in the remaining sample of 667,
258, blood glucose record was available only for 653, 002
women.
Description of variables

The outcome variable is increased blood glucose level
among hysterectomy and non-hysterectomy women in
reproductive ages. The NFHS-4 collected random blood
glucose using a finger-stick blood specimen using a freestyle optimum glucometer. Based on random glucose
levels, NFHS-4 classified the women as ‘high’ for the level
(141–160 mg/dl) and ‘very high’ for (> 160 mg/dl) [3].
However, some researchers defined the random cut-off of
2-h plasma glucose > 200 mg/dl (11.1 mmol/l) criterion is
equivalent to the random capillary blood glucose cut-off
point of 140 mg/dl (7.7 mmol/l) [22]. Similarly, others also
defined a random glucose level of > 140 mg/dl as above
normal and in this study, we too follow this definition as
increased blood glucose level [3, 20, 21].
Based on the NFHS-4 report, the number of socioeconomic and demographic variables have been included to
profile the sample [3]. More specifically, these variables
are age (15–29, 30–39, and 40–49), place of residence
(Rural and Urban), education level (No education, Primary, Secondary and Higher), type of caste (Scheduled
Caste/Scheduled Tribe (SC/ST), other backward caste
(OBC) and Others), religion (Hindu, Muslim and
Others), wealth index (Poorest, Poor, Middle, Richer and
Richest), and marital status (Never married, Currently
Married, and Others), occupation (Not working and
Working), drink alcohol (No and Yes), consumption of
tobacco include both smoke’s tobacco (No and Yes) and
use of smokeless tobacco (No and Yes) [3]. In addition
to this, Body Mass Index (BMI) was categorized as too
thin for their height (BMI below 18.5 kg/m2), normal
(between 18.5–24.9 kg/m2), overweight (between 25 and
29 kg/m2) and obese (30 and above kg/m2)), and similarly anaemia was categorised as severe, moderate, mild
and not anaemic) [3].
Statistical analysis

IBM’s Statistical Package for the Social Sciences (SPSS)
version-20.0 was used for the analyses. The bivariate
analysis has been used to assess the association between
the risk for diabetes among hysterectomy and nonhysterectomy women by background characteristics.
Multivariate analysis has been used for assessing the effect of hysterectomy after controlling for background
characteristics on the risk for diabetes among nonpregnant women. In case of categorical background
characteristics, the choice of a reference category was
guided by theoretical considerations as well the findings
of bivariate analysis. For instance, in case of life style factors such as BMI, anaemia, smoking and drinking, we
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considered normal BMI, not anaemic, non-smokers and
non-consumers of alcohol as reference categories. Similarly, for wealth quantile, place of residence, marital status and religion, the reference categories are poorest,
urban, never married and Hindus respectively.

Results
The prevalence of high blood glucose (> 140 mg/dl)
among non-hysterectomy women was 5.7%, but it was
12.2% among hysterectomy women (Fig. 1). Table 1 reveals the high blood glucose level among reproductive
women by important background characteristics including their hysterectomy status. Similarly, the prevalence
was higher among older, urban, richer and working
obese women compared to their counterparts (Table 1).
Table 2 reveals a comparative overview of the prevalence of risk for diabetes by background characteristics
among hysterectomy and non-hysterectomy women in
India. The table revealed the higher blood glucose level
(> 140 mg/dl) among hysterectomy women compared to
non-hysterectomy women for each category of background characteristics, sometimes nearly three times
higher. For instance, among urban, educated, rich,
widowed and obese hysterectomy women, the high
blood glucose levels were 17.1, 18.6, 18.8, 14.5, 16.3%
compared to non-hysterectomy women with levels of
6.8, 4.8, 7.0, 8.8, 25.7% respectively. As expected, age,
wealth index, and BMI are all positively associated with
the high blood glucose level and rural residence, SC/ST
caste, Hindus and never-married women had lower diabetes risk compared to their counterparts for both
groups of women (hysterectomy and non-hysterectomy)
(Table 2).
Because of possible confounding factors, the results of
multivariate logistic regressions were presented in
Table 3 to understand the effect of hysterectomy status
on the blood glucose level of more than 140 mg/dl after
controlling for the significant background variables. For
comparative purpose, the table included both adjusted
and unadjusted models. We suspect some interactions
among some interrelated independent variables and
hence, both the models, one with interaction terms and
the other without, are presented for comparison. For instance, in case of unadjusted model, the odds ratios for
all the background characteristics were significant, but
in the adjusted model, the odds ratios were reduced for
all most all the characteristics. In fact, for some variables
such as education, place of residence, alcohol consumption and anaemia status the odds of high blood glucose
were not significant at 0.05 level of significance. However, the odds ratios of important characteristics such as
wealth status and BMI showed strong positive associations with the high blood glucose. To be specific, in case
of wealth quantiles, rich women experienced 19% (95%
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Fig. 1 Prevalence of blood glucose of > 140 mg/dl by hysterectomy status among non-pregnant reproductive women in India, 2015–16

CI 1.070–1.173, p = 0.0001) greater odds of high blood
glucose (> 140 mg/dl) compared to poorest women.
Similarly, in case of BMI, obese women experienced
146% (95% CI 2.034–2.979, p = 0.0001) greater odds of
high blood glucose (> 140 mg/dl) compared to women
with normal BMI. Moreover, for age and BMI, main effects as well as their interaction effects were significant.
A conspicuous finding was that even after controlling
for important background characteristics including age,
BMI, anaemia and wealth status as well as the interaction effects among interrelated factors, those women
who underwent hysterectomy experienced greater odds
of 15% (95% CI 1.098–1.213, p = 0.0001) of high blood
glucose (> 140 mg/dl) compared to those who did not.

Discussion
Hysterectomy has been a serious concern among policy
makers in India. The reason for increased focus has been
due to lots of media attention in highlighting significant
increase in young women undergoing surgical removal
of uterus especially from low-income families [11]. For
effective targeting of health system resources and services, it was essential to understand how high blood glucose level (> 140 mg/dl) varies among hysterectomy and
non-hysterectomy women based on a large scale nationally representative sample.
The study results showed that the overall high blood
glucose level among non-pregnant reproductive women in
India was 6.0%. However, the high blood glucose level was
12.2% among hysterectomy women and 5.7% among nonhysterectomy women. Surprisingly, the prevalence was
consistently higher for each of the background characteristics considered in the study among the hysterectomy
women compared to the non-hysterectomy women. The
multivariate-adjusted odds ratios have also shown that the
risk of diabetes due to hysterectomy increased significantly
(15%) among women even after controlling for possible

confounders such as body mass index, wealth index, age
and place of residence.
The pathophysiology of the higher blood glucose
among hysterectomy women remains elusive. Some of
the reasons advocated in the literature regarding the
higher blood glucose level among hysterectomy women
are as follows: ovarian hormones, especially estrogens,
play a pivotal role in the physiology of reproductive,
skeletal and central nervous systems; while, ovarian hormones control body energy balance, hypothalamic nuclei
in the liver, skeletal muscle, adipose tissue, and immune
system cells, as they affect insulin sensitivity and exert
anti-inflammatory effects [7, 8, 23, 24]. Other studies
have shown that among hysterectomy women, there was
higher progesterone which is associated with increased
insulin resistance [25–27]. This is known as luteal phase
insulin resistance leading to diabetes risk. Moreover,
more resistance to insulin may likely cause food cravings
for simple carbohydrates and may even cause women to
lose motivation to exercise. This could further lead to
poor glycaemic control. Over time, this cyclical poor
control can increase the risk of diabetes.
Another argument in the literature is that hysterectomy
might compromise ovarian blood flow from the ovarian
ligament subsequently leading to early menopause. Diabetes risk is associated with the reduction of endogenous
ovarian hormones in postmenopausal women. The confounding effects of early menopause and hormone
changes likely to lead diabetes risk [24]. There are also
other studies which indicate early menopausal women develop significantly more insulin resistance after hysterectomy in comparison to postmenopausal women which
may lead to long-term effects of hysterectomy on diabetes
disease in particular and women’s health in general.
There are some limitations of the study. For instance,
the increased blood glucose due to hysterectomy might
include persons with prediabetes, and therefore, the results should be interpreted with caution. Though it is
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Table 1 Blood glucose of > 140 mg/dl by background characteristics and hysterectomy status among non-pregnant reproductive
women in India, 2015–16
Background characteristics
Age

Type of place of residence

Religion

Caste

Marital Status

Wealth index

Occupation

Body Mass Index

Drinks alcohol

Use of Smokes tobacco

Use of Smokeless tobacco

Education level

Anaemia level

Hysterectomy status

Categories

Prevalence

P-valuea

Totalb

.000

327,901

15–29

2.8

30–44

7.7

45–49

13.8

Urban

7.0

Rural

5.4

Hindu

5.9

Muslim

6.2

86,743

Others

6.6

80,178

SC/ST

5.5

OBC

5.9

Others

6.6

Never married

2.5

253,995
71,106
.000

190,253

.000

486,081

462,749

.000

234,978
255,720
162,304

.000

166,794

Currently Married

6.9

458,702

Others

9.1

27,506

Poorest

4.4

Poorer

5.0

.000

123,587
139,656

Middle

5.6

138,057

Richer

7.0

129,823

Richest

7.4

Not working

6.0

Working

6.4

Too thin for their height

3.3

121,879
.005

78,430
33,925

.000

139,517

Normal

4.7

382,836

Overweight

10.6

91,481

Obese

16.9

No

6.0

28,561

Yes

5.9

No

5.9

Yes

7.8

No

5.9

Yes

7.8

No education

7.8

Primary

7.0

82,564

Secondary

6.8

311,958

Higher

5.4

Severe

8.2

.016

636,578
16,424

.000

644,427
8575

.000

603,842
49,160

.000

185,183

73,297
.000

6483

Moderate

6.5

74,659

Mild

5.6

255,556

Not anaemic

6.1

Non- hysterectomy

5.7

Hysterectomy
India
Note: a The Chi-square statistic is significant at .05 level; bUnweighted cases

316,233
.000

635,215

12.2

17,787

6.0

653,002
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Table 2 Blood glucose of > 140 mg/dl by background characteristics among non-hysterectomy and hysterectomy non-pregnant
reproductive women in India, 2015–16
Background
characteristics

Categories

Blood glucose among non-hysterectomy
women
Prevalence

Age

Type of place of residence

Religion

Caste

Marital Status

Wealth index

Occupation

Body Mass Index

Drinks alcohol

Use of Smoke’s tobacco

Use of Smokeless tobacco

Education level

Anaemia level

India

P-valuea

Totalb

Prevalence

326,885

3.4

P-valuea

2.8

30–44

7.6

243,648

10.4

10,347

45–49

13.4

64,682

16.7

6424

Urban

6.8
5.2

Hindu

5.6

Muslim

6.0

Others

6.3

SC/ST

5.3

0.00

0.00

0.00

185,388

17.1

449,827

10.2

471,588

11.8

84,880

14.8

78,747

15.7

229,982

11.0

0.000

Totalb

15–29

Rural

0.00

Blood glucose among hysterectomy
women

0.000

1016

4865
12,922

0.000

14,493
1863
1431

0.002

4996

OBC

5.6

247,444

12.3

8276

Others

6.4

157,789

13.5

4515

Never married

2.5

Currently Married

6.7

Others

8.8

Poorest

4.3

Poorer
Middle

166,723

10.6

442,254

12.1

26,238

14.5

120,981

7.2

4.9

136,112

9.4

3544

5.4

134,006

9.9

4051

Richer

6.7

125,822

14.4

4001

Richest

7.0

118,294

18.8

3585

Not working

5.8

Working

6.2

0.00

0.00

0.00

14.1
10.2

71
16,448
1268

0.000

0.107

2606

1953
1133

Too thin for their height

3.3

137,266

5.0

Normal

4.6

373,679

8.7

9157

Overweight

10.2

87,101

16.6

4380

Obese

16.3

26,844

25.7

1717

No

5.7

Yes

5.8

No

5.7

Yes

7.7

No

5.6

Yes

7.7

0.00

76,477
32,792

0.001

0.00

0.00

0.00

12.3
9.2

626,910

12.3

8305

8.6

587,322

12.3

47,893

11.8

0.063

2251

17,403
384

0.111

17,517
270

0.410

16,520
1267

No education

6.8

176,245

10.6

Primary

6.5

79,592

12.9

2972

Secondary

5.2

306,729

13.8

5229

Higher

4.8

72,649

18.6

648

Severe

8.1

Moderate

6.3

0.00

619,175
16,040

0.000

0.000

6384

13.2

73,374

14.0

0.000

0.113

8938

99
1285

Mild

5.4

249,489

11.2

6067

Not anaemic

5.8

305,898

12.6

10,335

5.7

635,215

12.2

17,787

Note: aThe Chi-square statistic is significant at .05 level; bUnweighted cases
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Table 3 Adjusted and Unadjusted Odds Ratio for association of covariates with Blood Glucose > 140 mg/dl among non-pregnant
reproductive women in India, 2015–16, India
Predictor Variables

Categories

$Adjusted Model

Unadjusted Model

Odds Ratio

p-value

95 C.I.

Odds Ratio

Age

1.06

0.000

1.06–1.06

1.07

0.000

1.06–1.07

Education

1.00

0.232

0.99–1.01

0.97

0.000

0.97–0.97

0.604

0.95–1.03

1.31

0.000

1.29–1.34

1.07

0.000

1.04–1.11

1.15

0.000

1.11–1.18

Place of residence

Religion

Marital status

Wealth Index

BMI

Smokes tobacco

Smokeless tobacco

Alcohol Consumption

Urban

Ref.

Rural

0.99

Hindu

Ref.

Muslim

1.07

0.000

1.04–1.11

Others Religion

1.05

0.003

1.02–1.09

Never Married

Ref.

Ref.

Ref.

Currently Married

1.14

0.000

1.10–1.19

0.39

0.000

0.38–0.41

Others

1.07

0.002

1.03–1.12

1.43

0.000

1.37–1.49

Poorest

Ref.

Poor

1.06

0.004

1.02–1.10

Ref.
1.12

Middle

1.10

0.000

1.06–1.15

1.27

0.000

1.23–1.32

Rich

1.19

0.000

1.14–1.24

1.54

0.000

1.49–1.60

Richest

1.12

0.000

1.07–1.17

1.68

0.000

1.63–1.74

Normal

Ref.

Too thin for their height

1.07

0.313

0.94–1.21

0.76

0.000

0.73–0.78

Overweight

1.45

0.000

1.27–1.65

2.42

0.000

2.36–2.48

0.000

2.03–2.98

4.18

0.000

4.04–4.33

0.000

1.34–1.57

0.000

1.39–1.49

0.002

1.02–1.16

0.000

0.93–0.97

0.000

2.14–2.35

Obesity

2.46

No

Ref.

Yes

1.25

No

Ref.

Yes

1.19

No

Ref.

Ref.
0.000

1.16–1.36

1.45
Ref.

0.000

1.15–1.24

1.44
Ref.

0.94

Not Anaemic

Ref.

Anaemic

1.03

Hysterectomy status

Non-hysterectomy

Ref.

Hysterectomy

1.15

0.000

1.10–1.21

Too thin for their height by Age

0.99

0.000

0.99–0.99

Interaction of BMI with Anaemia

1.08–1.16

Ref.

Yes

Interaction of BMI with Rural

95 C.I.

Ref.

Anaemia status

Interaction of BMI with Age

p-value

0.073

0.88–1.01

1.08
Ref.

0.058

0.99–1.06

0.95
Ref.

Overweight by Age

1.01

0.000

1.01–1.01

Obese by Age

1.01

0.008

1.00–1.01

Too thin for their height by Rural

1.11

0.015

1.02–1.20

Overweight by Rural

0.93

0.006

0.88–0.98

Obese by Rural

0.89

0.002

0.83–0.96

Too thin for their height by anaemic

1.2

0.000

1.12–1.29

Overweight by anaemic

0.95

0.062

0.90–1.00

Obese by anaemic

0.99

0.727

0.92–1.06

2.24

Note: $Model χ2 = 24.362, p < 0.01, C.I. – Confidence Interval, Ref. = Reference category

difficult to establish clear causal links between hysterectomy and diabetes risk in cross-sectional data, it is worth
the effort for the government to suggest surveillance to

the general practitioners as well as obstetricians and
gynaecologists following a hysterectomy so that
evidence-based policies and programs can be developed.
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Conclusion
In the recent years in India, hysterectomy has been a
topic of discussion not only among health researchers
and also among policy makers. The main reason for this
focus is due to heightened media attention in reporting
young women undergoing hysterectomy especially from
low-income families [11–13]. When menopause occurs
as a result of hysterectomy, then the hormones estrogens
and progesterone affect how the body cells respond to
insulin. Women in India who undergo a hysterectomy at
younger ages have a longer risk of exposure to high
blood glucose leading to higher diabetes risk. The
current study presents evidence on the increased blood
glucose level after hysterectomy which may in turn lead
to diabetes. Hence, the government of India should consider developing evidence-based policies and programming to provide effective targeted interventions for the
better reproductive health of women.
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Abstract
Purpose To study the various pain assessment tools based on their psychometric properties and ease of use.
Methods Published articles on psychometric properties of pain tools were accessed and data collected for low back pain
(LBP)-specific tools, generic tools, neuropathic LBP tools, tools for cognitively impaired patients, and tools for acute LBP.
Results Among the LBP-specific tools, Roland Morris Disability Questionnaire (RMDQ) and Oswestry Disability Index
(ODI) have good construct validity and reliability, and responsiveness over short intervals. Quebec Back Pain Disability Scale
(QBPDS) gauges only disability and sleep. Among the generic tools, McGill Pain Questionnaire (MPQ), West Haven-Yale
Multidimensional Pain Inventory (MPI), and Brief Pain Inventory (BPI) show good responsiveness, but BPI is the only tool
validated for LBP. Neuropathic Pain Scale (NPS) and Short Form-MPQ-2 (SF-MPQ-2) are both reliable tools for neuropathic
LBP. For cognitively impaired patients, Pain Assessment in Advanced Dementia (PAINAD), Abbey Pain Scale (APS), and
Doloplus-2 are all reliable tools, but PAINAD has good construct validity. For acute pain, Clinically Aligned Pain Assessment (CAPA) is reliable and responsive, but presently, unidimensional tools and SF-MPQ-2 are the tools most preferred.
Conclusion Based on psychometric properties and ease of use, the best tools for LBP seem to be RMDQ/ODI (among
LBP-specific tools), BPI (among generic tools), SF-MPQ-2/NPS (for neuropathic LBP), PAINAD (for cognitively impaired
patients), and unidimensional tools and SF-MPQ-2 (for acute pain). Overall, BPI seems to be a tool that can be relied upon
the most.
Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.

Take Home Messages

Key points

1. Roland Morris Disability Questionnaire (RMDQ) and Oswestry Disability
Index (ODI) are the most relevant low back pain (LBP)-specific tools for
LBP assessment, while Brief Pain Inventory (BPI) is the best generic tool.

1. The ability to measure low back pain can be challenging as patient’s
description of pain may not be accurate.
2. Elderly and cognitively-impaired individuals, in particular, need pain
assessment tools that are simple and can yet evaluate pain
comprehensively.

2. For neuropathic LBP management, Neuropathic Pain Scale (NPS) can be
used along with Short Form-MPQ-2 (SF-MPQ-2). Pain Assessment in
Advanced Dementia (PAINAD), Abbey Pain Scale (APS), and Doloplus-2
can all be successfully used for elderly/cognitively-impaired LBP patients.

3. Major generic, condition-specific, and health-related quality of life
(HRQoL) pain assessment tools (for young, elderly, and cognitivelyimpaired) were critically assessed by collecting data from published
systematic and literature reviews.

Garg A, Pathak H, Churyukanov MV, Uppin RB, Slobodin TM (2019) Low Back Pain:
Critical Assessment of Various Scales. Eur Spine J;

3. Unidimensional tools, SF-MPQ-2 and Clinically Aligned Pain Assessment
(CAPA) can be used for acute pain assessment. Overall, BPI seems to be the
tool that can capture pain most accurately.
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Critical Assessment of Various Scales. Eur Spine J;
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APS	Abbey Pain Scale
BPI	Brief Pain Inventory
CAPA	Clinically Aligned Pain Assessment
Doloplus	After the French investigator who developed
the tool
FPS	Faces Pain Scale
MPI	West Haven-Yale Multidimensional Pain
Inventory
MPQ	McGill Pain Questionnaire
MVAS	Million’s Visual Analogue Scale
NASS-LSO	The North American Spine Society Lumbar
Spine Outcome
NPS	Neuropathic Pain Scale
ODI	Oswestry Disability Index
NRS	Numerical Rating Scale
PAINAD	Pain Assessment in Advanced Dementia
QBPDS	Quebec Back Pain Disability Scale
RMDQ	Roland Morris Disability Questionnaire
SF-36	Short Form-36
VAS/GRS	Visual Analogue Scale/Graphic Rating
Scale
VRS	Verbal Rating Scale
WDI	Waddell Disability Index

Introduction
Pain afflicts humans not only in sickness, critical illness, or
palliative care but also in their everyday life. According to
International Classification of Functioning, Disability and
Health, low back pain (LBP) alters basic body functions
such as sleep and motility, and causes changes in a person’s spinal and musculoskeletal structures [1]. Acute and
chronic LBP can be caused by a variety of medical conditions including trauma, muscle strain, lumbar spondylosis,
spinal stenosis, spine and kidney infections, certain cancers, endometriosis, arthritis, and ankylosing spondylitis.
More than 80% of the population experiences LBP at some
point in their lives [2]. Many go on to recover naturally or
with the help of some form of intervention, while others
develop chronic back pain with pain lasting more than
3 months. The number of years lived with disability triggered by LBP has increased by 54% between 1990 and
2015, worldwide [3]. LBP is one of the major reasons of
low performance at work, missed work, disability requests
after an episode of acute pain or post-operative condition,
and is known to cause more global disability than any
other condition [4–6].
The major domains assessed for chronic pain are pain
severity, pain-related functional interference, and emotional burden [7], while for acute pain it is mainly pain
severity and relief thereof [8]. Pain assessment tools can
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be used for general pain (generic tools), for conditionspecific pain, or for health-related quality of life (HRQoL)
[9]. Many general tools are used independently in disease
conditions or used in combination with some conditionspecific tool. A condition-specific tool is also used in
conjunction with some HRQoL tool for complete pain
assessment. Tools can be self-reported or observational
depending upon the patient’s consciousness or cognizance.
In this article, we aim to discuss some major generic, condition-specific, and HRQoL tools that are used regularly
and extensively by physicians and patients worldwide for
LBP.

Search strategy
For this review, we first set a few primary questions:
1. What are the tools/scales available for the assessment of
chronic and acute pain?
2. What tools are majorly used for chronic and acute LBP?
3. How are these tools relevant for various patient populations like people with and without cognitive impairment,
and neuropathic LBP?
Search terms were entered as Medical Subject Headings (MeSH) terms or free text on PubMed and Scopus.
Following terms were used to search literature: “pain
assessment scales”, “chronic back pain”, “low back pain
assessment”, “psychometric properties”, “patient-reported
outcome measures”, “PROM”, “dementia”, “neuropathic
pain”, “pain in elderly”. Original research articles and
reviews (systematic and narrative) from January 1980 to
February 2019 were accessed. Articles without a comprehensive study of pain assessment tools were excluded.
Articles on pain assessment tools, specifically for psychometric properties, were searched to understand what the
major patient-reported outcome measures (PROM) were.
Comprehensive studies and reviews on the validity, reliability, stability, and responsiveness of each PROM were
selected. We found that certain generic tools [Brief Pain
Inventory (BPI), McGill Pain Questionnaire (MPQ), West
Haven-Yale Multidimensional Pain Inventory (MPI), and
Short Form-36 (SF-36)] are extensively used to assess
LBP, and thus, we extended our search to include these
tools along with LBP-specific tools. These generic tools
are used to measure pain in general that may not be localized to a specific region of the body. A list was drawn
for the number of articles obtained for nine major tools
suggested [9, 10]. Among these, there were numerous
results (> 100) for three tools [Roland Morris Disability
Questionnaire (RMDQ), Oswestry Disability Index (ODI),

Author's personal copy
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Table 1  Selection of low back pain-specific tools
S. no.

Name of low back painspecific tool

Review articles + systematic
reviews + RCTs

Foreign language + irrelevant topics (not
LBP + does not involve the pain tool)

Relevant articles

1.
2.
3.
4.
5.
6.
7.
8.
9.

ALBPS
LBOS
LBPRS
MVAS
NASS
ODI
QBPDS
RMDQ
WDI

28
9
9
78
49
3678
159
976
36

11
3
4
46
3
NA
NA
NA
10

17
6
5
32
46
3678
159
976
26

ALBPS Aberdeen LBP Scale, LBOS Low Back pain Outcome Score, LBPRS Low Back Pain Rating Scale, MVAS Million’s Visual Analogue
Scale, NASS-LSO The North American Spine Society Lumbar Spine Outcome, ODI Oswestry Disability Index, QBPDS Quebec Back Pain Disability Scale, RMDQ Roland Morris Disability Questionnaire, WDI Waddell Disability Index
Table 2  Pain assessment tools based on various outcome domains and patient groups
S. no.

Outcome domains

Name of tools

1.
2.
3.

Pain intensity, quality, location, and pattern (general and condition-specific)
Pain interference and functioning (general)
Pain interference and functioning (disease-specific)

4.
5.

Psychosocial measurements
Observational pain assessment instruments (general and critically ill
patients). Mostly for non-verbal pain assessment when patient may not be
alert, conscious or in a state to talk

MPQ, RPS
PDI, BPI, FIM, DDS
WOMAC, RMDQ, ODI, QBPDS, NASS-LSO, MVAS,
WDI, MPI, SF-36, SIP, NPS, PAINAD, APS, Doloplus-2
BDI, PCS, CSQ
CPOT, ESAS, PCOS

APS Abbey Pain Scale, BDI Beck Depression Inventory, BPI Brief Pain Inventory, CSQ Coping Strategies Questionnaire, CPOT Critical Care
Pain Observation Tool, DDS Descriptor Differential Scale, Doloplus-2 After the tool’s developer, ESAS Edmonton Symptom Assessment Scale,
FIM Functional Independence Measure, MPQ McGill Pain Questionnaire, MVAS Million Visual Analogue Scale, NPS Neuropathic Pain Scale,
ODI Oswestry Disability Index, PAINAD Pain Assessment in Advanced Dementia Scale, PCS Pain Catastrophizing Scale, PDI Pain Disability
Index, PCOS Palliative Care Outcome Scale, QBPDS Quebec Back Pain Disability Scale, RPS Regional Pain Scale, RMDQ Roland Morris Disability Questionnaire, SF-36 Short-Form survey, SIP Sickness Impact Profile, NASS-LSO The North American Spine Society Lumbar Spine
Outcome, WDI Waddell Disability Index, MPI West Haven-Yale Multidimensional Pain Inventory, WOMAC Western Ontario McMaster Osteoarthritis Index

Quebec Back Pain Disability Scale (QBPDS)], and their
popularity evident, we did not go through all the results to
check for data relevance. Three other tools [Aberdeen LBP
Scale (ALBPS), Low Back pain Outcome Score (LBOS),
and Low Back Pain Rating Scale (LBPRS)] were excluded
from this review due to lack of substantial results, bringing it to a total of six LBP-specific tools [RMDQ, ODI,
QBPDS, Million Visual Analogue Scale (MVAS), Waddell
Disability Index (WDI), and the North American Spine
Society Lumbar Spine Outcome (NASS-LSO)] (Table 1).

Tools/scales for measurement of chronic
and acute pain
In 2002, Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) was developed
by a team of pain experts from various industries and academia in the USA as an improved method of pain assessment
during clinical trials [11]. They highlighted the importance
of six core outcome domains to assess chronic pain: pain,
physical functioning, emotional functioning, patient’s rating of overall improvement after treatment, patient-reported
adverse effects during treatment, and patient’s disposition and characteristics data. In the same year, more outcome domains pertaining to HRQoL were also added to
IMMPACT [12]. There are various pain assessment tools
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Fig. 1  Majorly used pain assessment tools. APS Abbey Pain Scale,
BPI Brief Pain Inventory, CAPA Clinically Aligned Pain Assessment, Doloplus After the French investigator who developed the tool,
FPS Faces Pain Scale, MPI West Haven-Yale Multidimensional Pain
Inventory, MPQ McGill Pain Questionnaire, MVAS Million’s Visual
Analogue Scale, NASS-LSO The North American Spine Society

Lumbar Spine Outcome, NPS Neuropathic Pain Scale, ODI Oswestry
Disability Index, NRS Numerical Rating Scale, PAINAD Pain Assessment in Advanced Dementia, QBPDS Quebec Back Pain Disability
Scale, RMDQ Roland Morris Disability Questionnaire, SF-36 Short
Form-36, VAS/GRS Visual Analogue Scale/Graphic Rating Scale,
VRS Verbal Rating Scale, WDI Waddell Disability Index

Table 3  Unidimensional pain assessment tools
S. no.

Name of tool

Description

1.

NRS

2.
3.
4.

VAS/GRS
VRS
FPS

A 0–10/0–20/0–100 scale of pain intensity, where zero and maximum value stand for no pain and highly
intense pain, respectively
Patients select their level of pain on a 10 cm scale; sometimes with descriptive terms
4–5-point scale with words like “no pain”, “moderate pain”, “severe pain”, etc. SF-36 is a good example
Mostly for children and elderly, choices range between a happy face to a face showing extreme pain

FPS Faces Pain Scale, NRS Numerical Rating Scale, SF-36 Short Form-36, VAS/GRS Visual Analogue Scale/Graphic Rating Scale, VRS Verbal
Rating Scale

associated with different outcome domains and patient
groups (Table 2) (Fig. 1).

Chronic low back pain tools
For the assessment of chronic LBP, both unidimensional and
multidimensional tools are used.
Unidimensional tools These tools only measure the intensity of pain and are explained briefly in Table 3.
Multidimensional tools These tools measure not only the
severity of pain but also integrate other dimensions such
as pain-based interference on HRQoL and functioning,
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location of pain, and emotional burden. The majorly used
multidimensional tools for adults (young and elderly) with
and without cognitive impairment, and for adults with neuropathic low back pain are explained in Tables 4 and 5. The
merits and demerits of these tools are listed in Table 6.

Acute low back pain tools
Acute pain measurement and management is usually
straightforward and relies on documenting two outcome
domains, namely pain intensity and relief post-treatment.– They usually involve unidimensional tools such

Author's personal copy
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Table 4  Multidimensional tools for adults with and without cognitive impairment, and for adults with neuropathic low back pain
Multidimensional tools for adults (young and elderly) without cognitive impairment
Generic tools

LBP-specific tools

BPI [13]

RMDQ-24 [14]

15-item tool
2 domains: pain intensity, pain interference
Short-form BPI for both chronic and acute pain LBP
Valid and reliable in accurately assessing pain

MPQ [15]

New 22-item version by Dworkin et al. [16] that
includes neuropathic pain
Useful for both chronic and acute pain
SF-MPQ-2: 15 items derived version
MPI [18]
52 items, 12 scales
3 parts:
Pain severity, pain interference,
Responses
Household, social activities
SF-36 [20] 36 items
2 health constructs: PCS, MCS
5–10 min to complete

ODI [17]

QBPDS [19]

24 questions
2 Psychosocial
3 Sleep/rest
15 Physical functioning
1 Eating
2 Home management
1 back pain frequency
5 min to complete
Questions pertain to pain experienced during various
activities in and around the house
Most questions include the phrase “because of my back”
Questions:
RMDQ-23/RMDQ-18: derived versions
10 items
5 min to complete
Includes questions on pain intensity, sex life, social life,
and travelling
20 items
6 major groups
5–10 min to complete
No questions on social life, sex life, and pain intensity

MVAS [21]

15 questions
3 major domains
Body functions
Daily activities
Social life
5 min to complete
Uses VAS
WDI [22]
9 items
5 min to complete
Items on back-involved activities and social life
NASS-LSO [23] 62 items
5 categories
Demographic data
Medical history
Body functions
Employment history
Treatment outcomes
20 min to complete
Pain locating picture to mark the regions of pain

Multidimensional tools for cognitively impaired adults with low back pain
PAINAD [24]

APS [25]

Doloplus-2 [26]

5 items: facial expression, breathing, negative vocalizations, consolability, body language
Range: 0–10
Only few minutes to complete
Endorsed by American Medical Directors Association
Derived from items of FLACC, DS-DAT, and pain experiences of patients and clinical staff
6 items: facial expression, vocalization, physiological change, physical change, change in
body language, behavioural change
Range: 0–3
Less than a minute to complete
Recommended by British Geriatrics Society and the Australian Pain Society
10 items
5 somatic, 2 psychomotor, 3 psychosocial items
6–12 min to complete
Overall score of 0–30
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Table 4  (continued)
Multidimensional tools for adults with neuropathic low back pain
NPS [27]

10 items
8 items for pain localization and quality, 2 global items for pain severity and unpleasantness

APS Abbey Pain Scale, BPI Brief Pain Inventory, Doloplus After the French investigator who developed the tool, FLACC Face, Legs, Activity,
Cry, Consolability Scale, MPI West Haven-Yale Multidimensional Pain Inventory, MPQ McGill Pain Questionnaire, MVAS Million’s Visual
Analogue Scale, MCS Mental Component Summary, NASS-LSO The North American Spine Society Lumbar Spine Outcome, NPS Neuropathic
Pain Scale, ODI Oswestry Disability Index, PCS Physical Component Summary, PAINAD Pain Assessment in Advanced Dementia, QBPDS
Quebec Back Pain Disability Scale, RMDQ Roland Morris Disability Questionnaire, SF-36 Short Form-36, SF-MPQ-2 Short Form-MPQ-2,
WDI Waddell Disability Index

as Numerical Rating Scale (NRS), Visual Analogue Scale
(VAS), Verbal Rating Scale (VRS), and Faces Pain Scale
(FPS), but multidimensional tools like BPI and SF-MPQ-2
are also used to assess pain. Acute pain, like chronic pain,
should be assessed at both rest and movement, but movement-evoked pain assessment is more crucial for acute
pain as this variety of pain is also a part of post-operative
recuperative pain. There are certain unvalidated mnemonic
tools as well, and even though they are unvalidated, they
are very useful in measuring acute pain [8] (Table 7).
Apart from these unvalidated tools, there is a new tool
called Clinically Aligned Pain Assessment (CAPA) that
is being used successfully for acute pain management. In
2013, Donaldson and Chapman [8, 64] developed this tool
for University of Utah Health Care to replace the unidimensional NRS. This tool is now being used primarily in
the University of Utah Hospital. A total of five domains,
namely comfort, change in pain, pain control, functioning, and sleep are assessed. There is no script to follow or
boxes to check, and patients and physicians engage in a
conversation that is later evaluated in a coded manner. In
a quality improvement study with more than 12,000 pain
assessment observations, patients opted for CAPA much
more than NRS [8]. Topham and Drew came up with its
modified version in 2015 [64]. They used both process
and outcome measures to understand staff compliance and
patient satisfaction, respectively. This measure proved to
be successful in increasing patient and staff satisfaction for
both the independent research groups [8, 64]. Reliability
and validity of the tool are not tested as it lacks scoring
rules.

Comparing the different tools
for assessment of low back pain
The biggest challenge faced by physicians and nursing staff
is the ability to capture the severity of chronic pain as most
often they have to rely on the patient’s memory or description of pain that may not be accurate. When daily diaries of
pain are to be maintained by the patient, they are usually
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filled up in a hurry just prior to the visit to the doctor. Other
limitations to capturing pain accurately are factors such as
lack of education, disability, language barriers, incomprehension due to dementia, or simply, the lack of consciousness. Some pain scales can be complex and require training
to use, while others can be long, making most respondents
not answer all items in the questionnaire [26, 54]. Elderly
and cognitively impaired individuals require pain scales
that are simple, yet comprehensive [56, 57]. Thus arose the
need to formulate specific scales that are simple, quick, and
can be used to not only acquire the patient’s input but also
deliver quality pain management, providing eventual satisfaction and relief to both the patient and physician. Over the
years, many tools have been developed for the assessment
and management of LBP. Evaluating the quality of a tool to
understand its psychometric properties is very important in
helping the physician choose the best possible instrument
to use [43]. In this review, we tried to maintain a level of
consistency in reviewing all the psychometric properties of
a tool, but there was a gap in information/research on certain
parameters.
For the assessment of LBP, functional/disability measures, pain severity measures, and the measures for the effect
of pain on social life and general mental health are used
[9]. Functional measures can be both generic and conditionspecific. Generic measures estimate symptoms related to
various regions of the body and need not be spine-centric,
while condition-specific measures assess symptoms specific
to a disease or condition, for example, LBP. Both generic
and condition-specific measures are used by physicians and
patients as functional measures for LBP management [65,
66]. All LBP-specific measures that we covered in this article have been successfully used cross-culturally.
RMDQ and ODI have good content, construct validity, test–retest reliability, and responsiveness but are good
at detecting changes over short intervals only [43]. While
ODI can be used as both a functional measure and for pain
severity, RMDQ lacks there in being only a good functional
measure. Evaluation of psychological domains cannot be
done with RMDQ as certain questions pertaining to the
areas are lacking. It works well on patients with moderate

Good validity as all items are about
health or pain but wide floor-ceiling
effects of many items for rheumatic
patients may be a sign that all health
concerns are not fully captured [36]
Correlation values of − 0.295 to − 0.66
for PF, BP and MH for RMDQ [38];
− 0.428 to − 0.70 for PF, BP, SF and
MH for ODI [38]; − 0.25 to − 0.64 for
PF, BP and MH for QBPDS [39]

SRM scores 0.44–0.67 [40]

Large floor-ceiling effects observed with
rheumatic patients [36]

Excellent content validity suggesting all Fair to moderate SRM between − 0.10 to No floor or ceiling effects reported
0.72 (various subscales) [34]
items within the tool measure the same
construct [35]
Pain interference of MPI (0.76) relates
well with BDI (0.51) [18]

Sensitivity of the tool at 1–3 day interval Floor effect: 12.5% and 15.1% for
neuropathic and affective subscales,
is comparable with that of VAS
respectively [30]
ROC moderate at 0.61; SRM large
at > 0.8 suggesting good sensitivity to
change [32]

Poor to fair correlations of 0.21–0.42
with short-form BPI and NRS [30]

Ceiling effect [30]:
Subscale ‘pain 24-h worst’—18.5%
Other subscales—1.4–3.5%

Floor-ceiling effects

Excellent sensitivity; SRM values for
pain severity and interference − 1.09
and − 1.13, respectively [29]

Responsiveness

High correlations with body pain scale
of SF-36 (0.61–0.64), and RMDQ
(0.57–0.81) [29]

Validity

Low back pain-specific tools
Limited range of questions pertaining to Relevant for patients with little disability Floor effects present but no ceiling effects
RMDQ-24
Test–retest reliability values 0.91 for
[47]
[43]
physical functions; designed to address
same day [14], 0.86 for 3–6 weeks [41]
Retest interval ROC values at 6 weeks
Excellent internal consistency of 0.86 for general problems faced by people
(0.77) [40], 8 weeks (0.64) [46]
suffering from back pain; only one
7 days [42]
question applies to the emotional state
of the person [43]
No certain content validity [44]; fair
correlation of 0.5 [45] to ODI, and 0.6
to QBPDS [45]
Uncertain content validity [44]. Correla- High sensitivity with ROC values > 0.7 Floor effects present but no ceiling effects
ODI
Test–retest reliability value for 1 day
[40, 46]
[47]
tion with RMDQ of 0.5 correlation
(0.94–0.99) [48, 49]
coefficient [45]
Inter-rater reliability high (0.94) [49]
Internal consistency values at 0.835–
0.90 [49]

Generic tools for back pain
BPI
High test–retest reliability value of 0.97
[28]
Internal consistency for pain severity and
interference: 0.89, 0.95 for arthritis,
0.82, 0.93 for low back pain [29]
MPQ
Test–retest reliability values mostly
above 0.9 [16, 31]
Test–retest values of 0.62–0.75 (musculoskeletal pain) and 0.79–0.95
(rheumatic pain) [32]
Internal consistency at 0.88–0.91 [31]
MPI
Fair to excellent test–retest reliability
(0.62–0.91; 0.46–0.93; 0.62–0.89), [18,
33, 34]
Significant internal consistency values
of 0.60–0.92 (cancer) [35], 0.63–0.93
(chronic back pain) [33]
HRQoL tool
SF-36
Good test–retest reliability values > 0.8
for PF, PR and BP, fair values for MH
(0.55) [36]
Good internal consistency ≥ 0.78 for all
scores [37]

Pain assessment tool Reliability

Table 5  Psychometric properties of low back pain tools (generic and condition-specific)a–e
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Validity

Responsiveness

QBPDS

Test–retest reliability values of 0.84 at
6 weeks, and 0.93 at 1–14 days [19,
39]
Internal consistency > 0.9 [19]

Good content with all questions pertain- Extremely sensitive tool with ROC
values at 0.74 and above 0.80 [40]
ing to various activities; agrees with
both physicians and patients
No questions on sexual activities
Strong correlation with RMDQ (0.77),
ODI (0.80), physical function subscale
of SF-36 (0.72) [19]
Significant decrease in mean pain at
MVAS
Test–retest reliability values 0.735–0.844 Excellent goodness of fit results with
three-month and one-year interval
confirmatory factor analysis; suggests
(daily activities), 0.581–0.745 (body
(17.1, 15.9) [51]
all questions of the tool are essential
functions), 0.736–0.849 (social life)
Predicted treatment outcomes in patients
and contribute to measuring what the
[50]
with chronically disabling spine
tool sets out to assess [50]
Internal consistency acceptable for daily
disorder [52]
activities and social life (0.794, 0.799)
but unacceptable for body functions
(0.67) [50]
Able to detect significant changes after
Factor analysis confirmed the tool’s
WDI
Moderate test–retest reliability
one-month interval in patients [53]
questions to be consistent, inter-con(ICC = 0.74) for “unchanged group”
nected and to provide a good measure
[40]
Per cent inter-rater reliability 73–90% for of disability [22]
Correlates well with another disability
each question of the tool [22]
tool, ODI, with correlation coefficient
of r = 0.7 [22]
Large effect size (2.02) for combined
Pain/disability functions correlate well
NASS-LSO
High test–retest reliability for 24 h
pain/disability and neuro symptoms
with SF-36 PCS (− 0.82) and VAS
(0.85–0.97) [23]
[54]
(0.46–0.63) at baseline [54]
High internal consistency (0.71–0.93)
Correlation with the MCS of SF-36 only
[23]
fair with a value of 0.5 [54]
Test–retest reliability 0.82 (pain/disability), 0.95 (neurogenic symptoms) and
0.63 (expectations) [54]
Tools for cognitively impaired
No reported measure of responsiveness
PAINAD
Good inter-rater reliability of 0.82–0.97 Good construct; can discriminate
between pain associated with different
during pleasant and unpleasant activiconditions, like pleasant and unpleasties [24], 0.31 at rest and 0.54 during
ant activities
movement [55]
High concurrent validity values of
Internal consistency 0.50–0.6 [24]
0.89–0.95 (pleasant activity) and
0.82–0.91 (unpleasant activity) with
pain scale of VAS [24]
Good correlations (0.76) with DS-DAT
and discomfort scale of VAS [24]

Pain assessment tool Reliability

Table 5  (continued)
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No reported floor-ceiling effects

No reported floor-ceiling effects

No reported floor-ceiling effects

Floor and ceiling effects below 15% [50]

No floor or ceiling effects [40]

Floor-ceiling effects
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No reported floor-ceiling effects

No reported floor-ceiling effects

No reported floor-ceiling effects

Pain reduction in 88% patients posttreatment with analgesics at p < 0.001
[58]

Significant reduction in mean scores
after a given interval (R2 = 0.216) [59]

No reported responsiveness

Correlation coefficient of APS with
PAINAD 0.75–0.82 (at rest), 0.83–
0.89 (during exercise), and 0.69–0.83
(at rest), 0.68–0.79 (during exercise)
with DS-DAT [56]; indicates that all
three tools measure similar domains
Poor correlations with PAINAD, VAS
and VRS with values ranging from
0.29–0.36 [26]

Excellent content validity with patients
choosing to answer about 8 of the 10
items involved in this tool [60]; suggests that most articles in this tool are
relevant to neuropathic pain
One item allows patients to describe
their pain in their own words

APS

Concurrent validity measurement: By comparison with other validated tools. All values Pearson’s correlation coefficient

Floor-ceiling effects: Values < 15% acceptable

The statistical results show poor, adequate, good, and excellent values at < 0.5, 0.5–0.7, 0.7–0.8, > 0.9, respectively. The minimum acceptable limit for Cronbach’s α is 0.7, and a score > 0.9
indicates redundancy

e

d

Responsiveness measurement: Values given as effect size (ES; expressed as Pearson’s r or Cohen’s d), standardized response mean (SRM), or Receiver Operating Characteristic (ROC) curve.
Area under this curve of 0.5 is poor and a value of 1.0 is perfect

c

b

Reliability measurement: 1. Inter-rater reliability: All values Pearson’s coefficient, intraclass coefficient (ICC) or Kappa coefficient. 2. Test–retest reliability: Values given as ICC or Pearson’s
coefficient. 3. Internal consistency: Values given as Cronbach’s alpha (α)

a

APS Abbey Pain Scale, BPI Brief Pain Inventory, Doloplus After the French investigator who developed the tool, MPI West Haven-Yale Multidimensional Pain Inventory, MPQ McGill Pain
Questionnaire, MVAS Million’s Visual Analogue Scale, NASS-LSO The North American Spine Society Lumbar Spine Outcome, NPS Neuropathic Pain Scale, ODI Oswestry Disability Index,
PAINAD Pain Assessment in Advanced Dementia, PF physical functioning, PR Physical role limitations, BP Bodily pain, MH Mental Health, QBPDS Quebec Back Pain Disability Scale,
RMDQ Roland Morris Disability Questionnaire, SF-36 Short Form-36, SRM Standardized Response Mean, WDI Waddell Disability Index

Inter-rater reliability values of 0.83 and
0.88 at rest and exercise, respectively
[56]; internal consistency of 0.65–
0.736 [57]
Removing the item “physical change”
improved the fit of the tool and
increased internal consistency to 0.77
from 0.75 [56]
Doloplus-2
Good inter-rater reliability of 0.73–0.81
[57]
Test–retest reliability of 0.96 [26]
High internal consistency of 0.85–0.86
at different time points [57]
Neuropathic pain-specific tool
NPS
Test intervals (about 33 days) produced test–retest reliability values of
ICC = 0.71 as a total score, and individual ICC varied between 0.45–0.78
[60]
Good internal consistency of 0.78 [60]

Floor-ceiling effects

Responsiveness

Validity

Pain assessment tool Reliability
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Merits

Generic tools for back pain
BPI
Chronic/acute Easy to score
Can represent pain graphically
Test–retest reliability high over short intervals
High correlations with SF-36 and RMDQ
Excellent responsiveness
Cross-cultural use
MPQ
Chronic/acute Not unidimensional
Allows collection of both qualitative and quantitative data
Includes nociceptive and neuropathic items of sensory pain dimension
Has good construct, content, and criterion validity
Sensitive to intervention
Strong reliability for cancer patients
Psychometrically sound
Cross-cultural use
MPI
Chronic
Easy to administer
Test–retest reliability across various domains ranges from adequate to
excellent (depending upon language and disease)
Construct validity adequate to excellent for chronic pain
Psychometrically sound
Cross-cultural use
HRQoL tool
SF-36
Chronic/acute An HRQoL tool with an equally reliable and valid derivation, SF-12
Good to excellent reliability for PCS, excellent internal consistency for
all domains
Satisfactory correlations of physical functioning and pain with other
disability tools
Cross-cultural use
Low back pain-specific tools
RMDQ-24
Chronic
Simple to use and fast completion
Shows high correlation for physical function with other tools like ODI,
SF-36, QBPDS
Has good construct and concurrent criterion validity, internal consistency
Test–retest reliability high over short intervals
Cross-cultural use

Name of tool Type of pain

Table 6  Merits and demerits of some major low back pain tools (generic and condition-specific)
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[16, 30, 31]

Time-consuming
Difficult to interpret
Only three pain patterns not adequate for cancer patients

[36–40, 61]

[41–43, 45]
Focusses on limited range of physical functions common only to
patients with LBP; no option of “not applicable” on scoring system
Poor test–retest reliability over long intervals
Dichotomous response categories make it difficult to get much information
Responsiveness depends on severity of disability
Not very psychometrically sound

Poor reliability for mental health and social functioning
Poor correlations of mental health with other disability tools
Disputed responsiveness

Internal consistency scores disputed; ranges from adequate to excellent, [18, 33–35]
or poor for certain domains like life control

[28–30]

References

Time-consuming

Limitations
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Simple to use; fast completion and scoring
Telephonic interview possible
Shows good correlation with other tools like MPQ, VAS, SF-36
Has good construct validity, internal consistency
Test–retest reliability high over short intervals
Responsiveness acceptable for population of not severely affected
people
Good predictor of return-to-work
Cross-cultural use
Easy to administer and to score
Possible in telephonic/mail interviews
High test–retest reliability, good content and construct validity
Has strong correlations with other disability tools
Low item omission for activities asked to be performed
Cross-cultural use
Easy to administer and score; fast completion
Mostly good test–retest reliability and internal consistency for daily
activities and social life
Has good construct validity and responsiveness
Strong unidimensional measure of pain severity
Cross-cultural use
Extremely simple and fast tool; easy to score
Moderate test–retest reliability
Good inter-rater reliability, construct validity
Data can be pooled; advantage for clinical trials
Cross-cultural use
High test–retest reliability over short intervals
High internal consistency and construct validity
Extensive low back pain-dominant questions
Cross-cultural use

Chronic

Chronic

Chronic

Chronic

Chronic

ODI

QBPDS

MVAS

WDI

NASS-LSO

Tools for cognitively impaired
PAINAD
Chronic
Good construct validity and inter-rater and test–retest reliability
Easy to administer and requires no intensive training as compared to
other tools for patients with dementia
Preferred tool of physicians
Cross-cultural use
APS
Chronic
Good internal consistency
Good to excellent inter-rater reliability
High correlations with PAINAD and DS-DAT
Extremely good construct
Takes less than a minute to complete
Cross-cultural use

Merits

Name of tool Type of pain

Table 6  (continued)

[19, 39, 40, 45]

[50–52]

[9, 22, 40]

[23, 54]

Has also been reported by some to be adequate to poor in terms of
physical function and psychosocial measure
Items on sex and social life not included

Test–retest over various long and short intervals not tested
Poor internal consistency for body functions
Little psychometric evidence available

Limited data on responsiveness

Extremely complex to administer and score
Time-consuming
No single questionnaire used; questions may be repeated
Limited psychometric data

[56–58]

[24, 55]

[39, 62, 63]

Poor test–retest reliability over long intervals
Not so sound psychometrically

Not all actions presented by dementia patients may be caused by pain,
for example, a sudden outburst may be due to emotional turmoil
Internal consistency not acceptable, but can be improved by deleting
“breathing” and “negative vocalization”
Limited psychometric data
Construct of the tool not so sound; can be improved with removal of
the item “physical change”
Limited psychometric data

References

Limitations
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[8, 64]
Psychometric data limited
Tool specifically for acute pain
CAPA
Acute
The only tool specific for acute pain
Good patient and staff satisfaction

Tool for neuropathic pain
NPS
Chronic

APS Abbey Pain Scale, BPI Brief Pain Inventory, CAPA Clinically Aligned Pain Assessment, Doloplus After the French investigator who developed the tool, FPS Faces Pain Scale, MPI West
Haven-Yale Multidimensional Pain Inventory, MPQ McGill Pain Questionnaire, MVAS Million’s Visual Analogue Scale, NASS-LSO The North American Spine Society Lumbar Spine Outcome,
NRS Numerical Rating Scale, ODI Oswestry Disability Index, PAINAD Pain Assessment in Advanced Dementia, NPS Neuropathic Pain Scale, QBPDS Quebec Back Pain Disability Scale,
RMDQ Roland Morris Disability Questionnaire, SF-36 Short Form-36, WDI Waddell Disability Index, VAS/GRS Visual Analogue Scale/Graphic Rating Scale, VRS Verbal Rating Scale

No data on responsiveness
Limited psychometric data
Good reliability and internal consistency
Excellent content validity with high relevance to neuropathic pain
Cross-cultural use
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[27, 60]

[26, 57, 59]
Takes 6–12 min to complete
Construct validity only adequate
Poor correlations with PAINAD, VAS and VRS
Internal consistency and test–retest reliability controversial
Requires extensive training
Simple to use
Good inter-rater reliability and high internal consistency
Excellent sensitivity to change
Cross-cultural use
Chronic
Doloplus-2

References
Limitations
Merits
Name of tool Type of pain
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European Spine Journal

disability, while ODI works well on people with severe disability of a persistent type [43]. ODI also has questions on
a patient’s sexual and social life providing a multifaceted
pain assessment. QBPDS too is a functional tool like RMDQ
and gauges only disability and sleep without measuring pain
intensity [9]. It should be used in association with a painmeasuring unidimensional tool like NRS or VAS/GRS. WDI
is a simple and short tool with an internal consistency higher
than that of RMDQ but lower than ODI [40]. It has also
been shown to detect significant changes in patients after
a one-month interval post-treatment, but responsiveness
has not been properly investigated [53]. This tool should be
used along with other scoring systems for disability, to get a
complete assessment of pain [9]. The inter-rater reliability
of MVAS is not to be relied upon as there is little correlation between results of observers [21]. It has good internal
consistency for all its subscales except body functions which
is an important aspect for disability caused by LBP. The
strength of MVAS lies in its VAS scale usage that provides a
strong unidimensional measure of pain severity. The NASSLSO is a tool with which one can easily mark the regions of
pain on a picture provided to the patient. Though complex
to use and score, and extremely time-consuming, this tool,
if used, can provide a very comprehensive picture of pain.
The strength of this tool lies in its questions focussed on low
back pain [9, 23].
Among the generic measures reviewed here, all three
measures, namely BPI, MPI, and MPQ, are strong, reliable,
and valid tools for LBP. BPI and MPQ are comprehensive
but time-consuming. BPI is easy to score, while MPI is easy
to administer. Internal consistency of MPI ranges from adequate to excellent, depending upon the language version used
and the disease being studied. Construct validity of the tool
too ranges from acceptable to excellent proving that all items
being investigated serve the purpose of the tool. All three
tools have cross-cultural use and show good responsiveness,
with MPQ being extremely sensitive to detect change due to
intervention. BPI shows high test–retest ability [28]. MPQ
has the added advantage of including both nociceptive and
neuropathic items of sensory pain dimension and is thus
used for neuropathic LBP too. MPQ, MPI, and BPI are all
used to assess diverse chronic pain conditions, including
LBP, but BPI is the only tool that is formally validated for
LBP, although not chronic LBP [66]. However, certain problems may arise in using BPI as patients’ answers rely more
on the disability caused by LBP in the recent past as opposed
to the pain suffered, in general, during daily activities. In
addition to this, when asked to fill the questionnaire, there
may be a bias (patient-related) based on the patient’s ability
to bear the pain. The former can be overcome by noting the
findings, in accordance with the questionnaire, after hearing
the chief complaints of the patient. This prevents wastage of
time and redundancy in the clinical queries. The latter can
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Table 7  Mnemonic tools for
quick assessment of acute pain

S. no.

Name of tool

Description

1.

SOCRATES

2.

PQRST

3.

QISS-TAPED

[8]
Site: Pain location?
Onset: When did pain start and how quickly did it progress?
Character: Dull, stabbing or sharp pain?
Radiation: Does the pain spread to other body parts?
Associations: Is pain present with other factors like nausea
or movement difficulty, fever?
Time: Is any pattern followed by the pain?
Exacerbating/relieving factors: is pain worse at rest, movement or with certain basic functions like breathing?
Surgical history: Any previous surgery or interventions?
[8]
P Precipitating factors
Q Quality of pain
R Radiating pain
S Severity of pain
T Temporal factor
[8]
Q Quality
I Impact
S Site
S Severity
T Temporal characteristics
A Aggravating and alleviating factors
P Past treatment, response and patient preferences
E Expectations and meaning
D Diagnostics and physical examination

be solved by blinding the patient to the assessment process
which helps in getting more honest answers.
SF-36 is a very strong tool for the assessment of general
health-related quality of life and also as an LBP tool. The
tool’s bodily pain and physical function correlate well with
other disability tools, but the mental health subscale results
are poor [38, 39].
Among the tools for assessing neuropathic pain, NPS
seems like the only generic tool, apart from SF-MPQ-2,
that has adequate validation and is widely accepted [27,
60]. This tool has good internal consistency and test–retest
values as proven in a study by Rog et al. [60]. Though no
formal responsiveness has been reported for this tool, and
more confirmatory work is required on its psychometric
properties, this tool has proven to be useful for assessment
of neuropathic pain [27, 60].
Even in patients with dementia, a self-reported pain tool
should always be the first attempt in order to estimate pain
severity along with determining the presence or absence of
pain, but due to the inability to execute the generic and condition-specific tools among these subjects, we must rely on
observational measures. Among the tools for assessment of
LBP among elderly or people who are cognitively impaired,
all three tools have proven to be reliable, but no formal
responsiveness has been tested for the tools. PAINAD shows
excellent inter-rater reliabilities during pleasant and unpleasant activities [24] but poor to moderate reliability at rest or
during movement [55]. It is thus very good at discriminating
between different conditions like rest, movement, or pleasant

References

and unpleasant activities, establishing a good construct
validity [24, 55]. It shows good correlations with the pain
and discomfort scale of VAS, and with DS-DAT. Internal
consistency is poor and does not achieve the accepted limit
of 0.70 Cronbach’s α, but removing the item “breathing”
or “negative vocalization” leads to an acceptable internal
consistency of 0.75 [24]. Doloplus-2 shows high internal
consistency and inter-rater reliability [57]. Test–retest values are extremely good, but this tool does not correlate well
with other tools like PAINAD, VAS, and VRS [26]. APS
shows good to excellent values for both inter-rater reliability
and internal consistency, and removing the item “physical
change” improves the fit of the tool, and thus its construct
validity [56]. Both APS and Doloplus-2 show high sensitivity to change after a certain interval or intervention [58]. For
acute pain assessment, unidimensional tools seem to be the
norm, though tools like BPI and MPQ are also used considerably. CAPA, even with its limited psychometric data, has
proven to be reliable, responsive, and most importantly, consistent in providing patient and staff satisfaction, as evident
from the results of University of Utah Hospital [8, 64]. This
tool needs to be tested more and across continents to attain
a better understanding of its quality.
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Conclusion

References

Every tool reviewed here has its own advantages and limitations. Recommendations would vary depending upon the
language, disease condition, pain severity, and most of all
the physician and patient using the tool. However, among
the LBP-specific tools, RMDQ and ODI seem to be the ones
most widely accepted and can help in clinical conditions like
prolapsed intervertebral disc, infective spine, spondylosis,
and spondylolisthesis. They need to be used in conjunction
with a HRQoL tool like SF-36 or its derived version SF-12,
but SF-36 can be used as an independent measure for LBP
too. Among the generic tools for LBP, even though both
BPI and MPQ are time-consuming, they have high reliability
and validity. Our review points to a higher level of proven
responsiveness for BPI as compared to MPQ. Also, BPI has
been formally validated for LBP, making it the best generic
tool for LBP management at present, in our opinion. For
neuropathic LBP, more intervention studies are required to
acquire data on the sensitivity of NPS. In the meantime,
it can be used together with SF-MPQ-2 to get an accurate
idea of the pain encountered. These neuropathic pain tools
can evaluate neurological deficits which in turn can help
to treat the patients conservatively or surgically. PAINAD,
APS, and Doloplus-2 are all acceptable tools for cognitively
impaired people and the choice of using one or more rests
on the physicians. We understand that unidimensional tools,
SF-MPQ-2 and CAPA, can all be used successfully for acute
low back pain. Even the non-validated quick assessment
mnemonic tools may not be irrelevant, as for acute pain,
quick assessment and quick relief is the fundamental goal.
Lack of formal validation of a pain tool has not stopped its
worldwide use and acceptability in daily clinical practice.
Rather, these mnemonic tools can help in the clinical evaluation of acute pain in orthopaedic diseases like prolapsed
intervertebral disc, spinal canal stenosis, spondylosis and
diseases like infective spine and ankylosing spondylitis.
Finally, physicians and patients need to use the tool that is
best suited for the specific condition and pain severity.
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Abstract
Enterobius vermicularis is an intestinal nematode. In humans, it is the most common intestinal parasite. Extraintestinal infestation
with Enterobius vermicularis is a rare manifestation of the disease. However, it has been described that it can occur in anatomical
sites where larvae may migrate such as the vagina, endometrium, fallopian tubes, and peritoneum. But the subcutaneous tissue of
abdominal wall being infested in the absence of perforation of intestinal wall is an extremely rare site which is reported in only
one case in the literature. We report a case of a 21-year-old male patient who was diagnosed with Enterobius vermicularis
infestation over the anterior abdominal wall without perianal symptoms or infestation of gastrointestinal tract.
Keywords Enterobius vermicularis . Pinworm . Threadworm . Nematode . Small intestine

Introduction
Enterobiasis is a common helminthic infection of the gastrointestinal tract. Ectopic localizations of Enterobius vermicularis
(E. vermicularis) infestation are uncommon and usually they
are incidentally detected in tissue samples of asymptomatic patients. Some of those reported are the vagina, endometrium,
fallopian tubes, peritoneum, cerebrospinal fluid, and in urogenital
system. Without gastrointestinal tract involvement or any
perianal symptoms, E. vermicularis infestation over the anterior
abdominal wall is an unusual presentation. We present a case of
E. vermicularis infestation over the anterior abdominal wall without perianal symptoms or infestation of the gastrointestinal tract.

Case Presentation
A 21-year-old vegetarian gentleman presented with complaints of swelling over the anterior abdominal wall just below
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the umbilicus for 20 days, which was gradually increasing in
size over the period of time. Swelling was also associated with
occasional dull aching pain. There was no history of abdominal pain, nausea, vomiting, fever, bowel, or bladder disturbances. There was also no past history of such complaints or
any surgical intervention. Family history was not significant.
Upon examination, patient was afebrile with a heart rate of
80 beats per minute, blood pressure of 120/70 mmHg, and
respiratory rate of 18 per minute, and abdominal examination
showed approximately 4 × 3 cm sized swelling over the anterior abdominal wall just below the umbilicus (Fig. 1a), with
firm consistency, nodular feeling, and mild tenderness.
Overlying skin was normal. Per rectal examination was
unremarkable.
Routine blood tests were within normal limits.
Ultrasonography revealed well-defined hypoechoic lesion in
the subcutaneous tissue in the infraumbilical region with multiple thin tubular echogenic contents, and the lesion measured
11.3 × 5.7 mm (Fig. 1b). There was thickening and edema in
adjacent skin and subcutaneous tissue. These features suggested possibility of worm infestation.
When questioned retrospectively, the patient denied any
perianal symptoms or symptoms suggesting the occurrence
of enterobiasis. Stool routine microscopic examination was
performed which did not show the presence of parasite in
the stool.
After obtaining consent, swelling was excised.
Histopathological examination revealed larval forms of
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Fig. 1 a Clinical photograph showing visible swelling over infraumbilical region. b Ultrasonographic image showing hypoechoic lesion with multiple
thin tubular echogenic contents in the subcutaneous tissue

E. vermicularis surrounded by large number of eosinophils,
polymorphs, and lymphocytes (Fig. 2).
Patient received tab. albendazole 400 mg orally twice 2
weeks apart. Albendazole was also given to his close contacts.
Patient remained asymptomatic during follow-up.

Discussion
E. vermicularis, often referred to as pinworm, is an intestinal
nematode which commonly infects children throughout the
world. The 2–4 weeks’ life cycle of E. vermicularis occurs
normally in the human gastrointestinal tract. Its transmission
is mainly by feco-oral route by ingestion of contaminated
foods or with contaminated hands. Transmission can also be
caused by fomites. After ingestion, the embryonated eggs
hatch in the small intestine and develop into adult worms,
which inhabit the ileum and proximal large bowel, where
mating occurs. The gravid female migrates to the anal verge
to deposit eggs during night. It causes pruritus because of

mechanical irritation and inflammatory response. This is the
most common symptom of pinworm infection [1].
The eggs may then infect the same individual or new susceptible host through feco-oral transmission, or via retrograde
infection. In the latter instance, the larvae may migrate from
the anal verge back into the gastrointestinal tract where they
can continue their life cycle.
Adult worms or ova have been observed in vaginal smears,
in urine, and even in macerated human embryo by Mendoza
et al. [2].
Granuloma formation around egg of pinworm in the liver
was reported by Little et al. [3].
A case of pinworm in the cerebrospinal fluid was reported
by Maraghi [4].
Invasion of vermiform appendix has also been reported
more commonly but relationship between this invasion and
appendicitis remains unresolved. [5]
The patient being reported developed infestation over the
anterior abdominal wall in the absence of perianal or abdominal symptoms, which is an unusual clinical presentation.

Fig. 2 Hematoxylin and eosin stain showing larval forms of Enterobius vermicularis surrounded by large number of eosinophils, polymorphs, and
lymphocytes
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Chandrasoma and Mendis described in their study that pinworms are able to penetrate actively through the intact bowel
wall [6]. Considering the possibility of such rare route of
transmission, it can be guessed that in this patient ectopic
presentation could be possible because of penetration of intact
bowel wall and peritoneum. Otherwise, it could have penetrated the skin of the abdominal wall directly. To date, only one
case similar to our case is reported by Heinz Hiller et al. [7].
The patient and close contacts should be treated with either
mebendazole, pyrantel pamoate, or albendazole [8] to prevent
the spread of the disease.

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

1. Introduction
Maternal mortality plagues much of the world. In 2015 there were
303,000 maternal deaths which represented a global maternal mortality ratio (MMR) of 216/1,00,000 live births.1 India has progressed
from 556 maternal deaths per 1,00,000 live births in 1990 to 130 per
1,00,000 live births in 2016. According to Sustainable Development
Goal (SDG) India should achieve a target of an MMR below 70 by
2030.2
Complications like abortion, preeclampsia, eclampsia, ruptured
uterus, puerperal sepsis, postpartum haemorrhage etc which result in
maternal mortality, morbidity and perinatal death are unpredictable.
Their onset may be sudden and severe.3 Major barrier for reducing
maternal morbidity and mortality is a delay in responding to the onset
of complications and onset of labor by pregnant women, her family and
health care providers.4

∗

Every pregnant woman during all the 3 trimesters, during labor &
postpartum period is at the risk of facing sudden, unpredictable complications that could end in death or injury to herself or to her infant.
Complications related to pregnancy and childbirth cannot be predicted
reliably. Hence, to overcome such complications it's necessary to employ some strategies.5
Birth Preparedness and Complication Readiness (BPCR) is an intervention introduced by WHO to plan for births and deal with emergencies during pregnancy, labor and postpartum period. BPCR addresses 3 delays and helps pregnant women, their families and
communities to take effective actions. BPCR is a key component in safe
motherhood programs which are globally accepted. It helps pregnant
women to identify the complications, reach the health facility in time
and seek proper professional care in time by reducing morbidities and
mortalities due to complications because of 3 delays. BPCR include ANC
components like early registration of pregnancy, knowledge of danger
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signs during pregnancy, labor and postpartum period, early identification of health facility for giving birth and emergency, identification of
skilled birth attendant, identification of transportation, identification of
birth companion, saving enough money for delivery, emergency and
transportation, identification of a compatible blood donor if any
emergency arises.6
BPRC is a programme approach to effectively utilize the maternal
and new-born health services. It is based on the strategy that thoroughly knowing the complications, being prepared to face complications and proper planning for birth reduces three delays in - identifying
complications and deciding to seek care, identifying and reaching a
health facility and receiving adequate and appropriate treatment at the
health facility. The components of BPCR are included as a part of new
World Health Organization antenatal care model in clinical setting.7
BPCR makes effective use of community health workers and health
promotion groups in addition to formal health services. A 2010 systematic review and meta-analysis of community-based intervention
packages found a significant reduction in neonatal mortality (twelve
studies, risk ratio 0.76, 95% CI 0.68, 0.84), but inconclusive evidence of
reduction in maternal mortality (ten studies, risk ratio 0.77; 0.59,
1.02).8 Community mobilization through stakeholders such community
health workers, or through participation in women's groups also forms
part of the BPCR concept.9
In India, with the introduction of Accredited Social Health Activist
(ASHA) workers under the National Rural Health Mission (NRHM) from
2005, utilization of healthcare services at the peripheral level has improved.10 ASHA is a female volunteer selected by the community, deployed in her own village (one in every 1000 population) after a short
training on community health.11
WHO has strongly recommended for further BPCR interventions and
research. Studies on BPCR are very limited in India and nonexistent in
the study area. Hence the current research is aimed to address gaps in
understanding of BPCR. The objective of the current pilot study is to
assess the knowledge and practice of Birth Preparedness and
Complication Readiness among ASHAs.

Table 1
Distribution of participants according to sociodemographic data.
1. Distribution according to Age
Age in years
> 30
30–39
40–49

No. of participants
6
17
5

Percentage (%)
21.42
60.71
17.85

2. Distribution according to Marital Status
Single
Married
Widowed

3
22
3

10.71
78.57
10.71

3. Distribution according to Religion
Hindu
Others

24
4

85.71
14.28

3. Results
Table 1 shows that 60% of the participants were in the age group of
30–39 years. Majority of the participants were married. Majority of the
Participants were Hindus.
Table 2 shows that majority (71.42%) of ASHAs had knowledge
regarding severe bleeding and less than half of the ASHAs were aware
about swollen hands/face. Only 32.14% of ASHAs knew about blurred
vision as a key danger sign.
Table 3 shows that less than 50% of the ASHAs were having
knowledge about other danger signs like, severe headache, high fever,
loss of consciousness, difficulty in breathing, severe abdominal pain,
accelerated or reduced fetal movements and water breaks without
labor. About 42.85% ASHAs had known about convulsions. Majority
(67.85%) of the ASHAs had knowledge about severe weakness as
danger sign.
Table 4 shows that majority of the ASHAs (85%) helped pregnant
women in ANC registration, 4 ANC check-ups (71%), 2 TT injections
(78%), provided IFA tablets (75%). More than 60% of ASHAs counseled
pregnant women for institutional delivery, cash assistance and transportation. Around 60.71% of ASHAs advised pregnant women on hygiene and nutrition. Less than 50% of ASHAs escorted pregnant women
to village health day. About 57.14% of ASHAs got nutrition supplements from anganwadi centers. About 60.71% of ASHAs gave home
visits and 57.14% of ASHAs calculated date of delivery.
Table 5 shows that 71.42% ASHAs did counselling for institutional
delivery, 60.71% ASHAs explained cash assistance benefits for institutional delivery, 67.85% ASHAs identified transportation for delivery/
emergency and 67.85% ASHAs identified institution for referral/delivery. Less than 50% of the ASHAs counseled pregnant women regarding identification of functional Govt. health centre, referral services, saving money, identify birth companion, blood donor, explained
about risks & danger signs related to pregnancy & child birth.
ASHAs had good knowledge about components of Antenatal care
(ANC) but less than 25% of ASHAs were knowing BPCR as a component
of ANC. Less than 35% of ASHAs had knowledge about postpartum
check-up.

2. Materials and methods
The present pilot study was undertaken to assess the knowledge and
practice of Birth Preparedness and Complication Readiness among
ASHAs.
A cross sectional study was conducted in Mutaga Primary Health
Centre (PHC), Rural Belagavi, Karnataka, India. The study period was
from January 2019 to May 2019. The study was conducted on
Accredited Social Health Activists (ASHAs) working under Mutaga
Primary Health Centre (PHC). Complete list of all ASHAs were included
in the study. Complete enumeration sampling technique was used. All
ASHAs had completed 6 months in their job and all ASHAs gave consent
for study.
A predesigned and structured questionnaire from JHPIEGO (Johns
Hopkins Program for International Education in Gynecology and
Obstetrics) was used for data collection. Permission to collect data from
ASHAs was obtained from concerned authority. Informed consent was
obtained from all the participants after providing detailed information
on objectives of the study, risks and benefits involved and voluntary
nature of participation. Data collectors were from Masters in Public
Health (MPH) background and were trained thoroughly prior to data
collection. Data regarding knowledge and practice towards Birth
Preparedness and Complication Readiness (BPRC) was collected using
questionnaire by JHPIEGO. The data collectors interviewed the individual participant (ASHA) and collected the required data using
questionnaire. Confidentiality of the study participants was maintained
throughout the study. Data was entered by the researcher and was
analyzed by the Biostatistician to maintain the accuracy and appropriateness. Frequency and percentage were used to analyze the data for
descriptive statistics. SPSS version 22 was used to analyze the data.

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

176

Key-danger signs

No. of participants

Percentage (%)

Severe Bleeding
Swollen hands/face
Blurred Vision

20
12
9

71.42
42.85
32.14
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address gaps in understanding of BPCR.
The results of the present study showed that majority of the ASHA
workers were middle aged and married. A study by Kochukuttan S et al.
showed that mean age of ASHAs was 30–35 years, 90% were married.
There was less than 25% of the performance towards obstetric danger
sign assessment.12 Findings from a study conducted in Delhi also
showed that majority of the participants were from the age group of
25–45 years of age group and were married.15
A study from Rohtak, India showed that knowledge of danger signs
and birth preparedness services provided by ASHAs were poor.
Similarly in present study also knowledge of danger signs and birth
preparedness services provided by ASHAs were poor.13 A study from
Aligarh showed that 88% ASHAs had knowledge about excessive vaginal bleeding. Similarly in present study also more than 70% of the
ASHAs were aware about excessive bleeding as complication.14
A study from Delhi, India revealed that ASHAs knowledge was good
but their practices were poor. Present study results were contrast as
knowledge and practice both were poor.15 Findings from a study conducted in Udupi, Karnataka revealed that overall knowledge of ASHA
workers was sufficient in the field of MCH but practices were poor. In
present study only the knowledge regarding vaginal bleeding was good
but other knowledge and practices were poor.16
Strengths of the present study: The study was carried out in an
appropriate manner following all the necessary steps. This study was
carried out to customize the questionnaire and validate it.
Limitation of the present study: As the current study is a pilot
study only one PHC was included and limited number of participants
were interviewed.
This study was an initiation to carry out a larger study which will be
conducted by the researcher in near future.

Table 3
Distribution of Participants according to Knowledge of other danger signs
during pregnancy.
Other danger signs

No. of participants

Percentage (%)

Convulsions
Severe headache
High fever
Loss of consciousness
Difficulty in breathing
Severe weakness
Severe abdominal pain
Accelerated or reduced fetal movements
Water breaks without labor

12
6
2
8
8
19
8
5
6

42.85
21.42
7.14
28.57
28.57
67.85
28.57
17.85
21.42

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

No. of participants

Percentage

Helping in registration for ANC services/JSY
scheme
Calculating date of delivery
Providing home visits
Helping with at least 4 ANC check-ups
Facilitating TT injection
Providing iron/folate (IFA) tablets
Escorting them to village health day
Get nutrition supplements from anganwadi
centre
Advising them on hygiene and nutrition

24

85.71

16
17
20
22
21
13
16

57.14
60.71
71.42
78.57
75
46.4
57.14

17

60.71

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

No. of
participants

Percentage

Counselling for institutional delivery
Explain cash assistance benefits for institutional
delivery
Identify transportation for delivery/emergency
Identify a functional govt. health centre or an
accredited private health facility
Identify institution for referral/delivery
Explain about saving money for emergency/
transportation/delivery
Identify a birth companion
Identify blood donor
Explain about the risks and danger signs related
to pregnancy and child birth

20
17

71.42
60.71

19
15

67.85
53.57

10
11

35.71
39.28

9
12
11

32.14
42.85
39.28

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

4. Discussion

Not applicable.

This research was conducted with an objective to assess the
knowledge and practice of Birth Preparedness & Complication
Readiness (BPCR) among Accredited Social Health Activists (ASHAs). In
India, with the introduction of Accredited Social Health Activist (ASHA)
workers under the National Rural Health Mission (NRHM) from 2005,
utilization of healthcare services at the peripheral level has improved.10
ASHA is a female volunteer selected by the community, deployed in her
own village (one in every 1000 population) after a short training on
community health.11
Studies on BPCR are very limited in India and nonexistent in the
study area. BPCR is a very important component in ANC care but most
of the ASHA workers are having very less knowledge and practice of
BPCR. Skill based training is not provided to ASHA workers which is a
hindrance for their knowledge and practice. Incentive provided for
them is also negligible compared to their workload. There are many
gaps in understanding of BPCR by health care workers and provision of
essential services towards BPCR. Hence the current research is aimed to
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ABSTRACT .

Background: Tobacco use is become a public health issue in India and worldwide as well. Due of vigorous efforts towards
increasing awareness of the adverse effects of tobacco, smoking has declined and the use of smokeless tobacco has been
increased paradoxically among adolescents considering it as safe alternatives of smoking. Through previous studies, it is known
that tobacco smoking can adversely affect the respiratory system, yet there are very few studies that have thrown light on the
deleterious effects of smokeless tobacco on respiratory system.
Objective: To evaluate effect of tobacco chewing on Pulmonary Functions and to compare the results with non-tobacco chewers
in class 4 workers of USM KLE International Medical Programme, Belagavi.
Methods: Pulmonary function tests were carried out on a total 130 volunteering male and female participants, in the age group
of 25-55 years. Spirometric parameters such as Forced Vital Capacity, Forced Expiratory Volume in 1st second, FEV1/FVC
ratio, Peak Expiratory Flow Rate, Forced expiratory flow between 0.2 to 1.2 L of expiration, Maximum mid expiratory flow rate or
FEF25-75 and Maximal Voluntary Ventilation were compared between 65 tobacco users and 65 apparently healthy, non tobacco
users of same socioeconomic status matched for age, sex, height and weight.
Results: There was significant reduction in the values of all PFT parameters except FEV1/FVC in tobacco chewers compared
to non tobacco chewers (p<0.001), suggesting restrictive impairment in tobacco chewers.
Conclusion: Hence we conclude that the use of smokeless tobacco in the form of chewing has deleterious effects on lung functions that could be attributed to oxidative stress caused by smokeless tobacco.
Key Words: Oxidative stress, Pulmonary function tests, Restrictive lung disease, Smokeless tobacco (SLT)

INTRODUCTION
Tobacco use is become a public health issue in India and
worldwide as well. Tobacco is mainly consumed in two
forms: smoked tobacco and smokeless tobacco. The use of

tobacco without burning is referred to as Smokeless tobacco (SLT). Smokeless tobacco is used as chewed, sniffed or
sucked form1.
Smokeless tobacco (SLT) use has been increased rapidly
throughout the world, especially among adolescents by con-
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sidering it as safe alternative of smoking. Due to vigorous
efforts towards increasing awareness of the adverse effects
of tobacco, smoking has been declined and paradoxically the
use of SLT has been greatly increased.1
Although it is well known that tobacco smoking adversely
affects respiratory system causing chronic bronchitis, emphysema, chronic obstructive pulmonary disease and bronchial carcinoma, the deleterious effects of smokeless tobacco
on respiratory system are yet to be explored.2
Tobacco contains various chemicals like nicotine, carbon
monoxide and tar. In India, tobacco consumption is an important risk factor for development of various cardiovascular
diseases and chronic obstructive pulmonary diseases 3.
Expenditure on tobacco has been found significantly higher
in proportion of their daily income in India. Use of smokeless tobacco indeed represents a health concern of growing
magnitude. 4
In contrast to voluminous literatures on the ill effects of
smoking, relatively little attention has been directed at
smokeless tobacco and the factors that promote its use. This
study attempts to find out whether chewing tobacco causes
any unfavorable effects to the lungs by using Pulmonary
Function tests.

AIMS AND OBJECTIVES
1) To study Pulmonary Function tests by spirometry in
tobacco chewers
2) To study Pulmonary Function tests in apparently
healthy nontobacco chewers
3) To compare the test results between the two groups

MATERIAL AND METHODS

Selection criteria for study group
Inclusion criteria
1. All apparently healthy volunteering participants of
same socioeconomic status
2. Exclusive smokeless tobacco users.

Exclusion criteria
1. History of smoking
2. History of diabetes mellitus and hypertension
3. H/o chronic obstructive pulmonary disease, congenital
cardiopulmonary diseases
4. History of Kyphosis, scoliosis
5. History of biomass exposure in females
6. History of occupational hazards.

Method of collection of data
Before initiation of the study ethical approval was taken
from the Institutional Ethics Committee of USM KLE International Medical Programme, Belagavi. The details of the
procedure was explained to the participants in their vernacular language and an informed written consent was obtained
from them.
Data on Name, age, sex, occupation, and personal habits of
the subjects was recorded using proformas and personal interviews with the subjects.
The basic parameters like age, weight, height and BMI of
subjects were recorded. Pulmonary function tests were performed by using computerized RMS HELIOS 702-Spirometer. All the tests were conducted between 10 am to 1 pm to
avoid effects of diurnal variation. Overnight abstinence from
tobacco use in any form was recommended. Subjects were
asked to avoid tea, coffee, carbonated drinks or heavy meals
at least two hours before the test procedure.

Class IV workers of USM KLE International Medical Programme, Belagavi, in the age group of 25-55 years who consume oral tobacco. Age and sex matched controls who do not
consume tobacco.

During the recording of PFT-The subject was asked to sit
comfortably in a chair. Subject was instructed to breathe in
fully by deep inspiration with nostrils closed by using nose
clips. The lips were sealed around the sterile disposable
mouthpiece of spirometer and air was forcefully expired out,
as rapidly and deeply as possible. The Pulmonary function
tests recorded include Forced Vital Capacity (FVC in litres),
Forced Expiratory Volume in first second (FEV1in litres),
FEV1/FVC (%), Forced expiratory flow rate 25% -75%,
Maximum Voluntary Ventilation (MVV in litres/minute) and
Peak expiratory flow rate (PEFR in litres/minute). Best of
three technically satisfactory performances as per recommendations of American Thoracic society were considered
and interpreted.5

Both controls and cases were from same socioeconomic status and were involved in the same occupation.

Statistical analysis

The study was conducted at the Department of Physiology,
USM KLE International Medical Programme, Belagavi.
Study design: This is a comparative, case control study.
Duration of study: 8 months (April 2019 to November
2019)

Population under study

Sample size: A total of 130 subjects were recruited into the
study amongst which 70 were males and 60 were females.
Int J Cur Res Rev | Vol 12 • Issue 14 • July 2020

The data was statistically analyzed accordingly using SPSS
Version 20.00.
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1. All the parameter scores were expressed in Table III: Comparison of PFT parameters in tobacco
users and nonusers in males
terms of Mean ±SD
2. Independent ‘t test’ was performed to assess PFT
Controls n= 35 Cases n=35
P-value
Mean
±SD
Mean
±SD
the significant difference between two
FVC
3.11 ±0.93
2.26 ±0.72
0.0001*
groups with respective parameters
3. The statistical significance was set at 5% FEV1
2.88 ±0.85
2.14 ±0.68
0.0002*
level of significance (p<0.05)
FEV1 / FVC(%)
95.05±6.65
94.5±6.57
0.7321
RESULTS
In our study we had a total of 130 participants amongst which
70 (53.85%) were males and 60 (46.1%) were females.
The mean age in males was higher in cases than controls and
it was statistically significant but there was no significant
difference in the mean age of controls and cases in females.
It was observed that in both males and females there was
no significant difference in the anthropometric parameters
including height, weight and BMI of tobacco chewers and
non- chewers as shown in tables I and II.

PEFR

7.38±1.11

4.60±1.31

0.0001*

FEF0.2-1.2

6.40±1.18

4.92±1.91

0.0001*

FEF25-75

5.30±1.24

3.45±1.41

0.0001*

111.50±13.31

91.40±22.42

0.0001*

MVV

FVC (Forced Vital Capacity)
FEV1(Forced Expiratory Volume in first second)
PEFR (Peak Expiratory Flow Rate)
FEF0.2-1.2 (Forced expiratory flow between 0.2 to 1.2 L of expiration)
FEF25-75 (forced expiratory flow between 25% and 75% of FVC)
or MMFER (Maximum mid expiratory flow rate)
MVV (Maximal Voluntary Ventilation)

Table I: Comparison of Anthropometric parameters
of tobacco users and non users in males
Parameter

Controls n=35
Mean ±SD

Cases n=35
Mean ±SD

P-value

31.17±7.99

35.97±8.10

0.0150*

Height

168.82±6.22

169.20±6.35

0.6209

Weight

66.68±12.89

65.22±10.37

0.6040

23.42±3.87

22.69±2.77

0.3666

Age

BMI

Table II: Comparison of Anthropometric parameters
of tobacco users and non users in females
Parameter

Controls n=30
Mean ±SD

Casesn=30
Mean ±SD

P-value

29.72±7.11

29.96±5.46

0.8867

Height

159.25±6.46

156.35±5.80

0.0802

Weight

63.03±9.81

50.19±9.02

0.1303

BMI

24.80±3.21

24.32±4.14

0.6189

Age

In males, it is observed that there is an impairment of pulmonary functions in tobacco chewers compared to tobacco
non chewers. All pulmonary function parameters such as
FVC, FEV1, FEF 25-75%, FEF0.2-1.2, PEFR and MVV except
FEV1/FVC shows statistically significant difference between
chewing tobacco users and non users as shown in table III
and graph I.

Graph I: Comparison of PFT parameters in tobacco users and
nonusers in males

In females it is observed that, there is an impairment of pulmonary functions in tobacco chewers compared to tobacco
non chewers. The difference in the mean values of pulmonary function parameters such as FVC, FEV1, FEV1/FVC,
FEF25-75%, FEF0.2-1.2 , PEFR and MVV were highly significant in chewing tobacco users compared to non chewers as
shown in table IV and graph II.
Table IV: Comparison of PFT parameters in tobacco
users and nonusers in females
PFT

Controls n=30
Mean ±SD

Cases n=30
Mean ±SD

FVC

1.95±0.45

1.36±0.36

0.0001*

FEV1

1.70± 0.35

1.31±0.28

0.0001*

96.92 ±6.28

83.61 ±223.46

0.0068*

5.28 ±1.03

3.88 ±1.28

0.0001*

FEV1 / FVC(%)
PEFR
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Table IV: (Continued)
PFT
FEF0.2-1.2
FEF25-75
MVV

Controls n=30
Mean ±SD

Cases n=30
Mean ±SD

P-value

4.24±1.15

2.61±1.39

0.0001*

3.11±0.67

2.80±1.18

0.2116*

104.38±22.75

70.78±20.94

0.0001*

FVC (Forced Vital Capacity)
FEV1(Forced Expiratory Volume in 1st second).
PEFR (Peak Expiratory Flow Rate)
FEF0.2-1.2 (Forced expiratory flow between 0.2 to 1.2 L of expiration)
FEF25-75 (forced expiratory flow between 25% and 75% of FVC)
or MMFER (Maximum mid expiratory flow rate)
MVV (Maximal Voluntary Ventilation)

tween ‘khaini’ users and nonusers. They attributed it to be
due to a lack of intake of antioxidant rich food in their diet.
This makes them more vulnerable to tobacco-induced oxidative stress. Thus ‘khaini’ induced low pulmonary function
indices may be due to increased oxidative stress1.
In India it has been estimated that roughly one third of women and two-thirds of men use tobacco in one form or another.
Prevalence surveys in eight rural areas of India have shown
that smokeless tobacco use was 53% among men and 49%
among women. (WHO 1997) The various forms in which
tobacco is consumed are chewed form, sucked or applied to
teeth and gums. About 35–40% of tobacco consumption in
India is in smokeless forms.6
Previous studies have shown that low pulmonary function
indices in smokeless tobacco users may be attributed to oxidative stress resulting from imbalance between formation of
reactive oxygen species and antioxidants which may contribute to inflammation and chronic airway limitation.6
Thus in our study, the low pulmonary function indices in
tobacco chewers may be attributed to increased oxidative
stress.7 Similar findings were found by other studies.
It has been found in a study that there is an association between tobacco chewing and oral cancer, hypertension, heart
disease and other conditions. Respiratory system is also likely to be affected by it7. In our study similarly we also found
affection of respiratory system in tobacco chewers.

Graph II: Comparison of PFT parameters in tobacco users
and nonusers in females

DISCUSSION
In our study we found that there was no significant difference in the anthropometric parameters of both male and
female participants. There was no considerable difference
between the economic status of control and study group of
individuals.
In this study we observed that in both male and female participants there was reduction in all the PFT parameters including FVC, FEV1, FEF25-75, FEF.2-1.2, PEFR and MVV in
tobacco chewers compared to non chewers. The reduction
was statistically significant (p< 0.001). There was also reduction in FEV1/FVC ratio but it was not up to statistically
significant level in males but was statistically significant in
females. Reduction in all PFT parameters except FEV1/FVC
in male tobacco chewers suggests restrictive impairment in
lung functions.
A study done by Pramanik P., has reported similar results
in khaini users where all pulmonary function indices except
FEV1/FVC showed statistically significant difference beInt J Cur Res Rev | Vol 12 • Issue 14 • July 2020

There is a potential role of oxidative stress in airway obstruction. Inactivation of antiproteases, inflammation, infection,
direct cell damage, and disturbances in the antioxidant defense are primary mechanisms that appear to be involved in
tobacco chewers 8,9. Oxidative stress can cause inflammation
of respiratory epithelial cells and morphologic changes that
may lead to airway obstruction and ultimately alter pulmonary function10,11.

CONCLUSION
Thus in our study, we observed significant reduction in all
the pulmonary function test parameters except FEV1/FVC in
tobacco chewers compared to non tobacco chewers suggesting restrictive impairment in lung functions. The reduction
in values of pulmonary function test parameters in tobacco
chewers suggests there occurs adverse effect on lung function by the use of smokeless tobacco.
Hence we conclude that the use of smokeless tobacco in the
form of chewing has deleterious effects on lung functions
and hence smokeless tobacco should not be considered as
a safe alternative to smoking. Due to the large number of
tobacco chewers in our country, further studies may be required to identify the effects of tobacco chewing not only on
26

Shindhe et al.: A study on effect of smokeless tobacco on pulmonary function tests in class iv workers of usm-kle ...

pulmonary functions but also on other systems of the body.
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Abstract
Prohibitins (PHBs) are evolutionarily conserved mitochondrial integral membrane proteins, shown to regulate mitochondrial structure and
function, and can be classified into PHB1 and PHB2. PHB1 and PHB2 have been shown to interact with each other, and form heterodimers
in mitochondrial inner membrane. Plasmodium falciparum has orthologues of PHB1 and PHB2 in its genome, and their role is unclear.
Here, by homology modelling and yeast two‑hybrid analysis, we show that putative Plasmodium PHBs (PfPHB1 and PfPHB2) interact with
each other, which suggests that they could form supercomplexes of heterodimers in Plasmodium, the functional form required for optimum
mitochondrial function.
Keywords: Mitochondria, Plasmodium falciparum, prohibitins, supercomplex, yeast two-hybrid analysis

Introduction
Prohibitins (PHBs) cluster into PHB1 and PHB2, and these
proteins share >50% similarity, and are evolutionarily conserved
across all phyla.[1] PHBs, along with stomatin, flotillin and
HflK/C, belong to the SPFH family.[2] Alternating blocks of
PHB1 and PHB2 form high‑molecular‑weight complexes (~1.2
MDa) in the mitochondrial inner membrane.[3] PHBs are made
up of an N‑terminal transmembrane domain, a conserved PHB
domain and a C‑terminal coiled‑coil domain through which
the two PHBs interact with each other.[4] Even though PHBs
are considered to be pleiotropic proteins with diverse cellular
functions, their role in mitochondrial function has been of
considerable interest.[1,5] In mitochondria, PHBs maintain the
copy number and organisation of mitochondrial DNA, support
mitochondrial protein synthesis, act as membrane‑bound
chaperones in assisting respiratory complex assembly, maintain
structural integrity, regulate respiratory complex assembly
and respiration and are thought to serve as protein and lipid
scaffolds in mitochondria.[1,5]
Mitochondrial electron transport chain (mtETC) in Plasmodium
falciparum (Pf) is an established drug target.[6] Atovaquone, an
inhibitor of the bc1 complex of the mtETC, is already in clinical
Access this article online
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use, and drug discovery efforts have led to the advancement of
ELQ‑300, a mtETC inhibitor as a pre‑clinical drug candidate.
[7]
Given the importance of mtETC as an attractive drug
target, it is a high priority that we understand the structure
and functional importance of the mitochondrial membrane
proteins in Plasmodium. Pf contains two PHBs: PfPHB1
and PfPHB2. In addition, stomatin‑like protein and unusual
PHB‑like protein are also present in the Plasmodium genome.
PHB1 and PHB2 of Plasmodium berghei (Pb) localise to the
mitochondria, and are suggested to be essential.[8] Here, based
on homology modelling, and yeast two‑hybrid studies, we
show that PfPHB1 and PfPHB2 are structurally similar to other
PHBs, and physically interact with each other, presumably to
form heterodimers, required for regulating the structure and
function of mitochondria.
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The constructs, pGADC1:PfPHB1 and pGBDUC1:PfPHB2,
were transformed into PJ69‑4A yeast cells using the lithium
acetate method.[11] The cells transformed with empty pGADC1
and pGBDUC1 were used as negative control. Two‑hybrid
interactions were tested with the yeast strain PJ69‑4A which has
the ADE2 reporter gene. The transformed strains were grown
in SC‑Ura‑Leu medium till log phase at 30°C. Tenfold serial
dilutions were prepared starting with an equal optical density
of 0.5 OD ml−1 and spotted on the control plate (Sc‑Ura‑Leu)
and experimental plate (Sc‑Ura‑Leu‑Ade) to test the strength
of the protein–protein interaction. The plates were incubated at
30°C for 72 h. The colonies on the control plate were observed
from the 2nd day of incubation. The colonies in the experimental
plate (Sc‑Ura‑Leu‑Ade) were observed after 3 days, and
their growth was slow compared to that of the control plate
(Sc‑Ura‑Leu). Growth was measured in liquid media, and the
number of cells in the media was equalised before spotting.
Transformation efficiency and expression of URA3 and LEU2
genes in the plasmids were assessed by the growth of colonies
in the SC‑Ura‑Leu plates. Two random clones were taken to test
the strength of protein–protein interaction, and both the clones
responded equally. Both the clones grew till the third dilution
(10−3) on SC‑Ura‑Leu‑Ade plates, which suggests a strong
interaction between PfPHB1 and PfPHB2, as shown in Figure 1e.

Methods
Homology modelling

Phyre2 (Protein Homology/Analog Y Recognition Engine)[9]
server was used to predict the protein structure of PfPHB1 and
PfPHB2 (http://www.sbg.bio.ic.ac.uk/phyre2). The output of
Phyre2 was analysed using RasMol as shown in Figure 1. After
Phyre2 prediction, PfPHB1 and PfPHB2 were modelled based
on the crystal structure of a core stomatin domain (chain c) of
c3bk6c from Pyrococcus horikoshii. The confidence rate of
prediction is >99.9%, with 57% and 51% sequence coverage
for PfPHB1 and PfPHB2, respectively.
Interacting sites in PfPHB1 and PfPHB2 modelled protein
structures were determined in the Phyre2 web portal for
protein modelling, prediction and analysis,[9] and the interacting
residues are shown in red for PfPHB1 and PfPHB2 [Figure 1c
and d]. Two continuous interface regions are seen in PfPHB1
and PfPHB2, and the sequences are FQTPYIY‑IK/HLSYGK‑A
and FERSIIY‑VR/HLSFSN‑E, respectively. These amino
acids could facilitate interaction with one another and with
other proteins.

Yeast two‑hybrid analysis

Yeast two‑hybrid experiments were carried out to identify the
interaction between PfPHB1 and PfPHB2. Yeast two‑hybrid
assay was done as described by James et al.[10] using the
pGADC1 and pGBDUC1 plasmids encoding GAL4 activation
domain and DNA‑binding domain, respectively.
a

b

Results and Discussion
PHB1 and PHB2 have been found to be integral membrane
c

d

e

Figure 1: Phyre2 predicted structures of PfPHB1 (a) and PfPHB2 (b). The colour bars represent the quality of prediction. ProQ2 quality assessment
algorithm was used to predict the local and global quality of the protein model. The quality (bad to good) of PfPHB1 and PfPHB2 models is represented
by the colour scale (a and b). Protein–protein interface residues of PfPHB1 (c) and PfPHB2 (d) interface (red) and non‑interface (blue) residues are
represented in different colours. (e) Yeast two‑hybrid analysis of PfPHB1 and PfPHB2. pGDBUC1 and pGADC1 represent empty plasmids. pGADC1:PfPHB1
represents full‑length PfPHB1 in pGADC1 plasmid. pGDBUC1:PfPHB2 indicates full‑length PfPHB2 in pGDBUC1 plasmid. The control plate: Sc‑Ura‑Leu
and experimental plate: Sc‑Ura‑Leu‑Ade shows spots with increasing order of dilution
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proteins of the mitochondrial inner membrane.[3] PHB1 and
PHB2 physically interact, and the PHB complex is considered
to be the physiologically active form as loss of one subunit leads
to the degradation of the other.[12] Yeast has been shown to be
an excellent heterologous model system to study the function
of Plasmodium proteins.[13] Homology modelling predicts the
presence of putative interacting sites in PfPHBs. Yeast two‑hybrid
experiments show that PfPHB1 and PfPHB2 strongly interact
with each other. These experiments strongly suggest that PfPHBs
could make similar physiological interactions in the Plasmodium
mitochondrion. Native page experiments on isolated Plasmodium
mitochondria will help us identify the size of the PHB complex.
Knockdown of PHBs in other organisms has been shown
to disrupt the mitochondrial morphology.[14,15] Processes
regulating mitochondrial morphology and mitochondrial DNA
organisation and maintaining copy number in Plasmodium
are poorly understood, and PfPHBs may play an important
role. Attempts to knockout PHB1 and PHB2 in Pb have
been unsuccessful.[8] Whole‑genome saturation screen in Pf
suggests that PHB2 is non‑mutable in the coding sequence.
[16]
Overall, we provide an important mechanical insight into
the functioning of PfPHB1 and PfPHB2 by showing that they
physically interact with each other. Future studies should focus
on understanding the role of PHB1 and PHB2 in Pf biology.
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Abstract
Context Regional variation in prevalence of genetic mutations in growth hormone deficiency (GHD) is known.
Aim Study phenotype and prevalence of mutations in GH1, GHRHR, POU1F1, PROP1 genes in GHD cohort.
Methods One hundred and two patients {Isolated GHD (IGHD): 79; combined pituitary hormone deficiency (CPHD): 23}
with orthotopic posterior pituitary were included. Auxologic, hormonal and radiological details were studied. All four genes
were analysed in IGHD patients. POU1F1 and PROP1 were studied in CPHD patients.
Results Of 102, 19.6% were familial cases. Height SDS, mean (SD) was − 5.14 (1.63). Peak GH, median (range) was 0.47 ng/
ml (0–6.59), 72.5% patients had anterior pituitary hypoplasia (APH). Twenty mutations (novel: 11) were found in 43.1%
patients (n = 44, IGHD-36, CPHD-8). GHRHR mutations (n = 32, p.Glu72* = 24) were more common than GH1 mutations
(n = 4) in IGHD cohort. POU1F1 mutations (n = 6) were more common than PROP1 mutations (n = 2) in CPHD cohort.
With few exceptions, this prevalence pattern is contrary to most studies in world-literature. No patients with peak GH > 4 ng/
ml had mutations, signifying it as negative predictor. While many parameters were significant on univariate analysis, only
positive family history and lower median peak GH levels were significant predictors of mutations on multivariate analysis
in IGHD patients.
Conclusion At variance with world literature, we found reverse predominance of GHRHR over GH1 mutations, POU1F1
over PROP1 mutations and predominance of GHRHR p.Glu72* mutations thus re-affirming the regional diversity in GHD
genetics. We report positive and negative predictors of mutations in GHD.
Keywords Isolated growth hormone deficiency (IGHD) · Combined pituitary hormone deficiency (CPHD) · Short stature ·
GH1 · GHRHR · POU1FI · PROP1 · Regional diversity
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PROP1	PROP paired-like homeobox 1
POU1F1	POU class 1 homeobox 1
EPP	Ectopic posterior pituitary
PSIS	Pituitary stalk interruption syndrome
IGF-1	Insulin like growth factor 1
SDS	Standard deviation score
GH	Growth hormone
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BLAST	Basic local alignment search tool
ExAC	Exome aggregation consortium
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Introduction
Although influenced by multiple environmental factors,
human growth remains a highly heritable trait [1]. Growth
hormone deficiency (GHD) is the commonest congenital
pituitary hormone deficiency presenting as isolated GHD
(IGHD) or as component of combined pituitary hormone
deficiency (CPHD) [2, 3]. Generally, different genes are
implicated in pathogenesis of IGHD and CPHD, though
GHD can be the first manifestation of CPHD [2, 3]. Common genes implicated in IGHD include GH1 (growth hormone 1) and GHRHR (growth hormone-releasing hormone
receptor), while those in CPHD include PROP1 (PROP
paired-like homeobox 1), POU1F1 (POU class 1 homeobox 1), HESX1, LHX3, LHX4, SOX2, SOX3, OTX2 and
GLI2 [1–4]. With use of next-generation sequencing, this
list continues to grow. Up-to 3–30% of GHD patients are
familial [1–3]. Study of genetics helps in enhancing patient
care by enabling opportunities for genetic counselling, early
diagnosis, and timely initiation of hormone replacement
therapy. Knowing certain consistent genotype–phenotype
associations like rarity of mutations in later-acting transcription factor genes (POU1F1, PROP1) in patients with ectopic
posterior pituitary (EPP) or pituitary stalk interruption syndrome (PSIS) may direct study of specific genes [5]. Similarly, the absence of other hormone deficiencies in patients
with GHRHR mutations, and that of corticotropin or gonadotropin deficiency in those with POU1F1 mutations may
influence clinical follow-up [2, 5]. Moreover, ethnic-specific
differences in prevalence of specific genetic mutations are
known [4, 6–8]. This information might help in prioritising genetic testing in specific populations, thus, emphasising need for genetic characterisation of regional cohorts of
GHD patients. In this sense, comprehensive genetic studies on Asian-Indian patient cohorts are limited [9, 10]. We
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aim to study phenotypic characteristics and prevalence of
mutations in four common genes (GH1, GHRHR, POU1FI1,
and PROP1) in a cohort of consecutive GHD patients from
western India.

Patients and methods
After approval from Institutional Ethics Committee II, Seth
GS medical college and KEM hospital, Mumbai, 145 consecutive, unrelated probands with idiopathic GHD were
evaluated. Patients having EPP/PSIS (n = 30) and septooptic dysplasia (n = 7) were excluded as these features are
rarely reported in patients with GH1, GHRHR, POU1F1,
and PROP1 mutations [2, 5]. Six patients were excluded for
inadequate phenotypic data. Thus, final cohort consisted of
102 patients. Written informed consent was taken from the
patients and/or their parents.
Diagnosis of GHD was based on peak GH value < 7 ng/
ml for those less than 18 years of age, or < 3 ng/ml for those
with ≥ 18 years of age, on at-least one GH stimulation test
(clonidine stimulation test, insulin tolerance test or glucagon stimulation test) and low serum insulin-like growth
factor 1 (IGF1) level. Sex steroid priming was done in children ≥ 8 years old and tanner staging ≤ 2 with estradiol valerate tablets (1–2 mg OD) for three days prior to testing [11].
Absence of acquired causes (e.g. systemic illness, intracranial masses, cranio-spinal radiation) was ascertained.
Following phenotypic details were recorded: age at presentation, gender, family history of consanguinity and that of
similar affection of other members. Auxological parameters
like height-SDS, weight-SDS, mid-parental height, sexual
maturity by Tanner staging and bone-age were recorded.
Following hormonal parameters were recorded: peak GH
on any of the GH stimulation tests (as mentioned above),
serum levels of IGF1, free/total T3, free/total T4, TSH,
prolactin, 8.00 am cortisol, FSH, LH and total testosterone. Central hypothyroidism was defined as low free/total
T4 with low or inappropriately normal TSH levels. Central hypo-cortisolism was defined as 8.00 am serum cortisol < 5 µg/dl, and/or serum cortisol < 18 µg/dl during insulin
tolerance test (whenever available). Central hypogonadism
was defined as absence of pubertal onset/progression with
low or inappropriately normal serum FSH and LH levels
with bone age > 13 years in females or > 14 years in males.
Serum prolactin level < 5 ng/ml was indicative of prolactin deficiency. ACTH and TRH stimulation tests were not
performed due to limited availability of these drugs at our
centre. GHD patients developing one additional pituitary
hormone deficiency (thyroid, cortisol or gonadal axes) till
last available follow up were considered to have CPHD. All
hormonal measurements were done by chemiluminescence
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assay (Advia Centaur CP) with intra and inter-assay coefficients of variation less than 8 and 10% respectively.
MRI (1.5 T) of brain and pituitary was done with gadolinium contrast and read by single radiologist. Following
parameters were recorded: anterior pituitary height (mm),
location of posterior pituitary (ectopically placed or normal),
morphology of pituitary stalk (interrupted or continuous),
optic nerves (normal or hypoplastic) and midline brain structures (corpus callosum and septum pellucidum abnormalities). Maximum height of pituitary was measured perpendicular to sella turcica and considered hypoplastic when less
than − 2 SD of normal [12].

Genotyping
We studied four genes (GH1 (ENSG00000259384), GHRHR
(ENSG00000106128), PROP1 (ENSG00000175325) and
POU1F1 (ENSG00000064835)) in IGHD patients. Only
PROP1 and POU1F1 were studied in CPHD patients.
Genomic DNA was isolated from peripheral blood leukocytes by standard techniques. PCR primers were designed
to amplify exons, intron–exon boundaries, 5′/3′ untranslated
regions and promoter regions. PCR reactions were standardized using GoTaq Green Master mix (Promega). Capillary
DNA sequencing was carried out using BigDye® Terminator v3.1 cycle sequencing kit chemistry on ABI PRISM®
3100 Genetic Analyzer. The sequence obtained was aligned
against primary assembly of human genome (GRCh37.
p10) using Basic Local Alignment Search Tool (BLAST).
ExAC, 1000 Genomes and gnomAD databases were used to
find frequency of novel variations, which were reported to
ClinVar databases to obtain accession numbers. In patients
who were found to be mutation negative, multiplex ligationdependent probe amplification (MLPA) was done to assess
large deletions. Whenever possible, first degree relatives
were screened for variations observed in index cases. Novel
variants were considered pathogenic/likely pathogenic if insilico tools (human splice site finder, Mutation Taster, Polyphen-2 and Sort Intolerant From Tolerant) predicted them
to be damaging and minor allele frequency was < 1% on the
above databases [3].

Statistical analysis
Categorical variables were represented as actual numbers/
percentages and differences between them were compared
using chi-square test or Fisher exact t test. Continuous variables were expressed as mean ± SD or median and compared using independent “t” test or Mann–Whitney U test.
P value < 0.05 was considered significant. Multiple regression analysis was done for predictors of mutation positivity.
Data were analysed using software SPSS version 23.0 (SPSS
software, IL, Chicago, SA).

Results
Study cohort included 102 index patients (males: 57,
females: 45); 79 patients had IGHD (males: 46, females:
33) and 23 patients had CPHD (males-11, females-12).
Eighty-two patients (IGHD: 64, CPHD: 18) were apparently
sporadic (AS) while family history of similar affection was
present in 20 patients (IGHD: 15, CPHD: 5). Twenty-six
patients (25.4%) had history of consanguinity. Few patients
had significant perinatal history in the form of documented
hypoglycaemic events (n = 5, IGHD-3, CPHD-2). Amongst
the 57 male patients, 2 had history of micropenis at birth
(IGHD-1, CPHD-1). Table 1 summarises baseline characteristics of patients.
With mean height-SDS of − 5.14 and 86% patients having
peak GH < 3 ng/ml, our cohort predominantly had patients
with severe GHD. In CPHD cohort, other than GH axis,
thyroid (n = 17, 73.9%) was the commonest axis involved
followed by prolactin (n = 10, 43.4%), gonadotropin (n = 9,
39.1%), and cortisol (n = 4, 17.4%) axes. The commonest
deficiency pattern was that of GH + TSH + prolactin deficiency (n = 7, 30.4%) followed by GH + gonadotropin deficiency (n = 5, 21.7%). MRI was available in all patients.
Anterior pituitary hypoplasia (APH) was observed in 72.5%
patients (n = 74, IGHD-56, CPHD-18).
Twenty different mutations were found in four genes
(GH1, GHRHR, PROP1, POU1F1) in 44 patients (43.1%),
out of which 11 were novel (Tables 2, 3). Mutation yield
was higher in familial cases (19/20, 95%) than in sporadic
patients (25/82, 30.4%).

IGHD cohort
Thirty-six IGHD patients (36/79, 45.5%) had mutations
(GH1: 4 patients, GHRHR: 32 patients). Expectedly, mutation positivity was higher in familial (93%, 14/15) than in
sporadic cases (34.3%, 22/64). On univariate analysis, mutation positive patients had significantly higher prevalence of
familial cases and APH, lower peak GH and IGF1 levels
than mutation negative patients (Table 4). Rate of mutation
positivity declined with increasing peak GH values (63.2%
in patients with peak GH < 1 ng/ml, 24% in patients with
peak GH 1–4 ng/ml and none in those with peak GH > 4 ng/
ml). However, in multivariate analysis, positive family history and lower peak GH levels were the only significant predictors for mutation positivity.

GH1 gene
One patient had splice-site mutation while three had deletions in GH1 gene. The patient with splice site mutation had
presented at 14.5 years of age with severe growth failure

13

Pituitary
Table 1  Baseline characteristics of the patients

Phenotype
Median age (months)
Males (%)
Familial cases (%)
Consanguinity (%)
Prevalence of hypoglycaemic episodes
(n = 92)
Prevalence of micropenis (n = 98)
Mean birth weight SDS (± SD)
(n = 53)
Mean Ht SDS (± SD)
Mean MPH SDS (± SD)
Mean Ht SDS-MPH SDS (± SD)
Mean BMI SDS (± SD)
Mean BA/CA
Median Peak GH (range)
Patients with peak GH < 1 ng/ml
Median IGF1 (range)
MRI APH (%)
Genotype
Total mutation positivity (%)
Familial (%)
Sporadic (%)

Complete cohort (n = 102)

IGHD
(n = 79)

CPHD
(n = 23)

P value

139 (2–672)
57 (55.9)
20 (19.6)
26 (25.5)
5.4%
(5/92)
2.04%
(2/98)
− 1.65 (± 1.50)
(n = 53)
− 5.14 (± 1.63)
− 1.3 ± 0.90
− 3.83 (± 1.92)
− 0.57 ± 1.36
0.58 ± 0.22
0.47 (0.01–6.59)
64.3%
25 (25–165)
72.5%

142 (24–672)
46 (58.2)
15 (19)
20 (25.3)
4.2%
(3/70)
1.3%
(1/75)
− 1.49 (± 1.46)
(n = 39)
− 5.05 (± 1.22)
− 1.31 ± 0.94
− 3.69 ± 1.57
− 0.66 ± 1.33
0.59 ± 0.21
0.54 (0.01–6.59)
62.02%
25 (25–165)
70.8%

118 (2–480)
11 (47.8)
5 (21.7)
6 (26.1)
9%
(2/22)
4.3%
(1/23)
− 2.09 (± 1.55)
(n = 14)
− 5.44 (± 2.62)
− 1.25 ± 0.78
− 4.30 ± 2.82
− 0.27 ± 1.46
0.55 ± 0.22
0.35 (0.02–3.92)
72%
25(25–99)
78.2%

0.453
0.475
0.489
1.00
0.69

44 (43.1%)
19/20 (95%)
25/82 (30.4%)

36 (45.5%)
14/15 (93.3%)
22/64 (34.3%)

8 (34.7%)
5/5 (100%)
3/18 (16.6%)

0.67
0.44
0.482
0.774
0.352
0.256
0.454
0.145
0.499
0.929
0.256
0.363

IGHD isolated growth hormone deficiency, CPHD combined pituitary hormone deficiency, M male, F female, Ht height, SDS Standard Deviation Score, SD standard deviation, MPH mid-parental height, Wt weight, BMI body mass index, BA bone age, CA chronological age, GH growth
hormone, IGF1 insulin like growth factor 1, APH anterior pituitary hypoplasia

(height SDS: − 7.8) and very low GH/ IGF1 levels (Table 2).
He was born to normal statured parents having consanguineous marriage and had younger brother similarly affected
with IGHD. Due to financial constraints, he received intermittent GH therapy, and showed good response. Both siblings were homozygous for novel intron 1 splicing acceptor
site mutation (c.11-2A > G). Their mother was heterozygous
for same mutation, while father’s sample was un-available
for analysis (Supplementary Fig. S1 Pedigree 1).
Three patients had same deletion involving exons 3, 4 and
5 in GH1 gene (2: homozygous, 1: heterozygous) All three
were sporadic cases, had presented early (by 5 years of age)
with severe growth failure and almost undetectable IGF1/
GH levels (Table 2). Two of them had APH. One patient
couldn’t afford GH treatment, while other two patients
showed good response to GH therapy over follow up of 6
and 10 years respectively.
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GHRHR gene
Nine different mutations (novel: 5) were found in 32
patients (29: homozygous, 3: compound heterozygous).
Thirteen patients (40%) were familial cases. Of 19 sporadic
patients, 7 (36.8%) had history of consanguinity. Previously
reported p.Glu72* was the commonest mutation, found in 24
patients (22: homozygous, 2: compound heterozygous) thus
accounting for its remarkable prevalence of 30% in overall
IGHD cohort, 22% in sporadic and 66% in familial IGHD
patients. Three other previously reported mutations were:
p.Arg161Trp (n = 2, 1: homozygous, 1: compound heterozygous), p.Arg94Trp (n = 1) and p.Arg94Leu (n = 2) (Table 2).
We found five novel mutations in 6 patients (Table 3). Out
of them, we have separately published one novel gross indel
g.30999250_31006943delinsAGAGATCCA in two nonconsanguineous families [13]. Other four novel mutations
were: a. p.His165Gln in compound heterozygous state with
previously reported p.Arg161Trp in one apparently sporadic
patient (Supplementary Fig. S1 Pedigree 2) b. p.Arg94Gln

Sex consanguinity

− 7.5

10

25
9.3
14.5
23
7
38
16.3
8

16
14.7
9
11.8
13.3
16.4
15.1
12.5
11
12.8

6

7
8
9
10
11
12
13
14

15
16
17
18
19
20
21
22
23
24

M
M
F
F
M
M
F
M
F
M

M
M
M
M
F
M
F
F

F

N
Y
Y
Y
Y
N
N
N
Y
N

N
Y
N
Y
Y
N
N
N

N

Y
Y
Y
N
N
N
N
N
N
N

Y
Y
Y
Y
Y
Y
Y
Y

Y

− 3.5
− 4.9
− 5.3
− 3.9
− 4.3
− 5.7
− 5.5
− 5.3
− 5.5
− 4.4

− 6.3
− 6.3
−5
− 5.4
− 5.1
− 4.1
− 5.2
−5

− 6.7

− 5.3

N

N

Patients with GHRHR mutations (n = 32)
5
8
M N
Y

F

N

− 7.8
− 8.3

− 5.2

2.4

4

M

Y
N

− 0.2
0.7
− 1.1
0
0.1
− 0.9
0.4
− 2.9
− 1.6
− 0.9

0.2
− 1.3
− 1.1
− 1.6
0.4
–
− 1.4
0.1

− 0.4

− 2.2

− 1.6

−2

− 2.6
− 1.6

0.68
0.09
0.2
0.05
0.12
0.21
0.05
0.36
0.49
0.33

0.25
2.15
0.06
0.06
0.4
0.67
0.05
0.45

0.9

1.78

0.05

0.00

0.05
0.05

Familial Ht SDS BMI SDS Peak GH
(ng/ml)

N

2

3

Patients with GH1 mutations (n = 4)
1
14.5
M Y
2
5.4
M N

Sr. no. Age
(years)

Table 2  Phenotype–genotype of all mutation positive IGHD/CPHD patients

< 25
< 25
< 25
< 25
40
< 25
< 25
< 25
NA
30

< 25
NA
< 25
39
< 25
< 25
NA
NA

< 25

28.5

< 25

< 25

< 25
< 25

IGF1 (ng/
ml)

Y
Y
N
Y
Y
Y
Y
N
Y
Y

Y
Y
Y
Y
Y
N
Y
Y

Y

Y

Y

N

Y
Y

–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

–

–

–

–

–
–

APH Free T4/
Total T4
(ng/ml or
mcg/dl)

–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

–

–

–

–

–
–

–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

–

–

–

–

–
–

–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

–

–

–

–

–
–

TSH
PRL Other
mIU/L ng/ml hormonal
deficiencies

c.214G > T
/g.30999250_
31006943delinsAGA
GATCCA#
g.30999250_
31006943delinsAGA
GATCCA#
c.214G > T
c.481C > T
c.214G > T
c.214G > T
c.214G > T
c.214G > T
c.214G > T
c.214G > T /
c.281G > A #
c.214G > T
c.164G > T #
c.214G > T
c.214G > T
c.214G > T
c.214G > T
c.418 T > C #
c.214G > T
c.214G > T
c.214G > T

c.11-2A > G #
Exons 3,4 and 5 deletion
Exons 3,4 and 5 deletion
Exons 3,4 and 5
deletion¶

Nucleotide change

Mutation

p.Glu72*
p.Arg161Trp
p.Glu72*
p.Glu72*
p.Glu72*
p.Glu72*
p.Glu72*
p.Glu72*
/p.Arg94Gln#
p.Glu72*
p.Cys55Phe #
p.Glu72*
p.Glu72*
p.Glu72*
p.Glu72*
p.Ser140Pro#
p.Glu72*
p.Glu72*
p.Glu72*

INDEL#

p.Glu72* /INDEL#

Protein truncation

Protein truncation

Aberrant splicing
Protein truncation

Protein change

Pituitary

13

13

5

F

N

N

− 5.8

1

0.7

−5
3.92

0.08

0.05
NA

0.06
0.51
0.02
0.05

0.23
2.9
0.05
3.9
0.145

1.12
0.12
0.05
0.71
0.05
0.24
0.39

NA

< 25

< 25
< 25

< 25
42
< 25
NA

< 25
NA
NA
< 25
< 25

NA
NA
35
< 25
< 25
NA
NA

IGF1 (ng/
ml)

N

Y

Y
Y

Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
N
Y
Y
N

0.7/–

0.22/–

–/0.1
–/1

0.2/–
–/1
–/0.7
–/1

–
–
–
–
–

–
–
–
–
–
–
–

APH Free T4/
Total T4
(ng/ml or
mcg/dl)

0.6

4

0.01
0.01

0.006
0.05
< 0.01
< 0.01

–
–
–
–
–

–
–
–
–
–
–
–

10

1.4

0.5
0.19

0.28
0.4
0.5
< 0.5

–
–
–
–
–

–
–
–
–
–
–
–

T,G

T,G

T,P
T,P

T,P
T,P
T,P
T,P

–
–
–
–
–

–
–
–
–
–
–
–

TSH
PRL Other
mIU/L ng/ml hormonal
deficiencies

Aberrant splicing
p.Arg265Trp
p.Gln92*#/
p.Arg125Trp
p.Ser38Profs123*#

c.215-3C > G#
c.793C > T
c.274C > T#/
c.373C > T
c.110_122delACT
CGAGTCCTCC#

#

p.Glu250*
Aberrant splicing
Aberrant splicing
p.Arg213Lysfs*12#

p.Glu72*
p.Glu72*
p.Glu72*
p.Glu72*
p.Glu72*
p.Glu72*
p.Arg161Trp /
p.His165Gln#
p.Glu72*
p.Arg94Leu
p.Arg94Trp
p.Arg94Leu
p.Glu72*

Protein change

c.748G > T
c.665 + 1G > T#
c.605-1G > A
c.634_638delGAAAG

c.214G > T
c.214G > T
c.214G > T
c.214G > T
c.214G > T
c.214G > T
c.481C > T /
c.495C > A #
c.214G > T
c.281G > T
c.280C > T
c.281G > T
c.214G > T

Nucleotide change

Mutation

Heterozygous state

Novel mutations

¶

#

IGHD isolated growth hormone deficiency, CPHD combined pituitary hormone deficiency, Ht height, SDS standard deviation score, Wt weight, APH anterior pituitary hypoplasia, M male, F
female, Y yes, N no, NA not available, T TSH deficiency, P prolactin deficiency, G gonadotropin deficiency

Normal range: TotalT4: 4.5–12.5 µg/dl, F
 T4: 0.8–1.8 ng/dl, TSH: 0.4–4.0uIU/ml, Prolactin: 5–25 ng/ml, IGF1: Age specific normal ranges were considered

44

− 3.1
− 1.5

− 13
− 3.6

− 1.8
0.1
1.6
2.3

− 8.3
− 6.1
− 8.1
− 10.6

41
0.5
F
N
N
42
0.1
F
Y
Y
Patients with PROP1 mutations (n = 2)
43
19
F
N
Y

− 1.7
− 1.4
− 0.3
2.1
− 0.9

− 1.9
− 0.4
0.2
− 1.8
− 0.6
0.2
0.6

− 6.6
− 5.2
− 4.7
−4
− 5.2

N
Y
N
N
Y
N
N

32
8
M N
N
33
17.2
M Y
N
34
13
F
N
N
35
16
M Y
N
36
7
F
N
N
Patients with POU1F1 mutations (n = 5)
37
0.5
F
Y
Y
38
0.33
M Y
Y
39
1.5
F
N
Y
40
5
M N
N

M
F
F
F
M
F
M

Familial Ht SDS BMI SDS Peak GH
(ng/ml)

− 4.8
− 4.7
− 5.1
− 5.3
− 4.4
− 4.5
− 4.9

11.6
10.8
12
2.4
12.3
9
7

Sex consanguinity

N
N
N
N
N
N
N

25
26
27
28
29
30
31

Sr. no. Age
(years)

Table 2  (continued)
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Intron 1

GH1
1

c.281G > A

c.164G > T

c.418 T > C

c.495C > A

2

3

4

5

Exon 6

Exon 5

Exon 3

Exon 4

GHRHR
1
g.30999250_31006943delinsAGA 5′ Regulatory
GATCCA
region and
Exon 1

c.11-2A > G

Location

S. no. Nucleotide Change

Table 3  Details of novel mutations found in our cohort

Missense

Missense

Missense

Missense

Indel

Splice site

Type of Mutation

Loss of 5′ regulatory region harbouring POU1F1
binding sites (P1
and P2) and exon
1 which codes
for the signal
peptide
p.Arg94Gln
affecting extracellular domain
p.Cys55Phe
affecting extracellular domain
p.Ser140Pro
affecting transmembrane
domain
p.His165Gln
affecting transmembrane
domain

Aberrant splicing

0

0.000008
(0)*
0.00002654
(0)*
0

0

AR
AR
AR

AR

0

AR

AR

Effect and location Inheritance ExAC
of Protein change
MAF

Disease causing

Disease causing

Disease causing

Disease causing

–

Disease causing

Mutation
Taster

–

–

POLY-PHEN
2

–

Alteration of
WT acceptor site, most
probably
affecting splicing

Human Splice
Finder

Damaging Probably dam- –
aging

Damaging Probably dam- –
aging

Damaging Probably dam- –
aging

Damaging Probably dam- –
aging

–

–

SIFT

Pituitary

13

13

c.215-3C > G

c.634_638delGAAAG

3

Exon 5

Intron 2

Intron 5

POU1F1
1
c.665 + 1G > T

2

Location

S. no. Nucleotide Change

Table 3  (continued)

Frameshift

Intronic

Splice site

Type of Mutation

0

p.Arg213Lysfs*12 AR
Premature
truncation with
mutant protein
devoid of DNAbinding domain
and probable
complete loss of
function

0

0

AR

AR

Aberrant splicing

Aberrant splicing

Effect and location Inheritance ExAC
of Protein change
MAF

Disease causing

Disease causing

Disease causing

Mutation
Taster

–

–

–

SIFT

–

–

–

POLY-PHEN
2

1. Alteration
of WT donor
site, most
probably
affecting splicing
2. Activation
of an intronic
cryptic donor
site; potential
altering of
splicing
1. Alteration
of the WT
acceptor site,
most probably
affecting splicing
2. Activation
of an intronic
cryptic acceptor site: potential altering of
splicing
–

Human Splice
Finder

Pituitary

c.110_122delACTCGAGTCCTCC Exon 2

Exon 2

PROP1
1
c.274C > T

2

Location

S. no. Nucleotide Change

Table 3  (continued)

Frameshift

Nonsense

Type of Mutation
AR
p.Gln92*
Premature Truncation with mutant
protein devoid
of both DNAbinding and
transactivation
domains with
complete loss of
function
p.Ser38Profs123* AR
Frameshift after
37 amino acids
of the open reading frame, with
premature stop
codon at position
480. The resultant159aa protein
would lack DNA
binding and
transcriptional
activation functions

Disease causing

Disease causing

0

Mutation
Taster

0

Effect and location Inheritance ExAC
of Protein change
MAF

–

–

SIFT

–

–

POLY-PHEN
2

–

–

Human Splice
Finder

Pituitary
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Table 4  Predictors of Mutations in IGHD and CPHD Cohorts
IGHD Cohort (n = 79)

Median age at presentation (Months)
Males
Familial (%)#
Consanguinity (%)
Mean birth weight SDS (± SD)
(n = 53)
Mean BA/CA
Ht SDS (mean ± SD)
MPH SDS (mean ± SD)
Ht SDS-MPH SDS (mean ± SD)
BMI SDS (mean ± SD)
Median IGF-1 in ng/ml (Range)
Median Peak GH in ng/ml (Range)#
APH (%)

CPHD Cohort (n = 23)

Mutation + ve
(n = 36)

Mutation −ve
(n = 43)

P value

Mutation + ve
(n = 8)

Mutation −ve
(n = 15)

P value

147.53 ± 80.5
20 (55.5%)
14 (38.9%)
13 (36.1%)
− 1.19 ± 1.35
(n = 21)
0.61 ± 0.24
− 5.30 ± 1.058
− 1.34 ± 1.16
− 4.00 ± 1.46
− 0.78 ± 1.08
25 (25–40.4)
0.22 (< 0.01–3.9)
32 (88.9%)

156.88 ± 112.09
26 (60.5%)
1 (2.3%)
7 (16.3%)
− 1.84 ± 1.55
(n = 18)
0.58 ± 0.2
− 4.83 ± 1.31
− 1.29 ± 0.7
− 3.41 ± 1.63
− 0.56 ± 1.51
29.9 (25–165)
1.51 (< 0.01–6.59)
24 (55.8%)

0.668
0.819
< 0.0001
0.068
0.17

48.00 ± 76.69
2 (25%)
5 (62.5%)
3 (37.5%)
− 1.12 ± 0.97
(n = 5)
0.32 ± 0.17
− 7.56 ± 3.1
− 1.41 ± 0.75
− 6.15 ± 3.56
− 0.09 ± 1.87
25 (25–42)
0.06 (0.02–3.92)
7 (87.5%)

176.87 ± 113.86
9 (60%)
0
3 (20%)
− 2.63 ± 1.59
(n = 9)
0.61 ± 0.19
− 4.32 ± 1.45
− 1.15 ± 0.81
− 3.17 ± 1.48
− 0.37 ± 1.25
25 (25–99.1)
0.46 (0.03–2.72)
11 (73.3%)

0.004
0.193
0.002
0.621
0.30

0.601
0.08
0.822
0.114
0.456
0.01
< 0.001
0.001

0.033
0.021
0.469
0.053
0.712
0.146
0.742
0.621

IGHD Isolated Growth Hormone Deficiency, CPHD combined pituitary hormone deficiency, M male, F female, Ht Height, Wt weight, BA bone
age, CA chronological age, MPH mid parental height, BMI body mass index, IGF1 insulin like growth factor 1, GH growth hormone, APH anterior pituitary hypoplasia

#
Factors significant on multivariate analysis in IGHD cohort. Familial disease: OR 20.65 (P = 0.007), median peak GH: OR 2.46 (P = 0.008). In
CPHD cohort, multivariate analysis could not be applied due to small sample size

in compound heterozygous with p.Glu72* in a familial
case (Supplementary Fig. S1 Pedigree 3) c. homozygous
p.Ser140Pro in an apparently sporadic patient (Supplementary Fig. S1 Pedigree 4) and d. homozygous p.Cys55Phe in a
consanguineous family (Supplementary Fig. S1 Pedigree 5).

CPHD cohort
Eight patients (34.7%) had pathogenic mutations (POU1F1:
6, PROP1: 2). Mutation positivity was higher in familial
patients (5/5, 100%) than in sporadic cases (3/18, 16.6%).
On univariate analysis, mutation positive patients had significantly higher prevalence of familial cases, earlier presentation with lower Ht SDS and more delayed bone age than
mutation negative patients (Table 4). Due to small sample
size, multivariate analysis could not be performed in CPHD
patients’ cohort.

POU1F1 gene
We found six different mutations in POU1F1 gene (3: novel,
3: previously reported) in six patients (6/23, 26%) (Table 3).
All patients had presented with central hypothyroidism early
in life (less than 2 years of age), except one patient who
presented at 5 years of age. All patients had severe deficiency of GH and prolactin (Table 2). Three novel mutations
include a. Homozygous c.665 + 1G > T intron 5 splice-site
mutation in a consanguineous familial case (Supplementary
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Fig. S1 Pedigree 6) b. Homozygous p.Arg213Lysfs*12
(c.634_638delGAAAG) exon 5 mutation found in an apparently sporadic patient (Supplementary Fig. S1 Pedigree 7)
c. Homozygous c.215-3C > G intron 2 mutation causing
aberrant splicing in an another apparently sporadic patient
(Supplementary Fig. S1 Pedigree 8) (Table 3). Apart from
these novel mutations, three affected siblings from a consanguineous family were homozygous for a reported p.Glu250*
mutation in exon 6, while in another consanguineous family two affected siblings were homozygous for reported
p.Arg265Trp mutation in exon 6. Additionally, in another
family, two cousins were homozygous for reported splicesite mutation, c.605-1G > A in intron 4.

PROP1 gene
Two patients had three pathogenic PROP1 mutations (2
novel, 1 previously described) (Tables 2, 3). Both had GH,
thyroid and gonadotrophin deficiency, while prolactin was
low in one patient. These patients include: a. One familial
case with novel p.Gln92* mutation in exon 2 in a compound
heterozygous state with previously described p.Arg125Trp
exon 3 mutation (Supplementary Fig. S1. Pedigree 9) b.
One apparently sporadic patient (Supplementary Fig. S1
Pedigree 10) was homozygous for a novel 13 bp deletion
c.110_122delACTCGAGTCCTCC (p.S38Pfs*123) in exon
2 gene resulting in frameshift with a premature stop codon
at position 480.

Pituitary

Discussion
Genetics of GHD has been evaluated in worldwide IGHD/
CPHD cohorts and wide variation in mutation prevalence
has been reported in different studies [4, 5, 8–10, 14–34].
From time to time, various authors have described predominance of specific mutations in certain populations. Notable
instances of such reports include IVSI + 1G > A splice site
GHRHR mutation in Brazilian Itabaianinha cohort by Salvatori et al., p.Glu72* GHRHR mutation in Sindh province
by Maheshwari et al., and c.296delGA PROP1 mutation in
Lithuanian CPHD cohort by Navardauskaite et al. [6, 8, 35].
Presence of a founder effect or mutational hotspots are the
common reasons proposed for such recurrent mutations [7,
36]. Interestingly, independent occurrence of same mutation in patients from different continents without a common
ancestor (as proven on haplotype analysis) has also been
described [37]. Such evident geographic and/or ethnic character of mutations signify importance of studying genetics of
regional cohorts of GHD patients. From Indian subcontinent,
most previous studies had some limitations [17, 20, 38]. In
their respective western-Indian and Sri- Lankan cohorts of
IGHD patients, Desai et al. [17] and deSilva et al. [38] studied only specific mutations (deletions in GH1 gene and/or
p.Glu72* mutation in GHRHR gene). Similarly, Khadilkar
et al. studied deletions alone in western-Indian cohort [20].
Hence, we aimed to study the complete coding sequences
in four common genes in our cohort of consecutive GHD
patients along with MLPA.
We found 43.1% prevalence of mutations in four selected
genes. The fact that our cohort consisted predominantly of
severe GHD patients, may be one of the factors contributing
to such high mutation yield [14, 15, 21, 39]. Understandably,
prevalence was higher in familial (95%) than in sporadic
patients (30.4%), which is a consistent finding in most studies [5, 15–17, 25, 30].
We found 45.5% mutation positivity in IGHD cohort
which is within the wide range of prevalence (0–52%)
reported in different genes in worldwide IGHD cohorts
[5, 9, 10, 14–34]. We found GHRHR mutations were more
common than GH1 mutations. While this distribution has
been reported in few other studies, especially from Indian
subcontinent [9, 17, 40], most of the cohorts of other ethnicities have GH1 mutations more common than GHRHR
mutations (Table 5) [14–16, 18, 21]. This may be due to
predominance of p.Glu72* GHRHR mutation, which has
been reported to have founder effect in patients from Indian
sub-continent [7]. In our cohort, 75% patients with GHRHR
mutations had p.Glu72* mutation. We had four patients
with GH1 variations, three of them had deletions. Congruous with the phenotype described for severe GH1 mutations,
all four of our patients had presented with severe growth

failure and undetectable GH/IGF1 levels. All treated patients
continued to show good response to GH therapy over entire
period of treatment. This substantiates previous observation that phenomenon of immune intolerance to GH and
the consequent treatment failure among patients with GH1
deletion is not universal [2]. Intriguing feature in our cohort
is a patient who was heterozygous for GH1 deletion. GH1
deletions are not reported to be pathogenic in heterozygous
state, and hence, the phenotype seen in our patient remains
un-explained [2]. Her parents’ samples were not available
for segregation analysis. Mutations in regulatory and other
non-coding sequences of second GH1 allele that escaped our
current detection methods can be a plausible explanation for
this phenomenon.
On univariate analysis, our mutation positive IGHD
patients had significantly more prevalence of positive family history, APH and lower IGF1 and peak GH levels than
mutations negative patients. However, on multivariate analysis, only significant factors were positive family history and
lower peak GH levels. In this regard, our findings are similar
to previous studies [14, 15, 21]. In 89 Dutch IGHD patients,
de Graaff found positive family history, lower height-SDS,
peak GH levels and IGF1 SDS as significant predictors of
GH1 mutation [14]. Alatzoglou found significant difference
in auxologic parameters (lower height SDS in mutation positive patients) but not in endocrine or MRI features between
mutation positive and negative patients in their multi-ethnic
IGHD cohort [15]. Recently, in a large multinational prospective observational study of GeNeSIS cohort (Genetics and Neuroendocrinology of Short Stature International
Study), Blum et al. reported younger age at presentation and
lower peak GH levels as indicators of mutations in GH1
and GHRHR genes in IGHD patients [21]. In our cohort,
none of patients with peak GH level > 4 ng/ml had mutations, suggesting this feature to have negative predictability for mutation positivity. Similar to our observation, Lido
et al. reported that GH1 mutations (n = 9) were found only
in the sub-group of patients having peak GH < 3.3 μg/l in
135 Brazilian children [39]. However, Blum et al. caution
against this notion. In their IGHD sub-cohort, 4 out of 23
patients with GH1 mutations and one of two patients with
SOX3 mutations had peak GH levels between 3–6 μg/l
[21]. With similar findings in CPHD cohort, they cautioned
against precluding genetic analysis in patients with such
‘measurable’ GH levels. In our cohort, considering the fact
that p.Glu72* is the commonest mutation accounting for
one third of IGHD patients, it remains intuitive to speculate whether direct testing for this mutation with a simpler
technique like PCR based restriction digestion (using BfaI
endonuclease) in patients with suggestive phenotype of idiopathic severe growth failure and very low IGF1 levels, can
obviate the need for GH stimulation tests in at least one-third
of patients [17].
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Table 5  Comparison of relative prevalence of mutations in GH1 vs GHRHR, and POU1F1 vs PROP1 genes in published world-wide IGHD/
CPHD cohorts+
IGHD cohorts
Author, year
[References]

Region/ethnicity

de Graaff 2009 [14]
Alatzoglou 2009 [15]
Juanes 2013 [16]

Dutch
Multicentric and multi-ethnic
Argentina

Desai 2013 [17]
Fritez 2015 D[18]
Birla 2016 [9]
Sundralingam 2017 *[19]

Indian multicentre
Moroccan
North India
SriLanka

Khadilkar 2017 [20]
(Only MLPA based)
Blum 2018 [21]
Current study, 2020

Number of subjects

Prevalence of mutation positivity
GH1 gene

GHRHR gene

6.1%
7.4%
22%

0%
3.7%
0%

17.5% (GH1 deletions)
4%
6.8%#
7.2%

Western India

89
224
GH1 analysis (n = 46)
GHRHR analysis (n = 12)
(GH1 negative)
97
54
116
GH1 analysis (n = 55)
GHRHR analysis (n = 40)
42

19% (deletions only)

35% (E72X)
2%
13.7%
5% (20% if GHRHR E72X
patients included)
14.2% (deletions only)

Multinational
Western India

475
79

4.8%
5%

1.1%
40.5%

CPHD cohorts
Author, year
[References]

Region

McLennan 2003 [22]
Lebl 2005 [23]

Australia
Czech Republic

Rainbow 2005 [24]
Reynaud 2006D[25]

Number of subjects

Prevalence of mutation positivity
POU1F1 gene

PROP1 gene

33
74

6%
1.4%

UK

27

0%
24.3% (100%: c.296delGA;
50%: c.150delA)**
0%

195

Vieira 2007 [26]

GENHYPOPIT network
(Multinational)
Brazil

deGraaf 2010M [27]
Nystrom, 2010 [28]

Dutch
Sweden

Takagi 2012 [29]
Bas 2015 [30]
De Rienzo 2015 D[5]
Fritez 2015 D[18]
Birla 2016 [10]
Khadilkar 2017 [20]
(Only MLPA based)
Blum 2018 [21]
Current study 2020

Japanese
Turkey
Italy
Moroccan
North India
Western India

79
25 (includes 2 familial
IGHD patients)
77
76
144
26
51
11

11.1%# (7.6% if index
cases are considered)
5.8%
18.3% (30%: c.296delGA; 15%:
c.150delA)**
0%
35% (22.7% if index cases
are considered) (60%:
c.296delGA)**
1.2%
0%
0%
4.3%#
1%
7.3%
4.2%
0%
14%
0% (deletions only)

0%
21.8%
2.4% (25%: c.296delGA)**
15.4%
6%
9% (deletions only)

Multinational
Western India

415
23

0.5%
26%

11.6%
8.6%

40

+

This table does not include studies where prevalence of single genes was analyzed or where no mutations were found in the four genes (GH1,
GHRHR, POU1F1, PROP1)

#

Not directly given in text. Deduced from tables/figures describing patient characteristics in manuscript or in supplementary material

*This study preselected E72X GHRHR negative patients for GH1 deletions (n = 55), GH1 sequencing (n = 53) and GHRHR sequencing (n = 40)
**The figures indicate the percentage of PROP1 mutation positive patients having at least one allele with the c.296delGA or c.150delA mutations

D

In these studies, denominators for calculation of individual genes prevalence are variable depending upon the cohort selected for each gene

CPHD combined pituitary hormone deficiency, IGHD isolated growth hormone deficiency, F familial, S sporadic, NA not available, NPPP normally placed posterior pituitary
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In our CPHD cohort, 34.7% patients had mutations, with
POU1F1 mutations more common (26%) than PROP1 mutations (8.6%). Our prevalence of POU1F1 mutations (26%)
is one of the highest reported worldwide (Table 5). With
4 out of 6 mutations being novel, no recurring mutations
and only 21% familial cases in our CPHD patients, we cannot speculate any definite cause for this high prevalence.
Notably, we have excluded patients with EPP/PSIS from our
analysis due to rarity of mutations in POU1F1/PROP1 genes
in such patients. Most reported studies analysing prevalence
of POU1F1/PROP1 mutations have included varying proportions of patients with these abnormalities (2–80%) in
their cohorts [5, 18, 21, 24, 27–29, 31, 32, 34]. Since not all
authors have excluded these patients from analysis, there is
possible under-estimation in reported prevalence figures of
mutations in these genes.
Unlike POU1F1 mutations, our rate of PROP1 mutations (8.6%) is well within that described in world literature
(Table 5). In an exhaustive systematic review of 21 published
studies, De Rienzo reported global prevalence of 11.2% for
PROP1 mutations, clearly higher than that of POU1F1
mutations (2.8%) [5]. Importantly, they observed wide
regional variation (0–65%) in prevalence of PROP1 mutations, which was largely accounted by uneven geographic
concentration of two common variations, c.296delGA
(25–100%) and c.150delA (12–50%) in certain regions. Our
cohort did not have these mutations. Importantly, Turton
et al. reported founder effect for 13 bp deletion in PROP1
(112–124Δ) gene in Indian patients [41]. Intriguingly, in our
cohort, we found a novel 13 bp deletion in same region of
PROP1 gene, but 2 bp upstream to this founder mutation.
We don’t know significance of this finding. Our contrasting observation of relative predominance of POU1F1 over
PROP1 mutations might be partly attributed by absence of
common dominating PROP1 mutations in our cohort. While
at contrast with world literature, our observation is similar
to that of other Indian cohorts like that of Birla et al. who
reported 14% POU1F1 mutations and 6% PROP1 mutations
in their North Indian cohort of 51 CPHD children [10].
Our mutation positive patients had significantly higher
prevalence of positive family history, early presentation,
lower height SDS and delayed bone age as compared to
mutation negative patients. Very few studies have reported
predictors of mutations in CPHD cohorts. In GeNeSIS
cohort, Blum et al. reported lower height-SDS minus target
height-SDS as the only significant indicator of mutations in
CPHD patients [21].
We have included all consecutive GHD patients from
single centre. Hence, we believe our cohort is representative of GHD patients in a routine growth clinic. However,
ours being tertiary care centre, risk of referral bias cannot
be discounted completely. We have considered pituitary
height alone as a parameter of APH in the current study.

While calculation of pituitary volume could have represented a more sensitive parameter of assessment of APH,
this remains an important limitation of our study. Unlike
previous Indian studies, we have comprehensively evaluated complete coding sequences of four genes along with
MLPA. We report 11 novel variations, adding to the genetic
literature of GHD. However, we couldn’t do functional studies or splicing assays for these novel variations, which is an
important limitation of our study. We were able to study
only four genes, while number of implicated genes in GHD
is increasing [1]. However, the contribution of other genes
to known genetic prevalence worldwide is reported to be
less than 1% [5].
To conclude, we present a cohort of consecutive GHD
patients from western India and report mutation prevalence
of 45.5% in IGHD patients and 34.7% in CPHD patients. At
variance with world literature, we report higher prevalence
of GHRHR than GH1 mutations, with predominance of the
founder mutation p.Glu72*, in IGHD patients and predominance of POU1F1 over PROP1 mutations in CPHD patients.
In addition to re-affirming some of the previously reported
predictors of mutation positivity, our study also provides few
novel predictors of mutation positivity, especially in CPHD
patients. Summarising, we emphasise the importance of
studying genetics of regional cohorts of GHD patients, as
subtle cohort specific differences in genetic prevalence can
be established. This might help in establishing individualised region-specific prioritisation of genetic study in GHD
patients.
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Abstract
Background: The profile of medico legal autopsy cases is important in order to know the death statistics in
a region due to unnatural causes and also help to address the demographic needs according to the mortality
statistics specific to that region.
Materials and Methods: The present study is a retrospective study of autopsies performed at KAHER’S
tertiary care centre K.L.E Hospital, Belagavi, Karnataka India in the year 2017. During this period a total
of 159 autopsy cases were conducted. Relevant information and subjective data like age, sex, marital status
& manner of death have been collected from medicolegal autopsy register from January 2017 to December
2017.
Results: Out of 159 cases analyzed, maximum number of autopsies were in the age group of 21-30 years with
55 cases(34.6%). Majority of victims were males 118(74.2%). Hindus were majority in number with 147
cases(92.6%), married were 122(76.7%) & unmarried were 37 cases(23.3%). In our study 67.9% were rural
residents & only 32.1% were urban. Accident, Suicide and Homicide deaths were 110(69.2%), 37(23.3%)&
1(0.6%) cases respectively.Natural deaths were seen in 6.9% cases. Maximum number of deaths were due
to road traffic accidents with 92 cases (57.9%) followed by poisoning with 27 cases (17%). Out of total 159
cases maximum number of autopsy cases 60(37.7%) were conducted in the month of April to June.
Conclusion: In our present study it is observed that maximum cases were in 3rd decade of life, Males
outnumbered females, rural residents were more in number. Hindus being majority formed bulk of cases.
RTA, Poisoning & burns were seen as leading cause of death &maximum deaths were in the second quarter
of the year (April,May&June).
Keywords: Medicolegal Autopsy, Road traffic accidents, Poisoning

Introduction
Worldwide 55.3 million people die each year[1].
About 5.8 million people die each year as a result of
injuries. This accounts for 10 % of the total deaths.
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Deaths due to unnatural causes includes road traffic
accidents, railway accidents, mechanical asphyxia,
drowning, accidental fire, electrocution, air crash,
stampede, mines disaster, deaths during pregnancy,
killed by animals, illicit liquor, snake bites and food
poisonng.[2]
The rate of unnatural death in India is 39.2 per 1000
live birth per year , while the rate of unnatural deaths in
Karnataka is 32.2 per 1000 live birth per year.[3] As per
UN report Crude death rate (CDR) between 2015-2020
is 8.1.[4]
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The profile of medico legal autopsy cases is
important in order to know the death statistics in a region
due to unnatural causes and also help to address the
demographic needs according to the mortality statistics
specific to that region. It is also necessary in order to
prevent the preventable casualties in future and to study
the genuine crime rate in the area.

and post-mortem report. During the study period 159
medico legal autopsies were conducted in the mortuary
of KLE Hospital. Data like age, sex, marital status,
religion, calendar month, residence, causes of death &
manner of death was compiled and analysed. Causes of
death were grossly classified as trauma, thermal injuries,
violent asphyxia, poisoning and other natural causes.

This study aims to set up a profile of deaths owing to
unnatural causes, so that we can direct rigorous efforts to
curb their incidence. The finding of this study will create
awareness among the people and it will also be helpful
for law enforcement agencies to make the strategies for
prevention of such incidences.

Results

Material and Method
The present study is a retrospective study of medico
legal autopsies conducted at KAHER’S Jawaharlal Nehru
Medical College & KLE Hospital, Belagavi, Karnataka,
India from January 2017 to December 2017. Detailed
information regarding the circumstances of death was
collected from inquest panchanama, hospital records

A total of 159 medico legal autopsies were
conducted during the period of 1 year from January
2017 to December 2017. During this period maximum
number of cases were in the second quarter of the year
i,e April to June (37.7%) and minimum number of
cases were in the last quarter of the year i,e October to
December (22%). Males outnumbered females (74.2%)
with male to female ratio of 3:1. It was observed in the
study that the maximum number of autopsy cases i.e.
55(34.6%) in both sexes were in the age group of 21-30
years followed by the age group of 31-40 years and 4150 years [ Table 1]

Table 1: Age and Sex wise distribution of cases
Age (years)

Male

Female

Total

Percentage

0-10

1

0

1

0.6

11-20

9

3

12

7.6

21-30

43

12

55

34.6

31-40

17

9

26

16.3

41-50

19

7

26

16.3

51-60

18

4

22

13.9

61-70

6

5

11

6.9

71-80

4

1

5

3.2

>80

1

0

1

0.6

Total

118

41

159

100

Hindus were majority in number with 147 cases (92.6%) followed by muslims with 12(7.4%), married were
122(76.7%) & unmarried were 37 cases (23.3%).
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Table no-2 depicts that majority of the cases were from rural background i.e, 108 cases (67.9%) .
Table. 2: Distribution of Cases according to regions of living
Region

No.of Cases

Percentage

Urban

51

32.1

Rural

108

67.9

Total

159

100

Table no-3 depicts various manners of death. Accidental deaths were 110(69.2%), Suicidal 37(23.3%) and
Homicidal deaths were 1(0.6%).
Table 3: Distribution of cause and manner of death cases.
Cause of
death

Accidental

Suicidal

Homicidal

Natural

Total

Percentage

RTA

92

--

--

--

92

57.9

Poisoning

05

18

--

--

23

14.5

Burns

06

05

--

--

11

6.9

Electrocution

06

--

--

--

06

3.8

Fall from
height

06

--

--

--

06

3.8

Snake bite

04

--

--

--

04

2.5

Hanging

--

02

--

--

02

1.3

Drowning

--

01

--

--

01

0.6

Lightening

01

--

--

--

01

0.6

Assault

--

--

01

--

01

0.6

Others

01

--

--

11

12

7.5

Total

110

37

01

11

159

100

From Table 4- Maximum number of RTA deaths were due to 2 wheeler vehicular accident (69.6%), followed by
4 wheeler vehicles (23.9%) & Pedestrian (4.3%)
Table 4: Distribution of cases according to Type of RTA cases
No. of Cases

Percentage

Type of RTA cases

04

4.3

Pedestrian

64

69.6

2 Wheeler

22

23.9

4 Wheeler

02

2.2

Heavy Vehicle

92

100

Total
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In our study, RTA was most common cause of
death (n=92, 57.9%), followed by poisoning including
snake bite (n=27, 17%) & burns including electrocution
and lightening (n= 18, 11.3%). Regarding age groups
pattern among RTA cases majority of victims were in
21-30 years age group (n=27). The age group in which
poisoning were common was between 21-30 years(n=11,
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40.7%) followed by 41-50 years(n=4, 14.8%). Chemical
poisoning was the most commonest (n=23, 85.2%)
followed by snake bite(n=4, 14.8%). In thermal injuries
21-30 years (n=5, 27.8%)were common. There were
18 cases (11.3%) from thermal injuries of which
commonest cause was burns (n= 11, 61.1%) followed
by electrocution (n= 6, 33.3%) and only one case of
lightening was autopsied. [Table 5]

Table 5:Distribution of cause of deaths according to Age

Cause of death

Age
(Years)
0-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

>80

RTA

01

09

27

12

17

12

09

03

02

Poisoning

--

02

11

03

04

03

--

--

--

Burns

--

--

06

05

--

--

--

--

--

Electrocution

--

--

--

06

--

--

--

--

--

Fall from height

--

--

02

--

--

02

01

01

--

Snake bite

--

--

02

--

01

--

--

01

--

Hanging

--

--

--

01

--

01

--

--

--

Drowning

--

01

--

--

--

--

--

--

--

Lightening

--

--

--

01

--

--

--

--

--

Assault

--

--

--

01

--

--

--

--

--

Natural

--

--

05

02

03

02

--

--

--

Total

01

12

53

31

25

20

10

05

02

Deaths due to RTA was most common among males
( n=73, 45.9%) compared to females(n=19, 11.9%)
Thermal deaths were common in females(n=12, 66.7
%) as compared to males(n=6,33.3%). Most of the
thermal deaths were suicidal (n=11, 61.1 %) followed
by accidental(38.9%).Chemical poisoning was most
commonly seen in males(n= 14, 60.9%) as compared to
females(n=9,39.1%). Maximum number of deaths due
to poisoning were suicidal(n=23, 85.2%) followed by
accidental(n=4, 14.8%)

Discussion
During the study period a total of 159 cases of
medico legal autopsies were performed at KAHER’S
J.N Medical College and KLE hospital mortuary. Out of
159 cases maximum number of autopsy cases were in the
age group of 21-30 years which is the most productive
year in one’s life. These findingsare in consistency with
findings of Kannan K[5], Mathiharan K[5], Curran WJ[6]&

ME Bansude[7].
In our study majority of victims were males(74.2%).
Similar findings are seen in studies done by Murthy et
al[8] who studied 150 cases out of which 123(82%) were
males & 27(18%) females. Mugadlimath et al [9]studied
64 cases out of which 39(61%)were males &25(39%)
females.
The reason being that as males are bread earners and
females usually doing household work, which makes the
males more vulnerable to accidents, violence and stress
& also males predisposed for risk taking behaviour.
In our study 92.6% were Hindus, and 7.4% were
Muslims.Similar findings are observed in studies by
Kannan K[5], Mathiharan K[5] and Curran WJ[6]. Rural
residents were 67.9% and only 32.1% were from Urban.
This finding is contradicting to results of other studies
done by Radhakrishna KV[13] et al and Patel JB[14] et al in
which Urban residents were in majority.This difference
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is due to our centre serves more rural population.
Deaths due to road traffic accidents & its
complications constituted majority of cases 57.9%
followed by poisoning 17% and burns 11.3%.Similar
findings are observed in studies done by K Awdesh
et al[15] and ME Bansude.[7].The reason being that our
centre being tertiary care hospital, most of the accident
cases are referred to our hospital including from rural
areas.
According to month wise distribution of cases,
findings of our study showed more number of cases
between April to June. Similar findings are seen in
studies by Patel et al[14]and Awdesh et al[15].

Conclusion
Study conducted at KAHER’S Jawaharlal Nehru
Medical College & KLE Hospital Belagavi, to know the
profile of medico legal autopsies during a period of one
year from January 2017 to December 2017 comprising
a total of 159 medicolegal autopsies. In our study we
found that majority of cases were in 3rd decade of life,
males outnumbered females, rural residents were more in
number, Hindus being majority in number formed bulk
of cases, RTA, Poisoning and burns wereseen as leading
cause of death, among road traffic accidents 2 wheeler
accidents were more in number. Maximum number of
cases were seen in the period between April-June. This
study helps to interpret different types of medico legal
autopsy cases, thereby providing an insight to the policy
makers, law custodians, and the community to look into
the specific aspects of the cases and then to take proper
measures to reduce mortality.
Conflict of Interest- None
Source of funding- Self
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Clinical Profile and the Role of Rapid Serological Tests:
Typhifast IgM and Enterocheck WB in the Diagnosis of
Typhoid Fever
Rahul J Bhume1, Prakash Babaliche2

A b s t r ac t
Introduction: During identification and diagnosis, typhoid fever (TF) causes various issues such as nonspecific symptoms and nontyphoidal
Salmonella-associated febrile diseases. Accurate identification and diagnosis are still a substantial concern. The current study was undertaken
to study the clinical profile of TF and the role of Typhifast IgM and Enterocheck WB in early diagnosis.
Materials and methods: Clinically suspected TF patients (121) were included in the study. Patients with antibiotic history during the period of
febrile illness were excluded. The diagnosis was confirmed with blood culture test. Widal test and two new rapid serological tests: Typhifast IgM
and Enterocheck WB were performed. The outcomes were compared with blood culture-confirmed cases to derive the sensitivity and specificity
of the diagnostic tests. The clinical characteristics were compared with diagnostic tests using Chi-square test.
Results: The most common presentations of TF were fever, chills, vomiting, abdominal pain, anorexia, constipation, and diarrhea. Among the
121 clinically suspected TF patients, 67 had positive blood culture tests for Salmonella typhi. The Typhifast IgM and Enterocheck WB showed
sensitivity of 97.01% and 68.52%, respectively. Specificity was also more with Typhifast IgM (85.07%) than with Enterocheck WB (62.96%).
When tests were used in parallel combination, 97.01% sensitivity was attained, while the specificity dropped to 46.30%. When used in serial
combination, sensitivity of 85.07% and specificity of 85.19% were observed.
Conclusion: Stepladder fever, abnormal serum glutamic oxaloacetic transaminase (SGOT), and abnormal albumin are associated with blood
culture, Typhifast IgM, and Enterocheck WB tests. Rapid serological tests might assist in accurate and early identification of TF.
Keywords: Blood culture, Enterocheck WB, Salmonella enterica serotype typhi, Typhifast IgM, Widal test.
Indian Journal of Critical Care Medicine (2020): 10.5005/jp-journals-10071-23417

I n t r o d u c t i o n

1,2

Enteric fever or typhoid fever (TF) is one of the substantial
life-threatening illnesses observed predominantly in the
developing countries.1 In 2010, approximately 12 million cases
were encountered with clinically determined TF, and globally,
around 0.13 million TF-related mortalities occur every year. 2
Probable contributing factors for disease incidence include high
population density, underprivileged and impoverished areas,
inadequate sanitization, unavailability of pure drinking water, and
low socioeconomic status.2 Typhoid fever is caused by Salmonella
enterica serovars such as Typhi and Paratyphi A, B, and C.1 The
Salmonella species are transmitted through the consumption of
food and water that are contaminated with fecal matter-excreting
pathogenic bacteria. Entry of Salmonella through fecal–oral route
invades the gastrointestinal epithelium, thereby migrating to the
gut mucosa and spreads systemically throughout the body via
the bloodstream. 3 Classical clinical manifestations include high
temperature, which can rise up to 38–40°C, chills, abdominal
discomfort, and hepatosplenomegaly.4 Diagnosis of TF by isolation
of Salmonella species from the bloodstream and treatment with
appropriate antibiotics are the significant methods for timely
management of TF.5
Although the disease and its complications are known from the
19th century,6 the burden of TF remains the same. The predominant
reason for such drawback indicates the lack of suitable diagnostic
tools and the emergence of drug-resistant strains.5 Blood, bone
marrow, and fecal cultures are considered as the most reliable

diagnostic tools.7 Cultures provide definitive evidence of the
infection and the information regarding the antibiotic sensitivity
of the isolate.8 Sensitivity of blood culture varies from 40% to 60%
and bone marrow culture varies between 55% and 67%.9 Sensitivity
and specificity of the bone marrow culture are superior to fecal and
blood cultures; however, due to its invasive nature, the procedure is
not frequently used. Moreover, blood culture sensitivity depends on
various factors such as the volume considered for culture, degree of
disease progression, bacterial load in the sample, and self-treatment
with antimicrobials.10
Contemporary research recommends the culture tests along
with the serological techniques for the early diagnosis of TF. In the
developing countries, the equipment required for blood culture
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Clinical Profile and Diagnosis of Typhoid
are significantly deficient, especially in the nonurban areas, due to
which the clinicians depend only on serological diagnostic tools. In
most developing countries, Widal test is an extensively employed
serological tool, which detects the antibodies against the S.
enterica ser. Typhi “O” and “H” antigens; however, its sensitivity and
specificity are significantly poor and the predictive values vary
between the geographical regions. Studies on the use of Widal
test have reported misdiagnosis and inappropriate treatment of
TF, which limit its employment.11 Novel rapid serological tests
such as Typhifast IgM and Enterocheck WB detect IgM or IgG
antibodies to several purified antigens of the pathogen. Typhifast
IgM and Enterocheck WB are rapid, simple, and affordable tests;
however, few studies are available in the literature that derive the
efficacy of these rapid serological tests. Considering the facts and
several issues raised regarding the diagnosis and treatment of TF,
the current study was undertaken to evaluate the clinical profile
of TF and to analyze the role of rapid serological tests—Typhifast
IgM and Enterocheck WB—individually and in combination in the
early detection of TF.

M at e r ia l s

and

M e t h o d s

The present cross-sectional study was conducted in the department
of medicine, from January to December 2014. A total of 121 patients
with clinical features suggestive of TF such as fever, headache, and
abdominal discomfort were included in the study. Patients aged
between 12 and 65 years, irrespective of the gender, with ≥5 days
of fever were included in the study. Patients receiving antibiotics
during the period of febrile illness were excluded from the study.
Ethical clearance was obtained from Institutional Ethics Committee.
Before the commencement of the study, written informed consent
was obtained from the patients.

Data Collection
Patients were interviewed regarding the demographic data such
as age, gender, occupation, and history of similar complaints and
treatment for the same. Patients were subjected to a thorough
physical examination, including pulse rate, blood pressure,
respiratory rate, and other clinical signs and symptoms of TF
such as fever, abdominal discomfort, and constipation. Systemic
examinations such as complete blood count, liver function test,
Widal test, blood culture, urine routine and microscopy, Typhifast
IgM, and Enterocheck WB were also conducted.

Widal Test
Blood serum sample was serially diluted with 0.86% saline solution.
Standard O and H antigens were prepared, added to the tubes, and
were incubated for 60 minutes at 37°C. The tubes were centrifuged
for around 5 minutes and observed for agglutination. Widal test titer
≥1:160 was considered as the optimal cutoff titer value to detect TF
in our study population.11,12

Blood Culture
Blood culture was performed to isolate the organism according
to the standard procedures followed using the BacT\ALERT
3D automated system (bioMerieux, France).13 Any isolated
bacterium was identified using Vitek II (bioMerieux, France)
identification system and the presence of the same was
confirmed by slide-agglutination test with particular antisera
(Remel Europe Ltd., UK).
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Typhifast IgM
Typhifast IgM (AB Diagnopath Manufacturing Pvt. Ltd., New
Delhi) is a commercially available serological kit based on dotenzyme-immunoassay that specifically detects the presence of
IgM antibodies triggered against the somatic, flagellar, or capsular
antigens of Salmonella subspecies S. enterica ser. Typhi.14 Typhifast
IgM uses immunochromatography phenomenon for the detection;
and the assay was performed according to the manufacturer
instructions.15 Volume of about 10 μL of serum or plasma sample
and 20 μL of whole blood were added to the square well I, followed
by addition of one drop of chase buffer. On the well II, three drops
of chase buffer were added, and plastic tap was pulled. Results were
interpreted after 10 minutes and the overall assay time required
was 15 minutes.

Interpretation
Appearance of color bands with any intensity at the test line as
well as on the control line was represented as positive for typhoidspecific IgM antibodies. The presence of colored band only at the
control line were represented as negative for typhoid-specific IgM
antibodies, and it was considered invalid if the control line was
absent.

Enterocheck WB
Enterocheck WB is a rapid sandwich immunoassay, which functions
on the principle of immunochromatography. It specifically detects
the antibodies triggered against the lipopolysaccharide of the
pathogen in the human serum.16 Detection of the pathogen by
Enterocheck WB was performed using the commercially available kit
(Zephyr Biomedicals, Goa, India). The test was performed by adding
5 μL of serum sample on port “A” and five drops of running buffer
on port “B”. The overall time required for the assay was 15 minutes.

Interpretation
In positive samples, the serum IgM forms conjugates with anti-IgM
colloid gold, which flows further along the membrane to the test
line establishing a pink-purple colored band. In negative samples,
only the rabbit IgG complex flows along the membrane to the
control line, establishing a pink-purple colored band.

Statistical Analysis
Data were analyzed using Microsoft excel spreadsheet. Parameters
such as clinical manifestations of TF were compared with blood
culture, Typhifast IgM, and Enterocheck WB and the comparison
was performed using Chi-square test. The continuous data were
expressed as mean ± standard deviation (SD). The sensitivity and
specificity of the serological tests were determined individually and
in combination using MedCalc software.

R e s u lts
Among the study population (121), male preponderance (81) was
observed and male to female ratio was 2.02:1. Mean age was 31.70
± 15.08 years. All (121) patients presented with fever, whereas 14
patients had stepladder pattern of fever, which was once considered
as the hallmark of TF. Chills and abdominal pain were observed in
62 and 38 patients, respectively. Few patients (41) presented with
atypical symptoms such as altered sensorium, burning micturition,
hematemesis, melena, and sore throat.
On evaluation of blood culture, 67 patients confirmed
Salmonella enterica ser. Typhi isolation; of these, 37 patients tested
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positive for Widal test. The sensitivity of Widal test was 55.22% and
specificity was 74.04%. Positive and negative predictive values of
Widal test were 72.55% and 57.14%. Among the study population,
51 patients tested positive for Widal test.
Clinical complications such as stepladder fever, serum glutamic
oxalo-acetic transaminase (SGOT), and albumin were significantly
associated with blood culture, Typhifast IgM, and Enterocheck
WB. Abnormal erythrocyte sedimentation rate was associated
with blood culture (p < 0.015) and Enterocheck WB (p < 0.001).
Total protein was associated with Typhifast IgM (p < 0.003) and
Enterocheck WB (p < 0.001). Chills (p < 0.012), myalgia (p < 0.050),
and constipation (p < 0.049) were significantly associated with
blood culture (Table 1). Eosinophil count (p < 0.045) was associated
with Typhifast IgM (Table 2). History of TF (p < 0.049), coated tongue
(p < 0.008), and direct bilirubin (<0.009) were associated with
Enterocheck WB (Table 3).
Among the 121 patients, 67 were blood culture-positive and
82 were Typhifast IgM positive. Of the 67 blood culture-positive
patients, 65 were positive for Typhifast IgM. The sensitivity and
specificity of Typhifast IgM, with blood culture as the reference
standard, were 97.01% and 68.52%, respectively. The positive and
negative predictive values were 79.27% and 94.87%, respectively
(Table 4).
Among the 67 blood culture-positive patients, 57 were positive
for Enterocheck WB. The sensitivity and specificity of Enterocheck
WB, with blood culture as the reference standard, were 85.07% and
62.96%. The positive and negative predictive values were 74.03%
and 77.27%, respectively (Table 4).
Global sensitivity and specificity of Typhifast IgM and
Enterocheck WB, when performed in series, were 85.07% and
85.19%, respectively. When performed in parallel, sensitivity was
97.01%, whereas specificity was 46.30% (Table 4).

Table 1: Association between blood culture test and different clinical
characteristics
Blood culture
Clinical characteristics
History of
Stepladder fever
symptoms
Chills

Typhoidal Salmonella infections are bloodstream infections, which
bear complexity in distinguishing the various other nontyphoidal
Salmonella-associated febrile diseases; thereby, interfering in
the interpretation of the serological tests.17 Management of TF
using standard drugs such as chloramphenicol, ampicillin, and
trimethoprim–sulfamethoxazole changed with the emergence
of multidrug-resistant strains.18 In the current study, most of the
patients were in the age-group of 21–30 years and the mean age was
31.70 years. The probable reasons behind the highest prevalence
in this age-group include mobility, consumption of unhygienic
food and water, and age-group illiteracy. These observations were
consistent with various other studies.19,20 Clinical manifestations
that are believed as the typical presentations of TF such as slow
stepladder fever pattern and toxicity are becoming rare due
to the development of multidrug resistance. The nonspecific
manifestations due to multidrug resistance contribute to inaccurate
diagnosis and improper management.21 This inconsistency forces
clinicians to depend specifically on the serological diagnostics.
Clinical manifestation varies from mild illness with groundlevel fever to severe complications such as abdominal pain,
hepatosplenomegaly, and anorexia. In the current study, all clinically
suspected typhoid patients presented with fever; however, the
stepladder fever pattern, which was once the hallmark of TF, was
observed in 11.57% patients. Salmonella enterica serotypes are
acid-tolerant organisms, which can survive in the gastric acid and
successfully establish the infection in the gut mucosa causing

27
16
4
10
9
4
22
22
22

35
7
1
17
6
2
11
16
25

0.012*
0.197
0.501
0.050*
0.914
0.881
0.185
0.856
0.186

Diarrhea

11

3

0.116

Constipation

13

3

0.049*

Others

24

23

0.567

Cough
Sweating
Myalgia
Malaise
Arthralgia
Anorexia
Abdominal pain
Nausea and vomiting

History of typhoid

6

4

1.00

11
7
21
4
9
13
21

17
7
11
2
2
4
12

0.082
0.885
0.248
0.881
0.125
0.104
0.360

30

20

0.500

15
43
14

9
39
17

0.578
0.456
0.264

26
23

31
15

0.063
0.565

28

23

1.00

20

11

0.328

10

12

0.425

59

37

0.015*

5

1

0.321

Abnormal direct
bilirubin
Abnormal SGOT

27

27

0.377

47

27

0.038*

Abnormal SGPT

40

38

0.304

Abnormal AKP

30

26

0.852

Abnormal total protein

32

19

0.227

Abnormal albumin

39

16

0.003*

Pallor
General
physical
Icterus
examination Coated tongue
Rash
Relative bradycardia
Toxemia
Abnormal pulse rate

CBC

D i s c u s s i o n

LFT

Positive Negative
(n = 67) (n = 54) p value
14
0
0.0001*

Abnormal respiratory
rate
Abnormal systolic BP
Low hemoglobin
Abnormal platelet
count
Abnormal TC
Abnormal neutrophil
count
Abnormal lymphocyte
count
Abnormal eosinophil
count
Abnormal monocyte
count
Abnormal ESR
Abnormal total bilirubin

*Significant, p < 0.05.
CBC, complete blood count; BP, blood pressure; LFT, liver function test; TC,
total count; ESR, erythrocyte sedimentation rate; SGOT, serum glutamic
oxaloacetic transaminase; SGPT, serum glutamic-pyruvate transaminase;
AKP, alkaline phosphatase
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Table 2: Association between Typhifast IgM test and different clinical
characteristics

Table 3: Association between Enterocheck WB and different clinical
characteristics
Enterocheck

Typhifast IgM
Clinical characteristics
History of
Stepladder fever
symptoms
Chills
Cough
Sweating
Myalgia
Malaise
Arthralgia
Anorexia
Abdominal pain
Nausea and vomiting
Diarrhea
Constipation
Others
History of typhoid fever
General
Pallor
physical
Icterus
examination Coated tongue
Rash
Relative bradycardia
Toxemia
Abnormal pulse rate
Abnormal respiratory
rate
CBC
Abnormal systolic BP
Low hemoglobin
Abnormal platelet
count
Abnormal TC
Abnormal neutrophil
count
Abnormal lymphocyte
count
Abnormal eosinophil
count
Abnormal monocyte
count
Abnormal ESR
LFT
Abnormal total
bilirubin
Abnormal direct
bilirubin
Abnormal SGOT
Abnormal SGPT
Abnormal AKP
Abnormal total protein
Abnormal albumin

Positive
(n = 82)
14
38
16
5
19
11
4
26
25
30
13
14
26
5
17
9
25
4
10
13
23
36

Negative
(n = 39) p value
0
0.014*
24
0.108
7
1
0
0.277
8
0.924
4
0.843
2
1
7
0.170
13
0.915
17
0.589
1
0.0669
2
0.127
17
0.283
5
0.367
11
0.496
5
1
7
0.214
2
1
1
0.166
4
0.583
10
0.952
14
0.523

16
51
19

8
31
15

1
0.090
0.125

34
27

23
11

0.107
0.753

37

14

0.445

26

5

0.045*

21

10

19
5

9
1

1
0.697

33

21

0.225

57
49
35
39
46

17
29
21
7
3

0.011*
0.172
0.339
0.003*
<0.001*

1

*Significant, p < 0.05.
CBC, complete blood count; BP, blood pressure; LFT, liver function test; TC,
total count; ESR, erythrocyte sedimentation rate; SGOT, serum glutamic
oxaloacetic transaminase; SGPT, serum glutamic-pyruvate transaminase;
AKP, alkaline phosphatase
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Clinical characteristics
History of
Stepladder fever
symptoms
Chills
Cough
Sweating
Myalgia
Malaise
Arthralgia
Anorexia
Abdominal pain
Nausea and vomiting
Diarrhea
Constipation
Others
History of typhoid fever
General
Pallor
physical
Icterus
examination Coated tongue
Rash
Relative bradycardia
Toxemia
Abnormal pulse rate
Abnormal respiratory
rate
CBC
Abnormal systolic BP
Low hemoglobin
Abnormal platelet
count
Abnormal TC
Abnormal neutrophil
count
Abnormal lymphocyte
count
Abnormal eosinophil
count
Abnormal monocyte
count
Abnormal ESR
LFT
Abnormal total
bilirubin
Abnormal direct
bilirubin
Abnormal SGOT
Abnormal SGPT
Abnormal AKP
Abnormal total protein
Abnormal albumin

Positive
(n = 77)
13
35
16
5
15
11
4
22
19
28
11
14
25
3
14
11
27
5
10
11
22
33

Negative
(n = 44) p value
1
0.033*
27
0.134
7
0.677
0
0.210
12
0.445
4
0.584
2
1.000
11
0.832
19
0.056
19
0.584
3
0.347
2
0.064
18
0.461
7
0.049*
14
0.137
3
0.347
5
0.008*
1
0.552
1
0.100
6
1.000
11
0.832
17
0.793

17
50
19

7
32
15

0.560
0.496
0.369

37
20

20
18

0.931
0.133

31

20

0.714

23

8

0.23

10

12

0.086

63
5

10
1

< 0.001*
0.552

27

27

0.009*

54
47
35
9
7

20
31
21
17
20

0.012*
0.398
0.958
0.001*
< 0.001*

*Significant, p < 0.05.
CBC, complete blood count; BP, blood pressure; LFT, liver function test; TC,
total count; ESR, erythrocyte sedimentation rate; SGOT, serum glutamic
oxaloacetic transaminase; SGPT, serum glutamic-pyruvate transaminase;
AKP, alkaline phosphatase
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Table 4: Sensitivity and specificity of Typhifast IgM and Enterocheck WB, individually and combined in series and parallel
Sensitivity
Specificity
PPV
NPV

Typhifast IgM (%)
97.01 (89.63–99.64)
68.52 (54.45–80.48)
79.27 (72.02–85.03)
94.87 (82.36–98.65)

Enterocheck WB (%)
85.07 (74.26–92.60)
62.96 (48.74–75.71)
74.03 (66.49–80.36)
77.27 (64.94–86.19)

Series (%)
85.07 (74.26–92.60)
85.19 (72.88–93.38)
87.69 (78.86–93.16)
82.14 (71.98–89.17)

Parallel (%)
97.01 (89.63–99.64)
46.30 (32.62–60.39)
69.15 (63.55–74.24)
92.59 (75.60–98.06)

PPV, positive predictive value; NPV, negative predictive value

abdominal discomfort.17 In the current study, gastrointestinal
symptoms such as diarrhea, abdominal pain, and constipation were
found prominent among the study population. This suggests that
the presence of fever and gastrointestinal discomfort might assist
the clinicians in suspecting the presence of TF complications.
Current study found that clinical feature, such as stepladder
fever, was present significantly in both Typhifast IgM and
Enterocheck WB as well as in blood culture-positive patients.
Although the blood culture represented significant results for
abdominal complications such as constipation, both Typhifast IgM
and Enterocheck WB showed no significance toward abdominal
complications. Liver function tests showed that among Typhifast
IgM- and Enterocheck WB-positive patients including blood
culture-positive patients, the presence of abnormal SGOT and
abnormal albumin values was significantly observed. These findings
suggest that along with stepladder fever and abdominal pain, the
impaired liver function may invariably predict the development
of TF. Histopathological study of liver showed the presence of
typhoid nodules, swelling, and mononuclear cell infiltrate in focal
regions, and liver biopsy culture showed the presence of bacilli
in the parenchyma cells. 22 Furthermore, studies reported that
TF can contribute to increased levels of aminotransferase and
development of jaundice, which leads to hepatic impairment.23
Widal test is a widely employed serological test in the
developing countries, which detects the specific agglutinating
antibodies that are released against the lipopolysaccharide (O) and
flagella (H) antigens of the pathogen. Widal test requires increasing
titer of paired samples after 10–14 days; however, in the case of
TF and blood culture-confirmed TF cases such fourfold rise is not
demonstrable.7 Results of Widal tests need careful interpretation,
considering the history of vaccination and Salmonella-associated
infections. Main drawback of Widal tests is cross-reactivity for
non-Salmonella infections such as malaria, dengue, and brucellosis
in TF-endemic regions. 24 Various studies reported the poor
predictive results and controversial specificity and sensitivity for
Widal tests.11,25 In the current study, Widal test titer ≥1:160 was the
optimal cutoff titer value of TF. In a study by Andualem et al.,7 the
sensitivity and specificity were 71.4% and 68.44%, respectively,
in Widal test-positive titer in relation to blood culture-confirmed
cases; positive and negative predictive values were 5.7% and 98.9%,
respectively. The above findings suggest that Widal test neither has
good sensitivity nor specificity and that relying only on Widal test
in the diagnosis of TF may be misleading.
Typhifast IgM is one of the commercially available kit which
works on Typhidot IgM principle. Due to the lack of literature on
the studies conducted on Typhifast, the current study considered
Typhidot IgM for comparison, as it employs similar working
principle. Sensitivity and specificity of Typhidot vary between
70–100% and 43–90%.8,26 In a study conducted by Krishna et al.,26
the sensitivity and specificity of the Typhidot IgM were 100% and
95.5%, respectively, in comparison to blood culture. The positive

and negative predictive values were 89.2% and 100%, respectively.
The findings of the current study were in concordance with the
findings of the above study.26
A study by Anusha et al.16 reported the sensitivity and specificity
of Enterocheck, in relation to blood culture, were 85.5% and 88.6%,
respectively; and the negative and positive predictive values were
97.7% and 51.1%, respectively. Typhifast IgM appears to be a more
sensitive and specific test with a high negative predictive value.
Sensitivity and specificity variations may exist between the tests
due to the cross-reactivity of the outer membrane protein antigens
of different organisms such as S. enterica ser. Typhi and S. enterica
ser. Paratyphi A.
To our knowledge, this is the first study that used a combination
of serological tests for improving the diagnosis of TF. Typhifast IgM
and Enterocheck were performed in series as well as in parallel
for evaluating its effectiveness, surprisingly, the study discovered
that sensitivity as well as the specificity was improved when
executed both in series along with better positive (74.03%) and
negative predictive values (77.27%), respectively. In parallel testing,
sensitivity was 97%; however, specificity and the positive predictive
values were relatively reduced when compared to individual and
series tests. Hence, the diagnosis can be improved with the use of
a combined serological testing approach.
Current study findings conclude that both the rapid serological
tests, Typhifast IgM and Enterocheck WB, offer increased sensitivity
and specificity than Widal test, and even better results when
employed both in combination. Both render rapidity, early
diagnosis, and simplicity than blood culture and can replace the
most extensively used serological test—Widal test. However, the
current findings should be enriched with larger sample size and
longer follow-up. Moreover, in highly suspected cases of TF, clinical
management should not depend on the negative results of the
serological tests.

C o n c lu s i o n
In the current study, clinical features such as step ladder fever,
abdominal pain, vomiting, diarrhea, and constipation were
associated with the diagnosis of TF. It was observed that stepladder
fever, abnormal SGOT, and abnormal albumin were present
significantly in both Typhifast IgM and Enterocheck WB as well as
in blood culture-positive patients. Typhifast IgM and Enterocheck
WB showed promising results with good sensitivity and specificity
when compared with blood culture. Rapid serological diagnostic
tests, either as individual tests or in combination, are necessary
in the early diagnosis of TF; however, confirmation with culture
techniques is mandatory.

References
1. Bhutta ZA. Current concepts in the diagnosis and treatment of typhoid
fever. BMJ 2006;333(7558):78–82. DOI: 10.1136/bmj.333.7558.78.

Indian Journal of Critical Care Medicine, Volume 24 Issue 5 (May 2020)

311

Clinical Profile and Diagnosis of Typhoid
2. John J, Van Aart CJ, Grassly NC. The burden of typhoid and
paratyphoid in India: Systematic review and meta-analysis. PLoS Negl
Trop Dis 2016;10(4):e0004616. DOI: 10.1371/journal.pntd.0004616.
3. Näsström E, Jonsson P, Johansson A, Dongol S, Karkey A, Basnyat B,
et al. Diagnostic metabolite biomarkers of chronic typhoid carriage.
PLoS Negl Trop Dis 2018;12(1):e0006215. DOI: 10.1371/journal.
pntd.0006215.
4. Buckle GC, Walker CL, Black RE. Typhoid fever and paratyphoid fever:
Systematic review to estimate global morbidity and mortality for
2010. J Glob Health 2012;2(1):010401. DOI: 10.7189/jogh.02.010401.
5. Amicizia D, Arata L, Zangrillo F, Panatto D, Gasparini R. Overview of
the impact of typhoid and paratyphoid fever. Utility of ty21a Vaccine
(vivotif(r)). J Prev Med Hyg 2017;58(1):E1–E8.
6. Marineli F, Tsoucalas G, Karamanou M, Androutsos G. Mary mallon
(1869-1938) and the history of typhoid fever. Ann Gastroenterol
2013;26(2):132–134.
7. Andualem G, Abebe T, Kebede N, Gebre-Selassie S, Mihret A,
Alemayehu H. A comparative study of widal test with blood culture
in the diagnosis of typhoid fever in febrile patients. BMC Res Notes
2014;7(1):653. DOI: 10.1186/1756-0500-7-653.
8. Siba V, Horwood PF, Vanuga K, Wapling J, Sehuko R, Siba PM, et al.
Evaluation of serological diagnostic tests for typhoid fever in papua
new guinea using a composite reference standard. Clin Vaccine
Immunol 2012;19(11):1833–1837. DOI: 10.1128/CVI.00380-12.
9. Mogasale V, Ramani E, Mogasale VV, Park J. What proportion of
Salmonella typhi cases are detected by blood culture? A systematic
literature review. Ann Clin Microbiol Antimicrob 2016;15(1):32. DOI:
10.1186/s12941-016-0147-z.
10. Moore CE, Pan-Ngum W, Wijedoru LPM, Sona S, Nga TVT, Duy PT, et
al. Evaluation of the diagnostic accuracy of a typhoid IgM flow assay
for the diagnosis of typhoid fever in cambodian children using a
bayesian latent class model assuming an imperfect gold standard.
Am J Trop Med Hyg 2014;90(1):114–120. DOI: 10.4269/ajtmh.13-0384.
11. Wasihun AG, Wlekidan LN, Gebremariam SA, Welderufael AL,
Muthupandian S, Haile TD, et al. Diagnosis and treatment of typhoid
fever and associated prevailing drug resistance in northern ethiopia.
Int J Infect Dis 2015;35:96–102. DOI: 10.1016/j.ijid.2015.04.014.
12. Kinikar Anagha BD, Shahriar R, Sanjeev K. The easy and early diagnosis
of typhoid fever. J Clin Diagn Res Title 2012;6:198–199.
13. Lee DH, Kim SC, Bae IG, Koh EH, Kim S. Clinical evaluation of bact/
alert fa plus and fn plus bottles compared with standard bottles. J
Clin Microbiol 2013;51(12):4150–4155. DOI: 10.1128/JCM.01935-13.

312

Indian Journal of Critical Care Medicine, Volume 24 Issue 5 (May 2020)

14. Gasem MH, Smits HL, Goris MG, Dolmans WM. Evaluation of a
simple and rapid dipstick assay for the diagnosis of typhoid fever in
indonesia. J Med Microbiol 2002;51(2):173–177. DOI: 10.1099/00221317-51-2-173.
15. Ltd. ADMP. For rapid detection of acute typhoid fever: India Mart;
2010 [cited 2015]. Available from: https://www.indiamart.com/
abdiagnopathmanufacturing/detailing.html.
16. Anusha R, Ganesh R, Lalitha J. Comparison of a rapid commercial
test, enterocheck wb((r)), with automated blood culture for diagnosis
of typhoid fever. Ann Trop Paediatr 2011;31(3):231–234. DOI:
10.1179/1465328111Y.0000000030.
17. Crump JA, Sjolund-Karlsson M, Gordon MA, Parry CM. Epidemiology,
clinical presentation, laboratory diagnosis, antimicrobial resistance,
and antimicrobial management of invasive salmonella infections.
Clin Microbiol Rev 2015;28(4):901–937. DOI: 10.1128/CMR.00002-15.
18. Bhutta ZA, Naqvi SH, Razzaq RA, Farooqui BJ. Multidrug-resistant
typhoid in children: presentation and clinical features. Rev Infect Dis
1991;13(5):832–836. DOI: 10.1093/clinids/13.5.832.
19. Talwar S, Sharma RK, Mittal DK, Prasad P. Typhoid enteric perforation.
Aust N Z J Surg 1997;67(6):351–353. DOI: 10.1111/j.1445-2197.1997.
tb01990.x.
20. Sharvani R, Hemavathi, Dayanand DK, Shenoy P, Sarmah P.
Antibiogram of Salmonella isolates: time to consider antibiotic
salvage. J Clin Diagn Res 2016;10:DC06–DC08.
21. Dutta TK, Beeresha, Ghotekar LH. Atypical manifestations of typhoid
fever. J Postgrad Med 2001;47:248–251.
22. Karoli R, Fatima J, Chandra A, Singh G. Salmonella hepatitis: An
uncommon complication of a common disease. J Family Med Prim
Care 2012;1(2):160–162. DOI: 10.4103/2249-4863.104992.
23. Minemura M, Tajiri K, Shimizu Y. Liver involvement in systemic
infection. World J Hepatol 2014;6(9):632–642. DOI: 10.4254/wjh.
v6.i9.632.
24. Wijedoru L, Mallett S, Parry CM. Rapid diagnostic tests for typhoid
and paratyphoid (enteric) fever. Cochrane Database Syst Rev
2017;5:CD008892. DOI: 10.1002/14651858.CD008892.pub2.
25. Adhikari A, Rauniyar R, Raut PP, Manandhar KD, Gupta BP. Evaluation
of sensitivity and specificity of ELISA against Widal test for typhoid
diagnosis in endemic population of Kathmandu. BMC Infect Dis
2015;15(1):523. DOI: 10.1186/s12879-015-1248-6.
26. Krishna S, Desai S, Anjana V, Paranthaaman R. Typhidot (IgM) as a
reliable and rapid diagnostic test for typhoid fever. Ann Trop Med
Public Health 2011;4(1):42–44. DOI: 10.4103/1755-6783.80535.

Letters to Editor

Asymptomatic Transmission of Severe Acute Respiratory
Syndrome‑Coronavirus 2 within a Family Cluster of 26 Cases:
Why Quarantine is Important?
Sir,
The 2019–2020 coronavirus (CoV) pandemic is an ongoing
pandemic of CoV disease 2019 (COVID‑19), caused by
severe acute respiratory syndrome CoV 2 (SARS‑CoV‑2).
In this stage of lack of effective drugs, extensive measures
to reduce person‑to‑person transmission of COVID‑19 are
required to control the current outbreak.[1] This process
is complicated by epidemiologic uncertainty regarding
possible transmission of the virus by asymptomatically or
subclinically symptomatic‑infected persons.[2] The tracing
of foreign travellers, checking on arrival and quarantine for
mean incubation period of 14 days is being practiced. We
hereby highlight a family cluster where four index cases

who lead to family cluster of 26 cases by refusing to follow
the quarantine.
Initially, family of four (two males and two females of age
65, 62, 52, and 35 years) belonging to Islampur town in
Maharashtra State returned from Saudi Arabia on March
13, where all of them were screened and advised home
quarantine for 14 days. They belong to a big joint family
who live side by side in a congested housing set up. In
spite of being advised, the four index cases did not follow
quarantine and were in contact with other family members
round the clock for the next 5 days.[3] On March 19, four
index cases were admitted to Government Hospital as three
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of them started showing symptoms and were tested by Throat
swab for reverse transcriptase‑polymerase chain reaction.
All four swabs of index cases came positive on March 22.
Forty‑three family members were quarantined and kept
under observation and 325 nonclose contacts were home
quarantined. On March 24, out of 43, five people were tested
positive for SARS‑CoV 2 including the housemaid and the
driver followed addition of three more positive cases on
March 26. The contact history of all family members was
traced and more than 4000 people screened. By March 28,
13 people from the family were tested positive including
a 2‑year‑old child and another family member was tested
positive on April 7, making the total of 26. During the whole
process, more than 51,000 people were kept under quarantine
and the town was sealed completely.
Facts to be highlighted:
1. If all the advised precautions of the quarantine were
followed by the index cases, the outbreak would have
occurred
2. The index cases transmitted the disease in presymptomatic
period of 6 days
3. Huge number of people who came in contact with the
whole family were put at the risk.
To prevent and control this highly infectious disease as early
as possible, people with family members with SARS‑CoV‑2
infection should be closely monitored and examined to rule
out infection, even if they do not have any symptoms. Vigilant
control measures are warranted to control the pandemic.[4]
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a b s t r a c t
Objectives: Evaluate and compare contraceptive efficacy, safety, continuation rates and duration of lactational amenorrhea (LA) in married lactating women (20–35 years) using the progesterone vaginal ring
(PVR) or Copper-T380A intrauterine device (IUD) during the first postpartum year.
Study design: We conducted a one-year multicenter, non-randomized, non-inferiority, open-label, comparative trial at 20 centers in India and compared efficacy, safety, continuation and LA plus feeding patterns and growth/well-being of participants’ infants. Women used four 3-month PVRs consecutively (lost
PVRs were not replaced) and were to breastfeed at least four times/day. We used Pearl Index (PI) and
Kaplan Meier (K-M) rates to analyze pregnancy and K-M for continuation.
Results: We enrolled 789 women (459 PVR, 330 IUD). Neither PI nor K-M one-year pregnancy rates differed significantly between groups (PI: PVR-0.62; IUD-0.35); (K-M: PVR-0.7; IUD-0.4, p = 0.58).
Continuation rates at 12 months were 78.5% (IUD) vs. 56.9% (PVR) (p < 0.001). Ring expulsions and
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menorrhagia were the most common discontinuation among PVR/IUD users respectively. The median
duration of LA among PVR vs. IUD users was 405 vs. 120 days (p < 0.001). Both groups reported similar
adverse events (PVR: 24.2%; IUD: 23.0%); there were no serious adverse events among PVR users. Infants
from both groups fed 12–7 times/day and grew at expected rates.
Conclusions: Efficacy and safety outcomes were comparable among women in both groups. Continuation
rates for PVR, a woman-controlled method, were shorter than IUD rates while PVR users maintained LA
significantly longer than IUD users. Infant breastfeeding and growth patterns/well-being were favorable
in both groups.
Implications: PVR, a user-controlled device, offers an additional contraceptive choice for lactating women
for one-year postpartum use and can help to address the unmet need for contraception among postpartum women while encouraging breastfeeding to enhance infant growth and well-being.
Ó 2020 Elsevier Inc. All rights reserved.

1. Introduction

2. Materials and methods

In India ensuring access to safe and effective contraception for
postpartum women represents an important national goal as only
a quarter of postpartum women are using contraception and
short pregnancy intervals pose increased risks of adverse maternal and infant outcomes [1,2]. The lactational amenorrhea
method (LAM) that includes fully or nearly fully breastfeeding
as a contraceptive method criterion is 98% effective [3–5]; its success depends upon ovulation inhibition. Non-exclusive breastfeeding or early supplementation can lead to ovulation
resumption and pregnancy before menses resumes [2,3,6,7]. Data
from Demographic and Health Surveys conducted in 17 countries
from 2003-2007 indicated limited LAM use in India during 3.0 to
5.9 months postpartum. During this time one-third of postpartum
women had return of menses and more than two-thirds were
sexually active [8]. Urbanization and lifestyle changes have
reduced even further the duration of exclusive breastfeeding
and LAM’s effectiveness as a postpartum contraceptive method
[9]. India’s National Family Welfare Program emphasizes exclusive breastfeeding for the first six months postpartum, however,
exclusive breast feeding is practiced by merely 55 % women for
a median duration of only 2.9 months while continued breast
feeding is practiced for a median duration of 29.6 months [10].
These data suggest an urgent need to provide lactating women
in India with access to additional safe and effective contraceptive
methods while fostering infant growth.
Contraceptive methods considered safe and effective for breastfeeding women include: the Copper-T intrauterine device (IUD),
and progestin-only hormonal methods, including the progesterone
vaginal ring (PVR) [11–17]. The IUD is a cost-effective method with
well-known advantages [18,19], and is registered for lactating and
non-lactating women in many global regions including India. However, the IUD may not be suitable or acceptable to all women.
Results from previous studies suggest that the PVR is as effective
for contraception as the IUD [13,14], that the amount of progesterone excreted in breastmilk is low, and there are no known deleterious effects on breastfeeding frequency, breast milk volume, or
infant growth/development [12,13,20–22]. The PVR is approved
for use in ten Latin American countries and is under review for registration in several countries in sub-Saharan Africa [23]. It had not
been investigated for use in India. Hence, we conducted a Phase 3
multicenter, non-randomized, non-inferiority, open label, comparative clinical trial with the PVR and IUD in breastfeeding women
during their first postpartum year at 20 medical colleges across
13 states in India. In addition to efficacy and safety, we compared
effects of these methods on continuation rates, duration of lactational amenorrhea (LA), breastfeeding performance and infant
growth.

The PVR is a donut-shaped, soft, flexible silicone ring; 58 mm in
outer diameter and 2.4 mm in cross-section, containing micronized
2 g progesterone releasing ~10 mg/day. The IUD (CuT380A) is a Tshaped device; 32 mm in width and 36 mm in length. The ethics
committees of the Indian Council of Medical Research (ICMR)
and the 20 participating centers, plus the Population Council’s
Institutional Review Board approved the protocol. The trial was
registered in India (CTRI/2011/07/001874). Grünenthal manufactured PVRs for the trial while HLL Lifecare manufactured the IUDs
and distributed the rings and IUDs to study sites. We trained site
personnel on good clinical practice, technique of ring insertion
and removal, data collection and counseling techniques.
Study site personnel counseled married lactating women seeking postpartum contraception on available contraceptive options
including the study devices. Women could not receive the PVR
without enrolling in the study but could obtain an IUD currently
available in the National Program. Women wishing to use the
IUD or PVR and join the study were asked to review and sign an
informed consent and then were screened for eligibility. Healthy
women, 20–35 years, 6–9 weeks postpartum following the birth
of a normal, healthy infant, exclusively breastfeeding, willing to
continue breastfeeding at least four times daily for one-year, who
had not used any contraceptives since delivery, were at risk for
pregnancy and willing to come for follow-up visits were eligible
for the study.
Participants selecting the PVR were trained at their enrollment
visit to insert and self-remove the ring. Women who selected the
IUD had their insertion at enrollment. All women, regardless of
method, were instructed to complete a daily diary card that
included bleeding episodes, insertion and removal dates, and inadvertent expulsions; PVR users also documented ring slippage. They
were scheduled to return to the study site at week 1 ± 2 days, month
1 ± 5 days, and every 90 ± 5 days from initial PVR or IUD insertion
for one-year of use. Women in the PVR group received and inserted
a new ring during clinic visits at each 90-day visit and were counseled on reinsertion in the event of an expulsion. Consistent with
the protocol, women unable to retrieve an expelled ring were discontinued. If women did not return for a scheduled visit, they were
assessed at home by a study staff member.
Women in both groups who discontinued early due to any reason including weaning, plus women who completed the study,
were followed for one more month to record pregnancies and
adverse events (AEs) within the post-discontinuation study period.
Women who discontinued early or completed the study and
desired a pregnancy were to be followed every three months for
one more year to record return of fertility and pregnancy
outcomes.
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2.1. Outcomes and analysis

3. Results

The primary efficacy outcome was pregnancy incidence during PVR use and up to seven days following last use, and during
IUD use (including pregnancies occurring during undetected
expulsions of either method). To identify pregnancies during
the study, participants had a urine pregnancy test at enrollment
and at each 90-day follow-up visit. We confirmed positive results
by conducting pelvic examinations and ultrasonography, which
were used to identify the estimated date of conception (EDC)
within the study period. We examined participants’ daily diary
data for dates of bleeding/menses (if these occurred) to aid in
confirming the EDC.
We used the Pearl Index (PI) for determining contraceptive efficacy and as an indication of the incidence of pregnancy per 100
woman-years of use and calculated as total number of
pregnancies  total woman-years of use  100. We calculated
woman-years of use as the number of days of exposure to the product divided by 365. As an ancillary efficacy outcome, we used
Kaplan-Meier (K-M) life tables to evaluate the cumulative probability of no pregnancy by treatment group.
As secondary efficacy outcomes we evaluated study continuation rates, duration of LA and breastfeeding patterns by treatment
groups. To calculate continuation rates and event-specific discontinuation rates, we used life tables [24]. We computed duration
of LA based on previous research [20]. We used the mean number
of breastfeeding episodes reported by mothers at week-1 and
months 1, 3, 6, 9 and 12 to summarize breastfeeding performance
between groups.
To evaluate maternal safety, we recorded treatment emergent
adverse events (TEAEs) and serious adverse events (SAEs) at each
study visit and assessed severity and relationship to treatment.
We also recorded findings of physical and gynecological examinations, laboratory investigations and vital signs measurements. As
part of mother’s visits, we assessed infant morbidities and weights
and computed Z-scores for weight-for-age using WHO (2006)
growth standards [25]. To compare infant weights, we applied
descriptive statistics with t-tests for between treatment group
comparisons.
We summarized demographic and baseline characteristics by
treatment group. For analysis, we used SPSS 19.0 and SAS version
9.4 and MedDRA version 19.1 to code AEs.

3.1. Sample description and disposition

2.2. Sample size
We assessed minimum sample size requirements at 782 (391
in each group) based on the following assumptions: one-year
pregnancy rate is 0.5% in the IUD group and 1.0% in the PVR
group, 2.5% non-inferiority margin (d), 97.5% (one-sided) confidence level and 90% power. In this case, the upper limit of a
one-sided 97.5% confidence interval excludes a difference in
favor of the IUD group of more than 2.5%. Assuming a 27% discontinuation rate, the target sample size was 1071. However,
prior to reaching full enrollment, India issued new national regulatory mandates that required audio-visual recording of the
consent process [26]. This change had implications for aggregating study findings and required new regulatory approvals
through ethics committees at all 20 participating sites. We estimated that reaching full enrollment would require approximately four years and additional resources to complete the
study. Given these circumstances, we performed all analyses
based on the enrolled women.
Trial registration number: CTRI/2011/07/001874.
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Between November 2011 and April 2013, we enrolled 789 participants who were 6–9 weeks postpartum; 459 chose the PVR and
330 chose the IUD (Fig. 1). Women in both groups had similar
demographic and baseline characteristics (Table 1). Their mean
age was 24 years, and most (>90%) were housewives. A slightly
higher percentage of PVR users were urban dwellers (72.1%) compared to those in the IUD group (65.5%) and the majority (>90%) in
both groups used Indian style squatting toilets. Fig. 1 details the
flow of study participants with reasons for discontinuation. There
were no women who completed the study or discontinued early
who desired a pregnancy hence return to fertility was not assessed.
Based on a survival analysis (Fig. 2), continuation rates at
12 months were lower in the PVR group (56.9%) compared to the
IUD group (78.5%, p < 0.001), primarily due to ring expulsions
and the protocol stipulation that lost rings were not replaced.
Seventy-eight expulsions (72 complete; six partial) occurred
among PVR users who discontinued and eight expulsions (six complete; two partial) occurred among IUD users who discontinued.
The 12-month discontinuation rates for expulsions were 19.7 per
100 women among PVR users versus 2.7 per 100 women among
IUD users (p < 0.001) (Table 1S). Sixty percent (43/72) of PVR users
who had complete expulsions lost the ring and were discontinued
early. The majority of complete expulsions (72%, 52/72) occurred
during first ring use (Table 2S).
Discontinuation rates due to participant AEs and infant-related
morbidities were similar between groups (Table 1S). The primary
AE leading to discontinuation in both groups was menstrual problems, which occurred more frequently among IUD users. At 12months, discontinuation rates for this AE were 7.2 per 100 women
using the IUD compared with 2.3 per 100 PVR women (p < 0.01).

3.2. Efficacy
There was one pregnancy among IUD participants on day 322
and two pregnancies among PVR participants on days 268 and
293 of method use. The PI in the PVR group was 0.62 (97.5% CI:
0.55, 0.69; 2 pregnancies/323.1 woman-years of exposure); the PI
in the IUD group was 0.35 (97.5% CI: 0.29, 0.41; 1 pregnancy/286.8
woman-years of exposure). Based on K-M estimates, the probability of no pregnancy in either group (Fig. 3) was 100% at 180 days,
and similar at 270 days and 360 days. One year after enrollment
(13–15 months postpartum), the pregnancy rate was 0.7 per 100
women for PVR users, which was not significantly greater than
the 0.4 per 100 women in the IUD group (p = 0.58). The difference
between the two pregnancy rates was 0.3% with the upper limit of
the 97.5% CI at 0.72%, well within the 2.5% non-inferiority margin
specified for this study. Despite the reduced study sample size,
with the low pregnancy rates, the resultant power was 97%.
Of note, except for the two PVR pregnancies and one IUD pregnancy, remaining users who completed the study or discontinued
early due to various other reasons had negative pregnancy tests
at their discontinuation visits. Four weeks post study discontinuation, there were six users (five PVR; one IUD) among study completers and early discontinuers who had positive pregnancy tests.
In these six users, gestational age findings based on pelvic examinations and ultrasonography confirmed the EDCs were beyond
seven days post study discontinuation; and all underwent elective
pregnancy termination.
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Fig. 1. Study flow diagram for married postpartum lactating women seeking contraception and enrolling in a one-year clinical trial comparing contraceptive efficacy, safety,
continuation rates and duration of lactational amenorrhea of the 3-month vaginal ring containing progesterone 2g and intrauterine device copper T 380A.

3.3. Lactational amenorrhoea

3.4. Safety results

As shown in Fig. 4, PVR users had a longer duration of LA (median 405 days) than IUD users (median 120 days) (p < 0.001).
Except at 90 days, a much higher proportion of PVR compared to
IUD users were amenorrhoeic throughout the study; (180 days
[73.2% vs 27.2%], 270 days [63.7% vs 13.7%], 360 days [55.2% vs
4.2%] (Table 3S).

There were 111 PVR (24.2%) and 76 IUD participants (23.0%)
who experienced treatment emergent AEs (TEAEs); mild (PVR:
14.8%, IUD: 10.9%) or moderate (PVR: 8.3%, IUD: 11.2%). Five PVR
participants (1.1%) experienced severe TEAEs [dizziness (1), vaginal
ulceration (1) and menorrhagia (3)], and 3 IUD users (0.9%) had
severe TEAEs [extremity pain (1), seizure (1), and menometrorrha-
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Table 1
Demographic and baseline characteristics of 3-month vaginal ring containing
progesterone 2g and intrauterine device copper T 380A participants at enrollment.
Characteristics

PVR
(N = 459)

IUD
(N = 330)

pvalue

Age in years, Mean (SD)
Age category, n (%)
20–24
25–29
30–35
BMI (kg/m2), Mean (SD)
BMI (kg/m2), n (%)
<18.5
18.5–25.0
25.1–27.0
27.1–30.0
>30.0
Place of residence, n (%)
Urban
Urban slum
Rural
Education, n (%)
No formal education
Read and write
Primary and Middle school
High school and above
Occupation, n (%)
Housewife
Others
Monthly per capita income (₹)
Mean (SD)

23.9 (3.25)

24.1 (3.31)

0.35b
0.50a

286 (62.3)
138 (30.1)
35 (7.6)
22.7 (3.80)

193 (58.5)
112 (33.9)
25 (7.6)
22.4 (3.81)

63 (13.7)
288 (62.8)
56 (12.2)
32 (7.0)
20 (4.4)

45 (13.6)
199 (60.3)
45 (13.6)
31 (9.4)
10 (3.0)

Toilet facility, n (%)
Indian style
Western style
Open
Mode of delivery of last live birth, n
(%)
Normal vaginal
C-section
Others
Parity, Mean (SD)
Parity, n (%)
1
2
3
4 or more
Menstrual pattern prior to delivery
was regular, n (%)
Lactational amenorrhea at
enrollment, n (%)
Never used contraceptive method, n
(%)
Number of breastfeeds at
enrollment, Mean (SD)

0.35b
0.10a

0.14a
331 (72.1)
59 (12.9)
69 (15.0)

216 (65.5)
52 (15.8)
62 (18.8)

16 (3.5)
6 (1.3)
126 (27.5)
311 (67.8)

21 (6.4)
3 (0.9)
72 (22.6)
234 (70.8)

418 (91.7)
41 (8.3)

303 (91.8)
27 (8.2)

2737.2
(2356.77)

2576.4
(2326.37)

414 (90.4)
26 (5.7)
18 (3.9)

299 (90.6)
19 (5.8)
12 (3.6)

0.21a

0.81a

0.34b

0.94a

0.001a
285 (62.1)
157 (34.2)
17 (3.7)
1.5 (0.68)

247 (74.8)
67 (20.3)
16 (4.8)
1.5 (0.70)

277 (60.4)
151 (32.9)
23 (5.0)
8 (1.7)
445 (96.9)

199 (60.3)
97 (29.4)
31 (9.4)
3 (0.9)
315 (95.5)

0.27a

363 (79.1)

251 (76.1)

0.31a

370 (80.6)

272 (82.4)

0.47a

12.7 (4.15)

12.4 (3.66)

0.31b

0.71b
0.07a
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3.5. Clinical laboratory values, vital signs, physical and gynecological
examination
PVR participants had a mean hemoglobin increase from 11.4 g/
dl at baseline to 11.7 g/dl at end of treatment, while IUD participants experienced non-clinically significant mean declines from
11.5 g/dl at baseline to 11.2 g/dl at end of treatment. There were
no clinically significant physical examination, vital sign, weight
or BMI findings, and no AE or participant discontinuations associated with changes in hemoglobin, complete blood count or clinical
chemistry parameters. Most PVR and IUD participants (96% to
100%) had normal gynecological findings at the end of the study
or early termination (Table 4S).
3.6. Breastfeeding and infant growth
The mean number of breastfeeding episodes was similar
between PVR and IUD groups across all postpartum periods and,
as expected, decreased over time. At month one, infants fed ~12
times daily; by month 12 infants fed ~7 times daily (Table 5S).
Mean infant weights were similar between groups at all time
intervals (Table 3). Infants gained weight consistently from
months 1 to 12. The estimated Z-scores for weight-for-age (WAZ)
between infants in the PVR and IUD groups were similar at baseline and end of treatment. There were no significant differences
between mean Z-scores for these two groups nor were there differences among those who completed the study or discontinued early
(Table 6S). Sixty-three women enrolled with protocol deviations
for infants’ birth weights below the trial cut-off for inclusion (more
than 2 standard deviation as per WHO weight for age standards
at 6–9 weeks); 39 completed the study and 24 terminated early.
The infants of these 63 women were healthy at enrollment, were
within 2 standard deviations of weight for age for Indian children
and were thriving during follow up visits. There were no statistical
differences in WAZ scores between groups (Table 6S) indicating
that the growth trajectory of these lesser weight infants was comparable among both PVR and IUD users.
3.7. Infant morbidities

Abbreviations: IUD = intrauterine device, PVR = progesterone vaginal ring,
SD = standard deviation.
Note: a Pearson chi-square test; b Two sample t-test.

gia and menorrhagia (1)]. There were 78 PVR (17.0%) and 57
(17.3%) IUD participants who had TEAEs related to method use
(Table 2).
Two IUD users had SAEs; one woman experienced a seizure
unrelated to the study method and another was hospitalized
with moderately severe menorrhagia that was probably related.
Both participants discontinued early. There were no SAEs in
the PVR group. A slightly higher percentage of IUD participants
(8.2%) terminated early due to AEs when compared to the PVR
group of women (6.5%). Three women who became pregnant
during PVR/IUD use opted for elective pregnancy termination.
There were no reported complications during/after these
terminations.

During the study, 130 infants of PVR users (28.3%) and 102
infants of IUD users (30.9%) had morbidities (Table 7S). The most
frequently reported morbidities were diarrhea [54 PVR (11.8%);
32 IUD (9.7%)] and nasopharyngitis [52 PVR (11.3%); 53 IUD
(16.1%)]. Four infants of PVR users and three IUD users had SAEs
that were not related or unlikely related to maternal PVR or IUD
use. Infant morbidities that led to early termination of participating mothers were similar between groups [PVR (0.7%); IUD
(0.3%)]. There were two infant deaths in the PVR group from unrelated causes.
4. Discussion
Results from this study demonstrate the PVR is effective in preventing pregnancy among lactating women in India during their
first postpartum year; 99.3% of PVR participants avoided pregnancy, which was similar to results for IUD participants (99.6%).
The pregnancy rate one year after enrollment among PVR users
was not significantly greater than the rate for IUD users. The PI
of 0.65 and 0.35 among PVR and IUD participants respectively
was consistent with findings from earlier studies conducted in
other regions [12,13,20,22].
There were no SAEs among PVR users. TEAEs were mostly mild
or moderate in severity and were similar between groups. These
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Fig. 2. Continuation rates at specified days of method use among 3-month vaginal ring containing progesterone 2g and intrauterine device copper T 380A participants.

Fig. 3. Kaplan-Meier probability of no pregnancy at specified days of method use
among 3-month vaginal ring containing progesterone 2g and intrauterine device
copper T 380A participants.

safety results were comparable to those from a pre-registration
Chilean study [20] with vaginal related AEs occurring more frequently among PVR than IUD users, and more IUD users discontinuing due to menstrual bleeding disorders. Infant morbidities,
which were assessed as unrelated or unlikely related to mothers’
use of the PVR (or IUD), were similar between groups. Infant
growth patterns were also comparable, which provides additional
evidence regarding PVR safety. These results are also consistent
with findings included in a systematic review of PVR safety [14].
The duration of LA continued significantly longer among PVR
users (median 405 days) compared with IUD users (median:
120 days) and a higher proportion of women (55%) experienced LA
at one-year of PVR use compared to women using the IUD (<1%). This
finding confirms previous reports [13,20], and also supports PVR’s
mechanism of action, i.e. progesterone stimulates an increased prolactin response to breast suckling resulting in suppression of follicular development; despite similar breastfeeding episodes daily
among IUD users, ovarian function resumed earlier [11].

Continuation rates for PVR users, a method under women’s control, were similar at one month to those of IUD users but declined
as the study progressed. This outcome was due primarily to expulsions that occurred during toileting and other squatting activities
within the first three months and non-replacement of lost rings
consistent with the protocol, a stipulation that limited comparisons and comparability of the two study arms.
Discontinuation due to ring expulsions ranging from 8.1 to 12
per 100 users has been reported in other PVR studies [12,13,20].
Expulsions have also been reported for other vaginal rings that
are marketed or in development for parous and non-parous
women [27–30], and provides further evidence regarding the
importance of guiding women, who may be inexperienced or
reluctant about vaginal touching, to insert the ring correctly [28].
Expulsion occurrences also suggest the importance of continued
work on ring design to gain additional insight about ring properties
that could be modified to reduce the incidence of expulsions.
Notably few women (4 of 459 PVR users; none of 330 IUD users)
in this study reported weaning as a reason for discontinuation.
Most participants in both groups were homemakers and able to
maintain the breastfeeding frequency required for this study. This
result differed from an earlier multi-country PVR-IUD study in
which 50% of discontinuations were due to weaning [13].
Our study results underscore PVR’s value not only as a new contraceptive for postpartum women in India but also as a method
that promotes breastfeeding to benefit infant health. The frequency
of breastfeeding episodes per day over the study period and the
similar growth patterns of infants from both groups provide convincing evidence regarding PVR’s role relative to infant well-being.
Strengths of this study include the use of research sites across
India and inclusion of women who reflect the diversity of its population. While the required sample size change represented a limitation in terms of enrolling the larger, anticipated sample of PVR
and IUD users, we maintained ample power to assess the primary
outcome. As noted, unequal discontinuation rates between PVR
and IUD groups limited group comparisons. Nevertheless, the findings demonstrated that the PVR is a safe and effective contraceptive option for post-partum lactating women in India as in other
countries where the method is approved. The WHO in 2015 issued
the recommendation that women who breastfeed and are four or
more weeks postpartum can use the PVR without restriction
(MEC category 1) [31], and the PVR has been included in WHO’s
19th Model List of Essential medicines, 2015 [32]. Data generated
from this study will be useful for regulatory review of the PVR
within India and other regions seeking approval for this method
as an additional option to add to the contraceptive mix and help
address the unmet need for contraception among lactating women.
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Fig. 4. Kaplan Meier plot for lactational amenorrhea at specified postpartum days among 3-month vaginal ring containing progesterone 2g and intrauterine device copper T
380A participants.

Table 2
Treatment emergent adverse events occurring in 1% of 3-month vaginal ring containing progesterone 2g and intrauterine device copper T 380A participants by relationship to
treatment.
PVR (N = 459)

IUD (N = 330)

Relatedness

Possible
n (%)

Probable
n (%)

Highly probable
n (%)

Total
n (%)

Possible
n (%)

Probable
n (%)

Highly probable
n (%)

Total
n (%)

Number of subjects with reported TEAE
Eventsa
Pelvic inflammatory disease
Vaginal infection
Back pain
Amenorrhoea
Menorrhagia
Metrorrhagia
Vaginal discharge

49 (10.7)

14 (3.1)

15 (3.3)

78 (17.0)

35 (10.6)

15 (4.5)

7 (2.1)

57 (17.3)

2 (0.4)
9 (2.0)
1 (0.2)
6 (1.3)
10 (2.2)
4 (0.9)
16 (3.5)

0
1
0
2
4
4
4

0
0
0
1
5
8
3

2 (0.4)
10 (2.2)
1 (0.2)
9 (2.0)
19 (4.1)
16 (3.5)
23 (5.0)

5 (1.5)
3 (0.9)
7 (2.1)
2 (0.6)
11 (3.3)
3 (0.9)
10 (3.0)

0
1 (0.3)
1 (0.3)
0
10 (3.0)
5 (1.5)
1 (0.3)

0
0
0
0
10 (3.0)
0
0

5 (1.5)
4 (1.2)
8 (2.4)
2 (0.6)
31 (9.4)
8 (2.4)
11 (3.3)

(0.2)
(0.4)
(0.9)
(0.9)
(0.9)

(0.2)
(1.1)
(1.7)
(0.7)

Abbreviations: IUD = intrauterine device, PVR = progesterone vaginal ring, TEAE = treatment emergent adverse event.
Note: TEAE is defined as any AE that occurs after treatment insertion through 14 days after the last use of the study product. Multiple reports of the same AE in the same
subjects are counted only once. AEs have been coded using MedDRA Version 19.1. Percentages are based on N (number of subjects in the Safety population) and n (number of
subjects with an AE).
a
A woman may have more than one TEAE and thus percentages may not add up to 100.

Table 3
Estimated mean infant weights (g) at specified months postpartum during mothers’ use of the 3-month vaginal ring containing progesterone 2g and intrauterine device copper T
380A.
Weight of Infant (g)

PVR

p-valuea

IUD

n

Mean

SD

n

Mean

SD

Female
Male
Total
Female
Male
Total

189
201
390
208
226
434b

4119
4473
4301
4923
5420
5182

563
575
595
647
735
737

133
141
274
150
174
324b

4188
4421
4308
4970
5367
5183

574
602
599
658
715
716

0.28
0.42
0.89
0.51
0.47
0.98

Month 6 [days 136–225]

Female
Male
Total

173
182
355

6202
6753
6485

919
903
951

132
141
273

6190
6642
6424

844
882
892

0.91
0.27
0.41

Month 9 [days 226–315]

Female
Male
Total

136
156
292

7240
7820
7550

932
1276
1164

122
141
263

7324
7740
7547

883
964
949

0.46
0.54
0.97

Month 1 [days 1–60]

Month 3 [days 61–135]

(continued on next page)
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Table 3 (continued)
Weight of Infant (g)

PVR

Month 12 [days >315]

Female
Male
Total

p-valuea

IUD

n

Mean

SD

n

Mean

SD

131
147
278

7963
8752
8380

1266
1037
1215

129
138
267c

8281
8658
8476

1005
1050
1044

0.03
0.45
0.32

Abbreviations: IUD = intrauterine device, PVR = progesterone vaginal ring, SD = standard deviation.
Note: a Two sample t-test; When more than one assessment was available within the time interval, the assessment closest to the specified day has been used.
b
‘n’ at month 3 is more than the ‘n’ at month 1, because the closest follow-up date for weight assessment for some infants did not fall in the specified interval of 1–60 days
and fall under the next category of 61–135 days;
c
‘n’ at month 12 is more than the ‘n’ at month 9, because the closest follow-up date for weight assessment for some infants did not fall in the specified interval of 226–
315 days and fall under the next category of >315 days.

The progesterone vaginal ring study group at participating
centers
Shashi Gupta, Government Medical College, SMGS Hospital,
Jammu;
L. K. Dhaliwal and Vanita Suri, Postgraduate Institute of Medical
Education and Research, Chandigarh;
Shashi Prateek, Aruna Batra and Pratima Mittal, Vardhman
Mahavir Medical College and Safdarjung Hospital, New Delhi;
Alka Kriplani; All India Institute of Medical Sciences, New Delhi;
Vinita Das, K.G. Medical University, Lucknow;
Ragini Mehrotra and Amrita Chaurasia, Motilal Nehru Medical
College and Hospital, Prayagraj;
Kiran Pandey, GSVM Medical College and Hospital, Kanpur;
Lata Rajoria and Shashi Gupta, SMS Medical College and Zanana
Hospital, Jaipur;
P Meenalochani and S. Baby Vasumathi, Institute of Obstetrics
and Gynecology, Madras Medical College, Chennai;
Nirmala C. and Y. Sujatha, Government Medical College and SAT
Hospital, Thiruvananthapuram;
B. R. Desai and M. K. Swamy, Jawaharlal Nehru Medical College
and Hospital, Belagavi;
Sushma Pandey and Chander Kiran, Patna Medical College and
Hospital, Patna;
Joydev Mukherji and Arup Kumar Majhi, R.G. Kar Medical College and Hospital, Kolkata;
Tapan Lahiri and Partha Mukherjee, Medical College and Eden
Hospital, Kolkata;
Shyama Kanungo, SCB Medical College and Hospital, Cuttack;
Niranjan Mayadeo, Seth GS Medical College and KEM Hospital,
Mumbai;
Kurus J. Coyaji, KEM Hospital, Pune;
Rekha G. Daver, Grant Medical College and Sir JJ Group of Hospitals, Mumbai;
Guru Prasad Pednekar, Goa Medical College and Hospital, Goa;
Anushree Patil, Indian Council of Medical Research – National
Institute for Research in Reproductive Health, Mumbai.

Acknowledgements
The authors thank all the women who volunteered to participate in
the study. Sincere thanks to Andromaco/Grünenthal, Chile for providing the PVR devices and HLL Lifecare, India for providing the
Copper-T380A IUD devices and pregnancy kits for the study and
distributing them to the study sites.
The authors acknowledge the contribution of the other team
members of the Progesterone Vaginal Ring Study Group at the participating centers involved in this phase 3 clinical trial: Neeta
Sawhney, Government Medical College, SMGS Hospital, Jammu;
Sumitu Sahadev and Anju Singh, Postgraduate Institute of Medical

Education and Research, Chandigarh; Rajesh Kumari and Reeta
Bansiwal, Vardhman Mahavir Medical College and Safdarjung
Hospital, New Delhi; V.L Jindal and Rohini Sehgal; All India Institute of Medical Sciences, New Delhi; Aarti Srivastava and Nishi
Agrawal, K.G. Medical University, Lucknow; Rita Shukla and Veena
Gupta, Motilal Nehru Medical College and Hospital, Prayagraj; Roli
Srivastava, GSVM Medical College and Hospital, Kanpur; Manju
Gupta and Saroj Jain, SMS Medical College and Zenana Hospital,
Jaipur; DM Christe, Institute of Obstetrics and Gynecology, Madras
Medical College, Chennai; Sowmini CV, Government Medical College and SAT Hospital, Thiruvananthapuram; Smita Chougule,
Jawaharlal Nehru Medical College and Hospital, Belagavi; Sachidanand Kumar and Devashish Ganguly, Patna Medical College
and Hospital, Patna; Chhabi Chaudhury Bose and Amit Chakraborty, R.G. Kar Medical College and Hospital, Kolkata; Shayesta
Abedin and Arunanshu Chakraborty, Medical College and Eden
Hospital, Kolkata; Sanjib Ranjan Nayak, SCB Medical College and
Hospital, Cuttack; Kumkum Mathur and Nanda P. Mutalik, Seth
GS Medical College and KEM Hospital, Mumbai; Shubha Ambardekar and Bhagyashree Edlabadkar, KEM Hospital, Pune; Manisha
Maindad, Grant Medical College and Sir JJ Group of Hospitals,
Mumbai; Shantaram N Surme, Goa Medical College, Goa; Shanta
M. Chitlange (deceased) and Achhelal R. Pasi, Indian Council of
Medical Research – National Institute for Research in Reproductive
Health, Mumbai.
The authors sincerely acknowledge the contribution of Dr
Prema Ramachandran, Director, Nutrition Foundation of India,
New Delhi; Dr Y. K. Gupta, Former Professor and Head, Department
of Pharmacology, All India Institute of Medical Sciences, New
Delhi; Dr Suneeta Mittal, Director and Head, Obstetrics and Gynecology, Fortis Memorial Research Institute, Gurugram; Dr R. M.
Pandey, Professor and Head, Department of Biostatistics, All India
Institute of Medical Sciences, New Delhi; Dr Mohd Ashraf Ganie,
Professor, Department of Endocrinology and Metabolism, All India
Institute of Medical Sciences, New Delhi; Dr Bikas Medhi, Professor, Department of Pharmacology, Postgraduate Institute of Medical Education and Research, Chandigarh; Dr Sangeeta Yadav,
Professor and Head, Department of Pediatrics, Maulana Azad Medical College and Associated Hospitals, New Delhi and Dr Jyotsna
Suri, Professor, Department of Obstetrics and Gynecology, Vardhman Mahavir Medical College and Safdarjung Hospital, New Delhi,
for their review and insights to the study results. The authors
acknowledge the support provided by ICMR to the participating
sites and the continued support of Dr Radhey Shyam Sharma, Head,
Reproductive Biology, Maternal and Child Health, ICMR. The
authors also acknowledge the contributions of Dr Roopa Hariprasad as study monitor and Mr. Vipin Kumar for the data management support at ICMR. The authors also acknowledge the support
extended by Dr Saroj Pachauri, Dr ME Khan and Dr Niranjan Saggurti from the Population Council India office in conduct of the
study.

Downloaded for Anonymous User (n/a) at Jawaharlal Nehru Medical College from ClinicalKey.com by Elsevier on January 18, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

M. Roy et al. / Contraception 102 (2020) 159–167

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.contraception.2020.04.016.
References
[1] Singh KK, Verma S, Tanti S. Contraceptive use among postpartum women in
India. Asian Popul Stud 2014;10(1):23–39.
[2] World Health Organization (WHO). Programming strategies for postpartum
family planning. Geneva, Switzerland: World Health Organization; 2013.
https://apps.who.int/iris/bitstream/handle/10665/93680/9789241506496_
eng.pdf;jsessionid=6E1A4CB1E0D9992326AB944AB5C57C67?sequence=1
[accessed 12 October 2019].
[3] Kennedy KI, Visness CM. Contraceptive efficacy of lactational amenorrhoea.
Lancet 1992;339(8787):227–30.
[4] Diaz S, Aravena R, Cardenas H, Casado M, Miranda P, Schiappacasse V, et al.
Contraceptive efficacy of lactational amenorrhea in urban Chilean women.
Contraception 1991;43(4):335–52.
[5] [5] World Health Organization (WHO). Family planning: a global handbook for
providers
2018.
https://www.fphandbook.org/sites/default/files/globalhandbook-2018-full-web.pdf [accessed 23 October 2019].
[6] Diaz S, Rodriguez G, Peralta O, Miranda P, Casado M, Salvatierra A, et al.
Lactational amenorrhea and the recovery of ovulation and fertility in fully
nursing Chilean women. Contraception 1988;38(1):53–67.
[7] Rivera R, Kennedy KI, Ortiz E, Barrera M, Bhiwandiwala PP. Breast-feeding and
the return to ovulation in Durango, Mexico. Fertility Sterility 1988;49
(5):780–7.
[8] Borda, M. and W. Winfrey, Postpartum fertility and contraception: an analysis
of findings from 17 countries. Baltimore: Jhpiego, 2010. http://reprolineplus.
org/system/files/resources/ppfp_17countryanalysis.pdf
[accessed
16
September 2019].
[9] Valdés V, Labbok MH, Pugin E, Perez A. The efficacy of the lactational
amenorrhea method (LAM) among working women. Contraception 2000;62
(5):217–9.
[10] International Institute for Population Sciences (IIPS), ICF. National Family
Health Survey (NFHS-4), 2015–16: India. IIPS Mumbai; 2017.
[11] Díaz S, Miranda P, Brandeis A, Cárdenas H, Croxatto HB. Mechanism of action
of progesterone as contraceptive for lactating women. Ann N Y Acad Sci
1991;626(1):11–21.
[12] Chen J, Wu S, Shao W, Zou M, Hu J, Cong J, et al. The comparative trial of TCu
380A IUD and progesterone-releasing vaginal ring used by lactating women.
Contraception 1998;57(6):371–9.
[13] Sivin I, Díaz S, Croxatto HB, Miranda P, Shaaban M, Sayed EH, et al.
Contraceptives for lactating women: a comparative trial of a progesteronereleasing vaginal ring and the copper T 380A IUD. Contraception 1997;55
(4):225–32.
[14] Carr SL, Gaffield ME, Dragoman MV, Phillips S. Safety of the progesteronereleasing vaginal ring (PVR) among lactating women: a systematic review.
Contraception 2016;94(3):253–61.
[15] Kambo I, Nair A, Dhillon B, Chauhan S, Saxena B. An ICMR task force on IUD and
hormonal contraceptives, clinical evaluation of intrauterine devices CuT 200
and CuT 380A-an experience on 5 years use. J Obstect Gynecol 1998;48:77–81.

167

[16] Singal S, Bharti R, Dewan R. Clinical outcome of postplacental Copper T 380A
insertion in women delivering by caesarean section. J Clin Diagnostic Res:
JCDR 2014;8(9):OC01–4.
[17] Chi I-C, Potts M, Wilkens LR. Champion CB. Performance of the copper T-380A
intrauterine device in breastfeeding women. Contraception 1989;39
(6):603–18.
[18] Cleland J, Ali M, Benova L, Daniele M. The promotion of intrauterine
contraception in low-and middle-income countries: a narrative review.
Contraception 2017;95(6):519–28.
[19] Buhling KJ, Zite NB, Lotke P, Black K. Worldwide use of intrauterine
contraception: a review. Contraception 2014;89(3):162–73.
[20] Massai R, Miranda P, Valdes P, Lavı´n P, Zepeda A, Casado M, et al.
Preregistration study on the safety and contraceptive efficacy of a
progesterone-releasing vaginal ring in Chilean nursing women.
Contraception 1999;60(1):9–14.
[21] Díaz S, Zepeda A, Maturana X, Reyes M, Miranda P, Casado M, et al. Fertility
regulation in nursing women: IX. Contraceptive performance, duration of
lactation, infant growth, and bleeding patterns during use of progesterone
vaginal rings, progestin-only pills, NorplantÒ implants, and Copper T 380-A
intrauterine devices. Contraception 1997;56(4):223–32.
[22] Croxatto H, Díaz S. Progesterone vaginal rings for contraception during
breastfeeding. Adv Gynecol Obstetric Res Series 1991;2:135–42.
[23] RamaRao S, Obare F, Ishaku S, Mané B, Clark H, Liambila W, et al. Do women
find the progesterone vaginal ring acceptable? findings from Kenya, Nigeria,
and Senegal. Stud Fam Plann 2018;49(1):71–86.
[24] Azen SP, Roy S, Pike MC, Casagrande J, Mishell Jr DR. A new procedure for
statistical evaluation of intrauterine contraception. Am J Obstet Gynaecol
1977;128(3):329–35.
[25] Multicentre WHO, Growth Reference Study Group. WHO Child Growth
Standards based on length/height, weight and age. Acta paediatrica (Oslo,
Norway: 1992) Supplement 2006;450:76–85.
[26] Saxena P, Saxena R. Clinical trials: changing regulations in India. Indian J
Commun Med 2014;39(4):197–202.
[27] Montgomery ET, van der Straten A, Cheng H, Wegner L, Masenga G, von
Mollendorf C, et al. Vaginal ring adherence in sub-Saharan Africa: expulsion,
removal, and perfect use. AIDS Behavior 2012;16:1787–98.
[28] Merkatz RB, Plagianos M, Hoskin E, Cooney M, Hewett PC, Mensch BS.
Acceptability of the nestoroneÒ/ethinyl estradiol contraceptive vaginal ring:
development of a model; implications for introduction. Contraception 2014;90
(5):514–21.
[29] Algorta J, Diaz M, de Benito R, Lefebvre M, Sicard E, Furtado M, et al.
Pharmacokinetic bioequivalence, safety and acceptability of OrnibelÒ, a new
polymer composition contraceptive vaginal ring (etonogestrel/ethinylestradiol
11.00/3.474 mg) compared with NuvaringÒ (etonogestrel/ethinylestradiol
11.7/2.7 mg). Eur J Contracept Reprod Heal Care 2017;22:429–38.
[30] Gemzell-Danielsson K, Sitruk-Ware R, Creinin MD, Thomas M, Barnhart KT,
Creasy G, et al. Segesterone acetate/ethinyl estradiol 12-month contraceptive
vaginal system safety evaluation. Contraception 2019;99(6):323–8.
[31] World Health Organization (WHO). Medical eligibility criteria for
contraceptive use. Geneva: WHO; 2015. https://apps.who.int/iris/bitstream/
handle/10665/181468/9789241549158_eng.pdf [accessed 9 November 2019].
[32] World Health Organization (WHO). 19th WHO model list of essential
medicines.
Geneva:
WHO;
2015.
https://www.who.int/medicines/
publications/essentialmedicines/EML2015_8-May-15.pdf
[accessed
9
November 2019].

Downloaded for Anonymous User (n/a) at Jawaharlal Nehru Medical College from ClinicalKey.com by Elsevier on January 18, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

Journal of Public Health: From Theory to Practice
https://doi.org/10.1007/s10389-020-01309-9

REVIEW ARTICLE

Liver profile in COVID-19: a meta-analysis
Abhishek Bansal 1 & Jang Bahadur Prasad 2
Received: 23 April 2020 / Accepted: 7 May 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Background Few studies have been performed to investigate multiorgan failure occurring with extrapulmonary symptoms like
diarrhea, anorexia, and vomiting. There has been no attempt at a systematic review on this major health issue. Hence, in this
study, a meta-analysis was undertaken to quantify the overall risk of liver damage in COVID-19 patients and also find the overall
variation in risk outcome.
Materials and methods A meta-analysis was carried out on the findings of four published studies that were related to the albumin,
alanine aminotransferase (ALT), and aspartate aminotransferase (AST) levels of COVID-19 patients. The pooled mean for each
of these three measurements was estimated by using a random-effects model.
Results The pooled means for albumin, AST, and ALT in COVID-19 patients were 38.84 g/L [95% confidence interval (CI):
35.83–41.86], 27.28 IU/L (95% CI: 18.30–36.26), and 24.44 IU/L (95% CI: 15.73–33.15) respectively. There was a high degree
of divergence among the studies, with the index of heterogeneity being more than 90%.
Conclusion The ALT and albumin pooled means were reported to be within the normal range; however, the pooled mean of the
serum AST level was found to be high in COVID-19 patients. The pooled means reported in this study can be useful for working
out the degree of liver damage in COVID-19 patients.
Keywords COVID-19 . Liver profile . Albumin . ALT . AST

Introduction
An unknown outbreak of pneumonia occurred in Wuhan in
December 2019 and rapidly spread all over China and, now,
the whole world. This virus has some uncommon
extrapulmonary symptoms in patients, like anorexia, diarrhea,
and vomiting, not necessarily with respiratory symptoms (Pan
et al. 2020), leading to its naming of SARS-CoV-2, with the
disease being termed COVID-19. It is spread from person to
person in the community. However, there is no drug on the
market with definite curing effects, so the main strategy is
focused on symptomatic support. Some patients showed
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lower ability to respond to treatment after hospitalization and
developed severe pneumonia, pulmonary edema, acute respiratory distress syndrome (ARDS), or multiple organ failure
(Mo et al. 2020).
The first cases of the COVID-19 disease were directly
linked to exposure to the Huanan Seafood Wholesale
Market of Wuhan, so the animal-to-human route of transmission was presumed as the main mechanism. Transmission of
the aerosol is also possible in protracted exposure. The pathophysiology of these viruses is that they are enveloped,
positive-stranded RNA viruses with nucleocapsids, with an
approximate length of 30 kb, making them the largest known
RNA viruses. In the host, firstly, the synthesis of polyprotein
1a/1ab (pp1a/pp1ab) takes place from the viral RNA. The
clinical variety of COVID-19 varies from asymptomatic or
paucisymptomatic forms to respiratory failure to multiorgan
and systemic manifestations in terms of sepsis, septic shock,
and multiple organ dysfunction syndrome (MODS). The
symptoms in the early stages of infection were non-specific,
and differential diagnosis may include a variety of infectious
and non-infectious etiologies (Cascella et al. 2020).
Plasma albumin concentration helps in the determination of
hepatocellular damage because of its synthesis in the liver and
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it has a half-life of 17 days. The normal serum level of albumin is 35–52 g/L. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are the most important clinical
aminotransferases, and the liver is a rich source. Therefore,
following any damage in liver cells, these enzymes fuse into
the bloodstream and increase their concentration in serum.
The normal serum level of AST is 6–25 IU/L and that for
ALT is 3–30 IU/L (Kaplan et al. 1995).
Some studies have noted that, in coronavirus, multiorgan
failure occurs with extrapulmonary symptoms like diarrhea,
anorexia, vomiting, etc. (Cascella et al. 2020; Sun et al. 2020).
However, there has been no attempt at a systematic review for
this major health issue. In an effort to address this gap in
knowledge, this study undertook a meta-analysis to quantify
the overall risk of liver damage in COVID-19 patients and
also find the overall variation in risk outcome.

Materials and methods
Selection of test parameters
In the liver profile, there is a list of tests available for the
determination of liver function. ALT, AST, and albumin are
routinely used to test the liver profile for the determination of
liver function. These are simple to perform. There are some
studies in China that showed that these levels are significantly
altered in COVID-19 patients (Liu et al. 2020a, b; Mo et al.
2020; Pan et al. 2020). Among these studies, some relevant
studies, which were freely accessible and conducted in China
among COVID-19 patients, were taken into account. They are
presented in Figs. 2a, 3a, and 4a, with their separate and combined risk, analyzed by a random-effects model.

Literature search
A literature exploration was conducted using the PubMed
database for locating and accessing articles related to the
forms of COVID-19 associated with liver injury. The keywords used for the search were ‘COVID-19’, ‘liver profile’,
and ‘China’. Only full-length published articles and written in
either English or Chinese were considered for this study. The
references listed in these articles were also accessed for additional support.

Inclusion and exclusion criteria
Studies were considered for the meta-analysis if they
pertained to associations between COVID-19 and liver profile, and the estimated liver profile was included in the metaanalysis. The following selection criteria were also applied to
studies: (1) the study must have a cross-sectional or case series
design and (2) the study must have a reported average estimate

and their corresponding 95% confidence intervals (CIs) of the
albumin, AST, and ALT levels. A flow chart of the study
selection process, along with numbers selected and excluded
at different levels, is shown in Fig. 1.

Data extraction
The epidemiological guidelines of observational studies for
meta-analyses were followed (Jussawalla and Deshpande
1971). From each study, the following information was extracted: (1) first author’s last name, (2) year of publication, (3) number
of patients, and (4) average (mean) and corresponding 95% CIs
for albumin, AST, and ALT levels separately (Table 1.

Statistical analysis
Separate contingency tables were developed for albumin,
AST, and ALT. The overall mean (combined for all existing
cross-sectional and case series studies) and its 95% CI was
calculated by using the random-effects model for albumin,
AST, and ALT because the data used in the meta-analysis
were supposed to be a random selection from all possible
studies. The studies are hospital-based cross-sectional and
Number of hits in PUBMED for
Corona virus related with forms
of COVID 19 = 1618

Number of non-relevant
studies
(not related to liver)=1589

Numbers of relevant studies =
29

Number of studies removed
due to non-availability
of liver profile test= 25

Number of studies used for
meta-analysis = 4
Fig. 1 Flow chart of the study selection process
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Table 1 Study characteristics
Reference

Publication year

Place

Sample size

Mean

Mo et al. (2020)

2020

Wuhan

85

Albumin = 36.00 g/L
AST = 37.00 IU/L

Liu et al. (2020b)

2020

Wuhan

78

ALT = 28.00 IU/L
Albumin = 40.47 g/L
AST = 20.50 IU/L

Liu et al. (2020a)

2020

Wuhan

30

ALT = 18.10 IU/L
Albumin = 42.00 g/L
AST = 20.00 IU/L

Pan et al. (2020)

2019

Wuhan

204

ALT = 18.00 IU/L
Albumin = 36.10 g/L
AST = 35.60 IU/L
ALT = 35.80 IU/L

case series types and were carried out in China. A forest plot
and funnel plot were prepared using STATA 16 statistical
software to describe individual studies and the pooled mean.
Heterogeneity between studies was indicated by the I2 value.
I2 statistics of less than 50% were considered as low and
indicating a greater degree of similarity between studies.
Fig. 2 a Forest plot of randomeffects meta-analysis for albumin.
b Funnel plot with pseudo 95%
confidence interval for albumin

a

b

Statistical significance was fixed at a p-value less than 5%
because meta-analysis is a type of observational study; errors can occur in the methodology of study inclusion and
analysis, resulting in incorrect results. The funnel graph can
be used to evaluate the bias of the study, as shown in Figs.
2b, 3b, and 4b).
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Fig. 3 a Forest plot of randomeffects meta-analysis for aspartate
aminotransferase (AST). b
Funnel plot with pseudo 95%
confidence interval for AST

a

b

Results
Four articles that met the eligibility criteria for this study and
investigated the association of COVID-19 infection with albumin, AST, and ALT levels were included in this study (Liu
et al. 2020a, b; Mo et al. 2020; Pan et al. 2020). Table 2
summarizes the results of our study in the form of pooled
mean, lower limit, upper limit, I2, and p-value of albumin,
AST, and ALT associated with COVID-19. The pooled
means for albumin, AST, and ALT in COVID-19 patients
were 38.84 g/L (95% CI: 35.83–41.86), 27.28 IU/L (95%
CI: 18.30–36.26), and 24.44 IU/L (95% CI: 15.73–33.15),
respectively. There was a high degree of divergence among
the studies, with the index of heterogeneity being more than
90% (Table 2).

Albumin
All four studies dealing with albumin reported that its association with COVID-19 was statistically significant. The pooled
mean for all four studies was 38.84 g/L (95% CI: 35.83–
41.86), with I2 = 95.00%, as shown in Fig. 2a. Most studies
were located outside of the funnel in the plot, which means

that the research publication bias, calculated with the Egger
test, was large, as shown in Fig. 2b.

AST
All four studies dealing with AST reported that its association
with COVID -19 was statistically significant. The pooled
mean for all four studies was 27.28 IU/L (95% CI: 18.30–
36.25), with I2 = 87.31%, as shown in Fig. 3a. Studies were
located in the funnel and spread out, which means that the
research publication bias was large, as shown in Fig. 3b.

ALT
All four studies dealing with ALT reported that its association
with COVID-19 was statistically significant. The pooled
mean for all four studies was 24.44 IU/L (95% CI: 15.73–
33.15), with I2 = 90.96%, as shown in Fig. 4a. Most studies
were located inside the funnel and spread out, which means
that the research publication bias was large, as shown in Fig.
4b.
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Fig. 4 a Forest plot of randomeffects meta-analysis for alanine
aminotransferase (ALT). b
Funnel plot with pseudo 95%
confidence interval for ALT

a

b

Discussion

symptoms in the early stages of infection were non-specific,
and differential diagnosis may include a variety of infectious
and non-infectious etiologies (Cascella et al. 2020).
This study used a random-effects model, with the assumption that each of the included investigations used randomly
selected samples for analysis. The high heterogeneity of each
variable type observed in the studies was due to the different
periods in which the studies were carried out and the diversity
of locations, cultures, and economic status. The cause of liver
damage in COVID-19 was due to SARS-CoV-2 being similar
to SARS-CoV and could invade the human body by binding
to the human angiotensin-converting enzyme 2 (ACE-2) receptor, which causes liver tissue injury by upregulation of
ACE-2 expression in liver tissue (Pan et al. 2020).

An unknown outbreak of pneumonia occurred in Wuhan with
some uncommon extrapulmonary symptoms in patients, like
anorexia, diarrhea, and vomiting, not necessarily with respiratory symptoms, was caused by SARS-CoV-2, with the disease
being termed COVID-19. It is spread from person to person in
the community. Some patients showed lower ability to respond to treatment after hospitalization and developed severe
pneumonia, pulmonary edema, ARDS, or multiple organ failure (Mo et al. 2020; Pan et al. 2020). The clinical variety of
COVID-19 varies from asymptomatic or paucisymptomatic
forms to respiratory failure to multiorgan and systemic manifestations in terms of sepsis, septic shock, and MODS. The
Table 2 Number of studies for
different measures of the liver
profile, with pooled mean, 95%
confidence interval (CI), and
measure of heterogeneity (I2)

Liver profile

Albumin
Aspartate aminotransferase
(AST)
Alanine aminotransferase
(ALT)

Number of
studies

Mean

95% CI
Lower
limit

Upper
limit

I2

pValue

4
4

38.84
27.28

35.83
18.30

41.86
36.26

95.00
87.31

< 0.001
< 0.001

4

24.44

15.73

33.15

90.96

< 0.001
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Our meta-analysis study observed that the pooled mean of
albumin in COVID-19 patients was lower than the normal
range, which is due to a defect in its synthesis. The AST
pooled mean value was reported to be higher in COVID-19
patients, which is due to damage in hepatic tissue storage. A
study suggests that, as the disease progresses, patients encounter secondary infection, which further causes abnormal liver
function, due to (1) viral infection directly causing damage to
liver cells and (2) drug-related liver damage (Liu et al. 2020a).
In this study, the ALT pooled mean was reported to be
within the normal range. However, the AST pooled mean
was not. Moreover, the albumin pooled mean was estimated
as 38.84 mg/L, which is statistically significant. Another study
supported and found that albumin was significantly decreased
in COVID-19 patients, whereas ALT and AST levels were in
the normal range (Liu et al. 2020b). Compared with general
patients, one study observed that COVID-19 patients had a
higher level of AST and a lower level of albumin (Mo et al.
2020). Another study in China did not find any abnormalities
in the liver test among COVID-19 patients (Pan et al. 2020).

Conclusion
This study has reported the pooled means for different parameters of a liver profile, which are routinely estimated to evaluate liver damage in COVID-19 patients. The pooled mean
reported in this study will be useful for working out the degree
of liver damage. The alanine aminotransferase (ALT) and albumin pooled means were reported to be within the normal
range; however, the serum level of aspartate aminotransferase
(AST) (pooled mean) was found to be high in COVID-19
patients. Also, it can be concluded from the pooled means that
COVID-19 caused small alterations in liver function but not
necessarily liver failure itself.

Ethical clearance Not applicable.
Availability of supporting data This study is based on secondary data,
which are available online from the sources as mentioned in the
‘Materials and methods’ section.
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MIC and Upper Limit of Wild-Type Distribution for 13
Antifungal Agents against a Trichophyton mentagrophytesTrichophyton interdigitale Complex of Indian Origin
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Dermatophytosis due to the Trichophyton mentagrophytes-Trichophyton
interdigitale complex is being increasingly reported across India. Reports of therapeutic failure have surfaced recently, but there are no clinical break points (CBP) or epidemiological cutoffs (ECVs) available to guide the treatment of dermatophytosis. In
this study, a total of 498 isolates of the T. mentagrophytes-interdigitale complex were
collected from six medical centers over a period of ﬁve years (2014 to 2018). Antifungal
susceptibility testing of the isolates was carried out for itraconazole, ﬂuconazole, ketoconazole, voriconazole, luliconazole, sertaconazole, miconazole, clotrimazole, terbinaﬁne,
amorolﬁne, naftiﬁne, ciclopirox olamine, and griseofulvin. The MICs (in mg/liter) comprising ⬎95% of the modeled populations were as follows: 0.06 for miconazole, luliconazole, and amorolﬁne; 0.25 for voriconazole; 0.5 for itraconazole, ketoconazole, and
ciclopirox olamine; 1 for clotrimazole and sertaconazole; 8 for terbinaﬁne; 16 for naftiﬁne; 32 for ﬂuconazole; and 64 for griseofulvin. A high percentage of isolates above the
upper limit of the wild-type MIC (UL-WT) were observed for miconazole (29%), luliconazole (13.9%), terbinaﬁne (11.4%), naftiﬁne (5.2%), and voriconazole (4.8%), while they
were low for itraconazole (0.2%). Since the MICs of itraconazole were low against the T.
mentagrophytes-interdigitale complex, this could be considered the choice of ﬁrst-line
treatment. The F397L mutation in the squalene epoxidase (SE) gene was observed in
77.1% of isolates with a terbinaﬁne MIC of ⱖ1 mg/liter, but no mutation was detected in
isolates with a terbinaﬁne MIC of ⬍1 mg/liter. In the absence of CBPs, evaluation of the
UL-WT may be beneﬁcial for managing dermatophytosis and monitoring the emergence
of isolates with reduced susceptibility.
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A

n indisputable rise in the prevalence of dermatophytosis with an alarming rise in
chronic, recalcitrant, relapse, and recurrent cases has been seen in India over the
past few years (1–3). The main etiological agents implicated in these infections are
members of three different genera, namely Trichophyton, Microsporum, and Epidermophyton, with various species within each genus (4). In contrast to the past, wherein T.
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rubrum was the most predominant among the Trichophyton species, a notable rise in
the incidence of T. mentagrophytes-interdigitale complex-associated dermatophytosis
has been observed in India in recent times (1, 5). Apart from the changing pathogen
epidemiology, several atypical clinical presentations are being reported, perhaps due to
the rampant use of corticosteroids and poor compliance to therapy, which results in
signiﬁcant disease-related morbidity in affected patients (4, 6).
In the current clinical scenario, experience-driven consensus guidelines for diagnosing and managing dermatophytosis are needed. Recently, the Expert Consensus on the
management of Dermatophytosis (ECTODERM) was published in India to bridge the
large void in research related to disease management (3). The current treatment
recommendations include the use of terbinaﬁne, itraconazole, sertaconazole,
ciclopirox olamine, ketoconazole, naftiﬁne, and newer drugs such as amorolﬁne and
luliconazole, which have shown potent fungicidal activity against Trichophyton species
(7). However, recent reports of resistance to terbinaﬁne resulting in treatment failure in
dermatophytosis caused by species belonging to the T. mentagrophytes-interdigitale
complex is of great concern to the treating physicians (1, 2, 8). Apart from allylamine
resistance, triazole resistance, especially to ﬂuconazole, is high (35.4%) in the Indian
isolates, which is also associated with treatment failure (1).
To guide the treatment choice of an appropriate antifungal agent, the Clinical and
Laboratory Standards Institute (CLSI) has introduced guidelines for the antifungal
susceptibility testing (AFST) for dermatophytes (9, 10). Clinical breakpoints (CBPs),
which are based on information derived from clinical studies, help in predicting response
to treatment. However, they depend on several factors such as drug MIC, pharmacokinetic
(PK)/pharmacodynamic (PD) parameters, treatment outcome in clinical studies, and postmarketing susceptibility data. In view of the lack of CBPs, either the epidemiological cutoff
values (ECVs or ECOFFs) or the upper limit of wild-type MIC (UL-WT) may be useful to
differentiate between wild type (WT) and non-wild-type (NWT) isolates, as these depend
only on the MIC (11). Unfortunately, to date there is no CBP, ECV, or UL-WT established for
any of the Trichophyton species. Available guidelines for the determination of ECV focus on
Candida, Cryptococcus, and Aspergillus species (12). In view of the veritable country-wide
epidemic of dermatophytosis predominantly by a single species, the T. mentagrophytesinterdigitale complex, and the lack of CBPs, there is an urgent need to deﬁne either ECVs or
the UL-WT to guide therapy.
In this study, a large collection of T. mentagrophytes-interdigitale complex isolates
collected from six medical centers in India was tested against 13 antifungal drugs to
elucidate the MIC distribution and to deﬁne the India-speciﬁc UL-WT for each antifungal agent.
RESULTS
The antifungal susceptibility proﬁles and UL-WT of 13 antifungal drugs against T.
mentagrophytes-interdigitale complex are depicted in Table 1. The antifungal susceptibility testing (AFST) of all 498 isolates was performed against nine antifungals (ﬂuconazole, itraconazole, voriconazole, clotrimazole, sertaconazole, terbinaﬁne, griseofulvin,
amorolﬁne, and ciclopirox olamine). For AFST to sertaconazole, luliconazole, ketoconazole, and naftiﬁne, a total of 327, 415, 463, and 462 isolates were used, respectively.
Among the azoles, itraconazole (geometric mean [GM] 0.08 mg/liter) and miconazole
(GM 0.06 mg/liter) exhibited potent activity against the T. mentagrophytes-interdigitale
complex, whereas among allylamines, terbinaﬁne (GM 0.09 mg/liter) was more potent
than naftiﬁne (GM 0.133 mg/liter). Higher MIC90 values were observed for ﬂuconazole
(16 mg/liter), terbinaﬁne (8 mg/liter), naftiﬁne (8 mg/liter), and griseofulvin (32 mg/liter).
The MIC90 of ketoconazole, clotrimazole, sertaconazole, and ciclopirox olamine were
0.5 mg/liter. Amorolﬁne, luliconazole, miconazole, itraconazole, and voriconazole had
low MIC90 values of 0.06, 0.125, 0.25, 0.25, and 0.25 mg/liter, respectively.
The MIC range, MIC50, MIC90, and GM values for all 13 antifungal drugs against T.
mentagrophytes-interdigitale complex are summarized in Table 2. Both the 95% and
97.5% MICs were calculated to determine the UL-WT. For the antifungals which showed
April 2020 Volume 64 Issue 4 e01964-19
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TABLE 1 MIC and UL-WT distribution of T. mentagrophytes-interdigitale complex isolates against 13 antifungal drugs tested using the CLSI
M38-A2 broth microdilution methoda
Antifungal
agent
Miconazole
Luliconazole
Fluconazole
Itraconazole
Voriconazole
Ketoconazole
Clotrimazole
Sertaconazole
Naftiﬁne
Terbinaﬁne
Griseofulvin
Amorolﬁne
Ciclopirox olamine

No. of isolates
Total no of
isolates
0.0078 0.015
327
415
498
1
498
31
47
498
61
17
463
24
498
2
3
498
46
462
498
209
498
498
59
231
498

with MIC (mg/liter) of:
0.03 0.0625 0.125
179 53
39
227 130
34
2
26
28
158
109
83
185
85
34
113
112
34
32
51
104 58
94
247 55
29
88
24
19
137
19

48
2

8
5

0.25
33
13
8
81
43
116
215
113
12
17
70
11
381

0.5
19
10
24
42
18
59
142
64
18
39
9
3
41

UL-WT
64 128 95%
0.06
0.06
119 139 92 37 32 1
32
0.5
1
1
0.25
2
0.5
3
1
1
1
13 24 28 24
16*
18 19 49 6 2
8*
19 29 44 79 198 11 24 64*
1
0.06
20 30
0.5

1
1
1
17
2
4
3
16
18
12
8
15

2
2

4
1

8

16 32

UL-WT
97.5%
0.06
0.125
64
1
0.5
1
1
2
16*
8*
128*
0.06
0.5

% NWT
95%
29
13.9
0.2
0.2
4.8
1
0.6
0.2
5.2
11.4
ND
4.6
10

% NWT
97.5%
29
5.7
0
0
1.2
0.4
0.6
0
5.2
11.4
ND
4.6
10

aMost

frequently obtained MIC or mode is indicated in boldface type. NWT, non-wild-type; ND, not determined; UL-WT, upper limit of wild-type MIC. The UL-WT for
naftiﬁne, terbinaﬁne, and griseofulvin are indicated by * and were calculated based on MIC95 and MIC97 values.

multimodal, nonsymmetrical, or truncated MIC frequency distribution, both the MIC95
and MIC97 were documented as UL-WT. The highest 95% UL-WTs were observed for
griseofulvin (64 mg/liter) and ﬂuconazole (32 mg/liter), whereas the lowest value of
0.06 mg/liter was found for two azoles (miconazole and luliconazole) and morpholine
(amorolﬁne). High percentages of isolates above the UL-WT were observed for miconazole (29%), luliconazole (13.9%), terbinaﬁne (11.4%), naftiﬁne (5.2%), and voriconazole
(4.8%), but low percentages for itraconazole (0.2%), sertaconazole (0.2%), and ﬂuconazole (0.2%).
The phylogenetic analysis by internal transcribed spacer (ITS) dendrogram revealed
that all our isolates belong to T. mentagrophytes type VIII. Therefore, genotype-based
differences in MIC distribution could not be analyzed. Molecular screening for the
mechanism of allylamine resistance was performed by sequencing the squalene epoxidase (SE) gene of all isolates with terbinaﬁne at a MIC of ⱖ1 mg/liter and representative isolates with ⬍1 mg/liter. Of 133 isolates sequenced, the F397L mutation was
seen in 74 isolates (55.6%). The MIC range of the isolates with this mutation were
between 1 and 32 mg/liter for terbinaﬁne and 0.06 to 16 mg/liter for naftiﬁne. Distribution of the F397L mutation in relation to the terbinaﬁne MICs is provided in Fig. 1.
Among 57 isolates with a high terbinaﬁne MIC (ⱖ8 mg/liter), the mutation was observed in 43 isolates (75.4%). Of the 39 isolates with terbinaﬁne MICs between 1 and
4 mg/liter, 31 isolates (79.5%) had the F397L mutation. No mutation was observed in
the 37 isolates with MIC values of ⬍1 mg/liter (Fig. 1). While calculating the UL-WT
based on the mutation analysis, a lower UL-WT was observed for terbinaﬁne (1 mg/liter
versus 8 mg/liter) and naftiﬁne (0.06 mg/liter versus 16 mg/liter) compared to broth
microbroth dilution-based results. Thus, the percentage of isolates above the UL-WT
was higher both for naftiﬁne (46.5% versus 5.2%) and terbinaﬁne (20.5% versus 11.4%)
on mutation analysis versus microbroth dilution method.
DISCUSSION
The testing for susceptibility to any drug is extremely valuable for deﬁning the likely
response of infection by a particular organism. CBPs enable us to predict therapeutic
outcomes and are based on clinical trial data, global surveys of susceptibility, and
PK/PD parameters (13). Either the ECV or the UL-WT offers an alternative for guiding the
choice of optimum treatment by virtue of the MIC data. Since neither the CBPs nor the
ECVs or UL-WT for T. mentagrophytes-interdigitale complex have been deﬁned, we
conducted this study to determine the UL-WT to antifungal agents commonly used in
the management of dermatophytosis. To the best of our knowledge, this is the ﬁrst
April 2020 Volume 64 Issue 4 e01964-19
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TABLE 2 Various studies representing the MIC (mg/liter) distribution of Trichophyton mentagrophytes-interdigitale complex isolates against
antifungal drugs tested using the CLSI M38-A2 broth microdilution methoda

Reference
This study

Year
2020

Total no. of
drugs
tested
13

Rudramurthy et al. (1)

2018

12

Pathania et al. (15)

2018

Khurana et al. (8)

No. of
isolates
498 (Tm/Ti
complex)

Drug
Miconazoleb
Luliconazolec
Fluconazole
Itraconazole
Voriconazole
Ketoconazoled
Clotrimazole
Sertaconazole
Naftiﬁnee
Terbinaﬁne
Griseofulvin
Amorolﬁne
Ciclopirox olamine

Range
0.03–4
0.03–1
0.0625–64
0.0078–1
0.0078–4
0.0078–2
0.0078–2
0.0078–2
0.03–16
0.015–32
0.25–128
0.0078–4
0.03–2

MIC50
0.03
0.03
4
0.06
0.06
0.125
0.25
0.125
0.03
0.03
16
0.015
0.25

MIC90
0.25
0.125
16
0.25
0.25
0.5
0.5
0.5
8
8
32
0.06
0.5

GM
0.06
0.05
3.28
0.08
0.05
0.120
0.231
0.108
0.133
0.096
9.27
0.024
0.289

88 (Ti)

Fluconazole
Ketoconazole
Sertaconazole
Clotrimazole
Voriconazole
Itraconazole
Terbinaﬁne
Naftiﬁne
Amorolﬁne
Ciclopirox olamine
Griseofulvin
Luliconazole

2–32
0.0625–2
0.03–1
0.125–2
0.0312–2
0.15–8
0.015–32
0.0312–16
0.007–4
0.25–0.5
2–128
0.0312–0.25

4
0.125
0.125
0.25
0.125
0.125
0.0312
0.0312
0.0156
0.25
32
0.0312

16
0.5
0.5
0.5
0.5
0.5
4
8
0.0625
0.25
64
0.125

5.03
0.17
0.13
0.36
0.12
0.13
0.06
0.1
0.02
0.25
26.31
0.05139

4

36 (Tm)

Griseofulvin
Fluconazole
Terbinaﬁne
Itraconazole

0.5–128
0.12–32
0.015–8
0.015–1

16
4
0.125
0.063

128
16
8
0.5

2018

11

64 (Ti)

Terbinaﬁne
Itraconazole
Fluconazole
Voriconazole
Ketoconazole
Amphotericin B
Griseofulvin
Miconazole
Econazole
Luliconazole
Sertaconazole

0.25–ⱖ32
0.06–ⱖ16
0.5–ⱖ64
0.06–2
0.25–ⱖ32
0.25–1
0.5–ⱖ8
0.25–ⱖ16
0.5–8
0.0035–0.125
0.25–ⱖ16

1
0.25
16
0.25
0.5
0.5
2
2
2
0.007
1

32
1
32
0.5
0.5
0.5
4
4
4
0.007
2

2.813
0.287
13.205
0.202
0.666
0.38
2.874
1.978
1.836
0.005
0.842

Rezaei-Matehkolaei et al. (34)

2018

6

66 (Ti)

Eﬁnaconazole
Lanoconazole
Luliconazole
Fluconazole
Itraconazole
Terbinaﬁne

0.002–0.006
0.001–0.008
0.0002–0.004
4–64
0.03–0.5
0.004–0.12

0.008
0.002
0.0005
8
0.12
0.015

0.016
0.004
0.001
16
0.25
0.03

0.008
0.002
0.0006
11.07
0.111
0.013

Salehi et al. (19)

2018

8

27 (Ti)

Terbinaﬁne
Griseofulvin
Itraconazole
Voriconazole
Ketoconazole
Econazole
Lanoconazole
Butenaﬁne

0.003–0.125
0.03–64
0.01–4
0.01–16
0.03–4
0.03–0.5
0.03–0.5
0.03–0.5

0.01
0.12
0.06
0.37
0.25
0.06
0.06
0.06

0.06
35.2
1.3
8.8
2.2
0.5
0.5
0.5

0.01
0.41
0.07
0.41
0.32
0.08
0.09
0.09

(Continued on next page)
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TABLE 2 (Continued)

Reference
Singh et al. (2)

Year
2018

Total no. of
drugs
tested
11

Sadeghi-Nejad et al. (20)

2017

2

Baghi et al. (22)

2016

Ansari et al. (35)

2015

Badali et al. (36)

2015

Adimi et al. (30)

2013

Yenişehirli et al. (37)

2013

No. of
isolates
63 (Ti)

Drug
Terbinaﬁne
Itraconazole
Voriconazole
Fluconazole
Luliconazole
Sertaconazole
Miconazole
Ketoconazole
Clotrimazole
Amphotericin B
Griseofulvin

Range
0.06–32
0.06–16
0.06–16
0.5–64
0.003–0.5
0.125–16
0.5–16
0.125–64
0.008–32
0.25–8
1–32

MIC50
1
0.5
0.25
32
0.015
2
2
1
4
0.5
4

MIC90
32
2
2
64
0.06
16
8
32
4
1
8

GM
2.7
0.51
0.32
16.7
0.014
2.3
2.44
1.37
2.83
0.56
4.09

3 (Tm)

Ketoconazole
Griseofulvin

0.78—6.25
12.5—100

1.56
25

6.25
100

3.52
56.25

12

52 (Ti)

Luliconazole
Itraconazole
Micafungin
Fluconazole
Griseofulvin
Terbinaﬁne
Lanoconazole
Econazole
butenaﬁne
Caspofungin
Anidulafungin
Tolnaftate

0.016–0.032
0.031–0.5
0.5–8
2–64
0.5–4
0.008–0.125
0.063–0.5
0.031–0.5
0.031–1
0.008–0.032
0.008–0.016
0.008–0.125

0.016
0.25
4
32
1
0.063
0.25
0.5
0.25
0.016
0.008
0.063

0.032
0.5
8
64
2
0.25
0.25
0.5
1
0.032
0.016
0.25

0.02
0.18
3.31
20.8
0.98
0.071
0.17
0.3
0.26
0.016
0.01
0.076

4

156 (Ti)

Fluconazole
Itraconazole
Terbinaﬁne
Griseofulvin

4–128
0.008–0.25
0.004–0.25
0.25–4

32
0.063
0.016
1

64
0.125
0.125
4

27.47
0.062
0.017
0.93

13 (Tm)

Amphotericin B
Fluconazole
Itraconazole
Voriconazole
Posaconazole
Isavuconazole
Caspofungin
Anidulafungin
Terbinaﬁne

0.125–1
16–64
0.5–16
0.25–2
0.5–1
0.25–2
0.5–2
0.008–0.063
0.016–0.31

1
32
2
1
1
1
1
0.031
0.031

2
64
16
2
1
2
2
0.063
0.031

0.68
41.77
2.11
1.41
0.85
0.94
1.05
0.03
0.03

10

136 (Tm)

Terbinaﬁne
Griseofulvin
Itraconazole
Ketoconazole
Fluconazole
Voriconazole
Clotrimazole
Ciclopirox olamine
Amorolﬁne
Naftiﬁne

0.0156–16
0.0312–56
0.0009–4
0.0312–32
0.0625–256
0.0156–8
0.0312–32
0.0312–32
0.0078–32
0.0625–6

0.0312
2
0.0625
2
64
0.5
0.125
2
0.25
0.25

16
256
0.5
8
256
4
2
16
8
12

0.093
2.31
0.035
0.43
10.44
0.174
0.33
1.81
0.245
0.326

6

49 (Tm)

Terbinaﬁne
Amphotericin B
Miconazole
Itraconazole
Ketoconazole
Griseofulvin

0.015–0.125
0.03–2
0.03–2
0.03–0.5
0.03–4
0.03–16

0.06
0.125
0.125
0.25
0.25
0.5

0.125
0.5
2
0.5
1
2

0.06
0.14
0.16
0.13
0.2
0.49

(Continued on next page)
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TABLE 2 (Continued)

Reference
Carrillo-Muñoz et al. (21)

Year
2013

Total no. of
drugs
tested
10

No. of
isolates
19 (Ti)

26 (Tm)

Drug
Amorolﬁne
Bifonazole
Clotrimazole
Econazole
Ketoconazole
Miconazole
Oxiconazole
Sertaconazole
Ticonazole
Terbinaﬁne
Amorolﬁne
Bifonazole
Clotrimazole
Econazole
Ketoconazole
Miconazole
Oxiconazole
Sertaconazole
Ticonazole
Terbinaﬁne

Range

0.015

0.015

0.015

0.031

MIC50
0.015
0.015
0.015
0.015
4
0.015
0.015
1
0.015
0.015
0.015
0.061
0.015
0.015
0.5
0.015
0.031
16
0.015
0.015

MIC90
0.062
16
1
1

GM

4
4
8
0.5
0.031
16
1
2
8
2
0.5
0.015

Silva et al. (38)

2014

6

24 (Ti)

Ketoconazole
Fluconazole
Griseofulvin
Itraconazole
Terbinaﬁne
Voriconazole

0.031–16
2–64
0.125–64
0.0312–2
0.031–2
0.0312–1

0.25
8
2
0.125
0.0312
0.062

2
64
32
0.5
0.0312
0.5

0.46
5.9
1.6
0.19
0.03
0.24

Ataides et al. (39)

2012

4

7 (Tm)

Itraconazole
Ketoconazole
Griseofulvin
Terbinaﬁne

0.125–16
0.5–4
1–8
0.015–0.062

0.25
0.5
1
0.015

16
4
8
0.062

0.41
1.48
0.61
0.01

Zalacain et al. (40)

2011

5

29 (Tm)

Ciclopirox olamine
Fluconazole
Itraconazole
Terbinaﬁne
Eberconazole

0.032–0.500
32
0.032–1.000
0.016–0.500
0.016–1.000

0.25
0.5
0.125
0.25

0.5
1
0.5
1

0.18
ND
0.35
0.082
0.18

Bueno et al. (41)

2010

4

18 (Tm)

Itraconazole
Fluconazole
Terbinaﬁne
Voriconazole

0.03–0.5
16–64
0.007–0.06
0.03–0.5

0.25
64
0.015
0.125

0.5
64
0.03
0.5

0.2
50.37
0.014
0.19

Mota et al. (42)

2009

5

14 (Tm)

Fluconazole
Itraconazole
Ketoconazole
Terbinaﬁne
Griseofulvin

4–16
0.03–0.25
0.03–1
0.03–0.5
0.25–1

16
0.125
0.125
0.06
0.5

16
0.25
0.25
0.25
0.5

Valverde et al. (43)

2008

3

30 (Tm)

Itraconazole
Fluconazole
Voriconazole

0.25
16
0.12

0.5
64
0.25

aGM,

geometric mean; Ti, Trichophyton interdigitale; Tm, Trichophyton mentagrophytes.
isolates screened.
c415 isolates screened.
d463 isolates screened.
e462 isolates screened.
b327

multicenter study to propose the UL-WT for the T. mentagrophytes-interdigitale complex
isolates of Indian origin.
An alarming rise in prevalence and incidence of dermatophytosis has been observed
across India (14). Recent reports indicate an epidemic-like situation, with the chief
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FIG 1 Relationship between mutation in the squalene epoxidase gene and the MIC for terbinaﬁne in 133
T. mentagrophytes-interdigitale complex isolates.

etiological agent being T. mentagrophytes followed by T. rubrum (1, 2, 15). T. mentagrophytes is a complex group containing different species. The taxonomy of this species
is still not well delineated. Based on the ITS sequences, two major studies from India
report that the T. mentagrophytes complex causing the epidemic in India belongs to T.
interdigitale (1, 2). Later, on the basis of multigene sequences like ITS, beta tubulin,
translation elongation factor, and calmodulin gene, all the T. mentragrophytes complex
strains of India were found to be distinct from other clades and were described as T.
mentragrophytes type VIII. The whole-genome sequence of Indian isolates shares
similarity with the recent common ancester, T. mentagrophytes-interdigitale complex,
and these could not be conclusively differentiated as two species (16). Thus, we
characterized all of our isolates as T. mentagrophytes-interdigitale complex to preclude
any misidentiﬁcation (1, 16–18). Experts recommend that accurate identiﬁcation of the
implicated fungal pathogen and its AFST may be necessary for the management of the
recurrent, relapse, or chronic cases (3). Six medical centers from both North India and
South India participated in the present study and a large number of T. mentagrophytesinterdigitale complex isolates were evaluated against 13 antifungal agents. The MICs
obtained in this study compared with the results of previous studies are provided in
Table 2. Previously reported MIC50 ranges for T. mentagrophytes-interdigitale of various
antifungal drugs were similar to those observed in the present study (8, 19–22). The
MIC distributions of itraconazole, miconazole, luliconazole, voriconazole, ketoconazole,
sertaconazole, naftiﬁne, ciclopirox olamine, and clotrimazole show good susceptibility
of T. mentagrophytes-interdigitale complex compared to terbinaﬁne, ﬂuconazole, and
griseofulvin. Recent reports in Indian literature have revealed the high MIC of terbinaﬁne for Trichophyton spp. (1, 2). Clinical evidence of relapse and incomplete mycological cure after standard (250 mg, twice daily for 2 weeks) oral terbinaﬁne therapy
have also been reported (23). Since the pharmacodynamic properties of terbinaﬁne
remain incompletely described, a cumulative percentage (%T⬎MIC) of 100% was used as
a conservative approach to describe its dosing interval in an animal study (24).
According to that study, the use of 250 mg of terbinaﬁne twice daily was appropriate
for treatment of dermatophytic infections caused by T. mentagrophytes with a MIC of
0.01 mg/liter (24). However, since the tissues infected by dermatophytes are avascular
components of the skin and adenexa, the time to attain therapeutic concentrations in
them may differ greatly from plasma (24). In the present study, we observed that ⬎40%
of the T. mentagrophytes-interdigitale complex isolates had a terbinaﬁne MIC of
⬎0.01 mg/liter. A higher dose with a multidosing strategy may be required to treat
infections by T. mentagrophytes-interdigitale complex isolates with higher MICs. Unfortunately, this may not be clinically practical due to the possibility of drug-related side
effects. These ﬁndings emphasize that the use of terbinaﬁne as the ﬁrst line drug
against dermatophytic infections is largely unsubstantiated. In view of the contemporary disease epidemiology, it may have lost clinical efﬁcacy against Indian T.
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mentagrophytes-interdigitale complex and requires further evaluation. However, although serum levels of terbinaﬁne follow a predictive PK/PD, these levels may not
parallel the site-speciﬁc drug levels. In fact, some studies show that the skin levels of
terbinaﬁne exceed trough plasma levels by nearly 10 to 40 times the MIC, indicating
little rationale for higher doses (25).
In clinical practice, CBPs are needed to optimize appropriate antifungal treatment.
However, CBPs are not deﬁned for any antifungal agent against dermatophytes. In such
a scenario, ECVs may help in identifying isolates with antifungal resistance, as has been
seen for other molds such as Aspergillus spp., Mucorales, and Sporothrix spp. (13, 26–28).
According to CLSI guidelines, the evaluation of ECVs should follow certain criteria, i.e.,
(i) the MIC should be determined as per standard guidelines, either by following the
protocol of CLSI or the European Committee on Antimicrobial Susceptibility Testing
(EUCAST); (ii) large numbers of isolates (n ⱖ100) should be included; (iii) the MIC of
isolates from different laboratories (ⱖ3) should be used; and (iv) the AFST should be
performed by many investigators (ⱖ3) (13). Our study fulﬁls the above criteria (except
for partial fulﬁllment of the last criteria), and thus we propose the UL-WT instead of an
ECV for the T. mentagrophytes-interdigitale complex of Indian origin against the antifungal agents in Table 1. For UL-WT determination, isolate identiﬁcation to the species
level is important according to CLSI guidelines (12). In our study, three antifungal
agents (terbinaﬁne, naftiﬁne, and griseofulvin) had nonsymmetric, multimodal, or
truncated MIC distribution due to which the ECOFF could not be determined using the
software. Thus, the UL-WT (in mg/liter) calculated based on the MIC95 (27) for terbinaﬁne, naftiﬁne, and griseofulvin was 8, 16, and 64, respectively. Interestingly, the
mutation analysis of the SE gene revealed that even isolates with MICs at less than
1 mg/liter for terbinaﬁne and 0.06 mg/liter for naftiﬁne (both allylamines) exhibited the
F397L mutation that was absent in all isolates with MICs of ⬍1 mg/liter for terbinaﬁne
and 0.03 mg/liter for naftiﬁne. This ﬁnding suggests that the UL-WT of these drugs is
probably lower than that estimated based on MIC95 and MIC97. These ﬁndings substantiate our interpretation that the use of terbinaﬁne for ﬁrst-line management of T.
mentagrophytes-interdigitale complex infections needs further evaluation. Overall, we
noted low MIC and UL-WT values for miconazole, luliconazole, itraconazole, voriconazole, and ketoconazole. Itraconazole has also been found to have a lower MIC than
terbinaﬁne against a majority of T. mentagrophytes complex isolates and the use of
itraconazole as a ﬁrst line drug in the management of dermatophytosis may be
beneﬁcial (29).
The major limitation of this study was that the majority of the isolates were from a
single center, the Postgraduate Institute of Medical Education and Research (PGIMER).
Also, AFST was performed at a single institute (PGIMER) independently by laboratory
persons belonging to all 6 centers. Another concern is that being a tertiary care center,
most patients presenting to us might have prior exposure to antifungals, antibiotics,
and/or steroids. This could be responsible for the high MIC values to some antifungals
(terbinaﬁne, griseofulvin, and ﬂuconazole) and the UL-WT may artiﬁcially encompass
resistant (non-wild-type) isolates. Additionally, using the Indian T. mentagrophytesinterdigitale complex to determine the UL-WT may have limited global applicability, as
some antifungals have been shown to have high UL-WT values compared to global
data. Thus, future multicentric studies involving isolates with more geographical diversity must be designed to further deﬁne the ECVs or UL-WT. The inclusion of isolates
belonging to different genotypes from diverse geographic locations will enable the
analysis of genotype/clade-related differences in MIC distribution, which could not be
performed in the present study. The lack of facilities for AFST of dermatophytes at most
Indian institutes limited the testing of isolates at more than one center in the present
study. Regular training programs and capacity building at multiple centers could
enable the determination of ECVs and CBPs in future studies.
In conclusion, UL-WT values are an important tool for distinguishing WT from NWT
isolates and provide a preliminary idea to the treating physician in optimizing antifungal therapy. However, the UL-WT values are based solely on the in vitro data of isolates
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collected from various centers and are not an interpretative breakpoint. Nonetheless,
since breakpoints are not available for dermatophyte infections, these values can assist
the clinician to predict whether an isolate is likely to respond to a speciﬁc antifungal.
Future studies assessing the clinical response to treatment and monitoring the PK and
PD of antifungal therapy could be beneﬁcial in establishing CBPs.
MATERIALS AND METHODS
Isolates. A total of 498 clinical isolates of T. mentagrophytes-interdigitale complex were collected over
a period of 5 years (2014 to 2018) from six tertiary care hospitals in India. All clinical isolates were
recovered from skin (n ⫽ 481), hair (n ⫽ 13), and nail (n ⫽ 4) samples at the following medical centers:
Postgraduate Institute of Medical Education and Research, Chandigarh (n ⫽ 354), Government Medical
College Haldwani, Nainital (n ⫽ 44), Jawaharlal Nehru Medical College, Belagavi, Karnataka (n ⫽ 41),
Father Muller Medical College, Mangalore (n ⫽ 32), Bhasker Medical College & General Hospital,
Telangana (n ⫽ 15), and St. John’s Medical College & Hospital, Bangalore (n ⫽ 12). In cases of multiple
isolates from the same patient, only unique clinical isolates were used. The identiﬁcation of all strains as
T. mentagrophytes-interdigitale complex was based on culture morphology and microscopic characteristics and conﬁrmed by sequencing of the internal transcribed spacer (ITS) region and 28S region of
ribosomal DNA, and beta tubulin (1, 16, 17).
Antifungal susceptibility testing. The AFST of all the isolates was performed at the Postgraduate
Institute of Medical Education and Research (PGIMER), Chandigarh, and the tests were performed
independently by laboratory personnel of respective institutes contributing the isolates. The strains were
subcultured on potato dextrose agar (PDA) medium prior to AFST. The broth microdilution technique
was performed according to Clinical and Laboratory Standards Institute (CLSI) M38 A2 protocol with
minor modiﬁcations, as previously described (1, 10, 30). Inoculum suspension with approximately 106
CFU/ml conidia was collected from 7 to 14 days culture grown on PDA and quantiﬁed microscopically by
hemocytometer. The suspension was then diluted to 1:100 according to primary concentration. Double
the ﬁnal concentration (103 CFU/ml) of the conidia was adjusted before adding to the drug plates. An
initial inoculum corresponding to 65 to 70% transmittance at 530 nm in a spectrophotometer was used.
Inoculated plates were incubated at 28°C for 4 days prior to interpretation. In all the isolates, the MICs
of azoles, griseofulvin, and amorolﬁne were documented as the concentration showing prominent
inhibition of growth (approximately 80%) compared to that in growth-control wells. For terbinaﬁne,
naftiﬁne, luliconazole, ciclopirox olamine, and miconazole, a 100% growth inhibition was documented,
as described by Rudramurthy et al. (1). To check the purity of the inoculated plates, 10 l of the growth
from the growth-control well was inoculated onto Sabouraud dextrose agar (10). Panels of 13 topical or
systemically applied antifungals commonly used for the treatment of dermatophytosis were tested. The
panel included azoles (ﬂuconazole, voriconazole, itraconazole, ketoconazole, sertaconazole, luliconazole,
clotrimazole, and miconazole), allylamines (terbinaﬁne and naftiﬁne), a morpholine (amorolﬁne), an
oxaborole/hydroxamic acid (ciclopirox olamine), and an antifungal antibiotic (griseofulvin), all purchased
from Sigma-Aldrich, Bengaluru, India. The drugs were dissolved in dimethyl sulfoxide and the ﬁnal
concentrations (in mg/liter) ranged from 0.0625 to 32 for ﬂuconazole; 0.0078 to 4 for voriconazole,
itraconazole, and amorolﬁne; 0.0312 to 16 for ketoconazole, luliconazole, sertaconazole, clotrimazole,
ciclopirox olamine, and naftiﬁne; 0.0156 to 64 for terbinaﬁne; 0.0156 to 8 for sertaconazole; and 0.25 to
128 for griseofulvin. T. mentagrophytes-interdigitale complex (NCCPF 800035), Candida parapsilosis (ATCC
22019), Candida krusei (ATCC 6258), and Aspergillus ﬂavus (ATCC 204304) strains were used as quality
control measures. The AFST was performed in triplicate for each isolate to ensure quality and reproducibility.
Distribution of MIC and UL-WT determination. The data analysis was performed using an Excel
2018 spreadsheet. The MIC50 and MIC90 were obtained by a descriptive statistics analysis. In statistical
analysis, the modeled population was established based on ﬁtting a normal distribution at the lower end
of the MIC and the mean and standard deviation of the normal distribution were calculated to determine
the MIC capturing at least 95%, 97.5%, and 99% of the modeled WT population. The Microsoft Excel
spreadsheet calculator (ECOFFinder program version XL2000⫹, http://www.eucast.org/mic_distributions
_and_ecoffs/) was used for statistical determination of the UL-WT for the 13 antifungal drugs (26, 31, 32).
The isolate with no mechanisms of acquired resistance or mutational resistance for the antifungal
agent tested is deﬁned as the WT. The NWT isolates are those with presumed or known mechanisms of
resistance for the antifungal agent being tested. The isolates were classiﬁed as WT or NWT depending
on whether the MIC was ⱕUL-WT or ⬎UL-WT for the above-mentioned antifungals (26, 31, 32).
Phylogenetic analysis. Phylogenetic analysis was performed using the ITS sequences of representative isolates of the present study and sequences of all genotypes described previously (sequences
retrieved from NCBI database) (33). T. quinckeanum was used as the outgroup due to its high divergence.
Sequences were aligned using the multiple sequence alignment mode in ClustalX2 software. The aligned
sequences were exported to Molecular Evolutionary Genetics Analysis software version 7 (MEGA 7) and
a neighbor joining tree was constructed with 1,000 bootstrapping replicates by using Kimura 2 parameter model.
Mutation analysis for terbinaﬁne. A total of 133 isolates were screened for mutation in the
squalene epoxidase gene. The complete gene was sequenced by using the primer pairs SE1aF-5=-CAG
AGATAATGCAGCCATCG-3= and SE1aR-5=-CCGGATTGATGTTCCTAGGT-3=; SE2aF-5=-CCACCAGCGGCGAAT
ATAGA-3= and SE2aR-5=-AGTCCAGTGCCAGACTGATG-3=; and SE3aF-5=-AGTCTGGCACTGGACTCCAA-3=
and SE3aR-5=-ATGATGCAGCGACGGTGACA-3= (Sigma) as described earlier (1). Bionumerics software
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(Applied Maths, Ghent, Belgium) was used for consensus and concatenation of the sequences. The
sequences and amino acid sequences depicted by using the ExPASy online tool (https://web.expasy.org/
translate/) were aligned.
Data availability. Sequences of the representative isolates have been deposited in GenBank under
accession numbers MH517546 to MH517560, MN822738 to MN822771, MN824042 to MN824085,
MN830960 to MN831002, MN830945 to MN830959, and MN831003 to MN831103 for the ITS region of
ribosomal DNA; MK967531 to MK967551 for the 28S region of ribosomal DNA; MK982906 to MK982926
for BT; and MN836335 to MN836372 for SE.
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STUDY OF ETIOLOGY AND CLINICAL PROFILE OF ADULT PATIENTS
WITH NON-CIRRHOTIC & NON-MALIGNANT PORTAL VEIN
THROMBOSIS.
-Dr. Vikram J Khardenavis, Dr Vijay G Somannavar
Dept. of General Medicine, J.N. Medical College, KLE Academy
of Higher Education & Research, Belagavi

Introduction -Portal vein thrombosis is a relatively rare
entity. It is common complication in patients with liver
cirrhosis, but might also occur in the absence of an overt
liver disease. In such cases the etiology involves both local
and systemic prothrombotic factors such as abdominal
inflammatory process, inherited & acquired thrombophilia.
In the absence of cirrhosis, liver function is usually well
preserved, however the significant portal hypertension
may result in serious life threatening complications
including variceal bleeding, intestinal venous congestion
and ischaemia, as well as ascites. At present there is no
established management algorithm for patients with PVT
and its management has been complicated by a lack of
adequate randomized controlled trials. This is an
observational study of the etiology and the clinical profile
of the patients presenting with non-cirrhotic and non
malignant portal vein thrombosis, admitted in Dr.
Prabhakar Kore Hospital & MRC Belagavi over a span of
one year. Materials and methods-We studied the
demographic characteristics and the risk factors of the

patients. Written informed consent was obtained from all
patients participating in the study. Portal vein thrombosis
was confirmed by spiral computed angiography and/or
magnetic resonance imaging or Doppler sonography. Liver
cirrhosis & malignancies were ruled out by history, lab
parameters & abdominal imaging. Screening of
thrombophilia was done for deficiency of protein C & S,
hyper-homocystenemia, AT-3 deficiency & APLA screening.
Upper endoscopy was undertaken to look for the signs of
portal hypertension.
Portal vein thrombosis was classified as:
 (i) Thrombosis confined only to the portal vein.
 (ii) Extension of thrombus into the SMV, but with
patent mesenteric vessels.
 (iii) Diffuse thrombosis of the splanchnic venous
system with large collaterals.
All patients were initially treated with anticoagulants,
prophylactic antibiotic therapy and i.v. fluid administration as
soon as they were diagnosed with PVT. Endpoints of the study
were death by any cause and gastrointestinal bleeding.
Pearson’s χ2-test was performed and a value of P < 0.10 was
considered to be statistically significant due to the small number
of cases.
Results-A total of 11 patients were studied. Mean age at
diagnosis was 46 years. With 54.5% females and 45.4% males.

The most frequent symptom on presentation was abdominal
pain. Other common symptoms on presentation included
diarrhoea, nausea and vomiting and upper gastrointestinal
bleeding.
Predominant symptom on presentation.

Pain abdomen

5 (45.4%)

Diarrhoea

1 (9.09%)

Nausea and vomiting

3 (27.2%)

Upper GI bleeding

1 (9.09%)

Others

1 (9.09%)

Prevalence of thrombogenic risk factors in
the study subjects:
Systemic thrombophilia

4 (36.3%)

Local abdominal infections

3 (27.2%)

Myeloproliferative disorders

1 (9.09%)

Multiple risk factors

1 (9.09%)

Idiopathic

2 (18.2%)

Prevalence of patient groups according
to the severity of portal vein
thrombosis:
1) Thrombosis
confined only to
the portal vein.

6 (54.5%)

2) Extension of
thrombus into the
SMV, but with
patent mesenteric
vessels.

3 (27.2%)

3) Diffuse
thrombosis of the
splanchnic venous

2 (18.2%)

system with large
collaterals.
Conclusion-Outcome of non cirrhotic and non malignant
PVT is good with prompt diagnosis and treatment prior to
intestinal infarction. In our study, 9.09% of patients had
multiple etiologic factors coexisting. Therefore a complete
etiological study is required even after a prothrombotic or
local factor has been identified. Non cirrhotic Non
malignant PVT is a rare disorder & its development is
associated with the presence of Thrombophilia,
intraabdominal sepsis & MPN. Previous DVT, female sex
and younger age are closely associated with
thrombophilia.
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ABSTRACT

ARTICLE HISTORY

Estimation of age in individuals, either living or dead, is a daunting task
in forensic analyses. The relative visibility of the periodontal ligament
of the mandibular third molars, after the root formation which is
completed in four stages, has been identiﬁed as having the potential
to classify the subject as being above or below 18 years. A total of 339
orthopantomograms (OPGs) (180 males, 159 females) from the Indian
population belonging to the age group of 15–40 years, were evaluated
for the stage of periodontal ligament visibility and scored. The chronological age and the periodontal ligament visibility staging (0, 1, 2, 3)
demonstrated a strong positive correlation. The grading of Stages 1, 2
and 3 was evidenced at age >18 in both males and females with both
right as well as left third molars with a classiﬁcation accuracy of 100%.
Among Indians, it can be preliminarily concluded that periodontal
ligament visibility from Stage 1 onwards can be used to deﬁne the
18-year threshold, i.e. state that males or females are above 18 years of
age.
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Introduction
Estimation of age in individuals either living or dead is a daunting task in forensic
analyses 1. The diﬃculties related to global outreach and input of various populations in
diﬀerent countries has made age estimation by forensic methods in living individuals
an increasingly signiﬁcant aspect, especially due to illegal immigrants migrating inside
the countries giving dubious and debatable ﬁgures related to their chronological age.
Additionally, there are numerous other occasions where age estimation in living individuals is mandated, especially when there is a lack of legal evidence of birth date in
cases of civil, asylum or criminal procedures 2,3. Age estimation of the living necessitates
taking into consideration the frequently used age thresholds provided by law in
diﬀerent countries, i.e. 12, 14, 16, 18 or 21 years with regards to issues related to
child labour, criminal liability, majority status as well as eligibility for marriage 2–4. In
an Indian setting, a child <12 years is not considered to be criminally liable and
employing children <14 years will constitute child labour. The age of majority among
CONTACT Punnya V. Angadi

punnya_angadi@rediﬀmail.com
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Indians is at the 18-year threshold and the lawfully permitted age for marriage for
females is 18 years and for males 21 years 5. Thus, the distinction between minor and
adult has signiﬁcant legal repercussions and hence requires accurate investigation. In
2001, the International Interdisciplinary Study Group on Forensic Age Diagnostics
recommended certain strategies for forensic age estimation in living individuals, i.e.
physical examination that includes anthropometric evaluation and sexual development,
radiographic evaluation of the left hand, and dental analysis using an orthopantomogram (OPG). Moreover, evaluation of the clavicles using a radiograph or a computed
tomographic scan (CT scan) is proposed to establish whether a person has attained
21 years of age 3. In India, determination of the 18-year threshold holds signiﬁcant
forensic importance as persons younger than 18 years are categorized as minors with
distinct legal privileges 5.
Radiographic techniques for age estimation, particularly in children, depend on the
stages of development of teeth, root development, apical closure and eruption, while in
adults the continuous secondary dentin deposition represented by a decrease in the pulp
area, i.e. the pulp–tooth area ratio, is usually used 6,7.
The commonly utilized age estimation method, particularly in young adults, involves
the use of mineralization of third molars. Although in wide use, its accuracy remains
uncertain due to the great variation in its genesis, position, morphology and the time of
formation of the third molars. Further, in some instances, the third molar root mineralization may be ﬁnished even before the subject has attained 18 years 6–8. Thus, identiﬁcation
of innovative methods is necessary for deﬁning the forensically pertinent age threshold of
18 years in individual cases. Although summary statistics such as Minimum, Maximum,
Mean with the Standard Deviation and Median are used to make an age estimation, it is
often necessary to determine whether or not a given Human Biological Growth Marker
indicates that a subject is above a speciﬁc threshold, e.g. 18 years old. Usually, in practice,
the minimum value of a stage is taken into consideration to determine if a subject is
above or below 18 years old. Thus, a speciﬁc age marker that can deﬁne these thresholds,
i.e. a threshold marker, is desirable.
The usefulness of the periodontal ligament visibility in the mandibular third molars as a
possible criterion for age estimation after the root development is completed was ﬁrst
reported Olze et al. 9. They examined the radiographic visibility of the periodontal
ligament in lower third molars using OPGs from the German population, and categorized
it into four stages, based on which it has been suggested that Periodontal Ligament
Visibility has the potential to diﬀerentiate between below and above the 18-year threshold. Recently, this method was conﬁrmed for the german population by Timme et al. 10
and has also been applied in the Portuguese population 11, UK Caucasians 12 and the
Chinese population 13,14. All these studies have conﬁrmed a strong positive relationship
linking periodontal ligament visibility staging with age in both males as well as females
and have conﬁrmed its eﬀectiveness in determining an individual older than 18 years of
age 10–13. There are no studies based on periodontal ligament visibility in mandibular third
molars in the Indian Population. Since it is well known that the age estimation criteria
show deﬁnite population diﬀerences, the usefulness of this methodology in the Indian
population can be assessed. This study will aim to correlate age and the periodontal
ligament staging in an Indian sample, and to test the eﬃcacy of this method in forensic
scenarios, particularly in determining the 18 year threshold.
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Material and methods
Following approval of the protocol by the Ethical Committee of KLE VK Institute of Dental
Sciences and Hospital, the sample consisted of 339 orthopantomograms (OPGs) (180
males, 159 females) of the Indian population belonging to the age group ranging from 15
to 40 years. The OPGs taken for diagnostic purposes and orthodontic treatment were
procured from the archives of Belcity Scan and Diagnostic Centre, Belgaum. All OPGs that
lacked clarity, the presence of impacted/partially erupted mandibular third molars or
those with incomplete root formation, fused roots, caries or teeth that were treated
endodontically were excluded as per Sequeira et al. 11 and Lucas et al. 12. The chronological age of each individual along with sex was recorded from the radiographic archives.
The distributions of the subjects in diﬀerent ages were relatively equal (Supplementary
Data).
The periodontal ligament visibility of the mandibular third molars with apical closure
and complete root formation was documented into four stages, as per Olze et al. and
Sequeira et al. 9,11 (Figure 1).
● Stage 0 = The periodontal ligament is visible along the full length of all roots.
● Stage 1 = The periodontal ligament is invisible in one root from apex to more than

half the root.
● Stage 2 = The periodontal ligament is invisible along almost the full length of one

root or along part of the root in two roots, or both.
● Stage 3 = The periodontal ligament is invisible along almost the full length of two

roots.
Both the right and left mandibular third molars were evaluated separately for each
individual. In the case of either of them being missing or excluded for reasons mentioned
above, a single reading was taken either on the right of left lower third molar. In third
molars having a single root, only stages 0, 1 and 2 were assessed.

Figure 1. The periodontal ligament visibility in relation to the third molars was staged as 0, 1, 2 and 3 9.
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Further, 50 randomly selected radiographs were re-examined by the ﬁrst author for
intra-observer reliability as well as by the second author for inter-observer diﬀerences to
standardize the methodology.

Statistical analysis
The periodontal ligament staging recorded for each individual was entered into a
Microsoft Excel spreadsheet. For each stage, a minimum and a maximum age was
established and a median as well as a mean with standard deviation were calculated.
Descriptive statistics including Mean, SD and Median was evaluated for all the stages in
both sexes. Spearman Correlation was done to assess the relationship between chronological age and periodontal ligament staging. Inter- and intra-observer agreement was
assessed using kappa statistics.

Results
Out of the 339 subjects in our study, the visibility stage could not be evaluated in 81 cases
of right mandibular third molar and 98 cases of left mandibular third molar, due to them
being impacted, due to fused roots, lack of clarity of the radiographs, incomplete root
formation, etc. So a total of 258 right mandibular third molars and 241 left mandibular
third molars could be reliably assessed and have been included in the analysis.
The inter-observer and intra-observer agreement for the radiographic analysis of the
periodontal ligament staging ranged from 0.80–0.91, suggesting good to excellent reproducibility (data not shown).
Table 1 shows the correlation of age with the periodontal ligament visibility for the
mandibular third molars. A strong positive correlation between age and periodontal
ligament visibility was evident, suggesting that the periodontal ligament visibility progressively reduces as age advances.
Table 2 shows the relationship of age with respect to the radiographic visibility of the
periodontal ligament of the left mandibular third molar in males and females. Stage 0 was
seen at the minimum age of 17 years in both males and females while Stage 1 was seen at
the minimum age of 18 years in males and 19 years in females. The minimum age for
males in Stage 2 was 21 years while in females it was 22 years. Stage 3 was seen at the age
of 25 in males and 27 in females. The median values in both sexes were 19 years for Stage
0, 21–22 years for Stage 1, 28.5–30 years for Stage 2 while it ranged from 32–35 years for
Stage 3.
Table 3 shows the relationship of age with respect to the radiographic visibility of
periodontal ligament of the right mandibular third molar among both males and females.
Stage 0 was seen at the minimum age of 17 years in both males and females while Stage 1
was seen at the minimum age of 19 years in both males and females. The minimum age
Table 1. Correlation of the age with periodontal ligament visibility on radiographs for
the mandibular third molars.
Tooth
Mandibular Left Third Molar
Mandibular Right Third molar

Age with periodontal ligament visibility
r = 0.717
r = 0.714

P value
< 0.001
< 0.001
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Table 2. Age and stages of radiographic visibility of the periodontal ligament of mandibular left
third molar.
Mandibular left third molar
Males
Stage
0
1
2
3

Age (in years)
n
10
29
56
25

Mean
19.0
22.3
29.3
33.1

SD
1.33
2.75
5.21
5.01

Females
Stage
0
1
2
3

Minimum
17
18
21
25

Maximum
21
29
40
40

Median
19
22
28.5
32

Maximum
23
38
39
40

Median
19
21
30
35

Age (in years)
n
7
43
53
18

Mean
19.57
22.65
29.75
34.56

SD
1.98
3.91
5.07
3.60

Minimum
17
19
22
27

Table 3. Age and stages of radiographic visibility of the periodontal ligament of mandibular right
third molar.
Mandibular right third molar
Males
Stage
0
1
2
3

Age (in years)
n
9
28
58
27

Mean
18.8
22.4
29.4
32.8

S.D.
1.20
2.57
5.46
4.97

Females
Stage
0
1
2
3

Minimum
17
19
21
24

Maximum
20
29
40
40

Median
19
23
28.5
32

Maximum
23
35
39
40

Median
19
21
27
35

Age (in years)
n
9
42
59
26

Mean
19.5
22.5
28.2
34.1

S.D.
1.74
3.20
4.49
4.21

Minimum
17
19
22
23

Table 4. Distribution of age according to stage attainment.
Tooth
Stage
0
1
2
3

Mandibular Left Third Molar
Age <18 years
5 (29.4%)
0
0
0

Age >18 years
12 (70.6%)
72 (100%)
109 (100%)
43 (100%)

Mandibular Right Third Molar
Age <18 years
5(27.7%)
0
0
0

Age >18 years
13(72.2%)
70 (100%)
117(100%)
53(100%)

for males in Stage 2 was 21 years while in females it was 22 years. Stage 3 was seen at the
age of 24 years in males and 23 years in females. The median values in both sexes were
19 years for stage 0, 21–23 years for Stage 1, 27–28.5 years for Stage 2 while it ranged from
32–35 years for Stage 3.
Table 4 shows the distribution of age according to the stage attainment of the periodontal ligament visibility with respect to the cut-oﬀ point/threshold of 18 years. In the
mandibular left third molar, it was seen that 100% of Stages 1, 2 and 3 were above
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18 years. Similarly, in the mandibular right third molar, 100% of cases were above 18 years
if they were graded as Stages 1, 2 and 3.

Discussion
Age estimation in the living is one of the most important tasks of a forensic practice,
especially in developing countries such as India where birth records are often not well
maintained 1,2. In spite of a number of laws requiring registration of births, most are not
properly recorded. There are numerous cases that require forensic age estimation in living
individuals in various situations, both criminal and civil, including diﬃculties rising from
globalization that lead to numerous individuals seeking asylum with dubious information
concerning their actual date of birth. In India, as in most countries, the age of 18 years is of
distinct signiﬁcance as individuals under that age are categorized as minors. They have
speciﬁc rights according to the Indian law and constitution with respect to marriage as
well as legal imprisonment. Thus, as in many countries, in India proof of age of attainment
of 18 years is of prime importance in age estimation of living individuals 3–5. In forensic
Odontology, the development of roots of third molars is usually taken into consideration
for age estimation, especially in determining the 18-year-old threshold to diﬀerentiate the
status of an individual as child or adult. However, recently, it has been concluded that
there remains a high risk of incorrect assignment with this method, especially in the 17.5
to 19.5 years age group, which could possibly lead to a large proportion of children being
treated as adults and vice versa. Further, some of the third molars may complete root
formation even before 18 years, thus making it diﬃcult to exclude this possibility 3,6–8.
The periodontal ligament visibility in relation to the mandibular third molars; classiﬁed
into a four stage system has been described as having the potential to be a threshold
marker, to classify the subject as above or below 18 years. This method has been applied
in Portuguese, German, Europeans as well as in Chinese populations 9–13; however, no
studies have evaluated its applicability among Indians.
In our study, a strong positive correlation was observed between the chronological age
and the periodontal ligament visibility in right as well as left mandibular molars (r = 0.714–
0.7171; p < 0.001). This was in corroboration with other existing studies 9–13.
Further, it was found that Stage 0 was present below 18 years to a certain extent in
both sexes. Stage 1 onwards was evidenced at age >18 in males as well as females in both
right and left third molars, with a classiﬁcation accuracy of 100%. Thus, it suggests that if a
person is found in one of the stages from Stage 1 onwards, then the individual has
attained majority status, being above 18 years of age. It should also be emphasized that
either the left or right mandibular third molars may be used for this assessment in real-life
case scenarios.
Our results are in accordance with the observation by Olze et al. 9 and Timme et al. 10
on the German population, Sequeira et al. 11 on the Portuguese population and Guo et
al. 13 on the Chinese population, all of which reported that Stages 1 to 3 were evident in
subjects above 18 years. However, Lucas et al. on UK Caucasians said that Stages 2 and 3
are deﬁnitely above 18 years 9.
Further, an additional ﬁnding noted in our study was that in Stage 2 onwards the
individuals in our study were all >21 years old, so Stage 2 could be used for deﬁning the
21-year threshold, which is also forensically important age. This is in accordance with Olze
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et al. 9 and Timme et al. 10 on the German Population as well as Guo et al. 13 on the
Chinese population. However, Sequeira et al. observed that Stage 3 would serve this
purpose in the Portuguese population, highlighting the variation observed in diﬀerent
populations. Consequently, it is advocated that this methodology has to be tested and
applied in speciﬁc populations to improve the eﬃcacy of prediction.
The advantages of this method are that it relies on an OPG observation, which forms a
key component in routine forensic age estimation, so the same X-ray can be used for
evaluation of the periodontal ligament visibility on the third molars. Therefore, this
method saves time and money without mandating any added exposure to radiation 9,10.
Further, it is a simple methodology that can be applied routinely, and also shows good
inter- and intra-observer agreement 11–13. The method does have some inherent disadvantages, including: third molars should have completed root development, show no
evidence of caries or be endodontically treated, and be completely erupted without being
impacted. An impacted tooth or a tooth with incomplete root formation can impede the
observation of periodontal ligament visibility and categorization into appropriate stages 11,12
. The presence of fused roots is another important diﬃculty encountered in using this
method, as described by Guo et al., which led to the exclusion of many of the molars in
their study 13. To circumvent this, they suggested a new modiﬁcation of the periodontal
ligament visibility staging, wherein they evaluated the periodontal ligament only at the
peripheral part of root (mesial part of the mesial root and distal part of the distal root) and
the visibility status in between the roots in the furcation area was not considered 14. This
could be applied and evaluated in future studies.

Conclusion
The visualization of the periodontal ligament in mandibular third molars can be a vital
parameter in forensic age estimation among Indians, as it has demonstrated a strong
positive correlation between the chronological age and the periodontal ligament
staging. This being the ﬁrst study to have evaluated this parameter in the Indian
population, it clearly shows the periodontal ligament visibility from Stage 1 onwards
and thus can be reliably used to deﬁne the 18-year threshold for majority status. This
method can be applied, along with other standard adjuncts, to determine the age
without any further radiation exposure. Population-speciﬁc diﬀerences for this method
needs to be further examined.
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ABSTRACT
Aim: The present study attempts to plastinate selected oral specimens using four different methods for preserving them
in pathology museums.
Background: Plastination is a relatively recent technique in which synthetic materials are used for the preservation of
bodies and body parts. This process involves the replacement of water and lipids in biological tissues with curable
polymers like polypropylene, polyester and epoxy resins which will then harden and finally result in natural-looking,
dry and odorless specimens.
Technique: The oral specimens were selected and reduced to a cross-sectional thickness of about 1 cm. These specimens
are then subjected to four different plastination techniques using different commercially available resins (plastic cups,
epoxy resin, polyester resin, and polyester diecast resin). The tissue specimen was dehydrated, defatted and infused with
resin following which, it was placed in a plastination box into which the resins are poured. The comparison of the
efficiency of the different polymers in plastination was done.
Conclusion: Polyester dies cast resin provides the best results among the indigenous low-cost methods for plastination
followed by polyester resin (GP resin), epoxy resin and plastic cup medium.
Clinical Significance: Plastination provides a new museum technique thereby, eliminating the drawbacks of the routine
formalin preserved wet organs. It also proves to be an effective teaching aid to teach pathology in classrooms.
Key words: Low-cost Plastination, Museum techniques, Teaching aids, Polyester resins, Oral Pathology.

Introduction
Understanding the anatomy of the human body is the basis
of medicine and surgery and is a very crucial component in
the education of aspiring doctors and surgeons all over the
world 1, 2. From the time, the memorial various parts of the
world have evolved various techniques to understand the
intricacies of human anatomy. History suggests that one of
the most ancient practices to preserve the dead was in Egypt
around 4000 BCE. Ancient Egyptians believed in an afterlife
and used mummification or technique of embalming dead
bodies with chemicals to preserve the dead bodies.3 The
ancient Indians believed in the sanctity of the human body
after death and shunned the use of a knife on the dead.
However, Sushruta who is inarguably one of the first
surgeons, in 1000 BCE devised a method to overcome this
barrier in understanding human anatomy. He devised a
technique by which the dead body was decomposed in water
for seven days and then the layers of skin were removed
using an abrasive broom hence, allowing the study of
anatomy.3 Around 300 BCE Herophilus of Alexandria is one
of the first to dissect cadavers to understand anatomy and

thereafter various great names like Galen and Vesalius have
made significant breakthroughs in understanding the human
body. The main drawback was the lack of recordkeeping as
the body usually became decomposed soon. In around 1867
formalin had begun to revolutionize dissection
methodologies as it helped in the fixation of dead bodies.4
However, fixation in formalin is hazardous and
cumbersome, leading to the continual search for the ultimate
fixative. Nowadays formalin is used as a fixative for
histology 5-7.
One of the recent significant inventions of Von Gunther is
the plastination of human bodies and organs for anatomical
study. Plastination is the process by which water and lipids
in biological tissues are replaced by curable polymers and
resins which then will harden and finally result in naturallooking, dry, odorless and long-lasting specimens.8 He
primarily introduced three main types of plastination, which
were whole body plastination/ whole organ plastination,
sheet plastination/slice plastination and luminal plastination.
Whole organ plastination as the name suggests involves the
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whole organ being plastinated. Sheet plastination is used to
study sections of body organs, especially the brain. Very thin
slices are made and embedded in resins like epoxy resin,
following which they are studied to understand the
individual sections of the brain. Luminal plastination involve
plastination of organs with lumens like lungs and tracheabronchial system to understand their anatomy.8
The uses of plastination are numerous and include long term
preservation of cadavers and organs for teaching,
demonstration and research purposes, hence reducing the
shortage for cadavers and circumventing ethical issues that
involve the sacrifice of live animals.9, 10 Plastination methods
may provide a safer, cheaper and better method of
preservation of organs and tissues for medical education.9
Plastinated specimens can also serve as hands-on tools for
students practicing dissections and other minor clinical and
surgical procedures. This method is classroom friendly and
reduces the need for usage of gloves, eliminates the need for
the hazardous formalin and huge expensive glass jars. In
several institutions presently plastination libraries have
provided clean and odorless teaching and research
specimens. Plastinated sections act as a guide for
computerized axial tomography (CAT) scans, MRI and
ultrasound techniques and provide a three dimensional
perspective of normal anatomy and its variations. Last but
not the least the plastinated specimens may also serve as a
forensic tool for presenting evidence in the court.11
These advantages conclude that plastinated specimens have
great prospects and could be of tremendous value in the
training of medical dental and paramedical students in the
future. 9-11 However, this technique is very sophisticated,
expensive and patented. The patents, however, allow the use
of plastination for education purposes as long as the
plastinated specimens are not sold for profit. In developing
countries, it is virtually impossible to set up a plastination
laboratory or buy patented plastinated specimens from
Germany as the cost is too high. Various pioneers have
attempted plastination using several locally available resins
using less sophisticated armamentariums. Amongst these
techniques, the method suggested by Dr. Shyam Sunder has
been used primarily using three different resins. The fourth
technique studies the use of plastic cups dipped in xylene as
the plastination medium as introduced by Vidya et al.12 Our
present study attempts the plastination of oral specimens
using four indigenous plastination techniques.
Technique

Material Used:
Fresh oral specimens, mild detergent, hydrogen peroxide,
plastination preservative. Chemicals to make plastination
preservative 95% alcohol – 280ml, Formalin – 120ml,
Glycerin – 80ml, Phenol – 120ml, Distilled water – 800ml.
Resins used in plastination: plastic cups, Epoxy resin,
Polyester Resin (GP resin), Polyester diecast resin.
Requirements for plastination chamber – glass plates 5x5
inches (depending on the size of the specimen), rubber tube,
steel rod, nylon thread, and clips
Methodology
Pre-plastination procedure: A common method of fixing
and defatting the specimen was done before the actual
plastination procedure. The specimens selected for sheet
plastination were reduced to a thickness of 1 mm and cleaned
with mild detergent and hydrogen peroxide to remove all
debris and blood. Later, the specimens are immersed in the
special plastination preservative made for 24 hours.
Progressive dehydration was then done using various grades
of alcohol following which the tissues are immersed in
acetone for 24 hours for complete removal of the fat content
of the tissue. The tissue is then dried and four different
methods were adopted to test the efficiency of the various
methods.
Method I: Plastic cup Plastination
In this method as advocated by Vidya et al, the plastination
medium is prepared by using white cut plastic teacups above
80µ. These cups are cleaned and cut into tiny pieces and are
added to a glass container containing xylene. Once the
plastic cups are completely dissolved in xylene, the solution
resembles a transparent paint and serves as the embalming
or plastination medium. Following the pre-plastination
procedure, the specimen was put into the plastination
medium for 24 hours. Following this, the specimen is dried
and kept aside. Refer figure 1.
Method II: Commercially available Epoxy resin
(Araldite)
In this method, the resin and catalyst were mixed in a 1:1
ratio and the specimen is embedded into this medium before
its sets. This mixture has a very short setting time of 4-5
minutes. figure 2 and figure 3 .
Method III and IV using general-purpose polyester resin
(figure 4) and die-cast polyester resin (figure 5) respectively.
Both these types are most commonly used in the plastic
industry as these resins become very hard on the setting.
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These resins are available as base and accelerator; both in a
liquid form. On adding the accelerator to the base in
adequate quantity, a chemical reaction converts it into a hard
material. The quantity of the accelerator added determines
the working time and the setting time of the resin. In both the
methods, the specimens were kept immersed in the base
liquid in a covered glass vessel for around two weeks so that
the liquid adequately penetrates the tissues. During this time,
the tissue is compressed using a metal instrument with gentle
pressure to facilitate better penetration of the resin into the
tissues. In the initial days, air bubbles are seen to emerge
from the tissue, however, regular compression reduces it in
later days. The tissues can be considered ready for
embedding in the resin once negligible or no air bubbles
emerge. The specimen is then assembled in the glass
plastination box. A separate glass bowl is taken and the resin
base is poured following which an accelerator is added and
stirred well in the ratio of 100:1 (base: catalyst). Setting time
of about 6-7 minutes is available once the resin and catalyst
are mixed. Once the base and accelerator are mixed, it is
immediately poured from only one side as pouring from
multiple sides can cause air bubbles to form on the underside
of the tissue. The mix is poured till the tissue is completely
covered with an excess of approximately 2-3 mm. The
labeling is subsequently added as the mix begins to harden
so that the labeling paper strips do not sink in the thin resin.
Allow the resin to set completely overnight. The set
specimen is then polished and can be displayed in the oral
pathology museum as an educational aid.

which is commonly used as a luting medium in glassworks.
This resin is available in paste form as base and catalyst
which were mixed in equal proportions for plastination. This
resin gives a very short setting time which allows minimum
time to embed the specimen in the medium properly. The
resin is also very difficult to use and shows a lot of air
bubbles following the setting. This resin has not been used
in any study previously and its results were unsatisfactory as
the specimen was not visible in the following embedding due
to the air bubbles formed.

Discussion

The use of plastination is increasing, due to its many
advantages. The high costs of the plastination technique
have left most of the developing and the underdeveloped
countries and its medical fraternity away from its benefits.
These low-cost indigenous procedures can be easily done
and provide a viable teaching aid for the students.

Using dissolved plastic cups as a plastination medium
obtained dissatisfactory results as it produced sticky
specimens that showed signs of decay after a few days. The
tissue also began to show signs of shrinkage and within a
few days, it had a wrinkled appearance. Using plastic cup
plastination medium it is not possible to do sheet
plastination. In this method only whole organ plastination is
possible; however, the quality of the plastinated specimen
shows deterioration with time. Though this method can be
used for harder structures like the tooth it is not ideal for the
soft tissues of the oral cavity. The remaining three
plastination methods we decided to do sheet plastination as
it showed more longevity as it is less affected by the
atmosphere.
The remaining three methods use epoxy resin, polyester
resin (GP resin) and polyester diecast resin. The epoxy resin
we obtained commercially was in the trade name Araldite

The polyester resin or the general purpose (GP) resin and the
polyester die-cast resin are both available commercially in
the markets and they are commonly used in the plastic
industry and the manufacture of helmets as these resins
become very hard on the setting. These resins are also
available as base and accelerator; both in a liquid form of
which the base is a thick, viscous liquid and the accelerator
is watery inconsistency. On adding the accelerator to the
base in adequate quantity, a chemical reaction converts it
into a hard material. The quantity of the accelerator added
determines the working time and the setting time of the resin.
Both the resins following sheet plastination obtained good
specimens of which the polyester die-cast resin was clearer.
Both the resins have equal hardness; however, the advantage
of using die-cast polyester resin over the general-purpose
resin is that diecast resin is completely transparent whereas
GP resin is slightly yellowish-brown. The die-cast resin also
showed lesser air bubbles compared to using GP resin.

Conclusion
Polyester die-cast resin provides ideal sheet plastinated
specimens that can be used as teaching aid. The other resins
providing lesser quality plastinated specimens are polyester
resin (GP resin) followed by epoxy resin and plastic cup
medium.
Clinical significance
For dental students, these plastinated specimens were useful
in the study of General Anatomy, Dental Anatomy as well
as Oral Pathology. These plastinated specimens were also
useful in patient education to explain various sequelae in
pathologies. This hand’s learning experience has increased
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student interest, participation and understanding of the
subject. The specimens so plastinated are better for museum
display, demonstrations, and discussion, compared to the
specimens in jars.
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Figure 1: Oral specimen plastinated using plastic cup

Figure 2. LS of mandible plastinated using epoxy resin
a. tooth crown b. tooth root c. Root apex d1. outer cortical plate d2. inner cortical plate e. spongy bone f. inferior
alveolar canal g. Soft tissue h. resin cover
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Figure 3. Oral specimen plastinated in epoxy resin (araldite)

Figure 4. Oral specimen plastinated in polyester resin (GP resin)

Figure 5. LS of Tongue plastinated in Polyester die cast resin
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Abstract

Background: The cell culture technique has become a routine and a popular method for its wide applications
in the field of cell biology and biotechnology and in medical research. Isolation of primary cells over
the cancer cells is an essential component of cell culture technology as they are the reliable source to
understand normal physiological, morphological and molecular process of human cells. As fibroblasts are
the prominent cells of the connective tissue of oral mucosa, many disease entities and histogenesis are
linked to fibroblasts. Culture of oral fibroblast cells helps the oral biologists and researchers to study the
morphological and molecular process in the oral diseases.
Aim: The aim of our experiment is to isolate and culture the human buccal mucosal fibroblast cells from
healthy individuals using a combination of explant–enzymatic method and characterization of the cells by
short tandem repeat (STR) profiling.
Materials and Methods: The tissue samples were collected from healthy individuals undergoing routine
impacted third molar extraction. A combination of explant–enzymatic technique was used for the isolation
from the tissue samples. The cells were further subcultured, maintained and stored as per the standard
protocols. Thus, to confirm the oral fibroblasts of human origin and its uniqueness, they were characterized
using STR profiling.
Results and Conclusion: Using the combination technique, we were successful in isolating the cells at a
faster rate by detachment of cells on day 3 and confluency on day 10. The morphological assessment and
STR profiling further confirmed that the isolated cell lines resemble human fibroblast cells.
Keywords: Cell lines primary culture, enzymatic technique, explant culture, human buccal mucosal fibroblast,
short tandem repeats
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INTRODUCTION

In recent years, the tissue culture technology has a great
influence in human society. Cell culture technique has
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become popular and a widely used method in various
fields like in understanding cell biology, medical research,
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in the field of pharmacology to test efficacy and toxicity
of new drugs, manufacture of vaccines and also in assisted
reproductive technology. Isolation of the primary cell lines
and their primary cultures allows researchers to study the
morphological, cellular and functional behavior of the cells.[1]
Developed and established cell lines have disadvantage
because there are chances to carry several copies of
mutations. This could be due to cross contamination or
inappropriate exchange of cell lines from laboratories
against ethical guidelines. Although primary cell line has
finite life span, it is always preferred to study the process of
cell cycle, apoptosis and cell repair in a controlled condition
to understand the original characteristics and functions of
the cells for further clinical translation. Thus, it is the need
of the hour to establish standardized protocol for primary
culture in the field of cell biology.[2]
There are many established standard protocols for the
primary culture of systemic normal and neoplastic
cells. Availability of standard protocols for the isolation
of normal primary cell lines of human cells such
as keratinocytes, skin fibroblasts, epithelial cells and
embryonic cells has been well documented. Surprisingly,
there is very sparse literature regarding the primary culture
of human buccal mucosal fibroblasts.[3]
Fibroblasts are the important cells in the connective tissue
of the oral mucosa. They play an important role in the
synthesis of structural proteins and extracellular matrix,
help in the differentiation of the adjacent epithelium by
production of epithelial growth factors and regulate the
inflammatory process by secreting the chemokines and
cytokines. Hence, to further study the mechanisms of cell
functioning and the morphology, a need for the primary
culture of human oral fibroblast has been a concern.
Primary cultures of fibroblasts allow researchers to obtain
cells that can be grown in controlled in vitro conditions by
retaining their original characteristics and functions.[4]
Establishing a primary cell lines of oral fibroblast can help
the oral biologists in understanding the proper structural
characteristics, growth rate and morphological alteration to
check the toxicity level with carcinogens and also to assess
the response of specific novel treatment.[5]
One of the best examples of alteration of fibroblast leading
to irreversible disease is oral submucous fibrosis. There are
several in vitro studies on fibroblasts to assess the effect of
arecoline toxicity. A study done by Jheng et al. in 1999 found
that there were morphological alterations when treated with
different concentrations of arecoline.[6] A similar study was

carried out by Abhishek et al., where they concluded that
different concentrations of arecoline showed a decrease in
the cell count of the gingival fibroblasts. Hence, developing
accurate primary cell line of oral mucosal fibroblasts can
further help in validating and performing several in vitro
studies to link with novel therapeutic targets.[7,8]
Over the past decade, two tissue culture techniques
widely used are enzymatic and direct explant techniques
described by Bernice in 1994 and Kedjarune et al. in 2001.
Daniels et al. in 1996 described a detailed protocol for
enzymatic technique where they used an enzyme for the
isolation of the cells from tissue sample using trypsin or
diaspase enzyme. Whereas in the direct explant technique,
the tissue samples are processed without using enzyme
which involves fewer steps compared with the enzymatic
technique.[9,10] Moreover, it has been observed that there
are advantages and disadvantages mentioned about
both the techniques. To overcome these, we decided to
develop primary cell lines by a combination of both the
techniques.[11,12]
Hence, the aim of our study was to establish a detailed
protocol in developing a standard primary cell line of human
buccal mucosal fibroblasts (HBMFs) by a combination of
explant–enzymatic technique, study their morphological
and growth characteristics and further characterize the
cell lines by DNA/short tandem repeat (STR) profiling.[13]
MATERIALS AND METHODS

Ethical consideration

Ethical clearance for the study was obtained from the Ethics
Committee of KLE Academy of Higher Education and
Research (KLEU/Ethic/2016‑2017/D‑227). Informed
consent was also obtained from all the patients involved
in our study. Confidentiality of the documentation of
the detailed case history, clinical details and personnel
information of the patients was maintained and has not
been revealed even in this paper.
Tissue sample collection

Tissue samples for primary HBMFs were obtained from 10
healthy human subjects (age ranging from 18 to 55 years),
undergoing routine extraction of impacted third molar at
the Department of Oral and Maxillofacial Surgery, KLE
V K Institute of Dental Sciences, Belagavi. The tissues
were carried from the oral surgery department to the
cell culture laboratory in an Eppendorf tube containing
the cell culture media [Figure 1a] which also acted as the
transport media (Dulbecco’s Modified Eagle’s Medium,
Gibco [pH 7.2]) and were stored at 4°C before processing.
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a

b

c

d

Figure 1: Photomicrograph of images (a‑d) depicting steps involved in
the tissue processing like collection of sample in sterilized Eppendorf
tube containing dish containing the culture media (a), process of
mincing of tissue sample in the laminar air flow chamber with proper
arrangement of sterilized instruments (b), tissue samples are minced
or processed in a glass Petri dish using a BP blade No. 22 into small
pieces of 1 mm × 1 mm in size (c and d)

The cell culture technique

The tissue processing was carried out in a biosafety cabinet
and all the sterilization protocols were maintained before
the experiments as mentioned in Table 1. The tissue
specimens obtained were first washed and disinfected
in phosphate‑buffered saline (pH 7.3–7.4) solution for
2–3 min and then washed in culture media. Tissues were
then minced into 1 mm × 1 mm pieces with the help of
sterile BP blade No. 22 in a sterilized Petri dish containing
the culture media (DMEM) [Figure 1b‑e]. Trypsin (0.25%)
c o n t a i n i n g 0 . 0 2 % e t hy l e n e d i a m i n e t e t r a a c e t i c
acid (EDTA) (HiMedia) was added for the separation
of the cells, which further helps in the passaging of the
cells. The minced tissue was then centrifuged at 4000 rpm
for 3 min (Eppendorf 5418R) resulting in the formation
of pellet to which the fresh media was added and the
sediment was seeded in a 6‑well culture plate. The culture
plate with the minced tissue was flooded with culture
media containing DMEM media pH 7.2 supplemented
with fetal calf serum (FCS). To prevent the growth
of microorganisms, 100 U/ml penicillin, 100 µg/ml
streptomycin and 1% amphotericin B (Gibco‑BRL,
New York, USA) were added to culture media. The culture
plate was then incubated at 37°C in a humidified chamber
of 95% air and 5% CO2 incubator New Brunswick Eppendorf company, German (Bangalore distributers).
Monitoring of primary cell cultures and contamination

Daily observation was done to check for any contamination
and explant dislodgment and the overall radial migration
of primary cells from the explants. Constant monitoring
70

for any microbial or fungal contamination was done under
an inverted microscope. Replacement of old medium by
new complete media was also done based on the color
change of media. If microbial contamination was detected
in any dish or flask, the entire content was immediately
discarded. In our experiment, no contamination was
found with six tissue samples; however, four samples
were detected with contamination. On day 3 of culture,
the migration of primary cells was seen, and a monolayer
of cells was observed. The primary cell lines were moved
from the culture plate to a culture flask. Tissue fragments
were covered with culture medium containing fetal calf
serum and antibiotics, and the process of culture was
continued until the primary outgrowing cells reached
around 70%–80% confluency in the culture flasks.
Establishing secondary cultures/passaging

During the subculturing or passaging, the cells
morphologically spindle in shape were identified as
fibroblasts. On reaching confluency, the cells surrounding
the explant tissue further expanded. The medium was
poured out of the culture flasks and the cell surfaces
washed gently with phosphate‑buffered saline (PBS)
three times. The cells were removed from the cultures
by trypsinization with 0.25% trypsin and 0.05% EDTA.
After 2–3 min, the cells attained round shape and began
to detach from the plastic surface of the culture flask. The
cell suspension along with media were then transferred to
a 1.5‑ml Eppendorf tube and subjected for centrifugation.
Fresh complete media was added for culture flasks to
expand cell numbers in a new T25 culture flask. Cultures
were grown at 37°C in a humidified atmosphere containing
5% CO2. The culture medium was changed once in every
48 h. The 2nd–4th passages of cultures of these cells were
frozen for further STR profiling, as the cells were in lag
phase of growth.
Cryopreservation of fibroblasts

Cryopreservation of the buccal mucosal fibroblasts
was performed according to the standard protocol
of cryopreservation of the cell lines using dimethyl
sulfoxide (DMSO), which permits long‑term storage
of cells in liquid nitrogen. Once the cells reached the
confluency, the cells of the 4th–5th passage are selected
and routine trypsinization of cells is done with 0.25%
of trypsin. The cells were subjected for centrifugation
at 4000 rpm for 3 min. The cell pellet was resuspended
in freezing medium consisting of 90% fetal bovine
serum (FBS) and 10% DMSO. Cell suspensions were
aliquoted into cryogenic storage vials and frozen
subsequently at 2°C–4°C for 1 h, −20°C for 1 h
and −80°C in a deep freezer overnight.
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Table 1: Sterilization protocol to prevent contamination
Procedure

Measures taken to prevent contamination

Sterilization and
maintenance of culture
laboratory

Before any procedure, the entire cell culture laboratory was properly cleaned with disinfectants
The walls, floors, outer surface of culture hood, refrigerators, CO2 incubators and other equipment were thoroughly
cleaned with disinfectant
After cleaning the laboratory, UV light for the entire laboratory was kept on for 1 h
Fumigation of laboratory was done at the every 10 days
UV light was switched on 15-30 min before and after the experiment
The laminar chamber was cleaned with 70% ethanol as a disinfectant prior and after the experiment
The chemicals and instruments were constantly wiped with 70% ethanol before placing them in the laminar air flow chamber
Fresh distilled water was regularly replaced every 15 days with a pinch of cupric sulfate dissolved in it
The inner surface of incubator was cleaned with 70% ethanol every alternate day to prevent contamination of the flasks
and culture plates
All the flasks and culture plates were thoroughly wiped with 70% ethanol before placing them in incubator
Instruments such as BP blade holder, kidney trays, tissue holding forceps and the Petri plates were sterilized using
autoclave before the tissue processing at a temperature of 121°C for 30 min at 15 psi pressure
The tissue samples were procured from patients undergoing impaction of third molars under the guidance of oral
surgeon with aseptic precautions taken while surgery
The samples were collected and transferred in the sterilized vials containing DMEM media to the culture laboratories
Sterilization of the laminar air flow chamber as mentioned above
The optimum operating area should be maintained
The instruments before the tissue processing should be neatly organized
Use of laboratory coats, gloves, masks and head caps was used to prevent contamination
The tissue is first washed with PBS 3-4 times to remove the blood and any other contamination
Mincing of the tissue sample was done using preautoclaved and sterilized instruments
Cleansing of the operator hands was done with 70% ethanol often during the tissue processing helps avoid
contamination from external factors
Once the primary cell lines are established, the cultures were maintained with complete DMEM media containing
1%-2% of antibiotics to avoid contamination
The tissue culture plates were observed frequently for any contamination, if any contamination was found the plates
were discarded immediately
Sterilized Eppendorf tubes were used for the preservation of cell lines
The cell lines to be preserved were transferred to Eppendorf tubes containing 90% FBS and 10% DMSO under sterilized
aseptic condition
The Eppendorf tubes with the cell lines and preservation media were thoroughly sealed with paraffin wax with cell
name and coding

Sterilization of the
laminar air flow hood
Sterilization of CO2
chamber
Sterilization of accessory
instruments
Procurement and transfer
of the tissue sample to
culture laboratory
Tissue processing

Subculturing

Maintaining and
preservation of cell lines

UV: Ultraviolet, DMEM: Dulbecco’s Modified Eagle’s Medium, PBS: Phosphate‑buffered saline, FBS: Fetal bovine serum, DMSO: Dimethyl sulfoxide,
BP: Bard-Parker Company

Characterization of the primary cell lines of human
buccal mucosal fibroblast
Morphological characterization of the primary cell lines

Once the primary cell lines were established, the cells were
observed under an inverted microscope on day 1–day 8 and
the morphological changes were noted. The morphological
variation of the cells was recorded as F1 which are
spindle‑shaped cells, F2 which are epithelioid‑shaped cells
and F3 as stellate‑shaped cells.[3]
Characterization of cell lines by short tandem repeat profiling

The cells were characterized for STR/DNA profiling
from DNA Forensics Laboratory, New Delhi. The cells
from the confluent flask with passage 3rd or 4th were
selected for the DNA profiling. The cell pellet was
prepared according to the standard protocol provided by
the laboratory and transferred to the laboratory. Before
sending the cell lines to the laboratory, the cells were
named and coded for the convenience and future use as
KLED‑BF18. The cell pellet was then properly sealed and
transferred to the DNA Forensics Laboratory for further
processing. Once the primary cell lines were established,

the cells were observed under an inverted microscope on
day 1–day 8 and the morphological changes were noted.
The morphological variation of the cells was recorded
as F1 which are spindle‑shaped cells, F2 which are
epithelioid‑shaped cells and F3 as stellate‑shaped cells.[3]
RESULTS AND OBSERVATION

The results showed that six out of ten primary cultures
of oral fibroblast cells done by a combination of explant–
enzymatic technique were successful. In our experiment,
we were able to isolate the fibroblast cells within 3–5 days
and 70%–80% of confluency reached around 8–10 days
of culture. The remaining tissue samples or the cells were
discarded due to contamination.
First day: Primary culture

The culture showed mixture of cells which include round/
spherical clumps of cells, red blood cell (RBC) and white
blood cell (WBC). The primary culture of the tissue sample
also showed some areas of tissue degeneration with fibrin
and round cells [Figure 2a]. On observation, the culture
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plates showed the absence of contamination. The culture
was then kept for incubation for 24 h overnight.

cells were then maintained and incubated with constant
monitoring for any contamination.

Second day: Primary culture

Eleventh–fourteenth day: Secondary culture

Third–fifth day

Growth curve assay

The culture plates showed the same round cells with a
slight decrease in the number of RBC and WBC. The
spherical cells were seen detaching and an outgrowth
of the primary tissue was observed [Figure 2b]. Primary
cultures were maintained with the addition of fresh
media, FBS and antibiotics to avoid and control the
contamination.
The cultures showed a series of changes. The fibroblasts
were attached to the base of the culture wells and small
spindle‑shaped cells (F1 type) were observed on the
periphery of the culture plates [Figure 2c]. A mixture of
cells were observed showing from round to spherical cells;
small extension of the cells was observed, resembling that
spindleshaped cells (F1) were noted.[3] There was absence
of contamination observation of the culture.
Sixth–tenth day: Secondary culture/passaging

The cultures showed majority of long spindle‑shaped
cells (F1) extending and covering all the surfaces of the
wells. The cell population also showed stellate‑shaped
cells (F3) with fibroblastic extensions, and small round
dividing primary cells were noted [Figure 2d]. The buccal
fibroblast cell lines reached around 60%–70% confluency
on day 8. On day 10, the cell lines were subcultured and
passaging was done and labeled as T1 and T2 flask. The

a

b

c

d

e

f

Figure 2: Photomicrograph of images showing the isolation and primary
outgrowth of the cells from the explant tissue. Cells migrating and
outgrowing from the explant tissue on day 2 (a). Round clump of cells
seen indicating the outgrowth of the explant tissue and multiplication
of cell lines on day 3 (b). Small spindle‑shaped fibroblast cells (F1)
with mixture of spherical dividing cells (c). Cultures showing majority
of F1‑shaped fibroblasts with few F2‑ and F3‑shaped cells (d). The
fibroblasts reach the confluency around day 10 with mostly F1‑shaped
fibroblast cells (e and f)
72

On observation under an inverted microscope, subculture
T1 flask showed a monolayer of long spindle‑shaped
cells (F1 type), and T2 flask showed the cells with
confluency of 70% with some areas showing small dividing
spherical cells [Figure 2e and f]. The subcultured flasks were
then incubated with appropriate media, FCS and antibiotics
for the further growth and storage of the cell lines.
The growth curve assay was carried to assess the cell
growth pattern and proliferation of the fibroblast cell
lines. The results of the growth curve assay are mentioned
in Table 2, and the graph was plotted [Figure 3]. Our
experiment started by seeding around 7000 cells per well
in a 12‑well culture plate; the cells were allowed to grow
and observed using an inverted microscope under ×40
magnification and counted daily for 5 days. The cell count
was done every day using trypan blue count assay and an
average was recorded at the end of the week. The cells
in the last well were recorded as 182,000 cells per well.
The experiment shows an increase in the number of cells
and the growth pattern of cell lines from day 0 to day 5.
Results of characterization of cell lines
Morphological assessment of primary cell lines of human
buccal mucosal fibroblast

The cells were monitored for the morphological changes from
day 1 to 14. There were no cell changes observed on day 1 and
2 as they retained round to spherical shape. On day 3–5, the
cells showed cellular extensions, resembling spindle‑shaped
morphology of fibroblast cells. The cultures showed the cells
resembling mature spindle‑shaped fibroblast (F1) [Figure 4a]
on day 7–10. The epithelioid (F2)‑shaped cells were observed

Figure 3: Linear bar graph describing the growth characteristics of
primary cell lines of human buccal mucosal fibroblast where the number
of cells dividing (X) was plotted against the number of days (Y)
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at around day 10 with mixture of very less number of
stellate (F3)‑shaped cells [Figure 4b].
Results of short tandem repeat/DNA profiling for cell line
authentication report

In our study, we observed that the STR profiles of DNA
isolated from the cell pellet of primary cell lines of HBMF
had some unique features as compared to other standard
cell lines considered. Table 3 describes the loci of the DNA

of our sample of the cell line KLED‑BF18 comparing it
with standard fibroblast cell lines. Table 4 shows the locus
point that are matching with the standard fibroblast cell
lines such as CRL 7201, CRL‑7226, CRL7553 and CRL
7554, whereas the cells are showing less resemblance
with loci of cells of epithelial origin such as JCRB0178.0,
JCRB0178.1 and JCRB0234.0. Thus, the overall results of
the STR profiling of our sample of the cell lines state that
the established cell line is of human origin, with unique
features not resembling to any previous human genes and
showing the characteristics of cell of fibroblastic origin.
DISCUSSION

a

b

Figure 4: Morphological changes of fibroblasts noted during culture.
Predominant spindle‑shaped fibroblasts (F1) (a). Mixture of cells
with few number of both stellate‑shaped (F3) and epithelioid‑shaped
fibroblasts (F2) (b)

Table 2: Growth curve assay
Number of days

Number of cells/well

Day 0
Day 1
Day 2
Day 3
Day 4
Day 5

7000
22,000
156,000
171,000
172,000
182,000

Table 3: STR profile report table
Loci

Test result for submitted sample
Query profile (KLED‑BF18)

TH01
D5S818
D13S317
D7S820
D16S539
CSF1PO
VWA
TPOX
Amelogein

6
11
9
10
10
12
14
9
X

12
13
11
12
12
16
11
X

Animal cell is a fundamental unit of life and form an
incredible tool in biological research. It acts as a model system
for understanding physiological processes and screening
of toxic or therapeutic compounds for use in medical
treatments. The cells play a major role in the production of
functional enzyme, growth factor and vaccines. Cell culturing
is a process of maintaining cells of multicellular organisms
outside their original body under precise conditions. Over
the last three decades, there have been advances in the field
of tissue culture and tissue engineering technology. The
isolation of primary cells from whole tissues for biological
studies is becoming widely recognized in studying and
understanding the mechanism of cell cycle, apoptosis
and DNA repair. To isolate and establish a cell line with
standardized protocols has now become an essential tool in
biomedical research and tissue culture technology.[1,2]
Primary cells have the capacity to undergo replicative
senescence or aneuploidization which makes their isolation
and infinite growth difficult. Therefore, new cultures need
to be established regularly with proper monitoring and
maintenance. The concerns of Primary cell cultivation,
the need for a high quantity of primary buccal fibroblasts
in obtaining the greatest number of clonogenic cells, cell
performance, and the best culture lifespan cells has been in
demand since decades has lead to development of standard

Table 4: Comparative table of STR profile data
EV

0.67 (24/36)
0.67 (24/36)
0.67 (24/36)
0.67 (24/36)
0.67 (24/36)
0.67 (24/36)
0.67 (24/36)
0.67 (24/36)

CELL
NUMBER

CELL
NAME

Query (Your Cell)
675
LS
CRL‑7201
HS235.SK
CRL‑7226
HS280.T
CRL‑7553
HS821.SK
CRL‑7554
HS821.T
JCRB0178.0
KP‑3
JCRB0178.1
KP‑3L
JCRB0234.0
TYK‑NU

D5S818

D13S317

D7S820

11,13
12,13
11,12
11,13
12,13
12,13
13,13
13,13
12,13

9,11
9,11
11,13
9,11
9,11
9,11
9,11
9,11
10,11

10,12
8,10
10,13
11,12
10,12
10,12
10,12
10,12
10,10
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LOCUS NAMES
D16S539
VWA
10,12
10,11
10,12
10,11
10,12
10,12
9,13
9,13
9,10

14,16
14,16
14,16
16,17
14,15
14,15
17,18
17,18
14,16

TH01

AM

TPOX

CSF1PO

6,8
6,7
6,9
7,9.3
7,9.3
6,9.3
6,9.3
6,9.3
9,9

X, X
X, X
X, X
X, X
X, X
X, X
X, X
X, X
X, X

9,11
8,8
9,11
8,11
8,11
8,11
9,11
9,11
9,11

12,12
12,12
11,14
10,12
12,13
12,13
12,12
12,12
12,12
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protocols for primary cultures of cell lines. Literature and
standardized protocols are available for the isolation of
rodent embryonic fibroblasts, gingival fibroblasts and oral
keratinocytes, but there is minimum literature available on
the isolation and culturing of HBMFs.[3]
For obtaining the primary culture of cells, Bolls and Lee
suggested two basic techniques involved and they are
enzymatic and explant method. Billingham and Reynolds
proposed a technique for the separation of epithelial
cells using an enzyme (trypsin), thus called the enzymatic
method. The tissue dissociation or enzymatic method
involves proteolytic enzymes to obtain a single cell
suspension or subsequent subcultures. Trypsin which is a
proteolytic enzyme breaks down the protein by inactivating
the adhesion molecules and integrins to detach the cells
from the plate and float.[7,8]
Trypsin along with EDTA is used in cell culture where
EDTA acts as a chelating agent that weakens the cell matrix
interaction. Trypsin is the most widely used enzyme for
dissociation of cells from tissues, adhesive cells from the
flasks and for rapid passaging of large cell suspension.
However, in a study done by Stems et al. and Plaskach
et al. in 1993, their results indicated that trypsinization
or enzymatic method can cause the modification in
the adhesive properties of the cells, dysregulation of
the cell functions, loss of cell activity, alteration of the
cell membrane permeability and disruption of the cell
resulting in the cell deformity. A study done by Mexican
et al. concluded that exposure to high concentration of
trypsin can disrupt the cell morphology and their adhesive
properties, which is a common problem in subculture.[9,10]
P K Nanda et al. conducted a study to assess the enzymatic
disintegration of the tissue samples for establishing the
primary culture; different concentrations of trypsin (0.12%
and 0.25%) with regard to time were used. The effect of
different concentrations of trypsin showed that the tissue
samples partly dissociated with 0.12% and completely
dissociated with 0.25% of trypsin. Further, the cells showed
morphological alteration and failure of attachment of cells
to flasks in the subsequent subculture.[11,12]
According to literature, a minimum concentration of
0.25%–0.5% of trypsin is considered safe for tissue
culture studies. In our experiment, trypsin of minimum
concentration of 0.25% with EDTA was used for isolation
and subculture of the cell lines. Its concentrations did not alter
the biological behavior of the cells, and allowed the removal
of other contaminating cells, such as epithelial cells, RBCs
and other inflammatory cells. We would like to propose that
the combination of explant–enzymatic technique showed that
74

0.25% of trypsin was appropriate for the detachment and
developing a primary cell line faster and accurate.[14]
In 1910, Carrel and Burrows described a method for the
extraction of epithelial cells called direct explant method
where the cells are isolated directly from the tissue samples
without using dissociating enzymes such as trypsin.
However, they concluded that the cells were not able to
dissociate easily from the explant tissue and it took long
duration for the first cells to come out from the parent
explant tissue. The main disadvantage of the explant
technique is that the cells remain in clusters, which becomes
difficult for the disassociation of the tissue and fails in the
development of monolayer. The explant technique also
results in the appearance of undesired cells.
In a study done by Orazizadeh et al. in 2015, the
keratinocytes were able to get detached from the explant
tissue within 24 h whereas the fibroblasts were isolated
after 4 days of culture.[12,14]
Similarly, another study done by Punita et al. in year 2018
found that the success rate of outgrowth of fibroblast cell
from skin biopsy was 4–12 days of processing of the tissue
samples. Comparing with these studies, we were successful
in isolating the buccal mucosal fibroblast cell lines using a
combination of explant–enzymatic method, which helped
the cells to detach and migrate from the main explant tissue
sample on day 3 of our experiment. The combination
method of tissue culture in our study showed that cells
were easily separated from the main tissue and were able to
grow at faster rate without any morphological alteration.[14]
The major concern in our study was the prevention and
maintenance of primary cultures from contamination. The
tissue samples obtained from the oral cavity are always
associated with bacterial contamination, which hinders the
rate of growth of primary cell lines. O W Merten described
about bacterial and viral contamination and incorporated
some measure to prevent the contamination like washing
the tissue samples before the processing with PBS, using
sterilized and autoclaved instruments and checking the raw
materials for any contamination. They were successful in
establishing the primary cell lines with absence of bacterial
and viral growth in the cell lines.
In our experiment, measures were taken to prevent
any bacterial or fungal contamination right from the
procurement of the tissue samples to maintaining and
subculturing of the cell lines. Based on our experiments,
we would like to propose the list of measure to be taken
in developing a primary cell line of BMF cell line [Table 1].
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Of ten tissue samples, we were successful in isolating the
fibroblast cell line from four tissue samples. The failure
of other samples was due to contamination while tissue
processing or from the source of sample.
On observation of the morphology of fibroblasts, we
observed that F1 type of fibroblasts was seen on 3rd–5th day,
whereas a combination of F1 and F2 type of fibroblasts was
observed on 6–10th day. However, subsequently, we found
predominantly spindle‑shaped fibroblasts in all our cultures.
Hence, appearance of F3‑shaped cells during culture would
suggest terminal stage of fibroblasts, synthesizing high
amounts of collagen. Surprisingly, we found less number
of F2‑ and F3‑shaped fibroblasts during our culture, as
these fibroblasts are predominantly seen with the effect of
exogenous addition of arecoline.[15] The above findings further
prove that our developed fibroblast cell lines are pure primary
cell lines developed with no toxic effect during culture.
The cell lines were further subjected for authentication
and characterization through DNA or STR profiling from
DNA Forensics Laboratory, New Delhi, according to the
standard protocol provided by the laboratory. STR profiling
or DNA profiling is the most commonly and routinely used
method for identification and authentication of human cell
lines, which generates a specific molecular and genomic
identity code of cell lines and stem cells. This can establish
an identity to the specific individual cell lines and helps in
further research and reproducibility of the cells for any
clinical intervention. STR profiling is cost‑effective and can
be considered as a standard tool for cell line authentication.
As the cell lines from the surgical specimens are difficult to
isolate and generate subcultures, we thought to characterize
and authenticate our primary cell lines using STR or
DNA profiling. Hence, in our study, by STR analysis, we
confirmed that cell lines are of human origin and resemble
the fibroblast cells with unique loci of tandem repeats.[13]
Pure cultures of authenticated primary HBMF cell lines
with subsequent subcultures were incubated, maintained
and stored for the future application in the research and
clinical aspects of dentistry.
CONCLUSION

The experiment was carried out to standardize the protocols
for isolating and establishing the primary cell lines of HBMFs
in large numbers from healthy individuals by a combination
of explant–enzymatic technique. Obtaining primary cell
lines of HBMF from the buccal tissues was very challenging
as they were susceptible to source of contaminations.
The above‑mentioned standardized protocol helps in

authentication and establishment of primary cell lines of
HBMFs with morphological and genetic profiling.
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ABSTRACT
Introduction: Recently, several adhesive primers for base metals
have become commercially available. The effect of metal primers
on noble alloys has been studied several times and proved to
be efficacious but there is insubstantial information about their
effect on base metal alloys. Hence the purpose of this study
is to evaluate the effect of surface treatment (sand blasting
with alumina oxide particles and metal primer) on retention of
complete cast crowns luted with different cements.
Aim: To compare and evaluate the effect of surface treatments of
intaglio surface on retention of complete cast crowns cemented
with different luting cements.
Materials and Methods: In this in vitro experimental study a total
of 50 extracted human sound premolar teeth were prepared to
receive cast metal crowns made of cobalt-chromium alloy. Teeth
were mounted in an index using autopolymerising acrylic resin;
crown preparations were made with a high-speed hand piece
stabilised by using a k-9 crown installation machine and 6° taper
was achieved for all preparations. Occluso-cervical dimension of
the teeth was standardised at 4 mm for all the samples. Based
on type of luting cement, the teeth were divided into five groups:

glass ionomer cement (10); resin modified glass ionomer cement
(10); resin-modified glass ionomer cement with surface treatment
(10); resin cement (10); and resin cement with surface treatment
(10). After surface treatment and cementation procedures,
samples were stored in storing media and then subjected to
tensile loading with universal testing machine (TU-400 Batch no99/01, Fine Spavy, INDIA) to separate crowns from the tooth.
ANOVA test followed by Tukey’s Honest Significant Difference
(HSD) post-hoc test were employed in the analysis of data. SPSS
17.0 statistical software was used to analyse the data.
Results: Among cements tested in the study, resin cement
with surface treatment (7.61±0.78) Mpa had the highest tensile
bond strength, while glass ionomer had the lowest tensile
bond strength (3.78±0.65) Mpa. Significant improvement was
observed in tensile bond strength after surface treatment with
both the cements (resin modified glass ionomer and resin
cement) with p<0.001.
Conclusion: The study reasonably concluded that the type
of surface treatment may have a significant effect on retentive
strength of crowns. Combination of sandblasting and metal primer
can be considered to improve the bond strength of luting agents.

Keywords: Dental alloys, Metal primer, Resin based cements, Retentive strength, Sandblasting

INTRODUCTION
Successful outcome of dental restorative procedures depends on a
number of factors. A few factors are structural whereas others are
implemented during the treatment procedure. The factors include
adequate tooth preparation, geometry of framed tooth, surface
roughness of the tooth, as well as intaglio surface of restoration
and cementing agents [1]. To enhance bond strength between
adhesive cement and casting, a rough and a contamination-free
surface is essential [1]. Due to lack of ideal tooth preparation form,
surface treatment of intaglio surface may have clinically relevant
correlations with the retentive strength of castings thus eliminating
the need for extensive procedures [2]. Improvement of bond
strength in intaglio surface of restoration can be accomplished by
various surface modalities such as airborne-particle abrasion with
alumina, glass beads, metal primers, lasers, and a combination of
these [3]. Among these, airborne-particle abrasion is a sensitive
and inexpensive technique in fabricating a roughened alloy surface
[4]. Intaglio surface refers to internal surface of casting which has
main role in retention. It should clearly duplicate external surface
of prepared tooth. Sand blasted, etched, surface treated intaglio
surface provide micro-mechanical retention. Metal primer treated
intaglio surface provides chemical retention [2].
Adhesion of resins to the substrate depends upon both physicochemical bonding and micro-mechanical interlocking [5]. Innovation
Journal of Clinical and Diagnostic Research. 2020 May, Vol-14(5): ZC07-ZC12

of metal primers has improved bond strength of resin cements
to dental alloys, which provides micro-mechanical retention as
well as chemical bonding [4]. Metal primers and some resin
cements have active monomers that create a strong chemical
bond between resin-based materials and oxides present on the
metal surface. Metal primers have shown to be effective on noble
alloys [6]. There is a lack of evidence about their effect on base
metal alloys. Hence, studies investigating the effect of metal
primers on retention of base metal alloys are required [4]. Glass
Ionomer Cement (GIC) is the most commonly used conventional
luting agent for cementation of fixed dental prosthesis. Chemical
adhesion to tooth structure, good translucent properties, and
ideal cariostatic potential has made GIC an extremely definitive
luting agent [7]. To overcome the drawbacks of conventional luting
cements, Resin-Modified Glass Ionomer (RMGI) and resin-based
luting agents were introduced which revolutionised the restorative
techniques. A dual-cure hybrid, higher flexural strengths, fluoride
release from the cement, and ease of handling are the advantages
of RMGI compared to conventional GICs [7]. Good strength,
multiple substrate adhesion, insolubility in oral conditions and
esthetic potential have made resin based luting agents as an
appropriate choice for fixed dental prosthesis. Resin cements are
preferred mostly when the preparation lacks optimal retention and
resistance forms [8].
7
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Null hypothesis states that surface treatment of intaglio surface does not
have any effect on retention of complete cast crowns. In the current in
vitro study, an attempt was made to compare and evaluate the effect of
surface treatment of intaglio surface with sand blasting and metal primer
on retention of complete cast crowns cemented with different luting
cements. The effect of metal primers on noble alloys has been studied
several times and proved to be efficacious but there is insubstantial
information about their effect on base metal alloys hence this study was
conducted to study effect of metal primer on base metal alloys.

MATERIALS AND METHODS
The current in vitro experimental study was conducted at three
centers: Department of Prosthodontics, KLES VK Institute of
Dental Sciences; SDM Dental College, Dharwad; Belgaum Material
Testing Centre, Belagavi, Karnataka. The study was conducted in
September 2015 over duration of 3 months.
A total of 50 extracted sound human maxillary first premolar teeth with
healthy and intact surfaces were chosen for the study (extracted for
orthodontic treatment). Sample size calculation was done by formula,
where Gis standard deviation, ( is error rate, 1.96 is 95% confidence
1.962 δ2
(2

n=

Extracted teeth were collected from department of oral surgery over
period of one week. Once collected; the adhering soft tissue and
the blood were cleaned under running water and stored in a closed
container containing artificial saliva until use [9-11]. Selected teeth
were divided randomly into three groups. Each group was luted
with three luting cements-GIC (10) (GC Gold Label, GC corp, Tokyo
Japan), RMGI (20) (GC FugiCEM, GC Corp, Tokyo Japan), and resin
cement (20) (RelyxTM U200, 3M ESPE, Germany). Ethical clearance
was not obtained as study (in vitro) conducted did not involve any
living subjects [Table/Fig-1].

[Table/Fig-1]: Materials used in the present study.
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[Table/Fig-2]: Specimen held on the surveyor base and placed over K-9 crown
installation device for tooth preparation.

[Table/Fig-3]: Specimens prepared.

Horizontal notches were positioned on roots of every tooth for
retention and centered in index using an autopolymerising acrylic
resin [12]. (DPIRR, Cold CureBatch no: 4156) specimen preparations
were done by a single operator. A jig was held firmly on surveyor
base and crown preparations were made with a high-speed hand
piece and stabilised by using a k-9 crown installation machine at
the desired taper [13,14]. To frame axial surfaces and establish a
finish line, parallel-sided course diamond points with rounded tip
were used [12]. With the hand piece held at intended taper, tooth
preparation was done by moving base of the surveyor against the
diamond bur. Occlusal surface of the teeth was made flat [4,15],
parallel to the floor, and occlusocervical dimension of the teeth was
standardised at 4 mm for all the samples [1,16]. A new bur was
used for every test group [Table/Fig-2,3] [17].

software [18]. After measuring the surface area, die preparation
[4,19] die spacer application (Han Dae Chemical, Korea), Die spacer
was applied in 2 layers to obtain approximately 25 μ thickness with
0.5 mm short of the margin. Wax patterns were fabricated using
inlay casting wax by dipping the die twice in molten blue inlay wax
in a prewarmed wax-pot, to achieve a standardised thickness of
1 mm. Wax patterns were immediately invested after remargination
to minimise distortion [19]. Conventional lost wax technique was
carried out to completely eliminate wax from the moulds, casting
procedures using cobalt chromium alloys were carried out in an
induction casting machine to fabricate metal copings. A total of 50
castings of same dimensions were recovered from the investment
and finished and polished to standardised thickness of 1 mm [19].
Surface treatment and cementations were performed as follows [4]:

Crown preparation with taper of 6° was achieved for all the
specimens by tilting the hand piece to their respective degree. A
small indexing groove was made using carbide bur to establish path
of insertion for seating [16]. Tooth preparations were done by single
operator and blinding was considered to overcome experimental bias.
The surface area of each specimen was calculated using AutoCAD

Group A (Control group): Sandblasted for 15s at 0.3 Mpa pressure
with 50 µm particles of aluminum oxide + cemented with GIC (control
group-10). Several studies have proved GIC to be gold standard and
in clinical use since many years. It’s widely used in clinical practice
and proved to provide good retention for long time hence it is used
as control [15,17,18].
Journal of Clinical and Diagnostic Research. 2020 May, Vol-14(5): ZC07-ZC12
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(I) Groups

(J) Groups

Mean difference (I-J)

p-value

B1

−1.36400*

<0.001*

A

B1

B2
C1

B2

−2.30500*

<0.001*

C1

−3.05000*

<0.001*

C2

−3.83100*

<0.001*

B2

−0.94100*

0.010*

C1

−1.68600*

<0.001*

C2

−2.46700*

<0.001*

C1

−0.74500

0.064

C2

−1.52600*

<0.001*

C2

−0.78100*

0.047*

[Table/Fig-7]: Comparison of mean tensile bond strength within different groups of
luting cements Tukey’s HSD post-hoc test (p<0.001).

similar means). The fourth subset contained means of group C2
(indicated no other groups have similar means). Only two groups
group B2 and group C1 had similar means and was found to be
statistically insignificant.
Mean tensile bond strength of Glass ionomer cement control group
(3.78±0.65) was significantly lower than mean tensile bond strength
of other test groups. Resin cement with surface treatment showed
highest retentive strength among all tested groups while glass
ionomer cement showed lowest tensile bond strength.
Null hypothesis that Surface treatment of intaglio surface does not
have any effect on retention of complete cast crowns was rejected
as the surface treatment significantly improved bond strength
improving retention [Table/Fig-6,7].

DISCUSSION
The purpose of the study was to assess and evaluate the retention of
complete cast crowns, which were subjected to surface treatments
involving sandblasting with alumina particles and metal primer
and these restorations were cemented with GIC, RMGI, and resin
cement. Objectives of this study were to comparatively evaluate
surface treatments and cements and their effect on retention of
complete cast crowns.
This study showed that the mean retentive strength of resin cement
and RMGI increased after surface treatment with sand blasting and
metal primer. With significant statistical difference, the resin cement
indicated greater tensile strength values, followed by RMGI and
GICs. Similarly, a study conducted by Consani S et al., also showed
that the resin cement was superior when compared with glass
ionomer and RMGI [20].
Metal primers contain active monomers that promote chemical
bonding between the cement and the oxides present on the
metal surface. Metal primers provide chemical as well as
mechanical retention. Mechanical retention achieved by etching
of metal surface by acids in metal primer. Metal primers having
a phosphoric acid monomer (MDP, 10-methacryloyloxydecyl
dihydrogen phosphate) react with readily formed oxides of base
metal and improve the bonding of resin to the metal. Use of these
metal primers require adequate isolation, avoid contact with skin
and mucus membrane [4].
GIC is considered as control as most of the studies have proved it to
be gold standard and is in clinical use since many years. It’s widely
used in clinical practice and proved to provide good retention for
long time. Surface treatment with metal primer considered only for
test groups i.e., resin modified GIC and resin cement. Metal primer
does not react with GIC, hence only surface treatment with alumina
particles was done for control group.
With regard to bond performance, resin cement showed higher
bond strength than RMGI. Capa N et al., also studied the
bonding performance of RMGI cement and self-adhesive resin
10
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cement to various fixed prosthodontic core materials and found
the highest bond strength for RelyXUnicem (resin cement) and
the lowest for FujiCem (GIC) which is in agreement with current
study [21].
Matsumura H et al., evaluated that bonding of a cobalt-chromium
alloy with acidic primers and found that all acidic primers used
in the study elevated bond strength of resin to cobalt chromium
alloys, which is in agreement with the present study, where surface
treatment with metal primer increased bond strength of resinbased cements [22]. A study conducted by Di Francescantonio
M et al., also studied the effectiveness of application of adhesive
primers to cobalt-chromium and nickel-chromium metal alloys on
the bond strength of resin cements to alloys [6]. They concluded
that the application of metal primer led to a higher bond strength
for LinkMax resin cement when used in both the metal alloys, which
was in agreement with the current study. However, similar results
were not found with other cementing systems used in their study.
Also, a study conducted by Yoshida K et al., evaluated the bond
strengths of four resin cements to cobalt-chromium alloy using two
adhesive primers [23]. They also evaluated the effect of four adhesive
primers on bond strength of a self-curing resin to cobalt-chromium
alloy [24]. All the primed specimens showed improved shear bond
strength between resin cement and cobalt-chromium alloy when
compared to nonprimed specimens. The results obtained were
concurrent to current study that metal primers improved retentive
strength of cobalt chromium crowns.
All the intaglio of castings were subjected to airborne abrasion
from alumina to seize over the superficial oxide layer before
application of metal primer. This also helped in mechanically
cleaning the surface of investment, and increase the surface
bonding area. This procedure had been used in study conducted
by Di Francescantonio M et al., and Kunt GE et al., to prepare
the surface for bonding [25,26]. Similarly, a study conducted
by Freitas APd and Francisconi PAS, assessed the effect on
shear bond strength and their mode of fracture after different
intaglio surface treatments between a metallic alloy and resin
cement [27]. They observed an improved retention with the alloy
primer; however, there was less bond strength when compared
to sandblasting. In the current study, metal primer enhanced
bonding with sandblasted alloy surface. Fairly alike, two studies
conducted by Yoshida K et al., also assessed the effect of
adhesive primers for noble metals and found results similar to
current study [Table/Fig-8] [28,29]. Hence, metal primers can
be regarded as an efficient method of improving retention for
base and noble metal alloys and for cementation of fixed dental
prosthesis. Sarafianou A et al., studied the effect on the bond
strength between base metal alloy and indirect composite resin by
using adhesive primers. they concluded that the airborne particle
abrading nickel chromium castings with 50-μm alumina particles
and proper adhesive primer can achieve a clinically satisfactory
metal-resin bond strength [30]. thus, metal primer is useful in
improving resin metal bonding.

Limitation(s)
Although the test methods used in current study attempted to
simulate the clinical conditions there were some limitations. In the
current in vitro study fixed taper and height for crown preparations
were used, however this is not the case in clinical situations, this
may show a different clinical outcome. The bonding of the cement
to the extracted teeth may not be similar to bonding with natural
vital tooth which may have affected the result. The unilateral static
loading force applied to specimen cannot replicate the complex
dynamic forces present in the oral cavity during mastication and
parafunctional habits.
Journal of Clinical and Diagnostic Research. 2020 May, Vol-14(5): ZC07-ZC12
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Reference

Aim of study

Material type

Cements used

Surface treatment

Results

Consani S et
al., [20]

Effect of different cements
on tensile strength of
metallic crowns subjected to
thermocycling

Nickel chromium

SS White zinc phosphate,
Vitremer RMGIC, Rely X
resin cement

-

Resin cement >zinc phosphate and resin
modified GIC which is in agreement with
current study where resin cement showed
higher bond strength than RMGIC

Capa N et al.,
[21]

Comparison of Shear bond
strength of luting cements
to different restorative core
materials

Au-Pd-Ag, Co-Cr,
Ni-Cr-Mo, Ni-Cr-Fe
titanium, zirconia
and Empress

RelyX Unicem and
FujiCem.

-

Resin cement was found to have higher
Bond strength with different metal alloys
and Zirconia than that of RMGIC. This is in
agreement with current study

Matsumura H et
al., [22]

Effect of acidic primers on the
bonding of luting agents to
cobalt chromium alloy.

Co Cr alloy

Super-Bond Opaque

Acryl Bond,
Cesead opaque primer,
Metal primer,
MR bond
Super Bond liquid

All five primers enhanced bonding of resin
to co-cr alloy which is similar to results of
current study

DI
Francescantonio
M et al., [6]

Effect of adhesive primers
on the bond strength of resin
cements to alloys.

cobalt-chromium
and nickelchromium

Bistite II DC, LinkMax,
Panavia F 2.0, RelyX
Unicem

Metaltite, Metal Primer
II, Alloy Primer, Ceramic
Primer

The study concluded that adhesive primers
did not increase the bond strength between
alloy surfaces and resin cements.

Yoshida K et
al., [23]

Effect of adhesive primers on
Shear bond strengths of resin
cements to alloys.

cobalt-chromium
(Co-Cr) alloy

Imperva Dual, Panavia
21, Super-Bond C&B
and Bistite Resin Cement

Metal Primer and
Cesead Opaque Primer

The Cesead Opaque Primer has resulted to
enhance the shear bond strengths of resin
cements to alloy as compared with nonprimed and Metal Primer. Results of this
study are similar to the current study

Di
Francescantonio
M et al., [25]

Studied the effect of adhesive
primer on the bond strength of
resin cements to cast titanium.

Titanium

Bistite II DC, Link Max,
Panavia F 2.0, RelyX
Unicem and RelyX ARC

Metaltite, Metal Primer
II, Alloy Primer and
Ceramic Primer

Adhesive primers were proofed to enhance
bond strength of cast titanium to resin cement.
These findings are similar to the findings of
current study

Freitas APd
and Francisconi
PAS, [27]

Metal Primer Effect on the
Bond Strength of Metal and
Resin Interface

Co-Cr-Mo Remanium CD

Rely X TM

Sandblasting and
Alloy Primer (Kuraray);

Alloy Primer increased the retention
between the cement and the polished
surface of alloy.

Yoshida K et
al., [29]

Effect of adhesive primers
on bond strengths of resin
cement to noble metal

silver-palladiumcopper-gold

BistiteII (BRII), Panavia
Fluoro Cement (PFC) and
Super-Bond C&B (SB)

Alloy Primer (AP), Metal
PrimerII (MPII) and
Metaltite (MT

Bond strength seemed to improve in primed
specimens in comparison to nonprimed
specimens

Current study

Effect of surface treatment on
retention of cast crowns luted
with different cements

Cobalt chromium

GIC GC Gold Label,
RMGI GC FugiCEM, resin
cement RelyxTM U200

Sandblasting and
Metal primer
(monobond N)

Combination of sandblasting and metal
primer enhanced bond strength of cast
crowns to resin based cements

[Table/Fig-8]: Tabulation and comparison of other studies with the current study [6,20-23,25,27,29].

CONCLUSION(S)
Within the limitations of the current study, sandblasting plus metal
primer application can be an effective method of increasing bond
strength of crowns to resin-based cements. Since application of
metal primer is simple and effective method of increasing retentive
strength, this could be an alternative to various other complicated
surface treatments. Further investigation are needed to assess factors
like, taper of preparation, different metal alloys being cemented,
effect of the auxiliary retentive features, effect of various other surface
treatments, different luting agents, and their film thickness. To
authenticate the findings of the study, the surface treatment of intaglio
of crown may be applied clinically. Such study would validate clinical
outcome of surface treatment for resin-based cements on retention.
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CASE REPORT

Unique, Cost Effective and Retentive Removable Prosthesis
to Rehabilitate Long Span Kennedy’s Class I Edentulism with
Custom Attachment System: A Case Report
Q1

Abhijit Patil1, Anuradha V Pawar2, Raghunath Patil3, Anandkumar G Patil4, Prashant Karni5, Sayali Mardolkar6

A b s t r ac t
Aim: This case report describes about a distinctive custom-made attachment on the abutment teeth to improve the retention and stability
of the removable partial denture (RPD). It also throws light on the cost-effective method for altering the abutment teeth with the aid of the
crowns and custom-made attachments.
Background: Achieving retention in Kennedy’s class I bilateral edentulism usually affects the abutment teeth’s periodontal health and eventually
the retention is compromised. Distal extension edentulism also affects patient’s masticatory efficiency. The rehabilitation of a patient with the
long span Kennedy’s class I condition complicates the problem because of the unavailability of enough abutments to support the prosthesis.
Conventional removable prosthesis with clasps and cantilever fixed partial prosthesis are not advisable in this situation for the same reason.
Case description: A case with Kennedy class I modification 1 partially edentulous arch with 1st and 2nd molars missing along with central
incisors was rehabilitated with an inexpensive custom attachment using die pin and sleeve for giving a fixed prosthesis on abutment teeth and
removable prosthesis with missing teeth.
Conclusion: This technique has advantages of retention better than conventional RPDs, protection of abutment health by restoring it with
crown, easy to place and remove and very cost-effective.
Clinical significance: The entire technique demands less skill compared to semi precision and precision attachments.
Keywords: Cantilever fixed partial dentures, Custom attachment, Die pins and sleeves, Distal extension removable partial denture, Kennedy’s
class I edentulism.
The Journal of Contemporary Dental Practice (2019): 10.5005/jp-journals-10024-2749

B ac kg r o u n d
Erosion/loss of tooth is a major problem affecting an individual in
all aspects. Tooth loss is recognized by an edentulous space which
could be partial or complete.1 There are several classifications
recommended to classify the edentulous arches in order to
identify the combinations of teeth to ridges. Currently, Kennedy’s
classification is considered the most broadly accepted classification
for partially edentulous arches. Kennedy’s classification offers
immediate visualization, prosthesis support recognition, and
assessment of removable partial denture (RPD) design features.2–4
Rehabilitation options for the partially edentulous patient
with a single tooth or multiple missing teeth include interim
acrylic resin RPD, conventional cast partial denture, partial denture
with attachment, fixed partial denture (FPD), or implant retained
prosthesis. Clinical decision making is critical in deciding the most
suitable treatment option for a patient.5
The cantilever FPD —forces transmitted through the
cantilevered pontics can cause tilting and rotational movements
of the abutments. To improve the prognosis of the FPD cantilever,
the number of abutments should be increased and the number
of pontics should be decreased. Implant is a treatment choice
as compared to RPD or FPD but due to systemic conditions,
bone availability and cost may alter the treatment plan. RPDs are
considered a widely acceptable means of replacing missing natural
teeth for restoring aesthetics and function in partially edentulous
patients.6 The widespread use of acrylic partial denture is attributed
to advantages like the ease of fabrication and modification.7
Practitioners and researchers have shown that when a RPD is placed
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into a healthy oral environment, when the design is developed by
a dentist to meet specific needs of the patient, and when good
oral hygiene is maintained, long-term success with RPD treatment
can be expected.8 Different methods to control the load delivered
from Kennedy class I RPDs to both teeth and residual ridges were
suggested by Lammie and Laird.9 These methods include reducing
the load, distributing the load between teeth and residual ridges,
and distributing the load widely.
This case report discusses about the cost-effective method
to increase the retention and enhance the stability of the RPD by
modifying the abutment teeth with the help of crowns and custommade attachments (consisting of matrix made of sleeve and patrix
made of die pin).
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C a s e  D e s c r i p t i o n
A 58-year-old male patient reported to the Department of
Prosthodontics, KAHER Vishwanath Katti Institute of Dental
Sciences, Belgaum, Karnataka with a complaint of unaesthetic
appearance and difficulty in chewing and swallowing food
because of the completely edentulous mandibular arch and
multiple missing upper anterior and posterior teeth due to decay.
On examination of the maxillary arch, there was a Kennedy class I
modification 1 partially edentulous arch with 1st and 2nd molars
missing along with central incisors (Figs 1 and 2A). A customized
attachment retained removable prosthesis was planned for the
rehabilitation of the maxillary edentulous space using die pin and
sleeve system.
Diagnostic impressions were made using irreversible
hydrocolloid impression material (Tropicalgin; Zhermack, Italy).
Casts were prepared using type III dental stone (Kalstone; Kalabhai
Karson Pvt. Ltd, Mumbai, Maharashtra, India). Tentative jaw relation
was recorded to assess the interarch space, which was found to be
satisfactory. A complete mandibular denture and a maxillary RPD
was fabricated without clasps in heat cure acrylic resin (Meliodent
heat cure, Kulzar Mitsui Chemicals Group).
Four maxillary premolars were prepared with shoulder finish
line to restore them with porcelain fused to metal crowns. Final
impression was made using two stage technique with putty and
light body consistency of polyvinyl siloxane impression material
(Aquasil Ultra Monophase; Dentsply, Germany). Cast was poured
with die stone (Ultrarock; Kalabhai Karson Pvt. Ltd, Mumbai,
Maharashtra, India).
A mold of die pin (Crosspin; Nordin, Switzerland) was made
with the help of putty consistency polyvinyl siloxane and was
replicated with pattern resin wax (Pattern Resin; GC Corporation,
Tokyo, Japan). Four straight die pin replicas were made. These die
pin replicas were attached to the horizontal extension of wax in
continuation with wax coping of the prepared premolar crowns as
shown in (Fig. 3A). Parallelism of these die pin replicas was checked
with a surveyor. Entire assembly was then invested and casted with
cobalt chromium alloy. Casted assembly was finished and polished
and was tried intraorally for evaluating the fitting of prosthesis
before ceramic layering.
After this, the ceramic layering was carried out on the crowns
(Fig. 3B). Total thickness of maxillary removable prosthesis was

Fig. 1: Pretreatment intraoral view
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measured from intaglio surface to occlusal surface of the acrylic
teeth with the help of an Iwanson dental gauge and then the die pin
extensions were trimmed based on the thickness of the prosthesis
and die pin sleeves were tried on it to achieve perfect fit (Fig. 4). The
entire framework was placed in patient’s mouth (Fig. 5) and with
the help of articulating paper (Deepti Dental Products India Pvt.
Ltd; M.I.D.C. Ratnagiri) the four points were marked on the intaglio
surface of RPD where the sleeves will be placed eventually. Holes
were made on these four points wide enough to fit the sleeves
and in a manner, which won’t perforate the overlying acrylic teeth.
Trial of denture was done along with sleeves placed on the die
pin extensions. Retention was achieved and proper occlusion of
maxillary RPD was established with mandibular complete denture.
Prepared assembly is cemented on the four prepared
premolars with GIC luting cement (GC Luting and Lining Cement;
GC Corporation, Tokyo, Japan). Hard liner (Kooliner-Hard chairside
denture reline; GC America Inc. ALSIP IL 60803) was applied on
the holes of RPD and petroleum jelly was applied on the die pin
extensions for easy removal. Sleeves were placed on the extensions
and the RPD with hard liner was placed and the patient was asked
to bite in centric occlusion. After the setting of hard liner, the RPD
was removed and it was observed that sleeves were incorporated
in the intaglio surface of denture (Fig. 6). The excess was trimmed
off from the tissue fitting surface of the prosthesis. Prosthesis was
inserted with oral hygiene instructions and patient was intimated
about the importance of recall visits (Fig. 2B).

D i s c u s s i o n
Distal extension RPDs have long been implicated in the increase
in mobility and the destruction of the supporting structures of the
primary abutment teeth. Various clasping systems have traditionally
been used to retain distal extension RPDs, and other designs have
been proposed to minimize torqueing forces on the abutment
teeth. Movement of the abutment teeth is influenced by many
factors, such as the location of rests, the contour and rigidity of
connectors and the extension of the denture base.10
Status of the abutment teeth in distal extension situation were
affected by RPD wearing. According to a study by Mahmood almost
30% of the abutments progressed to periodontal disease, 16.9%
developed caries and 12.4% had to be extracted when the denture
was used for a mean of 2–6 years. Caries activity and extraction of

Figs 2A and B: Pretreatment extra oral view post treatment extra oral
view
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Figs 3A and B: (A) Wax pattern with pattern resin index; (B) PFM crowns with customized attachment

Fig. 4: Reduction of attachments according to the thickness measured

Fig. 6: Sleeves picked up in the removable partial denture

the abutments were observed more in the third to ninth years of
denture wearing.11–13
Displacement of the denture, especially in the area of the distal
extension, is more likely. To prevent displacement of the denture,

Fig. 5: Intraoral view of cemented crowns with attachment

precision attachments or conventional clasps have been widely
used. In addition, denture bases are usually fitted to the surrounding
tissue as accurately as possible. However, the rotational tendency
of the RPD after long-term use cannot be eliminated completely,
regardless of design and fit of the denture.
Dental implants are not considered in all patients due to
systemic conditions and as many patients cannot afford them,
particularly those with large edentulous areas. For reconstruction
among these patients, fixed type prostheses usually require more
implants for support than removable prostheses. In addition, these
patients may require several surgeries to increase bone mass, thus
making the entire treatment complicated. However, if a traditional
RPD is used, insufficient retention may induce problems.14,15
In this case, FPD was contraindicated due to a long edentulous
span and the cost factor which contraindicated implant supported
prosthesis. This custom attachment was then designed with
inexpensive materials like straight die pins and sleeves making
it affordable for the patient. The unique yet not at all technique
sensitive design was easy to understand by the lab technician also as
compared to semi precision and precision attachments. Periodontal
health of the abutment teeth was preserved, and retention achieved
was snap fit as seen in cast partial denture. Flexible nature of
sleeves helped to distribute the occlusal forces and will lead to
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less resorption. Retention was increased so as the stability of the
overall prosthesis. Occlusal efficacy was also increased. Prosthesis
was cost-effective.
Periodic recalls are a must in this case. Maintaining good oral
hygiene will make this prosthesis last for a very long time by not
affecting the periodontal health of the abutments.

C o n c lu s i o n
Case report describes about a novel technique of custom made
attachment restoring the lost teeth in Kennedy class I by taking
into consideration the disadvantages of treatment options like
conventional RPD (hampering the periodontal health of abutment
teeth) and implant supported prosthesis (with its limitation) and
having advantages of retention better than conventional RPDs,
protection of abutment health by restoring it with crown, easy to
place and remove and very cost-effective.

C l i n i c a l  S i g n i f i c a n c e
The entire technique demands less skill compared to semi precision
and precision attachments.
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Abstract

Mohd.Sibghatullah Khatib1, Bilal Ameer2, Nikita Ajit Mannur2, Amith Madi Ramalingaiahsetty2, Sayed Mateen Peerzade3,
Amrut Bambawale4

Objective: The objective of this article was to understand and decode the
mystery of the formation of para-chloroaniline (PCA). The ingredient of the
brown precipitate after mixing sodium hypochlorite (NaOCl) and chlorhexidine
gluconate (CHX) is still in debate. Materials and Methods: Various studies
adopt a different methodology to substantiate that it may contain PCA, which
is a carcinogenic agent. The purpose of this systematic review is to evaluate the
relationship between PCA and brown precipitate. Two reviewers independently
conducted a comprehensive literature search. The MEDLINE, Embase,
Cochrane, and PubMed databases were searched. In addition, the bibliographies
were manually searched. There was no disagreement between the two reviewers.
This review was reported and conducted in step with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines. Results: Of 233
articles, only 13 articles met the inclusion criteria. Available scientific evidence
was more supportive that the brown precipitate form after mixing NaOCl and
CHX may form para-chloroamide moiety rather than free PCA, and PCA may
be the by-product of CHX degradation. Conclusion: On the basis of the current
evidence and data extracted from the various databases, it can be concluded that
the mixture of sodium hypochlorite and chlorhexidine does not form PCA, and
PCA may be the by-product of high concentrated chlorhexidine. Further studies
are required to substantiate the evidence.
Keywords: Chlorhexidine, para-chloroaniline, sodium hypochlorite spectroscopy

Introduction

P

ersistent infection due to remnant infected dentinal
debris bacteria is the cause of root canal failure.[1]
Therefore, to obtain a sterilized canal, irrigation
plays a crucial role.[2] The most common irrigant
with antimicrobial property is sodium hypochlorite
(NaOCl), but the increased concentration of NaOCl
can be potentially toxic to the periapical tissue.[3,4]
Chlorhexidine gluconate (CHX) was introduced as an
alternative against NaOCl with the good antimicrobial
property but a lack of tissue dissolution capacity.[5-7]
The introduction of chlorhexidine in the presence of
NaOCl into the canal leads to the formation of brown
Access this article online
Quick Response Code:
Website: www.jispcd.org

DOI: 10.4103/jispcd.JISPCD_488_19

precipitate due to acid–base reaction that extends up
to 139–684 µm, which deteriorate the sealing of the
root canal.[8] Some of the previously published studies
claim the presence of the para-chloroaniline (PCA) in
the brown precipitate,[9-12] but another study denies the
concept of the formation of PCA.[13,14]
Previous study was unable to substantiate the
formation of PCA. It is important to understand
that mixing NaOCl and CHX forms PCA or not
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because PCA known to be carcinogenic and may cause
methemoglobinemia.[15-19]
To date, the formation of PCA due to NaOCl and CHX
remains vague. Therefore, the purpose of this systematic
review was to evaluate whether PCA is formed through
the reaction of mixing NaOCl and CHX.

Tables 1 and 2. Ten articles focused on the combination
of NaOCl and CHX to analyze the formation of PCA,
and the remaining three articles analyzed degradation
and stability of CHX at various concentrations.
The various analytical methodologies used to detect
PCA formation are listed in Table 3.

Materials and Methods

Discussion

The protocol for this systematic review was developed
following established guidelines.[20] The protocol
was prepared and matched the PRISMA (Preferred
Reporting Items for Systematic Reviews and MetaAnalyses) guidelines for systematic reviews. The
focused question was adjusted according to the PICO
(Population, Intervention, Comparator, Outcome)
criteria for comparing laboratory studies as follows:
Population (specimens or extracted teeth); Intervention
and Comparison (interaction between NaOCl and
CHX); Outcome (PCA formation).[21]

This systematic review focused on any association
between the identification of PCA and the analytical
methods used for identification in various literature.

Search strategy

A literature search was performed using the U.S.
National Library of Medicine (MEDLINE), Embase,
Cochrane, and PubMed databases. Articles were
included up to and including August 29, 2019.
In addition, bibliography of articles and textbooks
were manually searched. Two reviewers (M.S. and
B.A.) independently searched the article and abstract
based on inclusion and exclusion criteria. All potential
studies were analyzed and assessed completely. Only
studies published in English were included.
Inclusion criteria

In vitro studies were considered and studies evaluating
PCA formation were included.
Exclusion criteria

Case series, cell culture laboratory studies, or animal
studies were excluded.

Results
Flowchart of this systematic review based on PRISMA
guidelines is presented in Figure 1. Of 233 studies, 13
met the inclusion criteria.
Study selection

After the database screening and the removal of
duplicates, 233 studies were identified. After screening
the titles, 22 were left. It was further reduced to 13 after
the examination of abstracts and full texts.
Characteristics of included articles

This review includes studies published in English.
The characteristics of 13 included studies are listed in

2

Gas chromatography/mass spectrometry

Three articles were identified to address a relationship
between PCA formation and gas chromatography–
mass spectrometry.[10,13,14,22-24] Two articles reported
that the combination of NaOCl and CHX leads to the
formation of PCA.[10,13] Previous studies analyzed that
CHX degradation at various concentrations liberates
PCA,[22-24] whereas Orhan et al.14 reported that for
the detection of PCA, mass spectrometry is not an
appropriate method.
1h nuclear magnetic resonance spectroscopy

Five articles were identified, which assessed the PCA
formation.[12,14,25-27] Even though 1H nuclear magnetic
resonance (NMR) spectroscopy is a nondestructive
method for detecting PCA, results of various studies
vary. Three studies clearly mentioned the absence of
free PCA in the NaOCl and CHX reaction.[14,25,27] On
the contrary, two studies supported the formation of
PCA.[12,26] The spectrum interpretation performed
between the range of 6.5–8.5 ppm followed by
concluded that 7.0–8.0 ppm represent PCA but
spectra result of the amino signal was included in the
discussion. We contemplate that the inaccuracy of
the results could be due to misinterpretation of parachloro amide moiety of CHX or any derivative of
CHX in the brown precipitate.[14] Orhan et al. single out
the methodological error of the study by Arslan et al.[26]
and bring down the curtain with the statement that the
1H NMR analysis was misunderstood and the result
was misinterpreted.[29]
High-performance

liquid chromatography and thin layer

chromatography

Two articles assessed the PCA formation in NaOCl
and CHX reaction.[12,14] Even tough high-performance
liquid chromatography is a nondestructive method to
analyze the PCA formation, the results of both studies
are completely different. Siddique et al.[12] supported
the formation of free PCA but Orhan et al.[14] opposed
it. However, Siddique et al.[12] were unable to mention
para-chloro amide moiety of CHX. Therefore, their
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Figure 1: Flow diagram based on PRISMA guideline

verification to justify free PCA formation may be
inaccurate.
Time-of-flight secondary ion mass spectrometry

Two articles supported the PCA formation using
time-of-flight secondary ion mass spectrometry (TOFSIMS).[9,11] The presence of PCA can be interpreted
using TOF-SIMS but unable to differentiate between
free PCA and amide moiety. TOF-SIMS showed the
presence of PCA in the CHX group and NaOCl/CHX
group. Hence TOF-SIMS cannot be a reliable method
for detecting PCA.
Infrared spectroscopy

Two published studies examined PCA formation in the
NaOCl/CHX mixture, and both studies denied PCA
formation in the brown precipitate.[14,27]
Column chromatography, electron spray ionization mass
spectrometry, and ultraviolet

Only one study used column chromatography, electron
spray ionization mass spectrometry, and ultraviolet
to analyze the presence of PCA in the mixture.[12]

However, this study discussed the value range for PCA
but not about amide moiety; thus, the result of this
study cannot be a cutoff proof for finding PCA in the
mixture.
Stereomicroscopy

Krishnamurthy and Sudhakaran.[28] detected to confirm
the presence of PCA using stereomicroscopy and NMR
and concluded that intermediate flushing with saline
can prevent the formation of PCA.
X-ray photon spectroscopy

Basrani et al.[9] confirmed the presence of PCA using
X-ray photon spectroscopy and TOF-SIMS.
Neither Krishnamurthy and Sudhakaran[28] nor
Basrani BR et al.[9] discussed para-chloro amide
moiety of CHX or CHX derivative. Zong and Kirsch[30]
tested the pH-dependant chlorhexidine instability
and concluded that chlorhexidine degradation into
PCA is more in an acidic medium as compared to the
alkali medium, which could be the cutoff proof that
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Table 1: Studies focused on NaOCl and CHX mixture to analyze PCA formation
Study ID

Study parameters
Study Identification of
Removal/
design the precipitate prevention of the
precipitate
In vitro
Yes
No
In vitro
Yes
No
In vitro
Yes
No
In vitro
Yes
Yes

Analysis method

Outcome

PCA or isomers found in the precipitate
PCA was found in the precipitate
No PCA was found in the precipitate
Presence of chlorine in the para position
of the benzene ring. Intermediate
flushing with saline distilled water or
using absolute alcohol can prevent
precipitate formation
Mortenson et al.[13] In vitro
Yes
Yes
GC/MS
PCA was found. Citric acid is
recommended as an intermittent
irrigant
Kolosowski et al.[11] In vitro
Yes
No
TOF-SIMS
Presence of PCA in dentinal tubule
In vitro
Yes
No
1H NMR spectroscopy
Presence of PCA in NaOCl and CHX
Arslan et al.[26]
mixture. PCA was not found in NaOCl
and Qmix mixture
In vitro
Yes
No
HPLC, proton NMR, gas No PCA was found in the precipitate
Orhan et al.[29]
chromatography, TLC, IR
spectroscopy, and GC/MS
In vitro
Yes
No
1H proton NMR and IR No PCA was found in the precipitate
Irmak et al.[27]
spectroscopy
In vitro
Yes
No
TLC, HPLC, CC, ESIMS, PCA was found in the precipitate
Siddique et al.[12]
UV, and NMR (1H NMR
and C-13 NMR)
CC = column chromatography, ESI-MS = electron spray ionization mass spectrometry, GC-MS = gas chromatography–mass
spectrometry, HPLC = high-performance liquid chromatography, IR = infrared, TLC = thin-layer chromatography, TOF-SIMS = timeof-flight secondary ion mass spectrometry, UV = ultraviolet, XPS = X-ray photon spectroscopy
Basrani et al.[9]
Basrani et al.[10]
Thomas and Sem[25]
Krishnamurthy
and Sudhakaran[28]

XPS and TOF-SIMS
GC-MS
1H NMR spectroscopy
Stereomicroscopy, NMR,
the Beilstein and HCl
solubility tests

Table 2: Studies focused on CHX concentration to analyze PCA formation
Study ID

Study design Identification of the
precipitate

No

Removal/
prevention
of the
precipitate
No

Barbin et al.[22]

In vitro

Barbin et al.[23]

In vitro

No

No

Analysis method

Mass
spectrometry,
HPLC
GC-MS

Outcome

ROS liberation was seen with the
combination of CHX and Ca(OH)2

PCA and ROS were the by-products of the
2% CHX aqueous solution
No
No
GC-MS
2% CHX gel and solution may
Câmara De Bem In vitro
degrade into PCA, oCA, mCA,
et al.[24]
ROS, and organochlorines (orthochlorophenyl isocyanate and 2-amino-5chlorobenzonitrile) regardless of storage
conditions or time
GC-MS = gas chromatography–mass spectrometry, HPLC = high-performance liquid chromatography, mCA = meta-chloroaniline,
oCA = ortho-chloroaniline, ROS = reactive oxygen species

NaOCl is not responsible for PCA formation due to
its alkali nature.
NaOCl and CHX lead to an acid–base reaction that
forms brown precipitate, which may contain para-chloro
amide moiety indeed it disturbs the sealer penetration
and may affect periapical seal,[25] or it is due to NaOCl
that cause chlorination of the guanidino nitrogen of
4

CHX.[32] But to date no conclusive methodology is
available that clearly identify the by-product of NaOCl
and CHX mixture. Many studies have been performed to
solve the mystery of the brown precipitate; some studies
supported and some opposed the PCA formation.
It may be due to differences between the techniques;
however, based on available data it is clear that the
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Table 3: Various analytical methodology used to detect
PCA formation
Analytical method
GC-MS

1H NMR spectroscopy

HPLC and TLC
TOF-SIMS
Infrared spectroscopy

Articles identified
Barbin et al.[22]
Basrani et al.[10]
Mortenson et al.[13]
Barbin et al.[23]
Câmara De Bem et al.[24]
Orhan et al.[14]
Thomas and Sem[25]
Arslan et al.[26]
Orhan et al.[14]
Irmak et al.[27]
Siddique et al.[12]
Orhan et al.[14]
Siddique et al.[12]
Basrani et al.[9]
Kolosowski et al.[11]
Orhan et al.[14]
Irmak et al.[27]
Siddique et al.[12]

CC
ESI-MS
Ultraviolet
Stereomicroscopy
Krishnamurthy and Sudhakaran[28]
XPS
Basrani et al.[9]
CC = column chromatography, ESI-MS = electron spray
ionization mass spectrometry, GC-MS = gas chromatography–
mass spectrometry, HPLC = high-performance liquid
chromatography, TLC = thin-layer chromatography, TOFSIMS = time-of-flight secondary ion mass spectrometry,
XPS = X-ray photon spectroscopy

brown precipitate might contain aromatic ring, which
might be the substitute of PCA.[25]
There is a concern that the brown precipitate, which
is PCA according to some authors, is carcinogenic.
Patil.[31] investigated the mutagenic potential of the
brown precipitate by Ames test and concluded that the
precipitate is free from carcinogenic elements.
Thus, from this systematic review, it can be concluded
the PCA may be the degradation product of
concentrated CHX and not the NaOCl/CHX mixture.
In future, well-designed research methodologies are
needed to address this question.

Acknowledgment

Nil.
Financial support and sponsorship

Nil.
Conflicts of interest

There are no conflicts of interest.
Author contributions

Mohd. Sibghatullah Khatib: Concepts, Design,
Literature search. Bilal Ameer: Manuscript preparation.
Nikita Ajit Mannur: Literature search. Amith Madi
Ramalingaiahsetty: Data acquisition. Sayed Mateen
Peerzade: Literature search. Amrut Bambawale:
Manuscript review.
Ethical policy and institutional review board statement

To the best of the author(s) knowledge, this study has
been conducted in full accordance with the World
Medical Association Declaration of Helsinki.
Patient declaration of consent

For the further development of medical treatment
in, dentistry, the publishing of clinical pictures and
treatment methods is indispensable. This is why I
explicitly agree that all information collected during
the course of the treatment, including picture, sound
and video material – even if my person / child is
recognizable – may be published for scientific as well
as for educational purposes in the publishing group of
JISPCD. The material may be linked with information
about the disease pattern and the treatment methods,
etc.
Data availability statement

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

References
1.

2.
3.

Conclusion
On the basis of the provided evidence, we can conclude
that NaOCl and CHX mixture does not contain
free PCA.
We should understand that leaving the brown precipitate
in the canal is terrible, so intermittent flushing should
be performed to avoid precipitate formation.
Well-designed studies may able to provide cutoff
proof of the absence of free PCA in NaOCl and CHX
mixture.

4.

5.

6.

7.

Moorer WR, Wesselink PR. Factors promoting the tissue
dissolving capability of sodium hypochlorite. Int Endod J
1982;15:187-96.
Haapasalo M, Shen Y, Qian W, Gao Y. Irrigation in endodontics.
Dent Clin North Am 2010;54:291-312.
Clarkson RM, Kidd B, Evans GE, Moule AJ. The effect of
surfactant on the dissolution of porcine pulpal tissue by sodium
hypochlorite solutions. J Endod 2012;38:1257-60.
Ehrich DG, Brian JD Jr, Walker WA. Sodium hypochlorite
accident: Inadvertent injection into the maxillary sinus. J
Endod 1993;19:180-2.
Ohara P, Torabinejad M, Kettering JD. Antibacterial effects
of various endodontic irrigants on selected anaerobic bacteria.
Endod Dent Traumatol 1993;9:95-100.
Naenni N, Thoma K, Zehnder M. Soft tissue dissolution
capacity of currently used and potential endodontic irrigants.
J Endod 2004;30:785-7.
Okino LA, Siqueira EL, Santos M, Bombana AC,
Figueiredo JA. Dissolution of pulp tissue by aqueous solution

Journal of International Society of Preventive and Community Dentistry ¦ Volume 0 ¦ Issue 0 ¦ Month 2020

5

Khatib, et al.: Decoding the perplexing mystery of para-chloroaniline

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

of chlorhexidine digluconate and chlorhexidine digluconate
gel. Int Endod J 2004;37:38-41.
Bui TB, Baumgartner JC, Mitchell JC. Evaluation of the
interaction between sodium hypochlorite and chlorhexidine
gluconate and its effect on root dentin. J Endod
2008;34:181-5.
Basrani BR, Manek S, Sodhi RN, Fillery E, Manzur A.
Interaction between sodium hypochlorite and chlorhexidine
gluconate. J Endod 2007;33:966-9.
Basrani BR, Manek S, Mathers D, Fillery E, Sodhi RN.
Determination of 4-chloroaniline and its derivatives formed in
the interaction of sodium hypochlorite and chlorhexidine by
using gas chromatography. J Endod 2010;36:312-4.
Kolosowski KP, Sodhi RN, Kishen A, Basrani BR. Qualitative
analysis of precipitate formation on the surface and in the
tubules of dentin irrigated with sodium hypochlorite and a final
rinse of chlorhexidine or QMiX. J Endod 2014;40:2036-40.
Siddique R, Sureshbabu NM, Somasundaram J, Jacob B,
Selvam D. Qualitative and quantitative analysis of precipitate
formation following interaction of chlorhexidine with sodium
hypochlorite, neem, and tulsi. J Conserv Dent 2019;22:40-7.
Mortenson D, Sadilek M, Flake NM, Paranjpe A, Heling I,
Johnson JD, et al. The effect of using an alternative irrigant
between sodium hypochlorite and chlorhexidine to prevent the
formation of para-chloroaniline within the root canal system.
Int Endod J 2012;45:878-82.
Orhan EO, Irmak Ö, Hür D, Yaman BC, Karabucak B. Does
para-chloroaniline really form after mixing sodium hypochlorite
and chlorhexidine? J Endod 2016;42:455-9.
Boehncke A, Kielhorn J, Könnecker G, Pohlenz-Michel C,
Mangelsdorf I. Concise International Chemical Assessment
Document 48: 4-Chloroaniline. Geneva, Switzerland: World
Health Organization; 2003.
Chhabra RS, Huff JE, Haseman JK, Elwell MR, Peters AC.
Carcinogenicity of p-chloroaniline in rats and mice. Food
Chem Toxicol 1991;29:119-24.
Ramsay DH, Harvey CC. Markingink poisoning: An outbreak
of methaemoglobin cyanosis in newborn babies. Lancet
1959;1:910-2.
Messmer AS, Nickel CH, Bareiss D. P-chloroaniline poisoning
causing methemoglobinemia: A case report and review of the
literature. Case Rep Emerg Med 2015;2015:208732.
Kulkarni BS, Acharya VN, Khanna RM, Nath S, Mankodi RP,
Raghavan P. Methemoglobinemia due to nitro-aniline
intoxication. Review of the literature with a report of 9 cases. J
Postgrad Med 1969;15:192-200.
Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews and

6

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

meta-analyses: The PRISMA statement. Ann Intern Med
2009;151:264-9, W64.
Forrest JL, Miller SA. Evidence-based decision making in
action: Part 1—Finding the best clinical evidence. J Contemp
Dent Pract 2002;3:10-26.
Barbin LE, Saquy PC, Guedes DF, Sousa-Neto MD, Estrela C,
Pécora JD. Determination of para-chloroaniline and reactive
oxygen species in chlorhexidine and chlorhexidine associated
with calcium hydroxide. J Endod 2008;34:1508-14.
Barbin LE, Estrela C, Guedes DF, Spanó JC, Sousa-Neto MD,
Pécora JD. Detection of para-chloroaniline, reactive oxygen
species, and 1-chloro-4-nitrobenzene in high concentrations of
chlorhexidine and in a mixture of chlorhexidine and calcium
hydroxide. J Endod 2013;39:664-8.
Câmara De Bem SH, Estrela C, Guedes DF, Sousa-Neto MD,
Pécora JD. Determination of chemical components derived from
2% chlorhexidine gel degradation using gas chromatographymass spectrometry. Acta Odontol Scand 2014;72:630-8.
Thomas JE, Sem DS. An in vitro spectroscopic analysis
to determine whether para-chloroaniline is produced from
mixing sodium hypochlorite and chlorhexidine. J Endod
2010;36:315-7.
Arslan H, Uygun AD, Keskin A, Karatas E, Seçkin F, Yıldırım A.
Evaluation of orange-brown precipitate formed in root canals
after irrigation with chlorhexidine and QMix and spectroscopic
analysis of precipitates produced by a mixture of chlorhexidine/
NaOCl and QMix/NaOCl. Int Endod J 2015;48:1199-203.
Irmak Ö, Orhan EO, Görgün K, Yaman BC. Nuclear magnetic
resonance spectroscopy and infrared spectroscopy analysis of
precipitate formed after mixing sodium hypochlorite and QMix
2in1. PLoS One 2018;13:e0202081.
Krishnamurthy S, Sudhakaran S. Evaluation and prevention
of the precipitate formed on interaction between sodium
hypochlorite and chlorhexidine. J Endod 2010;36:1154-7.
Orhan EO, Irmak O. Comments on misinterpretation of the
proton nuclear magnetic resonance spectroscopic data of a
previous study. Int Endod J 2019;52:1397-8.
Zong Z, Kirsch LE. Studies on the instability of
chlorhexidine, part I: Kinetics and mechanisms. J Pharm Sci
2012;101:2417-27.
Patil P, Aminoshariae A, Harding J, Montagnese TA, Mickel A.
Determination of mutagenicity of the precipitate formed by
sodium hypochlorite and chlorhexidine using the Ames test.
Aust Endod J 2016;42:16-21.
Prado M, Santos Júnior HM, Rezende CM, Pinto AC,
Faria RB, Simão RA, et al. Interactions between irrigants
commonly used in endodontic practice: A chemical analysis. J
Endod 2013;39:505-10.

Journal of International Society of Preventive and Community Dentistry ¦ Volume 0 ¦ Issue 0 ¦ Month 2020

DOI: 10.7860/JCDR/2020/42767.13417

Original Article

Dentistry Section

Comparative Evaluation of Postoperative Pain
after Root Canal Treatment using Three
Different Sealers, Viz., Tubli-Seal EWT,
Apexit Plus, AH Plus: An In-Vivo Study
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ABSTRACT
Introduction: Pain after treatment is an undesired yet
frequently occurring sensation of primary concern for both
patients and endodontists. Although pain does not cardinally
suggest endodontic failure, alleviation of this discomfort is of
utmost importance for the patient. Further, the ability to prevent
or control this pain is an essential pre-requisite for a dentist’s
professional success.
Aim: To evaluate the prevalence of postoperative pain
experienced by patients after root canal treatment using three
different sealers, viz., Tubli-Seal EWT, Apexit Plus, AH Plus.
Materials and Methods: Ninety nine patients who fulfilled
specific inclusion and exclusion criteria were randomly assigned
to three groups: A (Tubli-Seal EWT), B (Apexit Plus), and C (AH
Plus) according to the root canal sealer used. A single visit root

canal treatment was carried out and the severity of postoperative
pain was assessed by Visual Analogue Scale (VAS) score after
8, 24 and 48 hours. Statistical analysis was done using SPSS
software version 20.0.
Results: There was statistically significant difference seen in all
three groups (p=0.0001) at all the time points (8 hrs, 24 hrs and
48 hrs). When compared with the preoperative, the mean pain
scores were statistically significant at the end of 8 hrs and 48 hrs
with relatively lower pain score in group C than other groups.
Conclusion: Within the limitations of this study, it can be
concluded that when different sealers were used, postoperatively,
the pain gradually reduced with time. However, the pain after
using AH plus as root canal sealer was relatively much lesser
compared to the preoperative status.

Keywords: Endodontic therapy, Irreversible pulpitis, Molars, Single-visit, Visual analog scale

INTRODUCTION

•

A pilot study was conducted in which the pain scores were
recorded from three groups by 3 convenient samples in each
group

Sources of post endodontic pain are multivarious-preoperative
pain, procedural errors, extrusion of materials like-debris, intracanal
medicaments, irrigants, obturating materials, irrigation techniques [2].

•

Considering 5% α-error, 80% power of test and a drop-out
rate of 10%, the required sample size was determined to be
33 patients in all the three groups totaling to 99 patients in
the study.

Sealer extrusion is common during obturation procedures which
have been shown to have cytotoxic effects on periapical tissues
elucidating an inflammatory response, activating sensory neurons,
and thus increased postoperative discomfort and persistent pain [3].
The choice of sealer affects the prognosis of the treatment.
However, to date there has been no documented in-vivo study that
correlates the effect of these commonly used endodontic sealerszinc-oxide eugenol based, calcium hydroxide based and epoxyresin based on incidence of postoperative pain after root canal
treatment. Therefore, this study aims to evaluate and compare the
postoperative pain experienced after root canal treatment using
three different root canal sealers, viz., Tubli-Seal EWT, Apexit Plus,
and AH Plus.

MATERIALS AND METHODS
This was a single center, single blind, parallel, in-vivo study which
was carried out in the Department of Conservative Dentistry and
Endodontics, KLE VK Institute of Dental Sciences, KLE Academy
of Higher Education and Research, Belagavi, Karnataka, India, from
February 2016 to July 2017. Ethical approval for the study was
obtained from Research and Ethics Committee KLE VK Institute of
Dental Sciences, Belagavi, Sl No: 1035.
4

Sample Size Determination

Despite significant advances in endodontics, pain experienced after
therapy is an undesired, yet often occurring sensation of important
concern for both patients and endodontists [1].

Inclusion Criteria
Permanent molars diagnosed with chronic irreversible pulpitis
in patients within the age group of 18-50 years who had a noncontributory medical history were included in the study.

Exclusion Criteria
Patients who refused to given consent for the procedure, those
with any systemic diseases, pregnancy and immunocompromised
conditions, history of maxillary sinusitis, allergic to lignocaine with
1:80,000 adrenaline and allergic to Non-Steroidal Anti-Inflammatory
Drugs (NSAIDS) were excluded from the study.
Also, the patients who were already on analgesia within 24 hours
before the treatment and those requiring root canal treatment of
two or more teeth ipsilaterally (since the pain caused by any of these
teeth can result in false positive reading) were excluded.
It was ensured that teeth with calcified canals, severe canal
curvatures, immature apex, resorption (internal and external) and
periodontal diseases were excluded.

Methodology
A total of 99 patients requiring endodontic treatment for permanent
molar in accordance with the inclusion and exclusion criteria
Journal of Clinical and Diagnostic Research. 2020 Jan, Vol-14(1): ZC04-ZC09
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were selected for the study. The treatment and study design was
explained to the patients in their own comprehendible language and
a written informed consent was obtained from the voluntary patients
who participated in the study [Table/Fig-1].

on apical gauging following manufacturer’s suggested
sequence using endomotor (X-Smart Dentsply). Apical
patency was maintained throughout the shaping procedure by
recapitulating with #10 file between each instrument.

Irrigation Protocol
•

Endodontic syringe with closed-ended side-vented needle
was used. All the canals were irrigated with 3% NaOCl (Vishal
Dentocare Pvt., Ltd, India) and normal saline (Amanta, Kheda
India). Finally the canals were flushed with 17% EDTA solution
(Canalarge, Ammdent, India) for 1 min.

Obturation Protocol
•

All the canals were dried with sterile paper points (DiaDent
Group Intl. Inc., Canada). According to each group, the specific
sealer was applied into the dried canals using the master guttapercha cone coating technique. All canals were obturated
with gutta-percha cones (ProTaper, Dentsply Maillefer) using
cold lateral condensation technique in the same visit. Later
intermediate restorative material was given.

Postoperative and Follow-Up Instructions

[Table/Fig-1]: Flowchart of Methodology.

A cold test and electric pulp-test was used to assess pulp vitality.
Based on clinical and radiographic findings, the patients were
diagnosed of chronic irreversible pulpitis.

•

The patients were advised to call the investigator by phone if
they felt very uncomfortable at any point of the follow-up time
and they were advised not to take medications without the
knowledge of the investigator

•

The patients were instructed to take mild analgesics (200 mg
of Ibuprofen), only if they experienced intolerable pain

•

The absence of pain, or the appropriate degree of its presence
was recorded as none, mild, moderate, or severe, by using a
VAS.

Allocation
The patients were allocated to three different groups as follows:

The Pain Score Reading

•

Group A-Tubli-Seal EWT (SybronEndo, Glendora, CA, USA)
(n=33)

•

No pain (0): The treated tooth felt normal. Patients don’t have
any pain

•

Group B-Apexit Plus (Ivoclar Vivadent, Schaan, Liechtenstein)
(n=33)

•

Mild pain (1-3): Recognisable, but not discomforting pain,
which required no analgesics

•

Group C-AH Plus (Dentsply, DeTrey, Germany) (n=33)

•

Moderate pain (4-6): Discomforting, but bearable, pain
(analgesics, if used, were effective in relieving the pain)

•

Severe pain (7-10): Difficult to bear (analgesics had little or no
effect in relieving the pain)

Endodontic Protocol
A single clinician had evaluated all patients, using radiographic and
clinical findings, and the same clinician was assigned for treatment
of all cases. Before the start of treatment, the details of each patient
with regard to tooth number, intensity of pain, gender, and age
were recorded.
The severity of pain was measured using VAS. According to this
scale, level of pain was documented in the range of 0-10 numerically
and verbally as no pain (0), mild pain (1-3), moderate pain (4-6) and
severe pain (7-10).
The patient received topical anaesthesia before local anaesthesia.
Later local anaesthesia was administered (2% lignocaine with
1:80,000 adrenaline). Anaesthetic effect was verified by both
subjective (tingling and numbness) and objective symptoms. It was
also confirmed by lack of response to electric pulp sensibility and
cold tests.
•

Later the tooth was isolated using rubber dam. Access cavity
was prepared using sterile carbide burs under magnification.
The canal patency was checked by #10 K-file (MANI, Inc.
Japan) and a glide path was established using #15 K-file
(MANI, Inc. Japan).

•

The working length was determined with K files and by the
use of an apex locator (Dentaport ZX, J Morita corp). It was
confirmed using periapical radiographs (Kodak).
All the canals were prepared using ProTaper Universal (Dentsply
Maillefer) rotary files up to the working length to size dependent
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The patient was contacted through phone call after treatment to
note their pain readings at postoperative periods of 8, 24, and
48 hours. The amount of analgesic (if taken) was recorded at that
particular time interval.

STATISTICAL ANALYSIS
It was performed using SPSS software (version 20.0). The
intergroup comparisons were done using Kruskal Wallis ANOVA,
Mann-Whitney U test, and intragroup comparisons were done
using Wilcoxon matched pairs test. Chi-square test was used
for comparing demographic data of the participants. The level of
statistical significance considered was p<0.05.

RESULTS
The preoperative pain scores of all patients in all three groups, fell
in the range of mild (VAS score 1-3) and moderate (VAS score 4-6)
categories.

Comparison of Three Study Groups (A, B, C) with
Respect to VAS Scores at Preoperative, 8 hours,
24 hours, 48 hours by Kruskal-Wallis ANOVA
In all three groups, the pain scores postoperatively when compared
to preoperative score, were statistically significant at the end of
8 hrs (p=0.0030) and 48 hrs (p=0.0320). However, the scores at
5
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end of 24 hours when compared to those at preoperative though
not statistically significant (p=0.1550) were clinically significant
[Table/Fig-2].
Time points
Pre-op

After 8 hrs

After 24 hrs

After 48 hrs

Compare
pre-op to
8 hrs

Compare
pre-op to
24 hrs

Compare
pre-op to
48 hrs

Pain
score

1.7

0.7

2.0

36.39

Group B

1.5

0.8

1.0

30.61

Group A

1.7

0.7

2.0

35.18

Group C

1.6

0.7

2.0

31.82

Group B

1.5

0.8

1.0

32.18

Group C

1.6

0.7

2.0

34.82

Group A

0.5

0.6

1.0

34.73

Group B

0.5

0.5

0.0

32.27

Group B

Group C

Mean

4.7

4.4

4.3

SD

0.8

0.9

0.7

Median

5.0

4.0

4.0

Mean rank

57.7

47.4

44.9

Group A

0.5

0.6

1.0

31.82

Mean

3.0

2.8

3.1

Group C

0.6

0.5

1.0

35.18

SD

0.9

0.9

0.7

Group B

0.5

0.5

0.0

30.50

Median

3.0

3.0

3.0

Group C

0.6

0.5

1.0

36.50

Mean rank

50.7

44.9

54.4

Group A

1.7

0.9

2.0

35.86

Group B

1.6

0.5

2.0

31.14

Group A

1.7

0.9

2.0

40.24

Group C

1.2

0.8

1.0

26.76

Group B

1.6

0.5

2.0

38.42

Group C

1.2

0.8

1.0

28.58

Group A

3.0

0.8

3.0

35.09

Group B

2.9

0.6

3.0

31.91

Group A

3.0

0.8

3.0

37.35

Group C

2.7

0.6

3.0

29.65

Group B

2.9

0.6

3.0

35.88

Group C

2.7

0.6

3.0

31.12

Group A

4.2

0.7

4.0

35.85

Group B

3.9

0.9

4.0

31.15

Group A

4.2

0.7

4.0

39.20

Group C

3.7

0.8

4.0

27.80

Group B

3.9

0.9

4.0

36.53

Group C

3.7

0.8

4.0

30.47

1.7

1.5

1.6

SD

0.7

0.8

0.7

Median

2.0

1.0

2.0

Mean rank

54.6

45.8

49.6

Mean

0.5

0.5

0.6

SD

0.6

0.5

0.5

Median

1.0

0.0

1.0

Mean rank

49.6

45.8

54.7

Mean

1.7

1.6

1.2

SD

0.9

0.5

0.8

Median

2.0

2.0

1.0

Mean rank

59.1

52.6

38.3

Mean

3.0

2.9

2.7

SD

0.8

0.6

0.6

Median

3.0

3.0

3.0

Mean rank

55.4

50.8

43.8

Mean

4.2

3.9

3.7

SD

0.7

0.9

0.8

Median

4.0

4.0

4.0

Mean rank

58.1

50.7

41.3

4.2870

2.0610

p-value

Group A

Group A

Mean

H-value

After
24 hrs

0.1170

After
48 hrs

0.3570
Compare
pre-op to
8 hrs

1.8710

2.1190

11.5180

0.3920

0.3470

Compare
pre-op to
24 hrs

0.0030*
Compare
pre-op to
48 hrs

3.7230

0.1550
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449.00

-1.2247

0.2207

489.00

-0.7118

0.4766

501.00

-0.5579

0.5769

504.00

-0.5194

0.6035

489.00

-0.7118

0.4766

445.50

-1.2696

0.2042

466.50

-1.0003

0.3172

322.00

-2.8534

0.0043*

382.00

-2.0840

0.0372*

492.00

-0.6733

0.5008

417.50

-1.6287

0.1034

466.00

-1.0067

0.3141

467.00

-0.9939

0.3203

356.50

-2.4110

0.0159*

444.50

-1.2824

0.1997

[Table/Fig-3]: Pair wise comparison of three study groups (A, B, C) with respect to
VAS scores at preoperative, 8 hours, 24 hours, 48 hours by Mann-Whitney U test.
6.8610

0.0320*

[Table/Fig-2]: Comparison of three study groups (A, B, C) with respect to VAS
scores at preoperative, 8 hours, 24 hours, 48 hours by Kruskal Wallis ANOVA.

*p<0.05

Also, there was a statistically significant difference at the end of
48 hours between group A and C (p=0.0159) with lower scores in
Group C than the other two groups [Table/Fig-3].

*p<0.05

Pair Wise Comparison of Three Study Groups (A,B,C)
with Respect to VAS Scores at Preoperative, 8 hours,
24 hours, 48 hours by Mann-Whitney U test
When compared to the scores at pre-operative, there was a
statistically significant difference at the end of 8 hours between
group A and C (p=0.0043), and between group B and C (p=0.0372)
[Table/Fig-3].
Time
points

Groups

Mean

SD

Median

Mean
rank

Pre-op

Group A

4.7

0.8

5.0

36.82

Group B

4.4

0.9

4.0

30.18

Group A

4.7

0.8

5.0

37.92

Group C

4.3

0.7

4.0

29.08

Group B

4.4

0.9

4.0

34.23

Group C

4.3

0.7

4.0

32.77

Group A

3.0

0.9

3.0

35.39

Group B

2.8

0.9

3.0

31.61

Group A

3.0

0.9

3.0

32.32

Group C

3.1

0.7

3.0

34.68

Group B

2.8

0.9

3.0

30.33

Group C

3.1

0.7

3.0

36.67

After
8 hrs

6

Uvalue

Zvalue

pvalue

435.00

-1.4043

0.1602

398.50

-1.8724

0.0612

520.50

-0.3078

0.7582

482.00

-0.8015

0.4228

505.50

-0.5002

0.6170

440.00

-1.3402

0.1802

Intragroup Comparison of Preoperative, 8 hours,
24 hours, 48 hours with Respect to VAS Scores in
Three Study Groups (A, B, C) by Wilcoxon Matched
Pairs Test
When the scores at the three time periods were compared among
each other, within each group, there was a statistically significant
difference in all three groups A, B, C (p=0.0001) [Table/Fig-4].

Age Distribution among Groups
The mean age in group A was 31.24±11.08 years, in group B
was 29.18±9.49 years, while in group C was 31.67±6.36 years
[Table/Fig-5].

Gender Distribution among Groups
In group A, 48.48% of the samples were males while 51.52% of the
samples were females; group B, 48.48% males and 51.52% females;
group C, 39.39% males and 60.61% females [Table/Fig-6].

DISCUSSION
In literature, reported frequencies of post-endodontic pain range
from 1.5 to 53% [4,5]. The success and failure of endodontic
treatment is determined by long-term results and not the presence
or absence of short-term postoperative pain [4]. Yet postoperative
pain is an important issue for both dentists and patients when
Journal of Clinical and Diagnostic Research. 2020 Jan, Vol-14(1): ZC04-ZC09
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Groups
Group A

Group B

Group C
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Time
points

Mean

SD

Pre-op

4.7

0.8

After 8 hrs

4.4

0.9

Pre-op

4.7

0.8

After 24 hrs

4.3

0.7

Pre-op

4.4

0.9

After 48 hrs

4.3

0.7

Pre-op

4.36

0.93

After 8 hrs

2.79

0.93

Pre-op

4.36

0.93

After 24 hrs

1.48

0.76

Pre-op

4.36

0.93

After 48 hrs

0.45

0.51

Pre-op

4.36

0.93

After 8 hrs

2.79

0.93

Pre-op

4.36

0.93

After 24 hrs

1.48

0.76

Pre-op

4.36

0.93

After 48 hrs

0.45

0.51

Mean
diff.

SD
diff.

% of
change

Zvalue

pvalue

1.70

0.99

36.22

4.1443

0.0001*

2.96

0.90

62.99

4.4573

0.0001*

4.19

0.74

88.98

4.5407

0.0001*

1.58

0.50

36.11

5.0119

0.0001*

2.88

0.65

65.97

5.0219

0.0001*

3.91

0.95

89.58

5.0319

0.0001*

1.58

0.50

36.11

4.4316

0.0001*

2.88

0.65

65.97

5.0119

0.0001*

3.91

0.95

89.58

5.0319

0.0001*

[Table/Fig-4]: Comparison of pre-op, 8 hours, 24 hours, 48 hours with respect to
VAS scores in three study groups (A, B, C) by Wilcoxon matched pairs test.
*p<0.05

Age
groups

Group
A

%

Group
B

%

Group
C

%

Total

%

≤20 yrs

6

18.18

8

24.24

2

6.06

16

16.16

21-30 yrs

10

30.30

10

30.30

7

21.21

27

27.27

31-40 ys

9

27.27

9

27.27

21

63.64

39

39.39

≥41 yrs

8

24.24

6

18.18

3

9.09

17

17.17

100.00

33

100.00

99

Chi-square=13.7876   p=0.0321*
Total

33

100.00

33

100.00

Mean age

31.24

29.18

31.67

30.70

SD age

11.08

9.49

6.36

9.16

[Table/Fig-5]: Distribution of patients in three study groups by age groups (A, B, C).
*p<0.05

Sex

Group
A

%

Group
B

%

Group
C

%

Total

%

Male

16

48.48

16

48.48

13

39.39

45

45.45

Female

17

51.52

17

51.52

20

60.61

54

54.55

Total

33

100.00

33

100.00

33

100.00

99

100.00

Chi-square=0.7332 p=0.6931
[Table/Fig-6]: Distribution of male and female patients in three study groups (A, B, C).

considering patient’s confidence in their dentists, and their attitude
towards future dental treatment.
The evolution of sealers has been from the conventional ZOE based
preparations which have a history of use in root canal obturation
for over a century which are highly acclaimed for their antimicrobial
property [6]. These were followed by Calcium hydroxide based
sealers that had an additional osteogenic-cementogenic potential.
The rationale for the addition of calcium hydroxide to root canal
sealers was their antibacterial and tissue regenerating ability,
exerted via the leaching of calcium and hydroxyl ions to surrounding
tissues [6]. Then came the era of contemporary ones, the resin
based sealers like epoxy-resin based sealers having properties of
adhesion. [6]. So this study, evaluated and compared the effect of
these three commonly used class of endodontic sealers: zinc-oxide
eugenol based, calcium hydroxide based and epoxy-resin based on
incidence of postoperative pain after root canal treatment.
Abdel Wahab MHA and Kennedy JG, reported, the high sensitivity
and specificity of cold and electric pulp tests to localise pulpal
Journal of Clinical and Diagnostic Research. 2020 Jan, Vol-14(1): ZC04-ZC09

pain [7]. Therefore, in this study the findings of these tests were
correlated with radiographic and clinical findings to diagnose
irreversible pulpitis.
In most of similar clinical studies, usually single-rooted teeth
were selected for evaluating postoperative pain which was done
to minimise the risk of iatrogenic errors due to missed canals or
complicated root canal anatomy with multirooted teeth [8].
However, on the other hand, in day-to-day clinical scenario, it is more
likely that the molar teeth are the most common reason for a patient
to visit a dental office rather than the single rooted teeth. Thus,
justifying the selection of multirooted molar teeth in this study.
In order to avoid afore-mentioned complications, greater care
was taken not to miss any canals with the aid of magnification
and meticulous aseptic protocol was followed to avoid the risk of
residual microorganism exacerbation or to introduce the bacteria
into the periradicular tissues.
Patients requiring root canal treatment of two or more teeth
ipsilaterally were avoided as the pain caused by any of these teeth
could have led to exaggerated response from patient and interfere
with interpretation from the pain scale.
Patients with apical periodontitis, periapical pathology, sinus tract
stomas and retreatment cases, were excluded from the study as
it has been proved that microbial cause is the important causative
factor of pain and periapical pain may become a confounding factor
in the study [9].
Root canal therapy in a single visit has many favourable aspects
like no risk of inter-appointment leaky temporary restorations, lesser
number of operative procedures, thereby shortened chair-side time
making it more economically viable both for patient and the dentist
[10]. Also, several reports suggest that single visit therapy ensues
less postoperative discomfort than multi-visit therapy which justifies
the same in this study [11].
An aseptic endodontic protocol was followed where both radiologic
and electronic root canal measurements of working length were
combined which greatly helps to confine instrumentation within the
root canal system, thereby preventing the over-instrumentation,
being one of the reasons for postoperative discomfort [12].
The ProTaper Universal system which is one of the most commonly
preferred rotary NiTi systems by dental practitioners had been used
in this study [13]. Its modified triangular cross section with threepoint contact between this progressively tapering file and canal has
shown encouraging results in crown-down technique over the years
in terms of its shaping ability [14].
It has been well documented that the use of closed-ended and
side-vented needles prevented the apical extrusion and possible
periradicular discomfort by irrigants [15]. Thus, it justifies their use
in the present study, with the standard irrigation protocol including
3% sodium hypochlorite, 17% EDTA solution and sterile normal
saline (0.9% w/v). The sealer application by master cone coating
and pumping technique has shown to better seal the voids between
the obturating material and dentinal walls [16]. Obturation with cold
lateral condensation was completed in the same appointment as it
has been affirmed by researcher Schwendicke F and Göstemeyer
G, that the root canal is most clean with least microbial load
immediately after chemo-mechanical preparation [10].
It is well known that pain perception is a highly subjective and
variable experience as its measurement is very difficult due to high
probability of errors mediated by various physical and psychological
factors. The use of VAS to evaluate the intensity of pain is well
documented for its validity and reliability [17]. Hence in this study,
a 10 cm VAS scale ranging from 0 to 10 was used to measure the
postoperative pain intensity, which was explained, and familiarised
to all patients.
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It is important for a clinician to evaluate the benefits and risk of
prescribing analgesics after root canal treatment.
In this study, among the NSAIDS, the prototype medication for
postoperative pain relief after root canal treatment, Ibuprofen
200 mg a safe and cost-effective analgesic was prescribed as
over the counter drug to patients only if they developed pain
during the follow-up period [18]. This was done to avoid the intake
of analgesics immediately after the treatment due to psychological
fear of pain, which in turn may affect the pain intensity due to
treatment protocol.
All the pain intensity scores and number of pills taken at each
follow-up period were recorded through phone calls instead of
questionnaires to improve patient cooperation, marking the pain
intensity at proper follow-up time, and to avoid the possible loss of
follow-up from the study.
In general, all the patients in this investigation had preoperative
pain of mild to moderate nature as defined by the VAS scores.
Studies show that incidence of postoperative pain associated with
symptomatic teeth was comparatively more than the asymptomatic
teeth [19]. Therefore, preoperative pain is considered one of the
predictable indicators for postoperative pain as in this study.
Within each group, when the scores at the three time periods were
compared among each other there was a statistically significant
difference in all three groups A, B, C (p=0.0001) [Table/Fig-4].
However, in an intergroup comparison, at specific time points
(8 hrs, 24 hrs and 48 hrs) the mean value of pain scores among
three groups were not statistically significant [Table/Fig-2]. This
indicates that the pace of pain reduction among all three sealers
may be similar.
But, when the mean pain score at specific time point was compared
with that of the pre-op score: in all groups, there was a statistically
significant difference at the end of 8 hours (p=0.0030) and the
end of 48 hrs (p=0.0320) when compared to the scores at pre-op
[Table/Fig-2].
This decrease in pain by increasing time is both logical and
expected because this is a natural course of disease process after
debridement. None of the patients reported increase in pain intensity
when compared with their respective baseline pain intensity (except
two patients, which may be attributed to the subjective component
of pain).
These results are in agreement with previous studies by Scelza
MZ et al., and Ehsani M et al., who asserted that the irritant effect
induced by sealers gradually reduced with passage of time [20,21].
At the end of 8 hours, the mean pain scores in group A (Tubli-Seal
EWT), group B (Apexit Plus) and group C (AH Plus) were 1.7, 1.6 and
1.2 respectively which indicated a statistically significant difference
in the reduction of pain between group A and C (p=0.0043), and
between group B and C (p=0.0372) [Table/Fig-3]. Also at the end
of 48 hours, the mean pain scores in group A and C were 4.2 and
3.7, respectively which had a statistically significant difference
(p=0.0159) [Table/Fig-3].
The reason for this relatively higher mean pain score in group A
(Tubli-Seal EWT) and lower pain score in group C (AH Plus) can be
attributed to the fact that the eugenol based sealers have a relatively
higher cytotoxicity than the resin counter parts [22].
These findings are also in agreement with those of Tanomaru FM et
al., who asserted that inflammatory infiltrate present in the periapical
tissues due to irritation potential of the root canal filling material was
predominantly of higher severity (92.9%) in Zinc oxide eugenol
based sealer group than Calcium hydroxide based sealer group
(57.9%) and AH Plus was shown to have better biocompatibility
than other sealers [23].
The reasons may also be due to the high solubility of eugenol
based sealer and higher chance of apical extrusion (though not
8
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radiographically apparent in this study) than the resin ones [24]. In
addition, these assertions may also be the reason for consumption
of analgesic by one patient in group A and two patients in group C
after 8 hours of treatment.
The distribution of age in all the groups was uniform except in
Group C where 21 patients out of 33 (63.64%) fell in the age range
between 31-40 years thus giving a statistically significant finding,
p=0.03. This could be attributed to the random allocation of patients.
It is not clinically significant as there are no reports of evidence
documented on influence of age on pain perception. There are
many studies, which inferred that females are more sensitive to pain
perception compared to males [25,26] whereas no such finding was
noted in this study.

Limitation(s)
The present study compared only three types of sealers, the
biological effect of various other available class of root canal sealers
like Methacrylate resin-based, Glass-ionomer based, Bioceramicbased sealers etc., on postoperative pain was not evaluated. This
could possibly be a limitation of this study. Also, the present study
had a short follow-up time. Further studies are needed to compare
postoperative pain after root canal treatment with a longer followup time.

CONCLUSION(S)
The present study shows that in permanent molars with irreversible
pulpitis when treated with different sealers, the pain after endodontic
treatment gradually reduced with passage of time. Nonetheless,
when AH plus was used as root canal sealer, the pain post-therapy,
was relatively lesser compared to pre-treatment status. Thus,
inferring that the choice of root canal sealer used has an influence
of post-treatment discomfort.
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Abfraction: Etiopathogenesis, Clinical Aspect, and Diagnostic‑Treatment
Modalities: A Review
Abstract

Background: Abfraction is a loss of tooth structure along the gingival margin and manifests with
different clinical appearances. It has multifactorial etiology and may occur due to normal and
abnormal tooth function and may also be accompanied by pathological wear, such as abrasion
and erosion. The theory behind the abfraction is that the tooth flexure in the cervical area is
caused due to occlusal compressive forces and tensile stresses. This results in the fractures in the
hydroxyapatite (HA) crystals. It is also caused by the low packing density of the Hunter–Schreger
band (HSB) at the cervical area. Unfortunately, there is a lack of evidence regarding the outcome
of abfraction with or without intervention. The aim of this review is to collect clinical information
from the literature and discuss the etiology, pathogenesis, clinical representation, and management.
Also, search databases for clinical studies that describe the role of sclerotic dentine in non‑carious
cervical lesions (NCCLs) are becoming a clinical challenge. Methods: The literature was searched
that described the etiology, pathogenesis, clinical representation, and management of the abfraction
lesions. Also, a specific question regarding the formation of sclerotic dentin in the NCCL lesion
was described and searched for evidence that challenges etching, bonding, and successfully restoring
NCCLs. The databases PUBMED, SCOPUS, MEDLINE, WEB of SCIENCE, and EMBASE were
searched using the key terms. The inclusion criteria were the randomized controlled clinical trial,
cohort studies, and cross‑sectional studies that aimed at determining the role of sclerotic dentine in
NCCLs and its effect on etching, bonding. Results: One clinical study was retrieved according to the
PRISMA flowchart and PICO format. The longer etching time, total‑etch adhesive system, and EDTA
pre‑treatment of the sclerotic dentin of cervical wedge‑shaped defects could improve the bonding
strength in lesions like NCCL’s. Conclusion: In conclusion, clinical challenges that occur due to
NCCLs are better managed by a proper understanding of factors like etiopathogenesis, ultra‑structure
of enamel, and dentine and their effect on the bonding of restorations of the tooth.
Keywords: Abfraction, flexure, Hunter–Schreger band, management, NCCL's

Introduction
Abfraction, as defined by Grippo, is the
pathological loss of tooth substance caused
by biomechanical loading forces that result
in flexure and failure of enamel and dentin
at a location away from the loading.[1] The
term is derived from the Latin words ‘ab,’
or away, and ‘fractio,’ or breaking by J. O.
Grippo.[2‑4] It is also known as non‑carious
cervical lesion (NCCL), stress‑induced
cervical lesion and is usually observed on
the buccal surface at the cement‑enamel
junction (CEJ) of teeth, with prevalence
ranging from 27 to 85%.[5,6] This tooth
structure loss, being independent of the
bacterial process, is routinely and commonly
seen in dental clinical practice these days.[7‑9]
This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non‑commercially,
as long as appropriate credit is given and the new creations are
licensed under the identical terms.
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Resulting from excessive non‑axial forces
from the masticatory system, malpositioned
teeth, and bruxism, this lesion causes
flexure of teeth that leads to disruption of
the prismatic structure at the site of least
resistance, namely, the tooth cervix.[3] The
concept of abfraction is completely theoretical
and paucity of experimental evidence
demands the proper understanding of its
historical background, complex terminologies,
and biomechanics involved which in turn
reflects the diagnosis, treatment planning,
and management of such cases for successful
clinical practice. This concise review covers
this entire above‑mentioned concept from one
vantage point.

History
The concept that occlusal loading could
cause cervical stress and loss of cervical

Anand N.
Badavannavar,
Sneha Ajari1,
Krishna U. S.
Nayak2,
Shahnawaz
Khijmatgar3
Department of Orthodontics,
KLE VK Institute of Dental
Sciences, KLE Academy
of Higher Education and
Research, Belgaum, Karnataka,
1
Department of Oral Pathology,
KLE VK Institute of Dental
Sciences, KLE Academy of
Higher Education and Research
Belgavi, 2A.B Shetty Memorial
Institute of Dental Sciences,
Nitte (Deemed to be University),
Mangalore, Karnataka,
3
Department of Oral Biology
and Genomic Studies, A B
Shetty Memorial Institute of
Dental Sciences, Nitte (Deemed
to be University), Mangalore,
Karnataka, India

Address for correspondence:
Dr. Shahnawaz Khijmatgar,
Department of Oral Biology and
Genomic Studies, A B Shetty
Memorial Institute of Dental
Sciences, Nitte (Deemed to be
University),
Mangalore,
Karnataka ‑ 575 018, India.
E‑mail: khijmatgar@gmail.com
Received : 28-11-2018
Revised : 13-04-2019
Accepted : 01-04-2020
Published : 19-05-2020
Access this article online
Website: www.ijdr.in
DOI: 10.4103/ijdr.IJDR_863_18
Quick Response Code:

How to cite this article: Badavannavar AN, Ajari S,
Nayak KU, Khijmatgar S. Abfraction: Etiopathogenesis,
clinical aspect, and diagnostic‑treatment modalities:
A review. Indian J Dent Res 2020;31:305-11.

© 2020 Indian Journal of Dental Research | Published by Wolters Kluwer - Medknow

305

Badavannavar, et al.: Abfraction: A review

tooth structure began to evolve in the late 1970s.[10‑12] This
lead to the origin of NCCLs, when W.D. Miller in 1907,
published a paper on experiments and observations on tooth
wear variously designated as erosion, abrasion, chemical
abrasion, denudation, etc., His studies reported that erosion
was caused by weak acids or gritty tooth powders, or by
both. In the early 1980s, McCoy[10‑14] questioned the role
of toothbrush abrasion in the etiology of what previously
had been referred to as “cervical erosion.” Later the work
by McCoy[10] and Lee and Eakle[11] proposed that bruxism
produced lateral forces that may be the primary cause of
angled notches at the CEJ. J. O. Grippo[3] in 1991 stated
that static or cyclic forces created tooth loss at the cervical
area and the term called abfraction evolved. He concluded
that the flexure resulted in damage to the enamel rods at
the CEJ resulting in their loosening and consequent flaking
away of the tooth structure. Grippo finally suggested that
abfraction is the basic cause of all NCCLs, whereas Lee
and Eakle[11] proposed a multifactorial etiology, with a
combination of occlusal stress, abrasion, and erosion.
Spranger[15] supported the multifactorial etiology of the
cervical lesions and suggested that the wear was related
to the anatomy, the distribution of forces calculated from
elastic deformation studies, development of caries, and
occlusion and parafunction.

Terminology
The contradictory and complexity of terminologies
for abfraction used to reflect that the exact etiology
for abfraction remains obscure. Grippo (1992) defined
abfraction as a pathological loss of tooth substance caused
by biomechanical loading forces. This results in flexure
and failure of enamel and dentin at a location away from
the loading. He first used the term abfraction to refer to
a process of cervical tooth structure loss, based on work
completed by McCoy[10] and Lee and Eakle.[11] Miller
et al.[13] stated that NCCLs are also called abfractions.
However, this statement is inappropriate as NCCLs have
a variety of possible etiologies, of which abfraction may
be the primary one. It is also important to differentiate the
term ‘stress corrosion’ from ‘abfraction’. Stress corrosion
refers to the synergistic effects of stress and corrosion
acting simultaneously.[16] Recently, new terms have been
introduced to describe tooth wear. Biodental engineering
factors have defined it as the effect of piezoelectricity at
the cervical area, and ‘stress corrosion’ has been used to
describe a multifactorial physiochemical degradation of the
CEJ area.[17,18]
Theory of abfraction
The theory of abfraction is based primarily on the
relationship between occlusal loading and stress
concentration in the cervical region of tooth. Various
research on this relationship concludes that teeth do flex
in the cervical region under bruxing loads, but none seems
to cite actual damage caused only by this loading alone
306

but hypothesized that this deformation was occurring in
combination with the abrasive or erosive component as
well.[19] Hence, studies from various data have proposed
a combination of occlusal stress, parafunction, abrasion,
and erosion in the development of lesions, leading to
a conclusion that the progression of abfraction may be
multifactorial.[15,20] Recent studies by T.C. Abrahamsen[21]
have shown that toothpaste (not the toothbrush) is abrasive
enough to cause this type of damage if the patient is
too aggressive in brushing the teeth in a very hard and
vigorous “sawing” motion. Abrahamson suggested that
the term “toothbrush abrasion” be replaced with the term
“toothpaste abuse”.[11,21] His studies, using mechanical
“tooth brushing” machines, concluded that the toothbrush
alone does not cause this type of tooth damage, but the
addition of toothpaste to the bristles does. Toothbrushes
without toothpaste do cause soft tissue damage and indeed,
overly vigorous tooth brushing without toothpaste leads to
gingival recession.[21] Grippo suggested the tooth flexure
theory: the presence of class V non‑carious lesions in some
teeth but adjacent teeth (not subjected to lateral forces)
are unaffected; the lesions progress around restorations
that remain intact and under the margins of complete
crowns, the lesions are rarely seen on the lingual aspect of
mandibular teeth.[1] All these studies being theoretical, lack
experimental evidences and thus the theory of abfraction is
not yet proven. There were few conflicting evidence against
the theory of abfraction: in case of abfraction, the most
commonly damaged surface is the buccal surface of the
tooth, while the lingual surface is less affected. If flexure
of the teeth is responsible, there would be equal damage to
both buccal and lingual surfaces. Also, there was a lack of
evidence of these lesions in prehistoric skulls. These lesions
later became evident in the 16th century in historic skulls
after the invention of tooth powders and toothbrushes.
Not all persons with the lesions demonstrate occlusal
wear (indicating bruxing habit), and not all persons with
severe occlusal wear exhibit NCCLs.
To conclude, the concept of abfraction being theoretical
should further raise opportunities for research in this area
to impart the proper understanding of its exact etiology and
thus prevention of such lesions occurring on tooth structure.
Etiopathogenesis
The etiopathogenesis of abfraction is quite convoluted,
and various researchers have worked on the same to
conclude its exact etiology. Lee and Eakle in 1984 have
postulated that abfraction has a multifactorial etiology, with
a combination of occlusal stress, abrasion, and erosion.
This occlusal stress can be tensile stress (occurring along
the horizontal axis) or compressive stress (occurring
along the long axis of the tooth). In normal occlusion,
these stresses are directed towards the apical area of the
tooth. But, in the case of occlusal interferences, premature
contacts, bruxism, clenching, and malocclusions that act as
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stressors, these stresses are directed in the lateral direction
towards the CEJ. The alternating tensile and compressive
stress (cyclic nonaxial) causes tooth cusp flexure resulting
in the concentration of stress at CEJ and separation
of hydroxyapatite   bonds in enamel causing fracture
and breakdown of tooth structure.[11,22,23] It has also been
suggested that when the tooth is subjected to tensile and
compressive stress, the electric potential gradient formed
also leads to loss of tooth structure.[24] Gibbs et al. found
that when a tooth is hyperoccluded, the masticatory forces
transmitted to this tooth are only approximately 40 percent
of maximal bite force.[25] Suit et al. inferred that tooth
contact occurs on average for only 194 milliseconds during
mastication and 683 milliseconds during swallowing. The
lateral damaging forces thus produce compressive stress on
the side towards which the tooth bends and tensile stress
on the other side. These stresses create micro‑fractures in
the enamel or dentine at the cervical region.[26] Mc Coy
postulated that alternating tensile and compressive stresses
cause weakening of enamel and dentin and when this
cyclic tension and compression reach a fatigue limit; there
occurs cracking and breakdown of tooth structure. The
tensile stresses created at CEJ pull apart enamel prisms and
increases susceptibility to chemical erosion.[10] Based on the
structure, the enamel is weak in tension, and thus the tensile
forces may disrupt hydroxyapatite (HA) crystals, allowing
water and other small molecules to penetrate between the
prisms and prevent reestablishment of interprismatic bonds
on the release of the stress.[27] This process renders these
HA crystals more susceptible to chemical and mechanical
destruction and thus results in abfraction. Ultimately, the
enamel breaks away at the cervical margin and exposes the
dentin, in which the process continues.[5]
Clinical features
Abfraction lesions, primarily at the cervical region of
the dentition, are typically wedge‑shaped, with sharp
internal and external line angles.[5] This being a theoretical
phenomenon, the size, shape, and location of these lesions
are dictated by the direction, magnitude, frequency,
duration, and location of forces that arise when teeth
come in contact.[28] Lee and Eakle first described the
characteristics of the lesions resulting from tensile stresses.
They concluded that an abfraction lesion should be located
at or near the fulcrum in the region of greatest tensile
stress concentration, be wedge‑shaped, and display a size
proportional to the magnitude and frequency of tensile
force application.[11] They proposed that the direction of the
lateral forces acting on a tooth determines the location of
the lesion.
The most common tooth to be involved are anterior and
premolar teeth because of a smaller size of the teeth and
are more frequently found on the buccal or lingual surfaces
due to the direction of occlusal or incisal loads, the angling
and asymmetry of the tooth buccal‑lingual plane, and

its relationship with the supporting alveolar bone.[28‑30]
Amongst the premolars, the mandibular premolars have
the highest risk for developing these defects, followed by
the maxillary premolars. The reason behind this being the
anatomical location of the furcation adjacent to the cervical
region marked grooves on root and crown, as well as
cervical constriction of the crown and low crown volume
makes premolars more susceptible to abfraction.[31‑33]
Diagnosis
Careful and complete anamnesis is crucial to establishing
the diagnosis of abfraction. Evaluation of any systemic
pathologies such as gastroesophageal reflux disease, eating
disorders, dietary habits, and parafunctional habits play a
role in diagnosis. As abfraction is multifactorial, evaluation
of all contributing factors should be done to differentiate
abfraction from other NCCLs. The pointing clue towards
diagnosis was characteristic wedge‑shaped lesions and
associated contributing factors such as erosion, abrasion,
etc., Sometimes the clinical manifestations of these lesions
may alter from the characteristic wedge‑shaped to more
saucer‑shaped with blunt angles and broader outlines when
exposed to these contributing factors. Additional hallmark
feature for diagnosis is that these lesions may appear deeper
than wider depending upon the stage of progression and
related etiological factors. Tooth Wear Index proposed by
Smith and Knight is the most accepted index to categorize
tooth wear in the cervical region and it is as follows: The
classifications on this index are as follows:
0
1
2
3
4

= no change in contour;
= minimal loss of contour;
= defect <1 mm deep;
= defect 1 mm to 2 mm deep;
= defect >2 mm deep, or pulp exposure, or exposure of
secondary dentin.

Management
The most important criterion for restoration is that of
retention. Clinical studies have shown that restorations
of abfraction lesions have a higher percentage of failure
in the cervical area due to popping out effect caused by
parafunctional habits. As these lesions implicate enamel and
dentine margins, they represent a challenge to the dental
profession.[34] When abfraction lesion is less than 1 mm in
depth 22, only monitoring at regular intervals is enough.
Restoring these lesions improves the maintenance of oral
hygiene of the patient. It also helps in decreasing thermal
sensitivity, improving esthetics, and strengthening the teeth.
Along with restoration, a variety of treatment strategies have
also been proposed like occlusal adjustments, occlusal splints,
elimination of parafunctional habits, altering toothbrushing
techniques, etc.[1,35,36] For restoring abfractions, various
materials have been tried to date. These include glass‑ionomer
cement
(GICs),
resin‑modified
GICs
(RMGICs),
polyacid‑modified resin‑based composites (compomers),
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Evidence for challenges in etching, bonding, and
successfully restoring NCCL lesions
Four possible factors that might influence the overall
decrease in bond strength in natural cervical sclerotic
lesions are: a) weakening of the bonds that occur due to the
presence of a hybridized intermicrobial matrix and along
with entrapped bacteria; b) Quality of self‑etching primer
to etch through a thick hypermineralized surface layer; c)
presence of a layer of possibly re‑mineralized, denatured
collagen at the base of the hypermineralized surface
layer; and d) retention of acid‑resistant sclerotic casts that
obliterate the tubular lumina and prevent effective resin tag
formation.[51] To increase the bonding to the sclerotic dentin,
removal of surface layers of sclerotic dentin or conditioning
308

Identification
Screening
Eligibility

Sclerotic dentin is a form of dentin that causes apatite
crystals and collagen fibers to appear in dentinal tubules
due to external stimuli. It occurs as a result of a protective
mechanism in teeth, mainly in older individuals and is
found in the apical third of the roots.[48,49] The formed
dentin as a result of stimuli like attrition, abrasion, and
erosion becomes harder than normal dentin. It has more
mineral density.[48,49] Restoration of these lesions with the
dental materials is a challenging task. In restorations like
where bonding is required, the material should be able to
bond to sclerotic dentin. The bonding varies in the region
of normal dentin and that compared to sclerotic dentin.
Sclerotic hyper‑mineralized dentine contains a low protein
and lack in the sponge‑like organic matrix that is needed
for resin interdiffusion network. A lightly stoned fine
diamond instrument should be used to achieve bonding in
sclerotic dentin. The smear layer thus produced consists
essentially of a gelatinous surface layer of coagulated
protein, 0.5 to 1.5 microns in thickness, which is thought
to enhance the efficacy of the dentin bond by creating a
‘high energy’ surface layer relatively free of dentinal fluid
contamination.[50] Regional tensile bond strength showed
that the overall bond strength to natural sclerotic dentin is
about 20% lower than sound cervical dentin.[51]

with stronger acids is recommended in NCCLs.[52]
However, there is high heterogeneity in the studies that
have been published, and therefore need additional clinical
trials to determine the best dentin treatment option in
NCCLs.[53] Studies by Karan K (2012), Liu KL (2016), and
Li TT (2015) concluded that longer etching time, total‑etch
adhesive system, and EDTA pre‑treatment of the sclerotic
dentin of cervical wedge‑shaped defects could improve
the bonding strength in lesions like NCCLs.[54‑56] J.W.V.
Van Dijken (2000) used N = 148 class V restorations in
N = 60 patients of NCCLs and restored with EBS/Pertac
Hybrid, Prisma TPH, and GIC Fuji II LC materials. The
authors found that N = 30 restorations (21.1%) were lost
during follow‑up and the restorations placed in sclerotic
lesions were lost in 32.4%.[57] Another study by same
author J.W.V. Van Dijken (2013) found that after 5 years
of follow‑up, 2‑hydroxyethyl methacrylate (HEMA) free
adhesives performed good and were durable and only 22
restorations were failed due to retention. All restorations
performed better in NCCLs.[58] The reason for this finding
may be due to the hydrolytic property of HEMA material.
In the study by Burrow and Tyas (2012),[59] 11 subjects were
enrolled and 60 NCCLs were restored. The study aimed to
determine the retention ability of the restorations in NCCLs
using all‑in‑one adhesive systems. The authors found 98%
survival rates after a follow‑up of 3 years.[59] Esra Can
Say (2014) found that clinical performance of self‑etch
adhesive with or without selective acid etching enamel
margins was acceptable.[60] The studies by Ritter AV (2008)

Included

composite resins and a combination of the techniques.[37‑39]
Tyas et al. said that RMGIC should be the first preference.
RMGIC/GIC liner or base with resin composite should be
used wherever aesthetics is concerned.[40] Two different
techniques either etch‑and‑rinse technique or self‑etch
technique have been employed for restoring these lesions.
The main reason for the failure of restoration is difficulty in
gaining and maintaining a good seal between the restoration
and tooth at the margin. The retention rate for restorations
with a lower elastic modulus may be significantly better
than a material with a higher elastic modulus.[41] Heymann
et al. reported the association of occlusion, tooth location,
patient’s age with loss of retention while others blame
technique, marginal shrinkage, properties of bonding agent,
and inadequate adhesive resin thickness for the retention
loss.[42‑47]

Records identified through
database searching PUBMED,
SCOPUS, WEB of Science,
Embase
(n = 30)

Additional records identified
through other sources
(n = 0)

Records after duplicates removed
(n = 25)

Records screened
(n = 7)

Records excluded
(n = 0)

Full-text articles assessed
for eligibility
(n = 7)

Full-text articles
excluded, with reasons
(n = 0)

Studies included in
qualitative synthesis
(n = 7)

Figure 1: PRISMA Flow Chart demonstrating the inclusion of eligible
studies Reference: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA
Group (2009). Preferred Reporting Items for Systematic Reviews and MetaAnalyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/
journal.pmed1000097
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Author
J.W.V. van
Dijken[57]
Ritter AV[61]

Year Country
2000 Sweden

Age (yrs)
29-88

2008 USA

-

Burrow MF[59] 2012 Hong
Kong
van Dijken
JW[58]

2013 Sweden

Table 1: Characteristics of the Study

45-84

64.7 year
(min-max 39-84)

Subjects
60
30

Groups
148 non-carious cervical lesions, 87 with sclerotic
dentin and 61 non-sclerotic
105 Lesions

11

Group 1, 2, 3 and 4
Group I: Clearfil ST resin composite (Kuraray) and

67

Group II: S(3) Bond or Gradia resin composite (GC)
and G-Bond alternately, without phosphoric acid etch
Group 1: self-etching HEMA-free primer
(G-Bond, GC Corp, Tokyo, Japan)

Follow-up
3 years
3 years
3 years

5 years

Group 2: a 3-step HEMA/TEGDMA free etch-and-rinse
(cfm, Saremco AG, Rebstein, Switzerland)

Can Say E[60]

2014 Turkey

46-64

Van landuyt
KL[62]

2014 Belgium

-

Li TT[56]

2015 China

Group 3: 2-step HEMA-containing etch-and-rinse
adhesive (XP Bond, Dentsply/DeTrey, Konstanz,
Germany)
Etched and Non-Etched group

104 cervical
restorations in
22 patients
52
267 NCCLs

5 years
1 year

1 Step SEA
-

12

3 Step E & R
Experimental

12 months

Groups

and Van landuyt KL (2014)[61,62] showed the opposite results
as findings do not support that NCCLs affect the adhesive
capacity of the materials [Table 1, Figure 1].[61,62]

2.

Level of Evidence

4.

Although, there are seven clinical studies that demonstrated
the effect of retension, adhesion and restoration in NCCLs
that contribute to a high level of evidence but due to
the quality of studies (level of bias) and heterogeneity
among published studies it is not possible to have metaanalysis.   It becomes elusive to conclude the effectiveness
of adhesive materials in NCCL's. Therefore, the level of
evidence is low.

Conclusion
To conclude, proper understating of the etiopathogenesis
and careful evaluation can help in successful diagnosis
and effective treatment planning of such lesions. Further
clinical studies are needed to determine the best possible
solution to manage sclerotic dentin in NCCL's.
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Background: Calcium sodium phosphor-silicate material, a type of bio-glass was originally developed as an
implant material to regenerate bone and recently adapted for use in oral care products (NovaMin Technology
Inc.). Novamin is used for many dental problems like hypersensitivity, gingivitis, bleeding, non-carious lesions,
carious lesions, whitening and is currently emerging as one of the treatment modality for the remineralization of
the tooth. Since the prescription of these novel materials to the patients are based on cost effectiveness, efficacy
and effectiveness, a clinician should make decision based on best available evidence. Hence, the objective of this
review is to find out the current evidence available on the use of Novamin as an agent for remineralization.
Materials and methods: Relevant articles were searched and screened from several databases including PubMed,
Cochrane review, Science Direct and trip which were published till 1988 to July 2017; The articles relevant to
the objective of this review were included (RCT's) and articles out of interest of this review were excluded. The
primary outcome for the chosen studies is the remineralization capacity of Novamin. Data extraction is done
independently and jointly by 3 authors using data collection forms. Studies obtained were evaluated using the
Cochrane Collaboration tools for accessing risk bias. The assessment of the quality of the evidence and the bias
risk was obtained using the Grading of Recommendations Assessment Development and evaluation System.
Results: The articles from the database obtained for further review was N = 1. According to the study reviewed,
the baseline comparisons using decalcification index obtained between Novamin study group (ReNew) and the
control group (Crest) yield a P-value of 0.97 whereas after a 3 months interval follow up the value is 0.0403
suggesting there was a trend towards improvement in white spot lesions in the control group and at 6 months’
time point the p-value is 0.81 concluding that there are no significant difference of remineralization process
obtained by using traditional toothpaste and Novamin.
Conclusion: Review shows that Novamin has significantly less clinical evidence to prove its effectiveness as a
remineralization agent in treating both carious and non-carious lesion. Hence, better designed clinical trials
should be carried out in the future before definitive recommendations can be made.

1. Introduction
White Spot Lesions (WSLS) is defined as the early demineralization
of the enamel at surface and subsurface, they are reversible and present
on the smooth surfaces of teeth as a milky white opacity.1–3 Carious
process involves a cycle of both reversible and irreversible stages.4Demineralization at subsurface level increases porosity that eventually changes the optical properties of the teeth further leading to

∗

cavitation if no treatment is undertaken.5
Enamel is crystalline in structure and the hardest known tissue in
the body of human beings, composed of 96% hydroxyapatite, 3% water,
minute amounts of proteins and lipids.6,7
Enamel must withstand a wide range of physical and chemical
processes including compressive forces (up to about 700N), physiologic
and pathologic wearing a way of tooth structure and importantly acidic
environment due to the presence of bacterial plaque and diet. Surface of
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the HAP crystals at surface of enamel are ever dynamic due to their
closeness to saliva and salivary plaque.8,9
Hence, the process of demineralization occurs at pH < 5.5 where
dissolution of HAP as a result of acid secreted via the product of bacterial metabolism or by consumption of acidic food.10 If left for a prolonged period of time, excessive mineral loss leads to loss of enamel and
further cavitation. The demineralization process continues till the pH
rises causing remineralization to occur with deposition of calcium,
phosphate, and fluoride ions (fluoroapatite), which are more resistant
to crystals’ dissolution by organic acids as fluoroapatite crystals have
advancing growth pattern resulting in a formation of large crystals with
hexagonal outlines. Therefore, the best method for caries control is to
focus on the ways to improve the remineralizing process with the help
of remineralization products10
Dentistry in 21st century is rapidly changing with new innovations
in technology and developing newer dental materials.11 These recent
developments have changed the approach towards the management of
dental problems. The evidence based dentistry is considered as best
practice and the management of dental problems should be based on
best available evidence. This approach will help to make informed
decision in managing dental diseases.12
New improved materials capable of enamel remineralization even in
low salivary calcium and phosphate ion concentrations is the need.13
Some of them are bio active glass (BAG), casein phosphpeptide-amorphous calcium phosphate (CPP-ACP). Several paste formulas are
available, such as tooth mousse, topacal C-5 and MI paste plus.14
One such material recently developed is Novamin.15 It was developed and patented by NovaMin Technology, Inc., which was acquired
by GlaxoSmithKline in May 2010.NovaMin is a bio active glass that is
used in dental care products for remineralization of teeth, hypersensitivity, gingivitis, bleeding, non-carious lesions, carious lesions,
whitening of the teeth. The effectiveness, efficacy and cost-effectiveness
compared to other products are a need for its use and prescription by
dentists to their patients for better outcome.16
NovaMin consists of calcium sodium phosphosilicate which is the
active ingredient that enables it to bind to the surface of the tooth to
initiate the process of remineralization on the enamel. This occurs instantly on contact with saliva or any aqueous media.17–20
The objective of this study is to analyze the previous published
RCT's articlesto find out an evidence of Novamin's use in remineralization of the tooth.

2.2. Study selection
Screening of the core databases were done by two reviewers separately after going through titles, their abstracts and keywords to omit
out of interest records. Potentially relevant papers were then obtained.
According to the predetermined inclusion criteria for the review, the
reviewers examined every text report without any selection bias. Lack
of supporting data to include a study or any other disagreement encountered during this stage was solved with opinion from a third reviewer. Studies excluded were then put into an excluded studies table
with reasons for the same. The inclusion criteria were as followings:
Participants (P): Live human with evidence of demineralization
(white spot lesions and/ or cavitation on teeth).
Intervention (I): Various types of Novamin containing vehicles such
as toothpaste, mouth rinses or any prophylactic pastes without any
limitation in their formulations, concentration, vehicles, method,
duration and frequency of application.
Comparison (C): Negative control.
Outcomes (O): Remineralization of teeth is the primary outcome.
Studies (S): Prospective RCTs (randomised controlled trials).
2.3. Data extraction
The review authors manually extracted data independently from
each included study and any disagreements in data extraction were
resolved via discussion. For each selected RCTs the following data were
check-listed based on guidelines used in the official statement from
Consort 2010 for Group Randomised Trials. The datas extracted were:
2.4. Data synthesis and grading
The Cochrane Collaboration's tool to assess risk of bias, from the
Cochrane Handbook for Systematic Reviews of Interventions 5th version (Higgins 2011) was used for assessing the risk of bias separately by
2 reviewers under 7 key domains namely:

• Sequence generation and allocation concealment-Selection Bias
• Blinding of participants and personnel comes under Performance
bias
• Bias due to blinding of outcome assessment that comes under
Detection bias
• Bias due to incomplete outcome data, called Attrition bias
• Bias from selective outcome reporting which comes under Reporting
bias
• Bias that myoccur from source of funding, exposure to co inter-

2. Materials and Methods
The guidelines followed in the publication of this study are the
Preferred Items for Systematic reviews and Metas-Analyses (PRISMA)
statement guidelines (www.prisma-statement.org).

vention etc.

A table comprising the risk of bias will be used to record the scoring
for risk of bias in each domain of the selected study with explanation for
the decision. Scoring/Judgments assigned will be categorized as ‘Low
risk of bias', ‘High risk of bias' or ‘Unclear risk of bias'. Results will then
plotted in graphs. As differences in opinion will be resolved with review
from third author until consensus reached (Table 2).

2.1. Search strategy
For the preparation of this review, articles in English publication
were searched, obtained and screened from several databases including
PubMed, Cochrane review, Science Direct & Trip which were published
till 1988 to July 2017 using the keywords “Novamin” or “calcium sodium phosphosilicate”, "caries", "non-caries lesions", "white spot lesions" "remineralization", "enamel remineralization", "dentine remineralization", "tooth remineralization", and "remineralization dental". The
RCT articles relevant to the objective of this review were included and
articles out of interest of this review were excluded. The primary outcome for the chosen studies was the remineralization capacity of
Novamin. Additional automated searches were done to review some of
the reference lists of the related papers and review articles associated
with the need of this topic also searched for relevant information.

3. Results
3.1. Study selection
Initial records were identified and obtained from various databases
like PubMed, Science Direct, Trips and Cochrane Review. Following the
initial search, N = 56 records were obtained. For the construction of
this systematic review, N = 36 records were removed after the
screening the titles, keywords and abstracts for duplication or irrelevancy. The remaining N = 20 articles underwent full text assessment

2
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Fig. 1. PRISMA Flow Chart for the inclusion and exclusion of the articles that aims to select the RCT's related to Novamin and Remineralization.

and as a result, according the predetermined eligibility criteria, N = 19
were excluded. To show the process of study selection, a flowchart is
shown in Fig. 1. Finally, only one randomised trial was included in this
qualitative analysis.19

3.3. Summary of included study
Table 1

Characteristics of the included study.

3.2. Description of the included study
Table 1 shows detailed data extracted from the included study. The
study selected is a RCT comparing Novamin in the form of Renew with
a control group. Novamin was prescribed by researchers to be self-administered in the concentration of 5% to a total of N = 48 patients
initially. The patients were followed up twice at the third and sixth
month after the baseline appointment. During the follow up process,
pictures were taken and several clinical procedures were carried out
such as measurement of decalcification index, modified gingival and
plaque index and plaque bacterial counts19(see Table 1).

3

Authors

Hoffman et al.

Test/Control Participants
Follow up
Test vs control
Assessment method
Start test/control (SD)
End test/control (SD)
Start test/control(p value)
End test/control(p value)

24/24
Third and sixth month
ReNew & Crest
Decalcification index
0.34/0.4
0.37/0.47
0.97
0.81
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Table 2

broken down losing its ability to regenerate. It loses its ability to selfheal by remineralization during injury or trauma. Complete tooth mineralization is incomplete at time of eruption, salivary calcium, phosphorus and fluoride help achieve complete mineralization by forming a
10–100 μm layer of enamel.
Enamel substructure has several carbonated hydroxyapatite crystals
as long, thin structures called rods, they are 4 μm–8 μm in diameter.
Arranged at right angles from DEJ towards surface of tooth. The
number of rods may be vary in number from 5 to 12 million in a lower
lateral incisor and upper first molar. Every rod is covered by protein
matrix of enamelin which constitutes a rod sheath. Some minute voids
remain which do not contain any crystals between rods called as pores,
giving enamel its permeability. This favors the fluid movement and
diffusion but causes variations in density and hardness of tooth,
creating spots that are more likely to be demineralized.41–51

Risk of bias.
Bias
Selection bias
λ sequence generation
λ allocation concealment
Performance bias (blinding of participants and personnel)
Detection bias (blinding of outcome assessment)
Attrition bias (incomplete outcome data)
Reporting bias (selective outcome reporting)
Additional bias (e.g. source of funding, exposure to co
interventions).

Risk
Unclear
Unclear
Unclear
Low
Unclear
Low
High - use of fluoridated
toothpaste

3.4. Primary study outcome
According to the study reviewed, the baseline comparisons using
decalcification index obtained between Novamin study group (ReNew)
and the control group (Crest) yield a p-value of 0.97 whereas after a 3
months interval follow up the value is 0.0403 suggesting there was a
trend towards improvement in white spot lesions in the control group
and at 6 months’ time point the p- value is 0.81 concluding that there
are no significant difference of remineralization process obtained by
using traditional toothpaste and Novamin.The study selected also
shows that there is no favourable difference in the plaque and gingival
health after 6 months.

4.2. Concept of remineralization
In the oral cavity there is a constant cycle of remineralization followed by demineralization. If the balance is altered, advance in demineralization will lead to degradation of tooth structure. The ratio of
demineralization and remineralization must be balanced as it determines the hardness and strength of the tooth structure.24 Demineralization happens when the oral environment is under saturated with
mineral ions, at a low pH relative to the mineral content of a tooth.25
The carbonated apatite of enamel crystals is dissolved by organic acids
such as lactic and acetic acids produced from dietary carbohydrates by
plaque bacteria. Remineralization on the other hand is a natural process
to restore minerals by addition of mineral ions to the lattice work
structure of hydroxyapatite.25
White spot lesions on an intact surface zone while subsurface is
affected are a classic clinical sign of demineralization. White spot development helps easy identification of demineralized areas, whereas
remineralized areas are not as easily observed on clinical examination.
Remineralization replaces fluoroapatite crystals in areas which have
lost calcium, phosphate and fluoride ions. The new replaced crystals are
larger in size and much more resistant to acid dissolution than their
predecessors, thereby portray higher resistance to breakdown when
faced with organic acids from diet.26
Two key players in remineralization are saliva and fluoride. Using
remineralization agents to attain a higher plaque pH than the critical
pH is the best approach for caries management. Commercially a variety
of remineralization agents like Bio active glass (BAG), casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) fluorides, ozone,
xylitol, etc are available.26
The following conditions occur simultaneously for enamel remineralization:

3.5. Secondary study outcome
The only reported secondary outcome in this RCT is the possibility
of allergy development in one of the patient.19
3.6. Risk of bias
As a result of the risk of bias assessment, it can be concluded that
this study has an unclear risk of bias (Table 2).
3.7. Level of Evidence
Although the included study is a randomised controlled clinical
trial, which is a high level of evidence on the herarchy table but to give
concrete recommendations to policy makes and healthcare workers
need further minimal bias studies. Therefore, the level of evidenceavailable to frame a recommendation is low.
4. Discussion
4.1. Enamel structure

- The saliva must be saturated with minerals.
- A carbonic acid molecule reaction is mandatory.
- Close proximity of the carbonic acid molecule to a mineral molecule.

Enamel is known to be the most mineralized and the hardest tissue
component in the human body forming a delicate and thin but tough
calcified translucent layer encasing the entire coronal structure.
Characteristics vary between every tooth and every person, in terms of
thickness and strength. Thickness determines the mineral content and
quality of tooth and variation in color ranging from yellow to grayish
white may seen as well.21−24
Enamel does not receive any blood nor nerve supply. Hardness of
enamel is attributed to the primary inorganic ions of phosphate and
calcium and phosphate which form strong hydroxyapatite crystals and
make up 95–98% volume. Enamel is an organized structure formed of
inorganic, organic and water components. While the organic content of
enamel makes up 1-2%, majority of which is made of enamel-specific
proteins also called ‘Enamelins’. They are proteins with affinity for
hydroxyapatite and end up binding with them.
Enamel is formed from ameloblasts which are primarily epithelial
cells, they develop just before tooth eruption when ameloblasts are

All of the above must occur close to a demineralized spot in the
latticework of hydroxyapatite (HA). A clean tooth surface is required to
access the mineral-deficient spot.27 Conversion of carbonic acid into
water and carbon dioxide should occur before any of these circumstances undergoes alterations.28–30
4.3. Novamin effects on enamel
NovaMin is composed primarily of calcium, sodium, phosphorus
and silica. The byproduct released is hydroxyl-carbonate apatite (HCA)
which is crystalline in nature, has a structural resemblance similar to
the mineral in teeth. Nanohydroxyapatite (NHA) has proven to be
highly biocompatible due to affinity for tooth enamel. They also have a
resemblance to apatite crystals in tooth enamel. As a compounding
4
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factor in remineralizing agents like NovaMin it helps to achieve the
objective to preserve tooth in a conservative manner.31

group even though initially a P = 0.0403 suggesting of statistically
significant value were recorded at three-month point. However, this
result is based on only one clinical trial. In addition, the RCT selected
also presented with some drawbacks such as inaccuracy in assessment
of WSL due to the presence of gingival hyperplasia and plaque in some
patient, dependence on patients’ compliance and finally the subjectivity
of decalcification index on measuring WSL.
To conclude, this systematic review has its own sets of limitation.
Firstly, the articles were searched in English which might have predisposed to selection bias. Second, there was only one available RCT
contributing to low value power for this review due to the limitation of
an extremely low amount of extracted data. Third the number of study
was relatively low. Finally, within the selected article presence of a few
unclear biases that have further reduced the eligibility of this review.

4.3.1. Mechanism of action
Novamin is capable of sodium ion diffusion rapidly on contact with
any aqueous media. It causes a calcium and phosphate release along
with rise in pH.32 They act as reservoirs for calcium and phosphate ions
which may be released over several days. Finally, the calcium-phosphate complexes are capable of crystallizing into hydroxycarbonate
apatite.33
4.3.2. Enamel remineralization
NovaMin on contact with an aqueous medium like saliva shows that
its most active component calcium sodium phosphor silicate has a
tendency to bind to the tooth surface therefore initiating remineralization process on the tooth enamel.34
This is done by providing the tooth structure with silica, calcium,
phosphorous and sodium ions. Sodium ions present in the formulation
of calcium sodium phosphosilicate bioactive glass are replaced with
hydrogen ions and, thus, the pH increases.35,36 Subsequently, calcium
and phosphate ions deposit and form a superficial layer saturated with
calcium phosphate on the tooth surface. This ionic reservoir can inhibit
the process of demineralization and enhance remineralization by protecting the enamel against cariogenic conditions. Following the immersion of calcium sodium phosphosilicate in the saliva or body fluid
analogs, Hydrogen cations (H+ or H3O+) are interchanged with seconds to Na + ions are exchanged with hydrogen cations within a
minute, also termed as a rapid ion exchange leading to release of calcium(Ca2+) and phosphate (PO4 3-) from the particles.37,38 Subsequently, a local transient rise in the pH results in the release of phosphate ions along with Ca ions present in saliva and within particles, and
the formation of an amorphous layer of calcium phosphate (CaO–P2O5)
on the tooth surfaces as well as within the demineralized dentin.39 Simultaneously, with the continuation of these reactions and the deposition of Ca–P compounds, this layer crystallizes inside the HA,
forming a structure that chemically and structurally resembles biological apatite. The interaction between the HA layer and calcium sodium
phosphosilicate causes physical occlusion of dentinal tubules due to
formation of reminerization deposits.55,56 Calcium sodium phosphosilicate also induces chemical reactions to enhance the formation of HA.
This may prevent demineralization of tooth structure and enhance remineralization.40

4.4. Quality of evidence
Although the study included is a randomised controlled clinical
trial, the evidence is regarded as high-quality evidence but the factors
like selection bias, performance bias and attrition bias the level of
evidence of the study included is graded as low. Therefore, further more
clinical studies with minimal bias are required to propose recommendation to interested parties.
5. Conclusion
According to this review, the evidence states that there is no significant scientific data to support the remineralizing capacity of
Novamin when compared to traditional toothpaste.
Hence, before any definitive recommendation can be made in the
future more number of studies with scientific evidence should be carried out provided it is done by concealing the allocation, avoid bias by
following a blind study design for participants and the personnel assessing the outcome. Most appropriate analysis and strict criteria for
eligibility should be determined. All compounding factors which cause
a qualitative analysis with less value such as poor methodology selection, disparate measurements and different materials should be
avoided.
Declaration of competing interest
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4.3.3. Sensitivity
The most notable effect of Novamin is on dentinal sensitivity.
Several studies 21−24 have explained the before and after effects of
treatment by showing open dentinal tubules before and closed occluded
tubules after sensitivity treatment. There is a lack of scientific evidence
to prove the long term effects of sensitivity treatments and their added
benefits like tooth whitening and remineralizing.52,53,54
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4.3.4. Erosion
As the acidic conditions of the oral cavity increases it is subjected to
erosion, these effects can be subdued by precipitation.57 A large number
of consumables used on a day to day basis with a low Ph cause damage
to the tooth surface. These include aerated beverages and acidic drinks
which overcome the natural buffering capacity of saliva causing loss of
tooth minerals increasing the vulnerability of tooth to caries.58
An efficient remineralization agent like NovaMin should enable to
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Comparison of Routine Teaching with Fishbowl and 1‑min Preceptor for
Dental Undergraduate Students: An Interventional Study
Abstract

Aim: To compare routine teaching method with fishbowl and a one‑minute preceptor for
undergraduate students. Objectives: 1. Evaluation of theoretical knowledge for WHO dentition
status and treatment need by fish bowl and routine teaching. 2. Effectiveness of the combination
of fish bowl and one‑minute preceptor in understanding WHO dentition status and treatment need.
Materials and Methods: This study was conducted on 38 third year undergraduate students, which
was divided into two groups (Group A: Fishbowl, Group B: One‑minute preceptor). Routine lecture
for WHO dentition status and treatment need was taken, followed by baseline evaluation which was
done by giving 10 sets of clinical images to students and asked them to give WHO score. Furthermore,
fish bowl and one‑minute preceptor method were performed and students were subjected with the
same set of clinical images again. At the end of the session, feedback was taken from the students by
means of five open‑ended questions about their views on fish bowl and one‑minute preceptor. Data
were analyzed with SPSS version 20 (Chicago IL). Wilcoxon Sign Rank test and Mann Whitney ‘U’
test was performed for intragroup and intergroup comparison respectively. Results: Combination of
fishbowl and one‑minute preceptor shows statistically significant result over routine teaching method
with P value of .000. Conclusion: Combination of Fish Bowl and OMP could be used for better
teaching method for students, as the students are actively involved and more learning takes place;
the deficiencies of one method would be compensated by the other.
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Introduction
Education has come a long way over the
past few decades. It has evolved greatly
from
the
once
blackboard‑oriented,
teacher‑centered approach to the use of
various techniques that enhance the ability
of undergraduate students to think in
all the directions.[1] In dental education,
self‑assessment is widely accepted as a best
practice and is performed after preclinical
projects or clinical procedures, for both
formative and summative activities, in
the form of daily laboratory exercises,
laboratory practical examinations, clinical
treatment, and clinical competencies.[2]
Oral health is a part of general health.
Dental diseases are the most prevalent
and the most neglected of all chronic
diseases affecting mankind. Prevention of
disease rests on knowledge of the disease
occurrence, distribution, etiology and other
related factors [3] and hence it is imperative
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that students be well trained in recording
dental caries. Quantitative measurement
of disease most commonly relies on
“index” as dental index is the main tool of
epidemiological studies in dental diseases
to measure prevalence, incidence, and
severity.[3]
A critical element of the learning
environment is its effect on student
well‑being.[4] There are various indices
to record caries severity and one of the
index which is internationally accepted
is WHO index. To simplify the concept
of index, two emerging pedagogical
approaches— Fishbowl and One‑Minute
preceptor—are used in this study which
has gained popularity in this era of general
education.
Fish bowl technique can be used after the
lecture class.[5] There are two circles:
1. Inner circle: Students are called “fishes;”
they may be 2–11 in number, depending
on the strength of classroom.
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2. Outer circle: The rest of the students in class will form
the outer circle and they are called “fish watchers.”

the steps step and rules were explained to them. Group B
was routine teaching group.

According to the one‑minute preceptor (OMP) model which
is a clinical supervision technique, teaching‑learning occurs
in a short duration, in a realistic setting with the patient
on the dental chair, providing experiential learning to the
students for future practice.[6] The one‑minute preceptor
consists of five “micro skills.”[7,8]
1. Getting a commitment
2. Probe for supporting evidence
3. Teach the general rules
4. Reinforce what was done right
5. Correct mistakes.

Further, the chairs in the class were arranged for the
fishbowl method in two circles—an inner circle and an
outer circle. Inner circle students with four members were
instructed to hold a discussion on the allotted topic with
the representative member among them in time limit of
20 minute. One chair was left open for the outer circle
students to share their own aspects about the discussion and
after sharing, they must go back to their original places.
This is done to achieve maximum participation, and rest of
the students in group A were asked to arrange themselves
in the outer circle. The outer circle students were asked
to focus and listen carefully to the discussion, they need
to note examples of when their peers in the discussion
group are following the rubric and when they are not. The
observers need to record anything else important they see
and be ready to share it.

Combining both the classroom and clinical supervision
approach will enhance the ability of students to understand
the topic in a better way. Although there have been
few studies of one‑minute preceptor for undergraduate
medical students, the literature available is limited for
dental students.[5,8] There is paucity of literature for the
above‑mentioned technique in dental education and this
study is the first of its kind which has combined both the
techniques.
The aim of the present study is evaluation of theoretical
knowledge for WHO dentition status and treatment need
by fish bowl and routine teaching and effectiveness of
the combination of fish bowl and one‑minute preceptor in
understanding WHO dentition status and treatment need.

Materials and Methods
An interventional study was conducted among third year
undergraduate students (n = 38) in the Department of
Public Health Dentistry of the institute. Ethical approval
was obtained from the review board of the institution.
Students those who were willing to participate, present on
the day of study and gave informed consent were included
in the study, those who were absent on the day of study
were excluded.
Third year undergraduate students were recruited. The total
sample size was 38. Each student was informed regarding
study design and protocol. A 22‑minute lecture for WHO
dentition status and treatment need were taken for the
students and base line knowledge was checked providing
them 10 different clinical scenarios and asking them to
give WHO score.
The class were divided into two groups, i.e., intervention
group (21 students) and comparison group (17 students)
in group A and group B, respectively. Intervention group
students were explained about fish bowl and one‑minute
preceptor.
The study was completed in three weeks; the lecture was
given in the first week, during the second week, the class
was randomly divided into two groups with the lottery
method. Group A was fishbowl + one‑minute preceptor and

However, at the end of the discussion, a plenary session was
conducted by the modulator and all the missed important
points were added and mistakes during discussion were
corrected. A similar topic was also given to the routine
group and they were also instructed to discuss among
themselves.
Further, both the groups were again evaluated with the
same set of clinical images which were shown at the time
of baseline evaluation. In the third week, group A and
group B were allotted with patients for clinical evaluation.
Group A was asked to record WHO score according to
one‑minute preceptor steps as the sequence of micro skills
fosters learner ownership of the clinical problem. At the
same time, learner’s knowledge is assessed and critical
thinking is promoted, whereas Group B was instructed to
record the score as a routine standard protocol. At the end,
both the groups were compared and evaluated.
Feedback was taken from the students by means of five
open‑ended questions about their views and experience
with fish bowl and one‑minute preceptor [Table 1].
Intra‑group and inter‑group comparison was done with
Wilcoxon signed rank test and Mann–Whitney U‑test. Data
were analyzed with SPSS version 20 (Chicago IL).
Table 1: Questions was given to all the 38 students
having the following questions

1. Was the fish bowl and one‑minute preceptor discussion
meaningful? Did the discussion advance the understanding of the
group and the class?
2. Did you face any problem during discussion of the topic?
3. Did the fishbowl and one‑minute preceptor discussion cover
important concepts? Were all areas of topic discussed?
4. Did the diversity of students help them think actively?
5. Were the group members open to ideas that conflicted with his/
her own?
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Results
In relation to age, level of previous knowledge and
training, there was no difference amongst the comparison
and intervention groups as all the participants were students
of third year of BDS. The minimum score in pre‑fish and
post‑fish was 0 and 2, respectively, whereas in pre‑routine
and post‑routine, it was 0 and 1, respectively, as shown in
Table 2.
Intragroup comparison for baseline evaluation between
pre‑fishbowl and post‑fishbowl was done with Wilcoxon
signed ranked test, showing statistically significant
difference with Z value of ‑4.026 and P value of .000,
as among 21 students, all were found to give the correct
answer for the given clinical images, showing that
post‑fishbowl was better scored than pre‑fishbowl.
Pre‑routine and post‑routine did not show statistically
significant difference with Z value of − 1.536 and P value
of 0.125, as out of 17 students, five were found to have
given incorrect answers both at the time of pre‑routine
and post‑routine, one student’s answer was the same at
both the times, and only 11 students gave the correct
answer [Table 3].
Intergroup comparison with Mann–Whitney U‑test
between post‑fishbowl and post‑routine with z‑value
of −4.533 and P value of 0.000 showed statistically
significant result, manifesting post‑fishbowl better than
post‑routine [Table 4].
Intergroup comparison between a combination of
one‑minute preceptor and fishbowl with routine group
again showed a statistically   significant difference with Z
value of −4.533 and P value of 0.000 [Table 5].
Post‑study feedback was taken from all the students of
fishbowl and one‑minute preceptor by means of five
open‑ended questions [Table 1], in which out of 21 students,
18 students shared their views with positive response with
all the questions and accepted both the techniques to be
better over the traditional method. In answer to question
2, only three students were   confused with the topic and
expressed their views that they faced some difficulties in a
few cases.

Discussion
The common and the greatest challenge faced by the
teacher in a professional college is attentiveness of students
and their involvement as well as participation in the
classes.[9] Moreover, the teaching‑learning process enforces
a great deal of expectations from the teacher, equivalent
participation from students and effective classroom
management.[10]
As per Bloom’s taxonomy, developed by a team of
American educators led by Benjamin S. Bloom, the
purpose of education was “to change the thoughts, feelings
50

Table 2: Change in magnitude between pre‑ and
post‑score of comparison and intervention group
Pre‑fishbowl
Pre‑routine
Post‑fishbowl
Post‑routine

n
21
17
21
17

Mean
2.19
2.00
6.86
2.71

Minimum
0
0
2
1

Maximum
7
6
10
5

Table 3: Intragroup comparison for baseline evaluation
n

Mean Sum of
rank ranks

Z

P

Prefishbowl ‑ postfishbowl
Negative ranks
0a
0.00
0.00 −4.026b 0.000
b
Positive ranks
21
11.00 231.00
Ties
0c
Total
21
Pre‑routine ‑ post‑routine
Negative ranks
5d
7.80
39.00 −1.536b 0.125
e
Positive ranks
11
8.82
97.00
Ties
1f
Total
17
Wilcoxon sign rank test (P<0.05). aPostfishbowl <Prefishbowl,
b
Postfishbowl >Prefishbowl, cPostfishbowl=Prefishbowl, dPostroutine
<Preroutine, ePostroutine > Preroutine, fPostroutine=Preroutine

Table 4: Intergroup comparison between post‑fishbowl
and post‑routine

Groups
n
Mean rank
Post‑fishbowl
21
26.81
Post‑routine
17
10.47
Total
38
Mann–Whitney U‑test (P<0.05)

Z
−4.533

P
0.000

Table 5: Intergroup comparison between 1‑min
preceptor + fishbowl and routine

Groups
One‑minute preceptor + fishbowl
Routine
Total
Mann–Whitney U‑test (P<0.05)

n
21
17
38

Z
−4.533

P
0.000

and actions of students.” Bloom and his team suggested
that students should also be taught to apply the acquired
knowledge along with higher‑order thinking skills.[11]
His committee designed a hierarchical framework of
learning statements based on the six major categories of
cognitive thought, beginning with knowledge, followed
by comprehension, application, analysis, synthesis and
evaluation.[11]
Keeping these steps in mind, in our study, it was thought to
begin with the idea to first instill the knowledge by taking
a lecture for the topic, i.e., the WHO dentition status and
treatment need, which was followed by comprehending
the knowledge by asking students to discuss the topic
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and critically think to build up their thoughts by fishbowl
method. Further to apply their piece of knowledge, the
students were given various simulated cases so that they
should understand and are trained well to give proper and
correct score for the given case scenario.
After collecting their answer sheets, the correct score for
each image was discussed with them and they were asked
to rethink if any of their answers was incorrect so that
they can analyze how to think to give the correct score.
Further plenary session was given by the facilitator so that
students can synthesize their knowledge and the second
technique, namely the one‑minute preceptor test was used
to evaluate each student by allotting them patients and
they had to record the WHO score in patients (real‑life
scenario).
The WHO dentition status and treatment need are
internationally accepted methods to record dental caries.
The index has three segments—crown, root and treatment
need. A patient can present with dental caries and the
treatment need will change as per the severity of the
disease. Students need to understand the concept and apply
it, which could be a difficult task for new learners as the
pattern of the disease changes from one person to another.
Thus, this index was selected in the present study and we
evaluated if fishbowl, along with one‑minute preceptor, can
help students understand the concept in a better and easier
way.
The tough curriculum in a professional college must be
made interesting by implementation of new teaching
learning strategies.[12] Lecture with fishbowl discussions and
clinical reasoning with one‑minute preceptor instilled
interest in the class in majority (95%) of the students.
Lectures interspersed with discussions have always
inculcated interest in students as seen by Baetty et al.,[13]
which was similar in our study.
The teacher in fishbowl method acts more like a facilitator,
organizing friendly and favorable environment to
thrive internal motivation towards learning and thereby
inculcating interest. Moreover, lecture with fishbowl is
more student‑centered, whereas lecture alone is more
teacher‑centered.[14]
Approximately 95% of students were able to retain
information better in “lecture with fishbowl.”[15] However,
only 5% students felt that they were having some confusion
regarding some clinical scenario. When compared to
lecture alone method, all students in fishbowl group found
this technique to be more effective and innovative way of
learning, and this was also appreciated by Gibbs et al. who
found that interactive discussions before or after a lecture
always led to retain information better.[16]
Students need to retain information from classes for
interpretation and application of information with respect
to importance of the content which gave the idea to add

one‑minute preceptor technique for clinical reasoning into
the study.
The students in the intervention group, post one‑minute
preceptor training, had revealed a significant improvement
in scoring the tooth with the appropriate WHO score with
Z‑value of‑4.533, leading to high accuracy in understanding
the condition. This is essential for successful treatment
outcome, which was similar to the study done by Naik
et al., which shows a statistically significant difference
in performance of students of both the groups, and
demonstrates that there was a positive impact on learning
of the students, by either traditional or using the one‑minute
preceptor model.[6] The findings are in contradiction to a
study by Saunders et al.[17]
It was found by Aagaard et al.[18] in his study that
preceptors using the one‑minute preceptor approach were
equally or better able to diagnose the patient’s condition
correctly, in comparison to those using a routine approach,
and student abilities and knowledge were better assessed
with the one‑minute preceptor. The preceptors rated the
one‑minute preceptor approach as more efficient and more
effective.
Stheeman et al. showed that as the diagnostic confidence
of dentists increases, there is an increase in diagnostic
accuracy, and they suggested that methods should be
devised to improve the diagnostic confidence.[19] The sample
of the study was a limitation due to restricted number of
students involved in specified duration and, further studies
with larger sample size and a follow‑up study to determine
the retention of the knowledge for correct scoring system
amongst the students is the need of the hour.

Conclusion
The present study concluded the use of fishbowl and
one‑minute preceptor model to inculcate interest in
majority of the students. The students were able to retain
information better with both the techniques.
A combination of fish bowl and one‑minute preceptor could
be used for a satisfactory teaching technique for students,
because students are actively involved, and the deficiencies
of one method would be compensated by the other.
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distinct competencies.
curriculum worldwide.
Data sources: A search was carried out in PubMed, Web of Science, ERIC and
EMBASE databases for the period—July 2008 till May 2019, using MeSH terms. A
search for websites of Indian universities was also done, and undergraduate curricula
were screened.
Study eligibility criteria: The study included articles related to the undergraduate
curriculum, which contained training in geriatric dentistry. Articles in foreign languages and those related to dental hygienists were excluded.
Results: A total of 218 articles were obtained, of which 19 met the inclusion criteria. A total of 301 colleges taught gerodontology. Amongst them, 50 colleges had a
gerodontology department. Clinical training and outreach experience were provided
in 175 and 73 colleges, respectively. There are no reports on the status of gerodontology in Asian countries (excluding Japan). In India, gerodontology is not taught as a
separate subject. However, few gerodontology-related topics are covered in clinical
subjects.
Conclusions: There seems to be a wide variation in the content of gerodontology
curriculum taught worldwide. Other than the European and American regions, gerodontology is yet to develop in other parts of the world. In India, a robust training
programme is required to address the lack of dental care providers for the geriatric
population using guidelines established by ECG and ADEA.
KEYWORDS

curriculum, dental education, geriatric dentistry, teaching, training, undergraduate dental
student
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1 | I NTRO D U C TI O N

dental education curriculum in the 1980s included expansion at
the predoctoral, graduate and continuing dental education lev-

As the global population ages, there will be an increased require1-8

ment for the provision of oral health care.

els. 32,33 “Curriculum Guidelines for Geriatric Dentistry,” published

In response to the in-

in the Journal of Dental Education in 1989, further upgraded the

creasing global geriatric population, the World Health Organization

1982 guidelines. These guidelines gave academic institutions a

has given a “Call for Public Health Action” to strengthen the oral

framework for developing geriatric dentistry-related courses. 32-34

9

healthcare delivery system.

Yellowitz and Saunders, and Kress and Vidmar and Ettinger were the

An increase in the geriatric population in India, has earned it

initiators who supported the cause for special education needs for

the tag of “An ageing nation.” The geriatric population in India is

geriatric dentistry.15,22,27 The European College of Gerodontology

10

expected to increase from 8% in 2015 to 19% in 2050.

The latest

and ADEA (American Dental Education Association) have pro-

census data indicate that there are around 104 million older adults

vided guidelines for developing Gerodontology Curriculum for

(60 years and over) in India. The dependency ratio is 14.2. The lack

Undergraduates. 8

of universal social security and health programmes has led to an
increase in the dependency of India's elderly population.11 In India,
most of the old people live with their children, and around 1/5th
of them either stay alone or with their spouse. Approximately

2 | S TAT U S O F G E R I ATR I C CU R R I CU LU M
IN INDIA

3/4th of the elderly population are fully or partially dependent on
others.10

Gupta et al35 reported that undergraduate dental students had

The oral health status of the geriatric population in India does

a positive attitude towards the geriatric population. This may be

not reflect a great picture. Poor oral health conditions were reported

attributed to the Indian culture and social values. Another study

in the residents of old age homes.12 The majority of the elderly

reported relative lack of knowledge and performance of practices

group resides in rural areas in India. The oral healthcare facilities in

related to the oral health of geriatrics in the doctors working in rural

rural areas are inadequate. There is a scarcity of dental surgeons in

areas when compared with their counterparts in the urban areas.36

Primary Health Centers (first contact between patient and doctor).

Though India houses a sizeable geriatric population, the curric-

Dental care can be obtained at the dental camps conducted by the

ulum in geriatric dentistry has taken a back seat. Traditionally, the

dental institutes and at community health centres. However, the lack

Dental Council of India directs the curriculum, and geriatric den-

of awareness, general health, financial restrictions, transportation

tistry is given a diminutive status, being mentioned only in the disci-

facilities and lack of an escort may deter them from seeking treat-

plines of Complete Denture Prosthodontics and Periodontology. 37

ment. Health insurance schemes available are limited, and they cover

Though some articles

only emergency dental treatment.

13,14

1,7,23,28-31,33,34,38-59

have reported the sta-

tus of gerodontology curriculum in various countries across the

Ageing is accompanied by an increase in special needs.7,8,15

world, they have focused on particular regions. This article differs

Issues such as compromised general health due to poor oral hygiene,

from the previous reports, in providing an extensive summary of

age-associated physiological changes and co-existing multiple med-

the worldwide data on undergraduate gerodontology curriculum

ical problems may affect locomotor skills and their ability to seek

and highlights the aspects that are lacking in comparison with the

treatment.7,15-18 Lack of awareness regarding preventive aspects, fi-

standard guidelines.

nancial constraints, lack of family support and inadequate transpor-

Unlike the previous report, 54 which focussed mainly, on the

tation facilities can predispose them to oral health problems.16,19,20

data from convenience sample of faculty members from chosen

The physiological decline due to ageing affects manual dexterity,

countries, supplemented by literature review in single database,

which hampers oral hygiene maintenance.16,17 Psychological issues

the present study includes a more recent and wider literature

such as mental illness, dementia, psychosis, neurosis and depression

search on specifics of geriatric dental curriculum across the world,

add to these problems.16-20 The complexity of care for geriatric pa-

inclusive of European, South American countries and Asia-Pacific

tients has been recognised worldwide.

regions. In addition, it also highlights the curriculum details in var-

Oral health management of older people requires a comprehen-

ious parts of the world. The present study seeks to contribute to

sive knowledge of the disciplines of dentistry, medicine, nutrition,

the discipline of gerodontology, by providing insight into the grow-

psychology and pharmacology.8,21,22 To enable future dental gradu-

ing geriatric demographics and status of gerodontology in India.

ates to be competent to manage the geriatric oral health problems,

Further, this review can act as an impetus for developing policies

the inclusion of gerodontology in the undergraduate dental curricu-

and solutions for implementing the curriculum of dental geriatrics

lum is essential.3,16,23 Students' attitude towards the elders can be

in India.

transformed by including geriatrics in the dental curriculum, and

The aim of the present review was to analyse the current status

a positive attitude would enable them to provide better geriatric

of gerodontology undergraduate curriculum worldwide. The objec-

care. 24-26

tive was to perform a content analysis of the undergraduate dental

The need for geriatric dental education was perceived as
early as the 1970s.15,23,27-31 Calls for amendments in the geriatric

curriculum and make recommendations for the inclusion of gerodontology curriculum in India.
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3

The research question on which the present review is based is:
What is the current status of Geriatric Dentistry in the undergraduate dental curriculum in various dental schools all over the world?

3 | M E TH O D O LO G Y
3.1 | Design
The present study is a narrative review of literature focussing on the
inclusion of geriatric dentistry in dental schools in various parts of
the world.

3.2 | Eligibility criteria
Articles were selected for the review based on strict inclusion criteria. Original papers and reviews related to the content and extent
of the undergraduate curriculum of geriatric dentistry followed in
various dental schools were included in the study. However, articles
focusing on gerodontology curriculum for dental hygienists were
excluded. Articles in foreign languages were also excluded. Letters
to the editor and editorials were excluded. Studies testing modules
of geriatric dentistry that were not a part of the curriculum were

FIGURE 1
process

Flowchart of the search strategy and exclusion

also excluded. The outcomes expected from the search were the
number of countries implementing geriatric dentistry curriculum,
the extent of implementation, the teaching format and methods, the

articles meeting the inclusion criteria were considered for the re-

number of teaching hours and the Departments involved in teaching

view. Data were extracted from these articles as shown in Table 1.

gerodontology.

Articles that were excluded were listed, and the reason for rejection was recorded. Among the excluded articles, one hundred and

3.3 | Information source and search strategy

fifty-nine were not related to gerodontology curriculum, eight were
from dental hygiene courses, five were in foreign languages, four
were editorials, one was an opinion paper, and one was a poster

A literature search was carried out in four databases (PubMed, Web

presentation.

of Science, ERIC and EMBASE) for the time period—July 2008 till May
2019. The cross-references of relevant articles were also checked to
retrieve more articles. The search was carried out using MeSH terms

3.4 | Data extraction

and text words for the concepts of gerodontology, curriculum and
undergraduate dental students. An electronic and manual literature

Data extraction and observation of frequencies of the various

search was carried out by an information specialist and validated by

outcome measures were attempted. We assessed the programme

the authors (KS and SN).

specifications and course specifications of geriatric dentistry, such

The detailed search strategy and results are depicted in
Figure 1. Duplicate articles were removed before the final screening. The titles and abstracts of these manuscripts were reviewed

as contact hours, the topics covered and the clinical content.
The literature review was supplemented by the following steps
to address the relative lack of data in the Indian scenario:

by two authors (KS and SN), considering the inclusion and exclusion criteria. Inter-rater reliability was assessed, and the Cohen's

• Emails were sent, followed by telephonic calls to various officials

kappa coefficient was determined. The percentage of agreement

(various Dental Specialty Associations and editors of selected na-

was 95.56%, and kappa value was 0.75, indicating substantial

tional journals) seeking information on steps taken/proposed to

agreement between the raters. The selected articles were evalu-

be taken, if any, to counter the relative lack of Gerodontology in

ated, and any differences in opinion between the reviewers were

the undergraduate curriculum in India.

resolved through discussion, till a consensus was reached. A total

• An extensive search for websites of Indian universities was done,

of 132 articles from PubMed, 31 articles from Web of Science, 12

and the undergraduate curriculum was screened to find gerodon-

articles from ERIC and 43 from EMBASE were retrieved. Finally, 19

tology-related topics in the existing curriculum.
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TA B L E 1

Characteristics of included publications and their main conclusions
Main conclusions

Country/University

Type

No. of schools teaching
gerodontology

Germany

Original article

-

Compulsory and specific
Elective series of lectures by multidisciplinary
team in eighth semester.

Nitschke I51 (2009)

Germany and
Switzerland

Original article

-

Compulsory and specific
9th semester: seminar on gerodontology and
gerontology
-10th semester: revision course on
gerodontology

Ettinger RL47
(2010)

USA

Professional issues

Kitagawa43 (2011)

Japan

Original article

Ettinger RL30
(2012)

USA

Educational report

Compulsory

Brondani MA56
(2012)

Canada

Short report

Non-elective

Publication
Nitschke I
(2008)

50

Elective/compulsory and part/specific

10/29 (4: Public; 6:
Private)

|
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Year/semester of course/
teaching hours

Depts. involved in training,
programme director and training
of director

Programme educational methods

Didactic and 6 semi-annual visits
to LTC (long-term care facility)

04 y (8 semesters)

-

Lectures and clinical education

Didactic and 3 clinical activities
(hospital-based assignment to
gerodontology clinic and two
extramural activities: one in
a geriatric ward and a mobile
dental service, MobiDent (for
pensioners).

02 y

-

Lectures varied clinical exposure
Gerodontology part of final
oral examination in removable
prosthodontics

-

Didactic

19 dental schools: do not
have geriatric dentistry dept.
and prosthodontic dept. is
responsible for teaching geriatric
dentistry
Some schools multidisciplinary
Department chair: Prosthodontics

Didactic, Practical (Laboratory)
Cross-training in geriatric dental
research and clinical dentistry
(Showa University)

Didactic/clinical/outreach

Required didactic teaching
(1998):
Canada: 03/09
USA:46/52
Clinical teaching:
Canada: 04/09
USA: 28/52
Didactic, Hospital, Local clinics,
nursing home, long-term care
facility

LTC

Fourth-year students
26 h: Didactic;
17 h: Practical
Fifth-year students: 90 clinical
hours especially for geriatric
dentistry
Total training hours in geriatric
dentistry was around 10% of
the curriculum.
Didactic course: 2 h
Geriatric and Special Care
Programme: 5 wk

Multidisciplinary didactic course
Dental school clinic and Geriatric
Mobile Unit
Every Wednesday: 90-min seminar
(case-based discussion)
Students felt more competent
after 4-wk clinical experience in
geriatric mobile unit.

4 y (one-half d/wk)
PACS
(Professionalism and Community
Service) year 1
CSL
19 half days restructured to 17
half days (3 h) each

Community service learning—
main theme of PACS year 1 in
which they first had theoretical
preparations about Community
service learning (CSL) by lectures,
seminars, group discussions and
presentations.
Information was provided on ageing
and dental geriatrics through
literature search and existing
dental geriatric programme. This
was followed by the development
of proposal and preparation of a
CSL project.

5

(Continues)
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TA B L E 1

(Continued)
Main conclusions

Publication

No. of schools teaching
gerodontology

Elective/compulsory and part/specific

Country/University

Type

USA

Predoctoral dental
education

55 schools (89%)

Compulsory: 54 schools (87%)
Elective: 01 school

Nitschke I52 (2013)

Austria, Switzerland and
Germany

International
Dental Education

Universities having
organisational units
for teaching:
Austria: 0/2
Switzerland: 2/2
Germany: 5/16

Practical teaching in nursing homes compulsory
in:
Austria: 0
Switzerland: 3/3
Germany: 7/9

Leon S 44 (2014)

Chile

Original article

16 (84%): Some aspect
of geriatric dentistry;
9 schools (4 public &
5 private); 7 (37%):
formal course in
geriatric dentistry

71%: semi-annual
29%: annual course
80%: clinical training (dental treatment); 20%
oral examination &oral health promotion
16%: Extramural training

Slack-Smith LM1
(2015)

Australia

Original article

Search of Australian
dental school
websites revealed
that gerodontology
was not a significant
element of the dental
curriculum.

Levy N

46

(2013)

|
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Didactic/clinical/outreach

Year/semester of course/
teaching hours

89%: Didactic component
14 schools (22.6%): clinical
training (including and
excluding elective courses)

0-163 h (including electives);
0-100 h (excluding electives)
No. of lecture courses: 0-5
(including and excluding
electives)
No. of courses (including
elective): 0-15 (0-11 excluding
electives)
Average no. of courses in
geriatric dentistry per school:
2.03 (including electives); 1.81
(excluding electives)
No. of credits listed: 0-54
(including and excluding
electives)
No. of clinical courses: 0-10
(including electives); 0-6
(excluding electives)

Didactic, Mobile dentistry,
Extramural

Lectures: Third or Final Year
Teaching hours:
Austria:
35% of depts.
3-4 h
35% of depts.
1-2 h
Switzerland:> 60% of depts.:
5+ h
Germany:> 50% of depts..: 1-2 h

7 (37%):Specific course
6 (32%): geriatrics as part of
other courses
2 (10%): isolated lectures
1 (5%):Elective lecture
7 (43%): 5th year
5 (29%):4th year
2 (14%):6th year
2 (14%): 4th and 5th year

Depts. involved in training,
programme director and training
of director

7

Programme educational methods
81% (excluding electives) or 82%
(including electives) had lecturebased geriatric component

Germany: Dept. of
Prosthodontics& Material
Science
Switzerland: Dept. of
Prosthodontics
Dept. having aspect of
gerodontology presented in core
subject of prosthodontics:
Austria: 7/8
Switzerland: 5/7
Germany 60/72
Average no. of lecturers involved:
Austria: 04
Switzerland: 08
Germany: 06

Lecture series/seminars/extramural
activities:
Lecture series:
Austria: 2/3
Swiss: All
Germany: 7/30
Multidisciplinary with higher
geriatric/gerontology content
Gerodontology seminars:
Austria: 2/3
Swiss: All
Germany: 6/30
Practical exposure of students to
mobile dentistry and extramural
activities:
Austria: 1/3rd
Switzerland: 3/4th
Germany: 1/3rd
Gerodontology was a compulsory
subject which was also part of final
examination in Switzerland unlike
Austria and Germany.

Half of the schools had a geriatric
course director. More than half
(57%) of the course directors
had formal training in geriatric
dentistry, 43% were trained in
prosthodontics, public health or
other areas, including special care
needs.

In schools with didactic component
on geriatric dentistry, 71%: Clinical
training (Dental clinic/extramural)
29%: Didactic teaching
No curricular guidelines on geriatric
dentistry exist.

-Some schools had topics of
geriatric dentistry covered in oral
medicine and special dentistry.

Only two programmes mentioned
about geriatric dentistry lectures.

(Continues)
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(Continued)
Main conclusions

Publication

No. of schools teaching
gerodontology

Country/University

Type

Brazil

Original article

Ettinger RL48
(2017)

USA

Predoctoral dental
education

56

Nitschke I53 (2017)

Austria, Switzerland &
Germany

Original article

Austria: 01
Germany: 05
universities
Switzerland: 03

Bittencourt
(2016)

57

Elective/compulsory and part/specific
Theory: 1 h
Practical: 4 h/wk (Day clinic)
Compulsory (according to 92.8%)

|
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Didactic/clinical/outreach

Year/semester of course/
teaching hours

One semester (8th period of
course): 80 h

Depts. involved in training,
programme director and training
of director

9

Programme educational methods

Subject lecturer: Specialist
in Geriatric Dentistry and
Periodontology

Theoretical/Practical

Didactic and Clinical

Third year (59%)
Final year (19%)
Second year (19%)

Specific course director: 58.9%,
Multidisciplinary team: 19.6%
Training of Director:
Geriatric dentistry: 46.4%,
Prosthodontics: 16.1%,
Oral Medicine: 14.3%,
Special need population: 35.7%,
Dental Public Health: 26.8%
Didactic and clinical geriatric
dentistry taught by dept. of:
Preventive and Community
dentistry,
Comprehensive care and
Combined

Independent course: 62.5%, Series
of lectures: 25%,
Occasional lectures in other
courses: 8.9%
Separate geriatric or special care
clinic provided treatment to frail
and functionally dependent adults
in 34%.
Compulsory clinical education in
geriatric dentistry: 57.1%
54% of the schools were planning
to expand their programmes in
geriatric dentistry.
-Traditional topics taught included
medical, nutritional and oral
health problems of the elderly,
oral and dental tissue changes
associated with ageing, restorative
management, etc, and were
compulsory in most of the schools.
-Nontraditional topics included
barriers to dental care, socioeconomic problems, ageing
theories, restorative management
of compromised elderly, etc

Didactic, Extramural activities in
LTC/Geriatric hospitals

Lectures: Between 7th and 10th
semester
Average lectures of 45 minutes
of duration were 25.9 lectures.

Austria and Germany: Dept. of
Prosthodontics
Switzerland: Dept. of
Gerodontology in 02 universities
and in 01 university dept. of
reconstructive dentistry
Depts. having aspects of
gerodontology in lectures of core
subjects (oral surgery, operative
dentistry, periodontology,
prosthodontics):
Austria: 6/7
Switzerland: 2/6
German: 45/53
Average no. of lecturers involved:
Austria: 02
Switzerland: 08
Germany: 06

123 lectures covered
gerodontology (Austria: 12
Switzerland: 03
Germany: 108)
186 topics covered in 11 domains;
mainly from geriatrics/gerontology
domain followed by prosthodontic,
conservative, endodontic and
periodontic topics. Lecture series
offered in: Austria: 2/4
Switzerland: 4/4
German: 3/25
Extramural activities (LTC/Geriatric
hospitals):
Austria: 0
Switzerland: 3/4
Germany: 5/25

(Continues)
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TA B L E 1

(Continued)
Main conclusions

Publication

No. of schools teaching
gerodontology

Elective/compulsory and part/specific

Country/University

Type

Europe

Research article

Approximately 86%
(106/123) of dental
schools taught
Gerodontology

Gerodontology taught as an independent
subject in 46 schools; compulsory element in
64 schools; partially in 19 schools

Ettinger RL49
(2018)

USA

Original article

56

Compulsory (according to 92.8%)

Marchini L et al54
(2018)

5 continents (Australia,
Brazil, Canada, China,
Europe, Japan, Nigeria,
South Africa, USA)

Article

Australia: 92% (12
schools)
Brazil: 27.7% (61/220
schools)
Canada
China: 0.6% (1/179)
schools
Europe: 86.2% of 123
responding schools
Japan: 29
Nigeria
South Africa
USA: 56

Elective course: 1.1% (2 schools)
Embedded in other courses: 1.7% (3 schools)
Compulsory: 52%
Independent course: 37.4%
Compulsory
Compulsory course: 92.8%
Specific course: 62.5%
Lecture in another course: 25%
Integration in the curriculum: 8.9%

Kossioni A
(2017)

45
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Didactic/clinical/outreach

Year/semester of course/
teaching hours

Depts. involved in training,
programme director and training
of director

11

Programme educational methods

Approximately 64% of schools
offered clinical teaching - few
(16 schools, 13%) provided
clinical training only in outreach
facilities; 16 schools, 13%
training in both dental school
and outreach & 43 schools; 35%
clinical training only within the
dental school. One school had a
mobile unit

Most schools provided
gerodontology in higher
semesters (7th −12th), few in
the first semesters (1st −5th)
and some throughout different
years of curriculum starting
from the 1st semester

-Subjects that incorporated
gerodontology teaching were
prosthodontics, preventive
and community dentistry,
special care dentistry, operative
dentistry, periodontology, oral
and Maxillofacial surgery and
endodontics.
Around 44% schools had a
gerodontology programme
director.
46% programme directors were
trained in gerodontology or
special care dentistry.
-Gerodontology was taught mainly
by prosthodontists.
-17% had a specific gerodontology
department.

Didactic lectures, small group
seminars, problem-based learning,
conducting research, maintaining
student portfolios, blended
learning and e-learning.

Didactic and Clinical

<9 lectures: 30.6%
10-15 lectures: 44.4%
more than 16 lectures: 25%
Specific independent course:
10-15 or more lectures (71.4%)
Third year (59%)
Final year (19%)
Second year (19%)

Specific course director: 58.9%,
multidisciplinary team: 19.6%
Training of Director:
Geriatric dentistry: 46.4%,
Prosthodontics: 16.1%,
Oral Medicine: 14.3%,
Special needs population: 35.7%,
Dental Public Health: 26.8%
Didactic and clinical geriatric
dentistry taught by dept. of:
Comprehensive care,
Preventive and Community
dentistry and Combined

Independent course: 62.5%, Series
of lectures: 25%,
Occasional lectures in other
courses: 8.9%
Compulsory clinical education in
geriatric dentistry: 57.1%
- The topics mainly included
medical problems of elderly,
oral and dental changes with
ageing, oral manifestations of
systemic disease and restorative
management of the elderly.

some aspect of geriatric
dentistry
No geriatric specific clinical
module
Limited experience with the old
population by family dentistry
courses
Long-term care institutions not
included
Extramural rotation to LTC (5
dental schools)
No specific clinical geriatric
dentistry training
Clinical geriatric teaching: 64.2%
Clinical training in outreach
facilities: 26.8%
100% (29/29): Lectures
89.7%(26/29): Practical training
83% (24/29): Domiciliary care
Compulsory clinical education:
57%

3rd or 4th year

Australia: restorative dentistry,
oral medicine, special needs,
preventive dentistry
Dental Public Health, Special care,
Prosthodontic
Removable prosthodontics/
Special needs dentistry
Periodontology, Prosthetic &
Conservative dentistry
Restorative dentistry,
Periodontology & Oral Medicine

Lectures, Integrated learning,
clinical placement (Residential
Care facility)
Didactic
Didactic (10 undergraduate
programmes)
Didactic

(Continues)
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(Continued)
Main conclusions

Publication
Attard N et al
(2018)

55

Nunez et al59
(2019)

Nilsson A et al58
(2019)

Country/University

Type

No. of schools teaching
gerodontology

Elective/compulsory and part/specific

Malta

Original article

01

Compulsory

5 South American
countries (Chile, Brazil,
Argentina, Peru &
Columbia)

Original article

09
(3 Brazilian, 2
Chilean, 2 Peruvian,
1 Argentinean, 1
Columbian)

Compulsory

Review article

4 | R E S U LT S

Switzerland, Netherlands, Belgium, Hungary, Poland, Serbia, Slovakia,
Sweden, UK, Ukraine).
Around 151 dental schools (mainly in Europe, South America

A total of 218 articles were obtained from the literature search.

and North America) taught Gerodontology as an independent sub-

Out of these, 178 were excluded as they did not fulfil the inclu-

ject or a stand-alone course. In 121 schools (mostly in Europe and

sion criteria. The results of our literature search are represented in

Asia), gerodontology subject was taught by clinical departments,

Table 2 from forty-two countries ranging from USA, Japan, Canada,

and 50 schools (mainly in Europe, Asia and North America) had a

Australia, Chile, Brazil, Argentina, Columbia, Peru, European coun-

separate gerodontology department to teach the subject to under-

tries (Austria, Belgium, Croatia, Denmark, Estonia, Finland, France,

graduates. Among the dental schools teaching gerodontology, only

former Yugoslav Republic of Macedonia, Germany, Greece, Hungary,

59 schools (mainly in Europe, North America and South America)

Iceland, Ireland, Italy, Lithuania, Malta, Norway, Poland, Portugal,

had directors trained in gerodontology.

Moldavia, Romania, Serbia, Slovakia, Spain, Sweden, Switzerland,

Gerodontology was provided in the higher semesters in 70

The Netherlands, United Kingdom, Ukraine), China, Nigeria, South

schools and throughout the semesters in 22 European schools. In

Africa and India.

the USA, around 33 schools taught gerodontology in the third year
and the others in the second year and fourth year. In Japan (Showa

4.1 | Status of gerodontology teaching all
over the world

University), gerodontology is taught in the fourth and fifth year of
undergraduate education. In Chile, it is taught in the fourth, fifth and
sixth years. In Canada, it was embedded in the third or fourth year
of dental public health course or community care or prosthodontic

A total of 301 dental schools (from 31 countries) around the world

courses.

have included geriatric dentistry in some form in their undergraduate

The number of lectures ranged from 14 to 54 lectures (of 45 min-

curriculum. These countries include USA, Japan, Canada, Australia,

utes each) in Austria, Switzerland and Germany. In the USA, around 40

Chile, Brazil, Argentina, Columbia, Peru, China and European coun-

schools taught the subject for 10-15 hours or more. In Japan (Showa

tries (Austria, Germany, Croatia, Denmark, Estonia, Finland, former

University), in the fourth year, 26 hours of didactic and 17 hours of prac-

Yugoslav Republic of Macedonia, Greece, Ireland, Malta, Norway,

tical training are provided, followed by 90 clinical hours in fifth year.

|
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Didactic/clinical/outreach
Open clinics included variety of
dental procedures including
patient management in wards
serving as domiciliary visit.
- In second year: preclinical
theoretical & practical
training in complete denture
prosthodontics. In third year:
students provided treatment
to specific geriatric cases. In
fourth year: gerodontology
theoretical modules & then
exposed to clinical training
related to fully dependent older
adults.

Year/semester of course/
teaching hours
Third year: 108 h with 1 session
removable prosthodontics and
1 session open clinic
Fourth year: 120 h with 2
sessions open clinic and 1 oral
diagnosis clinic
Fifth year: 100 h with 2 sessions
open clinic and 1 oral diagnosis
clinic
Contact time with patient: 328 h
34 wk of clinical practice

Theoretical/Theoretical-practical

Depts. involved in training,
programme director and training
of director

13

Programme educational methods

Tutor-to-student ratio: 1:4
Team comprises three specialists
in geriatrics (two dentists with a
dental hygienist), public dentist,
prosthodontist, oral pathology
and oral medicine.

Prosthodontics (few with training
in Geriatric Dentistry)

Dental clinics
Hospitals
Long-term care facilities

Dental schools show variation in the
gerodontology curricula followed

4.2 | Method of delivery of gerodontology
education/educational method
4.2.1 | Didactic

In Europe, the procedures performed were oral health prevention and education. In the USA, off-site clinical procedures involved
providing comprehensive care and oral screening procedures. The
remote sites utilised were mainly community clinics, nursing homes,
geriatric day care centre and geriatric hospitals. Chile included the
promotion of oral health and oral examination along with treatment

Around 268 dental schools provided didactic training (with or with-

to institutionalised elderly.

out clinical component). In Europe, the educational techniques
adopted were group seminars, problem-based learning, conducting
research, blended learning and e-learning. In the USA, mainly lectures and seminars were employed.

4.2.2 | Clinical and extramural

4.3 | Trainers/Departments involved and
content of the programme
In Europe, 54 schools had a programme director, of which 21 directors had specialised in geriatric dentistry. The majority of the
teachers were prosthodontists. The United States had 32 direc-

A total of 175 dental schools provided clinical training, and only 73

tors, with 25 trained in gerodontology. The department responsi-

had extramural or outreach training. In Europe, 11 schools had an ex-

ble for teaching didactic geriatric dentistry was mainly Preventive

clusive geriatric clinic, while in others, it was a part of other disciplines’

and Community Dentistry. Chile had 16 programme directors, and

clinics. About 33 schools reported training in outreach places like

among them, nine were trained in geriatric dentistry.

nursing homes, geriatric day care, geriatric hospital and patient home.

Further, this study provides the current lesson plans related to

In Japan, around 24 schools provide students with opportunities to

geriatric dentistry in Table 3 in various dental schools. In Australia,

experience home dental care service. In Australia, three universities

the teaching of gerodontology-related topics was associated with

provide clinical placements and visit residential care facilities (RCFs).

restorative dentistry, oral medicine, special needs and preventive

In the USA, around 49 schools offer clinical training, and at least five

dentistry. The topics covered included dental demographics, den-

schools in Canada provide outreach exposure. In Chile, 11 schools pro-

tal problems, age-related changes, clinical issues, management,

vided clinical training, including extramural exposure.

general health, mental health and treatment planning. In Brazil,

14
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Distribution of schools according to various aspects related to gerodontology teaching 1,44,45,48,49,54,59
Number of schools/ universities in various countries
European countries

Japan

Brazil

USA

Australia

China

Gerodontology taught in any form in
undergraduate

106

29

61

56

12 publically funded
schools

6

Gerodontology taught as a
independent subject or stand-alone
or specific course

46

61

35

Gerodontology managed by clinical
departments (C) or Gerodontology
department (GD)

102 (clinical dept)
21 (G D)

Programme director s and no of
directors trained in Gerodontology

54 directors
25(trained)

Didactic

84

29

61

56

2

Clinical

79 (11 dedicated
geriatric clinic)

26

3

39

3

Outreach

33
1 (mobile unit)

24

19
(prosthodontics)
10 (G D)

1

19 (G D)

32 directors
(25 trained)
6

Abbreviations: C: Clinical department; GD: Gerodontology Department.

ageing-associated topics were covered by prosthodontics depart-

total of 15 universities, having 146 dental schools affiliated to them,

ment, integrated clinical practice and periodontics.

had syllabus available online. Few topics were embedded in the

In South Africa and Nigeria, gerodontology-related topics were

existing curriculum of prosthodontics and periodontics. The most

embedded in oral medicine and prosthodontics, respectively. In

common topics were diagnosis and treatment planning, age changes

addition, it was associated with the disciplines of restorative den-

in the periodontium, and nutrition needs in the elderly as shown in

tistry and periodontics. In Chile, the disciplines of Public Health

Table 4.

and Prosthodontics provided gerodontology training. Chile,
Europe and the USA had gerodontology faculty as the director of
the course.
In Europe, the common topics were medical problems in el-

4.5 | The response of Specialty dental
associations and a few Editors of Indian Journals

derly, salivary impairment, denture-related and prosthodontic
management, age changes in the orofacial system and epidemi-

We received limited and varied inputs regarding the inclusion of

ology of oral health. In Japan (Showa University), the curriculum

geriatric dentistry in the Indian curriculum. All the authorities who

outline was almost similar to the guidelines prescribed by the

responded mentioned that gerodontology was not taught as a part

European College of Gerodontology. In the USA, the most popular

of the curriculum. Neither was any effort being made to teach it

topics covered were barriers to dental care, socio-economic prob-

despite its absence in the curriculum. One of the editors expressed

lems, the demographic distribution of elderly, medical issues with

that, “We need to have only a comprehensive syllabus and not a

elderly, oral and dental tissue changes associated with ageing. In

specific one; therefore, any specific modification to the syllabus is

Chile, the common topics covered were demographic distribution,

not necessary.”

ageing and theories of ageing, and medical conditions.

Another quoted that “We have little to talk in terms of existing curriculum and policies related to the oral health of the ageing

4.4 | Status of gerodontology in India

and aged population.” The only significant step made for the improvement of geriatric quality of life is the free or low-cost denture delivery programme started in the state of Karnataka (under

The undergraduate curriculum recommended by the Dental Council

the aegis of the state government) and similar services offered by

of India does not include gerodontology. Our literature search also

some dental institutions across the country. The President of one

revealed that training in geriatric dentistry is non-existent in India. In

of the specialty dental associations showed a positive attitude and

India, dental schools are affiliated to government or private health

was ready to take up proposals to include geriatric dentistry in

universities. An extensive search for websites of Indian universities

the undergraduate curriculum. One of the faculty also commented

was done, and the undergraduate curriculum was screened to find

that the inclusion of geriatric dentistry is the need of the hour in

gerodontology-related topics covered in the existing curriculum. A

India.
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Canada

Nigeria

10

South Africa

Chile

Argentina

Peru

Columbia

Total

1

16

1

2

1

301

1 (stand-alone didactic
module)

7

15

151

121 (clinical dept)
50 (G D)
16 director
9 (trained in GD)

102
59 GD

10

16

1

2

1

268

10

11

1

2

1

175

5

11

73

5 | D I S CU S S I O N

programme provides dental care to geriatric patients in long-term

The proportion of the geriatric population is increasing worldwide.

reach and regular) are provided to the elderly group (who are in-

Among all the countries, Japan, Italy, Germany, Finland and Bulgaria

stitutionalised or homebound). In Sweden, there are on-site dental

have the highest (>20% of the total population) proportion of elderly

care units that offer preventive programmes as well as other dental

population.60 This rising trend is of importance as the dental work-

care facilities for geriatric patients. Prostheses are subsidised for

force needs to be trained in the management of geriatric patients,

patients over the age of 65, through cost protection scheme. 61,62

which needs special competence. Additional skills are required for

In Switzerland, social dental clinics are formed to provide dental

the dental management of the elderly group, as they have different

treatment free of cost or at a minimal fee for the geriatric popula-

characteristics (because of medical conditions, psychological issues,

tion. 63 In India, on-site delivery seems to be unavailable, and there

social factors, etc).

is a relative lack of health security for the elderly group. 64

psychiatric care facilities. In Norway, free dental services (out-

The status of gerodontology worldwide varies, with few countries having a better system of training in gerodontology, and a
higher proportion of remaining countries lacking it. Although few

5.2 | Situation in India

countries have implemented gerodontology almost three decades
earlier, not many initiatives have been taken in the Australian, Asian

Though there is a rise in the geriatric population in India, the dental

and African countries.

care delivery system does not have an exclusive method to address

In most of the developing countries, geriatrics, as well as gerodontology, is not well developed. In India, geriatrics has been receiving attention in recent years. However, the same is not seen with
gerodontology.

the dental needs of the geriatric population and financial constraints
faced by the geriatric population as shown in Tables 5 and 6.
In India, the Ministry of Social Justice and Empowerment oversees the welfare of senior citizens and develops programmes and
policies for senior citizens in close collaboration with state govern-

5.1 | Geriatric dental care delivery models
in countries which are forerunners in geriatric
dental care

ments. There is a National Programme for Health Care of the Elderly
(NPHCE), which aims to provide, preventive, curative and rehabilitative services to the elderly group at various levels of the healthcare delivery system of the country. It develops specialised human
resources for the health care of the elderly group and also promotes

Some countries have a better and well-organised model of geri-

research in the field of diseases of old age. The government has es-

atric dental care delivery, mainly the Scandinavian countries,

tablished eight national centres for ageing and 12 regional geriatric

Switzerland and Germany. In Denmark, dental care is provided to

centres.65 The Medical Council of India has introduced MD (Doctor

the elderly (both nursing home residents and disabled homebound

of Medicine) in geriatrics to meet the demand for specialists in geri-

elderly) free of cost by the municipalities. On-site oral health

atric medicine. The Dental Council of India is yet to add any courses/

16
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Common topics taught in the universities mentioned below

Topics common to all the universities mentioned below
Demographics of ageing
Physiology, Pathology and Psychology of ageing
Pharmacology in old age
Ageing and theories of ageing
Orofacial system of ageing
Socio-economic problems; Barriers to oral care
Epidemiology of oral health
Geriatric assessment
Recording history; Diagnosis and treatment planning
Oral mucosal diseases
Medical problems in old age
Salivary impairment/xerostomia
Caries risk assessment and management; Periodontal disease
Prosthodontic management
Adaptation/learning
Neurological considerations
Visual and auditory loss in the elderly
Oral management of frail elderly
Modification of standard techniques
Home care
Communication skills
Nutritional/chewing problems
Oral health education
Topics specific to each university
Place

Contents

Japan
Showa University 43

DIDACTIC (26 h)
Public health issues
Implantology for older persons
Theory of therapy

PRACTICAL (17 h)
Evaluation
Laboratory training

European dental schools 45
{123 responses from 29 countries}
(56.9% response rate)

Association between general and oral health
Management of people with compromised health and various levels of dependency
Risk assessment
Tooth wear assessment
Interdisciplinary management of the ageing individual
Endodontic assessment
Legal issues (ie Ability to consent)
Principles and practice of palliative care

Germany50,51

Didactic and clinical components of LPEG
Problems related to the dental care of different groups of elderly
Elective series of lectures presented by doctors, geriatricians, nutritionists/diabetologists,
dermatologists, psychiatrists, nursing specialists and others

Switzerland51

Aspects of geriatrics
Health systems for ageing populations
Dealing with psychiatric patients
The use of a mobile clinic

US dental schools 48,49

Dentists’ attitudes towards the elderly
Care of mentally incompetent elderly
Other specialty care of elderly
Geriatric dentistry practice management

(Continues)
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(Continued)

Topics specific to each university
Place

Contents

Japan
Showa University 43

DIDACTIC (26 h)
Public health issues
Implantology for older persons
Theory of therapy

Chile 44

Oral manifestation of systemic diseases
1

Australia

PRACTICAL (17 h)
Evaluation
Laboratory training

Elements of geriatric dentistry were covered within “comprehensive” subjects or in specialist
disciplines such as oral medicine and special needs
Some dental schools were “mapping” elements in their four- or five-year course of study which
related to dentistry for older people – and describing this as their programme
No substantive integrated programmes focusing solely on the oral health needs of older people

programmes to meet the demand for dentists trained for providing

enables the student to provide primary dental care for the geriatric

geriatric dental care.

(excluding the homebound, critically ill and the very old), could be a
hindering factor.

5.3 | Current status of gerodontology in
undergraduate curriculum worldwide

The ECG and ADEA guidelines recommend that gerodontology
teaching should begin from the initial years and continue to the final
year of the undergraduate course. In most of the countries, gerodontology has been included in the higher semesters. Few have them in

All around the world around, 301 dental schools teach gerodontol-

the second semester, but only around 10% of the schools taught it

ogy in some form. In a global scenario, this number appears to be too

throughout the semester. The preclinical years should include theo-

small. Almost one-third of the dental schools teaching gerodontol-

retical classes on demographics, physiology and pathology of ageing,

ogy are in Europe. Another one-third are in North America and South

age-associated changes, communication, nutrition, etc Incorporating

America. The reason for the lack of development of gerodontology in

gerodontology-related topics, in each stage of the undergraduate

the other parts could be due to the higher proportion of young popu-

course, would maintain continuity and act as reinforcement when

lation/lower percentage of geriatric population in these countries. In

the student treats the patient in the clinical years.

spite of this, if measures, to implement geriatric dentistry in the cur-

Didactic teaching is the educational method followed in all

riculum are initiated, the dental students will be competent to provide

the dental schools teaching gerodontology. The ECG (European

better geriatric dental care as this younger population ages.

College of Gerodontology) and ADEA (American Dental Education

Around one-third of the schools teaching gerodontology taught

Association) recommend supplementing the didactic teaching with

it as an independent subject or stand-alone or specific course. In the

clinical and outreach activities. Almost half of the schools teaching

remaining colleges, it was embedded in other subjects—more com-

gerodontology did not provide clinical training, and only one-fourth

monly in Prosthodontics, Periodontics and Community Dentistry.

of them provided training in outreach centres. Theoretical teach-

At times, multiple departments were involved. Various departments

ing, unless accompanied by clinical training, does not contribute to

provide an interdisciplinary approach to the treatment plan, provid-

the clinical skill development of the students. Also, it may not help

ing a better quality of care to the geriatric patient. No published data

in improving the student's attitude towards the geriatric patients.

exist, on the status of gerodontology curriculum in Asian countries

Treating a geriatric patient in the outreach facilities or at home varies

(excluding Japan).

from treating them in clinics. Hence, it is essential to include training

The European College of Gerodontology recommends that gero-

in outreach facilities to supplement clinical practice.

dontology training should be mandatory, and it should be provided

In Canada, Greece, Austria, Germany, Croatia, Denmark, Estonia,

by a separate gerodontology department/division. Having a sepa-

Finland, former Yugoslav Republic of Macedonia, Ireland, Malta,

rate gerodontology subject as well as a gerodontology department

Norway, Switzerland, Netherlands, Belgium, Hungary, Poland,

could help in providing well-focused training to the undergraduates.

Serbia, Slovakia, Sweden, UK, Ukraine, Japan, USA, training in geri-

Currently, only about 16% of the colleges teaching gerodontology in

atric dentistry is mostly didactic. The USA, Chile, Japan and Europe

any form have a separate gerodontology department. The require-

have clinical exposure also. Most schools in Chile impart some teach-

ment of additional resources such as infrastructure, trained faculty

ing of geriatric dentistry, with 37% having formal courses.

and additional time in an already crowded curriculum may be de-

Australia is another continent where gerodontology is in a develop-

terrents in establishing a gerodontology department. In addition,

ing stage. Until 2015, gerodontology was not a significant element of

the lack of importance given to gerodontology, because of the per-

the dental curriculum in Australia, with only two programmes related to

ception that the necessary training given in undergraduate studies

geriatric dentistry being conducted. It was mainly included in lectures,

18
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Gerodontology-related topics embedded in existing clinical subjects in various universities in India

Name of university

Topics mentioned in syllabus

Rajiv Gandhi University of Health Sciences (RGUHS)
(40 dental colleges)

Geriatric dentistry: management of aged senior citizen
Nutrition needs and status of the elderly
Emergency in prosthodontics (general management)
Age changes in periodontium and their significance in dentistry

Sri Balaji Vidyapeeth, Puducherry (1 dental college)

Patient management of all age with special reference to geriatric

Kerala University of Health Sciences (25 dental colleges)

Diagnosis and treatment planning: the geriatric patient

D Y Patil University (2 dental colleges)

Age changes in periodontium and their significance in geriatric dentistry,
(Periodontics); diagnosis and treatment planning for patients: The geriatric
patient (Prosthodontics)

Tamil Nadu Dr MGR University (19 dental colleges)

Has specified in their goals student should manage geriatric dental problem.
However, no details of gerodontology-related topics covered have been
mentioned

SRM Institute of Science and Technology (2 dental colleges)

Geriatric dentistry

Jagadguru Sri Shivarathreeshwara (JSS) University (01 dental
college)

Age changes in periodontal structures and their significance in Geriatric
dentistry Age changes in teeth and periodontal structures and their
association with periodontal diseases
Diagnosis and treatment planning: the geriatric patient

Maharashtra University of Health Sciences (MUHS) (18 dental
colleges)
Pravara University (01 dental college)

Age changes in periodontium and their significance in geriatric dentistry,
(Periodontics); diagnosis and treatment planning for patients: The geriatric
patient (Prosthodontics)

Manipal University (2 dental colleges)
NTR University of Health Sciences (16 dental colleges)
Baba Farid University of Health Sciences (13 dental colleges)
KLE University (2 dental colleges)
King George Medical University (01 dental college)
Bharati Vidyapeeth Deemed University (3 dental colleges)
Abbreviation: DCI, Dental Council of India.

as a small part of other clinical subjects. Gerodontology has been in-

in the extent of implementation, format of teaching, teaching hours,

cluded under the subject of Special Needs Dentistry. In 2016, some

contents and departments involved in teaching gerodontology.

aspects of gerodontology were being taught in 12 publically funded
schools. However, none of them dealt exclusively with gerodontology.
An apparent variability can be observed across the departments

5.4 | Innovative models in geriatric dental education

involved in teaching gerodontology, globally. In Australia, the departments of restorative dentistry, oral medicine, special needs and

There are innovative models in geriatric dental education that could

preventive dentistry were involved. In Canada, the departments

be used as a guide for developing curriculum in countries where

of dental public health, special care or prosthodontics have incor-

gerodontology curriculum is yet to be developed. The Marquette

porated geriatric dentistry. In the USA, departments of preventive

University School of Dentistry has developed a comprehensive inter-

and community dentistry, comprehensive care and a combination

disciplinary curriculum, which utilises different teaching methods like

of multiple departments are involved. In Japan, geriatric dentistry

dental rounds, computer-assisted independent learning, small group

has been incorporated in removable prosthodontics or special needs

discussion and case-based discussion. It highlights the importance

dentistry. In Nigeria, departments of periodontology, prosthetic and

of early clinical and community-based training. In association with

conservative dentistry were involved in imparting training in geriat-

Wisconsin geriatric centre, the university has developed an interdis-

ric dentistry. In South Africa, departments of restorative dentistry,

ciplinary geriatric oral health website that provides information on

periodontology and oral medicine were involved.

dental care related to the geriatric, mainly for the health profession-

In the past decade, there has been an apparent increase in the

als and students, including dental students. It has conference mate-

institutions offering gerodontology for the undergraduate curricu-

rial, case studies and presentations and also provides for interactive

lum. Though curriculum on geriatric dentistry is well developed in

sessions on geriatric dentistry-related topics. Almost 5,119 individu-

most of the developed countries such as the United States, Canada

als (61% of them were dental students) have accessed this website.

and the European nations, considerable variation can be observed

This has also been utilised by various dental schools. The University
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Description of Geriatric population in India 65,75,76
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Description of Oral health status of the elderly in India

Oral health status of the elderly in India (65-74 y)76-78

1. Percentage of the elderly residing in rural areas: 68.8%
2. Geriatric working population in rural areas and urban areas: 47.1%
and 28.5% respectively.

1. Prevalence of dental caries and periodontal disease: 85% and
80% respectively

3. Average Life expectancy: 67 y (Male); 70 y (Female)
4. Literacy rate in the elderly: 34% (Rural) and 66% (Urban)

2. Prevalence of edentulousness: 19%-32%; complete edentulism:
29.3%

5. Most common disability in aged person: Locomotor Disability

3. Mean number of teeth: 19.1; mean DMFT of 14.6

6. Number of old aged homes in India: 1000

4. Dental caries: 80%-100% (16 out of the 19 states surveyed);
root caries: 5.4%

7. Dependency Ratio: 14.2

5. Prosthetic need: 64.2% and 65.1%, respectively, in the
maxillary and mandibular arches

of Colorado School of dentistry has an interdisciplinary model for
community-based geriatric dental education named “The Colorado

Dentistry. Although the Dental Council has not formally outlined a

Total Long-term Care Program.” Dental students have a 5-week rota-

course devoted to geriatric dentistry, it appears that SDM has pio-

tion and work as a team in managing geriatric patients. The dental

neered in this direction in India. The department offers a training

director supervises the work and helps them in integrating theoretical

programme for the undergraduates in the third and final year clinical

knowledge with the clinical aspect. They also attend interdisciplinary

rotations. During this period, students are trained to record case his-

meetings. The University of Iowa College of Dentistry has a “Geriatric

tory and administer treatment to geriatric patients. However, there is

and Special Needs Program,” which provides comprehensive dental

no published literature in this regard.70

care for 10 nursing homes, using a Geriatric mobile unit. The Geriatric

The

Indian

Prosthodontic

Society

(official

society

of

mobile unit along with Special care clinic caters to, the frail dependent

Prosthodontics in India) provides funds for denture camps, con-

elderly and also to a group of elders with complex medical problems,

ducted across the country, as a part of the community outreach pro-

psychiatric problems, physical and intellectual problems.66

gramme. Thus, there is some initiative being taken in the direction of

The undergraduate programmes at Leipzig and Zurich were initia-

treating edentulous geriatric patients with a particular focus.

tives in Germany and Switzerland to train students in gerodontology.

The geriatric dental curriculum must be based on comprehen-

The Zurich programme was condensed for a shorter span (2 years),

sive or holistic health assessment training and must begin from the

with students providing a wide range of dental treatment as com-

first year of the undergraduate course. 23,27,28 It is essential that

pared to Leipzig. The undergraduate programme at Leipzig offered

future dental professionals have a reasonable perspective of the

didactic components, and six visits to a long-term care facility (LTC)

dimensions of the services that can be offered to the elderly group.

spread over four of the five years of the dental course.

51,52

The un-

We recommend the inclusion of gerodontology topics pertaining to

dergraduate programme at Zurich comprised of three clinical activi-

pathology, physiology of ageing, psychological aspects, nutritional

ties (in-house gerodontology clinic, extramural acute geriatrics ward,

aspects in relation to geriatric in the undergraduate curriculum if

mobile dental service).52

not as a subject initially. This could be followed by the inclusion

The programme at Iowa evolved from a didactic elective pro-

of gerodontology subjects in the curriculum subsequently. There

gramme on geriatric dentistry, which later became an integrated

should be a revision of dental curricula in every three years, and

mandatory component of the undergraduate dental curriculum. This

training of dentists in treatment centres, that cater to the require-

was accompanied by a clinical programme in nursing homes.

ments of the ambulatory and non-ambulatory elderly.15,16,71
It can be emphasised that it is essential to strongly recommend

5.5 | Initiatives towards geriatric dentistry in India

the establishment of specialty of geriatric dentistry for the ageing
population as much as the specialty of Pedodontia that caters to the
children's needs.

Though India houses the highest number of dental schools in the world,

We recommend the policymakers and the concerned apex bod-

geriatric dentistry is almost non-existent in India.11,18-20,23,28,67-69 In all

ies to implement and phase in the gerodontology programme in a

subjects of undergraduate (5-year programme) and postgraduate (3-

well-planned manner, according to Kern's model of curriculum devel-

year programme) curricula, geriatric dentistry does not figure in the

opment 72 and Kotter's conceptual framework of change.73

content, except for the brief mention of age changes in dental and oral
tissues.

11,23,67

Students are trained to provide oral health care at the

community level to residents in remote areas, including elderly groups,

5.6 | Limitations of the review

through mobile dental van and dental camps during clinical rotations.11,23,67 But no training has been imparted for oral care provision, to

The present study was a review of the published articles. Some den-

patients in long-term care facilities or for the homebound elderly.11,23,67

tal institutes might have implemented some form of geriatric training,

The Shri Dharmasthala Manjunatheshwara (SDM) College of

but might be unreported. We may also have missed information in

Dental Sciences, Dharwad, has established a Department of Geriatric

non-English literature. However, this review summarises and adds the

20
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latest and valuable information on the educational issues related to

changes with ageing in the geriatric curriculum. The dental stu-

gerodontology worldwide, with particular reference to India. Further,

dents must be sensitised through field visits to old age homes.

we intend to conduct a qualitative and quantitative study across vari-

• Clinical training for the management of geriatric patients in the

ous dental schools and universities to investigate the perspectives

final year of dental undergraduate course and internship.

and opinions of the faculty and students for an inclusive geriatric cur-

• It has been suggested that educational action plans, health policy

riculum. This would be followed by the development of gerodontology

action plans and citizens' empowerment and involvement are nec-

modules and testing its effectiveness among dental students in India.

essary to improve the oral health status of the elderly group. The
educational action plans should encourage interprofessional col-

6 | R ECO M M E N DATI O N S

laborations towards oral health promotion and include non-dental
healthcare providers too. A health policy action plan should advocate the inclusion of oral health into general health assessment. Last

• The preliminary years of the undergraduate dental school must
highlight the physiological, physical, emotional and psychological

is empowering and involving the citizens to promote oral care of the
elderly group.74

Proposed Outline of Gerodontology curriculum in India
Year

Theory

Clinical

1st

Lectures on Humanization and Empathy

• Visiting dental clinics to observe communication and
case history taking by seniors

2nd

Lectures on
• Basic Communication skills (with particular reference to
geriatrics),
• Physiology and Pathology of ageing

• Periodic visit to old age homes, and geriatric units in
hospitals for humanisation.
• Communicating with geriatric patients

3rd

Lectures on
• Age-related changes in the oral cavity,
• Epidemiology of oral health in the elderly group
• Case history recording of the elderly group

•
•
•
•

4th

Lectures on aspects of geriatric medicine (multidisciplinary)
to make the students aware of the interdisciplinary aspect of
gerodontology on following
• Psychological aspects of ageing
• Nutrition problems in the elderly group
• Social factors and their influence on the elderly group
(health as well as treatment aspects)
• Ethical aspects (informed consent, etc)
• Public health aspects

• Providing oral health education to the elderly group
• Diagnosis and treatment planning for a geriatric
patient
• Assisting seniors in the management of geriatric
patient

Internship

Lectures on
• Geriatric assessment scales
• Managing patients with varying levels of dependency
• Managing homebound patients

• Providing basic dental care to the elderly group both
in clinics as well as in outreach facilities

7 | CO N C LU S I O N

Case history taking with seniors
Providing oral care instructions
Assisting seniors in providing basic treatment
Participating in extramural clinical activities with
seniors

topics related to ageing have been covered under periodontics and
prosthodontics.

There seems to be a wide variation in the content of gerodontology curriculum across the globe. Gerodontology is relatively well established in
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Effect of Premedication with Ibuprofen,
Paracetamol and Diclofenac Sodium on the
Outcome of Maxillary Infiltration Anaesthesia
in Patients with Irreversible PulpitisA Double-blind Randomised Controlled Trial
Chelikani Lakshmikanth Manoj1, Avinash Patil2, Sanjana Patil3, Suresh Shenvi4

ABSTRACT
Introduction: The most important aspect of endodontic
treatment is pain control. The quest for newer ways of pain
control is always a topic of interest among the researchers.
Though local anaesthesia proved to be the effective method
of pain control, there are many instances of failure to achieve
successful anaesthesia even with proper technique of
administration in cases of irreversible pulpitis.
Aim: To determine the effect of Preoperative Oral Administration
of Paracetamol (PARA), Ibuprofen (IBUP) or Diclofenac Sodium
(DS) on the success of maxillary infiltration anaesthesia in
patients with irreversible pulpitis in a double-blinded randomised
controlled trial.
Materials and Methods: One hundred and twenty patients
having irreversible pulpitis of a maxillary first molar were selected
for this prospective, randomised, double-blind, placebocontrolled study. Patients indicated their pain scores on a Heft
Parker visual analog scale, after which they were randomly

divided into four groups (n=30). The subjects received identical
capsules containing either 500 mg PARA, 400 mg IBUP, 50 mg
DS or 400 mg lactose powder (placebo, PLAC), 1 hour before
administration of maxillary infiltration anaesthesia with 2%
lidocaine containing 1:80,000 epinephrine. Access cavities were
then prepared and anaesthesia was defined as successful if pain
is absent or patient has mild pain during access preparation
and pulp extirpation. The data was analysed using two-way
ANOVA and Tukey’s multiple post-hoc tests. p-value at <0.05 to
be considered significant.
Results: The success rates in descending order were 65%
(IBUP), 60.83% (DS), 58.33% (PARA), and 20% (PLAC). A
significant (p-value 0.0001) difference was found between the
drug groups and the PLAC group.
Conclusion: Preoperative administration of PARA (500 mg),
IBUP (400 mg), and DS (50 mg) significantly improved the
efficiency of maxillary infiltration anaesthesia in patients with
irreversible pulpitis.

Keywords: Nonsteroidal anti-inflammatory drugs, Pain control, Root canal treatment

INTRODUCTION
Endodontic treatment was made possible because of the
successful pain control. Pain is a complex phenomenon involving
biologic and psychological factors. Biologically, pain is multilevel
system that begins with the detection stimuli by the peripheral
nerves, then the medullary spinal cord processes the stimuli and the
processed information is felt as pain in higher brain regions such as
the cerebral cortex. The endogenous and exogenous factors can
influence this process which results in modification of the pain
perception [1].
Local anaesthetic administration has been the key to control pain
during endodontic procedure. It is often challenging to anaesthetise
the tooth with irreversible pulpitis. Many patients reported pain
during endodontic treatment in teeth with irreversible pulpitis even
after achieving the clinical signs of analgesia like numbness of lip
& tongue in case of inferior alveolar nerve block and numbness of
buccal mucosa in case of infiltration [2].
The role of voltage-gate Na+ channels in inflammatory states
is of particular interest because they contribute to neuronal
hypersensitivity, and up-regulation of some voltage-gated Na+
channel isoforms, which play key roles in local anaesthetic failure
when treating inflamed pulps. Sodium channels have subpopulations
in the nerve membrane, which can be pharmacologically classified
according to whether they are sensitive or resistant to Tetrodotoxin
(TTX). Sodium channels that are TTX-Resistant (TTX-R), such as
6

Nav1.9 channels, are about 4 times more resistant to the effects
of lidocaine than TTX-sensitive Na+ channels in inflammatory
state [3].
Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) diminish
inflammation at different levels in the inflammatory process. NSAIDs
block the cyclooxygenase enzyme, resulting in lower levels of
inflammation-inciting prostaglandins [4].
There have been multiple studies conducted on the influence
of premedication with NSAIDs on the success of inferior alveolar
nerve block anaesthesia [4-7]. All these studies evaluated inferior
alveolar nerve block where local anaesthesia is administered away
from the site of inflammation produced by irreversible pulpitis. So
a study aimed at evaluating the effectiveness of premedication
with NSAIDs in maxillary infiltration anaesthesia where the local
anaesthesia administered is directed to periapical area of the tooth
with irreversible pulpitis is required. The purpose of this double-blind,
randomised controlled clinical trial is to evaluate and compare the
effectiveness of oral premedication with three different drugs IBUP,
PARA, and DS on improving the outcome of maxillary infiltration
anaesthesia in patients with irreversible pulpitis.

MATERIALS AND METHODS
This study was approved by the Ethics Committee of KLE University of
Medical Sciences in India. This double-blind, randomised controlled
clinical trial study done in the Department of Conservative Dentistry
Journal of Clinical and Diagnostic Research. 2020 Aug, Vol-14(8): ZC06-ZC10
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and Endodontics, KLE VK Institute of Dental Sciences, Belgaum. A
total of 120 patients with irreversible pulpitis of permanent maxillary
first molar teeth diagnosed by electric pulp-testing device (parkell)
and cold stimulus (EndoFrost, Coltene/Whaledent) participated
during the period between years 2015-17 [Table/Fig-1].

line to indicate the pain; this mark was then measured with the
scale and the score was recorded. Patient is given either one of
the drugs of group A, group B, group C or group D orally according
to the allocated group by randomisation. Patient was asked to
wait for one hour before the treatment initiation to allow the drug
to reach its maximum plasma concentration. Local anaesthesia
was administered with 2% lignocaine in 1:80,000 concentration
adrenaline through 0.6 mL by buccal infiltration and 0.2 mL by
palatal infiltration using 26 gauge 38 mm needle. After 5 minutes,
numbness was checked. Those patients where there is a failure to
achieve numbness due to procedural error were to be excluded
from the study. None of the subjects were excluded from the current
study as procedural error was not encountered.
After achieving numbness and isolation with rubber dam, the
access cavity preparation was initiated with Endo access bur
(DentsplyMaillefer). The patients had to rate any pain that they
experienced during access cavity preparation. This was recorded
as pain within dentin, when entering the pulp chamber, or when
a 10# k-file (Kendo, VDW, Munich, Germany) was inserted into
the root canals. Root canal treatment was completed according
to the standard protocol. No or mild pain is classified as success
of anaesthesia. Moderate and severe pain is classified as failure
of anaesthesia.

[Table/Fig-1]: Flow Chart of study design.

Exclusion criteria: The presence of systemic disorders, those
requiring root canal treatment of two or more teeth ipsilaterally,
known allergy to NSAIDs, or with a history of gastrointestinal ulcers,
Periapical pathology, Aggressive periodontitis, Maxillary sinusitis or
Patients already on analgesia within 24 hours before the treatment
were excluded from the study.
Inclusion criteria: Healthy patients having first maxillary molar tooth
with irreversible pulpitis without periapical pathology, belonging to
age group of 18-50 years without any medical history were included
in the study.
The clinical diagnosis of irreversible pulpitis was confirmed by a
response to an electric pulp test with lingering pain for more than
10 seconds after cold test and electric pulp test and belonging to
the age group of 18-50 years with noncontributory medical history
and periapical pathology to be confirmed radiographically.
After taking affirmatory consent form from each patient, A single
operator had evaluated and performed treatment of all the patients
to avoid inter-examiner bias. The age and sex of the patient were
also recorded and standard deviation is analysed at the end of the
study to co-relate the confounding factors in the form of varying
pain threshold between different subjects.
To randomise the patients, number of patients under each group
was written on paper and kept in a sealed opaque envelope. After
that each patient was alloted to the group according to the number
chosen by them. Allocation of the patients was done by a trained
dentist who was blinded to the treatment procedures.
To facilitate the double-blind study all groups of drugs IBUP 400 mg
(BRUFEN400), PARA 500 mg (DOLO- 500), DS 50 mg (VOVERAN
50), and a placebo 400 mg lactose were customised by a pharmacist.
The pharmacist prepared capsules similar in shape, size and colour
and encoded them so that the clinicians and patients did not know
about the placbeo or NSAIDs medication that was taken. The preintervention pain score with electric pulp test was recorded on the
Heft parker visual analog scale by asking patient to place mark on
the 170 mm long line. The millimeter marks were removed from
the scale, and the scale was divided into four categories no pain
corresponded to 0 mm; faint, weak or mild pain corresponded to
1-54 mm; moderate to severe pain corresponded to 55-114 mm;
and strong, intense maximum possible pain corresponded to more
than 114 mm [7]. Patients were instructed to place a mark on the
Journal of Clinical and Diagnostic Research. 2020 Aug, Vol-14(8): ZC06-ZC10

STATISTICAL ANALYSIS
Data was recorded on an excel sheet under respective groups A, B,
C, D to prevent investigator bias. The data was statistically analysed
by using SPSS software (version 20).
Comparison of 4 groups: statistical analysis was performed by two
way ANOVA test. Pairwise comparison of four main groups (A, B, C,
D) and four positions (Pre-op, Bur is in dentin, Bur enters the pulp
chamber and on pulp extirpation) with respect to pain score on Heft
Parker scale was analysed by Tukey’s multiple post-hoc procedures.
The comparisons were considered significant if p<0.05.

RESULTS
Disclosure of the envelope containing the particulars of the drug
dispensation during the customisation of the capsules revealed
that Group A subjects were administered 400 mg lactose, Group B
subjects were administered 400 mg IBUP, Group C subjects were
administered DS 50 mg, and Group D subjects were administered
500 mg PARA.
From the [Table/Fig-2,3] obtained through statistical analysis, the
mean pain score of all the patients from the particular group (A, B,
Group A
(PLAC) with
Pre-op

Group A
with on pulp
extirpation

Group B
(IBUP) with
Pre-op

Group B
with on pulp
extirpation

Mean

120.37

91.57

124.47

45.00

SD

24.12

46.15

23.48

37.96

Groups with
positions

Group A with Pre-op

-

Group A with On
pulp extirpation

p=0.2202

-

Group B with Pre-op

p=0.9990

p=0.0737

-

Group B with On
pulp extirpation

p=0.0001*

p=0.0004*

p=0.0001*

-

Group C (DS) with
Pre-op

p=0.9990

p=0.0752

p=0.9990

p=0.0001*

Group C with On
pulp extirpation

p=0.0001*

p=0.0013*

p=0.0001*

p=0.9990

Group D (PARA)
with Pre-op

p=0.9986

p=0.0048*

p=0.9990

p=0.0001*

Group D with On
pulp extirpation

p=0.0001*

p=0.0201*

p=0.0001*

p=0.9999

[Table/Fig-2]: Pairwise comparison of four main groups (A, B, C, D) and two
positions (Pre-op and on pulp extirpation) with respect to pain score on heft parker
scale by Tukey’s multiple post-hoc procedures (p<0.05). *p-value significant.
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C or D) at any phase of treatment (whether preoperatively or on
pulp extirpation) can be compared to any group’s (A,B,C or D)
treatment phases (whether preoperatively oron pulp extirpation) by
intersecting p-value between them in the table to find if the difference
is significant or not.
Group C
with (DS)
Pre-op

Group C
(DS) with
On pulp
extirpation

Group D
(PARA)
with
Pre-op

Group D
(PARA) with
On pulp
extirpation

Mean

124.40

47.93

132.13

54.73

SD

20.30

40.69

16.32

45.18

Group C (DS) with on
pulp extirpation

p=0.0001*

-

Group D (PARA) with
Pre-op

p=0.9990

p=0.0001*

-

Group D with on pulp
extirpation

p=0.0001*

p=0.9990

p=0.0001*

Groups with
positions

-

[Table/Fig-3]: Pairwise comparison of two main groups (C & D) and two positions
(Pre-op and on pulp extirpation) with respect to pain score on heft parker scale by
Tukey’s multiple post-hoc procedures (p<0.05).
*denote significant p-value

As tabulated in [Table/Fig-4], the results are as follows: In group
A, during the treatment procedure there is 20% success rate and
80% failure rate. Tukey’s multiple post-hoc procedures showed no
significant difference (p=0.2202) between the preoperative pain and
on pulp extirpation within the group.
No pain
0 mm on
H-P scale

Mild pain
1-54 mm on
H-P scale

Moderate
pain
55-114 mm
on H-P scale

Severe
pain
114 mm on
H-P scale

Group A
(400 mg lactose)

2.5%

17.5%

33.33%

46.67%

Group B
(400 mg ibuprofen)

17.5%

47.5%

9.17%

25.83%

Group C
(diclofenac sodium
50 mg)

8.33%

52.50%

9.17%

30.00%

Group D
(500 mg paracetamol)

10.00%

48.33%

7.50%

34.17%

Groups

Successful anaesthesia

Failure of anaesthesia

[Table/Fig-4]: Results (H-P scale: Heft Parker Scale).

In group B, during the treatment procedure there is 65% success
rate and 35% failure rate. Tukey’s multiple post-hoc procedures
showed significant difference (p=0.0001) between the preoperative
pain and on pulp extirpation within the group.
In group C, during the treatment there is 60.83% success rate and
39.17% failure rate. Tukey’s multiple post-hoc procedures showed
significant difference (p=0.0001) between the preoperative pain and
on pulp extirpation within the group.
In group D, during the treatment procedure there is 58.33% success
rate and 41.67% failure rate. Tukey’s multiple post-hoc procedures
showed significant difference (p=0.0001) between the preoperative
pain and on pulp extirpation within the group.

DISCUSSION
Almost 85% of all dental emergencies are caused by the pulpal or
periapical disease; of these emergencies 50% are associated with
irreversible pulpitis which would require either endodontic treatment
or extraction to relieve the symptoms [8].
If complete pulpal anaesthesia could be achieved, the pulp could
be removed in one visit, which would give more rapid pain relief
for patients and considerably reduce the time spent on emergency
primary dental care. But in the presence of acute inflammation,
conventional infiltration or block local anaesthetic injections may not
achieve complete anaesthesia [9].
8
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Nociceptive neurons within human trigeminal ganglion express
multiple voltage-gated sodium channels (VGSCs), of which the
TTX-R channel Nav1.9 has been suggested to play a major role in
inflammatory pain. Wells JE et al., through their molecular research
has suggested the existence of at least nine subtypes of VGSCs that
differ in their expression pattern and roles in mediating peripheral
pain. The TTX-R currents are preferentially expressed in small
trigeminal neurons, which give rise to thinly myelinated Aδ-fibers
and unmyelinated C- fibers, many of which are nociceptive [3].
Sensitisation of TTX-R channels by prostaglandins in inflammation
resists the local anaesthesia by lowering the activation threshold and
increasing the amount of sodium ions that flow through the channel.
In other words, an inflammation induces elevation in prostaglandin
levels and sensitises TTX-R channels, leading to depolarisation
at lower levels of stimulus strengths. This may explain the reason
for failure of anaesthesia and increased response to stimulus in
irreversible pulpitis [10]. So, in the current study by administration
of NSAIDs preoperatively, we tested the theory that advocates the
sensitisation of TTX-R resistant sodium channels by prostaglandins
as a reason for the failure of local anaesthesia in irreversible pulpitis.
Irreversible pulpitis is a localised inflammatory event, so maxillary
teeth usually anaesthetised by local infiltration were selected in the
present study to test the hypothesis [7].
NSAIDs are chosen in the current study as they are a part
of regularly prescribed drug regimen in dentistry. NSAIDs
act as inhibitors of the enzyme cyclooxygenase (COX)
nonselectively, inhibiting both the cyclooxygenase-1 (COX-1)
and cyclooxygenase-2 (COX-2) isoenzymes. COX catalyses the
formation of prostaglandins and thromboxane from arachidonic
acid. The advantage of selecting these drugs is that they can be
administered orally; they are highly bound to plasma proteins and
have less chances for displacement reactions. They have high
margin of safety with regard to dosage, have ease of accessibility,
and have minimal potential for drug abuse [11].
IBUP is a propionic acid derivative. Modaresi J et al., in 2006
concluded that preoperative administration of IBUP, if not
contraindicated, is a drug of choice 1 hour prior to local anaesthesia
injection to enable deep anaesthesia during RCT of teeth with
irreversible pulpitis [12].
PARA (acetaminophen; N-acetyl-p-aminophenol) is an acetanilide
derivative. It is a most commonly used drug and has an excellent
safety record. Acetaminophen’s mechanism of action points to
multisite activity peripherally by involving inhibition of prostaglandin
synthesis, and in the central nervous system by interaction with
both cannabinoid and serotoninergic pathways [13]. Diclofenac
potassium, which is a benzoic acid derivative is a potent NSAID.
Diclofenac can affect arachidonic acid release and uptake by
inhibition of thromboxane-prostanoid receptor, Gan TJ in his
research suggested that additional novel mechanisms of actions
may include the inhibition of substrate P, inhibition of peroxisome
proliferator activated receptor gamma (PPARgamma), blockage of
acid-sensing ion channels. This diversity in diclofenac’s mechanisms
of actions has potential for a relatively more favourable profile
compared with other NSAIDs [14].
Atasoy Ulusoy Öİ and Alaçam T evaluated the efficacy of single
buccal infiltrations for maxillary first molars in patients with
irreversible pulpitis in a randomised controlled clinical trial and
found that single buccal infiltration is insufficient for adequate
pulpal anaesthesia in the palatal root canal of the maxillary first
molars associated with irreversible pulpitis [15]. So to eliminate
the procedural error in the current study both buccal and palatal
infiltration were utilised.
IBUP 400 mg (Group B) showed a 65% success rate and 35% failure
rate. During the treatment, 17.5% of the patients had no pain, 47.5%
of the patients had mild pain corresponding to the 65% success rate
Journal of Clinical and Diagnostic Research. 2020 Aug, Vol-14(8): ZC06-ZC10
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and 9.17% of the patients had moderate pain, 25.83% had severe
pain corresponding to the 35% failure rate. Statistical analysis with
respect to pain score on heft parker scale by Tukeys multiple posthoc procedures showed significant difference (p=0.0001) between
the preoperative pain and on pulp extirpation within the group. The
results obtained with IBUP in this study are consistent but in slight
difference with the results obtained by Parirokh M et al., and NogueraGonzalez D et al., [4,16]. The slight difference can be attributed to
their different study design where they tested the success of Inferior
Alveolar Nerve Block (IANB). Ianiro SR et al., reported a success
rate of 75.9%, but for the combination of acetaminophen and
IBUP group. The higher success rate may be attributed to the
combination of the drugs as acetaminophen have additional activity
[17]. Ramachandran A et al., reported a success rate of 93.3% with
IBUP but they used 800 mg dose in their study [7].
This study aimed at evaluating the effectiveness of premedication
with NSAIDs in maxillary infiltration anaesthesia where the local
anaesthesia administered is directed to periapical area of the
tooth with irreversible pulpitis is required. Furthermore, the results
obtained from other studies have been tabulated in [Table/Fig-5-7]
[4,6,7,16-19].
Drugs

Technique

IANB

Authors
Parirokh M et al., [4]

78%

Aggarwal V et al., [6]

27%

Noguera-Gonzalez D et al., [16]

72%

Shahi S et al., [18]

Ibuprofen

Jena A, and Shashirekha G [19]
Infiltration

Ketorolac

IANB
IANB

Acetminophen

Aceclofenac

Infiltration
Infiltration

Success %

Ramachandran A et al., [7]
Current study

25.4%
50%
93.3%
65

Jena A, and Shashirekha G [19]

70%

Aggarwal V et al., [6]

39%

Ianiro SR et al., [17]

71.4%

Ramachandran A et al., [7]

73.3%

Current study

58.3%

Ramachandran A et al., [7]

90%

[Table/Fig-5]: Similar studies [4,6,7,16,17,19,20].

[Table/Fig-7]: Pictorial representation of maxillary molar access opening.

significant difference (p=0.0001) between the preoperative pain
and on pulp extirpation within the group. The results obtained
with IBUP in this study are consistent with the results obtained by
Prasanna N et al., [20].
PARA 500 mg (Group D) showed a 58.33% success rate and
41.67% failure rate. During the treatment 10.00% of the patients
had no pain, 48.33% of the patients had mild pain corresponding to
the 58.33% success rate and 7.50% of the patients had moderate
pain, 34.17% had severe pain corresponding to the 41.67% failure
rate. Statistical analysis with respect to pain score on heft parker
scale by Tukey’s multiple post-hoc procedures showed significant
difference (p=0.0001) between the preoperative pain and on pulp
extirpation within the group. Ramachandran A et al., in a similar
study design has reported a success rate of 73.3% with 1000 mg
dose in their study [7]. The higher success rate might be due to the
higher dose in this study.
The inter-group comparison of pain score during pulp extirpation
showed that there is statistically significant difference when the
placebo group is compared with IBUP (p=0.0004), DS (p=0.0013)
and PARA (p=0.0201) groups. This parameter is of particular
importance because in irreversible pulpitis, the maximum pain is
experienced while extirpating the pulp as the nerve fibres are in
direct contact with the endodontic instrument.
Among all the experimental groups, the subjects experienced
maximum pain while extirpating the pulp, followed by when the bur
enters the pulp chamber and least pain was experienced by the
patients when the bur is in dentin.
When the bur is in dentin, least pain was experienced by the
subjects of IBUP group, followed by diclofenac group, PARA group
and maximum pain was experienced by placebo group. The order
was the same when the bur enters pulp chamber and on pulp
extirpation.

[Table/Fig-6]: Radiographic representation of teeth with irreversible pulpitis.

DS 50 mg (Group C) showed a 60.83% success rate and 39.17%
failure rate. During the treatment 8.33% of the patients had no
pain, 52.50% of the patients had mild pain corresponding to the
60.83% success rate and 9.17% of the patients had moderate
pain, 30.00% had severe pain corresponding to the 39.17%
failure rate. Statistical analysis with respect to pain score on heft
parker scale by Tukey’s multiple post-hoc procedures showed
Journal of Clinical and Diagnostic Research. 2020 Aug, Vol-14(8): ZC06-ZC10

The IBUP and diclofenac group demonstrated better analgesic effect
than the PARA group. This could be because IBUP and DS drugs
inhibit COX-2 enzyme which plays a major role in inflammation. As
PARA has a weak analgesic/anti-inflammatory effect and a strong
antipyretic effect, Also, its analgesic activity mechanisms are located
in the CNS. However, further research is needed in this direction. A
further clinical trial with a larger sample size would strengthen the
results of the present study.

Limitation(s)
The readings obtained on visual analog scale completely depend
on the patient’s pain threshold and also psychological factors
can play a role on the the outcome.
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CONCLUSION(S)
It is imperative to interpret that premedication with Ibuprofen 400
mg, Paracetamol 500 mg or Diclofenac Sodium 50 mg have
positive effect on the outcome of maxillary infiltration anaesthesia in
patients with irreversible pulpitis. Even after determining the success
of anaesthesia by electric pulp test in methodology of current
study, the varied results may be due to difference in the depth of
anaesthesia. Author’s tried to associate the depth of anaesthesia
during endodontic procedure with premedication. Though, local
anaesthesia has been a boon to dentistry, Author’s opinion is that
there is always a room for improvement, premedication is one of the
prospects to improve the depth of anaesthesia during endodontic
therapy.
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Aim: This in vitro study intend to compare the cleaning eﬀectiveness of Protaper universal sequence with reciprocating F2 Protaper and single rotary ﬁle One shape.
Materials and method: 30 extracted human 1st mandibular molars were chosen for the analysis. Three NiTi ﬁle
systems were used for mechanical preparation, ProTaper full sequence in rotary motion, single F2 Protaper ﬁle
used in reciprocating motion, and One shape single ﬁle used in a circular motion. Irrigation was carried out after
each instrument use using 5 ml of 5% NaOCl followed by normal saline. The root canal surface was evaluated at
three diﬀerent areas (coronal, middle and apical thirds) using Scanning Electron Microscopy. Debris and the
Smear layer were evaluated. Data were analyzed statistically using the Friedman test and Kruskal–Wallis test
(p ≤ 0.05).
Results: A statistically signiﬁcant diﬀerence (p ≤ 0.05) was observed in the debris score of the Protaper universal group when the 3 thirds of the root were compared. Intergroup comparisons conﬁrmed a statistically
signiﬁcant diﬀerence at the coronal and apical third of the roots when debris scores were evaluated. Intragroup
comparison for the smear layer demonstrated a statistically signiﬁcant diﬀerence (p ≤ 0.05) at all the 3 levels of
the radicular canal for the 3 groups studied. Intergroup comparisons revealed a statistically signiﬁcant diﬀerence
(p ≤ 0.05) in the middle and apical 1/3rd when the smear layer was evaluated.
Conclusion: The Protaper full sequence group provided better results than Single F2 ProTaper and One shape
groups when debris and smear layer removal was investigated.

1. Introduction
Eﬀective canal shaping is a requisite to eliminate microbiota from
the root canal.1 The mechanical objectives are primarily focused on
removing all the pulp tissue, bacteria, and their derivatives while providing adequate canal shape to ﬁll the canal.2 The ﬂexible and highly
eﬃcient rotary nickel-titanium (Ni–Ti) instruments have been widely
used to achieve the mechanical objective to potentiate the biological
objectives. Nitinol instruments are steeply-priced which forces the
practitioners to use these instruments multiple times. Repeated usage of
Nitinol ﬁles leads to disease transmission as well as a fracture in narrow
and/or curved canals.
Dr. Yared G1 introduced a novel preparation method with only one
single instrument, F2 ProTaper operated in a reciprocating motion and
called the single-ﬁle F2 ProTaper technique. The advantage of this

technique was it was a simpliﬁed, cost-eﬀective technique as it reduced
the cyclic stresses on the ﬁle. The universal ProTaper is designed with
three radial lands and a convex core.3 It has three positive rake angles
and a safe cutting tip. Another single ﬁle One Shape (Micro- Mega,
France) used in rotary motion has an apical variable taper with 3 cutting edges; before the transition from apical to the middle portion, has a
cross-section that evolves from 3 to 2 cutting edges and coronally ends
up with 2 cutting edges.
All endodontic instruments regardless of the technique generate
dentine debris and a smear layer on root canal walls.4,5 Debris holds
back dentin chips, residual vital or necrotic pulp tissue, and microorganisms while smear layer (1-2μ) quay bacteria, prevents disinfecting
agents from penetrating the dentinal tubules thus compromising the
impervious seal of the obturated canal.6 Scanning electron microscopic
(SEM) investigation is an eﬃcient and economical method to study
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2.1.3. Group3- one shape (Micro Mega, France) single ﬁle used in a circular
motion
The root canal preparation was performed in a crown down technique using a single ﬁle in a continuous rotary clockwise motion. The
ﬁle was progressed with light apical pressure using a slow pecking
motion. The speed of rotation was set at 400 rpm and torque at 2.5N/
cm as recommended by MICRO-MEGA®.
Each ﬁle to be used was observed under 2.5× magniﬁcation loupe
(GL3-2.5× Unicorn Dentmart Ltd, India) for debris, and then wiped
thoroughly with a sponge soaked in NaOCl to prevent carrying debris
from one sample to the other. After each instrumentation, the samples
were irrigated with 5 ml of 5% NaOCl followed by equal amounts of
normal saline using a 2 ml leur lock syringe and 26 gauge open-ended
beveled needle (UNOLOK, Hindustan Syringes, and Medical devices
Ltd, India).

three-dimensionally the root dentin surface after shaping and cleaning.7
The aforementioned ﬁles with a diverse method of use and varied
cross-sections make it purposeful to carry out this comparative investigation in terms of their cleaning eﬀectiveness.
Thus, this SEM study compared the ultrastructural morphology of
root canal walls of extracted teeth prepared using two diﬀerent single
rotary NiTi systems against a full sequence rotary system. The cleaning
eﬃcacy was determined by quantitatively assessing the debris and
smear layer using a scanning electron microscope. The null hypothesis
was that there will be no diﬀerence observable between the experimental groups in terms of debris and smear layer on canal walls.

2. Materials and method
The institutional Ethics committee approved the in-vitro study before it was conducted at the School of Dental Sciences, KIMSDU, Karad.
30 human 1st mandibular molars, freshly extracted with intact mesial
roots of similar lengths were selected. The teeth were put in distilled
water throughout the study. The teeth were decoronated right angles to
the vertical axis at the cemeto-enamel junction (CEJ) using a diamond
coated bur supplemented with water cooling to acquire a root segment
of 12 mm length. The mesial roots were then detached by using a
diamond disc (Horico, Germany). Randomization of the 30 samples was
done and divided into 3 groups (n = 10) which would be subjected to
mechanical preparation using the following instrumentation systems.
Group 1- ProTaper (DENTSPLY Maillefer) full sequence rotary instrumentation of canal;
Group 2- Single F2 Protaper (DENTSPLY Maillefer) ﬁle used in reciprocating motion;
Group3- One shape (Micro Mega, France) single ﬁle used in a circular motion.

2.2. Preparation of samples for Scanning Electron Microscopy
The samples were longitudinally split immediately after instrumentation by using a chisel and mallet by striking on the longitudinal grooves made initial to the instrumentation. The samples were
processed and observed with SEM (JEOL 5200; JEOL, Tokyo, Japan).
Representative sections of the apical, middle and coronal third of the
canal were used for evaluation at a magniﬁcation of 200× for debris
and 1,000× for smear layer. The images of the most representative area
were saved digitally and graded in a dual-blind approach by two professionals. The cleaning ability of the ﬁle was evaluated using the debris
and smear layer score systems introduced by Hulsmann et al.6 In a
blinded approach, two examiners independently scored the images of
apical, middle and coronal third of the canal. The examiners were initially calibrated to the Hulsmann scoring system. The two examiners
then self-determined; agreed on a score and documented the ﬁnal score.
Whenever disagreement occurred, they discussed the sample and its
scoring and agreed on a score.

2.1. Canal preparation

2.3. Statistical analysis

Canal preparation was carried by a single operator. Initial scouting
was done with a 10 and 15 K-ﬁle till the apex of the tooth. Patency of
the apical foramina was standardized by inserting a size 15 K-ﬁle
(Mani, Japan) which went just beyond the root apex. Working length
(WL) was calculated 0.5 mm short of this position for every sample.
Teeth with sclerotic canals, aberrations, apical diameter greater than
size 15, or with an altered apex were not included.
Each canal was irrigated with 5% sodium Hypochlorite and Normal
saline. A dual motion Endodontic electric motor (X-Smart Plus, DENTSPLY Maillefer) was used.

Data was systematically collected and analyzed using SPSS software
(SPSS Inc, Chicago, USA. Version 18.) Friedman test was applied for
intragroup comparison and Kruskal–Wallis test was applied for intergroup comparisons. The level of signiﬁcance was set at p ≤ 0.05.
3. Results
Table .1 gives a detailed summary of the scores obtained. The bar
graphs (Fig. 1 and Fig. 2) show the results for each parameter amongst
the three groups and at the three radicular canal areas (coronal, middle,
and apical thirds).

2.1.1. Group 1: Protaper (DENTSPLY Maillefer) full sequence rotary
instrumentation of canal
Rotary instrumentation was accomplished in a crown down approach by using SX at 2/3rd of WL, S1 at WL – 1 mm, S2, F1, F2 at WL
in a torque-controlled system (X-Smart Plus, DENTSPLY- Maillefer) set
at 250 rpm and 2.5N/cm torque. After each instrument, 1 ml of 5%
NaOCl was used for irrigation, and apical patency was maintained using
a size 10 K-ﬁle.

3.1. Debris
The Intragroup comparisons done using the Friedman test showed
that there was a statically signiﬁcant diﬀerence (p ≤ 0.05) when debris
in coronal middle and apical 1/3rd of Protaper universal group was
compared. Intergroup comparisons were done using the Kruskal- Wallis
test revealed that there was a statically signiﬁcant diﬀerence in debris
score at coronal 1/3rd (p = 0.049) and apical 1/3rd (p = 0.004) of the
groups compared. The least amount of debris in apical third was found
in the Protaper Universal group and maximum debris was found in the
coronal third of the Single F2 Protaper ﬁle (Fig. 3).

2.1.2. Group 2: single F2 Protaper (DENTSPLY Maillefer) ﬁle used in a
reciprocating motion
The root canal preparation was performed with one ProTaper F2 in
a reciprocating manner with clockwise (CW) and anticlockwise (ACW)
motion with 400 rpm rotational speed. The preparation was done in a
corono-apical manner employing light apical pressure with slow
pecking action. The ﬁle was retrieved and ﬂutes were cleaned with
NaOCl soaked sponge when the ﬁle failed to progress. This sequence
was adhered to until the working length was reached.

3.2. Smear layer
The Intragroup comparisons done using Friedman test for the Smear
layer showed that there was a statistically signiﬁcant diﬀerence
(p ≤ 0.05) at apical, middle, and coronal 1/3rd of all the 3 groups.
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Table 1
The Debris and Smear layer scores for the 3 Groups at 3 diﬀerent levels of the root canal with intra group and intergroup comparisons with values.
Group

Protaper
Full sequence
Single F2
File
One Shape
Kruskal- Wallis test p
value

Means of Debris score

Means of Smear layer

Coronal 1/3rd

Middle 1/3rd
debris

Apical 1/3rd
debris

Friedman test p
value

Coronal 1/3rd

Middle 1/3rd
debris

Apical 1/3rd
debris

Friedman test p
value

3.60 (0 .843)

3.20 (1.229)

2.60 (0.843)

0.05*

2.80 (0.422)

3.20 (0.422)

2.80 (0.422)

0.018*

4.00 (0.667)

3.80 (0.422)

3.80 (0.422)

0.513

3.00 (0.0)

3.20 (0.422)

3.60 (0.516)

0.030*

3.00 (0.943)
0.049*

3.60 (0.516)
0.319

3.00 (0.667)
0.004*

0.11

3.20 (0.422)
0.055

3.80 (0.422)
0.008*

3.00 (0.0)
0.01*

0.006*

Level of signiﬁcance set at p ≤ 0.05.
* Denotes signiﬁcant diﬀerence.
(SPSS Inc, Chicago, USA. Version 18.).

Fig. 1. Debris score of the three groups at three diﬀerent levels
*Intergroup comparison depicting statistical signiﬁcance (p ≤ 0.05).

Fig. 2. Smear layer score of the three groups at three diﬀerent levels.
*Intergroup comparison depicting statistical signiﬁcance (p ≤ 0.05).

and smear layer produced. This study compared a full sequence rotary
Protaper ﬁles with a single F2 Protaper ﬁle used in reciprocating motion
and single One shape ﬁle in rotary motion. Advanced instrument designs like increased taper, altered helical angle, cross-sections, non
cutting tip and speciﬁc ﬂute design help to remove vital/necrotic tissue
and infected dentin and debris but aﬀect the cleaning eﬀectiveness of
the canal walls. To study the precise eﬀect of the 3 ﬁle systems in this
study only mesiobuccal canal of all the samples were instrumented for
standardization. The mesiobuccal canal of mandibular molar is very
narrow apically and usually present with an apical curvature. This
byzantine anatomy amasses debris and smear layer.8 Samples were
standardized to an apical ISO size no. 25. Mechanical preparation of the

Intergroup comparisons were done using the Kruskal- Wallis test revealed that there was a statistically signiﬁcant diﬀerence in smear layer
score at middle 1/3rd (p = 0.008) and apical 1/3rd (p = 0.001) of the
groups compared. The least quantity of smear layer was appreciated in
the apical third and coronal third of the Protaper Universal group and
the maximum smear layer was found in the middle third of One Shape
single ﬁle system (Fig. 4).
4. Discussion
The present study evaluated the cleaning eﬃcacy of Protaper
Universal, Single F2 ﬁle, and One shape single ﬁle in terms of debris
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Fig. 3. SEM Photomicrographs for Debris (200×).
Group 1: Protaper Full sequence.
Group 2: F2 Single ﬁle in Reciprocation.
Group 3: One Shape single ﬁle in circular motion.
* Depicts the Debris Score according to Hulsmann et al. criteria.

cleanest canal in the apical 1/3rd in terms of debris (mean = 2.60) and
smear layer (mean = 2.80) and this was in accordance to the study
conducted by Foschi et al.3 This can be attributed to the instrument
conﬁguration which has a convex triangular cross-section, eﬃcient
cutting angle, helical angle and a ﬁnal taper of 8% which allows deeper
irrigation penetration.9 The results of this study are also in accordance
to the previous studies conducted.3,10 The Single F2 ﬁle in reciprocation
showed greatest amount of debris at the coronal and apical 1/3rd of the
root canal and demonstrated a statistically signiﬁcant diﬀerence in
smear layer (p = 0.03) formation when the 3 levels of the roots were
evaluated. De-Deus10 conducted a study comparing single F2 Protaper
ﬁle in reciprocation against a full sequence Protaper ﬁles and found out
that single F2 Protaper ﬁle in reciprocation had poor debridement
quality in the apical 1/3rd of the canal than the full sequence Protaper
ﬁles. The shortcoming of a single F2 Protaper ﬁle in reciprocation is
that an apical force is needed to advance the ﬁle to the WL; unlike the

canals was carried out using the ProTaper full sequence (#25- 8%) and
One shape single ﬁle system (#25-6%) in clockwise rotational motion
and F2 Protaper single ﬁle (#25-8%) in reciprocating motion according
to manufacturer's instructions. The major objective of the present investigation was to solely compare the cleaning eﬀectiveness of the three
instrument systems and hence any inﬂuence of diﬀerent irrigation solutions was avoided.5 The irrigation protocol hereby used was 5%
NaOCl alternated with normal saline delivered using an open ended
beveled needle of 26 gauge. In the current study SEM analysis was
carried out with all the samples to determine the debris and smear layer
score. All of the instrumented samples examined validated the presence
of debris and smear layer at the three levels (coronal, middle, apical) of
root canals. There was a signiﬁcant diﬀerence observed at the three
levels of the root canal (Coronal, middle and apical 1/3rd) for Protaper
full sequence group when the debris (p = 0.05) and smear layer
(p = 0.018) scores were compared. The Protaper full sequence gave the
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Fig. 4. SEM Photomicrographs for Smear layer (1000×).
Group 1: Protaper Full sequence.
Group 2: F2 Single ﬁle in Reciprocation.
Group 3: One Shape single ﬁle in circular motion.
* Depicts the Smear Score according to Hulsmann et al. criteria.

Protaper full sequence ﬁles this ﬁle contacts and cuts the coronal and
middle third of the canal when the ﬁle tip reaches the working length
creating additional amount of debris and smear layer; the reduced
preparation time using single ﬁles systems simultaneously reduces the
quantity of irrigant penetrating the canal leading to poor cleaning efﬁcacy.10 One shape single rotary ﬁle showed a statistically signiﬁcant
diﬀerence between the means for smear layer formation at the three
levels of the root canal and the least mean value of debris was at the
coronal 1/3rd of the canal. This is attributed to the instrument conﬁguration where in the apical segment has 3 positive cutting edges and
changes to 2 cutting surfaces in coronal portion of the ﬁle. This reduces
canal engagement and results in greater auguring of debris from the
canal.11 The intergroup comparisons revealed a statistically signiﬁcant
diﬀerence in the debris score in the coronal third (p = 0.049) and
apical third (p = 0.004) of the canal and this was in accordance to the
study12 which demonstrated that the movement kinematics, single ﬁle
or full sequence systems had no inﬂuence on the debris removal from

the canal. In terms of smear layer there was a statistically signiﬁcant
diﬀerence in the middle (p = 0.008) and apical (p = 0.001) third of the
root canal when the 3 ﬁles systems were compared. The present SEM
study demonstrated that multiﬁle Protaper universal fared better than
single ﬁle systems and this was in accordance to the previous study.13
SEM methodology enabled identiﬁcation of size, shape, texture and
composition of the debris and smear layer only on the surface of the
canal wall without giving any information of the depth. Future studies
utilizing Micro Computed Tomography for three dimensional quantiﬁcation of debris and smear layer detection can be carried out as this
technique is non invasive and non destructive.14 Thus within the limitations of the study with respect to canal cleanliness, none of the instrument groups produced a dentin surface free from debris and smear
layer at all levels of root canals. Thus the null hypothesis was rejected
as there was a signiﬁcant diﬀerence observable between the experimental groups in terms of debris and smear layer on canal walls.
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5. Conclusion
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The Protaper full sequence system provided better results than the
Single F2 Protaper ﬁle used in reciprocation and One shape single ﬁle
used in circular motion groups when debris and smear layer removal
were investigated.
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Comparison of Routine Teaching with Fishbowl and 1‑min Preceptor for
Dental Undergraduate Students: An Interventional Study
Abstract

Aim: To compare routine teaching method with fishbowl and a one‑minute preceptor for
undergraduate students. Objectives: 1. Evaluation of theoretical knowledge for WHO dentition
status and treatment need by fish bowl and routine teaching. 2. Effectiveness of the combination
of fish bowl and one‑minute preceptor in understanding WHO dentition status and treatment need.
Materials and Methods: This study was conducted on 38 third year undergraduate students, which
was divided into two groups (Group A: Fishbowl, Group B: One‑minute preceptor). Routine lecture
for WHO dentition status and treatment need was taken, followed by baseline evaluation which was
done by giving 10 sets of clinical images to students and asked them to give WHO score. Furthermore,
fish bowl and one‑minute preceptor method were performed and students were subjected with the
same set of clinical images again. At the end of the session, feedback was taken from the students by
means of five open‑ended questions about their views on fish bowl and one‑minute preceptor. Data
were analyzed with SPSS version 20 (Chicago IL). Wilcoxon Sign Rank test and Mann Whitney ‘U’
test was performed for intragroup and intergroup comparison respectively. Results: Combination of
fishbowl and one‑minute preceptor shows statistically significant result over routine teaching method
with P value of .000. Conclusion: Combination of Fish Bowl and OMP could be used for better
teaching method for students, as the students are actively involved and more learning takes place;
the deficiencies of one method would be compensated by the other.
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Introduction
Education has come a long way over the
past few decades. It has evolved greatly
from
the
once
blackboard‑oriented,
teacher‑centered approach to the use of
various techniques that enhance the ability
of undergraduate students to think in
all the directions.[1] In dental education,
self‑assessment is widely accepted as a best
practice and is performed after preclinical
projects or clinical procedures, for both
formative and summative activities, in
the form of daily laboratory exercises,
laboratory practical examinations, clinical
treatment, and clinical competencies.[2]
Oral health is a part of general health.
Dental diseases are the most prevalent
and the most neglected of all chronic
diseases affecting mankind. Prevention of
disease rests on knowledge of the disease
occurrence, distribution, etiology and other
related factors [3] and hence it is imperative
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that students be well trained in recording
dental caries. Quantitative measurement
of disease most commonly relies on
“index” as dental index is the main tool of
epidemiological studies in dental diseases
to measure prevalence, incidence, and
severity.[3]
A critical element of the learning
environment is its effect on student
well‑being.[4] There are various indices
to record caries severity and one of the
index which is internationally accepted
is WHO index. To simplify the concept
of index, two emerging pedagogical
approaches— Fishbowl and One‑Minute
preceptor—are used in this study which
has gained popularity in this era of general
education.
Fish bowl technique can be used after the
lecture class.[5] There are two circles:
1. Inner circle: Students are called “fishes;”
they may be 2–11 in number, depending
on the strength of classroom.
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2. Outer circle: The rest of the students in class will form
the outer circle and they are called “fish watchers.”

the steps step and rules were explained to them. Group B
was routine teaching group.

According to the one‑minute preceptor (OMP) model which
is a clinical supervision technique, teaching‑learning occurs
in a short duration, in a realistic setting with the patient
on the dental chair, providing experiential learning to the
students for future practice.[6] The one‑minute preceptor
consists of five “micro skills.”[7,8]
1. Getting a commitment
2. Probe for supporting evidence
3. Teach the general rules
4. Reinforce what was done right
5. Correct mistakes.

Further, the chairs in the class were arranged for the
fishbowl method in two circles—an inner circle and an
outer circle. Inner circle students with four members were
instructed to hold a discussion on the allotted topic with
the representative member among them in time limit of
20 minute. One chair was left open for the outer circle
students to share their own aspects about the discussion and
after sharing, they must go back to their original places.
This is done to achieve maximum participation, and rest of
the students in group A were asked to arrange themselves
in the outer circle. The outer circle students were asked
to focus and listen carefully to the discussion, they need
to note examples of when their peers in the discussion
group are following the rubric and when they are not. The
observers need to record anything else important they see
and be ready to share it.

Combining both the classroom and clinical supervision
approach will enhance the ability of students to understand
the topic in a better way. Although there have been
few studies of one‑minute preceptor for undergraduate
medical students, the literature available is limited for
dental students.[5,8] There is paucity of literature for the
above‑mentioned technique in dental education and this
study is the first of its kind which has combined both the
techniques.
The aim of the present study is evaluation of theoretical
knowledge for WHO dentition status and treatment need
by fish bowl and routine teaching and effectiveness of
the combination of fish bowl and one‑minute preceptor in
understanding WHO dentition status and treatment need.

Materials and Methods
An interventional study was conducted among third year
undergraduate students (n = 38) in the Department of
Public Health Dentistry of the institute. Ethical approval
was obtained from the review board of the institution.
Students those who were willing to participate, present on
the day of study and gave informed consent were included
in the study, those who were absent on the day of study
were excluded.
Third year undergraduate students were recruited. The total
sample size was 38. Each student was informed regarding
study design and protocol. A 22‑minute lecture for WHO
dentition status and treatment need were taken for the
students and base line knowledge was checked providing
them 10 different clinical scenarios and asking them to
give WHO score.
The class were divided into two groups, i.e., intervention
group (21 students) and comparison group (17 students)
in group A and group B, respectively. Intervention group
students were explained about fish bowl and one‑minute
preceptor.
The study was completed in three weeks; the lecture was
given in the first week, during the second week, the class
was randomly divided into two groups with the lottery
method. Group A was fishbowl + one‑minute preceptor and

However, at the end of the discussion, a plenary session was
conducted by the modulator and all the missed important
points were added and mistakes during discussion were
corrected. A similar topic was also given to the routine
group and they were also instructed to discuss among
themselves.
Further, both the groups were again evaluated with the
same set of clinical images which were shown at the time
of baseline evaluation. In the third week, group A and
group B were allotted with patients for clinical evaluation.
Group A was asked to record WHO score according to
one‑minute preceptor steps as the sequence of micro skills
fosters learner ownership of the clinical problem. At the
same time, learner’s knowledge is assessed and critical
thinking is promoted, whereas Group B was instructed to
record the score as a routine standard protocol. At the end,
both the groups were compared and evaluated.
Feedback was taken from the students by means of five
open‑ended questions about their views and experience
with fish bowl and one‑minute preceptor [Table 1].
Intra‑group and inter‑group comparison was done with
Wilcoxon signed rank test and Mann–Whitney U‑test. Data
were analyzed with SPSS version 20 (Chicago IL).
Table 1: Questions was given to all the 38 students
having the following questions

1. Was the fish bowl and one‑minute preceptor discussion
meaningful? Did the discussion advance the understanding of the
group and the class?
2. Did you face any problem during discussion of the topic?
3. Did the fishbowl and one‑minute preceptor discussion cover
important concepts? Were all areas of topic discussed?
4. Did the diversity of students help them think actively?
5. Were the group members open to ideas that conflicted with his/
her own?
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Results
In relation to age, level of previous knowledge and
training, there was no difference amongst the comparison
and intervention groups as all the participants were students
of third year of BDS. The minimum score in pre‑fish and
post‑fish was 0 and 2, respectively, whereas in pre‑routine
and post‑routine, it was 0 and 1, respectively, as shown in
Table 2.
Intragroup comparison for baseline evaluation between
pre‑fishbowl and post‑fishbowl was done with Wilcoxon
signed ranked test, showing statistically significant
difference with Z value of ‑4.026 and P value of .000,
as among 21 students, all were found to give the correct
answer for the given clinical images, showing that
post‑fishbowl was better scored than pre‑fishbowl.
Pre‑routine and post‑routine did not show statistically
significant difference with Z value of − 1.536 and P value
of 0.125, as out of 17 students, five were found to have
given incorrect answers both at the time of pre‑routine
and post‑routine, one student’s answer was the same at
both the times, and only 11 students gave the correct
answer [Table 3].
Intergroup comparison with Mann–Whitney U‑test
between post‑fishbowl and post‑routine with z‑value
of −4.533 and P value of 0.000 showed statistically
significant result, manifesting post‑fishbowl better than
post‑routine [Table 4].
Intergroup comparison between a combination of
one‑minute preceptor and fishbowl with routine group
again showed a statistically   significant difference with Z
value of −4.533 and P value of 0.000 [Table 5].
Post‑study feedback was taken from all the students of
fishbowl and one‑minute preceptor by means of five
open‑ended questions [Table 1], in which out of 21 students,
18 students shared their views with positive response with
all the questions and accepted both the techniques to be
better over the traditional method. In answer to question
2, only three students were   confused with the topic and
expressed their views that they faced some difficulties in a
few cases.

Discussion
The common and the greatest challenge faced by the
teacher in a professional college is attentiveness of students
and their involvement as well as participation in the
classes.[9] Moreover, the teaching‑learning process enforces
a great deal of expectations from the teacher, equivalent
participation from students and effective classroom
management.[10]
As per Bloom’s taxonomy, developed by a team of
American educators led by Benjamin S. Bloom, the
purpose of education was “to change the thoughts, feelings
50

Table 2: Change in magnitude between pre‑ and
post‑score of comparison and intervention group
Pre‑fishbowl
Pre‑routine
Post‑fishbowl
Post‑routine

n
21
17
21
17

Mean
2.19
2.00
6.86
2.71

Minimum
0
0
2
1

Maximum
7
6
10
5

Table 3: Intragroup comparison for baseline evaluation
n

Mean Sum of
rank ranks

Z

P

Prefishbowl ‑ postfishbowl
Negative ranks
0a
0.00
0.00 −4.026b 0.000
b
Positive ranks
21
11.00 231.00
Ties
0c
Total
21
Pre‑routine ‑ post‑routine
Negative ranks
5d
7.80
39.00 −1.536b 0.125
e
Positive ranks
11
8.82
97.00
Ties
1f
Total
17
Wilcoxon sign rank test (P<0.05). aPostfishbowl <Prefishbowl,
b
Postfishbowl >Prefishbowl, cPostfishbowl=Prefishbowl, dPostroutine
<Preroutine, ePostroutine > Preroutine, fPostroutine=Preroutine

Table 4: Intergroup comparison between post‑fishbowl
and post‑routine

Groups
n
Mean rank
Post‑fishbowl
21
26.81
Post‑routine
17
10.47
Total
38
Mann–Whitney U‑test (P<0.05)

Z
−4.533

P
0.000

Table 5: Intergroup comparison between 1‑min
preceptor + fishbowl and routine

Groups
One‑minute preceptor + fishbowl
Routine
Total
Mann–Whitney U‑test (P<0.05)

n
21
17
38

Z
−4.533

P
0.000

and actions of students.” Bloom and his team suggested
that students should also be taught to apply the acquired
knowledge along with higher‑order thinking skills.[11]
His committee designed a hierarchical framework of
learning statements based on the six major categories of
cognitive thought, beginning with knowledge, followed
by comprehension, application, analysis, synthesis and
evaluation.[11]
Keeping these steps in mind, in our study, it was thought to
begin with the idea to first instill the knowledge by taking
a lecture for the topic, i.e., the WHO dentition status and
treatment need, which was followed by comprehending
the knowledge by asking students to discuss the topic
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and critically think to build up their thoughts by fishbowl
method. Further to apply their piece of knowledge, the
students were given various simulated cases so that they
should understand and are trained well to give proper and
correct score for the given case scenario.
After collecting their answer sheets, the correct score for
each image was discussed with them and they were asked
to rethink if any of their answers was incorrect so that
they can analyze how to think to give the correct score.
Further plenary session was given by the facilitator so that
students can synthesize their knowledge and the second
technique, namely the one‑minute preceptor test was used
to evaluate each student by allotting them patients and
they had to record the WHO score in patients (real‑life
scenario).
The WHO dentition status and treatment need are
internationally accepted methods to record dental caries.
The index has three segments—crown, root and treatment
need. A patient can present with dental caries and the
treatment need will change as per the severity of the
disease. Students need to understand the concept and apply
it, which could be a difficult task for new learners as the
pattern of the disease changes from one person to another.
Thus, this index was selected in the present study and we
evaluated if fishbowl, along with one‑minute preceptor, can
help students understand the concept in a better and easier
way.
The tough curriculum in a professional college must be
made interesting by implementation of new teaching
learning strategies.[12] Lecture with fishbowl discussions and
clinical reasoning with one‑minute preceptor instilled
interest in the class in majority (95%) of the students.
Lectures interspersed with discussions have always
inculcated interest in students as seen by Baetty et al.,[13]
which was similar in our study.
The teacher in fishbowl method acts more like a facilitator,
organizing friendly and favorable environment to
thrive internal motivation towards learning and thereby
inculcating interest. Moreover, lecture with fishbowl is
more student‑centered, whereas lecture alone is more
teacher‑centered.[14]
Approximately 95% of students were able to retain
information better in “lecture with fishbowl.”[15] However,
only 5% students felt that they were having some confusion
regarding some clinical scenario. When compared to
lecture alone method, all students in fishbowl group found
this technique to be more effective and innovative way of
learning, and this was also appreciated by Gibbs et al. who
found that interactive discussions before or after a lecture
always led to retain information better.[16]
Students need to retain information from classes for
interpretation and application of information with respect
to importance of the content which gave the idea to add

one‑minute preceptor technique for clinical reasoning into
the study.
The students in the intervention group, post one‑minute
preceptor training, had revealed a significant improvement
in scoring the tooth with the appropriate WHO score with
Z‑value of‑4.533, leading to high accuracy in understanding
the condition. This is essential for successful treatment
outcome, which was similar to the study done by Naik
et al., which shows a statistically significant difference
in performance of students of both the groups, and
demonstrates that there was a positive impact on learning
of the students, by either traditional or using the one‑minute
preceptor model.[6] The findings are in contradiction to a
study by Saunders et al.[17]
It was found by Aagaard et al.[18] in his study that
preceptors using the one‑minute preceptor approach were
equally or better able to diagnose the patient’s condition
correctly, in comparison to those using a routine approach,
and student abilities and knowledge were better assessed
with the one‑minute preceptor. The preceptors rated the
one‑minute preceptor approach as more efficient and more
effective.
Stheeman et al. showed that as the diagnostic confidence
of dentists increases, there is an increase in diagnostic
accuracy, and they suggested that methods should be
devised to improve the diagnostic confidence.[19] The sample
of the study was a limitation due to restricted number of
students involved in specified duration and, further studies
with larger sample size and a follow‑up study to determine
the retention of the knowledge for correct scoring system
amongst the students is the need of the hour.

Conclusion
The present study concluded the use of fishbowl and
one‑minute preceptor model to inculcate interest in
majority of the students. The students were able to retain
information better with both the techniques.
A combination of fish bowl and one‑minute preceptor could
be used for a satisfactory teaching technique for students,
because students are actively involved, and the deficiencies
of one method would be compensated by the other.
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Abstract

Background and Objectives: The perpetual search is on to find botanical complementary adjuncts to the
conventional therapies used that is not only cost‑effective but also reduces side effects associated with
conventional synthetic drugs that are available in the market. The aim of this study was to assess the in vitro
anticancer efficacy of hydroalcoholic fruit extract of cranberry against oral cancer KB cell line by Di-Methyl
Thiazoldiphenyl Tetrazolium bromide assay (MTT) assay and its cytotoxicity on normal fibroblast cells.
Materials and Methods: Vaccinium macrocarpon extract was prepared using a hydroethanolic solvent (water –
30%:ethanol – 70%) using the standardized maceration protocol. Standard KB and normal fibroblast (L929) cell
lines were used. The minimum lethal effect of the extract was calculated using the MTT cytotoxicity assay.
Results: The extract shows a satisfactory antiproliferative effect on the KB cell line and a higher cell viability
percentage of the normal fibroblast cell line.
Conclusion: V. macrocarpon can prove to be an adjunct to the existing anticancer drug therapy against oral
cancer KB cell line.
Keywords: Anticancer, cell viability percentage, cranberry, spectrophotometric determination, Vaccinium macrocarpon
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INTRODUCTION

In today’s modern world, medicine and science has helped
us fight an array of diseases, making the average human
life span increase by leaps and bounds. However , this
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forward path has its cons, targeted through an unhealthy
lifestyle, leading to the commencement of a vicious disease
non-communicable diseases, i.e., cancer. According to
the WHO, “Cancer is the second leading cause of death
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globally, responsible for an estimated 9.6 million deaths in
2018. Globally, about 1 in 6 deaths occurs due to cancer.”[1]
The prevalence of cancer in India is estimated to be
around 2.5 million, with about 800,000 new cases and
5, 50,000 deaths per annum. In 2003, the Indian Council of
Medical Research reported that oral cancer is increasingly
common in India. There has been a marked increase in
the number of oral submucous fibrosis, especially among
youngsters, which further increased the incidence of oral
cancer. At present, oral cancer is the fourth most common
type of malignancy after lung, stomach and liver in males
and the fifth most common cancer after cervix, breast,
stomach and lung cancer in females.[2‑6]
Although medicine is making strides in the creation of wonder
drugs to cure oral cancer, the side effects of these synthetic
drugs along with their skyrocketing prices mask their benefits
making them unfit for continuous, prolonged. The need for
discovering a botanical adjunct to these synthetic drugs to
reduce the side effects is the need of the hour. A growing
interest has developed to identify dietary components and
botanical supplements owing to their therapeutic potential.
Cranberry (Vaccinium macrocarpon), the “wonder fruit,”
has recently come into limelight owing to its significant
therapeutic potential. It is a unique and rich source of
several classes of bioactive flavonoids, including flavanols,
anthocyanins and proanthocyanidins (PACs), which confer
it the significant therapeutic potential.[7]

Plant materials

Fresh, frozen cranberry fruits (V. macrocarpon) (FSSAI
FSSL 11214331000541) were accessed from Very Berry
Fruits Pvt. Ltd., Bengaluru, Karnataka, India. The fruits
were tested and approved by a botanist and pharmacist.
They were weighed, rinsed under running tap water and
transversely sectioned into two halves. The water/fluid
content from the specimens was removed tissue paper
blotting. The fresh fruits were dried under the shed (25°C)
for 7 days till constant weight was achieved. This technique
was done following the method used by Kumar et al.[8]
Preparation of crude extract

The dried samples of V. macrocarpon were subjected to
the maceration method to extract the alkaloids from
it. Twenty grams of the dried fruit was macerated with
200 ml of hydroalcoholic solvent, with the ratio of
ethanol (70%):water (30%) in a conical flask, plugged
with cotton and kept occasionally on a rotary shaker at
190–220 rpm for 48 h at room temperature. The macerated
liquid was filtered through Whatman Filter Paper No. 1
(Sigma Aldrich Chemicals Pvt. Ltd., Bengaluru, India). The
extraction processes were carried out for 3 days to obtain
crude extracts which were evaporated and concentrated
under reduced pressure using a vacuum rotary evaporator
(Sigma Aldrich Chemicals Pvt. Ltd., Bangalore, India). The
residue left was semi-solid, reddish-pink in color, which
was soluble in aqueous solution. It was stored at 4°C in an
air-tight sterile container till further use.[9,10]

Partly number of studies have been performed on the use
of cranberry extract on these strains with a number of
pitfalls. The main limitation of the commercially available
cranberry extract is the high dextrose and fructose content,
which makes it unsuitable for oral use. Further, the presence
of methanol in the production of commercially available
alcohol, owing to no evidence‑based gas chromatography
analysis done to discern 100% evaporation of methanol,
makes it not favorable as a therapeutic drug.[7] Thus, there
is an impending need of assessing the antiproliferative
properties of a standard cranberry extract which is versatile
and has a wide range of therapeutic uses.

Conditioning of the cell lines

Hence, the current research paper delved into assessing
the anticancer potential of V. macrocarpon extract on oral
cancer KB cell line by MTT assay and the cytotoxicity of
V. macrocarpon extract on normal fibroblast cells.

Biochemical test

MATERIALS AND METHODS

Cytotoxicity assay

This research was carried out as part and in corroboration
with a research done by Kumar et al.[8]

The standard oral cancer KB cell line and the normal
fibroblast cell line (L929) were obtained from the National
Centre for Cell Science, Pune. They were cultured in a
T‑flask that was supplemented with Dulbecco’s Modified
Eagle Media (DMEM), as shown in Figure 1. An estimation
of the cell count was done, and it was placed in a carbon
dioxide chamber, as shown in Figure 2. The cell counting
was done by looking for a change in the suspension
color (red to pale), inspection of the surface of the
T‑flask or using trypan blue exclusion technique using an
hemocytometer, as shown in Figures 3 and 4.
The experiment was carried out using the MTT assay
protocol (Di-Methyl Thiazoldiphenyl Tetrazolium bromide
assay) [Figure 5].
In vitro growth inhibition effect of the test compound
was discerned by the characteristic colorimetric/
spectrophotometric determination of conversion of
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yellow MTT solution into purple formazan crystals, in the
presence of living/viable cells [Figure 6].
Fifty microliters of 1,00,000 cells/ml cell suspension
was seeded into each well and DMEM was added, as

Figure 1: Cell culture in T‑flask supplemented with Dulbecco’s Modified
Eagle Media

shown in Figure 7. Following this, dilutions of the
V. macrocarpon extract were prepared in the DMEM
media. One hundred microliters of the extract of
different concentrations was added to the wells and
incubated for 24 h in the presence of 5% carbon

Figure 2: Cells incubated in CO2 chamber

Figure 3: Ten‑microliter TB dye + cell suspension

Figure 4: Hemocytometer

Figure 5: Living cells – transparent killed cells – blue

Figure 6: Cell count
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dioxide and 37°C in a CO 2 incubator, as shown in
Figures 8 and 9. After 24 h, 20 μl of 5 mg/ml MTT
reagent was added to the wells [Figure 10]. The plate
was covered with aluminum foil since MTT reagent
is highly photosensitive [Figure 11]. The plate was
reincubated for 4 h [Figure 12]. The supernatant was
carefully removed without disturbing the precipitated
formazan crystals [Figure 13]. Two hundred microliters
of dimethyl sulfoxide was added to dissolve the crystals
formed [Figure 14]. Then, the optical density was
measured at a wavelength of 492 nm [Figure 15]. The
study was performed in triplicates, wherein the result
represented the mean value for three readings.
Formula : Surviving cells ( % ) =
Mean OD of test compound × 100
Mean OD at control

RESULTS

The antiproliferative efficacy of the different dilutions and
concentrations of V. macrocarpon against the KB cell line and
normal fibroblasts is shown in Table 1. As seen in the findings,
there is an inverse relation seen with the effect of the extract
against the KB cell line with paclitaxel drug as a control and a
direct relation with the cell viability percentage of the normal
fibroblast cells. Graph 1 shows the activity of the cranberry
extract on the two cell strains, giving the percentage of the
surviving cells. The result that was obtained after doing
an IC50 (GraphPad Prism version 8.0.0 for Windows,
GraphPad Software, San Diego, California USA) was that
the dose/concentration of cranberry extract that kills 50%of
the oral cancer KB cell line is 3.564 (μg/ml).
DISCUSSION

Scientific evidence strongly suggests that a healthy diet

Figure 7: Fifty microliters of 100,000 cells/ml cell suspension seeded
into each well and Dulbecco’s Modified Eagle Media added

Figure 9: One hundred microliters of the fruit extract of different
concentrations was added to the wells and incubated for 24 h, in the
presence of 5% CO2, at 37C into CO2 incubator

Figure 8: Dilutions of the fruit extract were prepared in Dulbecco’s
Modified Eagle Media

Figure 10: After 24 h, 20 μL of 5 mg/ml MTT reagent was added to
the wells
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Figure 11: The plate was covered with aluminum foil since MTT reagent
is photosensitive

Figure 13: The supernatant was carefully removed without disturbing
the precipitated Formazan crystals

Figure 12: The plate was kept for 4‑h incubation

Figure 14: Two hundred microliters of dimethyl sulfoxide was added
to dissolve the crystals formed

Graph 1: Percentage of surviving normal fibroblast cells and KB cells
with different concentrations of the extract

Figure 15: The optical density was measured at wavelength of
492 nmμL

and nutrition plays a vital role in protection against oral
cancers.[11] Out of the fruits and vegetables consumed,
262

berries and citrus fruits are highly recommended for
oral cancer prevention.[12] For this study, a novel extract
preparation of the cranberry fruit was used. Previous
studies have used a pure alcoholic extract which was
one of their major pitfalls. However, in this study, the
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Table 1: Effect of the different concentrations of the hydroalcoholic extract on normal fibroblast cell line and oral cancer KB cell
line using paclitaxel as the positive control
Concentration (µg/ml)
200
100
50
25
12.5
6.25
Positive control (paclitaxel)
Negative control (untreated cells)

Normal fibroblast cell line (L929)
Mean optical density
Cell viability (%)
0.319
0.328
0.333
0.348
0.344
0.36
0.182
0.357

incorporation of water in the extract preparation could
contribute to the dissolution of the water-soluble active
components in the fruit, rendering the wide therapeutic
range to the test compound. Studies done by Chatelain
et al. indicated an affirmative anti-proliferative effect of
the cranberry extract on CAL27 and SCC25 cell lines,
demonstrating a 34% growth inhibition in CAL27 human
oral squamous cell carcinoma (OSCC, GImax = 40 µg/ml)
and 36.3% growth inhibition in SCC25 human OSCC
(GImax = 70 µg/ml) using the cranberry extract.
Seeram et al. further reported the antiproliferative effect
of the extract on KB and CAL27 cell line with a similar
positive result.[13] The same study also showed that the total
polyphenol fraction that was separated from cranberry
extract showed 96.1% and 95% of growth inhibition of KB
and CAL27 oral cancer cells, which was better than the total
cranberry extract.[13] All these studies proved that cranberry
extract has some chemoprevention and chemotherapeutic
potential against oral cancers and that this could be
attributed to the presence of PACs and flavonoids in it.[14]
PACs are reported to inhibit the induction of ornithine
decarboxylase (ODC), which is an enzyme involved in
tumor cell proliferation of epithelial cells.[15]
Another in vitro study done by Seeram et al. stated that
“when cranberries were tested on KB, CAL27, they show
no significant antiproliferative action on the cell lines. This
could be attributed to the fact that cranberries are known
to predominantly contain condensed proanthocyanidins
(PACs). These PACs do not present as sharp peaks, rather
appear as broad peaks at common HPLC‑UV monitoring
wavelengths for flavonoids. Hence they are inconspicuous
are therefore not visible in the chromatograms (280 nm).
Furthermore, the solvent that is used to make the extract is an
acidic methanol‑based solvent which is more suitable for the
extraction of anthocyanins than PACs; therefore, it is unlikely
that PACs were present in the extract used for the study.”[16]
A study done by the University of Illinois showed that the
PACs and other flavonoids contained in cranberry inhibit
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91.88
93.28
97.48
96.34
100
51.16
100

Oral cancer cell line (KB)
Meanoptical density
Cell viability (%)
0.174
0.177
0.178
0.198
0.257
0.238
0.144
0.334

52.09
52.99
53.29
59.3
76.94
84.73
34.14
100

the ODC activity in mouse epithelial cells (ME‑308). ODC
inhibition in epithelial cells by cranberry was also linked to
its high PAC content.[15]
As stated by a study done, “cranberry extract that is in the
form of a water‑soluble phenolic extract, prepared from
commercially available cranberry powder, can effectively
inhibit the proliferation of several human tumor cell
lines.”[13] A total polyphenol extract containing a variety
of flavonoids inhibits the proliferation of two oral cancer
cell lines (CAL27 and KB).
The inhibition of tumor cells by cranberry is likely to involve
a synergistic activity of the cranberry Phytochemicals, which
include the flavonols (quercetin being the major flavonol),
PACs and ursolic acid. A few mechanisms of action
include induction of apoptosis in cancer cells, decreased
invasion and metastasis as a result of inhibition of Matrix
Metalloproteinases, inhibition of ODC expression and
activity and inhibition of inflammatory processes including
cyclooxygenase (COX) activity.[17]
The overexpression of COX‑2 plays an important
role in promoting certain cancers; therefore, inhibition
of its activity or expression is another for m of
chemoprevention. [17] Inhibition of COX activity by
cranberry extracts was noted in a study by Seeram et al.
in which anthocyanin fractions that were isolated were
evaluated for COX‑1 and COX‑2 inhibitory activity using
an assay measuring oxygen uptake on the conversion of
arachidonic acid in microsomal preparations by either
isoform. Cranberry anthocyanins inhibited COX‑1
and COX‑2 activity by approximately the same degree,
reducing activity by 10% at 125 mg/L.[18]
The results deduced by this research show a decrease in
the cell viability percentage of the KB cell. Although it is
not as drastic as a result achieved with paclitaxel which is
a known chemotherapy drug, the result is still significant
enough to attract deeper research in this field. The effect of
the cranberry extract on the normal fibroblast cell shows a
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high cell viability percentage which discerns lower chances
of causing side effects and harm.
On literature search and delving into the methodologies,
majority of the experiments documented, though having
displayed the anticancer potential of the cranberry extract,
have used it on the HeLa cell line of oral cancer make. It is
noteworthy that the results yielded from theses studied are
guarded and should be interpreted with caution. However,
it has been proven that the HeLa cell line is poorly to
moderately differentiated cell line for oral cancer.[19] The
need of the current study was to target and focus a highly
differentiating and proliferating cell line such as the KB
cell line.[20]
For use in the oral cavity, we further investigated the effect
of the same concentrations of the same standardized
extract on the L929 normal fibroblast cells. L929 cell line
is widely used for toxicity testing.[21] According to the result
of this study, the hydroalcoholic extract of cranberry causes
very limited cytotoxicity to this cell line rendering it highly
effective in its use against the proliferation of the cancer
KB cell line.
Cranberry extract, owing to its botanical origin, can help
as an adjunct to the ongoing allopathic drug regimen
for patients suffering from oral cancer rather than other
synthetic drugs that not only burden the patient with a
number of side effects but also have very large monetary
implications. The vehicle of the extract was modified to
ethanol so as to further reduce any harm that can be caused
by the extract.
With further research, Vaccinium macrocarpon can be used
in various public health and clinical endeavors. This
novel extract preparation could be self-administered by
incorporating in the formulation of a mouthwash that
could be used for independent or supervised rinsing. The
cranberry extract has displayed versatility with a broad
therapeutic range and low risk-causing profile. Hence
it can also be proposed to be administered as systemic
metered dose formulation owing to its multiple systemic
benefits like its effect against urinary tract infection,[22]
cardiac diseases,[23] peptic ulcers,[24] Alzheimer’s disease,[25]
as an antioxidant[26] and an antiaging agent.[27] They can
further be professionally administered as local drug delivery
systems such as gels, irrigants, microspheres, nanoparticles,
transferosomes or buccal patches directly on oral cancer
or precancerous lesions.
We further encourage in vitro studies to be performed using
this extract to isolate individual components of the extract,
264

time-kill assays and DNA fragmentation procedures and
to discern the actual mechanism of the target on cancer
molecules through the gene expression or proteomic
studies.
CONCLUSION

The study forms a start for extensive and full‑fledged
research to be carried out with the Vaccinium macrocarpon
extract. A greater number of clinical trials will improve
our knowledge on this wonder fruit. For a dangerous and
morbid disease like oral cancer, the authors have strived to
present one universal, versatile and standardized solution
to act as an adjunct and complementary treatment in the
realm of channelized, targeted and palliative care, with
predictable patient-centric outcomes.
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Abstract Width of attached gingiva plays an important role in maintaining periodontal health, provides
stabilization of the gingival margin against frictional
forces and aids in dissipating physiological forces
exerted by the muscular fibers of the alveolar mucosa
on the gingival tissues. Inadequate width of attached
gingiva leads to attachment loss, soft tissue recession,
and impedes oral hygiene measures. Hence, procedures using autografts and allografts have been
proposed to augment the attached gingiva. Allografts
like chorionic membrane (CM) are known to enhance
release of growth factors, promote neovascularization,
healing and enhance biotype. To assess the efficacy of
CM in increasing the width of attached gingiva,
vestibular depth and gingival thickness. Fifteen
patients with inadequate attached gingival width were
included in the study. Patients were randomly allocated to each group: Control group, CM group and
CM ? platelet rich fibrin (PRF) group. Attached
gingiva width, vestibular depth, and gingival thickness
were measured at baseline and 4 weeks post procedure. The control, CM and CM ? PRF groups showed
an increase in all parameters from baseline to 4 weeks.

S. Kothiwale (&)  J. Ajbani
Department of Periodontics, KLEs V. K. Institute of
Dental Sciences, KAHER, Belagavi, Karnataka 590010,
India
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The increase in the attached gingiva (p = 0.042)
width, vestibular depth (p = 0.043) and gingival
thickness (p = 0.034) were statistically significant at
4 weeks for CM group and CM ? PRF group respectively. The CM ? PRF group showed better results
compared to other groups. CM and PRF can be
effectively incorporated to increase the width of
attached gingiva and depth of vestibule.
Keywords Chorion membrane  Vestibuloplasty 
Periodontitis  Platelet rich fibrin  Muco-gingival
problems

Introduction
Attached gingiva is the part of the gingiva that is
firmly attached to the underlying tooth and bone
(Orban 1948). It increases resistance to external injury
and contributes to stabilization of the gingival margin
against frictional forces. It also aids in dissipating
physiological forces exerted by the muscular fibers of
the alveolar mucosa on the gingival tissues.
The width of the attached gingiva varies in different
individuals and on different teeth of the same
individual (Santhosh Kumar and Anand 2015). Teeth
with narrow width of attached gingiva and decreased
vestibular depth cause accumulation of food particles
during mastication and impede oral hygiene measures
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(Rajpal et al. 2013). Several studies have evaluated the
role of adequate vestibular depth in the maintenance of
oral hygiene. Cases with high tension in vestibule
result in esthetic problems. Such cases require treatments but are extremely complex to regenerate due to
the shallow vestibule.
Various techniques including apically positioned
flaps, pedicle grafts, free gingival grafts, and connective tissue grafts have been used to increase the width
of attached gingiva. The free gingival graft and subepithelial connective tissue graft procedures require
harvest from a donor site, which is usually the palate.
The use of palatal donor tissue, especially when large
areas need to be grafted, increases morbidity and the
risk of surgical complications. In addition, adequate
amounts of donor tissue may not be available from the
palate. The free gingival graft, when used, retains its
tissue characteristics after transplantation to an ectopic
site (Karring et al. 1971, 1975).
Due to these limitations’ dermal substitutes, growth
factors, and other allografts and biomaterials are being
considered as alternative or adjunctive treatment
modalities.
One of the oldest biomaterials used for scaffolding
is the fetal membrane which was first used for the
transplantation of skin in 1910. In the last decade use
of fetal membranes in periodontal therapy has considerably increased. Fetal membranes comprise amniotic and chorionic tissues. The chorion forms the outer
limits of the sac that encloses the fetus and is
composed of different types of collagen and celladhesion bioactive factors (Niknejad et al. 2008;
Suresh and Gupta 2013). Chorion membrane (CM)
has gained importance due to its ability to reduce
scarring and enhance wound healing. In addition, it is
a biomaterial that can be easily obtained, processed,
and transported (Koob et al. 2013).
In the early 2000s, a new concept was developed by
Dr. Joseph Choukroun whereby the removal of
anticoagulants from PRP and modifications to centrifugation procedures led to the development of
platelet rich fibrin (PRF) (Suresh and Gupta 2013;
Kothiwale et al. 2009; Griffin et al. 2006). This
second-generation blood derivative was therefore used
in the form of a fibrin membrane (also containing
leukocytes and growth factors), which has since been
utilized for a variety of surgical procedures either
alone or in combination with bone graft materials for
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periodontal regeneration, sinus grafting, and ridge
augmentation.
Considering the various properties of PRF and CM,
the present study aimed to evaluate and compare the
effect of an innovative step of placing the CM along
with PRF and CM alone for increasing the width of
attached gingiva. The goal was to create more
keratinized tissue and to increase the width of attached
gingiva.

Materials and method
A total of 15 patients reporting to the Department of
Periodontics, at K. L. E’s V.K. Institute of Dental
Sciences, with \ 2 mm width of attached gingiva
were selected. Ethical approval for the study was
sought for and granted by the institutional ethical
board.
Inclusion criteria
Subjects with \ 2 mm width of attached gingiva and
having a positive tension test were included in this
study. Patients who had undergone any kind of
periodontal treatment during the past six months,
who were on antibiotics or immunosuppressant medications six months prior to the study, chronic
smokers, alcoholics and smokeless tobacco users,
patients with any systemic disease that could influence
the periodontal outcome and pregnant and lactating
mothers were excluded from this study. Written
informed consent was obtained from all study participants before starting the study.
The participants were randomly allocated with
envelope method into the following groups:
Control Group: Control.
CM Group: Chorionic membrane (CM).
CM ? PRF Group: PRF ? CM.
All patients were subjected to Phase-1 periodontal
therapy, which included oral hygiene instructions,
scaling and root planing. The surgical procedure was
performed by a single examiner. The chorionic
membranes (3 9 9 9 3 cm) were obtained from the
Tissue Bank of Tata Memorial Hospital, Mumbai,
India.
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Pre-surgical and post-surgical measurements
Pre-surgical and post-surgical measurements were
made by a single examiner using Williams periodontal
probe. The vestibular depth was determined by placing
the blunt end of a calibrated periodontal probe,
adjacent to the labial aspect of mandibular central
incisor, at the base of the vestibule with the lip relaxed,
maintaining contact with the remaining gingival tissue
and the crown of the tooth (Fig. 1). The width of the
attached gingiva was measured by subtracting the
sulcus depth from the distance between the free
gingival margin and the mucogingival junction. Gingival thickness was measured by transgingival probing, half-way between the mucogingival junction and
the free gingival groove on the attached gingiva.
Surgical procedure

Thumb pressure was applied in this area to create an
osseous exposure of 4–5 mm. The level at which the
periosteal separation was made determined the amount
of vestibular deepening. To allow proper blending with
the adjacent tissues, lateral relaxing incisions were made
at this new depth (Corn 1962). A tin foil of desired size
was placed over the surgical site (Fig. 4) followed by the
placement of periodontal dressing (Fig. 5).
CM group
Preoperative measurements were taken (Fig. 1). The
procedure performed for the Control group was
repeated at the surgical site followed by the placement
of desired size CM (Figs. 2 and 3) and positioning of
tin foil on the surgical site (Fig. 4) with application of
periodontal dressing (Fig. 5). The post-operative
measurements were recorded at baseline and at
4 weeks respectively (Fig. 6).

Control group
CM ? PRF group
After Phase-1 therapy, local anesthesia using 1:80,000
lignocaine hydrochloride was administered, as the first
step. Then, at the mucogingival junction, a horizontal
incision was made using a #15 Bard Parker surgical
blade held parallel to the alveolar process and the
connective tissue and muscle fibers were dissected as
close as possible to the periosteum (Fig. 2). This
dissection allowed the vestibule to deepen in depth. At
this level of increased depth, a periosteal separation
incision perpendicular to the alveolar process was made.

Preparation of platelet-rich fibrin Before the
surgical procedure, 10 mL of blood was drawn from
the subject’s antecubital site. The blood sample was
collected in glass-coated plastic tubes without adding
an anticoagulant. These tubes were then immediately
centrifuged for 10 min at 3000 revolutions per minute.
The centrifuged blood mass presented with a
structured fibrin clot in the middle of the tube,
between the red corpuscle layer at the bottom and the

Fig. 1 Pre-operative
measurements being taken
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Fig. 2 A incision made to
release the tension due to
muscle attachment at the
base of the vestibule

Fig. 3 Placement of desired
size of chorion membrane

Fig. 4 Placement of tinfoil
on the surgical site

acellular plasma on the top. The fibrin clot could easily
be retrieved from the tube, shaped freely, and used
immediately after its collection. PRF was compressed
between two gauze pieces to take the form. The
baseline measurements were recorded at the surgical
site (Fig. 7). A surgical procedure was performed in
CM ? PRF Group patients (Fig. 8). The PRF
membrane was placed over the periosteal bed
(Fig. 9), over which the desired size of CM was
placed followed by the placement of tin foil of
appropriate size and periodontal dressing at operative
site similar to CM group. The post-operative
measurements were taken at 4 weeks (Fig. 10).
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Post-surgical care Antibiotics and analgesics
(Amoxicillin 500 mg 3 times per day and Ibuprofen
400 mg 3 times per day for 5 days) were prescribed,
along with chlorhexidine di-gluconate rinses (0.2%)
twice daily for 2 weeks to all the groups. All the patients
were instructed to refrain from using a toothbrush or
mechanical cleaning at the surgical area. Soft diet was
advised for the 1st week of the healing period. Patients
were also informed to report to the hospital in case of
accidental dislodgement of the periodontal pack, for
repacking. On the 14th day, the periodontal pack was
removed, and the surgical site was evaluated for healing.
The patients were recalled at the 4th week.
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between the three groups for parameters on noninterval and interval scale.

Result

Fig. 5 Application of periodontal dressing on the surgical site

Statistical analysis
Mean values for all the parameters were obtained
using SPPS version 20. Wilcoxon signed-rank test was
used to find the significance within each group. Mann–
Whitney U-test was used to find the significance

At baseline, participants of the Control, CM, and
CM ? PRF groups showed a comparable lack of
attached gingiva. The healing was uneventful for these
sites.
The mean values of the width of the attached
gingiva are depicted in Table 1. All the groups showed
an increase in the width at 4 weeks with the highest
increase noted in the CM ? PRF group (3.3 ± 0.67)
followed by CM group (2.5 ± 0.35) and the least in
the Control group (1.1 ± 0.22). At 4 weeks, on
comparison between Control and CM groups, there
was a high statistically significant (p = 0.008)
improvement in the width of attached gingiva for the
CM group. The CM ? PRF group showed a statistically significant increase in the width of attached
gingival on comparison with the Control group
(p = 0.008) as well as with the CM group
(p = 0.056) (Table 4).

Fig. 6 Postoperative
measurements taken at
baseline and at 4 weeks

Fig. 7 Baseline
measurements being taken
at surgical site
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Fig. 8 Immediate
postsurgical procedure

Fig. 9 PRF membrane
placed over the periosteal
bed

Fig. 10 Post-operative
measurements were taken at
4 weeks

Mean values for depth of the vestibule are depicted
in Table 2. There was additional increase in the
vestibular depth at 4 weeks in the CM ? PRF
(6.3 ± 0.97) and CM groups (5.3 ± 1.14) compared
to Control group (3.6 ± 0.89; p = 0.008). On comparison among the groups, CM versus CM ? PRF, no
statistical significant difference in the increase in
depth of the vestibule at 4 weeks was observed
(p = 0.435) (Table 4).
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The mean values of gingival thickness are depicted
in Table 3. There was no improvement in the gingival
thickness at 4 weeks for Control (0.8 ± 0.27);
whereas
CM
(2 ± 0.35)
and
CM ? PRF
(2.2 ± 0.27) groups presented with increase in gingival thickness, CM and CM ? PRF showed similar
statistical significant increase for gingival thickness
(P = 0.339) with no change in the thickness in control
group (Table 4).
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Table 1 Width of attached gingiva at baseline and at 4 weeks
Control

CM

CM ? PRF

Baseline (mean ± SD)

0.8 ± 0.27

0.7 ± 0.27

0.8 ± 0.27

4 weeks (mean ± SD)

1.1 ± 0.22

2.5 ± 0.35

3.3 ± 0.67

Intra- group p value
(Wilcoxan Signed-Rank Test)

0.083

0.042*

0.043*

CM

CM ? PRF

SD Standard deviation, CM chorion membrane, PRF platelet rich fibrin
*p \ 0.05 is considered as statistically significant

Table 2 Depth of the vestibule at baseline and at 4 weeks
Control
Baseline (mean ± SD)

3.4 ± 0.54

3.6 ± 1.14

2.5 ± 1

4 weeks (mean ± SD)

3.6 ± 0.89

5.3 ± 1.14

6.3 ± 0.97

Intra- group p value

0.317

0.042*

0.043*

CM

CM ? PRF

(Wilcoxan Signed-Rank Test)
SD Standard deviation, CM chorion membrane, PRF platelet rich fibrin
*p \ 0.05 is considered as statistically significant statistically

Table 3 Gingival thickness at baseline and at 4 weeks
Control
Baseline (mean ± SD)

0.8 ± 0.27

0.9 ± 0.41

1.1 ± 0.41

4 weeks (mean ± SD)

0.8 ± 0.27

2 ± 0.35

2.2 ± 0.27

Intra-group p value

1

0.034*

0.034*

(Wilcoxan Signed Ranks Test)
SD Standard deviation, , CM chorion membrane, PRF platelet rich fibrin
*p \ 0.05 is considered as statistically significant

Table 4 Inter-group
comparisons

Group
Width of attached gingiva

Depth of the vestibule
SD Standard deviation, CM
chorion membrane, PRF
platelet rich fibrin
Mann–Whitney U test,
*p \ 0.05 statistically
significant

Gingival thickness

p value

Control versus CM

0.008*

Control versus CM ? PRF

0.008*

CM versus CM ? PRF

0.056

Control versus CM

0.05*

Control versus CM ? PRF

0.008*

CM versus CM ? PRF

0.435

Control versus CM

0.007*

Control versus CM ? PRF

0.008*

CM versus CM ? PRF

0.339
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Discussion
Inadequate width of attached gingiva fosters plaque
accumulation and increases the rate of progression of
periodontal recession (Koob et al. 2013). Vestibuloplasty with secondary epithelialization is the conventional procedure for increasing the vestibular depth
and the width of attached gingiva. However, in such a
procedure there is often recurrence of the shallow
vestibule and inadequate width of attached gingiva.
Autografts and commercially available allografts like
Alloderma are used to increase the width of attached
gingiva with vestibuloplasty. However, to the best of
our knowledge, there is no published data on the use of
CM along with PRF, a second-generation platelet
concentration, in increasing the width of attached
gingiva. Increase in the dimensions of attached
gingiva using CM and PRF offers several advantages.
The incorporation of CM and PRF do not require
donor tissue as observed in free gingival and connective tissue grafts. In the present study, the effectiveness of CM and CM ? PRF in increasing the width of
attached gingiva, depth of the vestibule, and gingival
thickness has been evaluated.
The baseline measurements of width of the attached
gingiva had no statistical significance in the three
groups (Table 1). On clinical observation, increase in
width of attached gingiva was noted postoperatively in
all groups. Conversely, on re-evaluation at 4th week,
there was a relapse seen in the operated patients in the
Control group. However, on evaluation at 4th week,
the increase in the width of attached gingiva in
Control, CM, and CM ? PRF groups had increased
(1.2 ± 0.27), (2.5 ± 0.35), and (3.3 ± 0.67) respectively (Table 1). The CM ? PRF group showed better
healing and texture of tissues and increase in width of
attached gingiva compared to other groups. The reason
may be the unique structural features of PRF consisting of 3D polymerized fibrin network rich in various
growth factors such as transforming growth factor b-1
(TGF-b), platelet-derived growth factor (PDGF) and
vascular endothelial growth factor (VEGF). PRF has a
dense fibrin network with leukocytes, cytokines, and
structural glycoproteins which are gradually released
as the fibrin matrix is resorbed, aiding the process of
wound healing and regeneration. Several studies have
showed rapid and accelerated wound healing with the
use of PRF (Dohan Ehrenfest et al. 2009; Giannobile
1996).
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Interestingly, years of experimenting with PRF has
revealed that, it functions via an increase in fibrin
associated with angiogenesis. Naturally, the fibrin is
considered as a biological matrix with an increased
source of VEGF and growth factors. PRF will
therefore promote and induce the formation of
neovascularization and new tissues at the recipient
site. It is thus apparent that the quality of the recipient
soft tissue bed is crucial for the procedure to be
successful. If a band of keratinized tissue is present, it
will further promote the fabrication of more keratinized tissue. If, on the contrary, only a loose mucosal
non-attached tissue is present, a similar formation of
poor- quality tissue should be expected. This mechanism of action is described as ‘‘fibro-promotion’’
(Miron and Choukroun 2017). In the present study, the
PRF membrane was placed on a recipient bed with
existing band of keratinized tissue for augmenting the
depth of the vestibule, which resulted in an appreciable increase in the width and healing compared to the
other two groups (Table 3).
The vestibular depth at 4 weeks in Control, CM,
and CM ? PRF groups was (3.6 ± 0.89),
(5.3 ± 1.14), and (6.3 ± 0.97), respectively. The
difference in increase from baseline to 4 weeks in
the Control group was 0.317. In the CM, CM ? PRF
groups, the difference was 0.042 and 0.043, respectively, which connote the significant increase in
vestibular depth, with no relapse observed. The
question was whether CM prevented the reattachment
of fibers. On clinical observation, when the patients
reported for post-operative visit, the sites in the CM,
CM ? PRF groups demonstrated increase in gingival
thickness whereas there was no change in the gingival
biotype in the Control group. The clinical assessment
showed no statistically significant difference in the
gingival thickness on comparison of CM and CM ?
PRF groups (Table 3). This indicated the addition of
PRF in the CM ? PRF group played no role in
increasing the gingival thickness. The common biomaterial incorporated in the two groups was CM.
Studies have demonstrated the ability of CM in
increasing the gingival thickness and aiding in wound
healing. Cell proliferation and migration are prime
steps of the natural process of wound healing. Mc
Quilling demonstrated that CM from dACM increased
the proliferation activity and migration of keratinocytes and fibroblasts significantly. Another salient aspect of wound repair is the paracrine cell–cell
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mechanism within the microenvironment of the
wound. In the same study, Mc Quilling showed that
when keratinocytes and fibroblasts were exposed to
CM dACM, several changes such as increased KGF
and IL-6 production in fibroblasts and HB-EGF and
IL-1Ra in keratinocytes could be seen. When cocultured with keratinocytes, both KGF and IL-6 have
been observed to be upregulated in fibroblasts
(McQuilling et al. 2019).
The CM has numerous advantages due to its
structure and composition. Structurally, it consists
of: (1) reticular membrane; (2) basement membrane;
and (3) trophoblasts (McQuilling et al. 2019) The
extracellular matrix comprises collagen types I, III,
IV, V, and VI and cell-adhesion bioactive factors, such
as fibronectin and laminin (Niknejad et al. 2008;
Suresh and Gupta 2013; Simonpieri et al. 2009).
Laminin has a high affinity for binding epithelial cells,
and in contrast to traditionally available membranes,
this membrane allows for rapid epithelial cell growth.
The specific location of growth factors and cytokines
has been localized to the epithelial layer, chorion
layer, spongy layer individually and in combination.
Therefore, inclusion or exclusion of layers can affect
the amount of growth factors released during healing.
McQuilling characterised the release of cytokines and
growth factor from dACM and observed 94.2% of
measured factors released over 7 days in-vitro.
Griffin et al. compared the frequency of postoperative complications among different soft tissue
grafting procedures, and noted that for each minute of
the procedure, there was a 4% increase in the
probability of developing moderate to severe pain
and a 3% increase in moderate to severe swelling
(Griffin et al. 2006). The present study provided the
advantage of omitting the surgical site for procurement of soft tissue graft, thus eliminating pain and
swelling as reported in the above study. Since the PRF
was obtained from patients’ own blood, no rejection
was observed in patients who participated in the study.
The chorion has the ability of self-adherence to the
site; thus, making it less sensitive to the technique and
also reducing the chair time (Kothiwale et al. 2009).
The CM also has a good shelf life, is easily available,
supports healing, and is also cost-effective compared
to other allografts. It can be established from the
results of this study that CM and PRF can be
effectively incorporated to increase the width of
attached gingiva and depth of vestibule.

Conclusion
Within the limitations of the study, CM and CM ?
PRF membrane seem to be equally promising tissueengineered biomaterials. Hence, it can be an effective
option for increasing the width of attached gingiva,
vestibular depth, and gingival thickness. However,
randomized controlled trials with longer follow-up
period and larger sample size need to be carried out to
assess the long-term benefits.
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Awareness and Knowledge Among Dental and Medical
Undergraduate Students Regarding Human Papilloma
Virus and Its Available Preventive Measures
Mayithiri Balaji, Arun Panwar, Adarsh Kudva M., N. Vasudev Ballal and Vaishali Keluskar
Background: India is a major contributor to the global burden of human papilloma virus (HPV) infection and
associated diseases like cervical and oropharyngeal cancers. Hence, it is essential to recognize the existing
knowledge pool of current healthcare students about HPV and its preventive measures to translate this
into benefits for the society in the future.
Objective: To determine the awareness and knowledge among dental and medical undergraduate students
regarding HPV and its diagnosis and prevention.
Methods: This cross-sectional study enrolled in 577 dental and undergraduate medical students from a
tertiary-care teaching hospital. A questionnaire containing 20 closed-ended multiple-choice questions was
used to assess their knowledge regarding HPV and its transmission, cervical cancer and its screening, as
well as HPV vaccines and their attitude towards them. Descriptive statistics, Mann Whitney U test, and
Chi square test were employed for statistical analysis. p ≤ 0.05 was considered statistically significant.
Results: The study consisted of 52.68% dental and 47.31% medical students, with a mean age of 20.95
± 1.82 years, M:F ratio of 0.7:1, and a mean overall score of 10.75 ± 5.18 (average). The mean scores
for knowledge about HPV, its vaccination, and its diagnosis were 7.98 ± 3.26 (good), 1.61 ± 0.95 (average), and 1.15 ± 1.16 (average), respectively. These scores showed no significant difference between the
courses as well as the genders (p > 0.05).
Conclusion: Overall, the dental and medical undergraduate students presented an average level of knowledge and awareness regarding HPV and its prevention. This reflects a greater need for educating healthcare professionals in order to have a ripple effect on society at large.

Introduction
Human papilloma virus (HPV) is a high-risk virus known to
cause many diseases like warts, cervical cancer (CC), vulvar
cancer, and oropharyngeal cancer, spread by physical or
sexual contact [1, 2]. Globally, CC is the fourth most common cancer among women and is responsible for 7.5% of
all female cancer deaths [1]. In India, CC accounts for up
to 43.8% of all cancers among women, more than 80%
of which are associated with HPV types 16 and 18 [3–5].
These strains are also responsible for nearly 92% of anal
cancers, 89% of oropharyngeal cancers and 63% of penile
cancers in men [6]. Hence, HPV vaccines are approved and
recommended before sexual debut for both the genders
[1, 6, 7]. The United States Food and Drug Administration
(USFDA)-approved and commercially available HPV vaccines in India include Gardasil (quadrivalent) and Cervarix
(bivalent) [8].
Despite safe formulation and effective immunization
regimens through various studies, HPV vaccination does
not find a place in the National Immunization Program
Manipal College of Dental Sciences, Manipal, IN
Corresponding author: Mayithiri Balaji (mayithiri@gmail.com)

of India, mainly due to financial concerns [9, 10]. In such
a scenario, widespread public screening becomes essential for control of HPV infection [1, 9]. The current World
Health Organization (WHO)-recommended screening protocols include HPV testing for high-risk HPV types, visual
inspection with acetic acid (VIA), Papanicolaou (pap)
smear test, and liquid-based cytology (LBC) [1].
Healthcare professionals (HCP) play a critical role in
spreading awareness about these screening and vaccinations and helping patients and society overcome the sociocultural, religious, and ethical stigmas associated with
them [7]. However, lack of updated knowledge among
HCP poses a barrier to creating awareness about and
accessing these anti-HPV services [7]. Since HPV causes
both oropharyngeal and genital lesions, it requires efforts
by both dental and medical doctors for its elimination [1,
2]. It is best to incorporate this information and acceptance early in the shaping of their medical knowledge
since current students would be future doctors [11–13].
However, most studies evaluating awareness and attitude
towards HPV have focussed on medical students, but not
on dental students [11–13].
Hence, the present research was initiated as the first to
determine the awareness and knowledge among dental
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and medical undergraduate students regarding HPV and
its diagnosis and prevention.

egorical variables. p ≤ 0.05 was considered statistically
significant.

Materials and Methods
This cross-sectional questionnaire-based study was conducted at tertiary care teaching hospital in Belagavi,
Karnataka, India, from November 2018 to February 2019,
after obtaining ethical clearance from the Institutional
Review Board.
The study enrolled 577 dental and undergraduate medical students from this teaching hospital, after randomly
approaching them and obtaining written informed consent from them, assuring the confidentiality of their
responses.
A questionnaire containing 20 closed-ended multiplechoice questions was distributed among the participants,
assessing their knowledge of HPV and its mode of transmission, cervical cancer, and its screening, as well as HPV
vaccines and their attitude towards them. The participants were instructed to tick the most appropriate choice
according to them and then return the questionnaires
with their marked choices for calculation.

Results
The study included 577 students with a mean age of
20.95 ± 1.82 years and an M:F ratio of 0.7:1. Table 1 presents the descriptive statistics for categorical and continuous variables. The study consisted of 52.68% dental and
47.31% medical students, with a mean overall score of
10.75 ± 5.18 (average). The mean scores for knowledge
about HPV, its vaccination, and its diagnosis were 7.98 ±
3.26 (good), 1.61 ± 0.95 (average), and 1.15 ± 1.16 (average), respectively.
Table 2 presents the descriptive statistics for knowledge about HPV, its vaccination, and diagnosis. Most students were aware of HPV (96.36%) and the associated
diseases (94.28%). However, only 8.4% of the participants
were aware of all the diseases caused by HPV, including
cervical cancer, oropharyngeal cancer, vulvar cancer, and
warts. While 34.14 % of the students correctly identified
HPV 16 and 18 strains to be the cause for the majority of
HPV-related cancers, only 28.24% were aware of all modes
of its transmission (physical/sexual contact). Although
52.85% of the students knew that HPV could infect both
genders, only 2% were aware of asymptomatic HPV infections. Moreover, 50.25% of the students had knowledge
regarding the HPV vaccine, and 99.13% encouraged using
such a vaccine among their close relatives. However, only
7.79% of these students realized the need for this vaccine
in both genders in all the three age groups (9–13 years,
15–18 years, 20–26 years). Awareness regarding pap
smear was also low (42.28%).
Table 3 depicts between-course and between-gender
analyses. Using the Mann Whitney U test, no significant
difference was observed between dental and medical

Statistical analysis

Data was compiled & descriptive statistical analysis
performed using statistical software R 3.6.3 and Microsoft Excel. Each item of the questionnaire was analyzed
with descriptive statistics, frequencies, and percentages. Overall, the items with their relative percentages
of awareness were tabulated. Continuous variables were
represented by mean ± standard deviation (SD) form.
Categorical variables were represented by frequency
tables. Mann Whitney U test was done to compare two
groups for continuous variables. Chi square test was
performed to evaluate the association between two cat-

Table 1: Descriptive statistics for categorical and continuous variables.
Variable
Gender
Course
Overall total score
Total score for knowledge about HPV
Total score for knowledge about HPV vaccination
Total score for knowledge about HPV diagnosis
Age (years)

Frequency (%)
[n = 577]
Female

336 (58.23)

Male

241 (41.76)

Dental (BDS)

304 (52.68)

Medical (MBBS)

273 (47.31)

Average (≤10)

294 (50.95)

Good (11–20)

283 (49.04)

Average (≤6)

274 (47.48)

Good (7–12)

303 (52.51)

Average (≤2)

465 (80.58)

Good (3–4)

112 (19.41)

Average (≤1)

334 (57.88)

Good (2–3)

243 (42.11)
–

Mean ± SD

Median (IQR)
–

–

–

–

10.75 ± 5.18

10 (6, 15)

7.98 ± 3.26

7 (5, 11)

1.61 ± 0.95

1 (1, 2)

1.15 ± 1.16

1 (0, 2)

20.95 ± 1.82

21 (19, 22)

Abbreviations: BDS = Bachelor of Dental Surgery; HPV = Human papilloma virus; IQR = Interquartile range; MBBS = Bachelor of
Medicine, Bachelor of Surgery; SD = Standard deviation.
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Table 2: Descriptive statistics for knowledge about HPV,
its vaccination and diagnosis.
Variable

Frequency (%)
[n = 577]

Are you aware of
Yes*
a virus called HPV?
No

556 (96.36)

Are you aware of
Yes*
any disease caused
No
by HPV?

544 (94.28)

If your answer is
yes to the above
question, what
disease/s does it
cause?

119 (23.28)

Cervical cancer (A)

48 (9.39)

Vulvar cancer (C)

29 (5.67)

HIV/AIDS (E)
A, B

6 (1.17)
65 (12.72)
34 (6.65)

A, B, C, D*

43 (8.41)

B, D

12 (2.34)

A, C, D

11 (2.15)

B, C, D

16 (3.13)

A, D

10 (1.95)

A, C

11 (2.15)

C, D

8 (1.56)

HPV 16 & 18 (A)*
HPV 6 & 11 (B)
HPV 33 & 45 (C)

22 (4)
197 (34.14)
92 (15.94)
56 (9.7)

None of the above

83 (14.38)

A, B

91 (15.77)

A, C

37 (6.41)

B, C

21 (3.63)

Male

65 (11.26)

Female

196 (33.96)

Both*

305 (52.85)

Do not know
What is the mode
of transmission of
HPV?

97 (18.98)

A, B, C

A, B, D

Which of the
following persons
can be infected by
HPV?

33 (5.71)

Oropharyngeal
cancer (B)
Warts (D)

Which HPV strains
cause majority
of HPV-related
cancers?

21 (3.63)

11 (1.9)

Physical contact (A)

78 (13.51)

Aerosol/Air droplet
(B)

12 (2)

Sexual intercourse
(C)
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Variable

Frequency (%)
[n = 577]

Everyone infected True
with HPV will have
False*
symptoms.
Do not know

205 (35.52)

Cervical cancer is
a leading cause
of cancer deaths
among women of
India.

True

255 (44.19)

False*

295 (51.12)

Are you aware
that HPV can also
cause oropharyngeal carcinoma?

Yes*

308 (53.37)

No

269 (46.62)

12 (2)
266 (46.1)

Do not know

27 (4.67)

Are you aware of
Yes*
any vaccine to preNo
vent these virusrelated diseases?

290 (50.25)

Is there a need for
better education
in India about
HPV and its
related diseases?

Yes*

570 (98.78)

Do you feel
there will be an
increased trend
of HPV-related
diseases in the
near future?

Yes*

Do you wish to
gain more knowledge about HPV
and its related
diseases?

Yes*

Do you know the
name of the vaccine given to prevent HPV related
diseases?

Yes*

200 (34.66)

No

377 (65.33)

287 (49.74)

No

7 (1.21)

571 (99.13)

No

6 (1.03)

573 (99.3)

No

What age group
9–13 years
should receive this (A)
vaccine?
15–18
years (B)

20–26
years (C)

266 (46.1)

4 (0.69)

Girls

12 (2.07)

Boys

0 (0)

Both*

6 (1.03)

Girls

20 (3.46)

Boys

0 (0)

Both*

68 (11.78)

Girls

116 (20.1)

Boys

0 (0)

Both*

113 (19.58)

Do not know

32 (5.54)

Do not know

A, B

18 (3.11)

A, B (Girls)

0 (0)

163 (28.24)

B, C (Girls)

42 (7.27)

8 (0.5)

A, C (Girls)

0 (0)

A, C*
B, C

(Contd.)

38 (6.58)

(Contd.)
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Variable

Frequency (%)
[n = 577]
A, B (Both)

15 (2.59)

A, C (Both)

19 (3.29)

B, C (Both)

52 (9.01)

A, B, C (Girls)

31 (5.37)

A, B, C (Both)*

45 (7.79)

Are you aware
that HPV vaccines,
unlike in other
countries, are still
not a part of the
National Immunization Program of
India?

Yes*

125 (21.66)

No

452 (78.33)

Would you allow
your child or a
close relative to
get HPV vaccination?

Yes*

572 (99.13)

Have you heard
about Pap smear
test?

Yes*

333 (42.28)

No

244 (57.71)

What is a Pap
smear test used
for?

Testing sexually transmitted
diseases

255 (44.19)

Treating cervical
cancer

151 (26.16)

Cervical cancer
screening*

117 (20.27)

No
Maybe

Do not know
Is there a need for
Pap smear screening after receiving
HPV vaccination?

0 (0)
5 (0.86)

54 (9.35)

True*

237 (41.07)

False

126 (21.83)

Do not know

214 (37.08)

Abbreviations: * Correct answer; HPV = Human papilloma virus.

students as well as between males and females in the
distribution of overall score as well as the total scores for
knowledge about HPV, its vaccination, and its diagnosis
(p > 0.05).
Tables 4 and 5 present the comparison of variables
between the courses and the genders, respectively. Using
Chi-square test, neither the male/female genders nor the
dental/medical courses showed any significant association with the overall score as well as the total scores for
knowledge about HPV, its vaccination, and its diagnosis
(p > 0.05). However, the total score for knowledge about
HPV was significantly greater in females compared to
males (p = 0.006).
Discussion
India is the primary contributor to the global burden of
HPV infection and associated diseases like CC and oropharyngeal cancer. Hence, it is essential to recognize the
existing knowledge pool of current healthcare students

about HPV and its preventive measures to translate this
into benefits for the society in the future. Therefore, the
present study was conducted to determine the awareness and knowledge among dental and medical undergraduate students regarding HPV and its diagnosis and
prevention.
Like the current research, Radhika et al. evaluated the
awareness and knowledge of the HPV vaccine in the prevention of CC among medical students [7]. They found
that most of the participants were aware about the causal
association between HPV and CC (80%), the preventable
nature of CC (76%) as well as the availability of HPV vaccines (72%) [7]. However, they expressed lower awareness
regarding the cost (30%) and the efficacy (10%) of these
vaccines [7]. Over 96% students had a positive attitude
towards educating people regarding HPV vaccination,
closely mirroring the present study (99.13%) [7].
A similar study was conducted by Mehta et al., who
observed a lack of knowledge among medical students
regarding HPV infection and its association with sexually
transmitted diseases like CC (50%), the correct incidence
of CC in India (100%), and prevention of CC by HPV vaccination (18%). They also possessed a negative attitude
towards preventive measures, with 50% of the students
assuming that vaccination merely induced a false sense
of security [11]. Compared to this research, the present
study revealed poorer awareness but a more positive attitude among the healthcare students regarding HPV and
its prevention.
Challa et al., too, conducted a similar study and reported
that 100% of the medical students were aware of the
causal association between CC and HPV, 95% knew that
CC could be prevented, 81.1% were aware of the sexual
route of HPV transmission, 78.7% knew that pap smear
could detect HPV infection and 77.9% knew that HPV vaccine is available in India, in contrast to the present study
(23.28%, 50.25%, 46.1%, 20.27%, and 34.66%, respectively), reflecting poorer knowledge [12].
Analogous research by Pandey et al. revealed that
89.2% of the medical students identified HPV as the
etiology behind CC, 89.6% acknowledged the preventive nature of CC, 75.6% knew of CC vaccine availability, 86.2% expressed interest in expert education in this
regard and 67.8% showed acceptance towards the HPV
vaccine [13].
To the best of the authors’ knowledge, no study could
be found that compared HPV or CC awareness between
dental and medical students. However, Challa et al. noted
that females showed better awareness and acceptance of
the CC vaccine (p < 0.05), similar to the present study,
whereby knowledge about HPV was significantly greater
in females compared to males (p = 0.006), though this difference was not reflected in awareness regarding vaccination and diagnosis of HPV [12].
A cross-sectional study by Sallam et al. found gaps in
knowledge regarding HPV-related oral cancer among
dental students, thus necessitating interventions such as
curricular changes, training workshops, and awareness
campaigns [14]. Nearly 88% of the students correctly
identified HPV as a risk factor for oropharyngeal cancer

Mean ± SD
Median
(Range)

Mean ± SD

Medical (MBBS)

1 (0, 2)

1.67 ± 1.02

7.73 ± 3.09

1 (0, 2) 1.18 ± z1.19)

1 (1, 2)

1 (1, 2) 1.56 ± 0.89
1.13 ± 1.14

7 (5, 10)

8 (5, 11)

8.2 ± 3.4

10.5 (6, 15) 10.9 ± 5.23 10 (6, 14) 10.59 ± 5.12

Median
(Range)

Dental (BDS)

Between-Course Analysis
Median
(Range)

Mean ± SD

Female

0.68

0.28

0.06
1 (0, 2)

1 (1, 2)

9 (5, 11)
1.15 ± 1.13

1.63 ± 1.01

8.18 ± 3.27

0.41 11 (6, 15) 10.97 ± 5.19

p-value
Mean ± SD

1 (0, 2)

1 (1, 2)

6 (5, 11)

1.17 ± 1.21

1.57 ± 0.86

7.7 ± 3.24

8 (6, 14) 10.44 ± 5.15

Median
(Range)

Male

Between-Gender Analysis

Abbreviations: BDS = Bachelor of Dental Surgery; HPV = Human papilloma virus; MBBS = Bachelor of Medicine, Bachelor of Surgery; SD = Standard deviation.

Total score for knowledge about HPV diagnosis

Total score for knowledge about HPV vaccination

Total score for knowledge about HPV

Overall score

Variable

Table 3: Between-course and between-gender analysis.

0.95

0.89

0.14

0.24

p-value
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Table 4: Comparison of variables between the courses.
Variable

Course
BDS

Overall score
Total score for knowledge about HPV
Total score for knowledge about HPV vaccination
Total score for knowledge about HPV diagnosis

p-value
MBBS

Average (≤10)

152 (50)

142 (52.01)

Good (11–20)

152 (50)

131 (47.98)

Average (≤6)

142 (46.71)

132 (48.35)

Good (7–12)

162 (53.28)

141 (51.64)

Average (≤2)

243 (79.93)

222 (81.31)

Good (3–4)

61 (20.06)

51 (18.68)

Average (≤1)

182 (59.86)

152 (55.67)

Good (2–3)

122 (40.13)

121 (44.32)

0.68
0.75
0.75
0.35

Abbreviations: BDS = Bachelor of Dental Surgery; HPV = Human papilloma virus; MBBS = Bachelor of Medicine, Bachelor of Surgery.

Table 5: Comparison of variables between the genders.
Variable
Overall score
Total score for knowledge about HPV
Total score for knowledge about HPV vaccination

Gender
Female

Male

Average (≤10)

163 (48.51)

131 (54.35)

Good (11–20)

173 (51.48)

110 (45.64)

Average (≤6)

143 (42.55)

131 (54.35)

Good (7–12)

193 (57.44)

110 (45.64)

Average (≤2)

264 (78.57) 201 (83.40)

Good (3–4)
Total score for knowledge about HPV diagnosis

p-value

72 (21.42)

0.19
0.006*
0.18

40 (16.59)

Average (≤1)

194 (57.73) 140 (58.09)

Good (2–3)

142 (42.26)

0.99

101 (41.9)

Abbreviations: * Significant at 5% level of significance; HPV = Human papilloma virus.

development, compared to only 9.39% in the present
study [14].
Another study by Kepka et al. revealed that up to 83.7%
of oral health students believed that administering HPV
knowledge and vaccination fell within the scope of practice of dental professionals, encouraging their participation in eradicating this virus [15].
The results of the present research uncover the need for
more integrated teaching regarding HPV carcinogenesis,
CC, its diagnosis, and vaccination among healthcare students. This would promote the awareness and acceptance
among the masses with respect to HPV screening and
immunization, dispelling myths and misconceptions. This
would help in the improvement of the quality of life of the
population at large.
However, this research has its limitations in being a single-center study with limited sample size. The information
regarding the mechanism of action, dosage, schedule, and
cost of the HPV vaccine was also not evaluated. Moreover,
the translation of student knowledge to clinical and social
practice over time is difficult. These limitations can be
overcome by multicentric, long-term, prospective clinical
studies with a larger sample size evaluating a wider array
of parameters.

Conclusion
Overall, the dental and medical undergraduate students
presented an average level of knowledge and awareness
regarding HPV, as well as its diagnosis and prevention.
This reflects a greater need for educating HCP in order to
have a ripple effect on society at large.
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Abstract
Aims
The aim is to study the pattern of ocular injuries in midfacial trauma and to evaluate the overall
incidence of ophthalmic injury of any severity following maxillofacial trauma.

Methods and Materials
The maxillofacial surgeon conducted routine facial examination of patients with midfacial
fractures, which also included a detailed ophthalmologic examination of patients, at the time of
initial presentation. These patients were then further evaluated by an ophthalmologist for
thorough examination of the eye.

Results
The total number of recorded midface maxillofacial trauma cases was 181. Out of 181 patients,
161 had ocular injuries. Among 181 cases, 161 (88.95%) cases were due to road traffic accidents,
which was the prime etiologic factor. Out of total 181 patients, 172 (95.03%) were males and 9
(4.97%) were females. The maximum number of cases were of zygomaticomaxillary complex
fractures (44.75%) followed by nasal bone fractures (21.5%). Periorbital ecchymosis accounted
for the maximum number of cases, amounting to 61.88%. Loss of vision or blindness was seen
in eight (4.42%) patients.
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Conclusions
The study stresses further on the importance of long-term and continuous data collection and
record management of trauma patients, which may help health care providers with necessary
information to develop treatment protocols and device measures for the prevention of
complications.

access article distributed under the
terms of the Creative Commons
Attribution License CC-BY 4.0., which
permits unrestricted use, distribution,
and reproduction in any medium,

Categories: Ophthalmology, Trauma
Keywords: midfacial fractures, ocular injuries, maxillofacial injuries, eye signs

provided the original author and
source are credited.

Introduction
How to cite this article
Umarane S, Kale T, Tenagi A, et al. (September 02, 2020) A Clinical Study of the Evaluation and
Assessment of the Etiology and Patterns of Ocular Injuries in Midfacial Trauma in a Tertiary Care Hospital.
Cureus 12(9): e10216. DOI 10.7759/cureus.10216

Maxillofacial fractures account for a substantial proportion in traumatology [1]. The severity of
injuries ranges from a simple abrasion on the skin to tissue loss and complex facial fractures
leading to cosmetic and functional discrepancy. Therefore, maxillofacial injuries may have a
great amount of emotional, psychological, and financial impact on the patient because of the
eventual disability and disfigurement.
The etiology of the trauma differs considerably according to the geographic location, culture,
and socioeconomic status of the population. Road traffic accidents (RTAs) continue to be the
leading cause, with assault coming close second. Recent studies indicated toward RTAs being
the most frequent etiology in developing countries, whereas assault was the main cause in
developed nations. Fall happens to be the most frequent cause of maxillofacial injuries in
children and elderly individuals [1,2].
Several authors note that the most common site of maxillofacial fractures is the midfacial
bones [3]. Maxillofacial trauma is often associated with serious concomitant injuries. Apart
from the grave and life-threatening associated injuries, injury to the vital structures that the
maxillofacial skeleton houses may lead to severe disability.
“Vision”, an important prime sense relies on the eye, is an organ occupying only 0.3% of total
body surface [3]. In spite of the built-in protection (anatomy), ocular injuries causing
significant functional and aesthetic defects are associated with 6-94% of maxillofacial injuries.
Ocular injuries often accompany midface injuries. All facial trauma injuries, particularly above
the level of the mouth, require a careful ophthalmic examination [4].
The degree of severity of ocular injuries to the eye and its adjacent structures varies a lot. The
injuries range from contused lacerated wounds of the eyelids and corneal abrasions to wounds
or rupture of the sclera, dislocation of the lens, intraorbital hemorrhages, and detachment of
the retina. Globe rupture, optic nerve damage, derangement of the visual pathway as a result of
retrobulbar hemorrhage, and perineural edema causing nerve compression subsequently
leading to ischemic optic neuropathy remain to be the most commonly occurring ocular
injuries. Hence, facial injuries particularly those affecting the midface warrant a careful
examination of the eye by a specialist trauma team and eye surgeons.
The time of initial examination may be the only time when injuries to the vital structures, such
as the retina and optic nerve, may be evident because later during the course of time, these
signs become inconspicuous due to continuous hemorrhage. Some ocular injuries require
immediate simultaneous surgical intervention of a maxillofacial surgeon and an
ophthalmologist, whereas others may just render the immediate maxillofacial surgery
contraindicated [4,5].
Last but not the least, recognition of an ocular injury before operation is important from a
medico-legal point of view, as it ensures that the repair is not later attributed to be the cause of
any permanent visual disturbance [4].
Few studies show a strong correlation between zygomaticomaxillary complex (ZMC) fractures
and ocular injuries, whereas others point toward higher a incidence of ocular injuries with Le
Fort III fractures. The prevalence of ocular injuries associated with facial fractures has been
widely reported to be 2.7% to 90.6%. Overall, 95% of severe ocular injuries are associated with
fractures of the facial middle third [6,7].
This descriptive study was designed to give a general idea of orbital fractures and ocular injuries
associated with maxillofacial trauma. This will be a valuable aid in an early diagnosis and
management of ocular injuries in midfacial trauma, which is important for the prevention of
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ocular dysfunction.

Materials And Methods
Study population
The study population consisted of 181 patients who reported to KLES Dr. Prabhakar Kore
Hospital and Research Centre, Belagavi, Karnataka, India. The hospital is one of the tertiary
referral centers for Belagavi district apart from other private and government institutes with a
population of around 4.8 million according to the census of 2011.

Inclusion criteria
All patients with midfacial trauma, with or without other facial bone fractures who reported to
KLES Dr. Prabhakar Kore Hospital and Research Centre in the period of September 2016 to May
2018 were included in the study after getting approval from the Ethical Committee of our
institute.

Exclusion criteria
Patients reporting with pre-existing congenital or acquired ophthalmic disease or infections,
ocular disorders such as cataract, glaucoma, and retinal disorders, and age-related macular
degeneration (ARMD) were not a part of the study. This study did not include patients who
received treatment in other health care facility apart from primary repair. Patients who were
brought dead to the hospital or died during the course of treatment and those who were not
willing for treatment and wanted to leave against medical advice were also excluded from the
study.

Data collection
Simple random sampling technique was used for data collection. After a written informed
consent from the patient was taken, maintaining the confidentiality, a pre-structured and pretested questionnaire was used to gather information followed by a thorough ocular
examination. In cases where the condition of the victims did not warrant the interview, the
relatives or attendants were interviewed. Medical records and case sheets were referred
whenever necessary to collect additional information.

Statistical analysis
The data collected were analyzed using chi-square test and stratified according to age, sex,
etiology, fracture type, and pattern of ocular injury.

Procedure
The maxillofacial surgeon conducted routine maxillofacial and oral examination of patients
with clinically and radiographically proven midfacial fractures, which also included a detailed
ophthalmologic examination of patients at the time of initial presentation. These patients were
then further evaluated by an ophthalmologist for thorough examination of the eye.

Results
The maxillofacial trauma was divided into ZMC fractures, Le Fort I, II, and III fractures,
nasoorbitoethmoidal (NOE) fractures, orbital fractures, nasal fractures, zygomatic arch
fractures, frontal bone fractures, and palatal fractures.
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Etiology
Among 181 patients, RTAs were the primary cause of midfacial fractures (88.95%) (Table 1).

Injuries

Number

Percentage

RTA

161

88.95

Assault

12

6.63

Fall

5

2.76

Others

3

1.66

Total

181

100.00

TABLE 1: Distribution of patients according to etiology of the midfacial fractures.
RTA, road traffic accidents

Within the category of RTAs, motorcycle accidents accounted for 115 (71.43%) cases followed
by collisions with light and heavy vehicles that included 30 (18.63%) cases, and bicycle/bullock
cart/pedestrian accidents that accounted for 16 (9.94%) cases (Table 2).

Type of RTA

Number

%

Motorcycle accident

115 (161)

71.43

Four-wheeler/bus/heavy vehicle

30 (161)

18.63

Bicycle/bullock cart/pedestrian hit

16 (161)

9.94

TABLE 2: Type of the RTA in patients with midface fracture.
RTA, road traffic accidents

Upto 28.73% of patients were under the influence of alcohol at the time of injury, of which 52
were males.

Age distribution
Out of 181 patients, 66 (36.46%) were in the third decade of life and accounted for the
maximum percentage of maxillofacial injuries followed by fourth (36 patients [19.89%]) and
fifth decade (35 patients [19.34%]) of life. Patients below 20 years of age were less commonly
affected, accounting only for 10.50% of the total. Only 4.42% of patients were from the age
group of above 60 years (Table 3).
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Age groups

Number

Percentage

≤20 years

19

10.50

21-30 years

66

36.46

31-40 years

36

19.89

41-50 years

35

19.34

51-60 years

17

9.39

≥61 years

8

4.42

Total

181

100.00

Mean age

35.15

SD age

13.61

TABLE 3: Age-wise distribution of fractures.

The right side was frequently affected, and ZMC fracture was the most commonly found fracture
(48 patients [26.52%]) (Table 4).

Fractures

Number

Percentage

R nasal

12

6.63

L nasal

6

3.31

B/L nasal

21

11.60

R ZMC

48

26.52

L ZMC

29

16.02

LF I

6

3.31

R LF I

0

0.00

L LF 1

1

0.55

LF II

10

5.52

R LF II

4

2.21

L LF II

3

1.66

LF III

7

3.87

R LF III

2

1.10

L LF III

0

0.00
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R roof of the orbit

7

3.87

L roof of the orbit

11

6.08

R floor of the orbit

9

4.97

L floor of the orbit

3

1.66

R lateral wall of the orbit

6

3.31

L lateral wall of the orbit

5

2.76

R medial wall of the orbit

3

1.66

L medial wall of the orbit

1

0.55

R zygomatic arch

21

11.60

L zygomatic arch

15

8.29

Frontal bone

29

16.02

Palate

9

4.97

NOE

4

2.21

TABLE 4: Fracture-wise distribution.
R, right; L, left; B/L, bilateral; ZMC, zygomaticomaxillary complex; LF, Le Fort; NOE, nasoorbitoethmoidal

ZMC fractures were commonly seen in the third decade followed by the fourth and
fifth decades. Most of the frontal bone fractures were also seen in the third decade of life
(Table 5).

≤20

21-30

31-40

41-50

51-60

≥61

years

years

years

years

years

years

R nasal

4

2

3

1

2

L nasal

1

3

0

1

B/L nasal

3

9

3

R ZMC

3

17

L ZMC

4

LF I

Fractures

Chi-

p-

square

Value

6.63

10.0320

0.0740

6

3.31

4.4830

0.4820

2

21

11.60

3.2220

0.6660

6

2

48

26.52

2.9220

0.7120

7

2

0

29

16.02

4.7680

0.4450

0

3

0

1

6

3.31

7.6080

0.1790

0

0

0

0

0

0

0.00

--

--

0

0

1

0

0

0

1

0.55

4.0500

0.5420

1

6

2

0

1

0

10

5.52

4.1290

0.5310

Total

%

0

12

0

1

3

1

12

8

13

3

0

2

R LF I

0

L LF 1
LF II

2020 Umarane et al. Cureus 12(9): e10216. DOI 10.7759/cureus.10216

6 of 23

R LF II

0

2

1

1

0

0

4

2.21

1.3210

0.9330

L LF II

0

2

1

0

0

0

3

1.66

2.3720

0.7960

LF III

1

2

1

1

2

0

7

3.87

3.6090

0.6070

R LF III

1

0

1

0

0

0

2

1.10

5.3360

0.3760

L LF III

0

0

0

0

0

0

0

0.00

--

--

R roof of the orbit

0

2

1

2

1

1

7

3.87

3.1140

0.6820

L roof of the orbit

0

3

4

3

1

0

11

6.08

3.9990

0.5500

R floor of the orbit

0

4

1

2

0

2

9

4.97

9.2480

0.1000

L floor of the orbit

0

0

0

2

1

0

3

1.66

7.5700

0.1820

0

0

2

2

2

0

6

3.31

8.1680

0.1470

1

0

2

1

0

1

5

2.76

6.6710

0.2460

1

0

0

1

1

0

3

1.66

5.5400

0.3540

0

0

0

0

1

0

1

0.55

9.7010

0.0840

R zygomatic arch

2

4

7

3

5

0

21

11.60

10.7770

0.0560

L zygomatic arch

1

5

2

4

1

2

15

8.29

4.1500

0.5280

Frontal bone

2

16

3

3

4

1

29

16.02

7.5530

0.1830

Palate

2

4

1

1

1

0

9

4.97

2.5530

0.7690

NOE

0

3

0

0

1

0

4

2.21

4.9410

0.4230

R lateral wall of the
orbit
L lateral wall of the
orbit
R medial wall of the
orbit
L medial wall of the
orbit

TABLE 5: Age range distribution of subjects as per the type of midfacial fracture.
R, right; L, left; B/L, bilateral, ZMC, zygomaticomaxillary complex; LF, Le Fort; NOE, nasoorbitoethmoidal

Sex distribution
Out of total 181 patients, 172 (95.03%) were found to be males and 9 (4.97%) females. Most of
the maxillofacial trauma cases were seen among males (Table 6).
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Gender

Number

Percentage

Male

172

95.03

Female

9

4.97

Total

181

100.00

TABLE 6: Gender-wise distribution of midfacial fractures.

Maximum number of males sustained fractures in the third decade of life (64 patients), whereas
females (3 patients) were more in the fifth decade of life (Table 7).

Age groups

Male

%

Female

%

Number

≤20 years

17

89.47

2

10.53

19

21-30 years

64

96.97

2

3.03

66

31-40 years

35

97.22

1

2.78

36

41-50 years

32

91.43

3

8.57

35

51-60 years

16

94.12

1

5.88

17

≥61 years

8

100.00

0

0.00

8

Total

172

95.03

9

4.97

181

TABLE 7: Age-wise distribution of males and females who sustained midfacial
fractures.

Table 8 shows the distribution of males and females in different types of fractures. Maximum
number of cases were of ZMC fractures (44.75%), accounting for a total of 73 cases in males and
4 cases in females. In the midface, nasal bone fracture cases were second highest in number,
accounting for 39 patients.

Fractures

Male

Female

Total

%

Chi-square

p-Value

R nasal

12

0

12

6.63

0.6720

0.4120

L nasal

6

0

6

3.31

0.3250

0.5690

B/L nasal

21

0

21

11.60

1.2430

0.2650

R ZMC

47

1

48

26.52

1.1540

0.2830

L ZMC

26

3

29

16.02

2.1090

0.1460
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LF I

6

0

6

3.31

0.3250

0.5690

R LF I

0

0

0

0.00

--

--

L LF 1

1

0

1

0.55

0.0530

0.8190

LF II

10

0

10

5.52

0.5540

0.4570

R LF II

3

1

4

2.21

3.4720

0.0620

L LF II

3

0

3

1.66

0.1600

0.6900

LF III

7

0

7

3.87

0.3810

0.5370

R LF III

2

0

2

1.10

0.1060

0.7450

L LF III

0

0

0

0.00

--

--

R roof of the orbit

7

0

7

3.87

0.3810

0.5370

L roof of the orbit

10

1

11

6.08

0.4200

0.5170

R floor of the orbit

9

0

9

4.97

0.4960

0.4810

L floor of the orbit

3

0

3

1.66

0.1600

0.6900

R lateral wall of the orbit

6

0

6

3.31

0.3250

0.5690

L lateral wall of the orbit

4

1

5

2.76

2.4580

0.1170

R medial wall of the orbit

3

0

3

1.66

0.1600

0.6900

L medial wall of the orbit

1

0

1

0.55

0.0530

0.8190

R zygomatic arch

20

1

21

11.60

0.0020

0.9620

L zygomatic arch

14

1

15

8.29

0.0990

0.7530

Frontal bone

29

0

29

16.02

1.8070

0.1790

Palate

9

0

9

4.97

0.4960

0.4810

NOE

4

0

4

2.21

0.2140

0.6440

TABLE 8: Association between genders with midfacial fractures.
R, right; L, left; B/L, bilateral; ZMC, zygomaticomaxillary complex; LF, Le Fort; NOE, nasoorbitoethmoidal

Pattern of ocular injuries
Figure 1 shows the number of patients associated with different types of ocular injuries.
Periorbital ecchymosis accounted for the maximum number of cases, adding up to 61.88%,
followed by periorbital edema and subconjunctival hemorrhage. Chemosis was seen in 25.41%,
vitreous hemorrhage in 0.55%, traumatic optic neuropathy in 11.05%, corneal injury in 1.66%,
reduced acuity in 5.52%, traumatic telecanthus in 1.66%, retrobulbar hemorrhage in 0.55%,
diplopia in 1.66%, enophthalmos in 1.66% and hyphema in 0.55%. Globe rupture was seen in
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1.66% and intraorbital hemorrhage in 1.10%. Retinal detachment was seen in 0.55%, lens
subluxation in 0.55%, Berlin’s edema in 0.55%, and uveal, lens, and vitreous incarceration was
seen in two (1.10%) cases. Proptosis and traumatic mydriasis occurred only in two (1.10%)
patients and 1 (0.55%) patient, respectively. Traumatic III nerve palsy was seen in one patient
and canalicular injuries were seen in three (1.66%) patients. Eyelid lacerations were seen in 25
(13.81%) cases. Loss of vision or blindness was seen in eight (4.42%) patients and was
associated with different fracture patterns.

FIGURE 1: Ocular Injuries-wise distribution.
*p<0.05

Most of the ocular injuries were seen in males (Table 9).

Injuries

Male

Female

Chi-square

p-Value

Periorbital edema

70

6

2.3680

0.1240

Periorbital ecchymosis

106

6

0.0920

0.7620

Subconjunctival hemorrhage

97

4

0.4950

0.4820

Chemosis

45

1

1.0220

0.3120

Ptosis

3

0

0.1600

0.6900

Proptosis

2

0

0.1060

0.7450

Enophthalmos

3

0

0.1600

0.6900

Hyphema

1

0

0.0530

0.8190

Vitreous hemorrhage

1

0

0.0530

0.8190

Globe rupture

3

0

0.1600

0.6900

Traumatic optic neuropathy

20

0

1.1770

0.2780

Exposure keratitis

2

0

0.1060

0.7450
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Loss of vision

7

1

1.0040

0.3160

Retinal detachment

1

0

0.0530

0.8190

Lens subluxation

1

0

0.0530

0.8190

Nerve palsy

1

0

0.0530

0.8190

Canalicular injury

3

0

0.1600

0.6900

Traumatic mydriasis

7

0

0.3810

0.5370

Sphincter tear

1

0

0.0530

0.8190

Traumatic optic nerve avulsion

1

0

0.0530

0.8190

Complete avulsion of eye

1

0

0.0530

0.8190

Berlin's edema

1

0

0.0530

0.8190

Diplopia

3

0

0.1600

0.6900

Retrobulbar hemorrhage

1

0

0.0530

0.8190

Dystopia

1

0

0.0530

0.8190

Corneal tear

3

0

0.1600

0.6900

Traumatic telecanthus

3

0

0.1600

0.6900

Retrobulbar neuritis

3

0

0.1600

0.6900

Intraorbital hemorrhage

2

0

0.1060

0.7450

Uveal, lens, and vitreous incarceration

2

0

0.1060

0.7450

Reduced visual acuity

10

0

0.5540

0.4570

Eyelid laceration

25

0

1.5180

0.2180

TABLE 9: Ocular injury and gender distribution.

Maximum number of patients with ocular injuries were in the third decade of life followed by
fifth and fourth decades. Ocular injuries were less commonly seen in patients in the
sixth decade and in the age group of 20 years and below. Least number of ocular injuries were
seen in the age group above 60 years (Table 10).

≤20

21-30

31-40

41-60

51-60

≥61

Chi-

p-

years

years

years

years

years

years

square

Value

Periorbital edema

6

28

15

16

9

2

2.8360

0.7250

Periorbital ecchymosis

13

44

19

21

12

3

4.8650

0.4330

Subconjunctival hemorrhage

12

37

18

21

10

3

2.3100

0.8050

Injuries
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Chemosis

5

18

4

10

5

4

6.8920

0.2290

Ptosis

0

3

0

0

0

0

5.3150

0.3790

Proptosis

0

0

0

0

0

2

43.7330

0.0001*

Enophthalmos

1

2

0

0

0

0

3.8970

0.5640

Hyphema

0

1

0

0

0

0

1.7520

0.8820

Vitreous hemorrhage

0

0

0

0

0

0

-

-

Globe rupture

0

0

3

0

0

0

12.2870

0.0310*

Traumatic optic neuropathy

2

9

2

2

1

4

15.3840

0.0090*

Exposure keratitis

0

2

0

0

0

0

3.5240

0.6200

Loss of vision

0

4

1

1

1

1

3.0540

0.6920

Retinal detachment

0

0

0

0

0

0

-

-

Lens subluxation

0

0

0

0

0

0

-

-

Nerve palsy

0

1

0

0

0

0

1.7520

0.8820

Canalicular injury

2

0

0

0

0

1

17.5340

0.0040*

Traumatic mydriasis

0

2

1

1

1

2

10.8950

0.0540

Sphincter tear

0

0

0

0

0

0

-

-

Traumatic optic nerve avulsion

0

0

1

0

0

0

4.0500

0.5420

Complete avulsion of eye

0

0

1

0

0

0

4.0500

0.5420

Berlin's edema

0

0

0

0

1

0

9.7010

0.0840

Diplopia

0

2

0

0

0

1

8.3360

0.1390

Retrobulbar hemorrhage

0

0

0

0

0

-

-

Dystopia

0

0

0

1

0

0

4.1950

0.5220

Corneal tear

0

1

0

1

1

0

3.2410

0.6630

Traumatic telecanthus

0

3

0

0

0

0

5.3150

0.3790

Retrobulbar neuritis

1

0

2

0

0

0

6.9950

0.2210

Intraorbital hemorrhage

0

1

0

0

0

1

10.8030

0.0550

0

0

2

0

0

0

8.1460

0.1480

Reduced visual acuity

1

5

0

1

0

3

19.7810

0.0010*

Eyelid laceration

2

9

6

4

4

0

3.2180

0.6660

Uveal, lens, and vitreous
incarceration
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TABLE 10: Association between age groups and ocular injuries.
*p<0.05.

Tables 11-13 show the distribution of ocular injuries in different types of fractures.

R

L

B/L

R

L

LF

R

L

LF

R LF

L LF

LF

R LF

L LF

nasal

nasal

nasal

ZMC

ZMC

I

LF I

LF I

II

II

II

III

III

III

Periorbital edema

5

2

5

23

14

2

0

1

8

3

3

2

1

0

Periorbital ecchymosis

7

3

11

31

25

2

0

1

8

3

3

6

2

0

Subconjunctival hemorrhage

4

3

5

31

22

3

0

1

8

3

2

6

2

0

Chemosis

5

2

3

12

7

3

0

0

2

1

1

2

0

0

Ptosis

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Proptosis

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Enophthalmos

0

0

0

0

1

0

0

0

0

0

0

1

0

0

Hyphema

0

0

0

0

0

0

0

0

0

0

0

1

0

0

Vitreous hemorrhage

0

0

0

0

0

0

0

0

0

0

0

1

0

0

Globe rupture

2

0

0

1

0

0

0

0

0

0

0

0

0

0

Traumatic optic neuropathy

1

2

3

5

2

0

0

0

1

1

1

3

0

0

Exposure keratitis

0

0

0

1

0

0

0

0

0

0

0

1

0

0

Loss of vision

1

0

1

3

0

0

0

1

0

0

0

0

1

0

Retinal detachment

0

0

0

0

0

0

0

0

0

0

0

0

1

0

Lens subluxation

0

0

0

0

0

0

0

0

0

0

0

0

1

0

Nerve palsy

0

0

0

1

0

0

0

0

0

0

0

0

0

0

Canalicular injury

1

0

1

0

0

0

0

0

0

0

0

0

0

0

Traumatic mydriasis

1

1

0

3

1

0

0

0

0

0

0

1

0

0

Sphincter tear

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

Complete avulsion of eye

0

0

0

1

0

0

0

0

0

0

0

0

0

0

Berlin's edema

0

0

0

0

0

0

0

0

1

0

0

0

0

0

Diplopia

0

0

0

1

0

0

0

0

0

0

0

0

0

0

Fractures

Traumatic optic nerve
avulsion

2020 Umarane et al. Cureus 12(9): e10216. DOI 10.7759/cureus.10216

13 of 23

Retrobulbar hemorrhage

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Dystopia

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Corneal tear

0

0

0

0

0

0

0

0

1

0

0

0

0

0

Traumatic telecanthus

0

1

0

1

0

0

0

0

0

0

0

0

0

0

Retrobulbar neuritis

2

0

0

1

0

0

0

0

0

0

0

0

0

0

Intraorbital hemorrhage

0

0

0

0

0

0

0

0

0

0

0

1

0

0

2

0

0

0

0

0

0

0

0

0

0

0

0

0

Reduced visual acuity

1

1

1

0

1

0

0

0

0

0

0

1

0

0

Eyelid laceration

5

1

4

4

0

0

0

0

1

0

0

2

0

0

Uveal, lens, and vitreous
incarceration

TABLE 11: Association between fractures and ocular injuries.
R, right; L, left; B/L, bilateral; ZMC, zygomaticomaxillary complex; LF, Le Fort

R floor

R lateral

L lateral

R medial

L medial

wall of the

wall of the

wall of the

wall of the

orbit

orbit

orbit

orbit

1

3

1

1

0

3

1

2

3

0

0

7

4

0

5

3

2

0

3

4

3

1

3

2

1

0

Ptosis

1

0

1

0

0

0

0

0

Proptosis

0

0

2

0

0

0

0

0

Enophthalmos

1

0

1

0

0

0

0

0

Hyphema

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

2

1

0

1

0

0

0

0

0

0

0

0

0

0

R roof of

L roof of

the orbit

the orbit

3

4

2

4

6

2

Chemosis

Fractures

Periorbital edema
Periorbital
ecchymosis
Subconjunctival
hemorrhage

Vitreous
hemorrhage
Globe rupture
Traumatic optic
neuropathy
Exposure keratitis

of the
orbit

L floor of
the orbit
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Loss of vision

0

1

1

0

0

0

0

0

Retinal detachment

0

0

0

0

0

0

0

0

Lens subluxation

0

0

0

0

0

0

0

0

Nerve palsy

0

0

0

0

0

0

0

0

Canalicular injury

0

0

1

0

0

0

0

0

Traumatic mydriasis

2

0

1

1

1

0

0

0

Sphincter tear

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Berlin's edema

0

0

0

0

0

0

0

0

Diplopia

1

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

Dystopia

0

0

1

0

0

0

0

0

Corneal tear

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

2

1

0

0

0

0

1

2

1

1

1

1

0

0

Traumatic optic
nerve avulsion
Complete avulsion
of eye

Retrobulbar
hemorrhage

Traumatic
telecanthus
Retrobulbar neuritis
Intraorbital
hemorrhage
Uveal, lens, and
vitreous
incarceration
Reduced visual
acuity
Eyelid laceration

TABLE 12: Association between fractures and ocular injuries.
R, right; L, left

Fractures

R zygomatic arch

L zygomatic arch

Frontal bone

Palate

NOE

Periorbital edema

8

4

10

4

1
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Periorbital ecchymosis

9

8

19

6

2

Subconjunctival hemorrhage

4

5

16

6

1

Chemosis

3

4

7

3

1

Ptosis

1

0

1

0

1

Proptosis

0

0

0

0

0

Enophthalmos

0

0

1

0

0

Hyphema

0

0

0

0

0

Vitreous hemorrhage

0

0

0

0

0

Globe rupture

0

0

2

0

0

Traumatic optic neuropathy

0

4

4

1

1

Exposure keratitis

0

0

0

0

0

Loss of vision

0

2

1

0

0

Retinal detachment

0

0

0

0

0

Lens subluxation

0

0

0

0

0

Nerve palsy

0

0

0

0

0

Canalicular injury

0

0

0

0

0

Traumatic mydriasis

2

1

0

1

0

Sphincter tear

0

0

0

0

0

Traumatic optic nerve avulsion

0

0

0

0

0

Complete avulsion of eye

0

0

0

0

0

Berlin's edema

0

0

0

0

0

Diplopia

0

0

1

0

0

Retrobulbar hemorrhage

0

0

0

0

0

Dystopia

0

0

0

0

0

Corneal tear

0

0

1

0

1

Traumatic telecanthus

0

0

2

0

2

Retrobulbar neuritis

0

0

2

0

0

Intraorbital hemorrhage

0

0

1

0

0

Uveal, lens, and vitreous incarceration

0

0

2

0

0

Reduced visual acuity

0

1

3

0

1

Eyelid laceration

2

2

11

2

3
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TABLE 13: Association between fractures and ocular injuries.
R, right; L, left; NOE, nasoorbitoethmoidal

Maximum number of ocular injuries were seen in right ZMC fractures followed by left ZMC
fractures and frontal bone fractures (Tables 11-13).
In the ZMC fracture cases treated for open reduction and internal fixation, there was no
statistically significant difference between the heart rate pre-operatively and intra-operatively
(Table 14).

Time points

Mean

SD

Pre-operative

71.80

3.57

At the time of reduction of fracture

72.16

3.20

Pre-operative

71.80

3.57

Post-operative

72.26

3.19

At the time of reduction of fracture

72.16

3.20

Post-operative

72.26

3.19

Mean difference

SD difference

Paired t-test

p-Value

-0.36

3.98

-0.7777

0.4392

-0.46

3.94

-1.0178

0.3120

-0.11

4.67

-0.1964

0.8448

TABLE 14: Heart rate pre-operative, intra-operative, and post-operative of ZMC
fractures.
ZMC, zygomaticomaxillary complex

Discussion
Orbital injury may lead to few of the most important complications following a maxillofacial
trauma as it increases the risk of ocular trauma and optic nerve injury. The utmost importance
of early diagnosis and intervention has been greatly highlighted by several studies particularly
when there are definitive signs and symptoms of retrobulbar hemorrhage and increased
intraocular tension. Even though the eye is fairly well protected against trauma by several
factors such as eyelids, orbital rim, reflex actions such as blinking and hand over eye or head
rotation away from the impact, facial fractures especially orbital fractures may still subject the
patient at a risk of ocular injury [5,6].
The midfacial skeleton comprises the maxilla, frontal bone, zygoma, zygomatic arch, palatine
bone, vomer, and nasal bones. Sphenoid, frontal, and ethmoid bones may not be part of facial
structures anatomically but are frequently involved in midfacial fractures. Midfacial fractures
are commonly classified as Le Fort I, II, and III fractures, ZMC, zygomatic arch fractures, NOE
fractures, nasal bone fractures, and fractures of the palate and frontal bone. These may occur in
isolation or together [1,6].
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Ocular injuries in association with facial trauma can be attributed to variable etiology. These
can be due to sports, industrial hazards, or assault, and can also be self-inflicted. In all highspeed RTAs, the injuries usually are grave and lead to orbital fractures and eventually injury to
the eyeball and associated structures. Having a sound knowledge of association of ocular
injuries and its types and frequency plays a pivotal role in giving a wholesome treatment to the
patient. If the diagnosis is missed, it will influence the overall treatment and ultimate prognosis
of the patient [5,6,8].
The demographic data and pattern of maxillofacial fractures vary according to various
socioeconomic and geographic factors [2,8]. When it comes to etiology, RTAs remain to be the
leading cause of maxillofacial trauma [9,10]. Studies conducted in developed nations have
suggested a changing trend in the etiology of maxillofacial trauma from RTA to assault, with
fall being the most common etiology [9,10]. Septa et al. reported the incidence or maxillofacial
trauma due to RTA to be 64%. In RTA, two-wheelers appear to be the major cause of accident,
with accidents due to motorcycles accounting for 55.4% [8]. A total of 181 patients with
midfacial fractures were included in our study. In our study, 115 cases (71.43%) of RTA due to
two-wheelers were seen followed by four-wheelers and other heavy vehicles (18.63%) and 16
cases wherein the victim was a pedestrian or in a bullock cart (16 patients [9.94%]). Septa et al.
reported that 33.5% of patients were under alcohol influence, with males accounting for
99% [8]. In our study, 28.73% were under the influence of alcohol and all of them were males
(52 patients). Thus, there should be strong pressure by governments through advertisement
and television to outlaw drunk drivers and enforce regulation.
Majority of the maxillofacial trauma cases were seen in patients in the third decade of life
followed by fourth and fifth decades. First and seventh decades of life accounted for least
number of cases. These findings are supported by various studies in literature suggesting
maxillofacial injuries to be more common in the second and third decades of life [11,12]. Low
incidence of maxillofacial injuries have also been reported by some authors in age groups below
10 years and above 60 years [13,14].
Of the total patients recorded, 95.03% were male and 4.97% were females. The ratio of males to
females was 19.11:1. These values in other studies show that the ratio ranged from 2.19:1 to as
high as 11.8:1. Males are shown to be more susceptible to maxillofacial trauma in almost all the
previous studies [15,16].
Most common midfacial fracture recorded in our study was of ZMC (44.75%) followed by nasal
fractures (21.5%). Le I, II, and III fractures accounted for 3.86%, 9.39%, and 3.86%, respectively.
Frontal bone fractures accounted for 16.02%. NOE fractures accounted for 2.21%. ZMC fractures
comprising the maximum number of cases is a finding that is concurrent with other
studies [1,16,17]. The incidence of Le Fort fractures reported by us was quite low compared to
studies conducted by other authors [18-20].
Occurrence of concomitant ocular injuries with maxillofacial fractures may range from as low as
2.7% to as high as 90% [21-24]. In our study, out of the total 181 patients, 161 (88.9%) patients
had some type of ocular injuries. It falls within the range documented by other authors as
mentioned above. Such a wide range of reported incidence of concomitant ocular injuries
maybe due to difference in types of ocular injuries included in the study and difference in
expertise of the examiner and specificity of the examination performed.
Periorbital ecchymosis (61.88%) accounted for the maximum number of total ocular injuries
followed by periorbital edema (41.99%) and subconjunctival hemorrhage (55.80%). Chemosis
was seen in 25.41%, vitreous hemorrhage in 0.55%, traumatic optic neuropathy in 11.05%,
corneal injury in 1.66%, reduced acuity in 5.52%, traumatic telecanthus in 1.66%, retrobulbar
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hemorrhage in 0.55%, diplopia in 1.66%, enophthalmos in 1.66% and hyphema in 0.55%. Globe
rupture was seen in 1.66% and intraorbital hemorrhage in 1.10%. Retinal detachment was seen
in 0.55%, lens subluxation in 0.55%, Berlin’s edema in 0.55%, and uveal, lens, and vitreous
incarceration in 1.10%. Proptosis and traumatic mydriasis occurred only in two (1.10%) patients
and one (0.55%) patient, respectively. Traumatic III nerve palsy was seen in one patient,
canalicular injuries in three (1.66%) patients, and eyelid lacerations in 25 (13.81%) patients.
Loss of vision or blindness was seen in eight (4.42%) patients.
Subconjunctival hemorrhage being one of the most common ocular injuries in our study
compares favorably with other studies, where it is found to be between 60 and 74% [25,26]. Of
the total 181 cases of subconjunctival hemorrhage, 101 (55.80%) were found in association with
ZMC fractures, Le Fort fractures, frontal bone fractures, nasal bone fractures, and orbital
fractures.
Diplopia is one of the common findings in patients of maxillofacial fractures. The incidence of
diplopia was found to be 1.66% in our study, which is significantly less than the incidence
reported by other studies, which was around 19% [25,27,28]. Septa et al. reported 11.5%
patients with diplopia [8]. Mittal et al. reported a 60% incidence of diplopia in orbital fractures,
and rest 40% were seen in ZMC fractures [5]. In our study, ZMC fractures, orbital floor fractures,
and orbital roof fractures were associated with diplopia cases.
Enophthalmos following a maxillofacial trauma is a definitive indication of radiological
imaging to confirm fractures of orbital wall. CT scan being more specific is advised over plain Xray. In our study, a total of 1.66% patients presented with enophthalmos, which is on the lower
side when compared to figures (8%) reported by Al-Qurainy et al. [28]. Septa et al. reported an
incidence of 8.5% for enophthalmos [8]. Amrith et al. recorded a 6% incidence of
enophthalmos, with 81% of it occurring in orbital fracture patients [22]. In our study, out of
three cases of enophthalmos, one was associated with orbital floor and roof fractures, one was
associated with ZMC fractures, and one was associated with Le Fort III fractures.
All patients with maxillofacial injuries should mandatorily be checked for pupillary reflex and
visual acuity. These are often called as “vital signs” of the eye. We found reduced visual acuity
to be present in 5.52% of patients at the time of injury, which is near to the 11.5% given by
Septa et al. [8]. Al-Qurainy et al. found visual acuity to be reduced in around 15% of the
patients [28]. Amrith et al. reported 23% patients with reduced visual acuity, with 12.5% having
permanent visual impairment [22]. In our study, 10 out of 181 patients of reduced visual acuity
were having nasal bone fractures, Le Fort III fractures, frontal bone fractures, floor of the orbit
fractures, and ZMC fractures. These findings suggest that reduction in visual capacity is usually
associated more with higher level of complex midfacial fractures.
Total loss of vision or blindness is an uncommon sequela of maxillofacial fractures. A total of
eight cases of blindness were recorded by us out of 181 patients, with the incidence being
4.42%. One case was due to complete avulsion of the globe, two were due to globe rupture, two
due to intraorbital hemorrhage, one due to retrobulbar neuritis, one due to traumatic optic
neuropathy, one due to lens subluxation and retinal detachment, and one due to uveal, lens,
and vitreous incarceration. The incidence reported in literature is between 0.3% and
3.5% [8,21,23,24]. The loss of vision could be consequential to injury to the globe, optic nerve,
or visual pathway.
Tearing of blood vessels at the root of the iris may lead to hyphema or blood in the anterior
chamber of the eye. We found the incidence of hyphema to be 0.55% and was seen in Le Fort III
fractures. The incidence relates to the findings of other studies such as those done by Septa et
al. and Al-Qurainy et al., and few others, who reported it to be around 3.5% [8,21,23,25].
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Traumatic telecanthus is detachment of the medial canthus of the eye. In this study, 1.66%
patients presented with traumatic telecanthus, whereas the findings of the study conducted by
Septa et al. showed 5% [8]. In our study, the highest incidence of traumatic telecanthus was
seen in NOE fractures.
Three (1.66%) patients were found to have corneal tear, two (1.10%) patients were found to have
proptosis, and seven (3.87%) patients were found to have traumatic mydriasis. The low
incidence of these injuries is in accordance with the findings by Septa et al. It suggests that
retinal tear, proptosis, and traumatic mydriasis are not common ocular injuries associated
maxillofacial trauma [8]. Eyelid lacerations were present in 25 (13.81%) cases, for which
meticulous suturing was planned.
Al-Qurainy et al. classified the ocular injuries into mild, moderate, and severe ophthalmic
injuries [21]. Among these, our study had minor ophthalmic disorders such as eyelid swelling
and bruising, subconjunctival hemorrhage, chemosis, and commotio retinae (Berlin’s edema).
Moderate ophthalmic injuries such as enophthalmos, eyelid lacerations, traumatic pupillary
changes, and lens damage were seen. Severe ophthalmic disorders included retrobulbar
hemorrhage, hyphema, optic nerve injury, vitreous hemorrhage, and retinal detachment. Jamal
et al. reported that 66.6% had minor ocular injuries and 10% had major ocular injuries such as
ruptured globe and retinal hemorrhage [26].
In our study, ZMC fractures were associated with periorbital edema, periorbital ecchymosis,
subconjunctival hemorrhage, and chemosis. Enophthalmos was seen in one case. Globe rupture
and complete avulsion of the eye along with traumatic optic nerve avulsion and retrobulbar
neuritis were seen in three individual cases, which led to loss of vision in these cases. All three
fractures were seen in males. Exposure keratitis was also seen in one ZMC case. In the cases
taken up for open reduction and internal fixation of ZMC fractures, there was no statistically
significant difference between the heart rate pre-operatively and at the time of reduction of the
fracture, indicating that was no significant change in the heart rate (bradycardia secondary to
oculocardiac reflex during reduction of ZMC fractures) which is due to the anesthetic agents
and the local infiltration of adrenaline that is given [29].
Nasal bone fractures (adding up left, right, and bilateral nasal bone fractures as shown in
Table 4) accounted for the second most common midfacial fracture in our study, wherein two
cases of globe rupture were seen along with other fractures leading to blindness. Canalicular
injury and traumatic mydriasis were seen in two cases each, and traumatic optic neuropathy
was noted in six cases. Two cases of uveal, lens, and vitreous incarceration were also seen along
with nasal bone fractures.
The incidence of ocular injuries in Le Fort I fractures was very less in this study.
In association with Le Fort II fractures, three cases had traumatic optic neuropathy, one case
had Berlin’s edema, and one case had a corneal tear.
Le Fort III fractures were associated with a considerable number of ocular injuries ranging from
subconjunctival hemorrhage, chemosis, traumatic optic neuropathy, traumatic mydriasis, and
intraorbital hemorrhage.
NOE fractures presented clinically with traumatic telecanthus. Corneal tear was also diagnosed
in one case of NOE fracture in our study. Frontal bone fractures also presented with a variety of
ocular disorders such as diplopia, corneal tear, retrobulbar neuritis, and traumatic optic
neuropathy.
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Orbital fractures, especially the roof and the floor of the orbit fractures, presented with ocular
injuries such as dystopia, loss of vision, intraorbital hemorrhage, and diplopia.
It is very essential to note that some of these fractures presented with some ocular injuries,
which required timely management. It is necessary to not only know the common ocular
injuries pertaining to a said fracture but also certain uncommon eye injuries as seen in our
study.
It has been suggested that there is an increased risk of ocular injuries with maxillofacial trauma
by a factor of 6.7 as compared to other major trauma patients with no facial injury [30]. The
difference in the incidence of different types of ocular injuries in various studies is probably
because some injuries may have gone undetected or may have been neglected in view of more
significant ocular injuries also being present.
This study strives to draw attention toward concomitant ocular injuries in maxillofacial trauma
patients, which may go unnoticed and later present as a serious complication incapacitating
the patient. Long-term and continuous record management can make it possible to correlate
ocular and orbital injures in maxillofacial trauma patients.

Conclusions
This prospective study was conducted to have an idea about concomitant orbital and ocular
injuries in patients who sustained maxillofacial trauma. It is clear from this study that there is a
very high probability of associated ophthalmic injuries in patients with midfacial injuries.
Majority of the patients had associated eye injuries. The study stresses further on the
importance of long-term and continuous data collection and record management of trauma
patients, which may help health care providers with necessary information for the development
of treatment protocols and device measures for the prevention of complications. The general
population can be educated regarding the importance of obeying traffic rules and following
road safety instructions with the help of such data.
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ABSTRACT
Odontogenic tumours are known for their histopathologic variations because the odontogenic tissues themselves form by a
series of complex interactions among epithelial and mesenchymal components. They are delicately regulated in a timely
manner. The histopathological diagnosis of odontogenic tumours can be difficult to establish due to the complex
clinicopathological findings and confusion in their nomenclature. This is a case report of another combination of
ameloblastoma and AOT wherein, the histopathological variant was desmoplastic ameloblastoma which is exceptionally
rare with incidence rate of 4%-13% as per the available literature.
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are not well understood due to relatively vague
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form by a series of complex interactions among epithelial
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Only four cases of hybrid ameloblastoma and AOT have
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Furthermore, it can also influence the overall prognosis

Intra oral examination revealed a well circumscribed

of the treatment.

mass measuring about 3 cm × 2 cm in the labial vestibule
extending from midline to distal aspect of 24. The

CASE REPORT

overlying mucosa appeared normal. The lateral incisor

A 25-years old female reported to Department of Oral &

was labially tipped and there was a missing canine. On

Maxillofacial Surgery, KLE VKIDS, Belagavi with a

palpation, the swelling was bony hard, non-tender, non-

chief complaint of a progressively increasing hard

compressible, non-fluctuant and non-pulsatile. The

swelling in upper left front region of the jaw since the

swelling seemed to be arising from the bone. The teeth

past 6 years. It was not associated with any underlying

associated with the swelling were found to be vital and

pain nor was there any history of trauma.

no mobility could be elicited. The patient had no other
associated symptoms (Figure 2A and Figure 2B).

Figure 2A: Occlusal view.

Figure 1: Frontal view.
Patient had no related medical history and gave history of
extraction of the left maxillary deciduous canine

Figure 2B: Lateral view.

following which no permanent canine erupted in the oral
cavity. The individual was moderately built with normal
gait. Vitals were found to be within normal limits. Facial
examination showed facial asymmetry due to a diffuse
swelling on left side of face with prominent flaring of the
left ala of the nose along with obliteration of the
nasolabial fold. The skin over the swelling appeared
normal (Figure 1). Swelling was nontender on palpation.

Figure 3A: OPG showing impacted left maxillary canine
associated with a mixed radiolucent and radiopaque lesion.
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A clinical diagnosis of dentigerous cyst with a possible

suggestive of AOT (Figure 4) and the lesion was planned

impacted canine was made with differentials of a

for enucleation.

compound odontome, adenomatoid odontogenic tumour
(AOT),

calcifying

epithelial

odontogenic

tumour,

odontogenic myxoma and a fibro-osseous lesion in mind.

Figure 4: Cellular odontogenic tumour islands showing
cuboidal, columnar and spindle cells arranged in sheets and
whorls.

Figure 5: Tumour exposed.

Figure 3B: True maxillary occlusal radiograph.
Radiographs (OPG and Maxillary Occlusal Radiograph)
(Figure 3A and Figure 3B) showed a diffuse, poorly
defined combined radiopaque and radiolucent lesion
extending from distal of left central incisor to distal of
left first premolar causing distal displacement of the
roots. There was an impacted tooth present with 23 on

Figure 6: Lesion enucleated in tooth with the impacted
canine.

the palatal aspect which was seen on occlusal radiograph.
Under general anesthesia, after raising a mucoperiosteal
After

clinico-radiological

correlation,

a

tentative

flap buccally, the underlying tumour was exposed. A

diagnosis of adenomatoid odontogenic tumour (AOT) or

firm,

well-circumscribed

and

nonencapsulated

a fibro-osseous lesion of the maxilla was made.

intraosseous mass was seen (Figure 5). The expanded

Aspiration of the lesion was non-productive, so an

buccal bone was inseparable from the tumour so an

incisional biopsy was done under local anesthesia to

osteotomy was performed leaving 5 mm of surrounding

come to a definitive diagnosis. Histopathology report was

normal bone after which the tumour was excised along
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with the impacted canine with the help of a chisel and

The excised mass was sent for histopathological

mallet (Figure 6). The underlying bone showed a honey-

examination

comb appearance (Figure 7) indicating infiltration into

desmoplastic ameloblastoma with osseous metaplasia

the bone which does not go in favor of adenomatoid

(Figure 8A - Figure 8C) with adenomatoid odontogenic

odontogenic tumour

tumour (AOT).

(AOT).

Hence,

a

peripheral

which

was

suggestive

of

hybrid

ostectomy was performed with a large round carbide bur
till normal bone was seen. After the procedure, the nasal
floor was found to be exposed whereas the maxillary
sinus and palatal tissues were intact. Since the tumour
and the underlying bone did not resemble an AOT
clinically, after performing peripheral ostectomy, the
cavity was packed with carnoy’s solution for 5 minutes to
ensure control of micro spread of the tumour. The
surgical field was irrigated with copious saline following
which a water tight closure was done using 3-0 vicryl.

Figure 8B: Hypercellular spindle cells.

Figure 7: Intra-operative picture showing honey comb
appearance of bone.

Figure 8C: Irregular stroma with tumour islands and
osseous metaplasia.
The patient’s post-operative course was uneventful with
no recurrence at follow-up period of 3 years (Figure 9).

DISCUSSION
Ameloblastoma is an uncommon tumour of odontogenic
origin that accounts for about 1% of all jaw tumours and
Figure 8A: Ameloblastic follicles in dense collagen stroma.

cysts [9]. Conventional/solid, unicystic, and peripheral/
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extraosseous

clinico-radiographic

subtypes

of

ameloblastoma transforms giving rise to a conventional

ameloblastoma are recognized [10], along with the

ameloblastoma

[16].

In

Japan,

desmoplastic

histologic subtypes of which the follicular and retiform

ameloblastoma was found in only 5.3% of all

patterns are noticed in vast majority of cases.

intraosseous ameloblastomas reported over a period of 27
years [17,18]. Ameloblastoma contributed for 1.18% of
the total 7,700 tissue samples received over a 25-years
period, with desmoplastic ameloblastoma accountable for
just 2.2% of all histological forms of ameloblastoma,
according to an Indian study. No cases of hybrid
ameloblastoma were found [19]. The hybrid desmoplastic
ameloblastomas

showed

a

nearly

identical

sex

predilection and surfaced in the age range of 17 years 82 years. They have been seen in Asians in particular
with a fairly high predilection towards mandible [17].
Figure 9: OPG after a period of 3 years showing no signs of
The present case was a 25-years old female patient in

recurrence.

The desmoplastic variant is among the recently identified
patterns which was introduced in 1984 by Eversole et al.
[11]. It is confirmed from the literature that desmoplastic
ameloblastoma is the least frequent tumour originating
from odontogenic tissues. Amidst the 92 cases of
ameloblastoma studied by Takata et al. [12], seven cases
were diagnosed as desmoplastic ameloblastoma and only
one case as “hybrid lesion”. Waldron and El-Mofty
described hybrid ameloblastoma as a tumour variant in
which, areas of follicular and retiform ameloblastoma
exists simultaneously with typical areas of desmoplastic
ameloblastoma [13]. In the analysis by Waldron and ElMofty, the relative occurrence of hybrid lesions was
recorded as 4.3% [13] while in studies done by Higuchi
et al. [14] and Takata et al. [12], it was 3.4% and 11%
respectively. Philipsen et al. [15] analysed the clinical
characteristics of hybrid ameloblastoma lesions. Iwase et
al. reviewed 36 cases of hybrid ameloblastoma lesions of
desmoplastic

ameloblastoma

and

conventional

ameloblastoma that have been recorded in the literature
[16]. They hypothesized that secondary desmoplastic
alterations take place in the stroma of conventional
ameloblastoma or, areas of primary desmoplastic

whom the lesion was found in the maxillary anterior
region. There are two histologic variants of desmoplastic
ameloblastoma; the predominant simple desmoplastic
ameloblastoma (88.0%) and the rare desmoplastic
ameloblastoma

with

osteoplasia

(12.0%)

[20,21].

Philipsen et al. in 1992, narrated that when a tumour cell
stimuli to stromal fibroblast causes desmoplasia, it also
affects osteoblast (another type of mesenchymal cell)
giving rise to new bone called osteoplasia [22].
Prominent new bone in the tumour tissue noticed in our
case has only been recorded in eight other desmoplastic
ameloblastomas till date. [23]. The osteocyte rich
metaplastic trabeculae of bone lined by healthy
functional osteoblasts showed variation from woven bone
to mature bone. Non-neoplastic bone remnants often tend
to linger in the tumour tissue. Hybrid neoplasms
consisting of two or more distinct histologic forms
seldom occur, but among odontogenic tumours, their
incidence have been fairly well recognized. A hybrid
odontogenic tumour is defined as: “A lesion showing the
combined histopathological characteristics of two or
more previously recognized tumours and/or cysts of
different categories.” [5]. It is exceptionally rare to see a
combination

of

ameloblastoma

and

adenomatoid
5
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odontogenic tumour (AOT). Literature shows only four

trabeculae (masking under the healthy-looking cortical

cases of hybrid ameloblastoma and adenomatoid

bone), which results in high tendency to recur. So,

odontogenic tumour (AOT) reported previously and this

curettage

is the second case consisting of solid multicystic

desmoplastic ameloblastoma. The preferred mode of

ameloblastoma and AOT [6-8]. The present case is a

treatment is wide surgical excision as opined by

hybrid

Yoshimura et al, in 2009 [26]. Regarding the clinical

ameloblastoma

desmoplastic

composed

ameloblastoma

of
and

areas

of

follicular

behavior

is never

of

an

appropriate

desmoplastic
of

treatment

ameloblastoma,

odontogenic

classification

odontogenic tumour (AOT). The incisional biopsy

desmoplastic

specimen showed highly cellular sparse lesional tissue

ameloblastoma and peripheral ameloblastomas can have

surrounded by compact bone comprising of cuboidal,

a lower rate of recurrence than other forms of

columnar and spindle cells arranged in sheets and whorls.

ameloblastomas [27]. In contrast to this, a review of the

Focal areas of eosinophilic material were also noted,

literature revealed that desmoplastic ameloblastoma has

suggestive of adenomatoid odontogenic tumour (AOT).

same recurrence rate (15.9%) as that of other forms of

However, after enucleation, the specimen showed large,

ameloblastomas [25]. Keszler et al. highlighted a higher

irregular odontogenic tumour islands, cords and follicles

recurrence rate of desmoplastic ameloblastoma (21.4%)

widely separated with dense fibrous and moderate

as compared to the non-desmoplastic variants of

cellular stroma. The tumour islands show peripheral

ameloblastoma (10.1%) [28]. The justification for this

cuboidal cells with hyperchromatic nucleus and few

may be the fact that radiographically, desmoplastic

odontogenic islands show columnar cells with reversal of

ameloblastomas are easily confused with fibro-osseous

polarity. The center of odontogenic islands show

lesions.

like

says

WHO

ameloblastoma along with osteoplasia and adenomatoid

ameloblastoma,

tumours

for

that

unicystic

hypercellular spindle shaped cells with few islands
present with eosinophilic amorphous deposits, also few

CONCLUSION

islands show cystic degeneration in the center. The

The precise diagnosis of a desmoplastic ameloblastoma

stroma shows moderate cellular and fibrous appearance.

can be difficult to establish before the operation.

The collagen fibers are thick and seem to be compressed

Moreover,

by epithelial islands in some areas. Metaplastic bony

exhibits ill-defined border making the exact attachment

trabeculae surrounded by functional osteoblasts and

of the lesion with normal bone difficult to investigate.

lacunae showing osteocytes along with resting and

Also, the more common location in the maxilla may

reversal lines are noted. The final histopathological

cause an early invasion of the adjacent structures. So as

appearance was suggestive of Hybrid desmoplastic

was rightly said by Marx and Stern that “The best

ameloblastoma with osseous metaplasia and adenomatoid

chemotherapy for odontogenic tumours is a jar of

odontogenic tumour (AOT). Marx et al. opined in the text

formalin” it applies for this infrequent variant as well. As

book of Oral Pathology that desmoplastic ameloblastoma

the clinical nature, radiographic features and histological

should be treated in the same manner as solid multicystic

characteristics of hybrid lesions are not clear till date, the

ameloblastoma (SMA) [24]. Sun et al. [25] opined that

lesion requires more detailed tumour analysis, follow-up

more radical approach is required for the ill-defined

and reporting in literature.

desmoplastic

ameloblastoma

frequently

borders of desmoplastic ameloblastoma. Usually, this
non-encapsulated tumour infests in cancellous bone
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An operator often finds it hard to assess the ideal timing to start angulating the driver while placing infrazygomatic
crest screws. Thus, we have designed a simple system to guide the operator to know exactly when the angulation
of the driver should be started for the ideal placement of the IZC screw. The components of the system include
the calculation of the amount of tissue that needs to be pierced perpendicularly and the fabrication of an
indicator device over the implant driver with a stainless steel wire. Hence, using this system, the proper timing for
angulation can be obtained, thus improving the accuracy of placement.
Keywords: Infrazygomatic crest screw, Temporary anchorage device, Angulation, Skeletal anchorage,
Biomechanics

Infrazygomatic crest screws are usually placed at the IZC 6 OR IZC 7 regions, with a 55–70
angulation.[1]
The operator is expected to start angulating the implant driver once the cancellous bone is just
reached, after a perpendicular insertion through the cortical bone and gingiva.[1]
Failure of angulation at the right time can lead to:
• Inaccurate ideal final angulation, leading to trauma to the buccal mucosa
• Inter radicular placement of the screw.
Asymmetrically placed IZC screws on the left and right side of the mouth can lead to alteration
of biomechanics.
An operator often finds it hard to assess the ideal timing to start angulating the driver while
placing the implant.
Thus, we have designed a system to guide the operator to know exactly when the angulation of
the driver should be started for the ideal placement of the IZC screw.

COMPONENTS OF THE SYSTEM
a.
b.

Calculation of the amount of tissue that needs to be pierced perpendicularly
Fabrication of an indicator device.

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Steps in calculating the amount of tissue that needs to be
pierced perpendicularly

2.

1.

3.

2.

Measurement of soft-tissue (X mm) covering the
insertion site using the stopper method with an
endodontic file [Figure 1]
Measuring the cortical bone thickness (Y mm) with a
pre-existing CBCT, or using the average cortical bone
thickness values (1.44 ± 0.39 in adolescents, 1.58 ± 0.34
in adults) as given by Farnsworth et al.[2]

Thus X + Y= Z, Where Z mm is the total thickness of the soft
tissue, along with the cortical bone thickness at the insertion
site.
Steps in the fabrication of the indicator device
1.

Wind 2–3 helices around the implant driver attachment
with a 0.7 mm stainless steel wire such that the distalmost helix approximates with the projection on the head
of the implant driver attachment. This will be taken as
the standard reference point, point S [Figure 2].

4.

Approximately 1.5 mm away from the driver attachment,
bend the wire at point 1 such that it runs parallel to the
driver [Figure 2]
Point 2 should approximate the tip of the bone screw
[Figure 2]
From point 2, incorporate a helix in the wire such that it
acts as a soft tissue stopper [Figure 2].

Millimetric markings are transferred onto the indicator
device, as shown in Figure 2.
With point S as a reference, the indicator device is adjusted
according to the Z value obtained, by coinciding the
millimetric marking with point S.
For example, if,
X = 2 mm and Y = 2 mm, Z = 4 mm, which is adjusted on the
scale [Figure 3].
The bone screw is now inserted perpendicularly through the
soft tissue and cortical bone [Figure 4] until the helical stop
on the indicator device touches the soft tissue [Figure 5].
Once the stop touches the tissue, the indicator device is slid
down on the driver attachment [Figure 6], and from this

Figure 1: Measurement of soft-tissue thickness.
Figure 3: Indicator device adjusted to 4 mm.

Figure 2: Indicator device made with 0.7 mm SS wire on the implant
driver attachment.

Figure 4: Perpendicular insertion.
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Figure 5: Gingiva and cortical bone pierced as indicated by the helix
touching the soft tissue.

Figure 6: Indicator device slid down on the implant driver
attachment.

point, angulation of the driver is advised until the insertion
is complete [Figure 7].

Figure 7: IZC screw completed inserted at the desired angulation.

Figure 8: Accurate final IZC screw placement.
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Case Report

Prosthetic Rehabilitation of a Maxillary Defect Caused by Ameloblastoma
of Rare Occurrence: A Clinical Case Report
Abstract

According to WHO statistics, individuals of the Indian subcontinent have the highest prevalence
of orofacial cancer. Surgery, radiation, chemotherapy, or combination therapies are commonly
administered treatment modalities for the treatment of oral cancer. Rehabilitation after surgical
resection of the maxillary area is often a challenging task for maxillofacial prosthodontists. The size
and location of the defect usually influence the amount of impairment and difficulty in prosthetic
rehabilitation. Communication between nasal and oral cavities causes difficulty in swallowing and
speech and gives unesthetic appearance. Obturator prosthesis is commonly used as an effective means
for rehabilitating hemimaxillectomy cases. This article presents a case of acquired maxillary defect
due to ameloblastoma with unfavorable undercuts, which was successfully treated by an immediate
obturator following surgical resection and followed by a one‑piece closed hollow bulb obturator, by
utilizing the remaining palate and dentition to maximize the support, stability, and retention, which
acts as a barrier to the communication between the oral and nasal cavities.
Keywords: Acquired maxillary defect, immediate obturator, one‑piece closed hollow bulb, orofacial
cancer, plexiform ameloblastoma

Introduction
Malignant neoplasms of the upper gingiva
and hard palate nearly account for
1%–5% of their total occurrence in the
oral cavity.[1] Ameloblastoma is a benign,
locally aggressive tumor arising from
the odontogenic epithelium. The lesion
accounts for 1% of all tumors of the
head‑and‑neck region and approximately
11% of all odontogenic tumors. The
most common location of ameloblastoma
is the posterior region of the mandible,
with a mandibular‑to‑maxillary ratio of
5:1. Ameloblastoma of the maxilla is
comparatively rare, and the molar area is
the most commonly affected site compared
to the premolar and anterior regions.
Surgical resection is the most common
modality of treatment for this kind of
neoplasms.[2] The postsurgical effect usually
has serious consequences as it disturbs
both the form and function of the normal
stomatognathic system.[1] Management of
maxillary defects warrants all the facets of
patient care from diagnosis and treatment to
rehabilitation. Maxillofacial rehabilitation
should not only involve the design and
This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non‑commercially,
as long as appropriate credit is given and the new creations are
licensed under the identical terms.
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fabrication of the prosthesis, if possible,
but also provide fail‑safe mechanisms to
ensure that the prosthesis is given a fair
chance by the patient.[3] An obturator is
a prosthesis used to close a congenital or
acquired tissue opening, primarily of hard
palate and/or contiguous alveolar/soft‑tissue
structures (Glossary of Prosthodontic Terms,
Edition 8).[4] The principal function of an
oral obturator is closure of palatal defects
for the establishment of oronasal integrity.
Fabrication of an obturator requires
biologically inert, technically simple, and
durable materials.[5] The primary objectives
in rehabilitating a maxillectomy patient
are to restore the function of mastication,
deglutition, and speech and to achieve
normal orofacial appearance. The most
common prosthodontic treatment problems
with maxillectomy patients are lack of
retention, stability, and support. The size of
the defect, the number of remaining teeth,
the amount of the remaining bony structure,
and patient ability to adapt to the prosthesis
are few factors which affect the prognosis
of the treatment. Prosthetic rehabilitation is
planned depending on the type of surgical
defect and the relationship of the defect
area to the remaining abutment teeth. This
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type of prosthesis helps in separating the oral and nasal
cavities to allow for adequate deglutition, speech, possible
support of the soft tissue to restore the mid‑facial contours,
and acceptable esthetic results.[6]

Case Report
History
A 40‑year‑old male patient, a teacher by occupation,
who reported with an ulcerative growth on right maxilla
[Figure 1] underwent a computed tomography (CT) scan.
The CT scan revealed an expansile soft‑tissue lesion
arising in the right maxilla, causing thinning and erosion
of the cortex with extension into the soft‑tissue plane.
The lesion showed minimal heterogeneous enhancement.
Medially, the mass was extending into the osteomeatal
complex and the right nasal cavity, causing deviation of
the nasal septum toward the left. The mass was causing
erosion of the hard palate and the medial wall of the
maxillary sinus. The fat plane between the mass and the
inferior turbinate was also lost. The fat plane between the
mass and the surrounding muscles was maintained. The
case was diagnosed as plexiform ameloblastoma after
histopathological investigation.
Treatment plan
Surgical resection of the lesion was planned followed by
restoration of the defect with a surgical obturator.
Fabrication of immediate surgical obturator
Presurgical alginate impression of both arches was made.
Diagnostic casts were prepared, and the area to be resected
was marked on a duplicated cast from 11 to 17 and
scraped [Figure 2]. As root stumps were present with 24
and 25, the retentive components such as circumferential
clasps and Adams clasps were prepared on 22, 23, 26, and
27. Wax‑up of the cast was done [Figure 2]. A clear acrylic
surgical obturator was fabricated.

Surgical procedure was carried out, and 24 and 25 root
stumps were also extracted along with the lesion. An
immediate obturator was inserted after carrying out the
necessary adjustments [Figure 3], and instructions were
given to the patient. A follow‑up at regular interval was
done, and as the patient was anxious about the wound site,
oral hygiene maintenance was not up to the satisfaction,
hence oral prophylaxis procedure was carried out and he
was given proper oral hygiene instructions. Relining of
the obturator was done with soft liners [Figure 3], and
necessary modifications were done at each regular interval.
Satisfactory healing of the soft tissues took place. After
6 months, a definitive prosthesis was planned.
Definitive prosthesis
A definitive prosthesis was planned with a cast metal
framework as the defect resembled more near to Class 1
linear type of design according to the Aramany’s
classification .[7] As per the linear design, RPI (R=Rest,
P=Proximal Plate, I=I bar clasp) concept applied on 23
region. The retentive arms and bracing arms are placed
on the palatal and buccal surfaces of the 26 and 27
respectively. The occlusal rest on the distal of 26, mesial of
27 was planned.[8,9] A primary impression with alginate was
made and cast was poured. A custom tray was fabricated
on this cast for medium body impression.
Mouth preparation was carried out as per the framework
design, guide plane on the distal of 23, rests on 26 and 27,
and cingulum rest on 23.
As the defect was multilocular, sectional impression
technique was followed to record the defect with putty
addition silicone [Figure 4]. Once the defect was recorded,
medium body impression was made with the custom tray.
The superficial section of the defect part had come along
with the medium body impression, and rest of the sections
were oriented outside [Figure 4]. Master cast was obtained
using this impression [Figure 5], and blocking out of the
unfavorable undercuts was carried out.
This blocked out master cast was used to obtain a
refractory cast on which wax pattern was prepared using
the pattern wax [Figure 5]. The usual burn‑out procedure
and casting of the framework was done. This finished
metal framework was made to fit the cast [Figure 5], which
was tried intraorally, and then jaw relation was recorded
[Figure 6]. Teeth arrangement followed by try‑in was
done [Figure 6], and the trial denture was invested. After

Figure 1: Presurgical intraoral picture

Figure 2: Diagnostic casts, scrapped teeth on the cast, and wax-up for
immediate obturator
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dewaxing and before packing, the unfavorable undercuts
were blocked out with the plaster of Paris. Closed bulb
obturator was planned as per the Habib technique. The lid
portion was packed first with heat‑cured acrylic resin, a
piece of tinfoil was placed over this portion [Figure 7], and
the rest of the defect was packed and processed.
The processed obturator was retrieved and the lid was
separated along the tin foil. The bulb was hollowed out
from within an acrylic trimming bur [Figure 7], and the lid
was sealed with self‑cured acrylic resin. The finished final
prosthesis was delivered to the patient with appropriate
instructions [Figure 8].
Follow‑up
Acquired palatal defects may cause major difficulties
with speech, swallowing, and mastication. In turn, these
functional problems may affect the quality of life of
patients. The patient reported improvements in prosthesis
retention and stability after definitive prosthesis compared
to the performance of the immediate obturator, and his
masticatory and speech functions, and esthetics particularly
the midface, improved. During the follow‑up, soft debris
was observed; as the patient was too anxious on the
maintenance of oral hygiene, he was instructed for proper
oral hygiene maintenance and the use of denture cleanser
to avoid stains on the prosthesis.

Discussion
Most patients with maxillofacial prosthesis have had an

Figure 3: Postsurgical intraoral view with immediate obturator in place and
relined with soft liners

Figure 5: Master cast, wax pattern on the refractory cast, and metal
framework on the cast

Figure 7: Packing lid portion with a tin foil, lid separated after deflasking,
and hollowing out of the bulb
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extensive amount of surgical and dental treatment. The
prosthetic rehabilitation of the postmaxillectomy patients
generally requires an immediate postsurgical prosthesis,
an interim prosthesis, and a definitive prosthesis. This
is a protracted process for the patient.[3] Engagement of
soft‑tissue undercuts, including the scar band at the skin
graft–mucosal junction, also plays a significant role.[10]
This clinical report illustrates an Aramany’s Class 1
defect,[7] which was rehabilitated by a closed hollow bulb
obturator. The main objective was to decrease the weight
and minimize the rotation of the prosthesis.[5]
The weight of an obturator can be significantly reduced by
hollowing out the bulb. Using this technique, the thickness
of obturator walls and palate is reduced to <1 mm,
resulting in a significant decrease in weight. The vertical
and horizontal extension of the lateral walls of the
obturator can be maximized without additional increase in
weight. The degree of obturator movement is minimized
by improving obturator–tissue contact superolaterally.
Abutment teeth and soft‑tissue undercuts will be subject
to less stress to meet the primary goal of prosthodontic
rehabilitation, “Preservation of the remaining structure.”
In dentate patients, primary retention, support, and
stability of an obturator depend on the number and
distribution of the remaining teeth. These remaining teeth
serve as abutments for the obturator and are subjected
to constant, nonaxial, cantilever forces.[10] One of the
most important factors from retention and stability point
of view is the hollow bulb design consideration of the

Figure 4: Intraoral view after complete healing and medium body sectional
impression

Figure 6: Metal framework try-in, jaw relation, and denture try-in

Figure 8: Final finished prosthesis and denture in place
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prosthesis. It contributes to lightness of the obturator,
which further improves the cantilever mechanics of
suspension, avoids overburdening of the adjacent soft
tissue, and adds resonance to speech.[1]
The pattern of forces affecting the obturator prosthesis
are complex because of their concurrent occurrence and
their nature of mostly destabilizing the prosthesis. These
destabilizing forces need to be controlled by effectively and
strategically positioning the indirect retainers. In the Class 1
situation, the functional fulcrum line lies along the bony
contours, next to the resected area, and to provide maximum
retention, the indirect retainer should lie in the premolar
region.[6] If the anterior teeth are not included in the design,
a linear design is recommended. Miller states that a unilateral
design requires bilateral retention and stabilization on the
same abutment teeth. A diagonally opposed retention and
stabilization system can be utilized. Support is located in a
linear fashion, and retention is located on the buccal surfaces
of the premolars and the palatal surfaces of the molars.
Stabilizing components are placed on the palatal surfaces
of the premolars and buccal surfaces of the molars.[8] In the
present case, premolars were missing, so the cuspid was used.
Patient benefits from the reduced weight of the obturator
which offset the costs and also additionally by eliminating
the laboratory charges for two- stage processing.[10]
Employing a lower temperature and a longer processing
cycle than that used to process the record base minimizes
the dimensional change of the record base.

Conclusion
Patients with such a defect suffer from a lot of psychological
trauma due to impaired functions and esthetics. Hence, we
as dentists should try to restore the lost form and function
of the oral and peri‑oral structures that will help the patient
to live a normal life. The one‑piece hollow obturator
provides better color matching and restores the lost hard
and soft tissues along with speech, esthetics, mastication,
and the confidence of the patient.
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ABSTRACT

BACKGROUND
The latest highly contagious disease Covid - 19 has created a havoc all over the world
pausing everyone’s normal life and has become a major public health concern. This
novel corona virus with human to human transmission has put the world to halt and
has become a major concern for all healthcare professionals. Patients infected with
COVID - 19 present with dry cough, sore throat, fever and more severe cases exhibit
shortness of breath. Loss of smell and loss of taste are other symptoms observed in
infected patients. The routes of transmission of Sars - CoV - 2 are direct contact and
airborne transmission. Infection by direct contact occurs through close contact of
surfaces that are contaminated and subsequent touching of nose, mouth or eyes.
Dental practitioners are at a higher risk because of its potential transmission via
saliva, water droplets, and aerosols generated during most of the dental clinical
procedures. Because of its highly contagious nature, it possesses serious lifethreatening problems for both patient and the dentist. Many patients with dental pain
and infections approach dental professionals at this time of crisis. Hence, dental
professionals must be ready to provide emergency dental services by taking
precautionary and safety measures. This COVID - 19 pandemic has posed economic
and social difficulties for all including dental professionals. Therefore, instead of
restricting dental procedures, it is better to think of tackling the risk of infection by
following all the safety procedures and by orienting the dental treatment by taking a
more preventive, conservative and less invasive approach. Infection control and
management becomes very important in treating patients in the coming months.
Hence, use of personal protective equipment, hand hygiene, use of mouth rinses
during the procedure, rubber dam isolation, and disinfection of the dental clinic help
in reducing the risk of infection to a great extent. This article gives a view of
symptoms, routes of transmission, and safety measures to be considered, to
overcome the fear of dental practice during this time of high risk and in the coming
future.
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BACKGROUND

The outbreak of coronavirus disease (Covid - 19) which
started in Wuhan, Hubei (China),1,2 became a serious health
crisis throughout the world, and has become a public health
emergency, changing the lives of millions of people and even
leading to tragic consequences.3 An individual with Covid 19,
likely infects his primary contacts and those spreading to
others creating secondary contacts when in direct and close
proximity. It is contagious via contact with droplets and
contaminated surfaces. It gets into the body through mucosal
surfaces of eyes, nose and oral cavity. Hence it is of utmost
importance to avoid individual to individual close contact
(social or physical distancing), frequent use of sanitizers or
hand washing and disinfection of public and private places,
which helps in minimising spread of the novel corona virus.
Individuals can be asymptomatic carriers with no
detectable manifestations or symptomatic with mild to
moderate symptoms and some present with severe viral
pneumonia presenting as myalgia, fever, dry cough, shortness
of breath2,4 and kidney failure and even death as a final
consequence. All the healthcare professionals are at a great
risk as they are immediately involved in the national
emergency and working hard on the cases. As Covid 19 was
recently identified in patient’s saliva, Dental professionals are
considered to be even more at a higher risk due to direct
contact with saliva, water droplets and aerosols which makes
the spread easy as they are susceptible to catching and
transferring this infectious virus to the assistants as well as
other dental patients. The origin of droplets can be either
nasopharyngeal or or pharyngeal, normally associated with
saliva. Dental practitioners have been suggested to take
several personal protective measures and avoid or minimize
clinical procedures that can produce droplets or aerosols.
Hence self -protection, infection control and management take
the first place in order to avoid the risk of this novel
coronavirus spread.

Corona Virus
The Covid 19 is different from SARS - CoV and MERS - CoV
which caused severe respiratory diseases in 2002 and 2012
respectively. This novel corona virus which belongs to a family
of single stranded RNA viruses called Corona viridae.5,6,7 Out of
the 4 genera of coronavirus ie, α - CoV, β - CoV, γ -CoV, and δ CoV,8,9 Covid 19 belongs to β - CoV, which mainly affect the
respiratory, gastrointestinal and central nervous system of
humans and mammals.10,11,12 Researchers investigated on the
host of corona virus and suggested Rhinolophus affinis bat may
be the natural host13 and pangolins may be intermediate host
of covid 19.14 Corona virus got its name from crown like spikes
on the surface of the virus.15 Hence, Covid 19 owned the
coronavirus structure with spike protein in the membrane
envelope.16 It also showed other nucleoproteins, polyproteins,
membrane proteins and accessory proteins.17

Symptoms of Covid 19
Patients with Covid 19 can show mild, moderate or severe
symptoms and some being asymptomatic can be the carriers
of Covid 19. Covid 19 patient with clinical symptoms may

exhibit fever, myalgia and dry cough. Along with these
symptoms, nausea, diarrhoea, decreased sense of smell and
abnormal taste sensation has been recorded.18 Severe forms
causing pneumonia, respiratory distress and ultimately death.
Around 80 % patients showing milder symptoms which
include flu like symptoms might have led to the spread of this
infectious disease to more number of people thus increasing
the count of getting infected with corona virus.19 Even though
it has affected people of all ages, people with underlying
diseases such as diabetes, hypertension, cardiovascular
disease are at a higher risk of developing coronavirus disease.

Transmission Routes in Dental Practice
As dentistry involves close proximity to patient’s face and oral
cavity, and most of the dental procedures involve production
of aerosols, dental practitioners are at a higher risk of getting
and spreading the virus. It is a known fact of person to person
transmission of coronavirus, it can be via respiratory droplets,
saliva of patients with Covid 19 or aerosols creating more risk
to dental practitioners. In dental practice not just the dental
professional gets exposed, but other assistants in the clinical
area are exposed frequently with aerosols that are produced
during most of the dental procedures.5,20 For most of the
dental clinical treatments, the standard protective protocol
followed may not be sufficient to protect against coronavirus,
especially when patients are just carriers or are asymptomatic
or are in incubation period or if they do not provide a proper
medical or travel history. In dental practice usually the novel
coronavirus Covid - 19 can be spread by airborne route, direct
contact, or through the contaminated surfaces.5
Airborne Route of Transmission
Many researchers have shown that most of the dental
procedures generate aerosols and droplets contaminated with
virus. To et al. confirmed the presence of live viruses in the
saliva of infected individuals by viral culture method.21,22
During scaling procedures, tooth preparation, difficult
extractions requiring bone cutting, restorations require
aerotors and it is quite impossible to avoid the generation of
aerosols and micro droplets combined with saliva or blood.
These micro droplets and aerosols stay in air for a long time
and later can settle on to hard surfaces and as well as enter the
human respiratory tract if masks are not worn by dentists or
attendants or assistants, making it very clear about the spread
of Covid 19 from infected persons in dental clinics via airborne
route.
Contact Route of Transmission
CoV can be transmitted directly from person to person by
respiratory droplets, emerging evidence has shown that it may
also be transmitted through contact and fomites.5,21,23 Contact
route of transmission can be either direct contact or indirect
contact. Dental practitioners are always in direct or indirect
contact with human fluids like saliva or blood, dental materials
used on patients, and contaminated dental instruments or
even the surfaces in the clinic touched by patients. Hence all
this can make an easy possible way for the transmission of
viruses.
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Contaminated Surface Route of Transmission
Studies on Human coronaviruses such as SARS - CoV, Middle
East Respiratory Syndrome coronavirus (MERS - CoV), or
endemic human coronaviruses (HCoV) have shown that
contaminated surfaces frequently contacted in hospitals are a
potential source of coronavirus transmission. Coronaviruses
can remain active on surfaces like glass, plastic or metal for up
to a couple of days and it was shown that HCoV remains
infectious from 2 h up to 9 days at room temperature and
exists better at 50 % compared with 30 % relative
humidity.24,25 In dental clinics, a Covid 19 patient’s salivary /
respiratory droplets and aerosols from infected patients can
easily contaminate the whole surface.
With these risks of transmissions in mind, all the dental
clinics all around the world have paused their routine dental
practices. Dental practitioners have limited their services only
to those patients who require emergency treatment like acute
pulpitis, symptomatic hard and soft tissue lesions, fractured
prostheses and investigations required for some lesions,
thereby fulfilling their responsibilities,4 some are even
managed with telephonic consultations. Now these routes of
transmissions can be decreased to a lot extent by keeping a
dry, clean clinic environment, thorough history taking, by
using Personal Protective Equipment’s (PPE) and following a
strict infection control and management.

COVID 19 in Dental Clinics - How to Overcome the Risk?
As all the dental professionals are aware of the spread of Covid
19, it becomes a common question in everyone’s mind that
how to overcome this risk and manage their normal patients
and unaware Covid 19 patients. So first and foremost the
dental practitioners should know what all extra - protective
measures one has to follow in and out of the dental clinic. The
dental practitioner will have to follow those now at the time of
this outbreak as well as for a few months later after the Covid
19 till the fear of its spread completely gets cleared off.
Dental practitioners should know how to manage normal
patients as well as an unaware Covid 19 patient, hence
considering the spread taking all precautionary and self protective measures becomes very crucial. According to the
guidelines, dentists must avoid the scheduling of any patient,
only emergency dental cases are to be considered during the
COVID -19 outbreak. But once the virus gets cleared off, to be
more careful the following management shall be considered
and followed to be on the safer side.

Non-Emergency Complaints
In cases of patients who don’t require emergency treatments,
they can be avoided to attend dental clinic, instead
conversations can be done and instructions can be given by
phone or text. And later a follow-up call will help maintaining
the doctor - patient trust relationship. This gives patient a
psychological relief and moral support too.

What if Covid 19 Patient Requires Dental Treatment?
Dental treatment to patients tested Covid 19 positive
independently and without approval is strictly discouraged.

Review Article
Such patients should be initially directed to the Government
hospital or Covid 19 control centre, where they will be treated
and provided necessary aid for their complaints. Any person
without personal protective equipment should maintain a
distance of 1 – 2 meters and be in a well-ventilated area when
dealing with Covid 19 patient.
In order to eliminate this, tele screening and triaging is
helpful. Patients who seek dental appointments should be
initially screened via telephone in order to identify suspected
or possible Covid 19 infected person.
This can be done with 4 most relevant questions
1. Any exposure to a person with suspected or known Covid
19 patient?
2. Any recent travel history? (to check whether patient has
gone to areas with high incidence of Covid 19)
3. Any respiratory illness, fever or cough?
4. Have you attended any meetings and gatherings recently?
Any positive response to these questions gives an alarm to
the dental practitioner and can postpone the dental treatment
and encourage the patient to self - isolate and immediately
contact the health centre.

Emergency Complaints
Patients who require immediate treatment for their
complaints should be considered “potentially infected” 26 and
follow extra protective measures before communicating as
well as treating the patients.

Medical, Social and Travel History
Firstly, a thorough history – taking should be done at all the
dental visits. It must include the patient’s medical history, a
careful social history including information on recent changes
in his work and living practices and travel history, keeping in
mind of the current scenario. This should be done by sitting or
standing, maintaining a certain distance while communicating
with the patients. Medical history taking should include fever,
cold, cough and respiratory problems other than the usual
questionnaire. Social contacts and travelling spots should be
noted if of any concern.

Patient and Doctor Hand Hygiene
The patient should be given hand sanitizer and instructed not
to touch surfaces as well as face, eyes, nose and mouth. The
dental practitioner also should make a habit of using hand
sanitizer frequently as well as hand washing techniques
lasting at least 20 seconds should be done, in order to reduce
the spread of disease. Care must be taken to avoid touching
their own eyes, mouth, and nose by the dental professionals.
Minimum person entry should be allowed into the reception
area and mainly the working area in order to avoid more
exposure from other persons as well as to prevent them
getting exposed to aerosols and water droplets near the
working area.
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Personal Protective Equipment
Dental professionals should take all the extra protective
measures considering the risk involved in treating patients.
Based on the possibility of the spread of Covid 19, three-level
protective measures for dental practitioners are
recommended for specific situations5
1. Primary Protection(standard protection for dental staff in
clinic) - Wearing disposable working head cap, disposable
surgical mask, and working clothes (white apron), using
protective eye wear or face shield, and disposable latex
gloves or nitrile gloves.
2. Secondary Protection (advanced protection for dental
practitioners) - Wearing disposable head cap, disposable
surgical mask, protective eye wear, face shield, and
working clothes with disposable isolation clothing or
surgical clothes outside, and disposable latex gloves.
3. Tertiary Protection (strengthened protection) - If dental
practitioner cannot avoid close contact with Covid 19
suspected or infected patient, special protective outwear
is needed, i.e. Personal Protective Equipment.
Personal Protective Equipment consists of garments worn
to protect the health care workers or any persons from getting
infected. It includes face protection, goggles, mask /
respirators / Filtering Face Piece, face shield, gloves, gown or
coverall, head cover, rubber boots. In case if protective wear is
unavailable, working clothes (white apron) with extra
disposable protective clothing outside should be worn. In
addition, disposable head cap, protective eye wear, face shield,
disposable surgical mask, disposable latex gloves, and
impermeable shoe cover should be worn.5

Mouth Rinse, Rubber Dam Isolation, Use of Hand Piece
Mouth rinses with antiseptic property are believed to reduce
the viral load in the oral cavity. There is also a
recommendation to use hydrogen peroxide or povidone iodine
solutions.5,27,28,29 Hence, patient should be asked to rinse and
gargle with beta dine mouth wash for a minimum of 30 - 40
seconds before starting any clinical procedures. Patient should
be asked to use mouthwash in between the treatment
procedure also in order to reduce the viral load.
A study by Samaranayake et al has proved that the use of
rubber dam significantly reduces airborne particles in 3 - foot
diameter of the operational field by 70 %.30 Hence the use of
rubber dam helps in minimizing the contact with saliva and
blood droplets when using high speed hand piece and ultra sonic scalars. Taking into consideration of this aspect, 4 handed technique is helpful for controlling infection as well as
minimizes the time taken for treatment. The use of saliva
ejectors with high or low volume will reduce aerosol and
droplets to a large extent. In cases where rubber dam isolation
is not possible, Carisolv for caries removal and hand scalar for
scaling purpose can be a good option.
As high speed hand piece aspirates and expels debris and
fluids during the clinical procedures, high speed hand piece
with anti-retraction valves should be used in order to reduce
cross infection. A study has shown that the anti - retraction
high-speed dental hand piece significantly reduces the
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backflow of oral bacteria and viruses into the tubes of the hand
piece and dental unit when compared with the hand piece
without anti - retraction valve.31 Hence the use of hand piece
with anti - retraction valve will be helpful in minimizing cross
infection.
Extraoral Dental Suctions can also be used by dentists to
safely remove droplets and aerosol particles that are produced
during clinical procedures. These suctions are also capable in
filtering the blood, viruses, germs, fluids, & dust that would
otherwise end up contaminating operatory, clothes, and body.

Sterilization of Instruments and Surface Disinfection
All the instruments must be autoclaved daily according to the
number of patients and instruments needed. The reusable
instruments must be cleaned, sterilized, and properly stored
according to the Protocol for the Disinfection and Sterilization
of Dental Instrument. All the surfaces should be cleaned and
disinfected frequently, focusing on high touch surfaces like
chairs, door handles etc. Wearing of disposable gloves when
cleaning and disinfecting should be done. Protective eye wear
as well as gowns or aprons should be worn by the attender
cleaning and disinfecting surfaces in order to prevent the
splash or splatter to the face and clothing.
After the completion of treatment, the dental chair should
be cleaned using 1% sodium hypochlorite solution. The
suction and spittoon should be drained using hypochlorite
solution. Mopping of the floors using disinfectant solution is to
be carried out daily. Fumigation of the clinic area and premises
for disinfection should be done regularly. Air purifiers can be
installed in the dental clinic in order to create fresh and safe
inhaling air in the working environment.

Organizing the Reception Area and Reception Staff
Reception area is the first area of contact, hence modifications
of certain aspects should be done like no appointment cards,
no cash transactions, physical distancing from the people and
patients coming for treatment and training and education of
the clerical staff. Clerical staff should be asked to wear mouth
mask. Waiting room should be organized with chairs arranged
at a distance to each other. The waiting room should be well
ventilated. All the magazines and products that can harbour
virus should be removed. At the reception desk, the patient
should be given hand sanitizer and instructed not to touch
surfaces as well as face, eyes, nose and mouth. These
instructions can be put on the notice board in the reception
area and strictly asked to be followed by the patients and their
accompaniers. Appointments should be minimized as well as
minimal accompaniers should be allowed to accompany
patients in the waiting room.

Management of Clinic Waste
The medical waste generated by the treatment of patients with
suspected or confirmed Covid 19 infected patients are
regarded as infectious medical waste, which need to be
disposed properly. For this, double - layer yellow colour
medical waste bags and “gooseneck” ligation must be used.
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The surface of the package bags should be marked and
disposed carefully.5

CONCLUSIONS
Covid 19 has changed the face of the world bringing a lot of
losses and disturbances in everyone’s day-to-day life as well as
professional life. Changes in the operating room as well as in
the whole dental set up are for the protection of the dental
practitioners and patients. Doing all treatment procedures
with utmost care and self-protective measures can help us in
running the dental care facility smoothly and more than that
practice safely in this situation of increased risk because of
Covid 19.
Financial or Other Competing Interests: None.
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ABSTRACT
Introduction: Maxillofacial defects are facial disfigurements
resulting from congenital abnormalities, surgical resection
of tumours, trauma, or a combination of these. The resulting
deformity often leads to a difficult path of recovery with lifelong
consequences, causing both physical disability and mental
distress. Prosthetic rehabilitation is not only a solution to cover
the physical deficit, but also a way to improve function as well
as the quality of life for such patients. However, the knowledge
amongst undergraduate dental health professionals about the
same has been at sparse.
Aim: To evaluate the knowledge, attitude, and practices
regarding maxillofacial defects and their prosthetic rehabilitation
amongst dental undergraduate students.
Materials and Methods: A cross-sectional survey was
conducted between January 2020 and June 2020, amidst the
third year, fourth year undergraduate students, and interns of
Belagavi city, Karnataka, India. The data was collected using
a 16-item custom designed proforma, comprising of questions
evaluating student’s basic knowledge about the diagnosis,
treatment procedures, and treatment planning of maxillofacial
defects and their prosthetic rehabilitation. Statistical analysis
was done using Chi-square test in each group, using SPSS
version 22 p-value <0.05 to be considered significant.

Results: A total of 286 participants answered the questionnaire,
of which 117 (40.9%) were interns, 116 (40.6%) were third
year students, and 53 (18.5%) were fourth year students.
279 (97.6%) participants had an understanding regarding
maxillofacial defects. Of those who had witnessed cases, only
18.2% had observed more than 3 cases (p-value <0.001). Out
of respondents with treatment understanding, 184 (64.3%)
answered that it required a multidisciplinary approach (p-value
<0.001). 197 (68.9%) of the respondents felt that silicone was
the most commonly used material (p<0.003). 165 (57.7%)
answered that waxes were the most commonly used impression
material (p-value <0.001).Out of the respondents awared about
treatment modalities, 120 (42%) respondents majority answered
that CAD-CAM would contribute the most to maxillofacial
rehabilitation.
Conclusion: Comprehensive understanding and clinical
application of prosthodontic rehabilitation of maxillofacial
defects among undergraduate students was found to be
lacking. This awareness should be initiated at an early stage
of the clinical training for undergraduate training programme,
as it will help to understand the basic aspects involved in the
prosthodontic rehabilitation of maxillofacial defects.

Keywords: Acquired abnormalities, Congenital abnormalities, Facial disfigurement

INTRODUCTION
Maxillofacial Rehabilitation is a topic involving 2 major disciplines,
namely maxillofacial surgery and prosthodontics which are
concerning the functional and aesthetic stomatognathic
rehabilitation. A cohort study comprised of 10,436 patients
reporting at the hospital emergency room due to trauma showed
that 765 (7.3%) of them exhibited injuries to the oral cavity, with
55.8% of them occurring as a result of falls [1].
Such defects not only cause a debilitation in the patient’s appearance,
but they also result in psychological and emotional distress [2]. The
patient faces limitations with functions such as speech, hearing,
vision, etc. He/she also experiences psychological trauma with
appearance being the primary cause. These defects have life-long
consequences with a long and difficult path to recovery. The recovery
period becomes even more trying to the patient in cases where
the patient has been misdiagnosed and the treatment planning is
inadequate and inefficient as well.
Treatment of maxillofacial defects requires fastidious diagnosis
and co-ordination between all the treating professionals [1].
6

Patients present to their dentists with maxillofacial abnormalities
that require the expertise of specialists [3]. The dentists being
consulted must have a basic understanding of maxillofacial
defects and the specialties involved in the treatment procedures
for the same. Considering the numerical and thus health economic
relevance of traumatological and oncological consultations in
the cranio-oro-maxillo-facial area, a scientifically sound and
structured undergraduate education in the diagnosis, treatment
procedures, and basic treatment planning is definitely a prime
requisite [4]. The patient who approaches the dentist with
such defects therefore needs to be provided with a thorough
explanation of the condition and should be guided to the
appropriate specialist required for the same.
Dentistry in the 21st century primarily involves aesthetics as there
is a rise in awareness amongst patients regarding their physical
appearance [5]. The rehabilitation of a maxillofacial defect therefore,
must be given the utmost importance as it will cause a significant
change in the facial features of the patient. Therefore, sufficient
knowledge on the causes and possible treatment modalities of
Journal of Clinical and Diagnostic Research. 2020 Nov, Vol-14(11): ZC06-ZC10
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maxillofacial defects is quite essential amongst the undergraduate
students as they are the future of dentistry.
After a thorough literature search to find topics pertaining to the
knowledge, attitude, and practices regarding maxillofacial defects
and their prosthetic rehabilitation among dental undergraduate
students, it was found that there was insufficient information
about the same in India. Therefore, this study was undertaken
with the aim to assess and understand the knowledge, attitude,
and practices regarding maxillofacial defects and their prosthetic
rehabilitation among dental undergraduate students in Belagavi
district, Karnataka, India.

MATERIALS AND METHODS
The study design was a cross-sectional, self-administered,
questionnaire survey, conducted between January 2020 and June
2020. The study population comprised of the dental undergraduates
who were the part of clinical training i.e., third year, and fourth year
undergraduate students, and interns of Belagavi city, Karnataka,
India. The total sample comprised of 325 undergraduate students.
The interns who participated in the survey are currently in the
fifth year of the course. The students unwilling to participate in
the study were excluded. The final sample size was 286 students.
Ethical clearance was obtained from Institutional Ethical Committee
(Certificate No 1352). Informed consent was obtained from all the
study participants. A sixteen-custom designed, multiple-choice,
open-ended, and check listed questionnaire was fabricated based
on the pilot study report. For ease of understanding, the questionnaire
was divided into three parts; Part 1 bearing questions on basic
knowledge regarding maxillofacial defects, Part 2 on knowledge in
relation to maxillofacial prosthetic rehabilitation and Part 3 on the
treatment modalities with respect to maxillofacial defects.
Before the data collection, a pilot test was conducted to eliminate
intra-responder variability with a sample size of 100 to pre-test the
questionnaire. The data was collected by sending the online forms
to all the study participants. The study participants were provided
3 weeks’ time to answer the online form.

STATISTICAL ANALYSIS
The individual responses from each participant were recorded and
tabulated on an excel template and subjected to statistical analysis
to draw the conclusion from the resultant data. Chi-square test was
adopted to assess whether there were any statistical significances
in the responder’s knowledge, awareness and with a significance
level of p<0.05.

RESULTS
A total of 286 participants answered the questionnaire, of which
117 (40.9%) were interns, 116 (40.6%) were third year students,
and 53 (18.5%) were fourth year students. 279 (97.6%) participants
had an understanding regarding maxillofacial defects [Table/Fig-1].
When asked about the criteria included in maxillofacial defects,
218 (76.2%) said that all the defects mentioned, i.e., orbital, ocular,
nasal, cranial, ear, maxillary, and mandibular defects, were included.
Regarding the question on causes for maxillofacial defects [Table/
Fig-2], the highest response was 228 (79.7%) for multiple aetiologies,
followed by 180 for trauma (62.9%). Of the total study population,
25.9% (74) of the third-year students, 8.7% (25) of the fourth-year
students, and 7.7% (22) of the interns had not witnessed any cases
of maxillofacial defects [Table/Fig-3]. Of those who had witnessed
cases, only 18.2% (52) had observed more than 3 cases, where the
p-value was statistically significant [Table/Fig-4] p<0.001.
As far as the understanding about treatment modalities was
concerned, 256 (89.5%) respondents had an understanding of the
treatment modalities regarding maxillofacial defects [Table/Fig-5],
of which 184 (64.3%) answered that it required a multidisciplinary
approach [Table/Fig-6] p<0.001. The 247 (86.4%) of the respondents
Journal of Clinical and Diagnostic Research. 2020 Nov, Vol-14(11): ZC06-ZC10

Year of study n (%)
Response

Third year

Fourth year

Intern

Total

Yes

112 (39.2)

50 (17.5)

117 (40.9)

279 (97.6)

No
Total

4 (1.4)

3 (1)

0 (0)

7 (2.4)

116 (40.6)

53 (18.5)

117 (40.9)

286 (100)

Chi-square
value

pvalue

5.71

0.057

[Table/Fig-1]: Shows the participants knowledge about maxillofacial defects.
p<0.05 to be considered significant

Year of study n (%)
Causes and
responses

Third
year

Fourth
year

Intern

Total

-

44 (15.4)

25 (8.7)

37 (12.9)

106 (37.1)

Yes

72 (25.2)

28 (9.8)

80 (28)

180 (62.9)

Immunological
diseases

-

94 (32.9)

51 (17.8)

85 (29.7)

230 (80.4)

Yes

22 (7.7)

2 (0.7)

32 (11.2)

56 (19.6)

Autoimmune
disorders

-

85 (29.7)

48 (16.8)

79 (27.6)

212 (74.1)

Yes

31 (10.8)

5 (1.7)

38 (13.3)

74 (25.9)

Acquired
defects

-

60 (21)

35 (12.2)

45 (15.7)

140 (49)

Yes

56 (19.6)

18 (6.3)

72 (25.2)

146 (51)

Resection due
to tumours of
the head and
neck region

-

71 (24.8)

42 (14.7)

60 (21)

173 (60.5)

Yes

45 (15.7)

11 (3.8)

57 (19.9)

113 (39.5)

Multiple
aetiologies

-

28 (9.8)

13 (4.5)

17 (5.9)

58 (20.3)

Yes

88 (30.8)

40 (14)

100 (35)

228 (79.7)

Trauma

Chisquare
value

pvalue

3.84

0.14

12.92

0.002*

10.17

0.006*

11.70

0.003*

11.97

0.003*

4.05

0.13

[Table/Fig-2]: The most common causes for maxillofacial defects.
p<0.05 to be considered significant; (-): it is an indication of the number of students who have not
selected the same as an answer for the question

Year of study n (%)
Third year

Fourth year

Intern

Total

Yes

42 (14.7)

28 (9.8)

95 (33.2)

165 (57.7)

No

74 (25.9)

25 (8.7)

22 (7.7)

121 (42.3)

Total

116 (40.6)

53 (18.5)

117 (40.9)

286 (100)

Chi-square
value

p-value

48.93

<0.001

[Table/Fig-3]: Shows the number of maxillofacial defects seen by study
participants during their clinical postings.
p<0.05 to be considered significant

Number
of cases

Year of Study n(%)
Third year

Fourth year

Intern

Total

Not
applicable

74 (25.9)

25 (8.7)

22 (7.7)

121 (42.3)

1

19 (6.6)

6 (2.1)

23 (8)

48 (16.8)

2

10 (3.5)

11 (3.8)

26 (9.1)

47 (16.4)

3

3 (1)

3 (1)

12 (4.2)

18 (6.3)

10 (3.5)

8 (2.8)

34 (11.9)

52 (18.2)

116 (40.6)

53 (18.5)

117 (40.9)

286 (100)

More
than 3
Total

Chi-square
value

pvalue

56.26

0.00*

[Table/Fig-4]: The number of cases of maxillofacial defects observed by study
participants during their clinical postings.
p<0.05 to be considered significant

Understanding
of treatment
modalities

Year of study n(%)
Third
year

Fourth
year

Intern

Total

Yes

96 (33.6)

45 (15.7)

115 (40.2)

256 (89.5)

No

20 (7)

8 (2.8)

2 (0.7)

30 (10.5)

116 (40.6)

53 (18.5)

117 (40.9)

286 (100)

Total

Chisquare
value

pvalue

16.43

<0.001

[Table/Fig-5]: Number of participants with understanding regarding treatment
modalities.
p<0.05 to be considered significant

felt that the role of prosthodontists in maxillofacial rehabilitation was
inclusive of all the options mentioned, i.e., eye prosthesis, nasal
prosthesis, implant-retained maxillofacial prosthesis, obturator
prosthesis, and auricular prosthesis [Table/Fig-7] p<0.026. When
asked about materials used in fabrication of maxillofacial prosthetics,
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Year of study n (%)
Responses of
various branches

Third
year

Fourth
year

Intern

Total

-

49
(17.1)

30
(10.5)

51
(17.8)

130
(45.5)

67
(23.4)

23 (8)

66
(23.1)

156
(54.5)

OMFS
Yes
-

67
(23.4)

32
(11.2)

64
(22.4)

163 (57)

Yes

49
(17.1)

21 (7.3)

53
(18.5)

123 (43)

-

58
(20.3)

32
(11.2)

58
(20.3)

148
(51.7)

Yes

58
(20.3)

21 (7.3)

59
(20.6)

138
(48.3)

-

105
(36.7)

48
(16.8)

98
(34.3)

251
(87.8)

11 (3.8)

5 (1.7)

19 (6.6)

35 (12.2)

-

59
(20.6)

20 (7)

23 (8)

102
(35.7)

Yes

57
(19.9)

33
(11.5)

94
(32.9)

184
(64.3)

Plastic surgeon

Prosthodontist

General dentist

Yes
Multidisciplinary
approach

Chisquare
value

Year of study n (%)
pvalue

0.19
Polymethyl
methacrylate

0.52

0.76

1.94

Any other

2.95

0.22

Third
year

Fourth
year

Intern

Total

96 (33.6)

47 (16.4)

94 (32.9)

237 (82.9)

Eye
prosthesis

-

20 (7)

6 (2.1)

23 (8)

49 (17.1)

Nasal
prosthesis

-

92 (32.2)

45 (15.7)

94 (32.9)

231 (80.8)

Yes

24 (8.4)

8 (2.8)

23 (8)

55 (19.2)

Implant
retained
maxillofacial
prosthesis

-

81 (28.3)

40 (14)

89 (31.1)

210 (73.4)

Yes

35 (12.2)

13 (4.5)

28 (9.8)

76 (26.6)

Obturator
prosthesis

-

100 (35)

46 (16.1)

95 (33.2)

241 (84.3)

Yes

16 (5.6)

7 (2.4)

22 (7.7)

45 (15.7)

Auricular
prosthesis

-

99 (34.6)

48 (16.8)

98 (34.3)

245 (85.7)

Yes

17 (5.9)

5 (1.7)

19 (6.6)

41 (14.3)

23 (8)

7 (2.4)

9 (3.1)

39 (13.6)

All of the
above

Yes

Yes

93 (32.5)

46 (16.1)

108
(37.8)

247 (86.4)

Third
year

Fourth
year

Intern

Total

-

41 (14.3)

23 (8)

25 (8.7)

89 (31.1)

Yes

75 (26.2)

30 (10.5)

92 (32.2)

197 (68.9)

-

52 (18.2)

17 (5.9)

51 (17.8)

120 (42)

Yes

64 (22.4)

36 (12.6)

66 (23.1)

166 (58)

-

89 (31.1)

41 (14.3)

69 (24.1)

199 (69.6)

Yes

27 (9.4)

12 (4.2)

48 (16.8)

87 (30.4)

-

0.37

60 (21)

31 (10.8)

40 (14)

131 (45.8)

Yes

56 (19.6)

22 (7.7)

77 (26.9)

155 (54.2)

-

110 (38.5)

52 (18.2)

110 (38.5)

272 (95.1)

6 (2.1)

1 (0.3)

7 (2.4)

14 (4.9)

Yes

Chisquare
value

pvalue

9.88

0.007*

2.64

0.26

10.53

0.005*

11.43

0.003*

1.34

0.51

[Table/Fig-8]: Shows the participants’ knowledge regarding the materials used in
the fabrication of maxillofacial prosthesis.
p<0.05 to be considered significant; 3D: 3 Dimensional; (-): it is an indication of the number of
students who have not selected the same as an answer for the question

24.84

<0.001

p<0.05 to be considered significant; OMFS: Oral and maxillofacial surgery; (-): stands for the
participants who have not selected the same as answer to the question

Role of
prosthodontists

Metals
3D printed
prosthesis

[Table/Fig-6]: The participants’ awareness regarding maxillofacial rehabilitation.

Year of study n (%)

Responses on
materials
Silicon

3.30

www.jcdr.net

Chisquare
value

pvalue

1.78

0.40

0.75

0.68

1.30

0.52

Awareness of
impression
materials
Yes

Year of study n (%)
Third
year

Fourth
year

Intern

Total

78 (27.3)

36 (12.6)

93 (32.5)

256 (89.5)

No

38 (13.3)

17 (5.9)

24 (8.4)

30 (10.5)

Total

116 (40.6)

53 (18.5)

117 (40.9)

286 (100)

Chisquare
value

pvalue

5.04

0.08

[Table/Fig-9]: Shows the participants’ awareness about the impression materials
used for maxillofacial defects.
p<0.05 to be considered significant

Knowledge
of impression
materials
-

Impression
plaster
Alginate

1.41

0.49
Waxes

1.39

7.29

0.49

0.026*

[Table/Fig-7]: Shows the participants’ awareness regarding the role of
prosthodontists in the treatment of maxillofacial defects.

Elastomeric
impression
materials

Year of study n (%)
Third
year

Fourth
year

Intern

Total

105 (36.7)

50 (17.5)

104 (36.4)

259 (90.6)

Yes

11 (3.8)

3 (1)

13 (4.5)

27 (9.4)

-

97 (33.9)

46 (16.1)

99 (34.6)

242 (84.6)

Yes

19 (6.6)

7 (2.4)

18 (6.3)

44 (15.4)

-

68 (23.8)

24 (8.4)

29 (10.1)

121 (42.3)

Yes

48 (16.8)

29 (10.1)

88 (30.8)

165 (57.7)

-

82 (28.7)

33 (11.5)

69 (24.1)

184 (64.3)

Yes

34 (11.9)

20 (7)

48 (16.8)

102 (35.7)

Chisquare
value

pvalue

1.26

0.53

0.28

0.86

27.55

<0.001

3.60

0.16

[Table/Fig-10]: Explains the participants’ knowledge about the impression
materials used for maxillofacial defects.
p<0.05 to be considered significant; (-): it is an indication of the number of students who have not
selected the same as an answer for the question

p<0.05 to be considered significant; (-): stands for the participants who have not selected the
same as answer to the question

Year of study n (%)

197 (68.9%) of the respondents felt that silicone was the most
commonly used material [Table/Fig-8] p<0.003.
Regarding the impression materials used for maxillofacial defects,
256 (89.5%) respondents knew which materials were used
[Table/Fig-9], and majority of the respondents, i.e., 165 (57.7%)
answered that waxes were the most commonly used impression
material, followed by elastomeric impression materials (35.7%)
[Table/Fig-10] p<0.00. However, their knowledge regarding the
use of commonly used impression materials was found to be
at sparse.
As for the role of aesthetics in maxillofacial defects, 251 (87.8%)
of the respondents answered that life-like prosthesis is the most
important. Staining was considered as a contributory factor by only
59 (20.6%) of the respondents which was found to be statistically
significant [Table/Fig-11] (p<0.016).
If they received a patient with a maxillofacial defect, 263 (92%)
respondents mentioned that they would refer the patient to
an Oral and Maxillofacial Surgeon (OMFS) [Table/Fig-12] and
156 (54.5%) of the total study population had an idea of the various
treatment planning modalities available for maxillofacial rehabilitation
8

Attitude for role
of aesthetics

Third
year

Fourth
year

Intern

Total

Colour
matching

-

75 (26.2)

35 (12.2)

60 (21)

170 (59.4)

Yes

41 (14.3)

18 (6.3)

57 (19.9)

116 (40.6)

Colour
stability

-

56 (19.6)

34 (11.9)

49 (17.1)

139 (48.6)

60 (21)

19 (6.6)

68 (23.8)

147 (51.4)

Life-like
prosthesis

-

17 (5.9)

6 (2.1)

12 (4.2)

35 (12.2)

Yes

99 (34.6)

47 (16.4)

105 (36.7)

251 (87.8)

-

Staining
Mode of
retention

Yes

101 (35.3)

42 (14.7)

84 (29.4)

227 (79.4)

Yes

15 (5.2)

11 (3.8)

33 (11.5)

59 (20.6)

-

72 (25.2)

36 (12.6)

66 (23.1)

174 (60.8)

Yes

44 (15.4)

17 (5.9)

51 (17.8)

112 (39.2)

Chisquare
value

pvalue

5.49

0.06

7.25

0.027*

1.10

0.57

8.30

0.016*

2.15

0.34

[Table/Fig-11]: Shows the participants’ attitude towards the role of aesthetics in
maxillofacial defects.
p<0.05 to be considered significant; (-): It is an indication of the number of students who have not
selected the same as an answer for the question

[Table/Fig-13], of which 120 (42%) respondents being majority
answered that CAD-CAM would contribute the most to maxillofacial
rehabilitation [Table/Fig-14] (p-value <0.001).
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Year of study n(%)

Referred
departments
OMFS

Third
year

Fourth
year

Intern

Total

-

4 (1.4)

6 (2.1)

13 (4.5)

23 (8)

Yes

112
(39.2)

47 (16.4)

104
(36.4)

263 (92)

-

62
(21.7)

28 (9.8)

50
(17.5)

140 (49)

Yes

54
(18.9)

25 (8.7)

67
(23.4)

146 (51)

-

86
(30.1)

33 (11.5)

74
(25.9)

193
(67.5)

30
(10.5)

20 (7)

43 (15)

93
(32.5)

Prosthodontics

Plastic surgeon
Yes

Chisquare
value

pvalue

5.57

0.062

3.06

0.21

3.95

0.13

[Table/Fig-12]: Shows the attitude of participants about referral of patients for
maxillofacial rehabilitation.
p<0.05 to be considered significant; OMFS: Oral and maxillofacial surgery; (-): it is an indication of
the number of students who have not selected the same as an answer for the question.

Year of study n (%)
Treatment
modalities
Yes

Third
year

Fourth
year

Intern

Total

48 (16.8)

28 (9.8)

80 (28)

156 (54.5)

No

68 (23.8)

25 (8.7)

37 (12.9)

130 (45.5)

Total

116 (40.6)

53 (18.5)

117 (40.9)

286 (100)

Chisquare
value

p-value

17.2

<0.001

[Table/Fig-13]: Explains the awareness of study participants regarding various
treatment modalities in maxillofacial rehabilitation.
p<0.05 to be considered significant

Year of study n (%)
Third
year

Fourth
year

Intern

Total

-

81 (28.3)

33 (11.5)

52 (18.2)

166 (58)

Yes

35 (12.2)

20 (7)

65 (22.7)

120 (42)

-

85 (29.7)

32 (11.2)

58 (20.3)

175 (61.2)

Yes

31 (10.8)

21 (7.3)

59 (20.6)

111 (38.8)

Implant
retained
prosthesis

-

94 (32.9)

35 (12.2)

66 (23.1)

195 (68.2)

Yes

22 (7.7)

18 (6.3)

51 (17.8)

91 (31.8)

Prosthesis
based on
nanotechnology

-

88 (30.8)

39 (13.6)

72 (25.2)

199 (69.6)

Yes

28 (9.8)

14 (4.9)

45 (15.7)

87 (30.4)

Treatment m
 odalities
CAD-CAM

3D printing

Chisquare
value

pvalue

15.88

<0.001

13.79

<0.001

16.41

<0.001

6.13

0.046*

[Table/Fig-14]: Explains the participants’ attitude regarding the recent treatment
modalities in maxillofacial rehabilitation.
p<0.05 to be considered significant; CAD-CAM: Computer-aided design-computer-aided
manufacturing; 3D: 3 Dimensional; (-): it is an indication of the number of students who have not
selected the same as an answer for the question.

DISCUSSION
The maxillofacial region plays a rather crucial role in the physical
appearance as it defines the identity of an individual. Any change,
however minor, creates a drastic alteration in the outward
appearance and it takes a toll on the mental health of a patient [6].
A study evaluating the prevalence of maxillofacial injury, conducted
by Singaram M et al., showed that maxillofacial fractures accounted
for 93.3% of total injuries [7]. This clearly emphasises the need
for the future dentists to be equipped with a basic knowledge on
maxillofacial defects.

The three main objectives for including maxillofacial prosthetics in
the dental school curriculum are as follows. Dental students should
understand the need for maxillofacial rehabilitation so that they
can refer such patients to specialists as and when it is required .
A general practitioner should be provided with information that will
make them aware of precautions to be taken with special patients,
as the sequelae of mismanagement are critical. A third objective is to
stimulate interest in maxillofacial prosthetics so that dental students
who will eventually practice in remote areas may seek additional
knowledge and capabilities [10].
There are many undergraduate students who start a clinical practice
without pursuing a master’s degree [11], and it is therefore of the
utmost importance that they receive an education on this subject
that is not only adequate but effective enough to enhance their
proficiency in treating the patients who present with the same.
In this study, it was found that the knowledge regarding maxillofacial
defects amongst undergraduate students was found to be
adequate, as most of the students had an understanding of the
fact that maxillofacial defects have multiple aetiologies, and require
a multidisciplinary approach. This was in harmony with a study
conducted by Alani A et al on maxillofacial surgeons’ attitudes
towards the treatment and rehabilitation of oral cancer patients, where
it was observed that most of the respondents were co-ordinating with
multidisciplinary teams to diagnose and treat their patients [12].
However, there is still a need to provide more information on the topic,
because, even though more than half of the study population stated
that multiple aetiologies exist for maxillofacial defects, a majority
of the population inclusive of 180 (62.9%) students stated trauma
as a leading cause, thus making it clear that most of the students
are unclear on the difference between the fact that all maxillofacial
trauma may lead to maxillofacial defects, but it does not hold for
the same vice versa [13]. Of the total study population, nearly half
of the students had not witnessed a single case of maxillofacial
defects, and out of those who had, very few had observed more
than 3 cases during their clinical postings.
Even though, most of the students were aware of the role of
prosthodontists in the rehabilitation of maxillofacial defects, the
awareness regarding the procedures and techniques is poor, as over
half of the study population (57.7%) stated that waxes were the most
commonly used impression materials for maxillofacial defects.
This is also supported by the question on the specialist where the
patient should be referred for rehabilitation. Even though the majority
has stated it to be OMFS, half of the study population has also stated
it to be a prosthodontist. While a prosthodontist plays a crucial role
in the treatment planning and approach, the initial referral is always
to an OMFS. However, the knowledge of dental undergraduate
students regarding the same is better in comparison to the medical
professionals, as proven in a study conducted by Vadepally A et al.,
where it was found that only 3% of medical professionals opted for
OMFS in the referral of cases of cleft lip and palate, and associated
craniofacial syndromes [14].

While maxillofacial defects can be broadly classified into two
categories, i.e., congenital defects and acquired defects [8], multiple
aetiologies exist for the same, and it is the duty of the treating dentist
to identify the cause and plan the treatment approach effectively for
the patient.

The advantage of maxillofacial prostheses is that, it requires less
or no surgery as it restores the aesthetics and function in a near
natural appearance [15]. A study conducted by Hatamleh MM et
al., showed that prosthesis colour change was the most common
cause for reduced serviceability of maxillofacial prostheses [16]. It
is essential that the treating physician understand the importance
of aesthetics in the prosthesis and the impact it could have on the
patient’s psychology.

A survey conducted in 2018 by Seifert LB et al., on undergraduate
training in oral and maxillofacial surgery, in Germany showed that
there were significant differences in terms of teaching methods
and teaching time indicating that undergraduate students achieve
inconsistent competencies and depth of knowledge after completion
of their educational programs [9].

An 87.8% of the respondents answered that life-like prosthesis
is the most important aspect of aesthetic rehabilitation. This is
in harmony with the attitude of the patients requiring prosthetic
rehabilitation, as seen in a study conducted by Hatamleh MM et al.,
where 95.4% of the patients agreed with all satisfaction statements
presented, implying that their prosthesis was comfortable to wear,
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looked realistic, and met their expectations (i.e., appearance), thus
enhancing their self-esteem [17].
The future of maxillofacial prosthetics depends on the development of
new materials and techniques, as well as changing clinical expectations
regarding head and neck defects [18]. Recently, inexpensive
personalised 3D printers have been introduced, with increased
accuracy, making it possible to manufacture products inside the
hospital, reducing the time required [19]. It is essential that the dental
surgeons of the future be educated on the latest advancements, as
they need to remain up to date on current events.
In this study, nearly half of the students were unaware of the
latest treatment planning modalities available for rehabilitation of
maxillofacial defects. This was found to be contrary to a similar
study conducted by Sharma A et al., on undergraduate dental
students of Nepal regarding dental implants, where a majority of
the total respondents agreed that they were not provided with
sufficient information about implant treatment procedures during
their undergraduate program [20].
This could be provided with the incorporation of more clinically
oriented lectures emphasising the maxillofacial rehabilitation
and the organisation of periodic workshops on the same for the
undergraduate dental students. They could significantly benefit from
the same as it would improve their knowledge and set them on
the path to become a better practitioner in the future. An all India
survey conducted by Chaudhary S et al., on dental undergraduate
students regarding dental implants revealed that around 67.5%
of the respondents believed that they would get more reliable
information through 1-year certificate or module-based courses
conducted by colleges or trained implantologists [21].
The overall understanding about knowledge regarding prosthetic
rehabilitation of the maxillofacial defect was found to be satisfactory
among all three groups, however their awareness and attitude
regarding same needs to be further improved.

Limitation(s)
The small sample size and confinement of the study to very few dental
institutions among Belagavi district. For better understanding about
the perception of knowledge and awareness towards prosthetic
rehabilitation of maxillofacial defects among dental undergraduates,
a large number of participants can be included among different
institutions in the country.

CONCLUSION(S)
The current practice of dentistry has a specific focus towards
aesthetics, as the patients are becoming progressively aware and
conscious of their physical appearance. The slightest improvement
in appearance makes a big difference to the patient both physically
and mentally. A well-rounded education on the maxillofacial defects
and their prosthodontic rehabilitation is essential. The latest updates
need to be taught and the students need to be provided with

www.jcdr.net

adequate information to instruct and guide a patient. They should
able to identify different maxillofacial defects, various treatment
modalities, and the different specialties involved in the rehabilitation
of maxillofacial defects.
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INTRODUCTION

Auricular anomalies can be categorised into either congenital or acquired defects.
Congenital anomalies are because of the flaws in embryogenesis or due to of
intrauterine events which affect fetal growth leading to deformations. These
deformations can be corrected prosthetically which can be aesthetically pleasing and
satisfying for the patients. Auricular prostheses act as a cost-effective and
cosmetically acceptable mask for patients for a better quality of social life.
Microtia is a congenital defect where the pinna is under developed. Microtia can
be either unilateral or bilateral. Based on the severity of auricular defect, there may
be evidence of external meatus formation. In cases of microtia, due to the
involvement of the external canal and middle ear, hearing may be affected. 1 Microtia
can be due to hereditary factors or due to some vascular accidents in-utero. It can
coexist with cases of Treacher Collins syndrome and Goldenhar’s syndrome.2
Basically microtia is divided into two main categories. They are lobular type and
conchal remnant type microtia. More frequent type is lobular type microtia.1
Surgical reconstruction of the defective ear is usually not opted by the patient
considering the cost factor, procedures involved and post-operative pain involved.
Silicones have been widely used as maxillofacial prosthetic material only for the past
few years. The greatest advantage of silicone prosthetic ear is that it allows the
defective ear to look as life-like as possible, even though it requires daily care.
Silicone prosthetic ear can be easily adapted to the tissue bed using adhesives
which are acceptable and easy for the patients. Adhesives act as good retentive aids
and are supplied in various forms as pastes, liquids, emulsions, sprays and doublesided tapes. This paper presents three cases of microtia rehabilitated with silicone
auricular prosthesis retained with the adhesive.
Microtia is a congenital defect where the external ear is under developed. A well
designed and retentive prosthetic ear can be fabricated to fit over the microtic ear.
The role of prosthodontist in fabricating prosthesis, which is functionally and
aesthetically acceptable by the patient, is very important.
We present three cases of microtia who have been successfully rehabilitated with
adhesive retained silicone auricular prosthesis. Cases of missing ear which had
reported to our clinic were restored with silicone auricular prosthesis. Impressions
of both sides were made and poured. Wax pattern of the defect side was carved seeing
the details of the opposite normal ear. Three piece mould was made. Silicone of
appropriate shade was mixed and poured into the mould. Cured prosthesis was
removed and extrinsic stains were applied. It was retained on the defect side using
silicone adhesive.
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C l i n i c a l Si g n i f i c a n c e
The use of silicone material in the fabrication of auricular
prosthesis has made it possible to restore what has been lost
or missing. The success of most non implant retained auricular
prostheses depends on the retention. Medical adhesives
present as a cost-effective and acceptable retentive aid for
patients. The 3 case reports in this article show microtia
patients successfully rehabilitated with adhesive retained
silicone auricular prosthesis.

P R E SE N T A T I O N O F C A S E S
Case 1
A 20-year-old male patient reported to our clinic with the
complaint of missing right ear. On clinical examination of the
patient, it was noted the patient to have a normal ear on left
side. He presented to have normal hearing of the same side. On
the right side, the patient had a remnant of ear without an
auditory canal opening. Hence this patient was diagnosed with
microtia of the right side. (Figure 1)

Case 2
A 15–year-old male patient came to the clinic with congenitally
deformed left ear. On evaluation he presented normal hearing
with normal formed ear on the right side. On the left side there
was a remnant of ear. In this case there was normal auditory
canal opening on the left side. (Figure 2)

Case 3
A 35–year-old male patient came to our clinic presenting a
congenitally deformed right ear. On clinical evaluation, he was
noted to have a well formed ear on left side. He seemed to have
normal hearing with respect to left side ear. A residue of ear
was seen on the right side. There was no auditory canal
opening on right side. (Figure 3)

Case Report
horizontal to the floor as possible. Alginate impression
material was used. Impressions of both sides were made, and
a wet gauze was put on it and dental plaster was poured on the
alginate impression after it was set in order to provide support
for the impression with alginate. The positive replica of both
the impressions was obtained. The wax pattern of the defect
side was sculptured (Figure 4) out seeing the details on the
model of the normal ear. During try in, the fit of the pattern on
to the tissue bed, positional alignment with the normal ear, the
bulge of the ear pattern and the marginal integrity were
checked. The wax pattern is sealed on to the model of the
defective side.
A three piece mould was prepared. The first pour is the
base for the mould to be prepared; the model of the defect side
with wax carving is placed. A separating medium was applied.
Four to five grooves were carved out, over and on the rear side
of the helix of the wax pattern. Second part of the mould is
obtained by blocking the undercut below the helix with dental
stone. Later the dental stone was allowed to set. Boxing was
done with wax for the third pour. Again separating media
(soap solution) was applied and then was filled with dental
stone. Dewaxing was done to obtain a three-piece mould in
which the fabrication of prostheses is done.
As per manufacturer‘s instructions the medical grade
Room Temperature Vulcanization (RTV) silicone (Cosmosil)
was taken and appropriate shade was mixed to match with the
contralateral normal ear. This shaded silicone was poured into
the mould and rayon fibres were added to give the appearance
of microvasculature. After bench curing for 24 hours, cured
prosthesis was removed, cleansed and the excess silicone was
trimmed. Extrinsic stains were coated to imitate the skin
colour of normal ear.

TECHNIQUE FOLLOWED IN THE
F A B R I C A T I O N O F A U R I C U L A R P R O S T H E SI S
Ear is a complex structure. Hence, requires thorough
knowledge and skill to sculpture out natural looking ear of the
defect side. It involves few procedures which are to be done
with utmost attention in order to fabricate an aesthetic
prosthesis. To make the prosthesis appear normal, the shape
and colour of the prosthesis should reciprocate the natural ear.

Four Steps of Fabrication of Auricular
Prosthesis

Impression making

Sculpture of wax model

Obtaining the mould

Colouration and fabrication of the prosthesis
In order to obtain an impression, petroleum jelly was
applied over the skin, hair and the surrounding area of the ear
in order to prevent the sticking of impression material. The
patient’s head was tilted so that the patient’s ear is as
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Figure 1.
Pre-operative
View of Case 1

Figure 2.
Pre-operative
View of Case 2
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Figure 3.
Pre-operative
View of Case 3

Silicone adhesive was applied as a retentive aid for
anchoring the auricular prosthesis onto the tissue bed (Figure
5, 6 and 7). Patients were given instructions on the attachment
and removal of the prosthesis and for the daily care of the
auricular prosthesis. These patients were instructed to apply
the skin adhesive on the tissue surface of the prosthesis and
allow it to remain for 2 minutes in order to become further
transparent and later to fit the auricular prosthesis over the
defect region.

D I SC U S SI O N

Figure 4.
Wax Pattern
Sculptured

Figure 5.
Post-Operative
View of Case 1

Figure 6.
Post-Operative
View of Case 2

Figure 7.
Post-Operative
View of Case 3

The word “microtia” comes from the latin, where “micro”
means little and “otia,” means ear, hence “little ear.” Apart from
congenital and teratogenic causes, acquired causes could be
burns, trauma and malignancies which can lead to defective
ear. Any defect of the body part makes an individual incapable
of leading a normal social life. Hence, such cases require
rehabilitation. Replacing the defective part is an art and
science and involves time, skill, dedication and knowledge of a
prosthodontist.
Silicone rubber for the construction and colouring of facial
prostheses was first used by Barnhart. Silicones are
considered to be non-toxic product, non-allergenic, easy-toclean, lightweight and compatible with adhesives. Silicones are
not too hard, and so produce the elasticity close to the skin as
possible. Pigments used with silicone rubber are usually
inorganic compounds such as metallic oxides. Tashma used
dry earth pigments dispersed in acrylic resin polymer powder
for intrinsic staining of a silicone facial prosthesis.3
Retention is considered as a key factor in the long term
success of the maxillofacial prosthesis. Retention in addition to
resistance can be attained by several practices like using
adhesives, implants and mechanical aids.4,5 GPT 9 defines
maxillofacial prosthetic adhesive as "a material used to adhere
the external prosthesis to the skin and associated structures
around the periphery of an external anatomic defect". In the
cases mentioned above, chemical retention is achieved with
the use of adhesives. Adhesives are regarded as the most
accessible and accepted retentive aid in maxillofacial
prosthetic field. Silicone adhesives are a type of roomtemperature vulcanising silicones that are dissolved in a
solvent. The mechanism behind the retention provided by it is
when the solvent evaporates it results in a tacky adhesive
which gives retention. There are certain criteria for the
selection of adhesive like biocompatibility, design of the
prosthesis, type and quality of patient’s skin and bond strength
of adhesive to the prosthetic material.6 Even though skin
adhesives have a disadvantage of getting degraded resulting in
decreased strength and bonding ability over a long time and
some skin adhesives have shown to cause allergic reactions,
the prosthesis which are adhesive retained are more
successful. This is because of its easier application technique
and low cost compared to implant supported prostheses.7,8

CONCLUSIONS
Rehabilitation of patients with congenital microtia is achieved
by restoring the defect and fulfilling the objective of
maintaining patient comfort, aesthetics and getting him back
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to his normal social life. The materials for the maxillofacial
prosthesis should be chosen by checking their physical and
mechanical properties. Hence, attention should be given, both
in the choice of materials for the prosthesis and for retention
of the prosthesis. The key advantages of silicone auricular
prosthesis retained with adhesive is that, the technique is noninvasive, cost effective, good tissue acceptance, aesthetic,
comfortable to patient and easy to clean and maintain.
Financial or other competing interests: None.
Disclosure forms provided by the authors are available with the full
text of this article at jemds.com.
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INTRODUCTION
Rehabilitation of mid facial defect has a multiple clinical and technical difficulties.
Lack of facial support, less retention and limited mouth opening are the major
concerns that lead to technical and functional difficulties which in turn can cause
psychological trauma in these patients. A correctly fabricated mid facial prosthesis
helps to restore normal aesthetics, phonetics, masticatory function and deglutition
for patients thus ensuring morale boosting of the patients. Implants are widely used
for retaining maxillofacial prosthesis. However, for some patients, implants are not
recommended due to their general poor health or old age, personal preference due to
fear of invasive procedure, economic reasons because of expenditures on multiple
surgeries, chemotherapy or radiotherapy. Hence, alternative treatment option to
implants is use of precision attachment and magnets. The present case report
explains the use of O ring attachment to improve the retention of maxillary prosthesis
and magnet to connect the obturator and orbital prosthesis which helps to retain both
the prosthesis.
Defects in the maxilla may be categorised into congenital defects due to genetic
reasons and acquired defects resulting from surgery for oral neoplasms.1 Patients
with these defects present with series of problems, which may include poor
mastication, phonetics, aesthetics and social awkwardness leading to malnutrition
and clinical depression and hence, should be handled with utmost care to improve
the overall health of the patient. The chief objectives are to construct appliances
which will restore function, aesthetics and speech, thereby benefiting the morale of
patients.2
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P R E SE N T A T I O N O F C A S E
A male patient aged 55 yrs. reported to the department with a large orbital defect on
left side which was continuous with maxillary defect as a result of surgical excision of
squamous cell carcinoma of the left maxillary sinus extending till the orbital contents.
Intra oral examination revealed unilateral maxillectomy behind lateral incisor on the
left side. The extent of the defect was large and there was direct communication
between the orbital and oral cavity, hence, connection between obturator prosthesis
and orbital prosthesis was planned to aid in retention of both the prosthesis. Intra
oral diagnostic impressions were made with alginate (Tropicalgin, Zhermack) as this
has good elastic recovery. The cast was surveyed for the desirable undercuts and a
framework was planned.

J Evolution Med Dent Sci / eISSN - 2278-4802, pISSN - 2278-4748 / Vol. 9 / Issue 50 / Dec. 14, 2020

Page 3815

Jemds.com

Case Report

For additional retention, O ring precision attachment (OSO
ring, Preat Corporation) was planned in the anterior segment.
11 and 12 were prepared to receive PFM (Porcelain-Fused-toMetal) crowns and O ring stud attachment (male patrix) was
incorporated distal to 12. (Figure 1).

Fabricated and fitting was carried out. The denture was
invested in a denture-curing flask and processed to fabricate a
heat cure denture base resin closed hollow bulb obturator.
(Figure 4).

Figure 1.
Stud
Attachment
(Male Patrix)
Incorporated
Distal to 12

Once the crown was ready it was luted with the help of
temporary cement so that it could be easily picked up in the
final impression to make it the part of the master cast during
the Removable Partial Denture (RPD) framework fabrication.
Since, recording of large vertical component of the defect was
necessary, split special tray with vertical extension with
modelling wax in the defect area for recording the final
impression (Figure 2) were made.

Figure 2.
Split Special
Tray, Vertical
Extension with
Modelling Wax
after Final
Impression

Figure 4.
O-Rings on
Intaglio
Surface

After processing, the obturator was polished, and the Orings were incorporated into the upper partial denture in
correspondence to the O-ring posts and delivered to the
patient (Figure 5).

Figure 5.
Final
Dentures Inside
the Mouth in
Occlusion.

Meanwhile for ocular prosthesis, facial impressions were
made with alginate impression material of thin consistency
after beading the entire mid and upper segment of the face
(Figure 6)

Impressions were made using elastomeric polyvinyl
siloxane putty and light body material. After the master cast
was obtained, it was surveyed, duplicated and a cast partial
framework was fabricated and fitted on the master cast. A jaw
relation recorded and was transferred to the articulator. Teeth
selection was done keeping in mind the shade of adjacent and
shape of occluding teeth. Trial denture (Figure 3).

Figure 6.
Preparation
for Facial
Moulage

Figure 3.
Trial Denture

Breathing is ensured through mouth and nasal cavities
were blocked with cotton. Care was taken to maintain even
and minimal desired thickness of the impression material to
avoid undue tissue compression. Wet gauze was placed over
the impression to provide mechanical interlock between
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impression material and its base formed by type II gypsum
products. Dental stone was mixed and poured in sections over
the gauze to stabilize the impression and to aid in easy
retrieval of impression after its final set. The facial moulage
was prepared with type III gypsum product.
A suitable stock ocular prosthesis closely matching the
colour, size, shape of the iris, and sclera of the other eye was
selected as defect was relatively large. For locating the position
of stock eye over the wax trial, measurements were made from
the patient’s facial midline to the centre of the pupil, and from
the inner canthus of the eye to the nasal bridge. Both the
measurements were made using transparent flexible plastic
sheet when the patient was looking and fixing the contralateral
eye at distant gaze. These measurements were transferred to
the cast to aid in the position of the ocular portion of the orbital
prosthesis which is matching the unaffected side.
The eye shell was then fixed in position on a bed of
modelling wax based on measurements obtained. The
anteroposterior position was adjusted and verified on the
patient by observing from the profile and from the top of the
head and matched with the contralateral side for proper
positioning in all dimensions. Once the position was
confirmed, the eyelids and the remaining portion of the orbit
was sculpted in wax and tried in the patient’s orbital defect
and patient’s consent was obtained. The wax sculpted
prosthesis with the cast was flasked and dewaxed.
Room temperature vulcanizing medical graded silicone
material (M511 Cosmesil) was mixed, a mix of white, brown,
and light red pigment stains were blended into the base colour
of silicon for intrinsic staining based on shade match with the
patient’s skin colour. Silicone was packed and cured at room
temperature for 24 hrs. according to manufacturer’s
instructions. After ensuring the complete polymerization, the
prosthesis was deflasked, retrieved, and finished. Then
magnets were oriented and attached to nasal extension of the
orbital prosthesis and nasal extension of obturator prosthesis
(Figure 7).

Figure 7.
Connection
between
Obturator and
Orbital
Prosthesis

Figure 9.
Final
Appearance
with Spectacles

To secure both the prosthesis in place. Patient was advised
to wear spectacles to hide the margins which were slightly
thick (Figure 8). (Figure 9)

D I SC U S SI O N
Prosthodontic rehabilitation of mid facial defect can be
challenging and demanding with practical difficulties which
requires utmost care. Lack of abutment teeth, hard and soft
tissues may cause problems such as poor retention, absence of
support and lack of prosthesis stability in treating patients
with extensive mid facial defects. The present case report
describes the use of O ring attachment for the retention of
obturator and use of magnet to connect the obturator and
orbital prosthesis which helps to retain both the prosthesis.
Various techniques have been followed for improving
retention of obturators. Schmidt et al. (2004) used zygomatic
and standard endosseous implants and Dilek et al. (2007)
reported the use of five mini-dental implants. However,
implants may not feasible for all patients due to their poor
general health or economic reasons. Hence, alternative
treatment option like use of latex rubber balloon attached to a
denture that was inflated with air to fill the surgical defect is
explained by Payne and Welton (1965) and Yue-Zhong Hou et
all (2012) has used an air valve in a hollow silicone obturator
to manufacture an inflatable obturator that could be extended
further into undercut area to retain itself exhibited adequate
retention, stability and border sealing, thereby improving the
masticatory, pronunciation and swallowing functions of
patients is.3 Various methods of auxiliary retention for facial
prostheses have been described in the literature; they include
eye patches,4 prosthesis fastened to spectacle frame,5
extensions from the denture,6 magnets,7 adhesives,8-10 Osseo
integrated implants,11-12 and use of pin and socket of an
electric plug for retention of obturator and orbital
prosthesis.13

CONCLUSIONS

Figure 8.
Final Prosthesis
Trial

A maxillofacial prosthesis should restore the defect, be
adequately retentive, comfortable to wear and be able to
restore all functions like speech, deglutition, mastication, and
be aesthetically pleasing. Success of these extensive prosthesis
depends on the ease of placing and using theses prosthesis on
regular basis for routine functions and their ability to simulate
the unaffected side. Once the patient is comfortable and
satisfied with the prosthesis, it will improve the general
nutritional status and mental health of the patients and make
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them socially more active which in turn helps them lead a
better life.
Financial or other competing interests: None.
Disclosure forms provided by the authors are available with the full
text of this article at jemds.com.
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ABSTRACT
BACKGROUND
Polymethyl methacrylates are the most common materials for rehabilitation of
complete or partial edentulous patients, Rehabilitation of such patients with tissue /
mucosa supported dentures with lack of hygiene, surface roughness of prosthesis act
as possible agents of tissue damage inducing denture stomatitis. Among the Candida
species, Candida albicans are notable “opportunistic pathogens” which harbour the
oral cavity and further its adherence of yeast to superficial epithelial cells and
denture surfaces are important for successful Candida colonization and infection.
This study aims to evaluate and compare Candida adherence to surface of
thermoplastic resin sheets, heat cure PMMA (Poly-Methyl Metha-Crylates) and selfcure PMMA. We wanted to evaluate and compare the adhesion of Candida albicans to
three different denture base materials - heat cure polymethyl methacrylates, selfcure polymethyl methacrylates and vacuum formed thermoplastic resin sheets.
METHODS
A 10 samples of each heat cure PMMA, self-cure PMMA and thermoplastic resin sheet
were prepared of 10X 10X 3 size. All samples were immersed in distilled water for 24
hrs. C. albicans GDH 2346 (NCYC 1467) was incubated at 37º C for 24 hours in 500
mL Sabouraud’s broth and the specimens were independently deposited in 20 mL
yeast suspension in sterile Petri dishes and incubated for 24 hours at room
temperature. Adherent yeast cells in 90 fields of view (0.25 mm 2 per field) in the 30
specimens of materials (3 fields from each specimen) were enumerated.
RESULTS
The adhesion of Candida albicans to a surface was least for thermoplastic resin sheet
compared to self-cure PMMA and heat cure PMMA.
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CONCLUSIONS
Adhered candidal count to thermoplastic resin sheet was lesser compared heat cure
PMMA and self-cure PMMA.
KEY WORDS
Candida albicans, Heat Cure Polymethyl Methacrylates (PMMA), Self-Cure Polymethyl
Methacrylates (PMMA), Thermoplastic Resin Sheet
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BACKGROUND

Most widely used materials for removable prosthesis in
dentistry are polymethyl methacrylates, either self-cure or
heat cure acrylic resins as denture base materials for complete
or partial dental prosthesis, surgical obturators, TMJ
(Temporo-Mandibular Joint) splints and others. With
advancements in dentistry there is development of various
new materials and modified older materials that are being
used to rehabilitate complete or partial edentulous patients.
Rehabilitation of such patients with tissue / mucosa supported
dentures with lack of hygiene, surface roughness of prosthesis
act as possible agents of tissue damage and denture stomatitis
present in 11 % to 67 % of denture wearers.1 Denture induced
pathosis also known as sore mouth under plates was 1 st
recorded in 1885 by Black.2 Later was reported in 1936 by
Cahn that the acidogenic microorganisms which were
responsible "denture sore mouth" were Monilia albicans.3
The ability of these microorganisms to adhere to oral and
denture surfaces is crucial in pathogenesis and such adherence
enables the microorganism to withstand the mechanical
washing action of saliva and it is a prerequisite for successful
colonization.4 Initial adhesion phase of micro- organisms to
surfaces is influenced by surface free energy and adhesion
phase is affected by surface roughness,5 Hence, surface of
prosthesis are finished and polished well to reduce surface
free energy and surface roughness to avoid microbial adhesion
and colonization. Advancements with nylon like materials in
1950s,6 thermoplastic resins have gained the interest for its
usage in removable flexible partial dentures, preformed
partial denture clasps, fiber-reinforced fixed partial dentures,
temporary crowns and bridges, provisional crowns and
bridge, speech therapy appliances, orthodontic retainers and
brackets, impression tray and border molding materials, sleep
apnea appliances, splints for TMJ disorders, immediate
obturators, feeding plates in palatal defects patients with other
denture base materials due to their ease of adaptation,
flexibility, abrasion resistant, smooth surface and unbreakable
material which gives comfort to patient.7 Hence, this study
aims to evaluate and compare Candida adherence to surface of
thermoplastic resin sheets, heat cure PMMA and self-cure
PMMA.

elimination, the resulted stone moulds were used for the
fabrication of samples.
(Group A) Heat cure PMMA samples considering sample
size and number the samples were fabricated by mixing
polymer powder and monomer liquid in ratio of 3:1 by volume
which provides sufficient monomer to thoroughly wet
polymer particles. Following the manufacturer instructions
flasks were bench cured for 30 minutes and curing /
polymerization was done, after completion of polymerization
flask is cooled slowly to the room temperature and later
samples were retrieved from the flask.
(Group B) Self-cure PMMA samples-monomer and
polymer are mixed following the manufacturer’s instructions
to achieve dough like consistency and then packed into dental
stone mould and to ensure complete polymerization the flask
was held under pressure.
After complete polymerization samples were retrieved
from moulds only excess material was trimmed without any
fine finishing and polishing.
(Group C) Thermoplastic resin sheet samples of 2 mm
thickness were achieved with positive pressure moulding
(Bioacryl) by directly pressing thermoplastic sheets over the
acrylic samples. Excess sheet was trimmed using scissors.

Ca n d i d a a l b i c a n s P r e p a r a t i o n
One standard strain organism was used (C. albicans). Candida
albicans was incubated at 37º C for 24 hours in 500 mL
Sabouraud’s broth for growth and was harvested after 24
hours by cold centrifugation. The growth obtained was
washed using phosphate-buffered saline (0.15 mol / L, pH 7.2)
twice. Haemocytometer was used for enumeration of yeast
cells which were then diluted to 107 yeast cells / mL by using
phosphate buffered saline.

A d h e r e n c e A s sa y
The adherence assay specimens / samples were
independently deposited in 20 mL yeast suspension in sterile
Petri dishes and incubated for 24 hours at room temperature
to attain stationary phase. After the incubation period samples
were removed using sterile forceps to avoid any
contamination and were washed twice in phosphate buffered
saline for 1 minute, dried, fixed in methanol 80 % and stained
for 30 seconds with crystal violet.8

METHODS
Sa m p l e F a b r i c a t i o n
10 blocks of each heat cure polymethyl methacrylate (DPI
Company India), self-cure polymethyl methacrylate (DPI
Company India) and thermoplastic resin sheets were prepared
of 10 * 10 * 13 mm in size respectively. A wax block of
10*10*13 mm dimension was made using modelling wax
(Hindustan modelling wax no. 2, India) which was then
duplicated in putty elastomeric rubber base material (Aquasil,
Dentsply, India) further required number of wax samples were
prepared by pouring modelling wax into the rubber base
index. Later test samples were fabricated by investing wax
models in type III dental stone (KALABHAI, Kalstone) for good
surface reproduction. After dental stone setting and wax

Ca n d i d a A d h e r e n c e C o u n t s
Adherent yeast cells in 90 fields of view (0.25 mm 2 per field)
in the 30 specimens of materials (3 fields from each specimen)
were enumerated and the mean was calculated and the results
were expressed as yeast cells per mm2 of materials. The
specimens were washed twice in phosphate buffered saline for
1 minute, dried, fixed in methanol 80 % and stained for 30
seconds with crystal violet.

S t a t i s t i c a l A n a l y si s
Data were presented as mean and Standard Deviation (SD)
values. Kruskal Wallis test was used for comparison between
mean values and comparison between three groups using
Dunn’s Post hoc test.
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RESULTS

Data obtained was subjected to statistical analysis using SPSS
software version 19 to draw conclusion from experimental
data. Candidal count with mean and standard deviation of all
the samples is shown in Table 1.
Materials

N

Mean

Standard Deviation

Group A

10

344.2

144.7

Group B
Group C

10
10

510.2
241.2

240.8
186.4

Table 1. Mean and Standard Deviation of all the Samples
P = 0.012
Materials

Comparison

P Value

Group A

Group B
Group C
Group A
Group C
Group B
Group A

0.156
0.473
0.156
0.012
0.012
0.473

Group B
Group C

rougher the surface more the Candidal count.13 The
thermoplastic resin sheet (Group C) show lower surface
roughness value have a smaller number of Candidal cells
attachment according to microbial study conducted. Surface
irregularities which imparts roughness to surface may serve
as reservoir and increase microorganism retention and
protect them from shear forces. Other variables such as yeast
concentration and viability and culture condition were kept
constant in study, hence, can be explained that materials with
the superficial defects such as voids and micro cracks on
surface may serve as reservoir and were possible sites for
Candidal adhesion. Thermoplastic resin sheets which is used
in various clinical scenarios due to its ease of adaptation and
flexibility showed minimal adhesion of Candida albicans
compared to self-cure acrylic and heat cure acrylic.
Further investigations are needed to establish the useful
relations of other affecting factors like material surface
hydrophobicity and surface free energy on the degree of
Candida adherence.

Table 2. Comparison of the Three Groups Using Post Hoc Test

Candidal count of all the samples is shown in Table 1.
Results showed that highest surface adhesion was recorded in
self cure acrylic resin followed by heat cure acrylic resin and
thermoplastic resin sheet.

D I SC U S SI O N
Important issue of the denture base materials which
compromises its service and efficacy is the adhesion of
microorganisms, especially yeasts.3 Microbial colonization,
biofilm formation and its adhesion is highest onto rougher
surface of denture base materials.9 In present study Candida
albicans species were chosen because it is the most related
Candida species to oral fungal infection10 and all the surfaces
were prepared in a type III stone mould to have a good
reproduction of surfaces and were kept without finishing and
polishing to simulate the usual denture fit surfaces which act
as a primary reservoir of pathogenesis and it explains why
Candida adherence counts on self-cure acrylic resin specimens
(Group B) was more when compared to thermoplastic resin
sheet specimens which was smooth (Group C). Surface
roughness is of prime importance in the early stages of
adhesion of Candida albicans according to Quirynen et al11 and
also affirmed that surface roughness is important in plaque
development intra-orally.
Aggregation of Candida species on the acrylic material as
examined by microscope is seen during drying of the material
mainly due to surface tension forces according to D W Williams
et al12, hence, in this methodology, yeast aggregation was
minimised by keeping all the samples immersed in buffer
solution and prevent drying all over the experiment. The
technique therefore offers an improved method of measuring
adherence of Candida to acrylics. Candida adherence on heat
cure and self-cure (Group A and B) PMMA samples showed
greater adhesion than thermoplastic material (Group C).
Positive correlation of surface roughness and surface free
energy may contribute to increased rate of microbial
colonization and plaque maturation on surfaces hence,

CONCLUSIONS
Within the limitations of this in vitro study, we conclude that
thermoplastic resin sheet has lesser Candida adherence onto
surfaces compared to heat cure and self-cure PMMA resins.
Data sharing statement provided by the authors is available with the
full text of this article at jemds.com.
Financial or other competing interests: None.
Disclosure forms provided by the authors are available with the full
text of this article at jemds.com.
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Abstract
With COVID-19 declared as a worldwide pandemic, a nationwide lockdown was implemented overnight in India on March
24, 2020.With no prior warning or anticipation, patient appointments were temporarily ceased as institutions and clinics were
indefinitely closed. To our knowledge, no study addresses the orthodontic patient perspective in such testing times, where
they are entirely restricted to the confines of their homes.
Aim: To assess the impact of the COVID-19-related lockdown on the treatment and psychology of patients undergoing
orthodontic treatment.
Material and methods: A self-designed online exploratory questionnaire of 15 questions was distributed to 500 potential
responders selected from obtained lists through messages and emails. It was mandatory to answer all questions and the
survey was anonymized and did not contain any identifying information. Online consent was taken before participation in the
study. The obtained data were evaluated using descriptive and inferential statistics.
Results: The response rate was 81.6%.The study revealed that the majority of patients were affected by the lack of access to
orthodontic visits. The reasons for the same were attributed to fear of increased treatment duration, inconveniences caused
by poking wires, broken brackets, etc., and lack of communication between the orthodontists and patients, among the various
other reasons. The importance of orthodontic appointments was also understood by patients.
Conclusion: The study threw light on the essential need for understanding the psychology of patients undergoing orthodontic
treatment. In any situation where patients do not have access to seek help, all the factors discussed in the study should be
considered and it is of utmost importance that orthodontic professionals see to it that their patients are being looked after
mentally, if not physically, in whatever way possible.
Keywords
Challenges, corona, COVID-19, lockdown, orthodontic, orthodontic patient, patient psychology, treatment

Introduction
With the rapid rise in the number of cases with COVID-19,
the pandemic led to several governments across the world
taking action and many cities were placed under complete
lockdown, travel bans were implemented, and schools,
universities, and private clinics were indefinitely closed.1
The restrictions in India came into force overnight on
March 24, 2020,2 which at first was announced to be for
21 days following which continued to be extended due to
the steady increase in incidence rates. As a result, all OPDs,
dental clinics, and institutions across India were instructed to
be shut, leaving only emergency services functioning.
Thus, with no prior warning or anticipation, orthodontic
appointments were temporarily ceased. In the field of

orthodontics, treatment is generally not considered an
emergency. However, what is not understood is the importance
of regular check-ups or monthly appointments, as well as the
impact of restrictions put on patients concerning visiting their
orthodontists in times of need.
Understanding whether patients realize the importance of
regular follow-ups, feel the need for orthodontic treatment
1
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to be regarded as emergencies, or assess the reasons for
fear or inconveniences in the minds of patients undergoing
orthodontic treatment in a time where they are entirely
restricted to the confines of their homes are grey areas that
are left unexplored.
With this background, the study was conceived, and a
survey was circulated to assess the impact of the COVID-19related lockdown on those patients undergoing orthodontic
treatment across the nation.

Methodology
Data for this questionnaire-based cross-sectional study was
obtained after the approval of the institutional research ethics
committee, and patients’ consent to participate.

Selection Criteria

sample size needed for the present study was 500 participants,
to receive a minimum of 400 responses.

Data Collection
The samples were selected by random sampling methods,
based on the collection of a list of those patients receiving
orthodontic treatment from various practitioners, clinics, and
institutions across the nation.
The questionnaire consisting of 15 questions were
distributed to 500 potential responders through email and
messages. It was mandatory to answer all questions and the
survey was anonymized and did not contain any identifying
information. Online consent was taken before participation
in the study.

Statistical Analysis

Those individuals undergoing orthodontic treatment of any
form (fixed/removeable appliances), whose treatment started
before the implemented lockdown.

Statistical Package for Social Sciences [SPSS] for Windows,
Version 22.0, released 2013, IBM Corp., Armonk, NY, was
used to perform statistical analyses.

Study Design
A self-designed closed-ended online questionnaire.

Descriptive Statistics
The descriptive analysis included the expression of
participants’ responses to the study questionnaire using
frequency and proportions.

Study Duration
The data was collected between April 10, 2020 and May 3,
2020.
A total of 408 filled questionnaires were reverted, and the
data was assessed.

Sample Size Determination
The sample size was determined using the formula for the
research methodology

N=

Z 2(1 − α ) × PQ

δ2

where
Z(1 − α) = 1.96 (for 95% confidence interval)
P = 0.50 (based on the probability, that approximately
50% of the population would require emergent treatment)
Q=1−P
δ (margin of error) = 0.05
N = 384.16 rounded off to 400
The sample size N = 400
Anticipating 15–20% of a non-response rate for online
surveys, the sample size was inflated to 500. So, the total

Inferential Statistics
Chi-square goodness of fit test was used to compare the
difference in the distribution of responses for the study
questionnaire.
The level of significance (p-value) was set at p < .05.

Results
A total of 81.6% (408 individuals) of the participants
responded to the survey. The questions were categorized into
three domains as given (Tables 1–3):
•• Table 1: Patient general perspective on the importance
of regular check-ups/monthly appointments
(Q1–Q5).
•• Table 2: Impact of lockdown on patients’ visit to
orthodontist for treatment needs (Q6–Q12).
•• Table 3: Psychological distress among patients
regarding post lockdown visit to orthodontist and
treatment charges (Q13–Q15).
With descriptive analysis in Figures 1–4.
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Table 1. Comparison of Differences in the Distribution of Responses Toward “Patient General Perspective Importance of Regular Checkups/Monthly Appointments” Domain Using Chi Square Goodness of Fit Test
Sl No.

Questions

Responses

Q1

How long has it been since
you visited your orthodontist?
How worried that you are not
getting to go for regular follow
ups for your treatment?

Q2

Q3

Q4

Q5

n

%

More than 1 month

188

46.1

Much more than 2 months

196

48.0

I do not remember

24

5.9

Very worried, I wish to meet my
orthodontist soon

200

49.0

Not so worried, everything that goes
wrong can be fixed later

96

23.5

I am more concerned about the
worldwide pandemic

112

27.5

Are you following all the
instructions given by your
orthodontist, such as wearing
of elastics and other oral
hygiene instructions?

Yes, following all of it very accurately

232

56.9

Sometimes, not too regular

104

25.5

No, I do not have the material
needed (eg, My elastics got over and
lack of floss)

72

17.6

Have you been in touch with
your orthodontist?

Yes, I call my orthodontist if at all
I have any problems regarding my
treatment

200

49.0

No, I have not called my orthodontist
since the lockdown started

196

48.0

I tried calling my orthodontist, but
he/she is never reachable

12

2.9

Yes, my orthodontist calls me
regularly to check if everything is
okay

172

42.2

No, my orthodontist has not called
me since the lockdown started

228

55.9

My orthodontist calls me, but I do
not pick up because anyway there is
no use since I cannot visit him/her

8

2.0

Does your orthodontist check
on you regularly?

χ2-value

P-value

138.588

<.001*

46.118

<.001*

105.412

<.001*

169.647

<.001*

192.235

<.001*

Note: * Statistically significant.

Table 2. Comparison of Differences in the Distribution of Responses Toward “Impact of Lockdown on Patients’ Visit to Orthodontist for
Treatment Needs” Domain Using Chi Square Goodness of Fit Test
Sl No.

Questions

Responses

n

%

Q6

What exactly are you most worried
about regarding your treatment?

My treatment time will be longer
and I will have my braces on for
much more time

300

73.5

Q7

84
My treatment can go wrong,
things that are not supposed to
happen with my teeth can happen

20.6

My orthodontist will have a lot of
work post lock down, so he/she
will not be able to give enough
time to my treatment

24

5.9

176

43.1

Since the lockdown started, have you had Yes, there are broken brackets
any problems with anything fixed in your and a few things like elastics have
mouth (eg, brackets, elastics, appliances
come out
and plates)

χ2-value

P-value

309.882

<.001*

93.882

<.001*

(Table 2 Continued)
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(Table 2 Continued)

Sl No.

Q8

Q9

Q10

Q11

Q12

Q13

Questions

What problems are you most commonly
facing with your braces?

Have you suffered from any emergency
such as pain, swelling, lacerations/
cuts, etc., due to treatment since the
lockdown?

Responses

n

%

No, everything is as it was before
the lockdown

188

46.1

I do not know how to check, and
I am unsure

44

10.8

The wire came out and is poking
me, and I have pain

122

29.9

A few brackets and elastics have
come out

140

34.3

No problems

146

35.8

No, my braces/ appliances have
not given me any problem

296

72.5

Yes, but I called my orthodontist
and asked him/her what to do

64

15.7

Yes, but I took self-medication
without informing my
orthodontist and I am fine

48

11.8

124

30.4

Yes, because sometimes certain
problems can be considered
as emergencies such as cuts/
lacerations, swellings, etc.

144

35.3

No, because it is not life
threatening

140

34.3

I think my orthodontist is more
affected than I am

28

6.9

I think I am more affected than
my orthodontist

48

11.8

I think this lockdown is affecting
both me and my orthodontist
equally

332

81.4

Made me realize the importance
of me being regular with my
appointments

268

65.7

Made me realize that is okay
to miss appointments because
nothing happened

16

3.9

Made no difference to what I
think about my treatment

124

30.4

Do you think that orthodontic treatment Yes, because I do not want
should be considered an emergency?
anything to go wrong with my
treatment

Who do you think this lockdown is
affecting more?

This lock down has:

What do you think about your treatment Orthodontist may charge
cost following the lockdown?
extra or advice unnecessary
procedures to make up for
money loss

P-value

2.294

.32

283.294

<.001*

1.647

.44

425.176

<.001*

235.059

<.001*

9.8

195.765

40

264

64.7

I am okay with anything as long as 104
my treatment finishes fast

25.5

Not worried, since I believe that
the amount remains same that
was told to me earlier

χ2-value

(Table 2 Continued)
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Sl No.

Questions

Responses

Q14

Following this lockdown, when do you
plan to visit your orthodontist?

I will rush to the hospital as soon
as I can

Q15

Are you scared to visit your
orthodontist after the lockdown ends?

n

%

χ2-value

P-value

21.6

119.529

12.7

99.059

88

I will wait for my orthodontist
to call me and give me an
appointment

240

I will not go till the pandemic is
entirely over

80

Yes, I am scared

58.8

19.6
52

No, I am not scared

216

52.9

Not so much, but my fear has
increased as compared to before

140

34.3

Note: * Statistically significant.

0%

10% 20% 30% 40% 50% 60% 70%
What exactly are you
most worried about
regarding your
treatment?

46.1%

Much more than 2 months

48.0%

I don’t remember

5.9%

Very worried, wish to meet my Orthodontist soon

49.0%

Not so worried, things that goes wrong can be fixed later

23.5%

More concerned about the worldwide pandemic

27.5%

Yes, following all of it very accurately

56.9%

Sometimes, not too regular

25.5%

No, I do not have the material needed.

17.6%

The wire came out and is poking me, and I have pain

20%

30%

40%

50%

60%

80%

20.6%
5.9%
43.1%

No, everything is as it was before the lockdown

46.1%

I don’t know how to check and I am unsure

10.8%
29.9%

A few brackets and elastics have come out

34.3%

No problems

49.0%

No, I haven’t called my Orthodontist since the lockdown
started

48.0%

2.9%

Yes, my Orthodontist calls me regularly to check if
everything is okay

42.2%

No, my Orthodontist hasn’t called me since the lockdown
started

0%

70%

55.9%

2.0%

(b)

Figure 1. Distribution of Responses Toward “Patient General
Perspective on Importance of Regular Checkups/Monthly
Appointments”: (a) Domain—Q1 to Q3 (b) Domain—Q4 and Q5

Do you think that
Have you suffered from
Who do you think this Orthodonc treatment any emergency problems
lockdown is affecng should be considered an due to treatment since
emergency?
the lockdown?
more?

Does your Orthodontist check on you Have you been in touch with your
regularly?
Orthodontist?

10%

Yes, I call my Orthodontist if there is a problem in
treatment

My Orthodontist calls me, but I don't respond as I cannot
visit him/her

60%

35.8%

(a)
0%

Unable to contact my Orthodontist, as he/she is never
reachable

Post lock down orthodontist may become more busy and
not provide enough time for Rx
Yes, there are broken brackets and a few things like elastics
have come out

(a)

40%

73.5%

My treatment can go wrong and unexpected things can
happen with my teeth.

Since the lockdown
started, have you had
any problems with
anything fixed in your
mouth

More than 1 month

20%

My treatment time and my braces will be there for longer
time

What problems are you
most commonly facing
with your braces?

Following all the
instructions given by
your Orthodontist?

Worried for missed
regular follow ups of
your treatment?

Your Previous visit to
Orthodontist

0%

20%

40%

No, my braces/ appliances haven’t given me any problem
Yes, but I called my Orthodonst and asked him/her what
to do
Yes, but I took self care without informing my
Orthodonst.

11.8%
30.4%
35.3%

No, because it is not life threatening

34.3%

I think this lockdown is affecng both me and my
Orthodonst equally

100%

15.7%

Yes, certain problems can be considered as emergencies
such as laceraons, swellings, etc

I think I am more affected than my Orthodonst

80%
72.5%

Yes, because I do not want anything to go wrong with my
treatment

I think my Orthodonst is more affected than I am

60%

6.9%
11.8%
81.4%

(b)

Figure 2. Distribution of Responses Toward “Impact of Lockdown
on Patients’ Visit to Orthodontist for Treatment Needs”: (a)
Domain—Q6 to Q8 (b) Domain—Q9 to Q11
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Made no difference to what I think about my treatment

Made me realise that is okay to miss appointments
because nothing happened

30.4%

3.9%

Made me realise the importance of me being regular
with my appointments

65.7%

Figure 3. Distribution of Responses for the Question Regarding
the Impact of Lockdown on Patients’ Perception on Importance of
Regular Appointments—Q12

Are you scared to visit Following this lockdown, What do you think about
your Orthodonst aer when do you plan to visit
your treatment cost
the lockdown ends?
your Orthodonst?
following the lockdown?

0%
Orthodonst may charge extra or advice unnecessary
procedures to make up for money loss.

10% 20% 30% 40% 50% 60% 70%
9.8%

Not worried, since I believe that the amount remains
same that was told to me earlier

64.7%

I am okay with anything as long as my treatment finishes
fast
I will rush to the hospital as soon as I can

25.5%
21.6%

I will wait for my Orthodonst to call me and give me an
appointment
I will not go ll the pandemic is enrely over
Yes, I am scared

58.8%
19.6%
12.7%

No, I am not scared
Not so much, but my fear has increased as compared to
before

52.9%
34.3%

Figure 4. Distribution of Responses Toward “Psychological Distress
Among Patients Regarding Post Lockdown Visit to Orthodontist
and Treatment Charges” Domain—Q13 to Q15

Discussion
Intending to get an idea as to how this lockdown affected the
treatment progress, as well as understanding the difficulties
faced, the results revealed that most patients undergoing
treatment were concerned about their restriction to orthodontic
clinic visits. To our knowledge, no study addresses the
orthodontic patient perspective in such testing times.
Forty-eight percent of the individuals replied that it had
been over 2 months since their last follow up. Orthodontic
therapy usually consists of brackets or appliances fixed into
the patient’s mouth, and thus the accumulation of plaque
is inevitable. A study by Huser et al,3 concluded that “the
demineralization associated with orthodontic therapy is an
extremely rapid process caused by a high and continuous
cariogenic challenge in the plaque developed around brackets

and underneath ill-fitting bands.” Bartsch et al4 stated that
compliance is a major problem in orthodontics. Because there
is going to be inevitable plaque accumulation, along with
patients’ reduction in adherence to oral hygiene instructions
(due to prolonged treatment duration5) initially explained to
them, careful inspection of the appliances at every visit and
proper prophylactic therapy is very essential. To improve the
subsequent oral health, disclosing tablets6 can be administered
to patients after instructions on how to use them for improving
oral health is properly understood.
Apart from caries and oral hygiene assessments, certain
treatment mechanics require regular follow-ups. The elastics
used for retraction or space closure mechanics decay over
time, add to the accumulation of plaque and deterioration of
oral hygiene. This often goes unnoticed by patients as they are
unaware of the same. Until there are evident inconveniences
such as poking distal wires, loose brackets, or lacerations,
most teeth-related problems are overlooked.
For example, wire bending with loops left in patient’s
mouth for a long time, sunken or loose orthodontic bands,
broken fixed functional appliances, and loose temporary
anchorage devices, can cause deleterious effects in the
treatment progress, which was until then going smoothly.
It was found that a majority of patients did not face
inconveniences related to appliances through the lockdown,
however, from those who did, there was an almost equal
response with poking wires, brackets debonded, and
appliances and elastics coming out. This shows that in the
study, no single problem, in particular, was the sole cause
for an inconvenience or emergency, however, patients did
face problems such as the ones stated earlier. A study by
Rajesh Gyawali et al7 stated that the most common reason for
orthodontic emergencies or appointments was the loosening
of brackets or bondable buccal tubes, followed by the
loosening of bands. The other possible reasons were trauma
to the mucosa by the overextended distal wire, detachment
of buccal tubes from the band, tearing of bands, breakage of
acrylic plates, loosening of ligature ties, and dislodgement of
elastomeric chains.
Caprioglio et al8 and Suri et al9 in their article mention the
possible orthodontic emergencies with simple do-it-yourself
solutions such as cutting of distal ends of wires with nail
cutters, use of over the counter disclosing wax for relief, and
the importance of virtual assistance in such times.
The survey revealed that 49% of the patients were worried
about not being able to go for regular follow-ups, the most
common cause being an increase in the treatment duration
(73.5%). Rokyo et al5 stated that compliance and the length
of the orthodontic treatment were indirectly proportional to
each other, that is compliance is stronger in case of shorter
treatment durations. This also explains a possible chance for
the reduction in compliance of patients during the lockdown,
though in the present study, during the period of the data
collection, 56.9% of patients stated that they were following
all instructions previously given to them.
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A total of 20.6% of the patients were worried that
something could go wrong with their treatment. This shows
the awareness of the need for regular follow-ups, which is in
accordance with 65.7% of patients stating that the lockdown
had made them realize the importance of regular follow-ups.
It should be noted here that many times, certain treatment
mechanics (such as Begg’s mechanotherapy, Tip Edge
mechanotherapy, or final stages of settling the occlusion)
require the use of elastics changed by the patient daily. A
total of 17.6% of the individuals stated that they did not have
the material required to carry out the practices instructed to
them by the orthodontist. The unavailability of such material
to compliant patients leave both the orthodontist as well as
patients in a helpless situation. This creates untoward dental
effects such as opening up or spaces or movement of teeth
that will result in round-tripping, and thus further increase in
treatment duration and subsequent reduction in compliance.
In treatment mechanics such as Begg’s mechanotherapy,
elastic wear by the patient is the running force. With one-point
contact bracket mechanics, free tipping is unavoidable. This
accompanied by incorrect elastic use can lead to detrimental
effects on the treatment. However, in recent times, the
use of pre-adjusted edgewise appliances dominates the
mechanotherapy used for treatment. This could probably be a
reason for why the lack of material needed by patients during
the lockdown gets overshadowed.
In those cases where patients run out of settling elastics,
increasing chewing efficiency (eg, with the help of chewing
gum) and instructing patients to chew bilaterally could help
settle the occlusion a little better than with no stimulation
at all.
The reason for 23.5% of patients not being worried about
their treatment, can probably be attributed to those patients
who did not face any problems during the lockdown (35.8%),
or those patients who were externally motivated to undergo
treatment and have no active interest in the same. However,
this does not represent the majority of patients affected.
When asked if the patients were regularly in touch with
their orthodontists, results showed that approximately 50%
patients did keep in touch and 50% did not. These results can
again be attributed to the level of interest in treatment, fear as
well as problems encountered during the treatment. Another
reason could be the lack of transport or facility to visit the
orthodontist, despite the need.
Looking at it from the perspective of orthodontists
following up on their patients in whichever way possible,
55.9% of the patients replied that they did not receive calls
from their orthodontists. This result reflects the very fact that
many times the orthodontists themselves forget to realize the
fact that their patients too are in helpless situations, and might
be worried about their treatment—emphasizing the need for
this study.
In such instances, small gestures such as regular check-up
calls boost confidence, reduces the worry, and give patients a

sense of comfort. This helps the patient understand that their
orthodontist cares for their treatment as much as they do.
However, 81.4% of the patients thought that the lockdown
was affecting both the orthodontist as well as patient equally.
This suggests that the patients too are sympathetic toward the
feelings of their doctors through this lockdown.
When asked about the need for orthodontic treatment to be
considered as an emergency, results revealed mixed opinions
(Figure 2[b]).
According to Merriam-Webster Dictionary (https://www.
merriam-webster.com/dictionary/emergency), the word
“emergency” is defined as “an unforeseen combination of
circumstances or the resulting state that calls for immediate
action” or “an urgent need for assistance or relief.”
Going by the definition, though not life-threatening in all
situations, certain inconveniences as mentioned earlier, might
need immediate attention to reduce the chances of further
complications. It also goes without saying that emergencies
such as sudden swellings and aspiration or the accidental
swallowing of appliances need to be considered as potential
life-threatening emergencies.
Response to fear of increased treatment costs, though
a small fraction (Figure 4) shows the importance for the
orthodontist to re-ensure patients that, provided no additional
treatment is essential (with patients’ consent), the treatment
cost would remain the same even post the lockdown period.
Also, if at all any additional cost is charged to the patient,
it would be for the personal protection equipment to ensure
safety for both the health care professional as well as the
patient.
The severity and seriousness of the spread of disease should
be clearly explained to all patients, making them aware of
the importance of social distancing and the need for personal
protection even after the lockdown has been lifted. If at all
patients plan on rushing to their dentists, it should be made
sure these patients are symptomless and are visiting hospitals
only for emergencies. The possible explanation for 52.9% of
patients not having any fear to visit their orthodontist post
the lockdown, shows the lack of awareness10 of the various
modes of possible transmission of diseases in a dental office
with aerosols, doctors’ proximity to patients, etc.
Finally, it should be mentioned that 27.5% of the patients
were more concerned about the worldwide pandemic, and
19.6% of patients stated they will not visit their orthodontists
until the entire pandemic is over. This study thus throws
light on the awareness of these patients about their health,
not considering orthodontic treatment essential at such times.
Such patients should be reassured that proper protection will
be taken to limit the spread of disease.

Limitations
The study was a self-designed online questionnaire, sent
to those undergoing orthodontic treatment through various
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platforms such as messages, emails, Facebook, etc., and thus
there was a 18.4% non-response rate.
However, irrespective of the nonresponse rate, the purpose
of the study was mainly to understand these patients and
spread awareness of the same.
This study can thus be considered as an exploratory study
to get a generalized idea on the impact of the lockdown on
patients and can thus help in the future better understanding
of specific patient-related problems. This will further help
in improving the patient–doctor rapport as well as enhance
practice management skills.

ORCID iD

Conclusion
The study was carried out with the aim of assessing the
impact of the lockdown on patients undergoing orthodontic
treatment, as well as sheds light on how these problems could
in turn affect the progress of their treatment.
It was seen that majority of patients had some or the
other problem associated with the lockdown, regarding their
orthodontic treatment.
The need for understanding the psychology of patients
undergoing orthodontic treatment is extremely essential. In
any situation where patients do not have access to seek help,
irrespective of the cause for restriction to access, all the above
discussed factors should be considered.
In conclusion, the take home message from this survey
stresses on the importance of orthodontic professionals seeing
to it that their patients are being looked after mentally, if not
physically, in whatever way possible in such testing times.
Also, proper communication with patients and explanations
on how to maintain proper self-care, when regular follow ups
are not possible, is indispensable. This would ultimately give
the patient a sense of reassurance that they are being well
looked after.
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Letter to Editor

Dietary counseling:
A requisite in geriatric
prosthodontics

On the day after insertion, a new denture wearer can choose
from temperature modulated (to avoid thermal burns)
foods, which are liquids or semi‑fluid that do not require
chewing such as fresh fruit smoothies or simple porridges
made from cracked wheat or ragi with milk to improve the
nutrient intake.

Introduction

On the second and third post‑insertion days, advise eating
soft foods that require a minimum of chewing such as soft
cooked rice and dals (lentils), chapattis/roti (flat breads)
soaked in milk or cooked dal, boiled vegetables/eggs, idlis
etc., and soft fruits in between meals. The patient must be
instructed to chew on both the sides, not to bite on any foods
with the incisors, cut foods into small pieces, refrain from
sticky foods and foods containing small seeds. The patient
should report to the clinic for any soreness. By the fourth
day, as the sore spots have healed, the patient can begin
eating firmer foods.

In India, the elderly constitute around 8% of the total population,
with a majority (70–80%) of them being malnourished.[1,2] One
of the primary oral health challenges in the elderly is tooth loss
due to dental diseases resulting in altered food habits devoid of
dietary fiber, essential nutrients, rich in saturated fats, sodium,
sugar and cholesterols leading to a wide spectrum of imbalances
affecting physical and cognitive functioning.[3,4]
Replacement of the missing dentition and nutritional counseling
are a prerequisite for improving the nutritional status of
patients.[5] Time constraints and lack of training of dentists
for nutritional counseling are hindrance in providing dietary
guidance. [6,7] Most geriatric patients consult primary care
providers, hence it is prudent for primary care providers to
recognize the significance of oral health of elderly and refer oral
health problems to dentist.[8]

Nutritional Requirements of Elderly
Elderly should achieve the nutritional requirements as per
Recommended Daily Allowance with at least 200–300 ml of
milk/milk products, and 400 g of vegetables and fruits.[9]
Dietary intervention has benefitted patients with conventional
complete dentures or implant‑supported mandibular
overdentures.[4] Individuals with few posterior teeth and those
with no replacement of their missing teeth are at a higher risk
for poor nutrition.[10] Formal nutritional assessments using
the Mini Nutritional Assessment (MNA)[11] or a Triphasic
Nutritional analysis[12] is integral to create awareness regarding
dietary deficiencies. Various methods including qualitative
assessment for patient screening, semi‑quantitative dietary
analysis using food composition tables, computer‑assisted
nutritional analysis, and complex nutritional problem analysis
can be employed.

Recommended Diet Plan after Denture
Insertion
Indian diets offer great variety, therefore an organized and
individualized plan for a first‑time denture user would be
essential to ensure that the patient is not overwhelmed with
using dentures.

The placement of a removable prostheses should include regular
nutrition counseling sessions for optimum oral health. Early
identification of malnourished elderly patients and necessary
support must be provided. Regular dietary assessments within a
week of placement of dental prosthesis, and every 3–6 months
provides oral health care professionals opportunities to educate
their patients with tailored recommendations to optimize their
dietary choices.[13]

Conclusion
Nutritional assessments, dietary counseling, and follow‑up
should be made a mandatory part of undergraduate clinical
training with the development of standard protocol for the
same.
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Oral health inﬂuences general well-being and quality of life. Oral diseases can be debilitating and are a
major heath concern worldwide. Medicinal plants have been used for thousands of years for treating
human diseases. Considering the emergence of multi-drug resistant pathogens and ﬁnancial difﬁculties
in developing countries, there is an urgent need for developing new antimicrobial compounds which are
safe, efﬁcient and cost effective. Liquorice also known as yashtimadhu, sweetwood or mulhatti is one
such herbal remedy which has shown to have immense potential in treatment of orofacial diseases.
Liquorice is rich in secondary metabolites which are used in cosmetics, foods, traditional and modern
medicine. It has well known properties such as antiviral, glucocorticoid, anti-inﬂammatory, antioxidant,
anti-ulcerative, anti-carcinogenic and many more. Liquorice extracts and liquorice bioactive ingredients
such as glabridin, licoricidin, licorisoﬂavan A, licochalcone A, and glycyrrhizin have shown beneﬁcial
effects in preventing and treating oral diseases. This paper reviews the effects of liquorice and its constituents on oral diseases such as dental caries, periodontitis, gingivitis, candidiasis, recurrent aphthous
ulcer and oral cancer and its use as a root canal medicament and summarizes the results of clinical trials
that investigated the potential beneﬁcial effects of liquorice and its constituents as a prevention and
treatment modality in oral diseases. Clinical trials, case reports and review of literature evaluating the
effect of liquorice on oral microorganisms and oral diseases are included. Literature pertaining to the
effects of liquorice on systemic diseases have been excluded from this review of literature.
© 2018 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction
In recent times, there is a rise in use of plant extracts in modern
medicine. The search for effective, efﬁcient, safe and economical
alternatives have led to a rise in use of natural phytochemicals
derived from plants in treating diseases of the human body. A large
body of evidence exists to substantiate the use of herbs for preventing and treating human diseases. Liquorice root is one such
herb which has been an integral part of Chinese medicine and
Ayurveda for centuries. Liquorice is a sweet, moist, soothing herb
that belongs to the glycyrrhiza species native to Mediterranean
countries and Asia. The term Glycyrrhiza comes from the ancient
Greek words; glycos meaning sweet and rhiza meaning root [1].

* Corresponding author. Faculty of Dentistry, SEGi University, JalanTeknologi,
Kota Damansara, 47810 Petaling Jaya, Selengor, Kuala Lumpur, Malaysia.
E-mail: sidhu.preena@gmail.com
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Due to its sweet taste, liquorice has been used worldwide as a
sweetener and a ﬂavouring agent in food and medicine production
and is listed in the USA by the Food and Drug Administration (FDA)
as Generally Recognized as Safe (GRAS) [2].
Liquorice is rich in secondary metabolites which have been
associated with various health beneﬁts. Secondary metabolites of
liquorice roots have shown to have a beneﬁcial effect in the treatment of various diseases such as cancer, tuberculosis, atherosclerosis, gastric ulcers, immunodeﬁciency, hepatitis and bacterial
infections [3e6]. Recently the beneﬁts of liquorice in oral diseases
has been of great interest. Clinical trials have been conducted
worldwide to evaluate the effects of liquorice and its metabolites in
preventing and treating various oral diseases such as dental caries,
periodontal diseases, candidiasis, aphthous ulcers and debilitating
diseases like oral cancer. Moreover, liquorice has also been studied
as a root canal medicament which can prevent failed root canal
therapies and lead to higher success rate of the treatment. Very
little is known about these beneﬁcial effects of liquorice in oral

https://doi.org/10.1016/j.jaim.2017.12.004
0975-9476/© 2018 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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diseases. This manuscript aims to review, summarize and highlight
these beneﬁcial effects of liquorice and its derivatives in preventing
and treating oral diseases.
2. Plant description, sources and phytochemical composition
Liquorice, also called as gancao which means “sweet herb” in
Chinese and popularly known in India as Jeshthamadh (Marathi),
Yashtimadhu and Madhuka (Sanskrit), Jethimadhu (Gujarati), Atimadhurum (Tamil) and Jaishbomodhu (Bengali) belongs to the
genus Glycyrrhiza and has been used by humans for various purposes for at least 4000 years [7,8]. It has been mentioned in Ayurvedic texts as Atirasa, Madhurasaa, Madhuka, Yastikavha and
Madhuyashtyaahvaa [9]. The genus glycyrrhiza contains about 30
species but dried unpeeled roots of Glycyrrhiza glabra Linn. and
Glycyrrhiza uralensis Fisch. (Fam. Leguminosae) are the commonest
sources of liquorice. Glycyrrhiza glabra is a perennial shrub which
grows to a height of 1 m and has a root system composed of taproot
and stolons which are sources of commercial liquorice. Glycyrrhiza
uralensis Fisch which is found in the Urals, Siberia and parts of East
Asia has similar root system to G. glabra [1]. The sweetness of
liquorice comes from glycyrrhizin, which constitutes 10e25% of
liquorice and is 50 times sweeter than reﬁned sugar [10].
Glycyrrhiza uralensis and Glycyrrhiza inﬂata, which are listed in
Chinese pharmacopoeia have shown to have pharmacological
properties [10e12]. The biological effects are due to the presence of
secondary metabolites like saponins, ﬂavonoids, isoﬂavonoids,
chalcones, coumarins, aurones, benzofurans, phenols, pterocarpans, and stilbenes which contribute to its pharmacological
properties [10,13,14]. In Ayurveda, Charaka discusses the pharmacological effects of liquorice as Jivaneeya (invigorator), Varnya
(complexion promoter), Kanthya (voice promoter), Kandughna
(itching reliever), Snehopag (adjuvant of unctuous) Vamanopag
(adjuvant for emesis), Mutravirajniya (urinary antiseptic) [9]. Susruta included liquorice under Sarivadigana, Anjanadigana,
Ambashthadigana, Nyagrodhadigana, Utpaladigana [15]. Bhavmishra
referred liquorice as Klitaka and mentioned its Balya (strength
promoting activity), Chakshushya (beneﬁcial to eyes), Vrishya
(enhance fertility), Keshya (good for hair) properties [16]. Charadutta suggests the beneﬁcial effects of liquorice in pain relief due
to ulcers [17]. Ayurvedic texts like Charaka and Sushrutahave
mentioned the role of liquorice in Dantaroga (diseases of teeth) and
Dantmamsaroga (diseases of gums). Liquorice has also shown great
potential in treatment of oral diseases. Based on clinical investigations, Table 1 summarizes the different phytochemical
Table 1
Phytochemical classes in liquorice extracts and their potential beneﬁts in oral diseases.

3. Liquorice, a safe herb
Liquorice has been labelled Generally Recognized as Safe (GRAS)
by United States Food and Drug Administration (FDA) and has been
considered safe for human consumption provided it is consumed in
small amounts and by individuals who are not sensitive to glycyrrhizin.[1,3]. It is proven that excessive liquorice intake can lead to
hypokalemia, hypertension, rhabdomyolysis, muscle paralysis,
respiratory impairment, hypertensive emergencies, hyperparathyroidism, encephalopathy and acute renal failure [18]. Touyz et al.
recommended that 250e500 mg of liquorice can be safely
consumed upto three times a day for medicinal purposes [19].
Sigurjonsdottir et al. reported that consumption of doses as low as
50 gm/d for a period of 2 weeks can cause a rise in blood pressure
[20]. According to the World Health Organisation 100 mg/d of
liquorice can be safely consumed without any ill effects, however
the Dutch Nutrition Information Bureau limits the use of liquorice
to 200 mg/d. In a study conducted by Sontai et al., 50% of the 14
study subjects consuming 100e200 mg/d of liquorice had to be
prematurely withdrawn from the study due to hypokalemia or
edema [21]. Studies have reported that liquorice metabolites can
interfere with the pharmacological actions of conventional drugs.
Due to the anticoagulant and antiplatelet effects of liquorice there is
a potential risk of increased bleeding for patients taking conventional anti-clotting medications for cardiovascular or cerebrovascular diseases along with Chinese herbal medicines containing
liquorice [22]. Table 2 summarizes the use and use limits of
liquorice in food given by US Food and Drug Administration [23].
4. Dental caries and liquorice
Dental caries is an infectious microbial disease that results in
localized dissolution and destruction of calciﬁed tissues of teeth
[24]. Mutans group of streptococci, Streptococcus sanguis, Lactobacillus spp. and Actinomyces spp. are implicated in the pathogenesis
of tooth decay [25e27]. Streptococcus mutans help in the pathogenesis of dental caries by forming the extracellular polymeric
substances including exopolysaccharides (EPS), eDNA and lipoteichoic acid (LTA). EPS produced by S. mutans forms a matrix

• 18beta Glycyrrhenic
acid
• Isoliqirigenin

• Licochalcone A
• Glabridin
• Liquirigenin

Candidiasis

Oral cancer

Gingivis

Dental
Caries

Periodons
• Licochalcone A
• Glabridin
• 18 beta Glycyrrhenic
acid

classes of liquorice extracts along with their potential beneﬁts in
oral diseases.
Various forms of liquorice are widely distributed worldwide in
countries like Malaysia, Japan and United States of America as
candies, liquid extracts, lollipops, tablets and capsules (Picture 1). A
100 gm of liquorice available as candies prices upto USD 3.

• Glycyrrhizol - A
• 1 methoxyﬁcifolinol
• Licorisoﬂavin A
• 6,8 Diprenglygenistein
• Glyrrhizine

Picture 1. Liquorice root and candy available in grocery and general stores.
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Table 2
US Food and Drug Administration limitations of glycyrrhizin use in foods (21 CFR
184.1408c).

Flavor Enhancer and Flavoring Agent
• Alchoholic Beverages : 0.05%
• Baked goods : 0.10%
• Chewing gum : 1.10%
• Hard candy : 16.00%
• Herbs & seasoning : 0.15%
• Plant protein products : 0.15%
• SoŌ candy : 3.10%
• Dietary Supplements : 0.50%
• All other foods except sugar subsiƟtute : 0.10%

Surface acƟve agent
• Baked goods

which helps in the accumulation of microbes on the teeth, protects
them and creates an acidic microenvironment which helps in the
formation and progression of dental caries [28]. These bacteria
ferment sugars in diet and produce lactic acid as a by-product
which leads to the dissolution and destruction of tooth structure
[25e27].
Although the anti-cariogenic properties of liquorice have been
discussed for many years, few studies have been published evaluating its role as an anticariogenic agent. Recently, liquorice has been
studied extensively for its anticaries properties. He et al. extracted
pterocarpenes namely glycyrrhizol A and glycyrrhizol B along with
four known isoﬂavonoids, 5-O-methylglycryol, isoglycyrol, 6,8diisoprenyl-5,7,40 -trihydroxyisoﬂavone and gancaonin G from the
roots of Glycyrrhiza uralensis and concluded that all these metabolites show activity against S. mutans whereas glycyrrhizol A and
6,8-diisopreny l-5,7,40 -trihydroxyisoﬂavone had highest antimicrobial activity against these bacteria [29]. Based on the above
observations, Hu et al. developed a sugar-free orange ﬂavoured
liquorice lollipop containing glycyrrhizol A for caries prevention.
They found that liquorice lollipops are safe and effective against S.
mutans when consumed for 10 days (twice daily) and lead to a
marked reduction in salivary S. mutans [30]. The results of an in
vitro study conducted by Liu et al. reported that glycyrrhizic acid
inhibits the multiplication and acid producing of S. mutans and can
inhibit the growth of these bacteria in vitro [31]. A clinical study
evaluated the potential of liquorice lollipops for caries control in
pre-school children. In this study, the study subjects consumed
liquorice lollipops twice a day for a period of 3 weeks and interestingly it was noted that there was a steep decline in the number
of S. mutans. The numbers were reduced for a period 22 days after
the last lollipop and then began to rebound [2]. Study conducted by
Mentes on liquorice lollipops et al. observed that there was a
reduction of S. mutans with consumption of two liquorice lollipops
for a period of 21 days period [32]. Even though liquorice lollipops
show promise further double blinded, randomized longitudinal
studies using more human subjects are required before the liquorice lollipops can be used as anti caries products for caries prevention in high risk children and adults.
Recently, Ahn et al. isolated three additional antimicrobial ﬂavonoids namely 1 methoxyﬁcifolinol, licorisoﬂavan A and 6,8diprenylgenistein isolated from Glycyrrhiza uralensis which have
shown to completely inhibit the formation of bioﬁlm and recommended the use of these ﬂavonoids in oral hygiene products for
gargling solutions and in dentriﬁces [33]. However, pilot study
conducted by Soderling et al. to ﬁnd out whether liquorice containing starch gel could affect plaque accumulation and its microbial composition and concluded that tooth brushing with a
liquorice gel containing 2.5% liquorice extract made no difference in
the microbial counts or in the plaque index [34]. Ayurveda
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recommends chewing on liquorice herbal sticks, twelve angulas (9
inches) long and thickness of one's little ﬁnger to reduce dental
caries and plaque. There is considerable amount of data which
states that liquorice is effective as an anticaries agent, however
there is a need for more randomised clinical trials before liquorice
can be safely incorporated used in oral hygiene products.
5. Oral candidiasis and liquorice
Oral candidiasis (candidosis or thrush) is caused by a yeast like
fungus called Candida albicans and is an opportunistic infection of
the oral cavity [27,35,36]. Candida albicans is an inhabitant of
normal ﬂora of the mouth and the gastrointestinal tract and causes
no infections in healthy individuals. Predisposing factors for oral
candidial infections include medications like antibiotics and corticosteroids, systemic diseases like diabetes mellitus and hypothyroidism, nutritional deﬁciencies like iron and B12 deﬁciencies,
xerostomia, immunosuppressive diseases and therapy [37e39].
Pseudomembranous candidiasis also called as thrush, is one of the
most common forms of oral candidiasis. It is a white pseudomembrane consisting of desquamated epithelial cells, necrotic
debris, ﬁbrin and fungal hyphae. It occurs most frequently on the
surface of the buccal mucosa and tongue but is also seen on hard
and soft palate, tongue, periodontal tissue and oropharynx.
Erythematous candidiasis is associated with burning mouth secondary to antibiotic therapy, corticosteroids or diseases which
suppress the immune system. Asymptomatic form of erythematous
candidiasis, also called as Denture stomatitis is characterized by
diffuse erythema and edema of the palatal mucosa that is in contact
with the denture. Denture stomatitis can be localized or generalized [27,35,36]. Virulence factors of C.albicans such as adhesion,
proteinases secretion, yeastehyphal transition and phenotypic
switching are responsible for host damage [40,41]. The treatment
for oral candidiasis is topical or systemic use of antifungal drugs,
management of predisposing factors, oral hygiene and disinfection
of prosthetic appliances [42,35].
Antimicrobial drug resistance has led to the need for development of alternative drugs. Several studies have investigated the
effects of liquorice on C. albicans. Utsunomiya et al. noticed that
compared to normal mice, MAIDS mice (mice infected with LPBM5 murine leukemia virus) are 100 times more susceptible to
infection with C. albicans and administration of glycyrrhizin
improved the resistance of MAIDS mice to C. albicans infection
[42]. Another in vitro study conducted by Motsei et al. screened
liquorice extracts against C. albicans and reported the antifungal
effect of fresh water extract of G. glabra on C. Albicans [43].
Interestingly, Glabridin from the roots of G. glabra showed resistance modifying activity against drug resistant mutants of C.
albicans at a minimum inhibitory concentration of 31.25e250 mg/
mL [44]. Animal studies conducted by Lee et al. concluded that
Liquiritigenin (LG) found in liquorice can protect mice against
disseminated candidiasis by the CD4þ Th1 immune response [45].
A more recent study evaluated the effects of Glabridin and Licochalcone A on growth, bioﬁlm formation and yeastehyphal
transition of C. albicans. Results showed that Licochalcone A has
a signiﬁcant effect on bioﬁlm formation, while both licochalcone
A and glabridin prevented yeastehyphal transition in C. albicans.
They also stated that both these compounds can act synergistically with nystatin against C. Albicans [46]. Furthermore, research
shows that 18b-glycyrrhetinic acid can be beneﬁcial in the treatment of Th1-disordered diseases due to C. Albicans [47]. Although
more in vitro and in vivo studies are required to explore the
beneﬁcial effects of liquorice on oral candidiasis, the ﬁndings of
these studies suggest that liquorice can be a useful therapeutic
alternative for the treatment of oral candidiasis.
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6. Gingivitis and liquorice
Gingivitis is characterized by presence of clinical signs of
inﬂammation that are conﬁned to gingiva. Porphyromonas gingivalis
does not initially colonize clean tooth surfaces and adheres to
bacteria already present in plaque mass and plays a potential role in
the etiology of childhood gingivitis. The presence of P. gingivalis is
most strongly associated with the progression of gingivitis and
onset of periodontitis in healthy children [48].
Few studies have investigated the effect of liquorice on P. gingivalis. Aqueous extracts of raw polysaccharides from G. glabra have
shown to have strong anti adhesive effects against P. gingivalis [49].
Interestingly, a supercritical extract of Chinese liquorice (Glycyrrhiza uralensis), and its major isoﬂavans, Licoricidin and Licorisoﬂavan A showed to have an inhibitory effect on growth, volatile
sulfur compounds (VSCs) production and protease activity of P.
gingivalis therefore controlling halitosis [50]. These studies implicate that liquorice can be used in oral hygiene products to maintain
gingival and oral health.
7. Periodontitis and liquorice
Periodontitis is an inﬂammatory disease of the supporting tissues of the teeth caused by speciﬁc microorganisms resulting in
progressive destruction of periodontal ligament and alveolar bone.
Periodontitis is characterised by attachment loss, increased probing
depth or recession, bleeding on probing, changes in bone height
and density, mobility and loss of teeth in advanced cases [48,51].
The etiological factors of this destructive process involves both
tissue damage from bacteria and bacterial products in plaque and
indirect damage through bacterial induction of the host immune
and inﬂammatory responses by the over production of inﬂammatory mediators and matrix metalloproteinases (MMPs) leading to
the progression and severity of periodontitis [48,52e54]. The
pathogens detected in high levels in chronic form of periodontitis
include P. gingivalis, Tannerella forsythia, Prevotella intermedia,
Treponema denticola, Spirochetes and Aggregatibacter actinomycetemcomitans [1,48]. The treatment of periodontitis involves
removal of plaque and calculus through scaling and root planning
and maintenance of good oral hygiene. This non-surgical pocket
therapy helps in reduction of pocket depth, tissue inﬂammation,
increases clinical attachment level and improves the condition of
the periodontium [55e57]. Administration of low dose doxycycline
has been reported to provide additional beneﬁts [58].
Clinical trials aiming to ﬁnd natural resources for treatment of
periodontitis have looked into the phytochemicals of Liquorice to
prevent and treat periodontitis. The ability of liquorice root polysaccharides to reduce bacterial binding to host cells was observed
after pre-treatment of P. gingivalis by Wittschier et al. The data
suggested that polysaccharides from G. glabra are a potent agent
against bacterial adhesion and are able to block the initial step of an
infection and thus can be potential prophylactic tools in alternative
treatment regimens against bacterial infection [49]. Patients with
periodontal inﬂammation have high concentration of proinﬂammatory mediators such as interleukin (IL)-1beta, IL-2, IL -6, IL-8
receptor activator of nuclear factor kappa-B ligand (RANKL) and
tumour necrosis factor e alpha in macrophages of inﬂamed gingival
tissues [48,54]. Bodet et al. investigated the response of liquorice on
periodontopathogen-induced inﬂammatory response and found
that liquorice extract exhibited potent anti-inﬂammatory properties by inhibiting the periodontopathogen LPS-induced IL-1beta, IL6, and IL-8 and TNF-alpha responses of macrophages stimulated
with A. actinomycetemcomitans and P. gingivalis lipopolysaccharide
(LPS) [59]. According to La et al. licoricidin and licorisoﬂavan A

effectively inhibit inﬂammatory cytokines and matrix metalloproteinases (MMPs) and can be used in the treatment of cytokine
and/or MMP-mediated disorders such as periodontitis [60]. Licochalcone A inhibits P. gingivalis bioﬁlm formation and the host
immune response, the two principal etiological factors of periodontitis [61].18 alpha-glycyrrhetinic acid appears to signiﬁcantly
reduces P. gingivalis LPS-induced vascular permeability by repressing NF-kB-dependent endothelial IL-8 production, suggesting its
therapeutic potential in P. gingivalis-related vascular diseases [62].
Recently an in vivo study demonstrated that liquorice extract can
prevent the production of MMPs by host cell and can be as effective
as doxycycline in patients with chronic periodontitis [63].
One of the prominent features of periodontitis is resorption of the
alveolar bone. Receptor activator of nuclear factor kappa-B ligand
RANKL is an important factor in bone resorption as it is involved in
osteoclast differentiation, activation and survival [48]. Therapeutic
potential of liquorice on RANKL has been evaluated. 18b-Glycyrrhetinic acid administered in interleukin-10-deﬁcient mice which are
highly disease susceptible, resulted in a dramatic reduction of in
interleukin-10-deﬁcient mice [64]. Zhu et al. noted that administration of isoliquiritigen prevented inﬂammatory bone loss in mice by
attenuating osteoclast activity [65]. It has been suggested that glabridin can be used in preventing osteoclastogenesis by inhibiting
RANKL-induced activation of signalling molecules and subsequent
transcription factors in osteoclast precursors [66].
8. Recurrent aphthous ulcer and liquorice
Recurrent aphthous ulcers or canker sores are among the most
common oral mucosal disease seen in children and adults [1].
Recurrent aphthous ulcers have varied etiology which includes
bacterial infection by S. sanguis, genetic history, autoimmune
response, iron and folic acid deﬁciency. Recurrent aphthous ulcers
have a wide variety of precipitating factors which includes trauma,
psychological problems, endocrine conditions and systemic diseases [27]. Recurrent aphthous ulcer has been classiﬁed by many
investigators into four varieties namely recurrent aphthous minor,
major, herpetiform and associated with Behcets syndrome. Recurrent aphthous minor are small and painless and referred to as
canker sores. Recurrent aphthous major which is a severe form of
aphthous minor are larger, slower to heal and painful. Recurrent
herpetiform ulcerations which are multiple small, shallow ulcers
often upto 100 in number [67,68,26]. Treatment of recurrent aphthous ulcers aims to relieve pain, promote healing and prevent
secondary infection [67].
Recently, investigators have focussed their investigation towards the effect of liquorice on pain control and reducing the
healing time of aphthous ulcers. Burgess et al. reported that over
the counter Canker Melts GX patches which contain liquorice
extract alter the course of the aphthous ulcers by reducing lesion
duration, size and pain therefore speed healing [69]. In a randomized, double-blind clinical trial with 23 subjects, Martin
et al. observed an improvement in ulcer size and pain compared
to the use of a placebo patch using a dissolving oral patch containing a liquorice extract for up to 8 days [70]. A more recent in
vivo study evaluated the efﬁcacy of licorice bioadhesive hydrogel
patches in controlling pain and reducing the healing time of
recurrent aphthous ulcer. According to the results of the study
liquorice bioadhesive can be effective in the reduction of pain
and the inﬂammatory halo and necrotic center of aphthous ulcers [71]. The data obtained from these studies highlights the
healing effect of liquorice on aphthous ulcers. Liquorice should
be further investigated as a treatment modality in aphthous
ulcers.
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9. Oral cancer and liquorice
A neoplasm can be deﬁned as an abnormal mass of tissue, the
growth of which exceeds and is uncoordinated with the normal
tissues and persists in the same excessive manner after cessation of
the stimuli which evoked the change. Oral squamous cell carcinoma is the most common histopathological type of malignant
neoplasm of the oral cavity which is characterized by indurated and
ulcerated margins [27]. Liquorice has been investigated as a
chemotherapeutic agent for its beneﬁcial role in management of
oral squamous cell carcinoma. Isoliquiritigenin (ISL), a ﬂavonoid
isolated from liquorice is a novel inhibitor of tumor angiogenesis
and possesses great therapeutic potential for Adenoid cystic carcinoma and can be a potential cancer chemotherapeutic agent
[72,73]. Licochalcone A has shown promise in treatment of oral
cancers. Investigations show that Licochalcone A induces apoptotic
cell death of oral squamous cell carcinoma cells via down regulation of Sp1 expression and can be used for the treatment of human
oral squamous cell carcinoma [74]. Kim et al. suggested that Licochalcone A decreases the number of viable KB oral cancer cells [75].
Recently Shen et al. subjected SCC-25 oral cancer cells to a treatment with licochalcone A at indicated concentrations (25, 50, and
100 mg/mL) for 36 h and analyzed for the effect of licochalcone A on
the cell migration and invasion. Results of the study showed that
licochalcone A signiﬁcantly inhibited the cell migration/invasion
capacities of SCC-25 cells [76]. Moreover, the same group of investigators reported that water-soluble polysaccharide (GIP1) from
the roots of Glycyrrhiza inﬂata at a concentration of 50, 100, and
200 mg/mL speciﬁcally decreased cell viability of human oral cancer
SCC-25 cells in a concentration-dependent manner via the induction of apoptosis [77]. Hsia et al. also reported that Isoliquiritigenin
has anticancer effect on human oral squamous cell carcinoma [78].
In a recent study Das et al. concluded that Yashtimadhu Ghrita
(processed ghee) can be effectively used to reduce chemotherapy
induced mucositis in patients with cancers [79]. Taken together, all
the above studies show that liquorice has the potential to be a safe,
effective chemotherapeutic agent and additional research is
needed to conclude its effective role in oral cancer.
10. Root canal irrigant, medicament and liquorice
Thorough debridement and complete elimination of microorganisms are objectives of an effective endodontic treatment.
For many years, intracanal irrigants have been used as an adjunct to
enhance antimicrobial effect of cleaning and shaping in endodontics to reduce bacterial load in the root canal. Enterococcus faecalis is
the predominant micro-organism recovered from root canals of the
teeth where previous endodontic therapy has failed and is the
major cause of failure of root canal therapy. Virulence factor of
Enterococcus faecalis in failed endodontically treated teeth is
attributed to the ability of E. faecalis cells to invade dentinal tubules
and adhere to collagen in the presence of human serum [80]. Sodium hypochlorite and chlorhexidine which are the most common
irrigants used in endodontics show limited ability to eradicate
E. faecalis from infected root canals [81]. Despite the desirable
properties of sodium hypochlorite, it has drawbacks like unpleasant
taste, tendency to bleach clothes and is corrosive. Whereas chlorhexidine can cause skin irritation and impair the regeneration potential of periapical tissues [82].
Recent laboratory studies have focused on ﬁnding herbal alternatives which are safe to use and effective against E. faecalis. Few
in vitro studies have evaluated the effectiveness of liquorice as root
canal irrigant and medicament. Badr et al. evaluated the antibacterial and cytotoxic effects of liquorice as a root canal medicament
and compared its action to the commonly used root canal
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medicament calcium hydroxide Ca(OH)2 The results of the study
showed that liquorice extract either by itself or in combination with
Ca(OH)2 had a signiﬁcant inhibitory effect against E. faecalis
compared to Ca(OH)2 alone. The use of Liquorice extract followed
by Liquorice/Ca(OH)2 mixture retained signiﬁcantly more viable
periodontal ligament cells than Ca(OH)2, which had a strong lethal
effect on the cells [83]. Presently there is limited evidence supporting the use of liquorice in root canal therapy, further research
should be directed to explore the beneﬁcial effect of liquorice on
E. faecalis and as a root canal irrigant and medicament.
11. Conclusion
The anti-inﬂammatory, anti-adhesive, anti-microbial properties
of Liquorice have shown beneﬁcial effects in oral diseases like
dental caries, ginigivitis, periodontitis, aphthous ulcers and oral
cancer. The useful phytochemicals of liquorice should be explored
so as to integrate herbs in dental products which can be beneﬁcial
to oral care. Further in vivo studies should be directed to explore
and evaluate the therapeutic beneﬁts of liquorice in dentistry.
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Abstract
Background and Objectives: Simulation of orthodontic force can provide crucial insights on design and implications of orthodontic apparatus like brackets. Ceramic brackets although aesthetic, can create frictional resistance with orthodontic wires.
Hence, this study employed Finite element method to evaluate and compare the canine retraction and anchor loss facilitated by
pre-adjusted edgewise ceramic brackets and conventional metal bracket systems.
Materials and Method: The study model was generated using the CBCT with favourable conditions of first premolar extraction
for orthodontic correction. Finite element model of the maxilla and the teeth were simulated using the MIMICS software. A force
of 50 grams was applied for canine retraction with elastomeric chain using preadjusted MBT (MacLaughlin, Bennet and Trevisi
system) edgewise brackets of ceramic and metal respectively. ANSYS software was used for the analysis to evaluate the rate of
canine retraction, anchor loss and stress generated.
Results: The effective tooth displacement, von Mises stress and stress simulated by FEM were comparatively greater inthe metallic, than inthe ceramic brackets. During retraction, distal, lingual and intrusive displacement of canine was visualised to be greaterwith metallic bracketsin comparison to their ceramic counterparts. Metallic wire and bracket featured the same Young’s modulus
as they are made of similar materials hence, the force applied led to a greater retraction of canine, unlike ceramic brackets.
Conclusion: As per FEM analysis, stainless steel brackets were a more effective method for tooth displacement andrapid canine
retraction with limited anchor loss. FEM can improve suitability and efficiency of orthodontic design by enabling a multidimensional analysis.
Keywords: Ceramic Brackets; Finite Element Analysis; Stainless Steel Brackets; MBT Bracket System.

Introduction
Canine retraction refers to a deliberate posterior shift of canines
to foster enhanced stability, functionality, and aesthetics. This is
often achieved either by using frictional (sliding) or non-frictional
(non-sliding) mechanics [1]. Sliding mechanics are generally preferred if movement of teeth is required over a relatively long distance [2]. Precluding intrusion of posteriors into the extraction
space i.e. anchorage control - is an essential component of treatment design in orthodontics. Anchorage loss can be ascribed to
improper anchorage preparation, excessive force, and impinge-

ment of the roots of the incisors or anterior teeth to the labial
cortical plate etc [3].
Orthodontic brackets are viewed as an advent of the modern
medicine, however the desire for well aligned teeth has a rich history dating back to the ancient times. Metal braces composed of
gold were sought after in the 1960s, which evolved into brackets
being directly adhered to the teethby the 1980. Technological advancements have catapulted innovations in the design and use of
orthodontic appliances [4]. During the last decade a wide range of
metal, plastic and ceramic brackets, based on the straight wire sys-
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tem have evolved and are accessible. Pre-adjusted brackets have
been reinvented several times; Andrew’s straight wire appliance
being the first followed by Roth’s single prescription for mass
correction of the dentition [5]. One such system was the MacLaughlin, Bennet and Trevisi system(MBT system) introduced
by Mclaughlin, Benettand Trevisi [6]. Although ceramic brackets
provide a more aesthetic solution, they are less efficient in enabling teeth movementas compared to the metal brackets [5]. Ceramic brackets also have disadvantages such as, inability to form
chemical bonds with resin adhesives, low fracture toughness and
an increased frictional resistance between metal arch wires and ceramic brackets [7, 8]. Stainless steels possess desirable properties
such as passivation, strong formability, ductility, weldability and
wear resistance [9]. However,concerns of intergranular corrosion
resistance, cytotoxicity and heat susceptibility accompany stainless steel brackets [9, 10]. Hence, a more preemptive approach is
needed to assess the suitability of these two orthodontic appliances, while ensuring patients safety and satisfaction.
In this context, FEM heralds evidence based orthodontic practice,
by breaking down a complex problem into smaller constituents
that are accurately measured and reconstituted to yield a more
comprehensive and precise solution [11]. FEM is a numerical
method for solving a differential or integral equation, particularly
useful for problems with complicated geometries, loadings and
material properties where analytical solutions cannot be obtained
[12, 13]. It has been experimented with in the field of medicine
and dentistry, including Orthodontics, to assess stress and strain,
in various biological and mechanical systems [14]. FEM presents
an opportunity to non-invasively visualize and analyse the biomechanical stresses and displacement effectuated by orthodontic
brackets, thereby allowing room for optimization of design.
Although comparative studies on the rate of canine retraction
noted in ceramic and stainless steel brackets are available, only
a few have employed finite element method (FEM) as a tool for
their analysis, and have mostly focused on ceramic brackets so
far.The resultant stress generated between orthodontic wires and
a ceramic bracket during canine retraction remains debateable
due to lack of convincing data. Hence, the aim of the study was
to determine the tooth displacement and stress generated at the
canine and molar regions using PEA (pre-adjusted edgewise) ceramic and metallic brackets and to compare their efficiency during
canine retraction by FEM study.

Materials and Methods
Study Design
The study was conducted on a three dimensional finite element
model by using the cbct with ideal conditions of first premolar
extraction for orthodontic correction. The duration of this study
was 8 months. Ethical clearance was obtained from the research
and ethics committee at KAHER, Belagavi, Karnataka, India.
Computer aided design of orthodontic brackets
A computed tomography CBCT scanned image of the maxillary
arch with first premolars extraction was acquired, following which,
a finite element model of the maxilla and the teeth were simulatedusing the MIMICS software. Computer-aided design models of
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E chain, metal and ceramic brackets, and 0.019 "x0.025” SS Archwire were designed. Elastomeric chain was fixed using 3-MATIC
software. The ANSYS10.0 software (ANSYS Inc., Houston, PA,
USA) software was employed for carrying out volumetric meshing. A force of 50 grams was applied for canine retraction with
elastomeric chain using preadjusted MBT (MacLaughlin, Bennet
and Trevisi system) edgewise brackets of ceramic and metallic nature. ANSYS software was used for the FEM analysis of the rate
of canine retraction, anchor loss and stress generated.
Simulation of stresses and displacement
Burrstone and Grooves reported that the optimal force for individual tooth movement was 50 – 75 grams [14]. Therefore, the
force selected for individual canine retraction in this study was
set at 50 grams (0.5N) of force. This standardised force applied
from the elastomeric chain for the distal movement of canine
with both, the ceramic bracket and 0.019×0.025-inch stainless
steel wire. Antecedent to the placement of 0.019"x0.025” stainless steel wire,preliminary leveling and alignment were done using 014” round Niti wire, 016” round Niti wire, 018” round Niti
wire, 17*25 rectanguar NiTi wire, 19*25 rectangular Niti wire and
19*25 rectangular Stainless steel wire. Subsequently, the rate of
canine movement and the stress distribution were analysed.
Data collection and estimation
Stress (N/mm2) was calculated and depicted as a spectrum of
colours, which represented different stress levels. Red colour of
the spectrum indicated a maximum principal stress and the following colours like orange, yellow, green and blue represented the
reducing level of stresses while blue colour represented the lowest level of stress (Figure 1). The rate of retraction was estimated
along all three planes of space by dividing the distance travelled
by the time taken to achieve space closure and expressed in mm.
The extent of movement incurred in the direction opposing the
direction of applied resistance was determined to be the anchorage loss observed.

Results
In the present study, deflection of beam (DMX), maximum stress
(SMX), and minimum stress (SMN) along each of three dimensions i.e. X, Y and Z were calculated using FEM.
The rate of canine retraction with the ceramic bracket was
0.40mm along with lingual tipping and intrusion. Evaluation of
the resultant stress from ceramic brackets showed maximization
along the X axis i.e. labio-lingual orientation, reporting a von Mises stress of 2749MPa.
The rate of canine retraction with the metallic bracket was 1.279
mm with von Mises stress of 3019 MPa (Figure 4). Finite element
method revealed that metal brackets impose maximum stress
onthe Y axis i.e. mesio-distal direction (Figures 2 & 3). Metal
brackets also showed a space closure along with lingual tipping
and intrusion of canine. Molar displacement was more in the X
axis (Figure 5).
Anchor loss measured with ceramic bracket was greater along the
X axis (Figure 6).
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Figure 1. Colour coding of stress generated.
COLOUR CONTOURED BANDS

STRESSES IN N/mm2

0.474476
0.36905
0.263624
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0.052772
0.034361
0.000059

Figure 2. Principal stress observed along X, Y and Z planes by FEM study in (A) ceramic brackets (B) metal brackets.

Figure 3. Stress levels observed with respect to molars in X, Y and Z planes by FEM study in (a) ceramic brackets (b) metal
brackets.

Figure 4. Von Mises stress observed by FEM study in (A) Ceramic brackets (B) Metal brackets.
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Figure 5. Total Displacement observed by FEM analysis in (A) Ceramic brackets (B) Metal brackets.
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Figure 6. Displacement observed in terms of anchor loss along in X, Y and Z planes by FEM analysis in (A) ceramic brackets (B) metal brackets.

Discussion
Fixed-appliance structures constitute an integral part of modern
day orthodontics and hence have elicited panoply of orthodontic
studies. However, most studies in this domain canvass the efficacy and suitability post-treatment, when precious resources have
already been spent. A more predictive and proactive approach is
required which can provide adequate leeway for optimization of
orthodontic bracket design. In this study, the rate of canine retraction, anchor loss and the stress generated during the canine retraction have been evaluated by using FEM. The stress generated
was evaluated using von Mises Stress. The magnitude of stress
was compared between the ceramic and metallic brackets andit
was found to be a maximum in metal brackets when used for canine retraction. The stress intensities for anchoring teeth with the
orthodontic bands were the highest. A generalised distribution of
stresswas seen around the previously extracted premolar socket
area. A higher stress was noted on the converging planes in the
extraction socket.
The application of an orthodontic force results primarily in stress
and strain distributions in the root of the tooth and the supporting structures, finally resulting in bone re-absorption on the
compression side and bone apposition on the tension side [15].
Importantly when a tooth moves under orthodontic force, two

kinds of movement are observedi.e. tipping and bodily movement. During distal tipping movement, there is a greater stress
distribution in the cervical part of root than that of the apical part
of the root. While in the distal translation, there is quite an even
distribution of stress volume along the root surface [16]. Since the
displacement pattern and speed of teeth are determined by the
orthodontic force generated, the outcome of orthodontic procedures are directly influenced by the biomechanics of orthodontic structures. Therefore, the measurement of orthodontic force
generated by appliance loading is imperative for proper bracket
design and optimization, planning, as well as predicting efficacy
of the treatment chosen [17].
In vivo monitoring of orthodontic force is riddled with procedural complexities and operational constraints [17]. Numerous
in vitro force estimation techniques have been demonstrated previously. However, finite element method (FEM) uses functions
based on theoretical calculations to facilitate a more meticulous
and multi-variate analysis. Controllable experimental criteria, affordability, and short experimental cycle are the hallmarks of this
method [18-20].
A 3-D quantitative analysis like FEM requires using a geometric
model accurate both in anatomical and physical characteristics,
along with a computer application. This involves the subdivision
or discretization of the structure under consideration into a num-
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ber of finite sections or elements. These elements are connected
at intersections called nodes [6]. A discretized complex structure
or continuum usually contains many elements, which can be arranged in two or three dimensions in layers. In our study, FEM
was instrumental in the precise quantification and location of
stress. General distribution of stresses was apparent around the
previously extracted premolar socket area, with higher stress on
the converging planes. Stress intensities for anchoring teeth with
the orthodontic bands were highest.
A study by Kojima et al. studied maxillary canine retraction using
the FEM model, wherein on application of a constant force to
the brackets the canine tipped initially but then showed steady
movement [21]. This tipping of the canine was found to reduce
on decreasing either the wire size or force applied. Similarly, Ammaret al. noted that as the hook length on the orthodontic bracket
increases, a corresponding decline in canine PDL stress from 80
kPa to 22 kPa was observed [22].
Li et al. presented a study on the three-dimensional finite element
analysis of the mechanical stress on the root from orthodontic
tooth movement by sliding mechanics and concluded that when
orthodontic forces were applied to the tooth, the stress was mainly concentrated at the neck of the tooth decreasing uniformly to
the apex and crown [23]. The highest stress on the root was on
the cervical margin of the canine, followed by the apical region
of the canine [23]. These results are congruent with the results of
the present study. The stress was more at the apical region than
the coronal part of tooth in both the metal as well as the ceramic
brackets.It was reported in a previous study thatthe sliding force
of 2N was ideal to ensure the bodily orthodontic tooth movement
[24]. Hence, a force higher than 50 grams was used in the present
study, which would lead to bodily movement of the canine. FEM
study on stress generation during rapid canine distraction carried
out by Kalili et al., showed results congruent with the present
study. They also mentioned the need for anchorage preservation
as the stress generated was high in the molar region [25].
The stainless-steel wire (0.019×0.025inch SS) used in the present studyacted as a stabilizer to maintain the obtained position
of the canine during the earlier levelling and aligning stages of
the treatment. The present study results are in concordance with
the study done by Tanneet al.which reported that the amount of
tooth movement produced by ceramic bracket was significantly
less than the movement produced by a metal bracket [26]. The
wire surfaces were scratched more obviously by ceramic brackets
than by metal bracket. AlSayagh et al. concluded that the canine
retraction with the standard ceramic bracket with elastomeric
chain could be regarded as the best combination variable that
produced less tipping [24]. In comparison,the results in present
study showed that the total displacement was more with the pre
adjusted edgewisemetallic brackets than the pre adjusted edgewise
ceramic brackets. Even the stress on all the three-principal axes
i.e. X, Y and Z was more in the metallic bracket than the ceramic
bracket.The friction at wire and bracket interface was more in the
ceramic brackets than the metallic bracket.
The efficiency of the tooth movement was slightly lost in the ceramic bracket as compared to the metallic bracket. The loss of
efficiency seems to be due to the friction at the wire and bracket interface in ceramic bracket while the friction in the metallic
bracket at the wire and bracket interface was comparatively less,
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with more tooth displacement as indicated by the microscopic
findings of the wire surfaces [28].
Anchor loss was also studied and it was observed that a very minimal stress was generated at the molar region with both metallic
and ceramic brackets with almost negligible displacement. Hence,
the results cannot be stated significant. But in comparison the
stress generated was more at the apical region with the ceramic
bracket than the metal bracket. It can be stated that the anchor
loss would be greater with the ceramic bracket than the metal
bracket.
Even though the results of the study concluded that the space
closure was more effective with the metallic brackets, there were
a few limitationsof the present study. The frictional parameters
were not incorporated in the study or model design. Also predictive analysis of FEM could have been compared to outcomes observed on clinical assessment. So, these parameters can be included and evaluated in future studies. The performance of different
orthodontic brackets in relation to the varying bone morphology
or in patients with concomitant dental pathologies can also be
investigated. The novelty of this study lies in its use of FEM, to
conduct a detailed analysis of the components constituting stress
and displacement in ceramic and stainless steel MBT Preadjusted
Edgewise Brackets. Multidimensional observations of these two
types of routinely used brackets have been brought to fore their
benefits and deficiencies, that must be considered while establishing suitability, and creating novel designs.

Conclusion
The rate of canine retraction between preadjusted edgewise ceramic and conventional metallic brackets highlighted a clinical difference. It was observed that the retraction was maximum with
metal bracket in all the three planes compared to the ceramic
bracket. Metallic brackets proved to be more efficient in the closure of space. Frictional values are high for the ceramic bracket
when compared to the metallic bracket. The use of FEM demonstrated that the amount of orthodontic force required to move
a tooth depends upon the amount of friction created. Selection
of material with a low coefficient of friction is required to optimize the treatment. Hence, it is recommended that orthodontic
appliances must first be evaluated by FEM to adjudge its suitability following which clinical trials are recommended. As FEM is a
building foundation to any innovation, so as not to compromise
the treatment progress and provide a more fructuous outcome.
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CASE REPORT

Prosthodontic Rehabilitation of a Patient with Kennedy’s
Class I and Class II Using an Extended Precision Attachment:
A Case Report
Yashashwini N Simha1, Ramesh P Nayakar2

A b s t r ac t
Aim: To achieve a full-mouth rehabilitation of partial edentulousness using modified/extended precision attachments in a removable partial
denture (RPD).
Background: The success of a prosthodontic rehabilitation requires crucial balance between the modern and conventional treatment techniques.
The attachment-retained partial dentures are one such type of prosthodontic treatment modality. Most traditional RPD are well designed but
not used by the patient only because the individual does not prefer its appearance and the retentive quality. A modified extended precision
attachment for eliminating metal display to upgrade the esthetics and to improve the retention of a long-span partial edentulous arch restored
with a prosthodontic rehabilitation is described in this article.
Case description: A 58-year-old male patient was referred to the Department of Prosthodontics for the replacement of missing teeth. On clinical
examinations, it was diagnosed Kennedy’s class I in the maxillary arch and class II in the mandibular arch with a reduced vertical dimension of
occlusion. Precision attachment-retained partial dentures were planned in the maxillary and the mandibular arch.
Conclusion: The success of the RPD depends on the retentive components and the underlying residual alveolar ridge. This case report highlights
the esthetic outcome and improved retention in the maxillary and mandibular partial denture using precision attachments.
Clinical significance: The treatment plan explained satisfactorily restores the esthetics, masticatory function, and improves the retention of the
prosthesis by using precision attachment.
Keywords: Fixed partial denture, Full-mouth rehabilitation, Precision attachment, Removable partial denture.
World Journal of Dentistry (2020): 10.5005/jp-journals-10015-1727

I n t r o d u c t i o n
Attachment-retained removable partial denture (RPD) has been
a long-standing form of treatment in prosthodontics. In the
present society, the esthetic consideration in the prosthodontic
rehabilitation is a need of an hour. However, credits to the
abundance of options between precision attachment designs in the
market and the technical sensitivity of its production and delivery,
the treatment option is left unconsidered by many dentists.1
Most traditional RPDs that are well fabricated are not used
by the patient only because the individual does not prefer its
appearance. The removal of a facial or labial direct retainer or clasp
arm would be a critical factor in creating a cosmetic design.2
The success of a full-arch dental restoration requires a crucial
balance between the modern and conventional treatment
techniques, and attachment-retained partial dentures are one
such type of prosthodontic rehabilitation. The available restorative
space along with the number of teeth missing and the periodontal
health of the abutment teeth pose a significant challenge while
determining the design and fabrication of specific RPD attachments
for extracoronal fittings. A modified extended precision attachment
system to achieve optimum retention, stability, and enhancing the
esthetics by eliminating the visible metal components is described
in this article. 3

C a s e  D e s c r i p t i o n
A 58-year-old male patient, referred from the Department of Oral
Medicine and Radiology to the Department of Prosthodontics
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and Crown and Bridge, KLE Vishwanath Katti Institute of Dental
Science, Belagavi, Karnataka, India, for the replacement of missing
teeth. Patient’s chief complaint was that he had lost the teeth due
to caries and had been partially edentulous for the past 2 years.
He complains of an unappealing, unattractive appearance and
difficulty in chewing food due to the missing teeth in his upper
and lower posterior region. On clinical examination, teeth present
were 11, 12, 13, 21, 22, and 23 in the maxillary arch and 44, 43, 42,
41, 31, 32, 33, 34, 35, 36, 37, and 38 in the mandibular arch, and a
dislodged metal crown with 36 with reduced vertical dimension
of occlusion was present (Fig. 1).
Clinical and radiographic examination revealed the presence
of generalized attrition and reduced vertical dimension of
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Figs 1A and B: (A) Preoperative view of the maxillary arch; (B) Preoperative view of the mandibular arch

Fig. 2: Frontal view showing reduced vertical dimension

Fig. 3: Wax mock-up according to the Broadrick’s occlusal plane analyzer

occlusion, which necessitates the elective endodontic treatment
of all the maxillary and the mandibular teeth and 13 and 23 were
restored with customized post and core to increase the crown
length in order to restore the lower facial height, which was
reduced due to the loss of maxillary and mandibular posterior
teeth (Fig. 2). The patient was diagnosed as a favorable partially
edentulous case for full-mouth rehabilitation as Kennedy’s
class I in the maxillary arch and class II in the mandibular arch,
respectively.
The treatment option suggested was the precision attachmentretained cast partial denture in the maxillary and mandibular
arch.
A diagnostic wax mockup was modified according to the
Broadrick’s occlusal plane analyzer to establish the curve of Spee
(Fig. 3). An interim removable prosthesis with a 2 mm increase in
vertical dimension was fabricated and delivered. The patient was
advised to wear this for a period of 6 weeks to get accustomed to
this modified vertical dimension.
Intentional endodontic therapy was performed in all the
reaming teeth in both the arches and 13 and 23 were restored
with custom post and core restorations to enhance the crown
length.
The prosthodontic rehabilitation includes RPD with precision
attachments in the maxillary and the mandibular arch.

Technique
Diagnostic impressions of the maxillary and mandibular arches
were made using irreversible hydrocolloid (Tropicalgin, Zhermack,
Italy). The casts were poured with model plaster (Kalabhai, Kaldent,
India) and were articulated using facebow and centric bite record.
On these casts, a diagnostic wax pattern was fabricated of the teeth
at an additional increase of 2 mm to the current vertical dimension
in occlusion, on the semi-adjustable articulator (Hanau Wide-Vue).
The occlusal plane was corrected according to the Broadrick’s
analysis. A putty index of this pattern was made using addition
silicone putty material (Aquasil, Dentsply, Germany) to fabricate
temporary restoration at a later stage.
The mandibular abutment teeth were prepared to receive
porcelain fused to metal restoration with lower central incisor,
lateral incisor, canine, and first premolar (41–44) as a single unit
on the right side and the central, lateral, canine (31–33) and
first premolar, second premolar, and first molar (34–36) as two
separate units on the left side (Fig. 4). A two-stage putty-light
body impression of the lower arch was made and poured in die
stone (Pearlstone, Asian Chemicals, India). Temporary fixed partial
denture (FPD) was fabricated using the putty index and cemented
using temporary cement (Temp‑Bond, Kerr Corporation, Romulus).
Wax patterns were fabricated for all the prepared teeth and a
wax custom bar running over the edentulous area was connected
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Figs 4A and B: (A) Abutment preparation in the maxillary; (B) Abutment preparation in the mandibular arch

Figs 5A and B: (A) Bisque trial in the maxillary arch; (B) Bisque trial in the mandibular arch

to the prepared wax patterns of 41–44. Ball attachment patterns
(Rhein 83, USA) were attached to the custom bar in the region of
the second premolar and first molar. Length of the cantilever was
decided based on remaining teeth and type of support received
from the abutment.
The pattern was invested and casted with Ni–Cr alloy, which was
finished and polished according to the manufacturer’s instructions.
The framework try-in was done to assess the fit and available
interarch space. Ceramic (VITA Zahnfabrik, Germany) layering was
done with respect to all the retainers and the bisque trial was done
to evaluate the shade and fit of the fixed prosthesis (Fig. 5).
Undercut block out of the framework was done and singlestage putty-light body addition silicone (Aquasil, Dentsply,
Germany) pickup impression was made with retention caps placed
over the stud attachments and the cast was poured with die stone.
Temporary denture base and the wax occlusal rims were fabricated
covering the edentulous area. The jaw relation was recorded and
articulation was done. The teeth arrangement was done in a
class I molar relation with a bilateral balanced occlusion and after
satisfactory try-in, the trial dentures was processed using heatpolymerized acrylic resin (Trevalon HI, Dentsply, India). Finishing
and polishing of the prosthesis were done. Standard retention caps
were inserted in the slot present on the undersurface on the RPD.
The prosthesis framework with auxiliary attachment was
cemented using type I glass ionomer cement (GC Gold Label 1,
Japan) and the removable denture was retained over this framework
using the ball attachment.
The maxillary abutment teeth were prepared to receive
porcelain fused to metal restoration with 11, 12, 13 and 21, 22, 23
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as two separate units. A two-stage putty-light body impression
of the lower arch was made and poured in die stone (Pearlstone,
Asian Chemicals, India). Temporary FDP was fabricated using the
putty index and cemented using temporary cement (Temp-Bond,
Kerr Corporation, Romulus).
Wax patterns were fabricated for all the prepared teeth and two
wax custom bars running over the edentulous area were connected
to these prepared wax patterns 11–13 and 21–23. Ball attachment
patterns (Rhein 83, USA) were attached to the custom bar in the
region of first premolar and second premolar region bilaterally.
The laboratory procedures were followed same as mentioned
above for the mandibular partial denture and maxillary RPD was
delivered to the patient and post-insertion instructions were
explained (Fig. 6).
The patient was trained about insertion and removal of the
prosthesis followed by home care instructions. The 1-, 3-, and
6-month follow-up was found to be satisfactory in terms of function,
esthetics, and maintenance of the prosthesis.

D i s c u s s i o n
Despite the increasing trend toward the use of the fixed dental
prosthesis and dental implants to preserve more teeth in older age
groups, the application of cast partial dentures in prosthodontics
remains predominant.4
Another important factor in determining the prosthetic
outcome is the amount of exposure of anterior tooth surfaces
with lips at rest or during function. Any prosthetic replacement
that is within the smile zone of the patient is a critical factor to be
considered for optimal esthetic results.5

Esthetic and Functional Rehabilitation of Attachment-retained Partial Dentures

Figs 6A to C: Prosthesis in situ: (A) Left lateral view; (B) Frontal view; (C) Right lateral view

The preservation and restoration of form, functions, and
esthetics of RPDs, particularly the extracoronal form of attachments,
are deemed more efficient.6
If adequate numbers of implants could have been placed,
a full-arch fixed prosthesis could be made. However, it can be
financially inconvenient for the patients to seek out comprehensive
fixed dental implant-supported prosthesis. The implant-supported
prosthesis was not taken into consideration because the patient
was apprehensive to undergo an elective surgical procedure. The
preference of a retainer for removable dental prosthesis depends
primarily on health of the abutment teeth, the inter- and intra-arch
restorative space available, esthetics, and economic aspects.
While clasps may disrupt with esthetic needs in the esthetic
zone, attachments in the labial region are nearly invisible.7
Most of the currently used extracoronal attachments have
resilient and durable properties. For highly resilient extracoronal
attachments, connection orientation isn’t quite as crucial due to the
potential omniplanar movement. This produces the advantage of
various paths of placement and removal for the prosthesis.8
In the current case for the maxillary arch, Rhien 83 extracoronal
castable attachments have been attached to a full-coverage
retainer; this extracoronal attachment was modified in a way that
it extended longer than the conventional type with two sphere
attachments following the bar ledge that was attached to the
retainer.
These attachments are extracoronal resilient and economical.
These attachments are based on broken stress philosophy, permit
vertical movement, and reduce stress transfer to abutments.9
Centrals, laterals, and canines were included in the retainer
design as abutments for the extra leverage required while
conventionally only one or two abutments would have sufficed.
The choice of the abutment also plays an important role in the
attachment-retained prosthesis. Canines have been chosen as
anchors because of their proprioceptive nature, form and strategic
position, and the wider periodontal fixation area. Partial dentures
made on them are less prone to breakage and are efficient in
distribution of temperature changes.10
In the case scenarios reported by Gupta et al. and Burns et
al., the selection criteria for choosing the attachment and the
procedure that was followed are similar to the techniques that
were used to rehabilitate Kennedy’s class I and class II partially
edentulous conditions using a combination prosthesis with
extracoronal precision attachments, such as the Rhein 83 OT CAP
attachments system. These extracoronal castable attachment
positioned on the distal of the crowns as an extension, allowing
a lot of vertical space for optimal esthetics. The castable OT CAP
male can be easily shaped together with the crowns during the
waxing-up stage avoiding complicated adaptation procedures
like welding a metal attachment after crown casting. The male
component design is sphere with a flat head and the female

component is retentive nylon caps that are color-coded according
to different retentive properties. The procedure that was done
using the RHEIN 83 OT CAP allows fabrication of very functional
and comfortable prosthetic solution for the edentulous bilateral
distal extension cases. The attachments retention can be easily
monitored and upgraded during time just replacing retentive
caps into the framework of dentures for patients’ comfort and
satisfaction.11–13 In a similar clinical situations, Vaidya et al. and
Wichmann et al. suggested Preci-vertix (Ceka) attachments and
stud attachments (OT CAP, Rhein 83 Inc., USA) that were claimed
to enhance the frictional retention to the maxillary cast partial
denture. The Preci-vertix (Ceka) attachments are extracoronal
devices in which exchangeable plastic layers of various sizes are
used in the female elements to vary the retention force. Precivertix resilient attachments permit vertical movement during
mastication reducing stress transfer to the abutments (stressbreaking function) and direct the forces to the residual ridge
acting as stress redirectors. These attachments are based on a
broken stress philosophy, thus help to distribute forces equally
between soft and hard tissues and are advocated in Kennedy
class I situations.14,15 Different patients with esthetic and retention
challenges can be treated with correct selection of precision
attachment. The need for treatment revolves around health,
function, or esthetics; the attachment-retained prosthesis has
the capacity to improve the esthetics and functional perception
of the patient toward the prosthodontics rehabilitation.

C o n c lu s i o n
The prosthodontic treatment’s success is based on the suitable
choice of the accurate fixation to ensure optimal retention,
esthetics, and stability. The contemporary course of treatment
(attachment-retained prosthesis) can satisfactorily cope with
complex situations such as unilateral or bilateral distal extension.
Attachment-retained partial dentures guarantees the patient with
fairly long-term stability and more satisfaction than clasp-retained
dentures, hence improves the quality of life of the patient.
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Abstract
Objective: The main purpose of the study was to compare the efficacy of NaviTip and NaviTip FX in debriding the walls of the
canals using a Scanning Electron Microscope (SEM). The secondary purpose of the study was to evaluate if use of 17 % EDTA
along with 5.25% NaOCl had an additional effect in root canal debridement.
Material and Methods: Access cavity preparations were performed in 40 extracted incisor teeth. All the teeth were randomly
allotted to any of 4 groups consisting of 10 teeth- Group 1: Irrigation with 1ml of 5.25% NaOCl with NaviTip needle after each
instrumentation; Group 2: Irrigation with 1ml of 5.25% NaOCl using NaviTip FX with a manual left and right rotary motion
combined with up and down motions, and a brushing action on dentin walls after each instrumentation; Group 3: Irrigation with
1ml of 5.25% NaOCl followed by 1ml of 17%EDTA with NaviTip needle after each instrumentation; Group 4: Irrigation with
1ml of 5.25% NaOCl followed by 1ml of 17%EDTA using NaviTip FX with a manual left and right rotary motion combined with
up and down motion, and a brushing action on dentin walls after each instrumentation. Later each selected sample was further
split horizontally into three halves as coronal (10mm from apex), middle (5mm from apex) and apical (1mm from apex) thirds and
treated with sputter-coated withgold using fine-coat ion sputter JFC-1100. Samples were analyzedfinally by SEM analysis.
Result: All the groups showed significantly lesser smear layer at 10mm when compared to 5mm and 1mm. Further, it signifies that
NaviTip FX (Group 4) when used along with 5.25% NaOCL and 17% EDTA removed more debris as compared to Group 1 and
2 at 10mmand 5mm; and removed more debris at 1mm compared to Group 3.
Conclusion: Navi Tip could be replaced by Navi Tip FX for the purpose of cleaning and removal of smear layer. EDTA, which
is considered as one of the best irrigants for removal dentinal debris may be ineffective in some narrower canals and could be
adjuncted with manual irrigation devices such as Navi Tip FX to improve its action.
Keywords: Root Canal Debridement; Root Canal Irrigation; 5.25% NaOCl; 17% EDTA; Scanning Electron Microscopy.

Introduction

instruments in an effort to remove the debris totally [3, 4].

The core of endodontic instrumentation lies in the cleaning,
shaping and canal preparation. It is contemplated as an important step as it removes the vital and necrotic pulp which contains
the microflora that can cause failure of the endodontic treatment
[1, 2]. Furthermore, the debris that contains the chips of dentin,
other organic and inorganic content block the canals for proper
flow of sealer leading to a poor obturation. Several studies have
been conducted and regardthat the debris should be completely
removed for a successful endodontic treatment. For this purpose,
the canals are thoroughly instrumented with both hand and rotary

Literature has multiple evidences which state that mechanical
instrumentation alone cannot remove the debris totally, hence,
chemical methods have also been advocated for successful removal of debris and disinfection of the canals [5]. Even if the
debris has been successfully removed, the instrumented canal
walls leave a 1 to 2 µthin layer called as smear layer which clogs
the dentinal tubules, thus preventing the flow of sealer [6]. The
use of rotary instruments also leaves certain areas such as isthmuses, cul-de-sacs and canal fins inaccessible 7. 1 to 6 % NaOCl
and 17% EDTA are considered to be the best intracanal irrigants
that are used as an adjunct to mechanical debridement to remove
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the smear layer. Most importantly, the irrigant should come into
contact with the walls of the canals for which irrigation devices
are used. The manual irrigation devices are cost effective and aid
in irrigating the canals as effectively as powered irrigation devices.
NaviTip and NaviTip FX are the two manual irrigation devices
that are used to deliver intracanal irrigants and act upon canal
walls to remove the smear layer. The NaviTip is available in various lengths varying from 17 to 27 mm in 29 and 30 gauges. It
consists of delivery cannula which is rigid from base to the middle third beyond which is flexible in the apical third. This design
facilitates for easy movement of the tip through curved canals.
The latter variant i.e. NaviTip FX consists of same design but is
flocked with an irregularly grit surface that helps for mechanical
debridement while irrigating the walls of the canals.
Several studies have been performed using NaviTip and NaviTip
FX individually and have proven to be efficacious. These devices
have gained importance as they deliver intracanal irrigant whilst
mechanically removing the smear layer or debris. According to
our knowledge, very meagre evidence is available comparing
the efficacy of these two devices. So, the main purpose of the
study was to compare the efficacy of NaviTip and NaviTip FX
in debriding the walls of the canals using a Scanning Electron
Microscope (SEM). The secondary purpose of the study was to
evaluate if use of 17 % EDTA along with 5.25% NaOClhad an
additional effect in root canal debridement.

Material and Methods
The study was performed as an invitro study using scanning electron microscopy. Forty anterior incisors were collected from Department of Oral and Maxillofacial Surgery and were stored in
the running water until the teeth were subjected to microscopy.
Healthy, non-carious, incisors which did not show any signs of
pathologic root resorption, fractures and double roots in mesiodistal radiographs were chosen into the study.
Access cavity preparations were performed to the pulpchambers
and a #15 K-type file was inserted into the canaluntil the tip
was just visible at the apical foramen. The length of the file was
measuredand 1mm was subtracted from this length to establish
working length after which sticky wax was used to seal the tooth
apex. The initial canal enlargement was done using Gates Glidden drills size 2, 3 and 4. Instrumentation was performed using
crown down technique with k-files size #15, 20, 25, 30, 35 and 40
to theworking length. In between the instrumentation the canals
were irrigated using one of the following protocols explained below.
All the teeth were divided and randomly allotted to any of the
following 4 groups each consisting of 10 teeth- Group 1: Irrigation was done with 1ml of 5.25% NaOCl with NaviTip needle
aftereach instrumentation; Group 2: Irrigation was done with 1ml
of 5.25% NaOCl using NaviTip FX with amanual left and right
rotary motion combined with up and down motions, and a brushing action on dentin walls after each instrumentation; Group 3:
Irrigation was done with 1ml of 5.25% NaOCl followed by 1ml
of 17%EDTA with NaviTip needle after each instrumentation;
Group 4: Irrigation was done with 1ml of 5.25% NaOCl followed
by 1ml of 17%EDTA using NaviTip FX with a manual left and
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right rotary motioncombined with up and down motion, and a
brushing action on dentin wallsafter each instrumentation. After
canal preparation all the canals were dried with paper points and
vertical grooves were placed bucco-lingually using carborundum
discs. The teeth were separated using chisel-malletand that half of
the tooth with a more visible apex was used. Each selected sample
was further split horizontally into three halves as coronal (10mm
from apex), middle (5mm from apex) and apical (1mm from apex)
thirds with markings using a sharp instrument. The samples were
treated with sputter-coated withgold using fine-coat ion sputter
JFC-1100 (Fine coat ion sputter JFC-1100, JEOL Ltd., Tokyo, Japan), and then evaluated using the SEM (JeolJSM-6360 LV, JEOL
Ltd.). and Paque’s protocol was used for standardisation of the
microscopy. Debris on the canal wall was evaluated using the following scoring system:
Score 1: Clean root canal, only few small debris particles.
Score 2: Few small isles of debris covering less than 25% of the
roocanal wall.
Score 3: Many accumulations of debris covering more than 25%
buless than 50% of the root canal wall.
Score 4: More than 50% of the root canal wall covered by debris.

Statistical Analysis
The results were statisticallyanalysed using theKruskal Walls and
Mann-Whitney U-test at significance levelp< 0.05 using IBM
SPSS software version 21.

Results
The inter group comparisons were done using the Kruskal Walls
test while pairwise comparisons were done using Mann-Whitney
U test. Figures 1, 2, 3 and 4 depict the Scanning Electron Microscopy images of the canal walls for the amount of smear layer
removed. All the groups showed significantly lesser smear layer
at 10mm when compared to 5mm and 1mm. Further, it signifies
that NaviTip FX (Group 4) when used along with 5.25% NaOCLand 17% EDTA removed more debris as compared to Group
1 and 2 at 10mmand 5mm; and removed more debris at 1mm
compared to Group 3.
The pair wise inter group comparisons of Mann Whitney test
have showed that at 10mm away from apex, Groups 2, 3 and
4 were cleaner than Group 1; Groups3 and 4 were cleaner that
Group 2 and showed statistical significance while there was no
difference between Group 3 and 4. At 5mm away from root apex,
Groups 3 and 4 were cleaner than Group 1 while only Group
4 was cleaner than Group 2 and showed statistical significance.
The remaining pairwise comparisons remained statistically insignificant. At 1mm away from apex, only Group 4 had significantly
cleaner canals than all other groups while the remaining pairwise
comparisons remained insignificant.

Discussion
This in vitro study using a scanning electron microscope was performed primarily to evaluate the difference in the working efficiency between NaviTip and NaviTip FX to remove the smear
layer from the canal walls of the root. 40 teeth without any pathologic changes have been selected for the study. All the teeth were
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Table 1. Intra group comparisons at 10mm, 5mm and 1mm from apex using Kruskal Walls test.

Groups
1
2
3
4

10mm
Mean ± SD
3.7 ± 0.48
2.9 ± 0.32
2.1 ± 0.57
1.7 ± 0.68

5mm
Mean ± SD
3.3 ± 0.68
2.8 ± 0.42
2.6 ± 0.7
2.2 ± 0.42

1mm
Mean ± SD
3.3 ± 0.48
3.4 ± 0.52
2.9 ± 0.74
1.8 ± 0.79

Kruskal Walls p value
P<0.001, HS (Highly Significant)

Table 2. Pair wise comparisons using Mann Whitney test at 10mm, 5mm and 1mm away from apex.

Groups
1
2
3
4

1
-

At 10 mm
2
3
0.001** 0.001**
0.002**
-

4
0.001**
0.001**
0.15
-

1
-

At 5 mm
2
3
4
0.06 0.04* 0.001**
0.34 0.009**
0.15
-

1
-

At 1 mm
2
3
4
0.65 0.18 0.001**
0.11 0.001**
0.001**
-

** indicates highly significant
* indicates significant
Figure 1.

Figure 2.

Figure 3.
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Figure 4.

Flowchart 1. Classification of Irrigation Devices.

endodontically treated using the crown down technique. To simulate the clinical condition, the apices of the teeth were sealed
using sticky wax. Later, they were divided into three sections as
coronal third (10mm from apex), middle third (5mm from apex)
and apical third (1mm from apex). The examiners were blinded
regarding the nature of study during the microscopic examination
to standardise the procedure and to avoid examination bias.
Results of the study have shown that all the four groups removed
the smear layer better in the coronal third when compared to middle third and apical third but there were differences in the amount
of smear layer removed when compared with the other groups.
Group 4 that was instrumented with NaviTip FX and treated with
17% EDTA showed superior results than the other four groups at
all the three levels. This provides insight into the better capabilities of the NaviTipFX in removing the smear layer. Solaiman et al
have conducted a scanning electron microscopic study on thirty
single rooted teeth using Navi Tip FX and 5% NaOCl against a
control group which did not have bristles on the irrigation device [8]. NaviTip FX showed superior results in terms of removal
of smear layer in the coronal third of the canals8. Similarly, several studies have been performed individually using NaviTip and
NaviTip FX and both the instruments have performed well and
were able to significantly remove the smear layer. In this present
study, Navi Tip FX has performed superiorly than Navi Tip that
is evident from the results i.e. table 2. The apical third of the root
showed canals walls with less smear layer than the other three
groups. Although 17% EDTA helps in lubricating the canal walls
and helps in easy smear layer removal that is evident from the
pairwise comparison between Group 3 and 4 at 10mm and 5mm
away from apex, its action could have been be nullified at the apical third of the root where the NaviTip FX performed well even
if 17% EDTA was not applied. This is evident from the pairwise
comparisons between Group 4 and other three groups at the api-

cal third (1mm away from the apex).
The superiority of NaviTip FX over NaviTip lies in the design
and the method in which the instrument is used. NaviTip FX has
an irregularly grit surface that helps in removal of smear layer and
prevents clogging of the apical third with dentinal debris. The
up and down motion combined with brush like strokes prevents
from creating any ledges that might lead to failure of the endodontic treatment. Ethylene Diamine Tetra Acetic Acid (EDTA) is
a chelating agent that forms disodium chelate salts with calcium.
This property helps in removal of smear layer and several studies
have proven its efficacy [9-11]. The probable reason for EDTA
not performing equivalent to the test group is because of the narrower canals that might have caused clogging in the apical third
of the root and this could be overcome using the Navi Tip FX.
According to our knowledge, very few studies have been conducted comparing the Navi Tip and Navi Tip FX and this study
could shed some light on the superiority of the Navi Tip FX. The
limitations of this study could be considered as the future prospective where multirooted, curved and longer canals should be
irrigated with this new device to test its effectiveness for regular
clinical use.

Conclusion
Within the limitations of present study, it can be concluded that
the Navi Tip could be replaced by Navi Tip FX for the purpose
of cleaning and removal of smear layer. EDTA, which is considered as one of the best irrigants for removal dentinal debris may
be ineffective in some narrower canals and could be adjuncted
with manual irrigation devices such as Navi Tip FX to improve
its action.
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Evaluation of Push-out Bond Strength of a Resin Sealer to
Dentin after a Final Flush of Three Irrigants
Shubha Choudhury1, Sunita Shivanand2, Anand C Patil3, Sneha A Patil4, Preeti K Doddwad5, Chetan Patil6

A b s t r ac t
Aim: To evaluate the push-out bond strength of resin-based sealer to root dentin after a final flush of three different irrigants.
Materials and methods: Thirty extracted human mandibular premolars were sectioned 4 mm below the cement–enamel junction and 60
horizontal disks of 2 mm from middle one-third of the root were prepared. The disks were immersed in 3% sodium hypochlorite for 1 minute,
and after drying the disks, they were finally flushed with the following irrigants: group I—Chitosan solution, group II—Morinda citrifolia juice
(MCJ), and group III—ethylenediaminetetraacetic acid (EDTA). The disks were filled with AH Plus sealer, and after 7 days, the disks were subjected
to push-out bond strength using a universal testing machine.
Results: EDTA had the highest push-out bond strength followed by MCJ and then chitosan.
Conclusion: Chitosan and MCJ can be used as alternative irrigants as a final flush during the cleaning and shaping of the root canals.
Clinical significance: EDTA, chitosan solution, and MCJ are efficient in smear layer removal which thereby increases better sealer penetration
and prevents the dislocation of obturating materials.
Keywords: Bond strength, Irrigants, Smear layer.
The Journal of Contemporary Dental Practice (2020): 10.5005/jp-journals-10024-2869

I n t r o d u c t i o n

1

Microflora within the pulp canal space can be reduced through
chemomechanical procedures. The canal preparation generates
an indeterminate smear layer on the dentin, which enhances
colonization of microorganisms and also hinders the effect of
irrigants and medicaments.1 It also impedes with the sealer bonding
and penetration, thus compromising the seal post obturation.2
Eliminating the smear layer is of utmost importance. Various
chemical irrigants are used during chemomechanical preparation
to disinfect the pulp space and to remove smear layer. It has been
studied that the interlocking of the sealer into the tubular dentin
after the elimination of smear layer enhances displacement of
obturating materials. 3 The increased bond strength of a sealer
from radicular dentin through micro-mechanical retention or
frictional resistance is beneficial to maintain the integrity of the
dentin–sealer interface.
Ethylenediaminetetraacetic acid (EDTA) is the most extensively
used chelator. It acts on the inorganic portion of root canal dentin.
It reacts with calcium ions of dentine resulting in calcium chelation,
further decalcifying the dentine at approximate depths of 20 to
30 micron within 5 minutes.4 However, various ill effects of EDTA
such as dentin erosion, which depends on the concentration and
duration of application and damages the periapical area, is a matter
of concern. Hence, the requirement of a biocompatible agent as a
chelator is the need of the hour.
Chitosan, a natural polysaccharide obtained from the
deacetylation of chitin which is found in crab and shrimp shells,
has many applications due to its benefits such as biocompatibility,
biodegradability, and bioadhesion. 5 It also shows a remarkable
chelating capacity for different metal ions because of its acidic
pH. The antifungal effect of a 2% chitosan gel containing 0.1%
chlorhexidine against Candida albicans has been demonstrated,
and its addition to calcium hydroxide paste as an intracanal

medication has been proved to promote prolonged calcium ion
release.6,7
Morinda citrifolia is a medicinal plant used for over 2,000 years
by Polynesians. Commercially called as Noni, the fruit contains
polysaccharides, scopoletin, vitamins, and minerals. It contains
antibacterial compound L-asperuloside with alizarin. It has many
therapeutic effects such as antimicrobial and anti-inflammatory
and is an immune enhancer.8
Previous studies have reported the efficacy of chitosan and
M. citrifolia juice (MCJ) for the elimination of the smear layer only.
There is a lack of literature on the elimination of smear layer and
push-bond strength of AH Plus sealer to dentin after a final rinse
of chitosan and MCJ.
Hence, this study aims to evaluate and compare the push-out
bond strength of AH Plus sealer to dentin after a final flush with
0.2% chitosan, 6% MCJ, and 17% EDTA.
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Push-out Bond Strength of Resin Sealer with Three Irrigants

M at e r ia l s

and

M e t h o d s

Push-out bond strength (MPa) = maximum load at which
dislodgement is seen in surface area.

Irrigant Preparation
Chitosan Solution Preparation9
•

S tat i s t i c a l A n a lys i s

To prepare 0.2% chitosan solution, 0.2 g of chitosan ( Panvo
Organics Limited, India) was diluted in 100 mL of 1% acetic acid,
and the solution was stirred with a magnetic stirrer continuously
for 2 hours.

Data obtained were analyzed statistically using one-way analysis of
variance test to compare the mean bond strength of all the three
groups. The intergroup comparison was done using the post hoc
test (SPSS Software, Version 13.0, Chicago, IL).

Morinda citrifolia Juice Preparation

R e s u lts

•

To prepare 6% MCJ solution, 6 mL of commercial 100% MCJ
(DIVINE NONI Nutraceuticals product) was diluted with 96 mL
of distilled water.
Thirty extracted human permanent mandibular premolars
were stored in 0.1% thymol solution. Teeth were then sectioned
transversally 4 mm below the cement–enamel junction to provide
sixty 2-mm-thick dentin disks from the middle one-third of the roots
that were then mounted in acrylic resin. The canal space of each disk
was prepared using a Gates Glidden drill no. 2 (Mani). Dentin disks
were immersed in 1 mL of 3% sodium hypochlorite for 1 minute
to simulate the irrigation during root canal preparation and then,
per the test irrigants, the disks were randomly divided into three
experimental groups (n = 20) as follows:
• Group I (n = 20): 1 mL of 0.2% chitosan solution for 1 minute,
• Group II (n = 20): 1 mL of 6% MCJ for 1 minute, and
• Group III (n = 20): 1 mL of 17% EDTA solution (CANALARGE;
AMMDENT) for 1 minute.

The result showed a statistically significant (p value < 0.001)
difference between all the three groups.
Comparison of mean push-out bond strength of three groups
are as follows: EDTA showed significantly highest push-out bond
strength than MCJ and chitosan solution (p value < 0.001). The
statistical ranking of push-out bond strength values is as follows:
EDTA with mean push-out bond strength of 17.07 MPa, MCJ with
15.08 MPa, and chitosan solution with 12.12 MPa (Fig. 2).
For the intergroup comparison post hoc analysis was done (p
value 0.000) (Table 1).
Group I—Chitosan solution was significantly different from
groups II and III.
Group II—M. citrifolia juice was significantly different from
groups I and III.
Group III—EDTA was significantly different from groups I and II.

After dentin treatment, standardized pulp spaces were dried
with paper points and filled with AH Plus sealer. Specimens were
incubated at 37°C in a humidifier for 7 days.

EDTA is the most frequently used chelating agent. In the present
study, 17% EDTA effectively removed the smear layer that allowed
the penetration of the sealer into the open dentinal tubules, hence
creating an efficient microretention. Various studies have been done
on smear layer removal efficacy with different chelating agents and
irrigants. The results of this study with respect to EDTA are similar to
the study done by Verma et al.10 Madhusudhana et al. reported that
there was no statistically significant difference between Chitosan
and EDTA in the elimination of the smear layer.9 A study proved
that 0.2% Chitosan, 15% EDTA, and 10% citric had similar smear
layer removal patterns.4
A study reported that 1 mL of 17% EDTA when used for 1 minute
eliminates smear layer effectively. Application of EDTA for more

Push-out Test
The sealer was loaded with a 2-mm-diameter cylindrical stainlesssteel plunger. Loading was performed on a universal testing
machine(TUE-C-400; Fine Spavy Associates & Engineers Pvt. Ltd)
at a speed of 1.2 mm/minute until debonding occurred (Fig. 1).
The bond strength value in megapascals (MPa) was computed
by dividing the maximum load needed to dislodge the sealer by
the interfacial area.

Fig. 1: Loading of the sealer with a 2-mm-diameter cylindrical stainlesssteel plunger. Loading was performed on a universal testing machine

D i s c u s s i o n

Fig. 2: Mean push-out strength values of EDTA, MCJ, and chitosan
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Table 1: Intergroup comparison of EDTA, MCJ, and chitosan (post hoc analysis)
Multiple comparisons
Dependent variable: mean
Bonferroni
95% confidence interval
(I) Group
MCH
Chitosan
EDTA

(J) Group
Chitosan
EDTA
MCH
EDTA
MCH
Chitosan

Mean difference (I–J)
2.9643333*
−1.9866667*
−2.9643333*
−4.9510000*
1.9866667*
4.9510000*

Std. error
0.4798976
0.4798976
0.4798976
0.4798976
0.4798976
0.4798976

p value
0.000
0.000
0.000
0.000
0.000
0.000

Lower bound
1.792831
−3.158169
−4.135835
−6.122502
0.815165
3.779498

Upper bound
4.135835
−0.815165
−1.792831
−3.779498
3.158169
6.122502

*The mean difference is significant at the 0.05 level

than 1 minute or the quantity greater than 1 mL led to the erosion
of the root dentin. So, in the current study, 1 mL of 17% EDTA was
used for 1 minute.11 To avoid the bias among all the experimental
groups, 1 mL of the final irrigant was used for 1 minute was used.9
Earlier studies have proven 6% MCJ and 0.2% of chitosan
have similar chelating action as 17% EDTA. Hence, these specific
concentrations were considered in this study.9 Sayin et al. reported
that when EDTA was used alone or combination with sodium
hypochlorite, it significantly decreased the microhardness of root
dentin.12 Use of EDTA for 1 minute effectively removes dentinal
debris, but when applied for 10 minutes erodes the root dentin.
The erosion is because of an extensive opening and broadening
of the dentinal tubule. Hence, the application of EDTA longer than
1 minute is not advised.13 Thus, to overcome the ill effects of EDTA,
more biocompatible irrigants need to be studied.
Morinda citrifolia has been studied in endodontics as an irrigant
and intracanal medicament. A study by Madhusudan et al. proved
that MCJ group performed better than the chitosan solution group
in eliminating the smear layer. M. citrifolia juice acquires antibacterial
properties and also contains organic acids such as caproic, caprylic,
and ursolic acids. The chelating property of MCJ could be due to
the presence of these organic acids.9 Studies have reported 6%
MCJ as an effective chelator without any adverse influence on
microhardness property of root dentin compared to EDTA.14 In this
study, MCJ was as effective as EDTA to eliminate the smear layer
and has a better push-out bond strength.
Chitosan has an effect on the inorganic portion of the smear
layer for its elimination from the root dentin. Chitosan is hydrophilic
in nature, which helps it to get adsorbed into the root dentin.
Chitosan possess a great number of free hydroxyl and amino groups
that make it cationic in nature.15 This in return is responsible for the
ionic interaction between the dentin calcium ions and the chelator.
In an acidic medium, the amino groups present in the polymer are
protonated which results in the attraction of other molecules for
adsorption to root dentin, which then penetrates deeper in the
dentinal tubules.16,17 Atomic absorption spectrophotometry with
flame analysis was done using of 0.2% chitosan solution which
showed no significant difference compared to 15% EDTA. If both
solutions have a similar chelating effect, then the less concentrated
solution should be preferred for use.4 In the present study, chitosan
was as effective as EDTA and MCJ in elimination of the smear layer,
but there was a statistical difference in push-out bond strength.
The ability of the sealer to penetrate into the tubular dentin and
thereby adapting the obturating material to the canal walls is much
984

more improved after the removal of the smear layer. AH Plus is an
epoxy resin-based root canal sealer. It provides good mechanical
properties, high radio opacity, adequate biocompatible properties,
mild polymerization shrinkage, low solubility, and microretention
to root dentin.10
Results of this study showed that EDTA had the highest pushout bond strength when compared to MCJ and chitosan solution.
Future studies should be carried out using different concentrations
of irrigants at different time intervals and their effect in vivo.

C o n c lu s i o n
Within the limits of the study, it can be concluded that chitosan
solution and M. citrifolia can be used as herbal alternative irrigants
as final flush during the cleaning and shaping of the root canals. It
is seen that they are effective, less toxic, and more biocompatible
than the traditionally used irrigants.

References
1. Violich DR, Chandler NP. The smear layer in endodontics- a
review. Int Endod J 2010;43(1):2–15. DOI: 10.1111/j.1365-2591.2009.
01627.x.
2. Pimenta JA, Zaparolli D, Pecora JD, et al. Chitosan: effect of a new
chelating agent on the microhardness of root dentin. Braz Dent J
2012;23(3):212–217. DOI: 10.1590/s0103-64402012000300005.
3. Shokouhinejad N, Hoseini A, Gorjestani H, et al. The effect of different
irrigation protocols for smear layer removal on bond strength of a
new bioceramic sealer. Iranian Endod J 2013;8(1):10–13.
4. Silva PV, Guedes DF, Nakadi FV, et al. Chitosan: a new solution for
removal of smear layer after root canal instrumentation. Int Endod J
2013;46(4):332–338. DOI: 10.1111/j.1365-2591.2012.02119.x.
5. Akncbay H, Senel S, Ay ZY. Application of chitosan gel in the treatment
of chronic periodontitis. J Biomed Mater Res Part B, Appl Biomater
2007;80(2):290–296. DOI: 10.1002/jbm.b.30596.
6. Senel S, Ikinci G, Kas S, et al. Chitosan films and hydrogels of
chlorehexidinegluconate for oral mucosal delivery. Int J Pharma
2000;193(2):197–203. DOI: 10.1016/s0378-5173(99)00334-8.
7. Ballal NV, Shavi GV, Kumar R, et al. In vitro sustained release of
calcium ions and pH maintenance from different vehicles containing
calcium hydroxide. J Endod 2010;36(5):862–866. DOI: 10.1016/j.
joen.2009.12.021.
8. Murray PE, Farber RM, Namerow KN, et al. Evaluation of Morinda
citrifolia as an endodontic irrigant. J Endod 2008;34(1):66–70. DOI:
10.1016/j.joen.2007.09.016.
9. Madhusudhana K, Satyavathi E, Lavanya A, et al. Comparison of the
effect of chitosan and Morinda citrifolia on smear layer removal: an
in vitro study. Sch J DentSci 2015;2(2A):132–136.

The Journal of Contemporary Dental Practice, Volume 21 Issue 9 (September 2020)

Push-out Bond Strength of Resin Sealer with Three Irrigants
10. Verma D, Taneja S, Kumari M. Efficacy of different irrigation regimes on
the push-out bond strength of various resin-based sealers at different
root levels: an in vitro study. J Conserv Dent 2018;21(2):125–129. DOI:
10.4103/JCD.JCD_337_16.
11. Crumpton BJ, Godell GG, McClanahan SB. Effects on smear layer
and debris removal with varying volumes of 17% REDTA after
rotary instrumentation. J Endod 31(7):536–538. DOI: 10.1097/01.
don.0000148871.72896.1d.
12. Sayin TC, Serper A, Cehreli ZC, et al. The effect of EDTA, EGTA, EDTAC
and tetracycline-Hcl with and without subsequent NaOCl treatment
on the microhardness of root canal dentin. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2007;104(3):418–424. DOI: 10.1016/j.
tripleo.2007.03.021.
13. Fernández ML, Pérez GG, Villagómez, II MO, et al. Lara in vitro study
of erosion caused by EDTA on root canal dentin. 2012;16(1):8–13.

14. Saghiri MA, Garcia-Godoy F, Asgar K, et al. The effect of Morinda
citrifolia juice as an endodontic irrigant on smear layer and
microhardness of root canal dentin. Oral Science Int 2013;10(2):53–57.
DOI: 10.1016/S1348-8643(12)00073-0.
15. Zhang J, Xia W, Liu P, Cheng Q, et al. Chitosan modification and
pharmaceutical/biomedical applications. Mar Drugs 2010;8(7):
1962–1987. DOI: 10.3390/md8071962.
16. Shrestha A, Kishen A. The effect of tissue inhibitors on the
antibacterial activity of chitosan nanoparticles and photodynamic
therapy. J Endod 2012;38(9):1275–1278. DOI: 10.1016/j.joen.2012.
05.006.
17. Rhazi M, Desbrières J, Tolaimate A, et al. Influence of the nature of
the metal ions on the complexation with chitosan. application to the
treatment of liquid waste. Eur Polym J 2002;38(8):1523–1530. DOI:
10.1016/S0014-3057(02)00026-5.

The Journal of Contemporary Dental Practice, Volume 21 Issue 9 (September 2020)

985

[Downloaded free from http://www.contempclindent.org on Tuesday, July 14, 2020, IP: 137.97.230.129]

Case Report

Prosthetic Rehabilitation of a Maxillary Defect Caused by Ameloblastoma
of Rare Occurrence: A Clinical Case Report
Abstract

According to WHO statistics, individuals of the Indian subcontinent have the highest prevalence
of orofacial cancer. Surgery, radiation, chemotherapy, or combination therapies are commonly
administered treatment modalities for the treatment of oral cancer. Rehabilitation after surgical
resection of the maxillary area is often a challenging task for maxillofacial prosthodontists. The size
and location of the defect usually influence the amount of impairment and difficulty in prosthetic
rehabilitation. Communication between nasal and oral cavities causes difficulty in swallowing and
speech and gives unesthetic appearance. Obturator prosthesis is commonly used as an effective means
for rehabilitating hemimaxillectomy cases. This article presents a case of acquired maxillary defect
due to ameloblastoma with unfavorable undercuts, which was successfully treated by an immediate
obturator following surgical resection and followed by a one‑piece closed hollow bulb obturator, by
utilizing the remaining palate and dentition to maximize the support, stability, and retention, which
acts as a barrier to the communication between the oral and nasal cavities.
Keywords: Acquired maxillary defect, immediate obturator, one‑piece closed hollow bulb, orofacial
cancer, plexiform ameloblastoma

Introduction
Malignant neoplasms of the upper gingiva
and hard palate nearly account for
1%–5% of their total occurrence in the
oral cavity.[1] Ameloblastoma is a benign,
locally aggressive tumor arising from
the odontogenic epithelium. The lesion
accounts for 1% of all tumors of the
head‑and‑neck region and approximately
11% of all odontogenic tumors. The
most common location of ameloblastoma
is the posterior region of the mandible,
with a mandibular‑to‑maxillary ratio of
5:1. Ameloblastoma of the maxilla is
comparatively rare, and the molar area is
the most commonly affected site compared
to the premolar and anterior regions.
Surgical resection is the most common
modality of treatment for this kind of
neoplasms.[2] The postsurgical effect usually
has serious consequences as it disturbs
both the form and function of the normal
stomatognathic system.[1] Management of
maxillary defects warrants all the facets of
patient care from diagnosis and treatment to
rehabilitation. Maxillofacial rehabilitation
should not only involve the design and
This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non‑commercially,
as long as appropriate credit is given and the new creations are
licensed under the identical terms.
For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com
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fabrication of the prosthesis, if possible,
but also provide fail‑safe mechanisms to
ensure that the prosthesis is given a fair
chance by the patient.[3] An obturator is
a prosthesis used to close a congenital or
acquired tissue opening, primarily of hard
palate and/or contiguous alveolar/soft‑tissue
structures (Glossary of Prosthodontic Terms,
Edition 8).[4] The principal function of an
oral obturator is closure of palatal defects
for the establishment of oronasal integrity.
Fabrication of an obturator requires
biologically inert, technically simple, and
durable materials.[5] The primary objectives
in rehabilitating a maxillectomy patient
are to restore the function of mastication,
deglutition, and speech and to achieve
normal orofacial appearance. The most
common prosthodontic treatment problems
with maxillectomy patients are lack of
retention, stability, and support. The size of
the defect, the number of remaining teeth,
the amount of the remaining bony structure,
and patient ability to adapt to the prosthesis
are few factors which affect the prognosis
of the treatment. Prosthetic rehabilitation is
planned depending on the type of surgical
defect and the relationship of the defect
area to the remaining abutment teeth. This
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type of prosthesis helps in separating the oral and nasal
cavities to allow for adequate deglutition, speech, possible
support of the soft tissue to restore the mid‑facial contours,
and acceptable esthetic results.[6]

Case Report
History
A 40‑year‑old male patient, a teacher by occupation,
who reported with an ulcerative growth on right maxilla
[Figure 1] underwent a computed tomography (CT) scan.
The CT scan revealed an expansile soft‑tissue lesion
arising in the right maxilla, causing thinning and erosion
of the cortex with extension into the soft‑tissue plane.
The lesion showed minimal heterogeneous enhancement.
Medially, the mass was extending into the osteomeatal
complex and the right nasal cavity, causing deviation of
the nasal septum toward the left. The mass was causing
erosion of the hard palate and the medial wall of the
maxillary sinus. The fat plane between the mass and the
inferior turbinate was also lost. The fat plane between the
mass and the surrounding muscles was maintained. The
case was diagnosed as plexiform ameloblastoma after
histopathological investigation.
Treatment plan
Surgical resection of the lesion was planned followed by
restoration of the defect with a surgical obturator.
Fabrication of immediate surgical obturator
Presurgical alginate impression of both arches was made.
Diagnostic casts were prepared, and the area to be resected
was marked on a duplicated cast from 11 to 17 and
scraped [Figure 2]. As root stumps were present with 24
and 25, the retentive components such as circumferential
clasps and Adams clasps were prepared on 22, 23, 26, and
27. Wax‑up of the cast was done [Figure 2]. A clear acrylic
surgical obturator was fabricated.

Surgical procedure was carried out, and 24 and 25 root
stumps were also extracted along with the lesion. An
immediate obturator was inserted after carrying out the
necessary adjustments [Figure 3], and instructions were
given to the patient. A follow‑up at regular interval was
done, and as the patient was anxious about the wound site,
oral hygiene maintenance was not up to the satisfaction,
hence oral prophylaxis procedure was carried out and he
was given proper oral hygiene instructions. Relining of
the obturator was done with soft liners [Figure 3], and
necessary modifications were done at each regular interval.
Satisfactory healing of the soft tissues took place. After
6 months, a definitive prosthesis was planned.
Definitive prosthesis
A definitive prosthesis was planned with a cast metal
framework as the defect resembled more near to Class 1
linear type of design according to the Aramany’s
classification .[7] As per the linear design, RPI (R=Rest,
P=Proximal Plate, I=I bar clasp) concept applied on 23
region. The retentive arms and bracing arms are placed
on the palatal and buccal surfaces of the 26 and 27
respectively. The occlusal rest on the distal of 26, mesial of
27 was planned.[8,9] A primary impression with alginate was
made and cast was poured. A custom tray was fabricated
on this cast for medium body impression.
Mouth preparation was carried out as per the framework
design, guide plane on the distal of 23, rests on 26 and 27,
and cingulum rest on 23.
As the defect was multilocular, sectional impression
technique was followed to record the defect with putty
addition silicone [Figure 4]. Once the defect was recorded,
medium body impression was made with the custom tray.
The superficial section of the defect part had come along
with the medium body impression, and rest of the sections
were oriented outside [Figure 4]. Master cast was obtained
using this impression [Figure 5], and blocking out of the
unfavorable undercuts was carried out.
This blocked out master cast was used to obtain a
refractory cast on which wax pattern was prepared using
the pattern wax [Figure 5]. The usual burn‑out procedure
and casting of the framework was done. This finished
metal framework was made to fit the cast [Figure 5], which
was tried intraorally, and then jaw relation was recorded
[Figure 6]. Teeth arrangement followed by try‑in was
done [Figure 6], and the trial denture was invested. After

Figure 1: Presurgical intraoral picture

Figure 2: Diagnostic casts, scrapped teeth on the cast, and wax-up for
immediate obturator
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dewaxing and before packing, the unfavorable undercuts
were blocked out with the plaster of Paris. Closed bulb
obturator was planned as per the Habib technique. The lid
portion was packed first with heat‑cured acrylic resin, a
piece of tinfoil was placed over this portion [Figure 7], and
the rest of the defect was packed and processed.
The processed obturator was retrieved and the lid was
separated along the tin foil. The bulb was hollowed out
from within an acrylic trimming bur [Figure 7], and the lid
was sealed with self‑cured acrylic resin. The finished final
prosthesis was delivered to the patient with appropriate
instructions [Figure 8].
Follow‑up
Acquired palatal defects may cause major difficulties
with speech, swallowing, and mastication. In turn, these
functional problems may affect the quality of life of
patients. The patient reported improvements in prosthesis
retention and stability after definitive prosthesis compared
to the performance of the immediate obturator, and his
masticatory and speech functions, and esthetics particularly
the midface, improved. During the follow‑up, soft debris
was observed; as the patient was too anxious on the
maintenance of oral hygiene, he was instructed for proper
oral hygiene maintenance and the use of denture cleanser
to avoid stains on the prosthesis.

Discussion
Most patients with maxillofacial prosthesis have had an

Figure 3: Postsurgical intraoral view with immediate obturator in place and
relined with soft liners

Figure 5: Master cast, wax pattern on the refractory cast, and metal
framework on the cast

Figure 7: Packing lid portion with a tin foil, lid separated after deflasking,
and hollowing out of the bulb
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extensive amount of surgical and dental treatment. The
prosthetic rehabilitation of the postmaxillectomy patients
generally requires an immediate postsurgical prosthesis,
an interim prosthesis, and a definitive prosthesis. This
is a protracted process for the patient.[3] Engagement of
soft‑tissue undercuts, including the scar band at the skin
graft–mucosal junction, also plays a significant role.[10]
This clinical report illustrates an Aramany’s Class 1
defect,[7] which was rehabilitated by a closed hollow bulb
obturator. The main objective was to decrease the weight
and minimize the rotation of the prosthesis.[5]
The weight of an obturator can be significantly reduced by
hollowing out the bulb. Using this technique, the thickness
of obturator walls and palate is reduced to <1 mm,
resulting in a significant decrease in weight. The vertical
and horizontal extension of the lateral walls of the
obturator can be maximized without additional increase in
weight. The degree of obturator movement is minimized
by improving obturator–tissue contact superolaterally.
Abutment teeth and soft‑tissue undercuts will be subject
to less stress to meet the primary goal of prosthodontic
rehabilitation, “Preservation of the remaining structure.”
In dentate patients, primary retention, support, and
stability of an obturator depend on the number and
distribution of the remaining teeth. These remaining teeth
serve as abutments for the obturator and are subjected
to constant, nonaxial, cantilever forces.[10] One of the
most important factors from retention and stability point
of view is the hollow bulb design consideration of the

Figure 4: Intraoral view after complete healing and medium body sectional
impression

Figure 6: Metal framework try-in, jaw relation, and denture try-in

Figure 8: Final finished prosthesis and denture in place
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prosthesis. It contributes to lightness of the obturator,
which further improves the cantilever mechanics of
suspension, avoids overburdening of the adjacent soft
tissue, and adds resonance to speech.[1]
The pattern of forces affecting the obturator prosthesis
are complex because of their concurrent occurrence and
their nature of mostly destabilizing the prosthesis. These
destabilizing forces need to be controlled by effectively and
strategically positioning the indirect retainers. In the Class 1
situation, the functional fulcrum line lies along the bony
contours, next to the resected area, and to provide maximum
retention, the indirect retainer should lie in the premolar
region.[6] If the anterior teeth are not included in the design,
a linear design is recommended. Miller states that a unilateral
design requires bilateral retention and stabilization on the
same abutment teeth. A diagonally opposed retention and
stabilization system can be utilized. Support is located in a
linear fashion, and retention is located on the buccal surfaces
of the premolars and the palatal surfaces of the molars.
Stabilizing components are placed on the palatal surfaces
of the premolars and buccal surfaces of the molars.[8] In the
present case, premolars were missing, so the cuspid was used.
Patient benefits from the reduced weight of the obturator
which offset the costs and also additionally by eliminating
the laboratory charges for two- stage processing.[10]
Employing a lower temperature and a longer processing
cycle than that used to process the record base minimizes
the dimensional change of the record base.

Conclusion
Patients with such a defect suffer from a lot of psychological
trauma due to impaired functions and esthetics. Hence, we
as dentists should try to restore the lost form and function
of the oral and peri‑oral structures that will help the patient
to live a normal life. The one‑piece hollow obturator
provides better color matching and restores the lost hard
and soft tissues along with speech, esthetics, mastication,
and the confidence of the patient.
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Original Article

Āyurvedic Management of Arśas with Apāmārga Kṣāra Taila: A
Randomized Controlled Clinical Study
Abstract

Backround: Haemorrhoids are the most common problems of the anal canal due to hereditary,
anatomical deformities, exciting causes, diet etc. In Ayurveda, disease arśas which is explained by
all the classics can be correlated to haemorrhoids. In modern surgery, different surgical methods are
advocated to overcome the haemorrhoids. However, modern management has its own limitations
and in that it causes various side effects, recurrence, severe pain etc., Ācārya Suśruta advocates
different treatment modalities such as auṣadha (medical), śastra (surgical), kṣāra (alkali cauterization)
and agni karma (heat cauterization) in the management of arśas.  Aims and Objectives: Considering
this, the present study has been undertaken to evaluate the comparative efficacy of Apāmārga
Kṣāra Sūtra and Apāmārga Kṣāra Taila in the management of arśas. Materials and Methods: A
total of 60 patients enrolled for the study, out of which 30 patients were randomly assigned into
first group (control group) and were subjected to Apāmārga Kṣāra Sūtra (AKS). 30 patients were
randomly assigned into the second group. In second group, i. e trial group, to obtain efficacious
and safe results an innovative method was planned by using Apāmārga Kṣāra Taila basti (AKT).
AKT involved administration of oil through anal route. Results: After intervention, it was observed
that both AKS and AKT group are found to be equally effective to treat the arśas with reduction in
clinical parameters such as bleeding per rectum, pain in ano, protrusion of mass and in constipation.
In both the groups, results obtained with the above parameters showed statistically highly significant
result with P value < 0.001. Conclusion: Hence, Apāmārga Kṣāra Sūtra and Apāmārga Kṣāra Taila
are found to be affective in the management of arśas.
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Introduction
In Ayurveda, ācāryas have explained
arśas as one of the mahāgada[1] (major
disease). Arśas is described as the
disease which tortures the person like
an enemy.[2] Ācārya Suśruta states that
improper diet and regimen leads to vitiation
of doṣas. Vitiated doṣa sometimes gets
localized in guda vali (anal sphincter),
pradhāna dhamani and māṃsadhara
kalā. Localized doṣa causes tvak (skin),
māṃsa (muscle), medas (adipose tissue) and
raktaja (blood) duṣṭi. This in turn causes
māṃsāṅkuras (muscular buds) in guda vali.
Irritation to guda (anus) by kāṣṭha (stick),
upalā (cow dung), vastra (clothes) &
śītodaka sparśa (cold exposure) leads to
further aggravation of arśas.[3]
Arśas can be correlated to Haemorrhoids in
western system of medicine. Haemorrhoids
are one of the most common problems
This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non‑commercially,
as long as appropriate credit is given and the new creations are
licensed under the identical terms.
For reprints contact: reprints@medknow.com

of the anal canal due to hereditary,
anatomical deformities, exciting causes,
diet etc.[4] National Centre for Health
Statistics, found that 10 million people
in the United States complained of
Haemorrhoids with a prevalence rate of
4.4%.[5] Data from IPGT & RA, GAU
hospital shows that, per month an average
of 600 patients visit Śalya Tantra OPD,
among them 500 patients have Ano‑rectal
disorders and 17% patients get diagnosed
for haemorrhoids. Sclerotherapy, Rubber
Band ligation, Infrared photocoagulation,
Laser
therapy,
Lord’s
dilatation,
Cryosurgery, Haemorrhoidectomy, Trasand
haemorrhoidal deartery ligation and
Stapled haemorrhoidectomy are in present
practice in western medicine.[6] All these
procedures have complications, recurrence
etc., Suśruta advocates different treatment
modalities such as auṣadha (medical),
śastra (surgical), kṣāra (alkali cauterization)
and agni karma (heat cauterization) in
the management of arśas.[7] Kṣāra cikitsā
in arśas is found to be effective in its
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management as it does not cause any complication and
is also helpful in preventing recurrence. The repeated
advocacy of Kṣāra Karma in Arśas inspired the present
work. This study has undertaken to see the, efficacy of
Apāmārga Kṣāra Sūtra and Apāmārga Kṣāra Taila in the
management of Arśas. Apāmārga Kṣāra Sūtra ligation is an
operative procedure. This should be done under anaesthesia
requiring the patient to stay in hospital for a few days. To
avoid surgery, the other form of Apāmārga Kṣāra in Taila
form was selected as a non‑surgical modality of treatment.

Assessment criteria

Further there is no reference available in any of the texts
regarding the different application form of Apāmārga Kṣāra
to be used in the treatment of specific varieties of arśas.
Moreover, the innovative modes of preparations are to be
applied to evaluate their efficacy in the light of scientific
aspects. Considering the efficacy of local application, its
advantage in uniform drug delivery, ease in performance
and avoidance surgery, Apāmārga Kṣāra Taila has been
administered in a trial group.

Assessment tools
Bleeding per rectum
No bleeding
Blood streaking with stool
Bleeding with drops
Bleeding by syringing
Profuse bleeding
Pain in ano
No pain
Tolerable pain without analgesia
Tolerable pain with oral analgesics
Tolerable pain with injectable analgesics
Size of pile masss
No bleeding, no prolapse
First degree haemorrhoids: bleed but not prolapsed
Second degree haemorrhoids: prolapse but reduce
spontaneously
Third degree haemorrhoids: prolapse but can be
reduced manually
Fourth degree haemorrhoids: permanently prolapsed
outside the anus and cannot be reduced
Constipation
Satisfactory defaecation
Nonsatisfactory defaecation

Materials and Methods
Materials
Selection of patients
Registered patients visiting the OPD and IPD of the Śalya
Tantra Department, I.P.G.T. and R.A. Hospital Jamnagar
were selected for the study.
Trial drugs
•
•

Apāmārga Kṣāra Sūtra was prepared in the Śalya Tantra
Department, Gujarat Ayurved University, Jamnagar,
under aseptic measures Table 1.
Apāmārga Kṣāra Taila was prepared in the pharmacy of
Rasa Śastra and Bhaiṣajya Kalpanā Department, Gujarat
Ayurved University, Jamnagar.

Methods
Inclusion criteria
•

Patients with either sex of age group between 16 to
70 years were included.

Exclusion criteria
•

Patients of haemorrhoids with fistula in ano, ano‑rectal
carcinoma, HIV, VDRL and hepatitis B positive were
excluded.

Subjective criteria
•
•
•
•

Bleeding per rectum
Pain in ano
Pile mass
Constipation.

Gradation index of symptoms of arshas shown in Tables 2-3.
Table 1: Gradation index of arśas

Grading
B0
B1
B2
B3
B4
P0
P1
P2
P3
PM0
PM1
PM2
PM3
PM4
D1
D2

Table 2: Gradation index of protrusion of pile mass

Assessment tools
Size of pile mass
No bleeding, no prolapse
First degree haemorrhoids: Bleed but do not prolapsed
Second degree haemorrhoids: Prolapse but reduce
spontaneously
Third degree haemorrhoids: Prolapse but can be
reduced manually
Fourth degree haemorrhoids: Permanently prolapsed
outside the anus and cannot be reduced

Grading
PM0
PM1
PM2
PM3
PM4

Diagnostic criteria
•

Diagnosis of Arśas was done based on the signs and
symptoms and clinical examination.
They are,
• Bleeding per rectum
• Pile mass
• Constipation
• Per digital examination
• Proctoscopic examination.
154

Table 3: Ingredients of Apāmārga Kṣāra Sūtra

Drugs used
Apāmārga
(Kṣāra)
Snuhi
(Kṣīra)
Haridrā
(Cūrṇa)

Botanical name
Achyranthes aspera Linn.
(Amaranthaceae)
Euphorbia neriifolia Linn.
(Euphorbiaceae)
Curcuma longa Linn.
(Zingiberaceae)

Quantity required
1 part
Quantity Sufficient
1 part
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Table 4: Effect of therapy on chief complaints in group Apāmārga Kṣāra Sūtra

Chief complaints
Number of patients
BT
AT
Percentage of relief
Bleeding per
22
2.045
0.00
100
rectum
Pain in ano
28
2.357
0.00
100
Protrusion of mass
30
2.566
0.00
100
Constipation
26
1
0.00
100
SD: Standard deviation, SE: Standard error, BT: Before treatment, AT: After treatment

Chief complaints

SE
0.079

T
25.57

P
<0.001

0.621
0.935

0.117
0.170

20.06
15.03

<0.001
<0.001

Table 5: Effect of therapy on chief complaints in group Apāmārga Kṣāra Taila basti

Mean
Percentage of relief
BT
AT
Bleeding per rectum
18
1.888
0.066
99.65
Pain in ano
25
1.600
0.066
95.00
Protrusion of mass
30
1.766
0.300
85.88
Defaecation
22
1
0.00
100
SD: Standard deviation, SE: Standard error, BT: Before treatment, AT: After treatment

Number of patients

Table 6: Effect of therapy on bleeding per rectum

Groups
SI
NSI
Row total
χ
P
AKS
21
01
22
0.54
>0.05
AKT
15
03
18
Column total
36
04
40
AKS: Apāmārga Kṣāra Sūtra, AKT: Apāmārga Kṣāra Taila basti, SI:
Significantly improved , NSI: Not significantly improved
2

Table 7: Effect of therapy on pain in ano

Groups
SI
NSI
Row total
χ2
P
AKS
26
02
28
10.97 <0.001
AKT
12
13
25
Column total
38
15
53
AKS: Apāmārga Kṣāra Sūtra, AKT: Apāmārga Kṣāra Taila basti, SI:
Significantly improved , NSI: Not significantly improved

Table 8: Effect of therapy on protrusion of mass

Groups
SI
NSI
Row total
χ2
P
AKS
26
04
30
7.70
<0.01
AKT
15
15
30
Column total
41
19
60
AKS: Apāmārga Kṣāra Sūtra, AKT: Apāmārga Kṣāra Taila basti, SI:
Significantly improved , NSI: Not significantly improved

Physical assessment
Consists of per digital and proctoscopic examination.
The degree of pile mass was assessed on the basis of
protrusion of mass.
Investigations
•
•
•
•
•
•

SD
0.375

Hb%
TC
DC
ESR
FBS
Serum cholesterol.
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SD

SE

T

P

0.332
0.585
0.508
‑

0.080
0.117
0.094
‑

23.360
12.970
16.060
‑

<0.001
<0.001
<0.001
‑

These investigations are carried out to assess the
general condition of the patient and to exclude the other
pathological conditions that may interfere with the course
of intervention.
Study design
Patients diagnosed to have arśas were selected from the
OPD, IPD of Shalya Tantra department, I.P.G.T and R.
A Hospital, Jamnagar.
It was a controlled clinical study for a duration of 7 days,
where random sampling method was employed. The study
was carried out as per ethical guidelines with ethical
clearance number PGT/7/Ethics/2009‑2010/3494.
The CTRI number is ‑ REF/2011/10/002832.
Intervention
•

Total 61 numbers of patients were registered, out of
which 60 patients completed the course of treatment.
They were randomly divided into two groups.
1. Group AKS: Apāmārga Kṣāra Sūtra was used[8]
2. Group AKT: Apāmārga Kṣāra Taila was used.[9]
Preparation of Apāmārga Kṣāra Sūtra
For the preparation of Apāmārga Kṣāra Sūtra, Barbour
Linen Thread No. 20 was used. The surgical Barbour linen
thread no. 20 was autoclaved and mounted on hangers.
A piece of folded gauze was taken, dipped in the fresh
Snuhi Kṣīra and the thread was smeared with the Snuhi
Kṣīra. After first coat was dried the second smearing was
done. The thread was smeared 11 times in this manner. The
threads were placed in the Kṣāra Sūtra cabinet for drying
after each smearing. The temperature inside the chamber
was increased till 400C by passing hot dry air with the help
of a blower to facilitate drying of the threads.
After completing the first 11 smearing of Snuhi Kṣīra,
coating of the thread by Apāmārga Kṣāra with Snuhi Kṣīra
155
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Table 9: Overall effect of therapy (percentage wise relief)

Total effect

Postoperative

Number of patients (%)
Group AKS
Group AKT
No cure
0
1 (3.33)
Mild improvement
0
0
Moderate improvement
0
2 (6.67)
Marked improvement
30 (100)
27 (90)
Complete cure
0
0
AKS: Apāmārga Kṣāra Sūtra, AKT: Apāmārga Kṣāra Taila basti

1. Dressing done with 10 ml Jātyādi Taila mātrā basti
daily in the morning
2. Warm water sitz bath by Sphaṭikādi Yoga thrice daily
3. Laxative – Pañcasakāra Cūrṇa – 5gm at bed time with
luke warm water
4. For relieving pain – Vātagajāṅkuśa Vaṭi 250mg – BD or
Injectable analgesic – SOS.

was done. The thread was smeared with fresh Snuhi Kṣīra
in the way described above. Apāmārga Kṣāra was coated
on it immediately (i.e. when the thread was still wet) so
that it sticks to the thread well. This was done by sliding
the wet thread over the heap of Apāmārga Kṣāra in such a
way that the thread passes through the heap of Apāmārga
Kṣāra and the Apāmārga Kṣāra sticks on the wet thread.
The thread was coated seven times in this way, only when
the previous coating got completely dried.

*
*
*
*
*

The last 3 coatings were given with Snuhi Kṣīra and
Haridrā. This was done in the same way as the previous
coating substituting Haridrā powder in the place of Kṣāra.
While applying every coating, care was taken to see that
the drug spreads evenly along the length of the thread and
does not become thick at spots and thereby bring about
knotted appearance. The thread was smooth and evenly
coated, having the same thickness throughout the length.
Precaution was taken to carry out the procedure in a dry
atmosphere. After finishing the coating on the threads (total
21 times), the sūtras were dried well in the Kṣāra Sūtra
cabinet and were cut into assorted sizes of 10‑12 inches
and then packed in polythene bags.
Preparation method of Apāmārga Kṣāra taila
The alkali obtained from the Apāmārga, Sarja, Yava,
five salts (sea‑salt, rock‑salt, black‑salt, sambhar‑salt and
sedimented‑salt), Hiṅgu, Śigru, dry ginger, Devadāru, Vacā,
Kuṣṭha, Śatapuṣpā, Dāruharidrā, Pippalī‑mūla, Mustā
(1 part each) were made into paste, mixed with Tila Taila,
Kadalīkanda Svarasa, Nimbu Svarasa and Madhuśukta
(64 parts each) boiled to oil consistency and used for the
intervention.
Drug schedule
Group – Apāmārga Kṣāra Sūtra
a. Spinal anaesthesia
b. In lithotomy position
c. The base of Pile mass was transfixed and ligated with
Apāmārga Kṣāra Sūtra.
Group – Apāmārga Kṣāra Taila basti
d. In lithotomy position
e. 10ml of Apāmārga Kṣāra Taila Basti was given every
morning for 7 – days.
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Criteria for the assessment of overall effect of therapy
Complete cure
:
Marked improvement :
Moderate improvement :
Mild improvement
:
No cure
:

100%
>75
>50
>25
00

–
–
–
–

99%
75%
50%
25%.

Results
In the AKS group (containing 30 patients), before
intervention 22 patients had history bleeding per rectum,
28 patients had pain in ano, 30 patients had protruded mass,
26 patients had constipation. After intervention, results
obtained with the above parameters (bleeding per rectum,
pain in ano, protrusion of mass) showed statistically highly
significant result with P value < 0.001. Constipation
showed complete relief (100%) after intervention.
In group AKT (containing 30 patients), before intervention,
18 patients had history of bleeding per rectum, 25 patients
had pain in ano, all 30 patients had protruded mass, and
26 patients had constipation. After intervention, results
obtained with the above parameters (bleeding per rectum,
pain in ano, protrusion of mass and constipation) showed
statistically highly significant results with P value < 0.001.
Constipation showed compete relief (100%) after intervention.
On analyzing the bleeding per rectum between the groups
the result is not significant at P > 0.05 level. Hence, both
the groups are equally effective.
On analysing the pain in ano between the groups the result
is highly significant at P < 0.001 level. Though statistically
Group AKS is more effective than Group AKT, but
clinically both groups showed significant improvement.
On analyzing the protrusion of mass between the groups the
result is highly significant at P < 0.01 level. Group AKT
is more effective than Group AKS. Though statistically
Group AKT is more effective than Group AKS, but clinically
both groups showed significant improvement Tables 4-9.

Discussion
Discussion on observation
In this study it was observed that in both the groups (AKS and
AKT), maximum number of patients had chronicity of less
than 1 year i.e. 73% and 70% respectively. 60% of patients
had normal sphincter tone and 40% had spasmodic sphincter
Ancient Science of Life | Volume 37 | Issue 3 | January‑March 2018

[Downloaded free from http://www.ancientscienceoflife.org on Thursday, June 18, 2020, IP: 182.48.231.19]
Laxmikant, et al.: Āyurvedic management of Arśas with Apāmārga Kṣāra Taila: A randomized controlled clinical study

tone in group AKS, where as in group AKT 80% had normal
sphincter tone and 20% had spasmodic sphincter tone.
In group AKS, secondary pile mass was seen in 50% of
patients and 40% had primary pile mass. In group AKT,
60% had secondary pile mass and 20% had primary pile
mass. Intero‑external pile mass was seen in 83% of patients
in group AKS and 63% of patients in group AKT. In both
the groups 60% of patients had 2nd degree pile mass and
30% patients had 3rd degree pile mass.
Discussion on results
After intervention, there was marked improvement in signs
and symptoms of Arśas. In bleeding per rectum 100% and
99.65% of improvement was seen in group AKS and AKT
respectively. In Pain in Ano, Group AKS showed 100%
relief and Group AKT shows 95% relief. In Protrusion of
mass, Group AKS showed 100% relief and Group AKT
shows 85.88% relief. In constipation (difficulty in
defecation) both the groups showed 100% relief.
In few parameters, there was minute percentage of difference
between the groups, however it can be said that both the
groups had showed encouraging results. Hence, results in both
Group AKS and Group AKT are comparable. After analysing
statistically it was also observed that in Group AKS, results
obtained with the parameters bleeding per rectum, pain in
ano, protrusion of mass showed statistically highly significant
results with P value < 0.001. Same observations found in
Group AKT showed statistically highly significant results
with P value < 0.001 in parameters such as in bleeding per
rectum, pain in ano and protrusion of mass.
Due to the kṣāraṇa (scraping) action of Apāmārga Kṣāra
the pile mass will get slough out. Haridrā cūrṇa has
antiseptic and healing actions.[10] Therefore Apāmārga
Kṣāra Sūtra has given good result. Although the Kṣāra
Sūtra is very useful in all types of arśas, it is very difficult
to manage in OPD without anaesthesia because of the pain,
shock and need of assistance to perform it. Apāmārga Kṣāra
Sūtra ligation is an operative procedure. Patient has to stay
in hospital minimum for afew days. In the patients who
are not willing or not suitable for surgery there is a need
to treat with other local methods of drug administration.
Therefore an innovative administration method was
established in the form of Apāmārga Kṣāra Taila basti
i.e. local administration of the drug into anal canal. It gives
the advantage of uniform drug delivery, easy to perform
without assistance and reduced chances of contamination.
In a condition such as Arśas, local administration of drugs
may be required to achieve the lekhana karma (scraping
action) and to reduce the pile mass. The rectum has rich
blood and lymph supply and the drugs can cross the rectal
mucosa like other lipid membranes. Thus, un‑ionized and
lipid soluble substances are readily absorbed from the
rectal mucosa. Small quantities of short chain fatty acids,
such as those from butter‑fat are absorbed directly into
blood rather than being converted into triglycerides. This
Ancient Science of Life | Volume 37 | Issue 3 | January‑March 2018

is because short chain fatty acids are more water‑soluble
and allow direct diffusion from the epithelial cells into the
capillary blood of the villi.[11]
After observing the results Apāmārga Kṣāra Taila basti
also showed encouraging results in different clinical
parameters of Arśas.

Conclusions
•

•
•
•

Apāmārga Kṣāra Sūtra and Apāmārga Kṣāra Taila are
found to be equally effective to treat the Arśas with
respect to the parameters such as bleeding per rectum,
pain in ano, protrusion of mass and in constipation
In both the groups, results were statistically highly
significant at P value < 0.001
No marked difference was seen in the overall effect of
therapy in between Group AKS and Group AKT
Apāmārga Kṣāra Sūtra and Apāmārga Kṣāra Taila can
give subjective and objective relief and can prevent the
recurrence in the management of arśas.
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Abstract:
Ayurveda classic explains about clinical examination of the individual as a whole
and use the drug as a whole. So to diagnose a disease physician should a s s e s s m a n y
p a r a m e t e r s l i k e P r a k r i t i , D e s h a S a r a B a l a e t c . & should further initiate the
treatment. Desha ass essm ent i s one am ong t he Dashavi dhapari ksha whi ch
di rect l y i nfl uenc es t he once own pr akri t i . To identity the Desha classical references
are highlighted on its nature of the soil, water source, rain fall, tress , crops , rasa pradhanta,
vyadhi and doshapradanata etc. hence it is necessary to study the Desha on its identification
and its significance on Health.
Considering this unique contribution, one can use the appropriate preventive and curative
measures for an individual depending upon doshic imbalance.
Key Words: Desha,Dosha,
Introduction:
Desha is (‘dishyatenirdishyateitidesha; bhugolabhagavishesha; itisiddantamajari.’) refers to the
anindividualnatural habitat.
Ayurveda has classified it into three types as Jangal desha which is arid land with less rainfall
and having Vata-Pitta doshapradanadesha; Anupa desha which is marshy land having
combination of Vata-Kaphadoshapradanadesha; and Sadharandesha which is intermediate land
with a combination of earlier two types and is said to be a good habitat for people. It is regarded
as Sadaranaguna and dosha yukta1.
Desha is one of the important principles in Ayurveda. It forms one among the major factors to be
examined (Parikshabhavas) for diagnosing as well as treating a disease.
The specific type of Desha attributes the specific type of geo-climatic conditions. The
predominance of dosha (humors) of specific Desha influences and affects the humans and is
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reflected in their genetic constitution (Prakruti) and becomes risk factor in manifestation of the
particular disease.
Acharya says that all principals of universe are present in human body in minute form and they
interact with each other (Loka-PurushaSamyaVada) and influenced by their mutual relationship,
so the balanced condition of these leads to health.
Hence understanding the climatic conditions of particular area- BhumiDesha will be essential in
their management, cure and lifestyle modification of an individual.

Types of Desha:
Bhumi Desha (Habitat/Geographical area) is classified into three according to its particular
features and ecological status.
Jangal Desha is has plenty of open & empty space, very clear sky, usually mirage , pattern in
which there is mostly arid land with less rainfall, less vegetation/ trees, with mostly thorny, nontender plants, with dry, blowing winds. Also having grass in abundant. Animals and human
beings are havinf thin built. It is of Vata-Pitta DoshaPradhana Desha.
Anoop Desha has many rivers, hilly area, with all kinds of plants,tender leaves, variety of
animals & birds. It has cold-weather because of many rivers, and having nirasabhumi (marshy
land) with anushnaguna (semi hot) &chayayukta(shadow) in nature. Animals and human beings
are havinfthick built. It is Vata- KaphaDoshaPradhana Desha.
Sadharan Desha is combination of these two types which is said to be good habitat for people.
Animals and human beings are having moderate built. It is sadaranguna and Pitta
Pradhandoshayukta2-8.
Each Desha (habitat / place) is having predominance dosha which directly influence Deha
(body). Hence, to have proper health we must know in which Desha/habitat or geographical area
we are living.
Table 1: Relation of Desha and Dosha1
Desha

Dosha

Jangaladesha

Vata-Pitta predominant

Anupadesha

Vata-Kapha in predominance

Sadaranadesha

Samadosha
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Types of geographical climate:
Köppen–Geiger climate classification system8-15.
The Köppen climate classification divides climates into five main climate groups, with each
group being divided based on seasonal precipitation and temperature patterns. The five main
groups are A (tropical), B (dry), C (temperate), D (continental), and E (polar). Each group and
subgroup is represented by a letter.
Table 2 : Köppen–Geiger climate classification system6-15.
Desha

Sources
Of Nature Of
Water,
The Soil,
Desert, Steppe
Dry
land
Ash/black
climates/
color
Arid Land
(B,C,D)

Tropical
climates/
Wet Land
(A)

Topical
Rainforest,
Mansoon,
Savanna

Intermediate Intermediate
climate

Red/ brown

Mixed soil

Number Of Temperature
Tree,
Less
and Medium/ High
thorny
Very Brittle
plantation
(lack
vegetation)

Rain Fall.

little
precipitation
less
than
50%
of
annual
threshold
More (bunch Average 18 °C Higher
of
tree) Non Brittle
precipitation
vegetation of
Minimum
aquatic plants
average
60 mm
Scattered
Medium / low- Medium
distribution
humidity
of trees

Other classifications and their characters:
Dry/Arid Land:
Deficiency of a resource (basically moisture) in the lace of demands for the resource.(From
Wikipedia, the free encyclopedia) A region is arid when it is characterized by a severe lack of
available water, to the extent of hindering or preventing the growth and development of plant and
animal life. Environments subject to arid climates tend to lack vegetation and are called xeric or
desertic. Conservation of water is a top priority for desert vegetation. Some plants have resolved
this problem by adopting crassulacean acid metabolism, allowing them to open their stomata
during the night to allow CO2 to enter, and close them during the day24. Animals adapted to live
in deserts are called xerocoles. Many desert animals (and plants) show especially clear
evolutionary adaptations for water conservation. Many examples of convergent evolution have
been identified in desert organisms, including between cacti and Euphorbia, kangaroo rats and
jerboas, Phrynosoma and Moloch lizards14
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In Ayurveda acharyas mentioned many verity of thorny plantations and shrubs having small
sized leaves likeBadari, Khadira, etcwhich can retain water.
One can classify dry lands into four sub-types: dry sub-humid lands, semi-arid lands, arid lands
and hyper-arid lands 14
An aridity index(AI) is a numerical indicator of the degree of dryness of the climate at a given
location. A number of aridity indices have been proposed. Historical background and indices
At the turn of the 20th century, Wladimir Köppen and Rudolf Geiger developed the concept of a
climate classification where arid regions were defined as those places where the annual rainfall
accumulation (in centimetres) is less than , R/2 where
 R= 2XT if rainfall occurs mainly in the cold season,
 R= 2XT + 14 if rainfall is evenly distributed throughout the year, and
 R= 2XT + 28 if rainfall occurs mainly in the hot season.
 WhereT is the mean annual temperature in Celsius.
Wetland:
A wetland is a distinct ecosystem that is flooded by water. Water bodies is the characteristic
vegetation of aquatic plants, adapted to the unique hydric soil. The plants must be able to survive
in wet mud with low oxygen levels. Many of these plants, therefore, have aerenchyma, channels
within the stem that allow air to move from the leaves into the rooting zone.
In Ayurveda acharya explains about verity of lotus flowers which are grow in Anupadesha
having aerenchyma.
Marshes (and other wetlands) are able to absorb water during periods of heavy rainfall and
slowly release it into waterways and therefore reduce the magnitude of flooding.
The main wetland types are swamp, marsh, bog, and fen; sub-types include mangrove forest,
carr, pocosin, floodplains, mire, vernal pool, sink and many others 15.
A biogeographic realm or ecozone:
Is the broadest biogeographic division of the Earth's land surface, based on distributional patterns
of terrestrial organisms.
As in Ayurveda acharyas explained different animals and birds living in different Desha .
They are further subdivided into eco-regions, which are classified based on their biomes or
habitat types.
A biome is a community of plants and animals that have common characteristics for the
environment they exist in16.
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Savory brittleness scale17:
The Savory brittleness scale is used to describe the position on a simple 1 to 10 scale of
any environment based upon the distribution of humidity throughout each year, to assist with
management decisions.
The scale ranges from 1 to 10 with 1 being non-brittle and 10 being very brittle. The scale is
subjective; there is no formula for its calculation. A tropical rainforest is considered a 1 on the
scale, and an arid desert such as the Namib or Gobi is considered a 1017.
Assessment parameters for DeshaTable -1:
Table 3: Assessment Parametersfor Bhumidesha.
PARAMETERS
ANUPA
JANGALA
(Per 100 Square DESHA
DESHA
Meters )
Good source
No/very less water
1. Water source
source.
Dense forest
Scary
2. No of Trees
<150 trees
(Per 100 Square >250
Meters )
Tall heighted, and Medium heighted,
3. Types of Trees
Big sized trees .
Thorny and Milky
and Latex shrubs
Many
flowering were
found
shrubs were spread abundantly,
on the all over the
ground
Much dry grass and
shrubs were found.
Red
/
Brown Grey, black and ash
4. Mud type
colored
colored
No/ very less space/ To a large extent/
5. Land
Dense forest
Much Specious

SADHARANA
DESHA
Medium
source
Up to 200

Mixed
seen

types

water

are

Brown / Black soil
Very
less
to
moderate / Less
specious

Discussion:
Desha classified into Jangal desha which is arid land similar to the tropical and dry land of A &
B types of Köppen–Geiger climate classification .
Similarly Anupa desha which is marshy land including their types like swamp, marsh, bog, and
fen.
Similarly Sadharan desha which is intermediate land with a combination of earlier two types
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As Köppen designed the system based on his experience as a botanist, his main climate groups
are based on what types of vegetation grow in a given climate classification region, as in
ayurveda list of vegetation given according to desha which is similar to this.
In Ayurveda acharyas mentioned many verity of thorny plantations and shrubs having small
sized leaves like Badari, Khadira, etc which can retain water in Jangala Desha, which are
similar to that of Köppenin Dry land which contains many xerocoles,
A wetland has water bodies characteristic vegetation of aquatic plants, adapted to the unique
hydric soil. The plants must be able to survive in wet mud with low oxygen levels. Many of these
plants, therefore, have aerenchyma, channels within the stem that allow air to move from the
leaves into the rooting zone.
In Ayurveda acharya explains about verity of lotus flowers which are grow in Anupadesha
having aerenchyma
Classification of dry lands into dry sub-humid lands, semi-arid lands and arid lands can be
compare with anupasadaranadesha and jangalasadaranadesha according to our classics.

Significance of Desha In Health
Classically one should give medicine accordingly the desha. The person get benefited by the
medicine formed by the same desha. Even if he stays any whereout side the his desha than also
the medicine are benefited. Otherwise you have to prepare medicine which are same characters
as of his own desha.
The dosha which are get vitiated in swadesha are get prakopita in other desha they are not so
harmful and be cured easily. That is the dosha which are sanchit (collected) in anupa (marshy
land) if get prakopa (aggrevated) in jangaladesha (dry/arid land) are not so powerful and viceversa, as the crocodile (nakra) is powerful in water and it is become weak when it come out from
water.
The person who indulges in regular exercise according to rule would not affect from
deshaviparitavyadhis. Hence, to have proper health we must know in which Desha/habitat or
geographical area we are living.
Deshas which can be used as a ready recon-air so that the deceases common to those Deshas are
identified at the first hand that influences the person physical and mental health and Thus
prevention and protection from diseases from that area is easy and life style modification can be
adopted4.
Significance of Bhumi Desha In SwasthasyaSwaasthyaRakshanam:
In Jangala Desha (arid land), VataDosha will be predominant and people residing there are
generally strong in built(‘marabhumischyaarogyakar’)5.
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The aharaand vihara in consideration to Desha helps in prevention of diseases in an individual
table 3.
Table 4: Vyadhi and Rasa according to Desha4,5
Sl Desha
No
1
Jangladesha

PradhanaDosha Vydhi

2

Vatakapha

3

Pradhana
Rasa
Katu, Tikta
and
Kashaya
Madhura,
Anupa Desha
Amla and
Lavanarasa
SadaranaDesha Amla
LavanaKatu

Vatapitta

Smadadhatuja

Vihara

Vatajavydhis
AtivyayamaVyavaya
(Sandigatavata,
etc)
Kaphajavydis
Divasvapna,
(Prameha, etc) Avyayama
Equilibrium
state of dosha

-

Considering the unique attributes of the Desha one can follow the diet opposite to the qualities
of desha which can prevent the vitiation of respective dosha and maintains health.
Sadharana Desha has the predominance of the humors in equal proportion and hence people are
having mixed features.
Conclusion:
Desha is easily identified by its sources of water, nature of the soil, number of tree,temperature
and rain fall.
The division of desha is a unique and more scientific contribution of Ayurveda
Examination of the patient is done by Dshavidha and Trividhaparikshas which includes Desha
pariksha too.
It is necessary to know the desha (locality) of the individual based on Desha, one must aware of
the role of dosha and its predominance in diseases growth. Treatment and prevention methods
are also to be planned according to Desha.
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ABSTRACT
Background: Vrana (Wound) is a one which does the gatravichurnan(disruption of tissues) and does the vivarnata
(discolouration) of body part. These wounds are frequently encountered in our day today life and they are produced mainly
due to the trauma or pathological insult to the body and may cause long term agony to the patient. Retrospective analysis
of Medicare beneficiaries reveals that 8.2 million people had wounds with or without infections in 2018.
Objective: To evaluate wound healing efficacy of Jatyadi ointment in shuddhavrana(clean wound)
Materials and Method: A total number of 30 patients were included in the study and were randomly divided into two
groups using random number generator software. The patients of Groups A were treated with Jatyadi ointment application
and Group B treated with Jatyadi taila local application for a period of 7 days, assessment of changes in wound were
recorded before treatment and on 8th day. Bates Jensen wound assessment tool containing eight parameters indicating the
features of healing wound were assessed.Wilcoxon matched pair test was used to assess within group results and MannWhitney U test to assess in between group results.
Results: Significant improvements were seen in within group results and in between group results were comparable in all
the selected parameters of Bates Jensen wound assessment tool.
Conclusion: Jatyadi ointment and Jatyadi taila,both are effective and results are comparable.
Key words: Wound healing, Jatyadi ointment, Jatyadi taila, Clean wound
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Introduction
The vrana is one which causes gatravichurnana and does
the vivarnata of the shareera which is described as ‘a
break in the continuity of tissue, from violence or trauma’
and is regarded as healed if there is a restoration of the
wounded or inflamed tissue to normal condition.1,2 Wound
healing is an important biological process involving tissue
repair and regeneration and various stages.3 Worldwide
prevalence of wounds is 1%, estimated that 1.5 million
cases of traumatic wounds (13%) found every year.4

The reference of vrana in regards to its definition,
classification and management are available in the classics.
Its effective management for a surgeon is the basic skill
required on which the outcome of surgery revolves. Wound
healing is a dynamic and complex process which requires
suitable environment to promote healing process.5It is era
of evidence based medicine which requires aid of modern
equipment’s, various drug delivery system, dosage form
for global acceptance of any drug or therapy. Ayurveda is
accepted as alternative and traditional system of medicine
which requires modernisation, scientific approach towards
drug preparation, drug delivery and patient care. JT is a
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medicated oil formulation popularly used in the treatment
of various topical wounds (AFI, 2003).6 JT is known for
vranashodhana, ropana and raktastambhana properties.
Malahara kalpana is considered as ointment preparation
as per modern pharmaceutical science which comprises
sikthataila (bees wax and oil mixture) or ghrita, as basic
ingredient.7 It possess properties like snehana (oelation),
shodhana (cleansing), ropana (healing) and varnya
(beautifying) which depends on the composition of drugs
used. The malahara form has advantages like, it is easy
to apply, to store and also possess good shelf life period.7
Hence the study was undertaken to pharmaceutically
modify Jatyadi taila into an ointment form and to evaluate
its wound healing efficacy in shuddhavrana.
Materials and method
The patients attending the OPD and IPD of KAHER’S
B.M.K Ayurvedic Hospital,Belagavi were enrolled for the
study. The CONSORT Statement guidelines were followed
in reporting the study outcome. The study was approved
by Institutional ethical committee with Ethical clearance
number - BMK/17/SL/PS/1.
Raw drugs and Finished Products
Drugs were collected from KAHER’s GMP Certified
Ayurved Pharmacy, Khasbag, Belagavi and natural
sources. Control drug (Jatyadi Taila) was procured from
GMP certified Pharmacy. Jatyadi ointment was prepared
with collaboration of GMP certified KAHER Ayurveda
pharmacy, Khasbag.
Hypothesis
H0 –There is no significant effect of Jatyadi ointment over
Jataydi Taila in the management of shuddhavrana
H1 - There is significant effect of Jatyadi ointment over
Jataydi Taila in the management of shuddhavrana
Subjects- Total 30 patients of shuddhavrana were
recruited for the study from the OPD and IPD of

KAHER’S BMK Ayurveda Hospital and Medical research
centre, Belagavi.
Source of Subjects – Patients exhibiting shuddhavrana
features in cases of traumatic injuries of upper and lower
limb, post-operative wounds like pilonidal sinus,
fistulectomy wounds, abscess (post drainage) were selected
for the study.
Inclusion criteria - Patients of either sex between 20-70
years of age and having the sign and symptoms of
shuddhavrana were included in the study.
Exclusion criteria - Patients suffering from dustavrana
(non healing wounds),wounds associated with systemic
diseases like diabetes mellitus, tuberculosis, malignant
wounds, arterial, varicose ulcer, pressure ulcer, HbsAg,
HIV I &II positive were excluded from the study.
Screening methods - Patients included in the study were
thoroughly examined for the wound and all data collected
was systematically recorded. Wound was assessed by
selected parameters of Bates-Jensen Wound Assessment
Tool i.e. 1,2,3,7,9,10,11,12and13 indicating the features
of healing wound.
Study design - The study was prospective randomised
controlled trial and patients were randomly allotted to both
the groups by computer generated random numbers. The
patients were allocated to control and trial groups in 1:1
ratio.
Intervention - All the 30 patients were randomly divided
into two groups, Group A (intervention) was treated with
Jatyadi ointment and Group B (control group) was treated
with Jatyadi taila. In both groups method of application
was external, duration of application was once in a day
and duration of treatment was 7 days. Assessment was
done on baseline and 8th day for changes and recorded
systematically. The nature and study design was explained
to every patient and informed consent was taken.
Institutional Ethics Committee approval was obtained for
the study. Patients were instructed to report any adverse
events to the investigator during the study period.
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Method of Malahara (ointment) preparation7
Appropriate quantity of honey beeswax was taken and
gently heated in a suitable vessel until it melts completely.
In another vessel appropriate volume of Jatyadi taila was
taken and it was added slowly in to the vessel containing

melted bees wax. Gentle stirring was done until
homogeneous mixture was obtained and was allowed to
cool at room temperature. The appropriate amount of
homogeneous mixture was taken on ointment tile and it
was mixed properly to get consistency of ointment and it
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was stored in a wide mouth container, at room temperature.
Criteria for Assessment
Primary Outcome - Wound was assessed by selected
parameters of Bates-Jensen Wound Assessment Tool
i.e.1,2,3,7,9,10,11,12 and 13 (Size, Depth, Edge, Exudates
Type, Skin Colour Surrounding Wound, Peripheral Tissue
Oedema, Peripheral Tissue Induration, Granulation Tissue,
Epithelialization).
Statistical Methods - SPSS version 20.0 was used for
the statistical analysis. Chi Square test was used to evaluate
the homogeneity of data across the groups. Comparison
of two study groups (A and B) before and after treatment
was carried out by using Mann-Whitney U test.
Comparison of within the groups was carried out by using
Wilcoxon matched pair test. Dependent T test was used to
assess before and after treatment total scores in two study
groups (Table 4). All tests were considered statistically
significant at p<0.05.

Total patients screened were 31 and enrolled were 30. No
adverse effect was reported during the study. There was
one drop out in the study as patient did not come for
dressing properly.
Subject characteristics - The mean age (p = 0.3182) and
gender (p=1.0000) were comparable between the groups
(Table 2).
Primary Outcome - The study showed that in between
group results were comparable in all the assessed wound
parameters (Table 3).However in within group, significant
results wereobserved in all the parameters of wound i.e.
Size (p=0.007), Depth (p=0.007), Edge (p=0.007),
Exudates Type (p=0.0010), Exudate Amount (p=0.001),
Skin Colour Surrounding Wound (p=0.0051), Peripheral
Tissue Oedema (p=0.0180), Peripheral Tissue Induration
(p=0.0180), Granulation Tissue (p<0.007), and
Epithelialization (p=0.007) at baseline and on 8th day.
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Discussion
Wound treatment is given prime importance by Acharya
Sushruta, which involves two major components i.e.
shodhana and ropana.1When the wound attains shudhha
laxana (features of clean wound), ropana is adopted which
is important phase of healing, where wound is more prone
for trauma and infection.1Wound healing is a complex
process and involves three phase’s viz., inflammation (0–
3 days), cellular proliferation (3–12 days) and remodelling
(3–6 months).9 During healing process wound requires
adequate tissue perfusion/oxygenation, proper nutrition
and moist environment. Healing is complete by firm
knitting of wound edges with collagen.10

Dressings are broadly divided into two types i.e. Irritant
and Emollient. In the presence of slough it requires
mechanical measures and chemical agents which are
irritant agent and does desloughing (Hydrogen peroxide,
Povidone iodine solution. etc). Emollient dressing
constitutes application of lubricating agents when wound
is not having any slough (Hydrogels, Hydrocolloids, and
Ointment etc.).11 Ointment form of drug is essential for
wound healing because of its Biocompatibility, it maintains
moist environment thus preventing dehydration, it provides
protection against dust and microorganisms, it allows gas
permeability, promotes epithelisation, painless dressing due
to non-adherent property.12,13 Dressing with ointment are
considered as occlusive, which blocks transcutaneous
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water loss and natural essential fatty acids easily penetrate
into cell membranes, to enhance drug penetration and
hastens wound healing.14
Wound parameters
Size, Depth and Edge: A significant reduction in wound
size (Table 3)(Fig.1 and 2)was observed within the groups
because of phytochemicals presents in Jatyadi ointment
(Table 1) such as flavonoids, essential oils (terpenoids),
tannins (phenolics), glycosides, steroids and
alkaloids which helps in wound contraction and thus
promotes wound healing.15 Ingredients of Jatyadi ointment
possess tikta, kashaya rasa, laghu, ruksha gunas. These
rasa and guna possess properties like vrana ropana, twak
–mamsa sthireekarana (Strengthening the tissue).16
Exudate type and amount: There was significant
reduction in exudate (Table 3) was observed within the
groups. Decrease in the quantity of exudate is due the
shodhana effect of ointment as it contents Jati, Kushta,
Padmaka, DaruHaridra, Lodra having kashaya
(astringent), tikta (bitter) rasa (taste), lekhana (scraping),
kleda shoshana (drying of exudates) properties.17 Recent
animal study proved the Beeswax is effective in reducing
wound exudates.18
Peripheral Tissue Oedema and Induration: Significant
reduction in peripheral odema (Table 3) and induration
was observed within the groups. Patola, Jati, Katuki,
Lodra, Sariva has shothahara (anti-inflammatory)
properties and thereby reduces the peripheral tissue
oedema. 19 Curcumin present in Haridra has antiinflammatory, antiseptic, antibacterial and antimicrobial
property, Salicylic acid present in Jati is antibacterial,
antifungal and anti-inflammatory property, Kushta has
Anti-inflammatory action.19 Beeswax has the qualities like
mridu (soft), snigdha (unctuous) and having the properties
vrana shodhana (cleansing the wound), vranaropana
(healing the wound).20

granulation tissue which speeds up the regeneration
process. Jatyadi ointment helps in knitting of tissue matrix
(Fig. 3 and 4), soothes the mucosa. It does the snehana of
tissue, provides adequate nourishment. Rakta prasadak
dravya like Manjishta and Sariva enhances the raktadhatu
which helps in improving tissue perfusion and
strengthening local venous structure as sira is the upadhatu
of rakta.21Katuka present in the Jatyadi ointment improves
re-epithelialization, neovascularization and migration of
endothelial cells, dermal myofibroblasts and fibroblasts
into the wound bed.22 Recent studies proved that Tuttha
(CuSO4) promotes angiogenic responses in vitro, in vivo
wound models, thus helps in rapid filling of wound area
with granulation tissue in turn helps in closure of wound
area.23
Epithelization: Decrease in the epithelization time was
observed within the groups (Table 3) (Fig. 5 and 6). This
was due to the presence of Tannins and phytosterols which
promote the wound healing process with increased
capillary formation and fibroblast proliferation enhancing
the rate of epithelization.24
Conclusion
The present study showed that both the formulations
(Jatyadi ointment and Jatyadi taila) are effective within
group results and comparable in between group results.
Ointment form of application was easier and has showed
its efficacy in all the selected parameters of the Bates Jensen
wound assessment tool.
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Fig. 1 Before treatment of Excised pilonidal sinus
wound

Fig. 2 After treatment of Excised pilonidal sinus
wound

Fig. 3 Before treatment of Fistulectomy wound

Fig. 5 Before treatment of Lacerated wound
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Fig. 4 After treatment of Fistulectomy wound

Fig. 6 After treatment of Lacerated wound
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Evaluation of effect of poultice (Upanaha Sweda) in low back
pain (Katigraha): A randomized comparative clinical trial
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Abstract
Background: Katigraha (low back pain) is a condition where low back is afflicted either with Vata or Sama Vata (Vata involved with the
toxins released due to altered digestion and metabolism) and present with symptoms such as pain with stiffness. About 60%–80% population
in India suffer from this condition. Upanaha Sweda (poultice) is one of the Swedana (sudation) treatment modalities mentioned for Katigraha.
As Sama (affected with toxins released from impaired digestion) and Nirama (without toxins) are two stages of Katigraha, hence, the specific
type of Upanaha is required for such condition. Aims and Objective: The study was conducted to evaluate the effect of Upanaha Sweda in
Katigraha (low back pain) as per the presentation of stages of Ama. Materials and Methods: Selected patients were categorized into two
groups. In group A, patients having Samaja Katigraha, were given Panchakoladi Upanaha once a day till it became Niramaja, then shifted to
Godhumadi Upanaha for 7 days and patients who had Niramaja Katigraha, Godhumadi Upanaha was used once a day for 7 days. In group B
Godhumadi Upanaha was used once a day for 7 days irrespective of stages. Subjective parameters assessed were pain in the low back, stiffness,
and Oswestry Disability Index (ODI) was also used. The Mann–Whitney U test and Wilcoxon signed‑rank test were used to assess results.
Results: Patients who were treated considering the Sama and Nirama phases had 78.88% better results in relieving pain, stiffness, and in ODI
change than the patients treated without considering the phases. Conclusion: The present study showed significant results in both the groups,
but patients treated as per stage wise treatment showed better effect in treating Katigraha than the patients treated with out considering the stage.
Keywords: Katigraha, low back pain, Swedana, Upanaha

Introduction
Vata Dosha or Sama Vata Dosha (Vata Dosha associated
with Aama [the toxins released due to altered digestion and
metabolism] when afflicts Kati Pradesha (low back) and
produce the symptoms such as pain with stiffness, then the
condition is known as Katigraha.[1]
This can be correlated with low back pain. It is the most
common disorder which is characterized by dull or sharp
pain and may also associated with stiffness. About 60%–80%
of the general population in India suffer from low back pain
during their life time[2] due to several stressful factors seen in
their professional or social life and also due to wrong postural
habits. It affects both men and women alike and common in
the age group of 20–60 years.
Upanaha Sweda (poultice) is one of the Swedana (sudation)
treatment modalities mentioned for Katigraha.[3‑7] The selection
of drugs varies according to the stages of the disease. As there
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are two stages mentioned in Katigraha that is Samaja (with
Ama) and Niramaja (without Ama),[1] specific type of Upanaha
is required for each stage,[8] but generally only one type of
Upanaha is being applied for both the conditions irrespective of
stages, due to which its efficacy might get reduced. Panchakoladi
Upanaha consists of Chavya (Piper retrofractum Vahl.),
Chitraka (Plumbago zeylanica Linn.), Pippalimula (Piper
longum Linn.), Pippali (Piper longum Linn.), Shunthi (Zingiber
officinale Roscoe.), Yava (Hordeum vulgare Linn.) and
Nirgundi (Vitex negundo Linn.) that are helpful in resolving
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of toxins released due to impaired digestion and Godhumadi
Upanaha consists of Godhuma (Triticum sativum Linn.),
Tila (Sesamum indicum Linn.), Erandamula (Ricinus communis
Linn.) that are helpful in treating Vata condition. Hence, study
has been carried out to evaluate the effect of Upanaha Sweda
in as per the stage of Katigraha (low back pain).

Materials and Methods
The study was registered under the Clinical Trials
Registry – India (CTRI/2017/04/008417) and ethical
clearance had been obtained (BMK/13/PG/PK/05). Informed
consent was taken before starting the trial in each subject.
Forty‑one patients of Katigraha fulfilling the inclusion
criteria were enrolled irrespective of sex, religion, etc.
Five patients dropped out due to personal reasons and
36 patients completed the study as mentioned in Table 1.
Selected patients were first openly categorized into two
groups: Samaja Katigraha and Niramaja Katigraha. Then,
these patients were again categorized into two groups
according to the computer‑generated randomization chart.
In group A (Avasthanusara [stage wise] treatment), patients
presenting with Samaja Katigraha, Panchakoladi Upanaha
was given once a day till the Nirama symptoms appeared
and then Godhumadi Upanaha was used once a day for
7 days and the patients presenting with Niramaja Katigraha,
Godhumadi Upanaha was used once a day for 7 days.
Whereas in group B (Anavasthanusara [without considering
stages] treatment), Godhumadi Upanaha was used for 7 days
irrespective of stages.

Diagnostic criteria
a.
b.
c.
d.

Pain at low back
Stiffness at low back
Sama symptoms, i.e., heaviness in the body, anorexia,
poor digestion, excessive salivation and laziness.
Nirama symptoms, not having either of heaviness in the
body, anorexia, poor digestion, excessive salivation and
laziness.

b.
c.
d.
e.

Patient associated with any other systemic disorders
Patients with a history of trauma
Known case of skin allergy and open wound
Post surgical backache.

Ingredients of Upanaha 1 and Upanaha 2

Ingredients of Upanaha 1 (Panchakoladi Upanaha) and
Upanaha 2 (Godhumadi Upanaha) are mentioned in Table 2.

Preparation and application of Upanaha
Materials required for preparation of Upanaha

Tila Taila (sesame oil) 10 ml for local massage, Saindhava
Lavana (rock salt) ‑ 30 g, cotton bandage ‑ 6 inches (2 pieces),
Eranda (Ricinus communis Linn.) leaves ‑ (4–5), heating
apparatus, pan, table spoon, bowl, thermometer and massage
table.

Preparation of paste

All the medicinal powder mentioned in Table 2 were taken in
a pan as per the group. Then, 200 ml Dhanyamla (fermented
gruel) and 200 ml cow milk was added to Panchakoladi
Upanaha and Godhumadi Upanaha respectively and mixed
well. Then, 30 g Saindhava Lavana (rock salt) and Tila
Taila (sesame oil) as per need were added to it for the poulitce
and mixed well to make its consistency like dough.

Main procedure

The patient was instructed to lie in the prone position on
the massage table. Low back was exposed and the skin
sensitivity was checked for temperature or any allergy. Local
massage was done with Tila Taila (sesame oil) for 5 min. The
prepared paste was then pasted over the low back uniformly
of about 5 mm thickness. It was covered with proper‑shaped
Eranda leaves. Then, it was tied with a cotton bandage for
6 h (360 min).

Post operative procedure

After removal of Upanaha (poultice), gentle massage was
done and the part was cleaned well with lukewarm water and
the patient was asked to move the joint slowly.

Inclusion criteria

Upanaha Dharana Kala (duration of Upanaha retention)

b.
c.

Godhumadi Upanaha‑ 6 h/day for 7 days.

a.

Patients presenting with classical symptoms of Katigraha
such as pain and stiffness at low back.
The patients who are fit for Swedana (sudation)
The age group between 20 and 60 years of either sex.

Exclusion criteria
a.

Low back pain resulting from osteoporotic fractures,
infections, neoplasm, other mechanical derangements

Completed

A

18

B

18
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9 (Samaja)
9 (Niramaja)
9 (Samaja)
9 (Niramaja)

Drop out
01
02
01
01

03
02

Total Registered
10 (Samaja)
11 (Niramaja)
10 (Samaja)
10 (Niramaja)

Assessment criteria

Patients were assessed before and after the treatment on the
basis of following parameters:

Assessment of subjective criteria

Table 1: Distribution of registered patients of Katigraha
Group

Panchakoladi Upanaha‑ 6 h/day till Niramaja symptoms like
reduction in the stiffness and feeling of lightness at low back
and activeness in the body appears parameters:

The assessment criteria for pain and stiffness are given in
Tables 3 and 4, respectively.

21

Visual Analog Scale: (for assessment of pain in grade 0 to 10).

20

|_____________________________________________|
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Table 2: Ingredients of Upanaha 1 and Upanaha 2
Ingredients

Upanaha 1 (Panchakoladi Upanaha)

Quantity

Medicinal
powder

Chavya (P. retrofractum Vahl.) powder
Chitraka (P. zeylanica Linn.) powder
Pippalimula (P. longum Linn.) powder
Pippali (P. longum Linn.) powder
Shunthi (Z. officinale Roscoe.) powder
Yava (H. vulgare Linn.) powder
Nirgundi (V. negundo Linn.) powder
Dhanyamla (fermented gruel)

10 g‑15 g
10 g‑15 g
10 g‑15 g
10 g‑15 g
10 g‑15 g
50 g‑75 g
50 g‑75 g
200 ml ‑300 ml

Drava Dravya
(liquids)

Upanaha 2 (Godhumadi Upanaha)

Quantity
50 g‑75 g
30 g‑45 g
100 g‑125 g

Godhuma (T. sativum Linn.) powder
Tila (S. indicum Linn.) paste
Erandamula (R. communis Linn.) powder

200 ml ‑300 ml

Gokshira (cow milk)

30 g
30 g
Saindhava Lavana (rock salt)
Saindhava Lavana (rock salt)
Oil
20 ml‑30 ml
40 ml‑60 ml
Tila Taila (sesame oil)
Tila Taila (sesame oil)
P. retrofractum: Piper retrofractum, P. zeylanica: Plumbago zeylanica, P. longum: Piper longum, Z. officinale: Zingiber officinale, H. vulgare: Hordeum
vulgare, V. negundo: Vitex negundo, T. sativum: Triticum sativum, S. indicum: Sesamum indicum, R.communis: Ricinus communis

Statistical analysis
Oswestry disability index total score

Pain, stiffness and Oswestry Disability Index (ODI) changes
were assessed on comparing their values after applying
Mann–Whitney U test and Wilcoxon signed‑rank test.

Observations

Table 5 shows that out of 36 cases of Katigraha, 41–60 years
(69.44%) of age group people were found more affected than
20–30 years (11.11%) and 31–40 years (19.44%); Table 6 shows
that males (52.78%) were found more affected with low backache
than females (47.22%); Table 7 shows that farmers and labourers
(27.78%) and homemakers (33.33) were more prone to low
backache than private job workers (16.67%), teachers (13.88%),
policeman (2.78%) and tailors (5.56%); Table 8 shows that
prolong standing posture (38.89) persons are more prone to low
backache than prolong sitting postures (30.56%) and continuous
travellers (8.33%).

Results
Results of the treatment in both the groups are mentioned in
Tables 9 and 10.
Table 9 shows that 18 patients of Katigraha when treated
according to Avastha (stages) showed 43.33% effect with
P < 0.0001 in relieving pain, 36.07% effect with P = 0.0002
in reducing stiffness, and 37.25% effect with P < 0.0001 in
improving ODI index and another 18 patients of Katigraha
when treated without assessing the Avastha (stages) showed
27.20% effect with P < 0.0001 in relieving pain, 15.73% effect
with P = 0.0204 in reducing stiffness, and 18.44% effect with
P < 0.0001 in improving of ODI index.
Table 9 also shows that there was a significant difference
between the two groups with P = 0.0107 in relieving pain,
with P = 0.0351 in reducing stiffness and with P = 0.0002 in
improving of ODI index.
Table 10 shows that 9 patients of Samaja Katigraha when
treated according to Avastha (stages) had 50.96% effect
with P < 0.0001 in relieving pain, 55.5% effect with
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Table 3: Assessment and grading of pain
Pain (VAS)
No pain
Mild, annoying pain
Nagging, uncomfortable, troublesome pain
Distressing, miserable pain

Intense, dreadful, horrible pain

Scale

Grade

0
1
2
3
4
5
6
7
8
9

0
1
2
3

4

Table 4: Assessment and grading of stiffness (range of
motion)
Stiffness (ROM)
No stiffness
With up to 25% impairment in ROM of joint and patient can
perform daily work without any difficulty
With up to 25%‑50% impairment in the ROM of joint and patient
can perform daily routine work with mild or moderate difficulty
With up to 50%‑75% impairment in ROM of joint and patient
can perform daily routine work with moderate or severe difficulty
With >75% impairment in ROM of joint and patient totally
unable to perform daily routine work
ROM: Range of motion

Grade
0
1
2
3
4

P < 0.0001 in reducing stiffness, and 40.40% effect with
P < 0.0001 in improving ODI index and another 9 patients
of Samaja Katigraha when treated without assessing the
Avastha (stages) showed 21.41% effect with P = 0.0278
in relieving pain, 11% effect with P = 0.1690 in reducing
stiffness, and 16.16% effect with P = 0.0058 in improving
of ODI index.
Table 10 also shows that there was a significant difference
between the results in Samaja Katigraha of the two groups
with P = 0.0016 in relieving pain, with P = 0.0002 in reducing
stiffness and with P = 0.0013 in improving of ODI index.
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a.

Table 5: Age wise distribution of patients
Age
(Years)

Avasthanusara
Group

20‑30
31‑40
41‑60

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

03
04
11

16.16
22.22
61.11

01
03
14

5.56
16.67
77.77

04
07
25

11.11
19.44
69.44

b.

Table 6: Distribution of patients according to gender
Sex

Male
Female

Avasthanusara
Group

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

09
09

50
50

10
08

55.56
44.44

19
17

52.78
47.22

Table 7: Distribution of patients on the basis of occupation
Occupation

Avasthanusara
Group

Farmer/Labor
Teacher
Private job
House wife
Policeman
Tailor

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

06
03
04
05
00
00

33.33
16.67
22.22
27.77
00
00

04
02
02
07
01
02

22.22
11.11
11.11
38.88
5.55
11.11

10
05
06
12
01
02

27.78
13.88
16.67
33.33
2.78
5.56

Table 8: Distribution of patients on the basis of postural
details
Postural Details Avasthanusara
Group
Prolonged sitting
Prolong standing
Continuous travel
Not related

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

06
07
01
04

33.33
38.89
5.56
22.22

05
07
02
04

27.78
38.89
11.11
22.22

11
14
03
08

30.56
38.89
8.33
22.22

Discussion
Of 36 cases of Katigraha males, prolong standing
posture, moderate working lifestyle, labourers, and
homemakers were affected more with Katigraha might
be because they have to do more laborious work and
prolong standing posture exerts pressure over low back
and provides favorable condition for lodging (Sthana
Samshraya) of already vitiated Vata Dosha. Age‑wise
distribution showed that 40–60 years of age group were
found more prone to Katigraha because degenerative
changes starts in this age group that leads to Vata vitiated
disorders.
The effect of Avasthanusara treatment is better than
Anavasthanusara treatment might be because:
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c.

Pain is the symptom of Vata Dosha. Drugs used in
Panchakoladi Upanaha were having Ushna (hot) and
Tikshna (sharp) properties, so it did Doshavilayana
(liquefaction of Dosha) and Srotoshodhana (purification
of channels) which helped in relieving Margavarana
(obstruction in channels) of Vata Dosha, followed by
Godhumadi Upanaha that is having Snigdha (unctuous)
property along with Ushna property, that helped in
pacifying Vata Dosha, thus helped in relieving pain
Stiffness is either due to Sheeta (cold) – Ruksha (dry)
properties of Vata or Sheeta ‑ Snigdha properties of
Ama. Drugs used for Panchakoladi Upanaha are having
Ushna, Ruksha and Tikshna properties which helped in
pacifying Sheeta ‑ Snigdha properties of Ama efficiently
Avasthanusara treatment had a significant effect on
reducing pain and stiffness both, thus it helped in
improving quality of life of the patients. Although
Anavasthanusara treatment group provided effect on
reducing pain and stiffness, but as it is having Amaja stage
of patients and were treated without considering stages,
it was not effective statistically.

Probable mode of action of Upanaha

The lipoidal bond is suitable for penetration of drug molecule
through stratum corneum.[9] On this basis, it can be assumed
that in Upanaha, oil helps in the formation of lipoidal bond
with other drugs thus helps in the penetration of drug molecules.
Upanaha is a type of Swedana, so it induces hyperthermia which
improves local blood and lymphatic circulation and thereby
improving local tissue metabolism.[10] It reduces inflammation by
modifying secretion of various inflammatory mediators, relaxes
local musculature by physical effect of heat, increases the rate of
transdermal drug delivery and thereby reduces pain.[11]
The drugs used for Panchakoladi Upanaha are having alkaloids
such as piperine[12] (in Pippali), terpenoids[13] (in Chavya),
gingerol[14] (in Shunthi), tannins,[15] and saponins[16] (in Yava),
thus they inhibit prostaglandins (acting as a vasodilators
and cause inflammation[17]), which, in turn, may reduce the
inflammation.
Drugs used in Panchakoladi Upanaha are Ushna, Tikshna in
nature and due to its counter irritant effect, helped in relieving
pain.

Conclusion
Patients of low back pain treated with Avasthanusara (stage
wise treatment) had better effect in relieving pain, stiffness and
in Oswestry Disability Index (ODI) change than the patients
treated with Anavasthanusara Upanaha Sweda without stage
wise treatment. Also, patients of Samaja Katigraha treated
with Panchakoladi Upanaha had better effect in relieving pain,
stiffness and in ODI change than the patients of Samaja Katigraha
treated with Godhumadi Upanaha. Thus, it can be concluded that
Panchakoladi Upanaha was effective in relieving Samaja stage
of Katigraha and Avasthanusara treatment is more effective in
the management of Katigraha than that of Anavasthanusara
AYU ¦ Volume 40 ¦ Issue 3 ¦ July-September 2019
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Table 9: Results of the treatment on parameters of low back pain
Parameter

Group

Mean±SD
BT

Improvement (%)

Z

Significance/P

AT

VAS

5.11±0.74
2.89±0.99
43.33
10.00
Avasthanusara treatment
4.89±1.24
3.56±1.3
27.2
5.49
Anavasthanusara treatment
Between the groups
2.7
Stiffness
1.83±0.6
1.17±0.76
36.07
4.76
Avasthanusara treatment
1.78±0.71
1.5±0.76
15.73
2.56
Anavasthanusara treatment
Between the groups
2.19
ODI
47.11±6.41
29.56±9.04
37.25
9.47
Avasthanusara treatment
45.44±10.87
37.06±10.9
18.44
7.69
Anavasthanusara treatment
Between the groups
4.26
SD: Standard deviation, VAS: Visual analog scale, ODI: Oswestry Disability Index, BT: Before treatment, AT: After treatment

<0.0001
<0.0001
0.0107
0.0002
0.0204
0.0351
<0.0001
<0.0001
0.0002

Table 10: Results of the treatment in Samaja Katigraha
Parameter

Group

Mean±SD
BT

Improvement (%)

Z

AT

VAS

5.22+0.63
2.56+0.83
50.96
11.31
Avasthanusara treatment
4.67+1.25
3.67+1.33
21.41
2.68
Anavasthanusara treatment
Between the groups
3.78
Stiffness
2+0.47
0.89+0.57
55.5
10.00
Avasthanusara treatment
2+0.67
1.78+0.63
11
1.51
Anavasthanusara treatment
Between the groups
4.82
ODI
48.11+5.74
28.67+7.92
40.40
8.58
Avasthanusara treatment
46.78+11.45
39.22+12.16
16.16
3.73
Anavasthanusara treatment
Between the groups
3.90
SD: Standard deviation, VAS: Visual analog scale, ODI: Oswestry Disability Index, BT: Before treatment, AT: After treatment

treatment.
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KEYWORDS
Donation is a gift for charity, humanitarian aid or a benet for any other
cause. Some societies are involved in accepting donation towards
different services rendered .Yet there are some societies who are
voluntarily involved in performing seless service for the benet of
humanity. This is the best example of charity though very seldom seen
in modern times.
History of body donation is as old as 'Puranas' (Sacred writing of Hindu
religion) of India. On the request of Lord Indra, the Great Sage,
Dadhichi donated his body by leaving it employing power of yoga
,whereby his bones were used for making 'Vajra' (weapon) to perish
'Asuras' ( devil powers) (Tripathi,2011).
Sage Sushruta, Father of Surgery, learnt human anatomy by dissecting
preserved dead bodies implying body donation was done for medical
education purpose on those days. This is the rst of its kind in history
(Sharma, 2000).In 15th century Barber surgeons assisted professors to
demonstrate body parts (Rokade, Bahetee 2013). Prof. Vasaleus was
the rst known Anatomist of modern times who demonstrated and
taught human body parts by dissecting himself (Rath,Garg 2006).
Demand for cadaver arose when dissection was included in medical
education. Anatomy Act(USA 1831 , UK 1832 , India 1948) changed
the scenario whereby deceased body donated by kin or any unclaimed
body could be used for dissection purpose( Rokade ,Bahetee 2013 ).
Several times the institutions where dead body is needed request for
help from different individuals and societies or groups. A high amount
of currency has to be given in exchange .In India, many times the
money is unaffordable to institutions. Here comes a great solace to
all,”Dr. Ramannavar Charitable Trust” and “Dr. Ramannavar
Foundation Bailhongal” ( DRFB ).
The details follow, the inspiration to form the present foundation is
from late Dr.Ramannavar who himself has pledged his body for
dissection and also wished this is done by his son ,Dr M B
Ramannavar, who is Head of the Department of Anatomy at KAHER's
Shri B M K Ayurveda Mahavidyalaya .His last wish was fullled by his
son(Prasad,Skandhan 2019).The charitable trust was formed in 2009
and the DRFB was formed in 2015.Charitable trust has 3 and DRFB
has 7 active members and Dr. M B Ramannavar is the Secretary of
both. This foundation is registered under the provision of State
Government of Karnataka; Reg No. BLG-4-00001-2009-10, BLGD5

generously used for upliftment of socially downtrodden. Thus
receiving institutions have a large support from this Foundation. They
spend a meager amount alone on transportation of body.
One of the main targets of the Foundation is to create awareness among
public and educate them about body and organ donation. Towards
fullling this till date more than 80 awareness programs are conducted
at different places. On several occasions along with Secretary and
members of the Foundation, religious leaders or temple heads
(Swamiji) accompanied and addressed the crowd. In Karnataka
Province Awareness programs are mainly conducted in Belagavi
district. It is also being done outside the Province of Karnataka.
Province of Orissa (Cuttak),West Bengal (Calcutta) and Rajasthan
(Jaipur) were other beneciaries. Many times classes are supported by
videos, power point presentations or street plays.
Noticeably in one of body donation awareness programs, 108 adult
members of a village named Shegunasi, in the Province of Karnataka,
pledged to donate their bodies.
A highly appreciable part with Foundation is, members of the
Foundation and general public show high respect to the dead body. On
arrival of a dead body, prayers – “Dhanvantaristavan”,Prayer to God
Dhanvantari,Lord of Ayurveda are chanted and followed by taking
cadaveric oath - and accept the body respectfully and place it at proper
place. Attention is paid to cover private areas of the body (Murty2015).
Accommodating the sentimental of donors of Hindu religion, on
demand of kin or relative of dead, a small portion from a nger is
separated and given, which they treat as equivalent to whole body and
do rituals. Seless service of DRFB for a noble cause may promote
others to work similar.
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The major work carried out by the foundation is maintaining the list of
body donors and on the information of any death; the needy institution
is informed which collects the body from the spot. Under the
auspicious of this foundation till date 485 dead bodies were registered
and 22 of them were donated and supplied to different Medical,
Ayurveda , Homeopathic and Unani Colleges in this country, mainly in
the Province of Karnataka. Most noticeably one Swamiji, a head priest
of one Hindu temple, has also registered his body for donation after his
death. DRFB is purely a charitable foundation. Voluntary donations
received from individuals, organizations or an institution which is
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ABSTRACT:
The specific Bhumi Desha attributes specific type of geo-climatic conditions. The predominance
of Dosha (body humors) of specific Bhumi Desha (geologicregions) influences the human beings
and is reflected in their Prakruti (Health constitutions). Considering this unique contribution, one
can inculcate the appropriate preventive and curative measures for an individual depending upon
Doshic imbalance (disease). The geo-ecological parameters of each Bhumi Desha as per present
context are not dealt anywhere. Therefore, there is a need of proper identification and mapping
of such regions into different types of Bhumi Deshabased on the Ayurvedic fundamentals so as
to develop and implement the appropriate preventive and curative measures for an individual.
It is a cross sectional study consisting of 30 different geographical regions of predominance
having particular type of Bhumi Desha. A pre-designed and semi-structured research datasheet
was prepared that consisted classically explained geo-ecological parameters of different types of
Bhumi Desha. On the basis of classical parameters of the ideal Bhumi Desha as Jangala Desha
(arid land), Anupa Desha (marshy land) and Sadharana Desha (intermediate land) were
identified by taking up field visit. Geo-ecological parameters like latitude-longitude,
temperature, humidity, wind, vegetations, crops soil, rock type, etc., of that particular Bhumi
Desha were collected, recorded and analyzed to develop the systematic assessment parameters.
Later the mapping of such geo-geographic regions into different types of Bhumi Desha was
prepared using Google earth, a map was prepared.
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Total 109, 41 and 108 regions of Belagavi District were identified as predominance of
JangalDesha, AnupaDesha and SadharanaDesha respectively. Out of selected 13522.633 sq/mts
of Belagavi district, an approximate area of about 9091 sq./mts of Jangala Desha, 2956 sq./mts
of SadharanaDeshaand1475 sq./mts of Anupa Desha were classified.
It is observed that around 47.20%; of Jangala Desha, 31.263% of Sadharana Deshaand21.53%
of Anupa Desha are scattered in the Belagavi District (Figure 3). It is also observed from the map
that Jangala Desha predominates compare to other twoDeshas.Jangaledesha- Sadaranadesha and
Anupa.
Keywords: Bhumidesha, Geo-ecological, Mapping, Belgaum District

INTRODUCTION
Bhumidesha(Geo-Geographical land) refers to the natural habitat of an individual. Ayurveda has
classified it into three types as JangalDeshawhich is arid land with less rainfall and having VataPitta

doshapradanaDesha;

AnupaDesha

which

is

marshy

land

having

Vata-

KaphadoshapradanaDesha; and SadharanDesha which is intermediate land having combination
of earlier two types and is said to be a good habitat for people. It is regarded as Sadaranaguna
and Doshayukta(YadavjiTrikamji, 2004).

Bhumidesha is one of the important principles in Ayurveda. It forms one among the major
factors to be examined (Parikshabhavas) for diagnosing as well as treating a disease. The
specific

type

of

Bhumi

Desha

attributes

the

specific

type

of

geo-climatic

conditions(YadavjiTrikamji, 2004). The predominance of Dosha (humors) of specific Bhumi
desha influences and affects the humans and is reflected in their genetic constitution (Prakruti)
and becomes risk factor in manifestation of the particular disease. Therefore each specific
Prakrutitends to follow certain life-style activities to maintain the predominant Dosha in its
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natural balance and prevent the disease. Hence, Bhumi Desha plays a major role in determining
the Prakruti(health and disease) of an individual.

Since, the geo-ecological parameters explained in classics of Ayurveda for each Bhumi Desha
are not dealt anywhere, there is a need of proper identification and mapping of region (land/
places) into a different Bhumi Desha and is essential. The Belagavi district experiences
diversified climates. In order to have a clear knowledge regarding geo-ecological area of
Belagavi district, it is necessary to identify and determine the regions in terms of typical Bhumi
Desha and prepare a map which exhibits areas into different Bhumi Desha explained in
Ayurvedic classics so that the appropriate preventive and curative measures can be developed
and implemented based on the Ayurvedic fundamentals. Hence the present study has been
undertaken to determine the Geo-ecological parameters for designing Bhumi Desha wise map of
Belagavi district (Figure 1) depending upon parameters of Bhumi Desha.
Figure-1 Location Map of Belgaum District
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The main objective of this study is to determine the Geo-ecological parameters for preparing
Bhumi Desha wise map of Belagavi district depending upon the parameters of Bhumi Desha,
with specific objectives to develop the Geo-ecological parameters by demarcating different
Bhumi Deshaas explained in Ayurvedic classics.
MATERIALS AND METHODS
A cross sectional study of the Belagavi district has been under taken for the present study. The
background literature was collected from the classical and modern literature of Ayurveda and
earlier

researches.

The

different

areas

of

predominance

of

Jangala,

Anupa

and

SadharanaDeshaof Belagavi district of Karnataka were explored for the present study. The data
was collected through field visits covering major areas of the district.

For this study about30 different places (Table 4) having predominance of a particular Bhumi
Desha were used,and a pre-designed, and semi-structured research data format was prepared
(Annexure-I).
Annexure-I
Table 1: Protocol for Desha Assessment format: Used in the present research
Name of the place:
Date :
Sl No Parameter
Observation
1
Latitude
2
Longitude
3
Temperature
4
Humidity
5
Type of wind
6
Mud Type
7
Number and name of Water Source and
water level
8
Stone type
9
Number and Name of Animals
10
Number and Name of Birds
11
Name and Number of tress*
12
Number of Trees (per 100 sq met)
P a g e | 223

Time:
Remarks

Copyright ⓒ 2020Author

Studies in Indian Place Names
(UGC Care Journal)

13

Name and Number of tress
Champaka
Mangao
Champaka
Mangao
Shigru
Vata
Aswatha
Udumber
Gulmohar
Badari
Karanja
Simsapa
Amalaki
Arka
Bilwa
Crop- Jawar, maize etc.
Type of Desha
Jangala

ISSN: 2394-3114
Vol-40-Issue-60-March -2020

Erenda
Chinch,
Babul;
Gova
Japa
Jasmine
Arjuna
Kaiderya
Phanas
Kaju,
Kanchanaar
Badam,
Tulasi,
Nilgiri
Nirgundi
OthersAnupa

Sadarana

The data obtained was used to identify the geo-ecological parameters of different types of Bhumi
Desha.
Development of parameters
On the basis of Classical parameters of the ideal Bhumi Desha as Jangala Desha (Arid Land),
Anupa Desha (Marshy Land), and Sadarana Desha (Mixed Land), were identified and
documented (Table-1) the parameters discerning the Deshas during the field visit and the data
was generated for the preparation of the maps.
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Table 2: Classical Assessment Parameters for Bhumi deshaas per classical texts.
PARAMETERS

ANUPA DESHA

JANGALA DESHA

SADHARANA DESHA

Appearance

Sushobhita with
many rivers,
parvatakunjas (hill),
having much flowers
and plants,
snigdha(soft)and
komal (tender)
vruksha(trees),
always hear sounds
of many variety of
birds(YadavjiTrikam
ji, 2004).Having
cold-weather because
of many rivers, and
having nirasabhumi
(marshy land) with
anushnaguna(Lukew
arm weather)
&chaya(shadow)
yukta(Bhava Misra,
2004)

Paryakashabhuistha,
nirbhraakashayukta,
(open sky) and land
having
mrugatrishnika(mirag
e), dried trees,
creepers, shrubs, stony
hills and lands. Looks
much
specious(YadavjiTrika
mji,
2004).Anupaviparyay
a (opposite to Marshy
land), having
trunagharadhusarade
sha(full of dry grass
and ugly look),
nirjara(dry land)
sthala(Bhava Misra,
2004)

Mixed climate seen.
medium specious,
moderate forest
seen(YadavjiTrikamji,
2004).Mixed, and less
characters of both
anupaandjangala(Bhava
Misra2004)..

Bhumi/Land

TamraBhumi(Bhava
Misra2004).Wet
always, full of rivers,
lakes, many verity
flowers are spreading
on the ground,
mountains(YadavjiTr
ikamji
2004).,(Krishnmurth
y2008)

Dhusara Bhumi (Ash
colour mud- dry land),
SharkaraTanu (Sandy
mud), Khara (Rough),
Parusha(unattractive),
Sikta (small sand
particales); Arid ,
sandy zone, irregular
land, sharkara (stone)
and stony hills.
(YadavjiTrikamji2004
);
(K.H.Krishnmurthy20
08)

Mixed land has
combined characters;
plants, birds, animals,
Nanavarna(Different
colored) bhumi(Bhava
Misra2004)
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Jala/Water

Bahudaka/pracuroda
ka/bahuvaari(Yadavj
iTrikamji 2004);
(Krishnmurthy2008)
,(BhavaMisra2004),
(good amount of
water and water
source)
Nadee(river),Varshay
ukta(rainy)

Swalp/alpaPaniya/udaka(Yadavji
Trikamji 2004),(less
water and water
source)
AlpaVarsha(less rain),
Prasrvanodak(less
water), Alpa-Paniya,
Arogyakar(Healthy
climate),
teasty(Krishnmurthy2
008)sweet water

Sama/
madhyamaudaka(Yadav
jiTrikamji
2004).,(Krishnmurthy,
2008).(Moderate water
and water source)

Nadi/Rivers

Sarita goes
uptosamudra(river
goes upto to sea),
many small
kunja(rivers) coming
from hill are
seenRivers are
glittering from
vanjula (water
plants) and
vaanir(YadavjiTrika
mji 2004).(water
plants), many small
rivers which
produces the
breeze(Bhava Misra,
2004)

Less number of
rivers(YadavjiTrikamj
i, 2004)

-

Vayu/Air

Shishir
Pavanabahula (cold
breeze always),

SthiraShushkapavana, (dry
stable air)UshnaDarunavata.Pravaata,
continuous, forced
vaayu(YadavjiTrikamj
i, 2004)

MriduShita(Soft and
cold in nature)

Heat/ Ushma
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mji 2004).Less
intensity of sun heat
seen

i 2004).Good amount
of sun heat

amount of sun heat seen

Hintala, Tamal,
Narikela
(cocusnucifera),
Kadali (Banana),
Vanjula,vanya
(nymphaeanouchali),
Vanira, nandimuka,
pundarika,
kaadambamudga(gre
engram),
brinaraj(Eclipta
alba),
shatapatra(YadavjiT
rikamji,
2004).Utpala(kaemp
feria rotunda.) Shali
(hygroryzaaristata),
cadambha(anthoceph
aluscadamba)

Kadar (acacia
polyantha),
Khadir(acacia
catechu), Aasana
(pterocarpusmarsupiu
m),
Dhava(anogeissuslatif
olia.), Aswakarna
(terminaliapaniculata),
Tinish(ougeniaoojeine
nsis), Sallaki, Sal
(shorearobustha),
Somvalka(acacia
polyantha),
Badari(zizyphusjujub
a),
Shami(Krishnmurthy,
2008)(prosopisspicige
ra),karanja,
Tinduka(gaub tree ),
Ashwattha (scared fig/
people tree), Karir
(capparis decidua),
Kakubha,
Bilwa(aeglemarmelos)
,
Pilu(Krishnmurthy,20
08)(savadorapersica),
Arka(Krishnmurthy,
2008)(calotropisgigant
ea).
Amalaki(emblicaoffici
nalis),
simsapa(dalbergiasiss
oo.),
karkanda(jackajujube-

No thick forest seen,
here small vanaspati and
vanspatya of both desha
seen. (YadavjiTrikamji
2004)
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zizyphusoenoplia)(Kri
shnmurthy, 2008),
(YadavjiTrikamji,
2004)
Pashu/ Animals

Shash (Rabbit),
Varaha(Fork/pig),
Mahisha(Buffalo ).
Khadga (rhinoceros),
Ruru,Rohi(Krishnmu
rthy, 2008), with
different variety of
jala-mruga(water
animals), and
pradhanmruga(jungl
e animals)(Bhava
Misra, 2004)

Harina (deer), Ena,
prasta, gokarnam,
khara, chataka(verity
of small sized bird)
,vaanar( monkeys),
gou (cow),
manushya(Krishnmurt
hy, 2008). Gavaya
(cow),
maheesha(small sized
buffalo),
Aja(goat)(Bhava
Misra, 2004)

Mixed land has
combined characters;
plants, birds,
animals.(YadavjiTrikam
ji 2004; and Sharma
1999).Nanajantusukhap
rada(Bhava Misra,
2004)

Pakshi/ Birds

Hamsa(YadavjiTrika
mji(2004); and
Krishnmurthy
(2008)) Cakravaka,
Balaka,
Kokila(YadavjiTrika
mji, 2004)Srasa,
Korsnda, Balakaa,
with different veriety
of
pradhanpakshi(Bhav
a Misra, (2004); and
Krishnmurthy2008)

Lava, Tittira,
Cakora(YadavjiTrika
mji, 2004)

Mixed land has
combined characters;
plants, birds,
animals.(YadavjiTrikam
ji 2004); and Sharma
(1999)

Dhanya/ Seeds

Shali(YadavjiTrikam
ji 2004)

Mudga, Vrihi,
Yava(YadavjiTrikamji
, 2004)

Godhoomolbana
,sushobhita with yava
and nala. Also produces
masha in more
quantity(Bhava Misra,
2004)

Mudga, vrihee, yava,
and phala(Bhava
Misra, 2004)
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Manushy&
purusha/ People

Mrudu-SukumarUpachita

Stira-Kathina-Krusha; Inhibiting people, firm,
delicate endowed with
Less fat, compact and strength,complexion and
beautiful body, long
compactness, other
span of life, study and modreate
hard
qualities.(YadavjiTrika
working(Krishnmurth mji, 2004); Harishastri,
y, 2008)
2000); and (Sharma
1999)

Dosha

Vata –
kapha(YadavjiTrika
mji, 2004);
Harishastri,
2000),Vatabhuistha(
Gyanendra Pandey,
2014);
(Krishnmurthy,
2008)KaphVaataPrakopaka, &
Pitta
Shamaka.(Bhava
Misra, 2004)

VataPitta(YadavjiTrikamji
, 2004); Harishastri,
2000);
Kaphaolbana(Gyanen
dra Pandey, 2014);
and Krishnmurthy,
2008)
Pittavardhaka,
balakaraka(Bhava
Misra, 2004)

Equilibrium Of
DoshasSeen(YadavjiTri
kamji, 2004);
(Gyanendra
Pandey,2014 );
(Harishastri,
2000),Samadoshata(Gya
nendra Pandey, 2014);
(Krishnmurthy,2008).;It
has mixed desha having
equal sheetavarsha,
ushmata, and vayu,;
healthy place to
live(Krishnmurthy,
2008).
Maintains equilibrium
of prakupitadosha,

Flowers and
fruits

Lotus and lilies, big
trees full of flowers
and
fruits.(Krishnmurthy,
2008)

Quality of Ahara
(food
)andpadartha(oth
er materials )

Guru(YadavjiTrikam
ji, 2004).

Vyadhi/ Disease

Udara-roga and
Amadoshajavyadhies
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(Bhava Misra, 2004)

Geo-ecological parameters like latitude, longitude, temperature, humidity, wind, etc., of that
particular Desha were collected using GPS and AccuWeather mobile App.
After development of the basic parameters, the ideal Bhumi Desha areas from the study areawere
identified (30 places, Table 4).
Table 3: List of places visited
Sl.no

Name of the place

Desha

Taluka

1.

Ankali

JangalaDesha

Chikkodi

2.

Athani

JangalaDesha

Athani

3.

Jainapur

JangalaDesha

Chikkodi

4.

Mattikoppa

JangalaDesha

Bailhongal

5.

Kagwad

JangalaDesha

Athani

6.

Murgod

JangalaDesha

Savadatti

7.

Mangasooli

JangalaDesha

Athani

8.

Mejalatti

JangalaDesha

Chikkodi

9.

Ankalagi

JangalaDesha

Gokak

10.

Ghodageri

JangalaDesha

Gokak

11.

Ammanagi

JangalaDesha

Hukkeri

12.

Kempwad

JangalaDesha

Athani

13.

Navalihaal

JangalaDesha

Athani

14.

Pacchapur

JangalaDesha

Gokak

15.

Siraguppi

JangalaDesha

Athani

16.

Ramadurga

JangalaDesha

Ramadurga

17.

Toragall

JangalaDesha

Ramadurga
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18.

Tumeraguddi

JangalaDesha

Belagavi

19.

Katakol

JangalaDesha

Ramadurga

20.

Manturga

AnupaDesha

Khanapur

21.

Jamboti

AnupaDesha

Khanapur

22.

Kusumaali

AnupaDesha

Khanapur

23.

Hemagada

AnupaDesha

Khanapur

24.

Shiroli

AnupaDesha

Khanapur

25.

Tivoli

AnupaDesha

Khanapur

26.

Shahu Nagar

SadaranaDesha

Belagavi

27.

Nesargi

SadaranaDesha

Bailhongal

28.

Khanagonv

SadaranaDesha

Belagavi

29.

Narasingpura

SadaranaDesha

Belagavi

30.

U. Khanapur

SadaranaDesha

Hukkeri

RESULTS AND DISCUSSION
By using the Geo-biological parameters referenced over the Belagavi region was additionally
separated as Jangala, Aanupa and Sadharana Desha. The area of various Bhumi Desha in the
investigation region for example Jangal, Aanupa and Sadharana Desha were distinguished and
arranged and introduced as figures 2 - 4.
Desha insightful characterized map has been readied utilizing Google Earth map based on Geobiological parameters advanced (Table1).
The Geo-ecological parameters distinguished for a specific Bhumi Desha arranged for the most
part on vegetation type, likewise incorporates longitude, scope, soil type, rock type, water source
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(well, bore well. lakes and so on.) and level of water accessibility, crops, temperature, wind,
mugginess, number and assortment of trees, kinds of leaves, sort of land (plane, uneven, rough
and so on.), region of open space, have been recorded at each spot mulling over 100 square
meters (Tables 2 and 3; and Figures 2 to 4).
Table 4: Assessment Parameters for Bhumidesha.
PARAMETERS
A.
1.
2.
3.
B.
1.

VEGETATION :
Thorny Plants
Big Trees
Shrubs
OTHER :
Water source

ANUPA DESHA

JANGALA
DESHA

SADHARANA
DESHA

< 10%
>80%
<10%

>50%
<20%
>40%

10 To 50%
20 To 80%
10 – 40%

Good source

No/very less water Less water source
source.
Scary
Up to 200
<150 trees

2. No of Trees
Dense forest
Per 100 Sq. >250
Meters
3. Types of Trees
Tall heighted, and Medium heighted,
Big sized trees .
Thorny and Milky
and Latex shrubs
Many
flowering were
found
shrubs were spread abundantly,
on the all over the
ground
Much dry grass and
shrubs were found.
4. Mud type
Red
/
Brown Grey, black and ash
coloured
colored
5. Land
No/ very less space/ To a large extent/
Dense forest
Much Specious
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Table 5: Percentage of Surveyed Vegetation
DESHA
Thorny NonBig
Small
tree
thorn leafy
leafy
y tree tree
tree

Juicy
plants

Non
juicy
plant

Thorny Non
shrubs thorny
shrubs

Anupa

15%

98%

86%

14%

97%

3%

0%

3%

Jangala

34%

34%

17%

59%

14%

86%

29%

21%

Sadarana

11%

22%

26%

21%

20%

80%

7%

30%

Figure-2 Location Map:

The all outcomes were useful in demarcating which part of the Belagavi region was having
Jangal, Aanupa and Sadharana Desha, and demonstrated traditionally clarified parameters for
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particular Bhumi Desha, which help us to find better places/natural surroundings of Belagavi
locale into Jangal, Aanupa and Sadharana Desha, in this manner effectively prepared desha
shrewd guide Belagavi District. (Figure3-4)
Figure-3 Sampling Locations

Figure-4 Desha wise Map of Belgaum District
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Likewise we come to know which Desha/geological territory we are living, with the goal that the
suitable preventive measures can be created and executed on the lines of Ayurveda basics.
CONCLUSIONS
Desha and Deha (body) are inter related and influence each other, to maintain once own health
equilibrium. Each Desha (Habitat / Place) is having predominance dosha which directly
influence Deha (body). Hence, to have proper health we must know in which Desha/Habitat or
geographical area we are living. The present study is an attempt to create a map with the three
important Deshas which can be used as a ready recon-air so that the deceases common to those
Deshas are identified at the first hand.
In the present study entire Belagavi District was selected, which exhibits a variety of climatic
conditions. To identify which part of the Belagavi district is having Anupa, Jangala, and
Sadarana Desha, that influences the health. The present work provides a firsthand report which
can be a base for any such studies in future and applicable for diagnosis of the common diseases
that are depending upon the Deshas.
The designed Bhumi Desha wise map of Belagavi District showed all the types of Bhumi
Deshas,the overall percentage distribution of deshas is- Jangaledesha- 47.20%; Sadaranadesha
31.263% and Anupa 21.53%, indicatingJangala Desha is more predominance compared to other
two Deshas.
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KSHARAGADA -DRUG REVIEW
Ksharagada

is

one

among

vishaghnayoga

(antidote)

explained

in

classics

by

AcharyaCharaka, Sushruta, Vagbhata and Bhel in visha contexts which has different
ingredients and methods of preparations. Two different methods of preparations are
mentioned below:
According to Acharya Charaka following is the method/procedure followed for the
preparation of Ksharagada:


Collect twak of taruna palasha,



Dry it well in open sunlight,



After it is complete dry, burn it and collect the ash (bhasm),



The produced ash is then mixed with 1:4 or 1:6 parts of water and to be soaked well,
followed by filtration,



This ksharajala (mixture of ash and water) is heated over moderate flame till it reduce to
half of its volume,
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And then fine powder of all other seventeen (17) ingredients is taken in equal proportions
and added to kharajala,



This mixture is continuously heated/cooked with stirring till it attains avaleha consistency
and that is understood once it starts sticking to the stirrer,

Then this lehya is rolled into pills and is dried in room temperature, and according to Acharya
Sushruta the same Ksharagada is prepared by following method/procedure


Collect twak of taruna palasha,



Dry it well in open sunlight,



After it is complete dry, burn it and collect the ash (bhasma),



The prepared ash is to be mixed with 4 or 6 parts of water and stirred well,



Soak it for overnight,



Then the next day filter it using muslin cloth for 21 times and ksharajala is obtained.



The obtained ksharajala should be heated on moderate flame till water content gets
evaporated and is called as kshara.



This kshara is taken and diluted in 1:4 or 1:6 parts of water and heated on moderate
flame, till it reduces to half of its volume.



Then fine powders of all the ingredients in equal proportions are to be added in ¼
quantity of kshara.



Continuous stirring should be done till it attains avaleha form and formerly prepare pills
which has to be dried in shade.

The formulation which has been explained in different samhitas have relatively similar
indication and has mainly advised in gulma and visha, in spite of its different method of
preparation.
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The common indication quoted by different Acharyas is mainly gulma and visha along with
some other diseases like shotha, gulma, twak dosha, arsha, bhagandara, pleeha, apasmara,
krimi, bhoota, swarabheda, pandu, mandagni, kasa, swasa and unmada.
Indication of Ksharagada by Acharya Sushruta and Achyara Vrudha Vagbhata is in Ashmari,
arsha, vatagulma, kasa, shula, udara, ajirna, grahani, bhaktadwesha, darna shopha, shwasa
and vishaghna. Whereas Acharya Bhel has explained it in vatagulma, pleeha, arsha, shula,
krimi, grahani, visha, sarpa, mushaka damsha, granthi, vatashleshma, samuthanam
sannipatatmak, prasahya gulma, vandya, gara, apasmara.

Table 01. Ksharagada references, Ingredients and Indication shown below
S.No Reference

1

Charaka.Chikitsa
sthana. 23/101-104

2

Sushruta.klpa
sthana.6/ 1- 7
Sushruta.klpa

3

Bhelsamhita Chikitsa
sthana. 5/40

4
5

Ashtanga sangraha
Chikitsa sthana 16/16
Ashtanga Sangraha
uttara sthana 47/38

Ingredients

Indication

Palash ksharajala, gairika, haridra,
daruharidra,surasamanjiri,
yashtimadhu,laksha,saidhava, jatamamsi,
harenu, hingu, dwiariva, kushta, trikatu,
bahlika

Sarva visha shotha, gulma, twak
dosha, arsha, bhagandara, pleeha,
shotha, apasmara, krimi, bhoota,
swarabheda, pandu,mandagni,
kasa, swasa, unmada

Dhava, ashwakarna, shirisha, tinisha,
palasha, pichumarda, patali,
paribhadraka, udumbara, karahat,
Mahaoshada, devadaru, vasa,
katurohini, chitrak,pippalimula, pippali,
hastipippali, kushta, sarpagandha,
pancha lavana, dwikshara, trivrutta,
danti, dravanti, chopakunchika,lavana ½
pal, churna 1 pal, vasa, taila, ghrita 1
prastha

Ashmari, arsha, vatagulma, kasa,
shula,udara,ajirna,grahani,
bhaktadwesha, darna,shopha,
vatagulma, pliha,arsha,
shula,vardhma, aavarta kundalam,
krimi, grahani,visha,
sarpa,mushaka damsha,granthi,
vatashleshma,= samuthanam
sannipatatmak, prasahya,gulma,
vandya,gara, apasmara

Same as bhela

Gulma

Same as sushruta

Sarva, Visha Nasak

Acharya Charaka has explained Ksharaagada in the context of Sthavara Visha Chikitsa
specified in third vegavastha. In Acharya Charaka’s formulation the details of individual raw
drugs are given in table no1
Table no 2–Botanical name ,gunaand karma of individual drugs of Ksharagada
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Ingredients

Latin name

Rasa

Guna

Veerya

Vipaka

Karma

1

Palasha

Butea Monosperma
(lam) Taub

Katu

Laghu,
Ruksha

Ushna

Katu

Grahi

2

Shodhita
Gairika

Ferric Oxide

Pachaka

Ushna

Haridra

Curucuma. Longa
Linn

3

Tikta
Katu

Ruksha
Laghu

Laghu
Ruksha

Ushna

Deepana, Rasayana

Katu

Uttejaka, Sugandhi,
Raktadoshahara,Tvaka
doshahara,Shothahara
, Deepana, Grahi,
Vishagna
Deepana, Pachana,
Grahi, Pittarechaka,
Jwarahara, Swedala,
Shlesmaghna,
Rasayana

Indication
Arsha , Krimi,
Kushta, Gulma,
Udara
Gara, Visha, Kasa,
Swasa.
Charmaroga,
Prameha, Shotha,
Pandu, Vrana.
Vishamajwara,
Kupachana,
Phiranga,
Gandamala,
Apachi, Vrana

4

Daruharidra

Berberis Aristata DC

Tikta
Kashaya

5

Surasa
Manjiri
(Tulasi)

Occimum, Sanctum
Linn

Madhura Snigdha

Sheeta

6

Yashtimadhu

Glycyrrhiza. Glabra,
Guru,
Madhura
Linn
Snigdha

Sheeta

Vrana, Shotha,
Madhura Chakshushya, Keshya, Swarya,
Visha, Chardi,
Balavarnakrut
Trushna, Glani.

7

Laksha

Lacifer, Lacca

Tikta,
Laghu,
Kashaya,
Snigdha
Madhura

Sheeta

Madhura Pachana, Varnya

Ushna

Katu

Shothghna,
Vedanasthapana,
Rochak

Vatavikara,
aruchi,
agnimandya,
visha, arbuda,
Vrukkashotha

Sheeta

Katu

Medhya Balaprada

Daha, Visarpa,
Kushta
Deepana,
Vishaghna
Shula,Gulma,
Murcha, Apsmara,
Udara

Guru,
snigdha,Tis
hna

8

Saidhava

Sodium Chloride

Lavana

9

Jatamansi

Nardostachys
jatamamsi DC

Tikta,Kas
Laghu
haya,
Snigdha
Madhura

10

Harenu
(Nirgundi)

VitexNegundo Linn

Katu,
Tikta

11

Hingu

Ferula Narthex Boiss Katu

12

Krishna sariva

Ichnocarpus
Frutescens R. Br.

Ushna

Katu

Deepana, Hrudya

Mutrakruccha

Laghu
Ruksha

Ushna

Katu

Sthambhana
Shothghna
Plihavruddhi Yakruta
Roga

Laghu
Snigdha
Tishna

Ushna

Katu

Pachana Ruchya

Madhura, Guru,
Tikta
snigdha

Sheeta

Madhura

Tridoshahara
Shwasa, kasa,
Dahaprashamana,
vishanashana,
Shothahara, Deepana,
jwara, atisara
Pachana, Anulomana
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13

Shweta sariva

Hemidesmus Indicus Madhura, Guru,
R Br.
Tikta
snigdha

Sheeta

Madhura

Tridoshahara
Shwasa, kasa,
Dahaprashamana,
vishanashana,
Shothahara, Deepana,
jwara, atisara
Pachana, Anulomana

14

Kushta

Saussurea, Lappa,
C.B, Clarke

Tikta,
Laghu,
Katu,
ruksha,
Madhura tikshna

Ushna

Katu

Kaphavata Shaman

15

Shunti

Zingiber, Officinale,
Katu
Rosc.

Laghu,
snigdha

Ushna

16

Marich

Piper, Nigrum, Linn

Laghu,
tikshna

Ushna

17

Pippali

Piper, Longum, Linn Katu

Laghu,
snigdha,
tikshna

18

Bahlika

Ferula, Foetida,
Regel

Laghu,
Snigdha,
Trishna

Katu

Katu

Madhura Kapha-Vata Shamana

Visarpa, kasa,
kushta
Deepana,
pachana, rochana,
vatanulomana,
shulaprashamana

Shwasa, shula,
krimi
Pleeha roga,
shula, aama,
Anushna Madhura Kapha & Vata Shaman
shwasa, kasa,
udara, kushta
Shula,Gulma,
Ushna
Katu
Pachana, Ruchya
Murcha, Apsmara,
Udara
Katu

Vata & Kapha Shaman

Research updates on pharmacological properties of individual drugs 

Palasha bark
Palasha is said to have katu, tikta, kashaya rasa, laghu, ruksha guna, ushna,
veeryaand katu vipaka. It is indicated in disease conditions such as grahi, trishna
,arsha , krimi, kushta, gulma, udara roga, because of its karma as vatakaphagna
,deepaniya, and daha shamana.
Anuradha Sehrawat et al proposes Butea monosperma concentrate is a powerful
chemo-preventive operator and represses 2-AAF-prompted hepatic carcinogenesis by
postponing tumour arrangement and diminishing the recurrence of tumours and
oxidative harm in wistar rodents, which proves its chemoprotectivity activity.
M. A. Kamble et al 2015 has described Butea monosperma for its anti-cancerous
action in the invitro on human breast cancer cell line in its concentrate extract.
Ashwini Somayaji et al 2016 has elucidated Butea monosperma has properties like
astringent, aphrodisiac, anthelmintic, antibacterial and used in asthma. It has been
utilized for the treatment of various ailments. Different invitro and invivo studies have
shown its anti-diabetic, anti-malignant growth, anti-microbial, anti-viral, anti-oxidant,
anti-convulsion activity.
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Salar R K et al. 2011 have proved the free radical scavenging activity of palasha. In
Shaista et al 2012 palasha extract shows a strong contraceptive and antidote against
snake venom.
Muralidhar A. et al reported the hepatoprotective, antinflammatory in ethanolic
extract of palash bark in wistar rats.
Tiwari P. at al 2019 have quoted antifungal, antiulcer activity of palasha bark.
Somayaji at al 2016 reported wound healing, anti-diarrhoeal, anti-microbial,
antifungal, and antiulcer.



Daruharidra
Daruharidrahas tikta, kashaya rasa laghu ruksha guna , ushna veerya and katu
vipaka which aides in agni deepana and swedala. Italso works as sleshmaghna
,pittakapha shamaka, , pittarechaka , indicated in grahi jwara vishmajwara ,
kupachana , phiranga ,gandamala apachi ,vrana , kustha , visha , additionally
promotes rasayana.
Soumya et al. 2009 found anticancer activity of Berberis Aristata DC metholonic
extract on colon cancer cell lines.
Singh V et al. 2013 states its antinflammatory action.CCRS joint project with
advanced centre for treatment, Research, and Education of Cancer (ACTREC)
reported in vitro anticancer activity of Berberis Aristata.
In script of Indian medical plants Berberine has antibacterial and anti-inﬂammatory
action.
Mazumder PM reported anti-microbial, anti-depressant, and hepatoprotective activity
of Berberis Aristata.
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Srivastava S at al. 2015 identified properties alike anti-inflammatory, central nervous
system protective, anti-microbial and hepatoprotective.



Tulasi
In Bhavaprakash Nighantu tulasi is disclosed to have madhura, katu tikta rasa sheeta
veerya which demonstrates the action of deepana, and supportive in hrudya
conditions. Adhvaryu et al. 2008 have validated anti-tumour and chemoprotective
activity of ocimum sanctum and curcuma longa in vivo by Dalton lymphoma ascites
bearing mice and in vitro assay on DLA- cell line.
Mrutyunjay M Mirje et al 2014 documented its anti-inflammatory activity. Joseph B
at al. 2013 reported anti- cancerous activity of tulasi.
Singh N at al. 2012 quoted anti-radiation activity, antioxidant activity of tulasi.
The seeds of tulasi proved to be helpful in psychological disorders, including fearpsychosis and obsessions. Additionally oil extracted from these seeds revealed, the
antiasthmatic action and effectively protected the guinea-pigs from histamine and
dyspnoea state. They also showed anti inﬂammatory activity against carrageenan-,
serotonin-, histamine- and PGE-induced inﬂammation and inhibited hind paw oedema
in rats. (IMP)
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Yashtimadhu
Yashtimadhuhas madhura kashaya rasa, guru snigdha guna sheeta virya and
madhura vipaka, which is vatapittahara and is beneficialas shukrala and balya,
chakshushya, keshya and swarya, indicated in vrana shotha visha chardi trushna and
glani conditions.
According to Indian Herbal Pharmacopoeia the properties of Yashtimadhu are
madhura

rasa

sheeta

veerya

madhura

vipaka

and

it

acts

as

anti-

inﬂammatory,antiulcer agent, antiallergic, antidiabetic antistress, antidepressive
antiulcerous conditions like mouth ulcer inﬂamed stomach tuberculosis, respiratory
infections bronchitis, dry cough catarrh, genitourinary diseases furthermore in
abdominal pain, gastric, duodenal ulcers, and mild laxative spasmolytic.
Dhanabalan B et al. 2015 has specified gastro protective action of Yashtimadhu.
Aslam B et al 2015 G has proved glabra root powder to be gastro protective. As
considerably improved the TAC and CAT action when compared to synthetic
antiulcer drug though it shows remarked decline in TOS and MDA levels which
specifies its antioxidant property. Generally the study shown that extract of G.
glabraat 250, 500, and 750 mg/kg acquires gastric protection action.
Roshan A at al. 2012 and Harwansh R.K. at al 2011 quoted antioxidant, antifungal,
anti-inflammatory, anti-carcinogenic, hepatoprotective, anticancerous activity of
glycyrrhiza glabra linn.
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Haridra
Haridra possess tikta katu rasa, ruksha laghu guna , ushna veerya, katu vipaka which
is best in kushta visha conditions, it is sugandhi and uttejaka dravya does deepana ,
grahi , raktashodhana which is also indicated in charmaroga , prameha , shotha
pandu , vrana .
M. Akram at al 2010 and labban L 2014 documented effects like antimicrobial,
hepatoprotective, anti-inflammatory, anti-carcinogenic effects, antioxidant and freeradical scavenging, gastrointestinal properties.
Yan Li et al Hepato has mentioned protective and chemo protective action of
curcuma. Savaringal JP et al. 2018 revealed antinflammatory of curcuma and IMP
supports anti-inflammatory, hepatoprotective, anti-tumour, anti-oxidant, of curcuma
that protects DNA damage.



Shweta Sariva
Shweta Sariva that holds madhura tikta rasa , guru snigdha guna , sheetsa virya
madhura vipaka , which is tridoshamaka ,works as deepana , pachana, anulomana
ruchikara dahaprashmana and also has great role in shwasa , kasa , vishnashana ,
jwara, atisara kushta visha, , shotha condition.
B Prathib at al 2017 quoted antitumor activity, anti-inflammatory action of Shweta
Sariva (Ichnocarpus frutescens)
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Krishna Sariva
Krishna sariva acquires madhura, tikta rasa

guru, snigdha guna

sheeta virya

tridoshahara dahaprashamana, shothahara, deepana, pachana, anulomana karma
and indicated in shwasa, kasa, vishanashana, jwara, atisara
Panchal G. A. At al 2009 quoted antioxidant, hepatoprotective, anti-ulcer,
antimicrobial, anticancer, anti-inflammatory of Krishna Sariva (Hemidesmus indicus)



Jatamansi
Jatamansiperceiving tikta, kashaya, madhura rasa, sheeta veerya, katu vipaka whis is
tridosa shamaka enables action of balaprada, daha, twachya, indicated in medya ,
visha, visarpa , kushta conditions.
Ayurvedic Pharmacopoeia of India mentions dry roots useful in skin diseases,
erysipelas, disturbed mental state and insomnia, Used for the treatment of epilepsy,
hysteria, convulsive aﬀections (IMP). Choudhary S at al 2015 and pandey M.M at al
20013 quoted antioxidant, anticancerous effect of jatamamsi. Dhuna K at al 2013
reported Cytoprotective action of jatamamsi.



Kushta
Kushta has tikta , katu, madhura rasa, ushna veerya, katu vipaka, kaphavata shaman ,
indicated in visarpa , kasa , kushta , hikka .
Zahara K et al 2014 has mentioned hepatoprotective, anti-inflammatory activity,
gastro-protective, anticancer/antitumoreffect of kushta.
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,ushna

veerya,

katu

vipaka

,pachana ruchya as karma, and indicated in shula,gulmamurcha,apsmara,udara ,also
acquires antimicrobial activity on gram-positive and gram negative bacteria.



Shunti
Shunti has katu rasa, ushna veerya, madhura vipaka pacifiesvatakapha , deepana ,
pachana rochana , vatanulomana , shulaprashmana , kushta hara .
Habib SHM et al. 2008 reported anticancer and antinflammatory activity of ginger
extract on ethionine induced hepatoma rats.



Maricha
Maricha has katu rasa, ushna veerya, katu vipaka acts as kaphavatahara indicated in
krimi,kasa,shula ,shwasa .
Tasleem F et al reported antinflammatory activity of piper nigrum L ethanolic extract
by carrageenan-induced paw inflammation in rats. F. Amin et al 2010 stated in vitro
anticancer and immunomodulatory action of Piper Nigrum



Nirgundi
Nirgundi having katu , tikta , laghu ruksha guna sheeta , katu vipaka, shows
properties of deepana, pachana medhya ,stambhana and shothghna. Indicated in
pilvruddhi , yakrat roga , vishgna ,vatahara kaphahara .
Saklani S et al 2018 reported its anti-oxidant activity. Its seeds are prescribed in
spermatorrhoea, and promotes spermatogenesis.
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Ksharagada
Research studies reveal, Ksharagada holds in total seventeen ingredients out of its
most ingredients possessing anti-tumour / anti-cancer, gastro protective, anthelmintic
activity, antibacterial anti-inflammatory, anti-bacterial, antimicrobial, antifungal and
antitoxic action that is common in action .
Review done on Ksharaagada by Arvind at al. 2017 and Ranu at al. 2018 reported
anti-toxic and antihelmintic action of Ksharaagada.
“Sarvavisha

shotha

apasmarabhutaswarbheda

gulma
pandu

tvagdoshasho
garana

manda

bhangandarpleehashotha
ritva

kasam

sonmaram

nashayeyuratha pusam”
Ksharaagada is one among the potent antitoxic formulation as per Acharya Charaka.
According to Acharya Sushruta Paneeya Kshara (Su Su. 11/8) is one among the types
of kshara which is indicated for internal usage. It is indicated in garavisha, gulma,
udara, krimi, pandu, loss of appetite and other diseases.

Ksharaagada is prepared by cooking all the 17 ingredients in khsara jala and
preparing it in gutika form. This may help to increase the palatability of Kshara jala.
Kshara jala, and laksha rasa acts as binding agent for other drugs to form gulika. The
drugs of kshraragada are mainly having katu, tikta rasa, ushna veerya, katu vipaka,
kushtaghna, vishaghna, deepaneeya and indicated in kushta, Gulma, shula, udara.
These are reported to have anti-cancer, anti-inflammatory, anti-oxidant property.
Together ksharaagada may possess katu, tikta rasa, ushna veerya, katu vipaka, tiksha
guna, lekhana, shophahara karma. In charaka chikitsa sthana 23/48 shloka it is
explained to have properties as shophahara and lekhana and ambu (water) is
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explained as anupana. Kshraraagada may have anti-cancerous, anti-inflammatory,
anthelmintic, anti-oxidant, hepato protective properties.
Ksharaagada is indicated especially in shotha (inflammation), by its ushna tiksha,
lekhana guna it will act as shophahara and also most of the raw drugs have shown
anti-inflammatory activity in various research works. It is said to be useful in liver
disorders.
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Abstract — The recent outbreak of Coronavirus Disease (COVID 19) was announced as pandemic causing a rapid spread of the virus
worldwide and creating a public- health emergency. Coronaviruses (CoV) belongs to the family Coronaviridae. They have enveloped
viruses with a single positive-stranded RNA genome. It was first discovered in Middle Eastern countries in 2012. However, most of all
CoV are zoonotic of origin but bats were said as a natural host. This disease can spread and mutate at an alarming rate showing signs
and symptoms like fever, cough, headache. It was said to be human-to-human airborne transmission however later it was confirmed
that it is a droplet infection that can spread through respiratory secretions. COVID 19 is said to attack the immune system and
Ayurveda, the science of life has enlisted many protocols to help boost the immune system termed under Vyadhi Kshamatva. Ayurveda
being ancient medical system highlights many diseases similar to the signs and symptoms of COVID 19. The concept of Pranavaha
Srotas (respiratory channels) is well discussed and many herbs are mentioned to effectively treat the disease. Furthermore, Ayurveda
contains list of many protocols that can be followed in times of medical emergency like COVID 19. Thus, showing the importance of
Ayurveda in today’s date.
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I. INTRODUCTION

Corona Virus (CoVs) is known as the envelope viruses. In recent months, the virus has affected major
population worldwide. This virus has a high mutation rate and is said as zoonotic pathogens and can be
present in both humans and animals species. COVID 19 that started with the animal species especially bat
underwent gene mutation and affected the human species as bats are regarded as the key reservoir of CoV [1].
However, COVID- 19 is a highly pathogenic virus that affects the respiratory system of the human species
and causes severe acute respiratory syndrome (SARS)[2]. Coronavirus has mutated since 2002 where two
cases were reported with mild infection. There are six coronaviruses known that can infect humans that
include two α-Covs (229E and NL63) and four b-CoVs (OC43, HKU1, severe acute respiratory syndrome
[SARS]-CoV, and Middle East respiratory syndrome [MERS]-CoV) [2].
The virus was first identified with the symptoms by causing an outbreak in Pneumonia. In December 2019,
the evolved nCoV called as novel coronavirus outbreak caused panic globally and posed many threats as the
data suggest that CoV is a new species [3]. Furthermore, the virus attacks the immune system of the body by
fighting against the white blood cells and makes the body weak for the progression of the disease. It can be
said that good immunity has good capability to fight against the virus. The World Health Organization
finally announced it as a pandemic and with International Committee on Taxonomy of Viruses (ICTV)
named the virus as (SARS-CoV 2). Recent data shows that SARS-CoV2 transmits through droplet infections
[4]

.

The common clinical feature shows signs and symptoms of cough and fever. Since this virus attacks the
immune system of the body, the treatment protocol is suggested to help boost the immune system and help
fight the virus. The same principle is very well explained by Acharya Charaka in Ayurveda discussing
Dinacharya i.e. daily regimes and Rutucharya known as seasonal regimes. It also mentions similar signs and
symptoms of the disease and how well it can be managed. Acharya Charaka mentions about three basic
principles that should be followed to treat any disease in Ayurveda which is by knowing the cause,
symptoms and medicine as no disease gets manifested without the involvement of Dosha

[5]

. Furthermore,

Ayurveda states that disease should be analyzed based on its presentation. To add on, Ayurveda pays more
attention to the host and enlightens the fact that prevention is better than cure and a healthy lifestyle plays a
fundamental role in improving immunity. Furthermore, this COVID 19 can be understood as a Visha (toxin),
that is understood as a foreign matter entering in the body can cause Visha and this Visha leads to Ojakshaya
( decrease in immunity) and further vitiates the blood and cardiac system [6]. The concept of Krimi (parasite)
which can also be understood as foreign element that enters the body and survives through the media of the
host making it survive [7],[8]. Lastly, Visarpa can also be correlated since most of its signs and symptoms like
headache, cough, loose stools match the symptoms of COVID 19. Visarpa is said that it can manifest in the
body in three ways and the most probable manifestation of Abhyantara Visarpa can be understood and as it
name suggest that it can spread quickly to all parts of the body[9].
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II. EPIDEMIOLOGY:
December 2019, marked many reporting of pneumonia-like cases in Wuhan city for which the origin of the disease was tracked to
Huanan Seafood Market

[10]

. Thus on December 12, 2019, the first diagnosed case of COVID 19 was announced and on 31 st of

December, 27 viral cases were reported from which 7 cases were having severe symptoms. Furthermore, the history of each
individual was tracked and possible source found was animal contact. After further research, on January 22, 2020, it was declared
that COVID 19, CoV originated from wild bats. Thus this CoV belonged to group 2 of β-CoV with severe acute respiratory
syndrome [SARS]-CoV. The Spring Festival in China was said to be the cause of the outbreak of the disease worldwide as the
increasing number of travelling peaked and created a favourable condition for this virus to spread globally [11],[12].

III. SOURCE & MODES OF TRANSMISSION:
Coronaviruses are viruses with a single positive-stranded RNA genome and belong to Orthocoronavirinae under the family
Coronaviridae. They are classified into four genera Alphacoronaviruses (α), Betacoronaviruses(β), Gammacoronaviruses(γ), and
Deltacoronaviruses (δ) [2]. After virological and genetic studies, it showed that bats are the reservoir host.

The mode of transmission of the virus was provisional said as person to person through droplet and fomites. It was speculated that
the virus transmission was also through airborne but later the WHO confirmed that the virus is not airborne. Droplet transmission
was through the direct respiratory secretions when an infected/ carrier coughed, sneezes or even talked. The virus also has a high
transmission rate from infected surfaces by the touch of body parts especially hands [3].

In Ayurveda, a similar mode of transmission/entry has been explained by Acharya Sushruta, i.e. entry of Visha (toxin) in the body.
It has been said that the mode of entry of the toxin in the host is through direct contact or media like food, liquid, teeth etc. thus
the treatment protocol such as Abhyanga (massage), Nasya (Errhine Therapy), Dhuma (fomentation) etc. should be incorporated
to avoid the spread and prevention of the disease. [14]

IV. PRESENTATION OF THE DISEASE:
The patients with confirmed cases mainly showed respiratory signs and symptoms. Fever is the most common complaints
associated with dry cough. However, the general signs and symptoms are dry cough, low-grade fever, throat pain, fatigue,
breathlessness, vomiting, diarrhoea, nausea, throat congestion, anosmia, ageusia

[10]

. In recent researches, it was said the COVID

19 is not just respiratory disorder but it can also be a gastrointestinal disease that causes diarrhoea and vomiting. To add on,
further research revealed that thrombosis may also play a deathly role in COVID 19. The presence of clot cause Deep Vein
Thrombosis (DVT) in the legs and Pulmonary Emboli (PE) in the lungs and clots in the lungs suggest that these factors play a
major role in COVID 19. [15]

In Ayurveda, this first stage of Covid-19 can be understood as producing Rakta Dushti (vitiation) which causes Avarana (covering)
that can lead to Vrana Shotha (inflammation) at Kantha Pradesha (Viral Pharyngitis) and cause throat congestion furthermore, as
the case progresses it shows signs and symptoms of Abhyantara Visarpa and Vata Kaphaja dominant Visarpa. The Signs and
Symptoms of Vata Kaphaja are Tivra Pida (Severe Pain), Jwara ( Fever), Shwasa (Dyspnoea), Kasa ( Cough), Atisara
( Diarrhoea), Shosha ( wasting), Aruchi ( Anorexia), Murcha ( Death, Fainting)

[16]

. Signs and Symptoms of Abhyantara Visarpa

are understood or taken for consideration as it manifests itself in Marmasthana (Vital Organs) and causes Vedana (Pain),
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disturbance in bowel habits, a low digestive fire which further aggravates the conditions and due to which it vitiates Vata and
Kapha with the association of Pitta Dosha and Rakta Dosha.

Moreover, this CoV can be correlated with Sannipataja Jwara. In the current scenario, fever is the most prevalent and dominant
symptom thus signs and symptoms of Sannipataja Jwara are Tandra (drowsiness/ tiredness), Kasa (cough), Shwasa (dyspnoea),
Aruchi (anorexia), Trishna (thirst), Mukhata ( Laryngitis/Pharyngitis), Atisara ( diarrhoea) [17].

There are other similar diseases that it can be correlated with, for instance, Dooshi Visha (toxin), and Krimi (parasite). It gives
highlights of how the Visha or Krimi vitiates the blood and leads to complications. This Krimi can vitiate the blood and vitiates the
Dosha accordingly. The signs and symptoms also show Dooshi Visha is a transformation state of Visha. Hence the rapid mutation
of the CoV can be correlated to Dooshi Visha. In context, if the signs and symptoms are screened then signs and symptoms of
Krimi are Jwara(Fever), Shoola(Pain), Sadhana(Lethargy), Aruchaka(Anorexia), Ksavathu(Sneezing), Chardi(Vomiting),
Parushay(Dryness), Atisara(Diarrhoea) [7][,8].

Initially, this Krimi does vitiation of blood together with vitiation of various Dosha leading to Rakta Avarana then this Krimi
settles down in the body and throat region which causes congestion in the throat region. Thus according to the Dosha, the signs
and symptoms will manifest. Parushya can be correlated with dryness of throat which suggest of dry cough.
Thus, according to Dosha, the symptoms stay predominant. For Instance, dry cough can be suggestive of vitiation of Vata Dosha
and fever can be suggestive of vitiation of Pitta Dosha.

V. DIFFERENTIAL DIAGNOSIS
TABLE NO I : DIFFERENTIAL DIAGNOSIS

Modern Literature

Ayurveda Literature

1.

Corona virus

1.

Sannipata Jwara

2.

Allergic bronchopumlmmonary aspergillus

2.

Kasa

3.

Legionellosis

3.

Visarpa

4.

Adenovirus

4.

Raktaja Krimi

5.

Aspiration pneumonia

5.

Dooshi Visha

6.

Common cold( rhinovirus)

7.

Haemophilus pneumonia

8.

Acute bronchitis

9.

Influenza

10. MERS
11. Streptococcus pneumonia

VI. CLINICAL PROGRESSION – DIAGNOSIS
A. Detailed travelled history and contact history
B. Molecular methods ( RT-PCR) ( Reverse transcription) or ( Real-time PCR)
C. Serology
D. Viral Culture
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DISCUSSION ON TREATMENT PROTOCOL AND PROTECTION

To begin with, there is no standard treatment protocol developed for Novel COVID-19 since it is of viral origin and has rapid gene
mutation technique. Today there is no vaccine till date or effective treatment to prevent the spread of COVID-19 and successfully
treat those affected. Thus, clinical trials are currently in progress to evaluate the molecules and come up with a probable vaccine.
According to human MERS-CoV case report from South Korea, the use of Lopinavir/Ritonavir(LPV/RTV) (Anti-HIV drugs)
provided successful viral clearance. Furthermore, a RCT was taken up with 76 patients were enrolled however not much positive
feedback has been received. United stated published a case report using remdesivir that treated the virus successfully however
clinical trial data of a larger sample has not been published yet [3].
PRIMARY LINE OF PREVENTION
A. Washing hands often with soap and water/ Hand Sanitizer is preferable.
B. Touching of eyes, nose and mouth with unhygienic/unwashed hands should be avoided at all times.
C. Respiratory care and close contact with people especially with signs and symptoms should be avoided.

D. Use of face mask is advised if symptoms such as cough develop.
SECONDARY LINE
Clinical trials are underway to establish a vaccine to cure the COVID-19 and prevent the spread of it. A recent clinical trial has
established dexamethasone as one of the promising trial drugs in treating the COVID 19. The clinical trial is underway in a larger
sample now to prove greater efficacy of the vaccine [45].

VIII.

TREATMENT PRINCIPLES ACCORDING TO AYURVEDA

A. Nidana Parivarjana (Avoiding the cause of disease)
B. Apakarshana ( Shodhana Chikitsa/ Purification Therapy)
C. Rasayana Chikitsa ( Immunomudulatory Therapy)
D. Prakrutivighatana/ Shamana ( Symptomatic treatment)
E. Yoga

1) Nidana Parivarjana / Prevention Aspect
The eyes, mouth and nose are said as the portal of entry of the virus and before the actual entry of the virus into the lungs it
undergoes phases of first attacking the throat region. Thus Ayurveda deals with the measures of avoiding the transmission and
help improve the immunity (Innate Immunity).


Isolation – Not to get exposed to the virus for a certain period that is avoiding or creating a barrier from the source to
prevent the spread of the virus. As it also builds immunity but also restricts the spreading of the virus since the virus is
not able to infect the host [18].



Langhana Chikitsa (Fasting/fasting-mimicking diet) :
By eating proper light and healthy diet to help maintain the gut flora and help build a good digestive fire and help the
digestion of toxins in the body (Aama) and bring the Dosha to equilibrium state [19].



Medicated Hot Water:
To maintain and augment the immunity simply drinking of hot water (Ushnodaka) repeatedly to tackle the virus helps to
remove the Kapha Dosha and helps to improve the digestive fire and gut mobility. It acts as an appetizer and helps to
clean the gut flora and intestines. It specifically indicated in Kasa(cough), Shwasa (Dyspnea), Jwara (Fever). Drugs that
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are mostly found in all households Shunti( Dry Ginger), Yastimadhu (Glycyrrhiza glabra), Dhanyaka (Coriander), Musta
(Cyperus rotundus), Jeeraka (Cumin Seeds) [20].


Kavala and Gandusha and Jala Neti ( Mouth Rinse, Gargling, Nasal Cleaning)
Since one of the portals of entry is through the mouth, mouth rinse and gargling are advised with warm liquids or oils,
decoction to cleanse the oral cavity and throat region. This is understood as the property of the medicine to remove the
bad mucus coated layer and form a healthy new layer which adheres to the mucus membrane giving extra immunity and
protection from the virus to cause inflammation. Drugs like Haridra (Tumeric), Yastimadhu (Liquorice), Neem
(Azadirachta indica), Khadira (Acacia catechu) and Saindhava Lavana (rock salt) thus by doing gargling with this helps
in conditions like mouth ulcers, xerostomia, bacterial growth, gingivitis, mouth ulcers, sore throat. Turmeric has shown a
more potent effect in antiviral treatments. Nasal Cleaning a common practice in yoga enhances the routes of nasal
passage by cleaning with either with warm plain water or even medicated water especially salt water



[20],[21]

.

Nasya (Errhine Therapy)
Administration of medicated oil and ghee in the nose can help create a barrier from the pathogen to enter the nose as it
can coat the area of the nasal passage and it can prevent the virus entering the respiratory tract. Clinical trials have been
established on the role of Nasya in respiratory tract infections especially Pratishaya (rhinitis), Kasa [22].



Dhumapana ( Steam Inhalation)
Medicated steam inhalation shows wonderful results in the throat and nasal congestion as the virus first affects the throat
region, steam inhalation can help in preventing the entering of the virus and protects the mucus layer which can be
threatened by inflammation [23].

2) Apakarshana Chikitsa ( Purification Therapy)
Purification therapy plays a vital role in eliminating the toxins from the body. These toxins can be understood as entering of
the virus in the host can cause its particular signs and symptoms. Treatments like Nasya that deals with the concept of
administrating medicated oil/ghee in the nostrils. This treatment can be practised both as preventive and purificative [22].
Vamana known as emesis therapy brings the unstable Dosha out of the body through oral route. Virechana is said as
purgation therapy where medicines are given to induce motion to cleanse the GI tract especially stomach and intestines. It
helps to eliminate the Pitta Dosha which is also involved in this virus. Since the involvement of Rakta (blood) is also in the
pathogenesis[23], Rakta Mokshana (Blood Letting) is a therapy that helps to remove the vitiated blood and help form new
healthy cells that can increase the immunity and boost the immunity to fight against the virus [41].

3) Rasayana Chikitsa ( Immunomodulatory Therapy)
Ayurveda mainly focuses on the health sector and that can be said as the speciality of the science that deals with measures for
Rasayana (rejuvenation). Rasayana has properties that comprise immunity building, healthy lifestyle, and anti-ageing therapy,
affecting immunity building, Rasayana acts as natural prophylaxis and management in CoV infection. Most of the drugs that are
mentioned under Rasayana have immunomodulatory properties. Few formulations mentioned that act as a Rasayana and also
have high activity in respiratory tract infections. For instance, Bhargavaproktha Rasayana, Agasthya Haritaki, Kantakari Avaleha,
Chyavanaprash, Indukantha Ghritha, Draksha Asava.[25]
Individual

Drugs

Ardraka (Zingiber

such

as

officinale),

Guduchi (Tinosporia
Shunthi (Zingiber

cordifolia), Tulasi (Ocimum
officinale),

Haridra (Curcuma

tenuiflorum),
longa),

Maricha (Piper

Amla (Phyllanthus

nigrum),
emblica),

Musta (Cyperus rotundus), Pippali (Piper longum), Ashwagandha (Withania somnifera), Haritaki (Terminalia chebula),
Draksha (Vitis vinifera), Vasa (Adhatoda vasica), Kantakari (Solanum surratense), Yashtimadhu (Glycyrrhiza glabra),
Bhunimba (Andrographis paniculata),and Sariva (Hemidesmus indicus) has shown their immunomodulatory properties in studies.
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4) Prakruti Vighatna Chikitsa (Symptomatic Treatment)
Stage 1 of COVID 19 has symptoms like throat Congestion or Pharyngitis. Ayurveda has mentioned formulations like
Arogyavardhini Vati [26], Kamadugda Rasa [27], Mrutanjaya Rasa [28], and Amritarishta [29] for such condition.
Stage 2 of COVID 19 shows symptoms like fever with dry cough. For such symptoms

Laxmivilas Rasa, Talisadi Churna,

Marichadi Churna, Vidangadi Churna, Dashamoola Katutraya Kashaya, Kantakari Ghrita, Draksha Avaleha, Vasakasava,
Swasakasa Chintamani Rasa, Kapha Ketu Rasa, and Mustadi Kwatha has been mentioned as drug of choice in Ayurveda.[31].-[38]
Stage 3 of COVID 19 shows symptoms like fever, dry cough and breathlessness. For such symptoms Kanakasava, Draksha Arista,
Kaphaketu Rasa, Swasakutara Rasa, Dashamoola Kwatha, Vasadi Kwatha, and Dashamooladi Ghrita has been mentioned as
drug of choice in Ayurveda.[36],[38],[39]

5) Yoga
Yoga is one of the entity that overall helps the immune system as it increases the blood flow and levels of haemoglobin and red
blood cells and it helps in proper channelling of oxygen in the body. Yoga acts as a natural anticoagulant due to the poses that are
twisting in nature that mangle out the venous blood from the internal organs and structure and thus allowing more oxygenated
blood to flow[40], Yoga generally increase the endurance capacity, helps in the tidal volume. Practising yoga in combination for
instance Asana and meditations can help main strength and at the same time help reduce stress. Asana like Matyasana, Halasana
Shavasana, Paschimottanasana, Mandukasana, Vakrasana, Uttanapadasana, Pawanmuktasana, Naukasana can be helpful.
Breathing exercise like types of Pranayama, Bhramari Pranayama, Suryabhedi Pranayama can be beneficial

IX. DIET MANAGEMENT
Diet has very important role in boosting immunity and enhancing the fitness. oily and spicy foods should be avoided. Regular use
of herbal tea with Tulsi (holy basil), Twaka (Cinnamomum), Maricha (Black Pepper), Pippali (Long pepper), and Shunthi (Dry
Ginger) is advisable. Barley preparations are highly advisable. A balanced diet with easily digestible food items should be
consumed. There must be use of ginger, turmeric, cumin seeds, and black pepper in food. Fruits (papaya, pomegranate) and green
vegetables should be consumed. Raw and half-cooked meat should be avoided. Golden milk i.e. A glass of milk with half
teaspoon turmeric powder has shown its benefit in boosting immunity.
X. DISCUSSION ON PREVENTIVE MEASURES
In Ayurveda, health is considered as one of the supreme entity to live life disease-free and Ayurveda being a practical science
emphasizes the importance of a healthy lifestyle for the prevention of diseases. To start with, the concept of Dinacharya is well
explained and starts with Brahamamuhurtha (Time of getting up). It says that waking up early in the morning 48 minutes before
sunrise. This helps overall health as in the morning hours there are less pollution and Vata Dosha is predominant which helps in
easily evacuations of bowels. Moreover, there is a calm mindset that helps to relax your mind and make the individual feel fresh.

Ushnapana (intake of lukewarm water) is another point that is discussed that should be taken early in the morning and it is said
just by practising this early in the morning the person can live up to hundred years. The person doing this will not suffer from
Jwara (fever), Medovikara (Obesity-related disease) Shotha (oedema), Kustha (skin disorder), Arsha (Haemorrhoids), Grahani
(Sprue), Jara (old age), etc. It is said the water that is kept in the copper vessel overnight can regulate the digestive system. It
helps to dissolve the fats quickly and effectively and is said to have anti-inflammatory property as the properties of copper diffuse
in the water [20].
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Nasya is one of the treatment modality that is indicated as a purificatory procedure and also as preventive. It is mainly indicated
for the diseases of mouth, ear, nose, eyes, and head. The nose is said to have direct entry to the head and Nasya has shown many
successful effects on clinical trials. Nasya is also highly effective in Marmabhigata (disorders of vital organs) thus to eliminate the
morbid Doshas which can be understood as viruses that are vitiating the Dosha. The drugs like Triphala Churna [a mixture of
Amla (Phyllanthus emblica), Bibhitaki (Terminalia bellirica) and Haritaki (Terminalia chebula)] or Trikatu Churna [a mixture of
Shunthi (Zingiber officinale), Maricha (Piper nigrum) and Pippali (Piper longum)] as Pradhamana Nasya (blowing of dry powder
through nostrils). These consist of properties like Shothahara (Anti-inflammatory), Srotoshodhana (clearing of sinus and
channels), Lekhana (scraping action), Anti-viral and immune-stimulatory properties. They increase the local immunity and help
build a healthy mucus membrane to prevent inflammation of the mucosa present in nose and throat region
XI. DISCUSSION ON MEDICINES (

[22]

.

[30],[31],[32[,[33],[34],[35],[36],[37],[38])

Since the early involvement of Pitta Dosha is observed in the patients the formulations like Vasakasava and Drakshaleha are
preferred as Vasa is said to be a natural anti-tussive and anti-inflammatory action. Draksha possessing cold potency also has antiinflammatory actions and is generally prescribed in Kasa associated with Jwara. Formulations like Agastya Haritaki contain
Haritaki which removes obstructions from channels in the body because of its Ushna Virya (hot potency). It has anti-tussive and
anti-inflammatory activity. It is also said to have an immunomodulatory effect that helps to build a good innate immunity to fight
against pathogens. The early stages of throat being inflamed i.e. throat congestion can also produce Swarabheda (hoarseness of
voice). A formulation like Dashamoola Katutraya contains Dashamoola and Trikatu, acts as a bronchodilator and also as Kanthya
(improving voice). A formulation like Laxmivilas rasa contains Abhraka that has Tridosha palliating and immunomodulatory
properties. It helps in immunity building and works to remove the congestion and inflammation.

XII.
VYAYAMA AND YOGA ( EXERCISE/YOGA)
Both the entities are important as they are the curative and preventive aspect of Ayurveda. Doing exercise and yoga helps develop
optimum immunity, good digestive power, lustre, compactness of body, tolerance to heat and cold. Yoga is accepted worldwide
and researches are now being understood on how yoga helps to promote personal growth. Yoga helps to decrease anxiety,
depression and distressful symptoms and has shown to significantly reduce toxicity. Furthermore, it helps in cardiovascular
efficiency and homeostatic control, helps in respiratory performance as Pranayama is also known as the breathing technique. The
COVID19 harming patients and have drastic effect on the immune system if stress increases. The practising of yoga helps to
reduce stress indirectly increasing the immunity of the body to fight the disease [40].

XIII.
CONCLUSION
It can be concluded that Ayurveda has mentioned many protocols to combat diseases. Ayurveda states that naming of the disease is
not essential and should be treated on signs and symptoms. Moreover, it has well-established measures that run from preventive to
medications to tackle disease. Yoga and Rasayana are the stronghold to fight this COVID 19 as they act to boost the immune
system and help regulate the vitiated Dosha, Finally, it’s a long road to go until a cure is finalized but prevention should be a
priority and that’s what Ayurveda teaches.
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ABSTRACT
Background: Vrana (Wound) is a one which does the gatravichurnan(disruption of tissues) and does the vivarnata
(discolouration) of body part. These wounds are frequently encountered in our day today life and they are produced mainly
due to the trauma or pathological insult to the body and may cause long term agony to the patient. Retrospective analysis
of Medicare beneficiaries reveals that 8.2 million people had wounds with or without infections in 2018.
Objective: To evaluate wound healing efficacy of Jatyadi ointment in shuddhavrana(clean wound)
Materials and Method: A total number of 30 patients were included in the study and were randomly divided into two
groups using random number generator software. The patients of Groups A were treated with Jatyadi ointment application
and Group B treated with Jatyadi taila local application for a period of 7 days, assessment of changes in wound were
recorded before treatment and on 8th day. Bates Jensen wound assessment tool containing eight parameters indicating the
features of healing wound were assessed.Wilcoxon matched pair test was used to assess within group results and MannWhitney U test to assess in between group results.
Results: Significant improvements were seen in within group results and in between group results were comparable in all
the selected parameters of Bates Jensen wound assessment tool.
Conclusion: Jatyadi ointment and Jatyadi taila,both are effective and results are comparable.
Key words: Wound healing, Jatyadi ointment, Jatyadi taila, Clean wound
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Introduction
The vrana is one which causes gatravichurnana and does
the vivarnata of the shareera which is described as ‘a
break in the continuity of tissue, from violence or trauma’
and is regarded as healed if there is a restoration of the
wounded or inflamed tissue to normal condition.1,2 Wound
healing is an important biological process involving tissue
repair and regeneration and various stages.3 Worldwide
prevalence of wounds is 1%, estimated that 1.5 million
cases of traumatic wounds (13%) found every year.4

The reference of vrana in regards to its definition,
classification and management are available in the classics.
Its effective management for a surgeon is the basic skill
required on which the outcome of surgery revolves. Wound
healing is a dynamic and complex process which requires
suitable environment to promote healing process.5It is era
of evidence based medicine which requires aid of modern
equipment’s, various drug delivery system, dosage form
for global acceptance of any drug or therapy. Ayurveda is
accepted as alternative and traditional system of medicine
which requires modernisation, scientific approach towards
drug preparation, drug delivery and patient care. JT is a
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medicated oil formulation popularly used in the treatment
of various topical wounds (AFI, 2003).6 JT is known for
vranashodhana, ropana and raktastambhana properties.
Malahara kalpana is considered as ointment preparation
as per modern pharmaceutical science which comprises
sikthataila (bees wax and oil mixture) or ghrita, as basic
ingredient.7 It possess properties like snehana (oelation),
shodhana (cleansing), ropana (healing) and varnya
(beautifying) which depends on the composition of drugs
used. The malahara form has advantages like, it is easy
to apply, to store and also possess good shelf life period.7
Hence the study was undertaken to pharmaceutically
modify Jatyadi taila into an ointment form and to evaluate
its wound healing efficacy in shuddhavrana.
Materials and method
The patients attending the OPD and IPD of KAHER’S
B.M.K Ayurvedic Hospital,Belagavi were enrolled for the
study. The CONSORT Statement guidelines were followed
in reporting the study outcome. The study was approved
by Institutional ethical committee with Ethical clearance
number - BMK/17/SL/PS/1.
Raw drugs and Finished Products
Drugs were collected from KAHER’s GMP Certified
Ayurved Pharmacy, Khasbag, Belagavi and natural
sources. Control drug (Jatyadi Taila) was procured from
GMP certified Pharmacy. Jatyadi ointment was prepared
with collaboration of GMP certified KAHER Ayurveda
pharmacy, Khasbag.
Hypothesis
H0 –There is no significant effect of Jatyadi ointment over
Jataydi Taila in the management of shuddhavrana
H1 - There is significant effect of Jatyadi ointment over
Jataydi Taila in the management of shuddhavrana
Subjects- Total 30 patients of shuddhavrana were
recruited for the study from the OPD and IPD of

KAHER’S BMK Ayurveda Hospital and Medical research
centre, Belagavi.
Source of Subjects – Patients exhibiting shuddhavrana
features in cases of traumatic injuries of upper and lower
limb, post-operative wounds like pilonidal sinus,
fistulectomy wounds, abscess (post drainage) were selected
for the study.
Inclusion criteria - Patients of either sex between 20-70
years of age and having the sign and symptoms of
shuddhavrana were included in the study.
Exclusion criteria - Patients suffering from dustavrana
(non healing wounds),wounds associated with systemic
diseases like diabetes mellitus, tuberculosis, malignant
wounds, arterial, varicose ulcer, pressure ulcer, HbsAg,
HIV I &II positive were excluded from the study.
Screening methods - Patients included in the study were
thoroughly examined for the wound and all data collected
was systematically recorded. Wound was assessed by
selected parameters of Bates-Jensen Wound Assessment
Tool i.e. 1,2,3,7,9,10,11,12and13 indicating the features
of healing wound.
Study design - The study was prospective randomised
controlled trial and patients were randomly allotted to both
the groups by computer generated random numbers. The
patients were allocated to control and trial groups in 1:1
ratio.
Intervention - All the 30 patients were randomly divided
into two groups, Group A (intervention) was treated with
Jatyadi ointment and Group B (control group) was treated
with Jatyadi taila. In both groups method of application
was external, duration of application was once in a day
and duration of treatment was 7 days. Assessment was
done on baseline and 8th day for changes and recorded
systematically. The nature and study design was explained
to every patient and informed consent was taken.
Institutional Ethics Committee approval was obtained for
the study. Patients were instructed to report any adverse
events to the investigator during the study period.
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Method of Malahara (ointment) preparation7
Appropriate quantity of honey beeswax was taken and
gently heated in a suitable vessel until it melts completely.
In another vessel appropriate volume of Jatyadi taila was
taken and it was added slowly in to the vessel containing

melted bees wax. Gentle stirring was done until
homogeneous mixture was obtained and was allowed to
cool at room temperature. The appropriate amount of
homogeneous mixture was taken on ointment tile and it
was mixed properly to get consistency of ointment and it
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was stored in a wide mouth container, at room temperature.
Criteria for Assessment
Primary Outcome - Wound was assessed by selected
parameters of Bates-Jensen Wound Assessment Tool
i.e.1,2,3,7,9,10,11,12 and 13 (Size, Depth, Edge, Exudates
Type, Skin Colour Surrounding Wound, Peripheral Tissue
Oedema, Peripheral Tissue Induration, Granulation Tissue,
Epithelialization).
Statistical Methods - SPSS version 20.0 was used for
the statistical analysis. Chi Square test was used to evaluate
the homogeneity of data across the groups. Comparison
of two study groups (A and B) before and after treatment
was carried out by using Mann-Whitney U test.
Comparison of within the groups was carried out by using
Wilcoxon matched pair test. Dependent T test was used to
assess before and after treatment total scores in two study
groups (Table 4). All tests were considered statistically
significant at p<0.05.

Total patients screened were 31 and enrolled were 30. No
adverse effect was reported during the study. There was
one drop out in the study as patient did not come for
dressing properly.
Subject characteristics - The mean age (p = 0.3182) and
gender (p=1.0000) were comparable between the groups
(Table 2).
Primary Outcome - The study showed that in between
group results were comparable in all the assessed wound
parameters (Table 3).However in within group, significant
results wereobserved in all the parameters of wound i.e.
Size (p=0.007), Depth (p=0.007), Edge (p=0.007),
Exudates Type (p=0.0010), Exudate Amount (p=0.001),
Skin Colour Surrounding Wound (p=0.0051), Peripheral
Tissue Oedema (p=0.0180), Peripheral Tissue Induration
(p=0.0180), Granulation Tissue (p<0.007), and
Epithelialization (p=0.007) at baseline and on 8th day.
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Discussion
Wound treatment is given prime importance by Acharya
Sushruta, which involves two major components i.e.
shodhana and ropana.1When the wound attains shudhha
laxana (features of clean wound), ropana is adopted which
is important phase of healing, where wound is more prone
for trauma and infection.1Wound healing is a complex
process and involves three phase’s viz., inflammation (0–
3 days), cellular proliferation (3–12 days) and remodelling
(3–6 months).9 During healing process wound requires
adequate tissue perfusion/oxygenation, proper nutrition
and moist environment. Healing is complete by firm
knitting of wound edges with collagen.10

Dressings are broadly divided into two types i.e. Irritant
and Emollient. In the presence of slough it requires
mechanical measures and chemical agents which are
irritant agent and does desloughing (Hydrogen peroxide,
Povidone iodine solution. etc). Emollient dressing
constitutes application of lubricating agents when wound
is not having any slough (Hydrogels, Hydrocolloids, and
Ointment etc.).11 Ointment form of drug is essential for
wound healing because of its Biocompatibility, it maintains
moist environment thus preventing dehydration, it provides
protection against dust and microorganisms, it allows gas
permeability, promotes epithelisation, painless dressing due
to non-adherent property.12,13 Dressing with ointment are
considered as occlusive, which blocks transcutaneous
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water loss and natural essential fatty acids easily penetrate
into cell membranes, to enhance drug penetration and
hastens wound healing.14
Wound parameters
Size, Depth and Edge: A significant reduction in wound
size (Table 3)(Fig.1 and 2)was observed within the groups
because of phytochemicals presents in Jatyadi ointment
(Table 1) such as flavonoids, essential oils (terpenoids),
tannins (phenolics), glycosides, steroids and
alkaloids which helps in wound contraction and thus
promotes wound healing.15 Ingredients of Jatyadi ointment
possess tikta, kashaya rasa, laghu, ruksha gunas. These
rasa and guna possess properties like vrana ropana, twak
–mamsa sthireekarana (Strengthening the tissue).16
Exudate type and amount: There was significant
reduction in exudate (Table 3) was observed within the
groups. Decrease in the quantity of exudate is due the
shodhana effect of ointment as it contents Jati, Kushta,
Padmaka, DaruHaridra, Lodra having kashaya
(astringent), tikta (bitter) rasa (taste), lekhana (scraping),
kleda shoshana (drying of exudates) properties.17 Recent
animal study proved the Beeswax is effective in reducing
wound exudates.18
Peripheral Tissue Oedema and Induration: Significant
reduction in peripheral odema (Table 3) and induration
was observed within the groups. Patola, Jati, Katuki,
Lodra, Sariva has shothahara (anti-inflammatory)
properties and thereby reduces the peripheral tissue
oedema. 19 Curcumin present in Haridra has antiinflammatory, antiseptic, antibacterial and antimicrobial
property, Salicylic acid present in Jati is antibacterial,
antifungal and anti-inflammatory property, Kushta has
Anti-inflammatory action.19 Beeswax has the qualities like
mridu (soft), snigdha (unctuous) and having the properties
vrana shodhana (cleansing the wound), vranaropana
(healing the wound).20

granulation tissue which speeds up the regeneration
process. Jatyadi ointment helps in knitting of tissue matrix
(Fig. 3 and 4), soothes the mucosa. It does the snehana of
tissue, provides adequate nourishment. Rakta prasadak
dravya like Manjishta and Sariva enhances the raktadhatu
which helps in improving tissue perfusion and
strengthening local venous structure as sira is the upadhatu
of rakta.21Katuka present in the Jatyadi ointment improves
re-epithelialization, neovascularization and migration of
endothelial cells, dermal myofibroblasts and fibroblasts
into the wound bed.22 Recent studies proved that Tuttha
(CuSO4) promotes angiogenic responses in vitro, in vivo
wound models, thus helps in rapid filling of wound area
with granulation tissue in turn helps in closure of wound
area.23
Epithelization: Decrease in the epithelization time was
observed within the groups (Table 3) (Fig. 5 and 6). This
was due to the presence of Tannins and phytosterols which
promote the wound healing process with increased
capillary formation and fibroblast proliferation enhancing
the rate of epithelization.24
Conclusion
The present study showed that both the formulations
(Jatyadi ointment and Jatyadi taila) are effective within
group results and comparable in between group results.
Ointment form of application was easier and has showed
its efficacy in all the selected parameters of the Bates Jensen
wound assessment tool.
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Fig. 1 Before treatment of Excised pilonidal sinus
wound

Fig. 2 After treatment of Excised pilonidal sinus
wound

Fig. 3 Before treatment of Fistulectomy wound

Fig. 5 Before treatment of Lacerated wound
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Fig. 4 After treatment of Fistulectomy wound

Fig. 6 After treatment of Lacerated wound
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Evaluation of effect of poultice (Upanaha Sweda) in low back
pain (Katigraha): A randomized comparative clinical trial
Tarun Kumar, Rajashekhar V. Sanapeti, B. S. Prasad
Department of Panchakarma, KLEU’s Shri BMK Ayurveda Mahavidyalaya, Shahapur, Belagavi, Karnataka, India

Abstract
Background: Katigraha (low back pain) is a condition where low back is afflicted either with Vata or Sama Vata (Vata involved with the
toxins released due to altered digestion and metabolism) and present with symptoms such as pain with stiffness. About 60%–80% population
in India suffer from this condition. Upanaha Sweda (poultice) is one of the Swedana (sudation) treatment modalities mentioned for Katigraha.
As Sama (affected with toxins released from impaired digestion) and Nirama (without toxins) are two stages of Katigraha, hence, the specific
type of Upanaha is required for such condition. Aims and Objective: The study was conducted to evaluate the effect of Upanaha Sweda in
Katigraha (low back pain) as per the presentation of stages of Ama. Materials and Methods: Selected patients were categorized into two
groups. In group A, patients having Samaja Katigraha, were given Panchakoladi Upanaha once a day till it became Niramaja, then shifted to
Godhumadi Upanaha for 7 days and patients who had Niramaja Katigraha, Godhumadi Upanaha was used once a day for 7 days. In group B
Godhumadi Upanaha was used once a day for 7 days irrespective of stages. Subjective parameters assessed were pain in the low back, stiffness,
and Oswestry Disability Index (ODI) was also used. The Mann–Whitney U test and Wilcoxon signed‑rank test were used to assess results.
Results: Patients who were treated considering the Sama and Nirama phases had 78.88% better results in relieving pain, stiffness, and in ODI
change than the patients treated without considering the phases. Conclusion: The present study showed significant results in both the groups,
but patients treated as per stage wise treatment showed better effect in treating Katigraha than the patients treated with out considering the stage.
Keywords: Katigraha, low back pain, Swedana, Upanaha

Introduction
Vata Dosha or Sama Vata Dosha (Vata Dosha associated
with Aama [the toxins released due to altered digestion and
metabolism] when afflicts Kati Pradesha (low back) and
produce the symptoms such as pain with stiffness, then the
condition is known as Katigraha.[1]
This can be correlated with low back pain. It is the most
common disorder which is characterized by dull or sharp
pain and may also associated with stiffness. About 60%–80%
of the general population in India suffer from low back pain
during their life time[2] due to several stressful factors seen in
their professional or social life and also due to wrong postural
habits. It affects both men and women alike and common in
the age group of 20–60 years.
Upanaha Sweda (poultice) is one of the Swedana (sudation)
treatment modalities mentioned for Katigraha.[3‑7] The selection
of drugs varies according to the stages of the disease. As there
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are two stages mentioned in Katigraha that is Samaja (with
Ama) and Niramaja (without Ama),[1] specific type of Upanaha
is required for each stage,[8] but generally only one type of
Upanaha is being applied for both the conditions irrespective of
stages, due to which its efficacy might get reduced. Panchakoladi
Upanaha consists of Chavya (Piper retrofractum Vahl.),
Chitraka (Plumbago zeylanica Linn.), Pippalimula (Piper
longum Linn.), Pippali (Piper longum Linn.), Shunthi (Zingiber
officinale Roscoe.), Yava (Hordeum vulgare Linn.) and
Nirgundi (Vitex negundo Linn.) that are helpful in resolving
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of toxins released due to impaired digestion and Godhumadi
Upanaha consists of Godhuma (Triticum sativum Linn.),
Tila (Sesamum indicum Linn.), Erandamula (Ricinus communis
Linn.) that are helpful in treating Vata condition. Hence, study
has been carried out to evaluate the effect of Upanaha Sweda
in as per the stage of Katigraha (low back pain).

Materials and Methods
The study was registered under the Clinical Trials
Registry – India (CTRI/2017/04/008417) and ethical
clearance had been obtained (BMK/13/PG/PK/05). Informed
consent was taken before starting the trial in each subject.
Forty‑one patients of Katigraha fulfilling the inclusion
criteria were enrolled irrespective of sex, religion, etc.
Five patients dropped out due to personal reasons and
36 patients completed the study as mentioned in Table 1.
Selected patients were first openly categorized into two
groups: Samaja Katigraha and Niramaja Katigraha. Then,
these patients were again categorized into two groups
according to the computer‑generated randomization chart.
In group A (Avasthanusara [stage wise] treatment), patients
presenting with Samaja Katigraha, Panchakoladi Upanaha
was given once a day till the Nirama symptoms appeared
and then Godhumadi Upanaha was used once a day for
7 days and the patients presenting with Niramaja Katigraha,
Godhumadi Upanaha was used once a day for 7 days.
Whereas in group B (Anavasthanusara [without considering
stages] treatment), Godhumadi Upanaha was used for 7 days
irrespective of stages.

Diagnostic criteria
a.
b.
c.
d.

Pain at low back
Stiffness at low back
Sama symptoms, i.e., heaviness in the body, anorexia,
poor digestion, excessive salivation and laziness.
Nirama symptoms, not having either of heaviness in the
body, anorexia, poor digestion, excessive salivation and
laziness.

b.
c.
d.
e.

Patient associated with any other systemic disorders
Patients with a history of trauma
Known case of skin allergy and open wound
Post surgical backache.

Ingredients of Upanaha 1 and Upanaha 2

Ingredients of Upanaha 1 (Panchakoladi Upanaha) and
Upanaha 2 (Godhumadi Upanaha) are mentioned in Table 2.

Preparation and application of Upanaha
Materials required for preparation of Upanaha

Tila Taila (sesame oil) 10 ml for local massage, Saindhava
Lavana (rock salt) ‑ 30 g, cotton bandage ‑ 6 inches (2 pieces),
Eranda (Ricinus communis Linn.) leaves ‑ (4–5), heating
apparatus, pan, table spoon, bowl, thermometer and massage
table.

Preparation of paste

All the medicinal powder mentioned in Table 2 were taken in
a pan as per the group. Then, 200 ml Dhanyamla (fermented
gruel) and 200 ml cow milk was added to Panchakoladi
Upanaha and Godhumadi Upanaha respectively and mixed
well. Then, 30 g Saindhava Lavana (rock salt) and Tila
Taila (sesame oil) as per need were added to it for the poulitce
and mixed well to make its consistency like dough.

Main procedure

The patient was instructed to lie in the prone position on
the massage table. Low back was exposed and the skin
sensitivity was checked for temperature or any allergy. Local
massage was done with Tila Taila (sesame oil) for 5 min. The
prepared paste was then pasted over the low back uniformly
of about 5 mm thickness. It was covered with proper‑shaped
Eranda leaves. Then, it was tied with a cotton bandage for
6 h (360 min).

Post operative procedure

After removal of Upanaha (poultice), gentle massage was
done and the part was cleaned well with lukewarm water and
the patient was asked to move the joint slowly.

Inclusion criteria

Upanaha Dharana Kala (duration of Upanaha retention)

b.
c.

Godhumadi Upanaha‑ 6 h/day for 7 days.

a.

Patients presenting with classical symptoms of Katigraha
such as pain and stiffness at low back.
The patients who are fit for Swedana (sudation)
The age group between 20 and 60 years of either sex.

Exclusion criteria
a.

Low back pain resulting from osteoporotic fractures,
infections, neoplasm, other mechanical derangements

Completed

A

18

B

18

160

9 (Samaja)
9 (Niramaja)
9 (Samaja)
9 (Niramaja)

Drop out
01
02
01
01

03
02

Total Registered
10 (Samaja)
11 (Niramaja)
10 (Samaja)
10 (Niramaja)

Assessment criteria

Patients were assessed before and after the treatment on the
basis of following parameters:

Assessment of subjective criteria

Table 1: Distribution of registered patients of Katigraha
Group

Panchakoladi Upanaha‑ 6 h/day till Niramaja symptoms like
reduction in the stiffness and feeling of lightness at low back
and activeness in the body appears parameters:

The assessment criteria for pain and stiffness are given in
Tables 3 and 4, respectively.

21

Visual Analog Scale: (for assessment of pain in grade 0 to 10).

20

|_____________________________________________|
0							10
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Table 2: Ingredients of Upanaha 1 and Upanaha 2
Ingredients

Upanaha 1 (Panchakoladi Upanaha)

Quantity

Medicinal
powder

Chavya (P. retrofractum Vahl.) powder
Chitraka (P. zeylanica Linn.) powder
Pippalimula (P. longum Linn.) powder
Pippali (P. longum Linn.) powder
Shunthi (Z. officinale Roscoe.) powder
Yava (H. vulgare Linn.) powder
Nirgundi (V. negundo Linn.) powder
Dhanyamla (fermented gruel)

10 g‑15 g
10 g‑15 g
10 g‑15 g
10 g‑15 g
10 g‑15 g
50 g‑75 g
50 g‑75 g
200 ml ‑300 ml

Drava Dravya
(liquids)

Upanaha 2 (Godhumadi Upanaha)

Quantity
50 g‑75 g
30 g‑45 g
100 g‑125 g

Godhuma (T. sativum Linn.) powder
Tila (S. indicum Linn.) paste
Erandamula (R. communis Linn.) powder

200 ml ‑300 ml

Gokshira (cow milk)

30 g
30 g
Saindhava Lavana (rock salt)
Saindhava Lavana (rock salt)
Oil
20 ml‑30 ml
40 ml‑60 ml
Tila Taila (sesame oil)
Tila Taila (sesame oil)
P. retrofractum: Piper retrofractum, P. zeylanica: Plumbago zeylanica, P. longum: Piper longum, Z. officinale: Zingiber officinale, H. vulgare: Hordeum
vulgare, V. negundo: Vitex negundo, T. sativum: Triticum sativum, S. indicum: Sesamum indicum, R.communis: Ricinus communis

Statistical analysis
Oswestry disability index total score

Pain, stiffness and Oswestry Disability Index (ODI) changes
were assessed on comparing their values after applying
Mann–Whitney U test and Wilcoxon signed‑rank test.

Observations

Table 5 shows that out of 36 cases of Katigraha, 41–60 years
(69.44%) of age group people were found more affected than
20–30 years (11.11%) and 31–40 years (19.44%); Table 6 shows
that males (52.78%) were found more affected with low backache
than females (47.22%); Table 7 shows that farmers and labourers
(27.78%) and homemakers (33.33) were more prone to low
backache than private job workers (16.67%), teachers (13.88%),
policeman (2.78%) and tailors (5.56%); Table 8 shows that
prolong standing posture (38.89) persons are more prone to low
backache than prolong sitting postures (30.56%) and continuous
travellers (8.33%).

Results
Results of the treatment in both the groups are mentioned in
Tables 9 and 10.
Table 9 shows that 18 patients of Katigraha when treated
according to Avastha (stages) showed 43.33% effect with
P < 0.0001 in relieving pain, 36.07% effect with P = 0.0002
in reducing stiffness, and 37.25% effect with P < 0.0001 in
improving ODI index and another 18 patients of Katigraha
when treated without assessing the Avastha (stages) showed
27.20% effect with P < 0.0001 in relieving pain, 15.73% effect
with P = 0.0204 in reducing stiffness, and 18.44% effect with
P < 0.0001 in improving of ODI index.
Table 9 also shows that there was a significant difference
between the two groups with P = 0.0107 in relieving pain,
with P = 0.0351 in reducing stiffness and with P = 0.0002 in
improving of ODI index.
Table 10 shows that 9 patients of Samaja Katigraha when
treated according to Avastha (stages) had 50.96% effect
with P < 0.0001 in relieving pain, 55.5% effect with
AYU ¦ Volume 40 ¦ Issue 3 ¦ July-September 2019

Table 3: Assessment and grading of pain
Pain (VAS)
No pain
Mild, annoying pain
Nagging, uncomfortable, troublesome pain
Distressing, miserable pain

Intense, dreadful, horrible pain

Scale

Grade

0
1
2
3
4
5
6
7
8
9

0
1
2
3

4

Table 4: Assessment and grading of stiffness (range of
motion)
Stiffness (ROM)
No stiffness
With up to 25% impairment in ROM of joint and patient can
perform daily work without any difficulty
With up to 25%‑50% impairment in the ROM of joint and patient
can perform daily routine work with mild or moderate difficulty
With up to 50%‑75% impairment in ROM of joint and patient
can perform daily routine work with moderate or severe difficulty
With >75% impairment in ROM of joint and patient totally
unable to perform daily routine work
ROM: Range of motion

Grade
0
1
2
3
4

P < 0.0001 in reducing stiffness, and 40.40% effect with
P < 0.0001 in improving ODI index and another 9 patients
of Samaja Katigraha when treated without assessing the
Avastha (stages) showed 21.41% effect with P = 0.0278
in relieving pain, 11% effect with P = 0.1690 in reducing
stiffness, and 16.16% effect with P = 0.0058 in improving
of ODI index.
Table 10 also shows that there was a significant difference
between the results in Samaja Katigraha of the two groups
with P = 0.0016 in relieving pain, with P = 0.0002 in reducing
stiffness and with P = 0.0013 in improving of ODI index.
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a.

Table 5: Age wise distribution of patients
Age
(Years)

Avasthanusara
Group

20‑30
31‑40
41‑60

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

03
04
11

16.16
22.22
61.11

01
03
14

5.56
16.67
77.77

04
07
25

11.11
19.44
69.44

b.

Table 6: Distribution of patients according to gender
Sex

Male
Female

Avasthanusara
Group

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

09
09

50
50

10
08

55.56
44.44

19
17

52.78
47.22

Table 7: Distribution of patients on the basis of occupation
Occupation

Avasthanusara
Group

Farmer/Labor
Teacher
Private job
House wife
Policeman
Tailor

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

06
03
04
05
00
00

33.33
16.67
22.22
27.77
00
00

04
02
02
07
01
02

22.22
11.11
11.11
38.88
5.55
11.11

10
05
06
12
01
02

27.78
13.88
16.67
33.33
2.78
5.56

Table 8: Distribution of patients on the basis of postural
details
Postural Details Avasthanusara
Group
Prolonged sitting
Prolong standing
Continuous travel
Not related

Anavasthanusara
Group

Total

No.

%

No.

%

No.

%

06
07
01
04

33.33
38.89
5.56
22.22

05
07
02
04

27.78
38.89
11.11
22.22

11
14
03
08

30.56
38.89
8.33
22.22

Discussion
Of 36 cases of Katigraha males, prolong standing
posture, moderate working lifestyle, labourers, and
homemakers were affected more with Katigraha might
be because they have to do more laborious work and
prolong standing posture exerts pressure over low back
and provides favorable condition for lodging (Sthana
Samshraya) of already vitiated Vata Dosha. Age‑wise
distribution showed that 40–60 years of age group were
found more prone to Katigraha because degenerative
changes starts in this age group that leads to Vata vitiated
disorders.
The effect of Avasthanusara treatment is better than
Anavasthanusara treatment might be because:
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Pain is the symptom of Vata Dosha. Drugs used in
Panchakoladi Upanaha were having Ushna (hot) and
Tikshna (sharp) properties, so it did Doshavilayana
(liquefaction of Dosha) and Srotoshodhana (purification
of channels) which helped in relieving Margavarana
(obstruction in channels) of Vata Dosha, followed by
Godhumadi Upanaha that is having Snigdha (unctuous)
property along with Ushna property, that helped in
pacifying Vata Dosha, thus helped in relieving pain
Stiffness is either due to Sheeta (cold) – Ruksha (dry)
properties of Vata or Sheeta ‑ Snigdha properties of
Ama. Drugs used for Panchakoladi Upanaha are having
Ushna, Ruksha and Tikshna properties which helped in
pacifying Sheeta ‑ Snigdha properties of Ama efficiently
Avasthanusara treatment had a significant effect on
reducing pain and stiffness both, thus it helped in
improving quality of life of the patients. Although
Anavasthanusara treatment group provided effect on
reducing pain and stiffness, but as it is having Amaja stage
of patients and were treated without considering stages,
it was not effective statistically.

Probable mode of action of Upanaha

The lipoidal bond is suitable for penetration of drug molecule
through stratum corneum.[9] On this basis, it can be assumed
that in Upanaha, oil helps in the formation of lipoidal bond
with other drugs thus helps in the penetration of drug molecules.
Upanaha is a type of Swedana, so it induces hyperthermia which
improves local blood and lymphatic circulation and thereby
improving local tissue metabolism.[10] It reduces inflammation by
modifying secretion of various inflammatory mediators, relaxes
local musculature by physical effect of heat, increases the rate of
transdermal drug delivery and thereby reduces pain.[11]
The drugs used for Panchakoladi Upanaha are having alkaloids
such as piperine[12] (in Pippali), terpenoids[13] (in Chavya),
gingerol[14] (in Shunthi), tannins,[15] and saponins[16] (in Yava),
thus they inhibit prostaglandins (acting as a vasodilators
and cause inflammation[17]), which, in turn, may reduce the
inflammation.
Drugs used in Panchakoladi Upanaha are Ushna, Tikshna in
nature and due to its counter irritant effect, helped in relieving
pain.

Conclusion
Patients of low back pain treated with Avasthanusara (stage
wise treatment) had better effect in relieving pain, stiffness and
in Oswestry Disability Index (ODI) change than the patients
treated with Anavasthanusara Upanaha Sweda without stage
wise treatment. Also, patients of Samaja Katigraha treated
with Panchakoladi Upanaha had better effect in relieving pain,
stiffness and in ODI change than the patients of Samaja Katigraha
treated with Godhumadi Upanaha. Thus, it can be concluded that
Panchakoladi Upanaha was effective in relieving Samaja stage
of Katigraha and Avasthanusara treatment is more effective in
the management of Katigraha than that of Anavasthanusara
AYU ¦ Volume 40 ¦ Issue 3 ¦ July-September 2019
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Table 9: Results of the treatment on parameters of low back pain
Parameter

Group

Mean±SD
BT

Improvement (%)

Z

Significance/P

AT

VAS

5.11±0.74
2.89±0.99
43.33
10.00
Avasthanusara treatment
4.89±1.24
3.56±1.3
27.2
5.49
Anavasthanusara treatment
Between the groups
2.7
Stiffness
1.83±0.6
1.17±0.76
36.07
4.76
Avasthanusara treatment
1.78±0.71
1.5±0.76
15.73
2.56
Anavasthanusara treatment
Between the groups
2.19
ODI
47.11±6.41
29.56±9.04
37.25
9.47
Avasthanusara treatment
45.44±10.87
37.06±10.9
18.44
7.69
Anavasthanusara treatment
Between the groups
4.26
SD: Standard deviation, VAS: Visual analog scale, ODI: Oswestry Disability Index, BT: Before treatment, AT: After treatment

<0.0001
<0.0001
0.0107
0.0002
0.0204
0.0351
<0.0001
<0.0001
0.0002

Table 10: Results of the treatment in Samaja Katigraha
Parameter

Group

Mean±SD
BT

Improvement (%)

Z

AT

VAS

5.22+0.63
2.56+0.83
50.96
11.31
Avasthanusara treatment
4.67+1.25
3.67+1.33
21.41
2.68
Anavasthanusara treatment
Between the groups
3.78
Stiffness
2+0.47
0.89+0.57
55.5
10.00
Avasthanusara treatment
2+0.67
1.78+0.63
11
1.51
Anavasthanusara treatment
Between the groups
4.82
ODI
48.11+5.74
28.67+7.92
40.40
8.58
Avasthanusara treatment
46.78+11.45
39.22+12.16
16.16
3.73
Anavasthanusara treatment
Between the groups
3.90
SD: Standard deviation, VAS: Visual analog scale, ODI: Oswestry Disability Index, BT: Before treatment, AT: After treatment

treatment.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

Brahmashankara M, editor. BhavaPrakash of Bhava Mishra. Ch. 26,
Ver. 53. Part. 2. 12th ed. Varanasi: Chaukhambha Sanskrit Sansthan;
2016. p. 292.
Rubin DI. Epidemiology and risk factors for spine pain. NeurolClin
2007;25:353‑71.
Tiwari PV, editor. Charaka Samhita of Agnivesha: Sutra Sthana. Ch. 14,
Ver. 22. 1st ed. Varanasi: Chaukhambha Vishvabharti; 2018. p. 255.
Tiwari PV, editor. Charaka Samhita of Agnivesha: Sutra Sthana. Ch. 14,
Ver. 35‑38.1st ed. Varanasi: Chaukhambha Vishvabharti; 2018. p. 258.
Krishna TK, editor. Sushruta Samhita of Sushruta: Chikitsa Sthana.
Part. 2.Ch. 32, Ver. 12. 1st ed. Varanasi: Chaukhambha Orientalia; 2014.
p. 495.
Lal GB, editor. Ashtanga Hridayam of Vagbhatta: Sutra Sthana. Part I.
Ch. 17, Ver. 2‑5. 6th ed. Varanasi: ChaukhambhaOrientalia; 2013.
p. 294‑5.
Sharma S, editor. Ashtanga Sangraha of Vagbhatta: Sutra Sthana. Part.
I. Ch. 26, Ver. 4. 3rd ed. Varanasi: Chaukhamba Sanskrit Series Office;
2012. p. 196.
Acharya YT, editor. Sushruta Samhita of Sushruta with Nibandha
Sangraha commentary: Dalhana commentary: Chikitsa Sthana. Part. 2.
Ch. 32, Ver. 22. 1st ed. Varanasi: Chaukhambha Subharti; 2017. p. 514.
Namjoshi PV, Abhinav. Possible scientific reasons behind the supportive
AYU ¦ Volume 40 ¦ Issue 3 ¦ July-September 2019

Significance/P

10.

11.

12.

13.
14.

15.

16.

17.

<0.0001
0.0278
0.0016
<0.0001
0.1690/ns
0.0002
<0.0001
0.0058
0.0013

actions of Sthanika Snehana and Swedana. Pharma Sci Monit
2015;6:110‑8.
Shirota H, Goto M, Katayama K. Application of adjuvant induced local
hyperthermia for evaluation of anti‑inflammatory drugs. J Pharmacol
Exp Ther 1988;247:1158‑63.
Brosseau L, Yonge KA, Robinson V, Marchand S, Judd M, Wells G,
et al. Thermotherapy for treatment of osteoarthritis. Cochrane Database
Syst Rev 2003;4:CD004522.
Jun SB, Da HO, Hyun MC, Bong JS, Sung JL, Jung YK, et al.
Anti‑inflammatory and antiarthritic effects of piperine in human
interleukin 1β‑stimulated fibroblast‑like synoviocytes and in rat arthritis
models. Arthritis Research and Therapy 2009;11(2):R49.
Ved P. Terpenoids as source of anti‑inflammatory compounds. Asian
Journal of Pharmaceutical and Clinical Research 2017;10(3):68‑76.
F Kiuchi, S Iwakami, M Shibuya, F Hanaoka, U Sankawa. Inhibition
of Prostaglandin and Leukotriene Biosynthesis by Gingerols
and Diarylheptanoids. Chemical and Pharmaceutical Bulletin
1992;40(2):387‑91.
Koichi N, Yoshiaki D, Yoshitaka Y, Masanori H, Masayuki K,
Kuniaki S, et al. Tannin‑fluoride Preparation Attenuates Prostaglandin
E2 Production by Dental Pulp Cells. Molecular Medicine Reports
201;4(4):641‑4.
Camila RA, Bernadete PS, Jose PP. A new steroidal saponin with
antiinflammatory and antiulcerogenic properties from the bulbs
of Allium ampeloprasum var. porrum. Fitoterapia 2011;82(8)1175‑80.
Emanuela R, Garret AF. Prostaglandins and Inflammation.
Arteriosclerosis, Thrombosis, and Vascular Biology. 2011;31:986-1000.
163

ORIGINAL RESEARCH PAPER

Volume - 9 | Issue - 8 | August - 2020 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH
DR.RAMANNAVAR FOUNDATION BAILHONGAL - A CHARITABLE BODY
DONATION FOUNDATION

Anatomy

Dr Varsha B
Gonugade*
Dr Mahantesh B
Ramannavar
Dr Karuna
Vattigeri
Dr Kalanghot P
Skandhan

Dept of Kayachikitsa, KAHER's Shri B M K Ayurveda Mahavidyalaya, Belagavi 590 003
India * Corresponding Author
Dept of Sharira Rachana( Anatomy), KAHER's Shri B M K Ayurveda Mahavidyalaya,
Belagavi 590 003, India
House surgeon, KAHER's Shri B M K Ayurveda Mahavidyalaya, Belagavi 590 003 India
Research Division, KAHER's Shri B M K Ayurveda Mahavidyalaya, Belagavi 590 003
India

KEYWORDS
Donation is a gift for charity, humanitarian aid or a benet for any other
cause. Some societies are involved in accepting donation towards
different services rendered .Yet there are some societies who are
voluntarily involved in performing seless service for the benet of
humanity. This is the best example of charity though very seldom seen
in modern times.
History of body donation is as old as 'Puranas' (Sacred writing of Hindu
religion) of India. On the request of Lord Indra, the Great Sage,
Dadhichi donated his body by leaving it employing power of yoga
,whereby his bones were used for making 'Vajra' (weapon) to perish
'Asuras' ( devil powers) (Tripathi,2011).
Sage Sushruta, Father of Surgery, learnt human anatomy by dissecting
preserved dead bodies implying body donation was done for medical
education purpose on those days. This is the rst of its kind in history
(Sharma, 2000).In 15th century Barber surgeons assisted professors to
demonstrate body parts (Rokade, Bahetee 2013). Prof. Vasaleus was
the rst known Anatomist of modern times who demonstrated and
taught human body parts by dissecting himself (Rath,Garg 2006).
Demand for cadaver arose when dissection was included in medical
education. Anatomy Act(USA 1831 , UK 1832 , India 1948) changed
the scenario whereby deceased body donated by kin or any unclaimed
body could be used for dissection purpose( Rokade ,Bahetee 2013 ).
Several times the institutions where dead body is needed request for
help from different individuals and societies or groups. A high amount
of currency has to be given in exchange .In India, many times the
money is unaffordable to institutions. Here comes a great solace to
all,”Dr. Ramannavar Charitable Trust” and “Dr. Ramannavar
Foundation Bailhongal” ( DRFB ).
The details follow, the inspiration to form the present foundation is
from late Dr.Ramannavar who himself has pledged his body for
dissection and also wished this is done by his son ,Dr M B
Ramannavar, who is Head of the Department of Anatomy at KAHER's
Shri B M K Ayurveda Mahavidyalaya .His last wish was fullled by his
son(Prasad,Skandhan 2019).The charitable trust was formed in 2009
and the DRFB was formed in 2015.Charitable trust has 3 and DRFB
has 7 active members and Dr. M B Ramannavar is the Secretary of
both. This foundation is registered under the provision of State
Government of Karnataka; Reg No. BLG-4-00001-2009-10, BLGD5

generously used for upliftment of socially downtrodden. Thus
receiving institutions have a large support from this Foundation. They
spend a meager amount alone on transportation of body.
One of the main targets of the Foundation is to create awareness among
public and educate them about body and organ donation. Towards
fullling this till date more than 80 awareness programs are conducted
at different places. On several occasions along with Secretary and
members of the Foundation, religious leaders or temple heads
(Swamiji) accompanied and addressed the crowd. In Karnataka
Province Awareness programs are mainly conducted in Belagavi
district. It is also being done outside the Province of Karnataka.
Province of Orissa (Cuttak),West Bengal (Calcutta) and Rajasthan
(Jaipur) were other beneciaries. Many times classes are supported by
videos, power point presentations or street plays.
Noticeably in one of body donation awareness programs, 108 adult
members of a village named Shegunasi, in the Province of Karnataka,
pledged to donate their bodies.
A highly appreciable part with Foundation is, members of the
Foundation and general public show high respect to the dead body. On
arrival of a dead body, prayers – “Dhanvantaristavan”,Prayer to God
Dhanvantari,Lord of Ayurveda are chanted and followed by taking
cadaveric oath - and accept the body respectfully and place it at proper
place. Attention is paid to cover private areas of the body (Murty2015).
Accommodating the sentimental of donors of Hindu religion, on
demand of kin or relative of dead, a small portion from a nger is
separated and given, which they treat as equivalent to whole body and
do rituals. Seless service of DRFB for a noble cause may promote
others to work similar.
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The major work carried out by the foundation is maintaining the list of
body donors and on the information of any death; the needy institution
is informed which collects the body from the spot. Under the
auspicious of this foundation till date 485 dead bodies were registered
and 22 of them were donated and supplied to different Medical,
Ayurveda , Homeopathic and Unani Colleges in this country, mainly in
the Province of Karnataka. Most noticeably one Swamiji, a head priest
of one Hindu temple, has also registered his body for donation after his
death. DRFB is purely a charitable foundation. Voluntary donations
received from individuals, organizations or an institution which is
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ABSTRACT:
The specific Bhumi Desha attributes specific type of geo-climatic conditions. The predominance
of Dosha (body humors) of specific Bhumi Desha (geologicregions) influences the human beings
and is reflected in their Prakruti (Health constitutions). Considering this unique contribution, one
can inculcate the appropriate preventive and curative measures for an individual depending upon
Doshic imbalance (disease). The geo-ecological parameters of each Bhumi Desha as per present
context are not dealt anywhere. Therefore, there is a need of proper identification and mapping
of such regions into different types of Bhumi Deshabased on the Ayurvedic fundamentals so as
to develop and implement the appropriate preventive and curative measures for an individual.
It is a cross sectional study consisting of 30 different geographical regions of predominance
having particular type of Bhumi Desha. A pre-designed and semi-structured research datasheet
was prepared that consisted classically explained geo-ecological parameters of different types of
Bhumi Desha. On the basis of classical parameters of the ideal Bhumi Desha as Jangala Desha
(arid land), Anupa Desha (marshy land) and Sadharana Desha (intermediate land) were
identified by taking up field visit. Geo-ecological parameters like latitude-longitude,
temperature, humidity, wind, vegetations, crops soil, rock type, etc., of that particular Bhumi
Desha were collected, recorded and analyzed to develop the systematic assessment parameters.
Later the mapping of such geo-geographic regions into different types of Bhumi Desha was
prepared using Google earth, a map was prepared.
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Total 109, 41 and 108 regions of Belagavi District were identified as predominance of
JangalDesha, AnupaDesha and SadharanaDesha respectively. Out of selected 13522.633 sq/mts
of Belagavi district, an approximate area of about 9091 sq./mts of Jangala Desha, 2956 sq./mts
of SadharanaDeshaand1475 sq./mts of Anupa Desha were classified.
It is observed that around 47.20%; of Jangala Desha, 31.263% of Sadharana Deshaand21.53%
of Anupa Desha are scattered in the Belagavi District (Figure 3). It is also observed from the map
that Jangala Desha predominates compare to other twoDeshas.Jangaledesha- Sadaranadesha and
Anupa.
Keywords: Bhumidesha, Geo-ecological, Mapping, Belgaum District

INTRODUCTION
Bhumidesha(Geo-Geographical land) refers to the natural habitat of an individual. Ayurveda has
classified it into three types as JangalDeshawhich is arid land with less rainfall and having VataPitta

doshapradanaDesha;

AnupaDesha

which

is

marshy

land

having

Vata-

KaphadoshapradanaDesha; and SadharanDesha which is intermediate land having combination
of earlier two types and is said to be a good habitat for people. It is regarded as Sadaranaguna
and Doshayukta(YadavjiTrikamji, 2004).

Bhumidesha is one of the important principles in Ayurveda. It forms one among the major
factors to be examined (Parikshabhavas) for diagnosing as well as treating a disease. The
specific

type

of

Bhumi

Desha

attributes

the

specific

type

of

geo-climatic

conditions(YadavjiTrikamji, 2004). The predominance of Dosha (humors) of specific Bhumi
desha influences and affects the humans and is reflected in their genetic constitution (Prakruti)
and becomes risk factor in manifestation of the particular disease. Therefore each specific
Prakrutitends to follow certain life-style activities to maintain the predominant Dosha in its
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natural balance and prevent the disease. Hence, Bhumi Desha plays a major role in determining
the Prakruti(health and disease) of an individual.

Since, the geo-ecological parameters explained in classics of Ayurveda for each Bhumi Desha
are not dealt anywhere, there is a need of proper identification and mapping of region (land/
places) into a different Bhumi Desha and is essential. The Belagavi district experiences
diversified climates. In order to have a clear knowledge regarding geo-ecological area of
Belagavi district, it is necessary to identify and determine the regions in terms of typical Bhumi
Desha and prepare a map which exhibits areas into different Bhumi Desha explained in
Ayurvedic classics so that the appropriate preventive and curative measures can be developed
and implemented based on the Ayurvedic fundamentals. Hence the present study has been
undertaken to determine the Geo-ecological parameters for designing Bhumi Desha wise map of
Belagavi district (Figure 1) depending upon parameters of Bhumi Desha.
Figure-1 Location Map of Belgaum District
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The main objective of this study is to determine the Geo-ecological parameters for preparing
Bhumi Desha wise map of Belagavi district depending upon the parameters of Bhumi Desha,
with specific objectives to develop the Geo-ecological parameters by demarcating different
Bhumi Deshaas explained in Ayurvedic classics.
MATERIALS AND METHODS
A cross sectional study of the Belagavi district has been under taken for the present study. The
background literature was collected from the classical and modern literature of Ayurveda and
earlier

researches.

The

different

areas

of

predominance

of

Jangala,

Anupa

and

SadharanaDeshaof Belagavi district of Karnataka were explored for the present study. The data
was collected through field visits covering major areas of the district.

For this study about30 different places (Table 4) having predominance of a particular Bhumi
Desha were used,and a pre-designed, and semi-structured research data format was prepared
(Annexure-I).
Annexure-I
Table 1: Protocol for Desha Assessment format: Used in the present research
Name of the place:
Date :
Sl No Parameter
Observation
1
Latitude
2
Longitude
3
Temperature
4
Humidity
5
Type of wind
6
Mud Type
7
Number and name of Water Source and
water level
8
Stone type
9
Number and Name of Animals
10
Number and Name of Birds
11
Name and Number of tress*
12
Number of Trees (per 100 sq met)
P a g e | 223
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Name and Number of tress
Champaka
Mangao
Champaka
Mangao
Shigru
Vata
Aswatha
Udumber
Gulmohar
Badari
Karanja
Simsapa
Amalaki
Arka
Bilwa
Crop- Jawar, maize etc.
Type of Desha
Jangala

ISSN: 2394-3114
Vol-40-Issue-60-March -2020

Erenda
Chinch,
Babul;
Gova
Japa
Jasmine
Arjuna
Kaiderya
Phanas
Kaju,
Kanchanaar
Badam,
Tulasi,
Nilgiri
Nirgundi
OthersAnupa

Sadarana

The data obtained was used to identify the geo-ecological parameters of different types of Bhumi
Desha.
Development of parameters
On the basis of Classical parameters of the ideal Bhumi Desha as Jangala Desha (Arid Land),
Anupa Desha (Marshy Land), and Sadarana Desha (Mixed Land), were identified and
documented (Table-1) the parameters discerning the Deshas during the field visit and the data
was generated for the preparation of the maps.
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Table 2: Classical Assessment Parameters for Bhumi deshaas per classical texts.
PARAMETERS

ANUPA DESHA

JANGALA DESHA

SADHARANA DESHA

Appearance

Sushobhita with
many rivers,
parvatakunjas (hill),
having much flowers
and plants,
snigdha(soft)and
komal (tender)
vruksha(trees),
always hear sounds
of many variety of
birds(YadavjiTrikam
ji, 2004).Having
cold-weather because
of many rivers, and
having nirasabhumi
(marshy land) with
anushnaguna(Lukew
arm weather)
&chaya(shadow)
yukta(Bhava Misra,
2004)

Paryakashabhuistha,
nirbhraakashayukta,
(open sky) and land
having
mrugatrishnika(mirag
e), dried trees,
creepers, shrubs, stony
hills and lands. Looks
much
specious(YadavjiTrika
mji,
2004).Anupaviparyay
a (opposite to Marshy
land), having
trunagharadhusarade
sha(full of dry grass
and ugly look),
nirjara(dry land)
sthala(Bhava Misra,
2004)

Mixed climate seen.
medium specious,
moderate forest
seen(YadavjiTrikamji,
2004).Mixed, and less
characters of both
anupaandjangala(Bhava
Misra2004)..

Bhumi/Land

TamraBhumi(Bhava
Misra2004).Wet
always, full of rivers,
lakes, many verity
flowers are spreading
on the ground,
mountains(YadavjiTr
ikamji
2004).,(Krishnmurth
y2008)

Dhusara Bhumi (Ash
colour mud- dry land),
SharkaraTanu (Sandy
mud), Khara (Rough),
Parusha(unattractive),
Sikta (small sand
particales); Arid ,
sandy zone, irregular
land, sharkara (stone)
and stony hills.
(YadavjiTrikamji2004
);
(K.H.Krishnmurthy20
08)

Mixed land has
combined characters;
plants, birds, animals,
Nanavarna(Different
colored) bhumi(Bhava
Misra2004)
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Jala/Water

Bahudaka/pracuroda
ka/bahuvaari(Yadavj
iTrikamji 2004);
(Krishnmurthy2008)
,(BhavaMisra2004),
(good amount of
water and water
source)
Nadee(river),Varshay
ukta(rainy)

Swalp/alpaPaniya/udaka(Yadavji
Trikamji 2004),(less
water and water
source)
AlpaVarsha(less rain),
Prasrvanodak(less
water), Alpa-Paniya,
Arogyakar(Healthy
climate),
teasty(Krishnmurthy2
008)sweet water

Sama/
madhyamaudaka(Yadav
jiTrikamji
2004).,(Krishnmurthy,
2008).(Moderate water
and water source)

Nadi/Rivers

Sarita goes
uptosamudra(river
goes upto to sea),
many small
kunja(rivers) coming
from hill are
seenRivers are
glittering from
vanjula (water
plants) and
vaanir(YadavjiTrika
mji 2004).(water
plants), many small
rivers which
produces the
breeze(Bhava Misra,
2004)

Less number of
rivers(YadavjiTrikamj
i, 2004)

-

Vayu/Air

Shishir
Pavanabahula (cold
breeze always),

SthiraShushkapavana, (dry
stable air)UshnaDarunavata.Pravaata,
continuous, forced
vaayu(YadavjiTrikamj
i, 2004)

MriduShita(Soft and
cold in nature)

Heat/ Ushma
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mji 2004).Less
intensity of sun heat
seen

i 2004).Good amount
of sun heat

amount of sun heat seen

Hintala, Tamal,
Narikela
(cocusnucifera),
Kadali (Banana),
Vanjula,vanya
(nymphaeanouchali),
Vanira, nandimuka,
pundarika,
kaadambamudga(gre
engram),
brinaraj(Eclipta
alba),
shatapatra(YadavjiT
rikamji,
2004).Utpala(kaemp
feria rotunda.) Shali
(hygroryzaaristata),
cadambha(anthoceph
aluscadamba)

Kadar (acacia
polyantha),
Khadir(acacia
catechu), Aasana
(pterocarpusmarsupiu
m),
Dhava(anogeissuslatif
olia.), Aswakarna
(terminaliapaniculata),
Tinish(ougeniaoojeine
nsis), Sallaki, Sal
(shorearobustha),
Somvalka(acacia
polyantha),
Badari(zizyphusjujub
a),
Shami(Krishnmurthy,
2008)(prosopisspicige
ra),karanja,
Tinduka(gaub tree ),
Ashwattha (scared fig/
people tree), Karir
(capparis decidua),
Kakubha,
Bilwa(aeglemarmelos)
,
Pilu(Krishnmurthy,20
08)(savadorapersica),
Arka(Krishnmurthy,
2008)(calotropisgigant
ea).
Amalaki(emblicaoffici
nalis),
simsapa(dalbergiasiss
oo.),
karkanda(jackajujube-

No thick forest seen,
here small vanaspati and
vanspatya of both desha
seen. (YadavjiTrikamji
2004)
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zizyphusoenoplia)(Kri
shnmurthy, 2008),
(YadavjiTrikamji,
2004)
Pashu/ Animals

Shash (Rabbit),
Varaha(Fork/pig),
Mahisha(Buffalo ).
Khadga (rhinoceros),
Ruru,Rohi(Krishnmu
rthy, 2008), with
different variety of
jala-mruga(water
animals), and
pradhanmruga(jungl
e animals)(Bhava
Misra, 2004)

Harina (deer), Ena,
prasta, gokarnam,
khara, chataka(verity
of small sized bird)
,vaanar( monkeys),
gou (cow),
manushya(Krishnmurt
hy, 2008). Gavaya
(cow),
maheesha(small sized
buffalo),
Aja(goat)(Bhava
Misra, 2004)

Mixed land has
combined characters;
plants, birds,
animals.(YadavjiTrikam
ji 2004; and Sharma
1999).Nanajantusukhap
rada(Bhava Misra,
2004)

Pakshi/ Birds

Hamsa(YadavjiTrika
mji(2004); and
Krishnmurthy
(2008)) Cakravaka,
Balaka,
Kokila(YadavjiTrika
mji, 2004)Srasa,
Korsnda, Balakaa,
with different veriety
of
pradhanpakshi(Bhav
a Misra, (2004); and
Krishnmurthy2008)

Lava, Tittira,
Cakora(YadavjiTrika
mji, 2004)

Mixed land has
combined characters;
plants, birds,
animals.(YadavjiTrikam
ji 2004); and Sharma
(1999)

Dhanya/ Seeds

Shali(YadavjiTrikam
ji 2004)

Mudga, Vrihi,
Yava(YadavjiTrikamji
, 2004)

Godhoomolbana
,sushobhita with yava
and nala. Also produces
masha in more
quantity(Bhava Misra,
2004)

Mudga, vrihee, yava,
and phala(Bhava
Misra, 2004)
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Manushy&
purusha/ People

Mrudu-SukumarUpachita

Stira-Kathina-Krusha; Inhibiting people, firm,
delicate endowed with
Less fat, compact and strength,complexion and
beautiful body, long
compactness, other
span of life, study and modreate
hard
qualities.(YadavjiTrika
working(Krishnmurth mji, 2004); Harishastri,
y, 2008)
2000); and (Sharma
1999)

Dosha

Vata –
kapha(YadavjiTrika
mji, 2004);
Harishastri,
2000),Vatabhuistha(
Gyanendra Pandey,
2014);
(Krishnmurthy,
2008)KaphVaataPrakopaka, &
Pitta
Shamaka.(Bhava
Misra, 2004)

VataPitta(YadavjiTrikamji
, 2004); Harishastri,
2000);
Kaphaolbana(Gyanen
dra Pandey, 2014);
and Krishnmurthy,
2008)
Pittavardhaka,
balakaraka(Bhava
Misra, 2004)

Equilibrium Of
DoshasSeen(YadavjiTri
kamji, 2004);
(Gyanendra
Pandey,2014 );
(Harishastri,
2000),Samadoshata(Gya
nendra Pandey, 2014);
(Krishnmurthy,2008).;It
has mixed desha having
equal sheetavarsha,
ushmata, and vayu,;
healthy place to
live(Krishnmurthy,
2008).
Maintains equilibrium
of prakupitadosha,

Flowers and
fruits

Lotus and lilies, big
trees full of flowers
and
fruits.(Krishnmurthy,
2008)

Quality of Ahara
(food
)andpadartha(oth
er materials )

Guru(YadavjiTrikam
ji, 2004).

Vyadhi/ Disease

Udara-roga and
Amadoshajavyadhies
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Maintain equilibrium of
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(Bhava Misra, 2004)

Geo-ecological parameters like latitude, longitude, temperature, humidity, wind, etc., of that
particular Desha were collected using GPS and AccuWeather mobile App.
After development of the basic parameters, the ideal Bhumi Desha areas from the study areawere
identified (30 places, Table 4).
Table 3: List of places visited
Sl.no

Name of the place

Desha

Taluka

1.

Ankali

JangalaDesha

Chikkodi

2.

Athani

JangalaDesha

Athani

3.

Jainapur

JangalaDesha

Chikkodi

4.

Mattikoppa

JangalaDesha

Bailhongal

5.

Kagwad

JangalaDesha

Athani

6.

Murgod

JangalaDesha

Savadatti

7.

Mangasooli

JangalaDesha

Athani

8.

Mejalatti

JangalaDesha

Chikkodi

9.

Ankalagi

JangalaDesha

Gokak

10.

Ghodageri

JangalaDesha

Gokak

11.

Ammanagi

JangalaDesha

Hukkeri

12.

Kempwad

JangalaDesha

Athani

13.

Navalihaal

JangalaDesha

Athani

14.

Pacchapur

JangalaDesha

Gokak

15.

Siraguppi

JangalaDesha

Athani

16.

Ramadurga

JangalaDesha

Ramadurga

17.

Toragall

JangalaDesha

Ramadurga
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18.

Tumeraguddi

JangalaDesha

Belagavi

19.

Katakol

JangalaDesha

Ramadurga

20.

Manturga

AnupaDesha

Khanapur

21.

Jamboti

AnupaDesha

Khanapur

22.

Kusumaali

AnupaDesha

Khanapur

23.

Hemagada

AnupaDesha

Khanapur

24.

Shiroli

AnupaDesha

Khanapur

25.

Tivoli

AnupaDesha

Khanapur

26.

Shahu Nagar

SadaranaDesha

Belagavi

27.

Nesargi

SadaranaDesha

Bailhongal

28.

Khanagonv

SadaranaDesha

Belagavi

29.

Narasingpura

SadaranaDesha

Belagavi

30.

U. Khanapur

SadaranaDesha

Hukkeri

RESULTS AND DISCUSSION
By using the Geo-biological parameters referenced over the Belagavi region was additionally
separated as Jangala, Aanupa and Sadharana Desha. The area of various Bhumi Desha in the
investigation region for example Jangal, Aanupa and Sadharana Desha were distinguished and
arranged and introduced as figures 2 - 4.
Desha insightful characterized map has been readied utilizing Google Earth map based on Geobiological parameters advanced (Table1).
The Geo-ecological parameters distinguished for a specific Bhumi Desha arranged for the most
part on vegetation type, likewise incorporates longitude, scope, soil type, rock type, water source
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(well, bore well. lakes and so on.) and level of water accessibility, crops, temperature, wind,
mugginess, number and assortment of trees, kinds of leaves, sort of land (plane, uneven, rough
and so on.), region of open space, have been recorded at each spot mulling over 100 square
meters (Tables 2 and 3; and Figures 2 to 4).
Table 4: Assessment Parameters for Bhumidesha.
PARAMETERS
A.
1.
2.
3.
B.
1.

VEGETATION :
Thorny Plants
Big Trees
Shrubs
OTHER :
Water source

ANUPA DESHA

JANGALA
DESHA

SADHARANA
DESHA

< 10%
>80%
<10%

>50%
<20%
>40%

10 To 50%
20 To 80%
10 – 40%

Good source

No/very less water Less water source
source.
Scary
Up to 200
<150 trees

2. No of Trees
Dense forest
Per 100 Sq. >250
Meters
3. Types of Trees
Tall heighted, and Medium heighted,
Big sized trees .
Thorny and Milky
and Latex shrubs
Many
flowering were
found
shrubs were spread abundantly,
on the all over the
ground
Much dry grass and
shrubs were found.
4. Mud type
Red
/
Brown Grey, black and ash
coloured
colored
5. Land
No/ very less space/ To a large extent/
Dense forest
Much Specious
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Table 5: Percentage of Surveyed Vegetation
DESHA
Thorny NonBig
Small
tree
thorn leafy
leafy
y tree tree
tree

Juicy
plants

Non
juicy
plant

Thorny Non
shrubs thorny
shrubs

Anupa

15%

98%

86%

14%

97%

3%

0%

3%

Jangala

34%

34%

17%

59%

14%

86%

29%

21%

Sadarana

11%

22%

26%

21%

20%

80%

7%

30%

Figure-2 Location Map:

The all outcomes were useful in demarcating which part of the Belagavi region was having
Jangal, Aanupa and Sadharana Desha, and demonstrated traditionally clarified parameters for
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particular Bhumi Desha, which help us to find better places/natural surroundings of Belagavi
locale into Jangal, Aanupa and Sadharana Desha, in this manner effectively prepared desha
shrewd guide Belagavi District. (Figure3-4)
Figure-3 Sampling Locations

Figure-4 Desha wise Map of Belgaum District
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Likewise we come to know which Desha/geological territory we are living, with the goal that the
suitable preventive measures can be created and executed on the lines of Ayurveda basics.
CONCLUSIONS
Desha and Deha (body) are inter related and influence each other, to maintain once own health
equilibrium. Each Desha (Habitat / Place) is having predominance dosha which directly
influence Deha (body). Hence, to have proper health we must know in which Desha/Habitat or
geographical area we are living. The present study is an attempt to create a map with the three
important Deshas which can be used as a ready recon-air so that the deceases common to those
Deshas are identified at the first hand.
In the present study entire Belagavi District was selected, which exhibits a variety of climatic
conditions. To identify which part of the Belagavi district is having Anupa, Jangala, and
Sadarana Desha, that influences the health. The present work provides a firsthand report which
can be a base for any such studies in future and applicable for diagnosis of the common diseases
that are depending upon the Deshas.
The designed Bhumi Desha wise map of Belagavi District showed all the types of Bhumi
Deshas,the overall percentage distribution of deshas is- Jangaledesha- 47.20%; Sadaranadesha
31.263% and Anupa 21.53%, indicatingJangala Desha is more predominance compared to other
two Deshas.
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KSHARAGADA -DRUG REVIEW
Ksharagada

is

one

among

vishaghnayoga

(antidote)

explained

in

classics

by

AcharyaCharaka, Sushruta, Vagbhata and Bhel in visha contexts which has different
ingredients and methods of preparations. Two different methods of preparations are
mentioned below:
According to Acharya Charaka following is the method/procedure followed for the
preparation of Ksharagada:


Collect twak of taruna palasha,



Dry it well in open sunlight,



After it is complete dry, burn it and collect the ash (bhasm),



The produced ash is then mixed with 1:4 or 1:6 parts of water and to be soaked well,
followed by filtration,



This ksharajala (mixture of ash and water) is heated over moderate flame till it reduce to
half of its volume,
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And then fine powder of all other seventeen (17) ingredients is taken in equal proportions
and added to kharajala,



This mixture is continuously heated/cooked with stirring till it attains avaleha consistency
and that is understood once it starts sticking to the stirrer,

Then this lehya is rolled into pills and is dried in room temperature, and according to Acharya
Sushruta the same Ksharagada is prepared by following method/procedure


Collect twak of taruna palasha,



Dry it well in open sunlight,



After it is complete dry, burn it and collect the ash (bhasma),



The prepared ash is to be mixed with 4 or 6 parts of water and stirred well,



Soak it for overnight,



Then the next day filter it using muslin cloth for 21 times and ksharajala is obtained.



The obtained ksharajala should be heated on moderate flame till water content gets
evaporated and is called as kshara.



This kshara is taken and diluted in 1:4 or 1:6 parts of water and heated on moderate
flame, till it reduces to half of its volume.



Then fine powders of all the ingredients in equal proportions are to be added in ¼
quantity of kshara.



Continuous stirring should be done till it attains avaleha form and formerly prepare pills
which has to be dried in shade.

The formulation which has been explained in different samhitas have relatively similar
indication and has mainly advised in gulma and visha, in spite of its different method of
preparation.
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The common indication quoted by different Acharyas is mainly gulma and visha along with
some other diseases like shotha, gulma, twak dosha, arsha, bhagandara, pleeha, apasmara,
krimi, bhoota, swarabheda, pandu, mandagni, kasa, swasa and unmada.
Indication of Ksharagada by Acharya Sushruta and Achyara Vrudha Vagbhata is in Ashmari,
arsha, vatagulma, kasa, shula, udara, ajirna, grahani, bhaktadwesha, darna shopha, shwasa
and vishaghna. Whereas Acharya Bhel has explained it in vatagulma, pleeha, arsha, shula,
krimi, grahani, visha, sarpa, mushaka damsha, granthi, vatashleshma, samuthanam
sannipatatmak, prasahya gulma, vandya, gara, apasmara.

Table 01. Ksharagada references, Ingredients and Indication shown below
S.No Reference

1

Charaka.Chikitsa
sthana. 23/101-104

2

Sushruta.klpa
sthana.6/ 1- 7
Sushruta.klpa

3

Bhelsamhita Chikitsa
sthana. 5/40

4
5

Ashtanga sangraha
Chikitsa sthana 16/16
Ashtanga Sangraha
uttara sthana 47/38

Ingredients

Indication

Palash ksharajala, gairika, haridra,
daruharidra,surasamanjiri,
yashtimadhu,laksha,saidhava, jatamamsi,
harenu, hingu, dwiariva, kushta, trikatu,
bahlika

Sarva visha shotha, gulma, twak
dosha, arsha, bhagandara, pleeha,
shotha, apasmara, krimi, bhoota,
swarabheda, pandu,mandagni,
kasa, swasa, unmada

Dhava, ashwakarna, shirisha, tinisha,
palasha, pichumarda, patali,
paribhadraka, udumbara, karahat,
Mahaoshada, devadaru, vasa,
katurohini, chitrak,pippalimula, pippali,
hastipippali, kushta, sarpagandha,
pancha lavana, dwikshara, trivrutta,
danti, dravanti, chopakunchika,lavana ½
pal, churna 1 pal, vasa, taila, ghrita 1
prastha

Ashmari, arsha, vatagulma, kasa,
shula,udara,ajirna,grahani,
bhaktadwesha, darna,shopha,
vatagulma, pliha,arsha,
shula,vardhma, aavarta kundalam,
krimi, grahani,visha,
sarpa,mushaka damsha,granthi,
vatashleshma,= samuthanam
sannipatatmak, prasahya,gulma,
vandya,gara, apasmara

Same as bhela

Gulma

Same as sushruta

Sarva, Visha Nasak

Acharya Charaka has explained Ksharaagada in the context of Sthavara Visha Chikitsa
specified in third vegavastha. In Acharya Charaka’s formulation the details of individual raw
drugs are given in table no1
Table no 2–Botanical name ,gunaand karma of individual drugs of Ksharagada
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Ingredients

Latin name

Rasa

Guna

Veerya

Vipaka

Karma

1

Palasha

Butea Monosperma
(lam) Taub

Katu

Laghu,
Ruksha

Ushna

Katu

Grahi

2

Shodhita
Gairika

Ferric Oxide

Pachaka

Ushna

Haridra

Curucuma. Longa
Linn

3

Tikta
Katu

Ruksha
Laghu

Laghu
Ruksha

Ushna

Deepana, Rasayana

Katu

Uttejaka, Sugandhi,
Raktadoshahara,Tvaka
doshahara,Shothahara
, Deepana, Grahi,
Vishagna
Deepana, Pachana,
Grahi, Pittarechaka,
Jwarahara, Swedala,
Shlesmaghna,
Rasayana

Indication
Arsha , Krimi,
Kushta, Gulma,
Udara
Gara, Visha, Kasa,
Swasa.
Charmaroga,
Prameha, Shotha,
Pandu, Vrana.
Vishamajwara,
Kupachana,
Phiranga,
Gandamala,
Apachi, Vrana

4

Daruharidra

Berberis Aristata DC

Tikta
Kashaya

5

Surasa
Manjiri
(Tulasi)

Occimum, Sanctum
Linn

Madhura Snigdha

Sheeta

6

Yashtimadhu

Glycyrrhiza. Glabra,
Guru,
Madhura
Linn
Snigdha

Sheeta

Vrana, Shotha,
Madhura Chakshushya, Keshya, Swarya,
Visha, Chardi,
Balavarnakrut
Trushna, Glani.

7

Laksha

Lacifer, Lacca

Tikta,
Laghu,
Kashaya,
Snigdha
Madhura

Sheeta

Madhura Pachana, Varnya

Ushna

Katu

Shothghna,
Vedanasthapana,
Rochak

Vatavikara,
aruchi,
agnimandya,
visha, arbuda,
Vrukkashotha

Sheeta

Katu

Medhya Balaprada

Daha, Visarpa,
Kushta
Deepana,
Vishaghna
Shula,Gulma,
Murcha, Apsmara,
Udara

Guru,
snigdha,Tis
hna

8

Saidhava

Sodium Chloride

Lavana

9

Jatamansi

Nardostachys
jatamamsi DC

Tikta,Kas
Laghu
haya,
Snigdha
Madhura

10

Harenu
(Nirgundi)

VitexNegundo Linn

Katu,
Tikta

11

Hingu

Ferula Narthex Boiss Katu

12

Krishna sariva

Ichnocarpus
Frutescens R. Br.

Ushna

Katu

Deepana, Hrudya

Mutrakruccha

Laghu
Ruksha

Ushna

Katu

Sthambhana
Shothghna
Plihavruddhi Yakruta
Roga

Laghu
Snigdha
Tishna

Ushna

Katu

Pachana Ruchya

Madhura, Guru,
Tikta
snigdha

Sheeta

Madhura

Tridoshahara
Shwasa, kasa,
Dahaprashamana,
vishanashana,
Shothahara, Deepana,
jwara, atisara
Pachana, Anulomana
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13

Shweta sariva

Hemidesmus Indicus Madhura, Guru,
R Br.
Tikta
snigdha

Sheeta

Madhura

Tridoshahara
Shwasa, kasa,
Dahaprashamana,
vishanashana,
Shothahara, Deepana,
jwara, atisara
Pachana, Anulomana

14

Kushta

Saussurea, Lappa,
C.B, Clarke

Tikta,
Laghu,
Katu,
ruksha,
Madhura tikshna

Ushna

Katu

Kaphavata Shaman

15

Shunti

Zingiber, Officinale,
Katu
Rosc.

Laghu,
snigdha

Ushna

16

Marich

Piper, Nigrum, Linn

Laghu,
tikshna

Ushna

17

Pippali

Piper, Longum, Linn Katu

Laghu,
snigdha,
tikshna

18

Bahlika

Ferula, Foetida,
Regel

Laghu,
Snigdha,
Trishna

Katu

Katu

Madhura Kapha-Vata Shamana

Visarpa, kasa,
kushta
Deepana,
pachana, rochana,
vatanulomana,
shulaprashamana

Shwasa, shula,
krimi
Pleeha roga,
shula, aama,
Anushna Madhura Kapha & Vata Shaman
shwasa, kasa,
udara, kushta
Shula,Gulma,
Ushna
Katu
Pachana, Ruchya
Murcha, Apsmara,
Udara
Katu

Vata & Kapha Shaman

Research updates on pharmacological properties of individual drugs 

Palasha bark
Palasha is said to have katu, tikta, kashaya rasa, laghu, ruksha guna, ushna,
veeryaand katu vipaka. It is indicated in disease conditions such as grahi, trishna
,arsha , krimi, kushta, gulma, udara roga, because of its karma as vatakaphagna
,deepaniya, and daha shamana.
Anuradha Sehrawat et al proposes Butea monosperma concentrate is a powerful
chemo-preventive operator and represses 2-AAF-prompted hepatic carcinogenesis by
postponing tumour arrangement and diminishing the recurrence of tumours and
oxidative harm in wistar rodents, which proves its chemoprotectivity activity.
M. A. Kamble et al 2015 has described Butea monosperma for its anti-cancerous
action in the invitro on human breast cancer cell line in its concentrate extract.
Ashwini Somayaji et al 2016 has elucidated Butea monosperma has properties like
astringent, aphrodisiac, anthelmintic, antibacterial and used in asthma. It has been
utilized for the treatment of various ailments. Different invitro and invivo studies have
shown its anti-diabetic, anti-malignant growth, anti-microbial, anti-viral, anti-oxidant,
anti-convulsion activity.
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Salar R K et al. 2011 have proved the free radical scavenging activity of palasha. In
Shaista et al 2012 palasha extract shows a strong contraceptive and antidote against
snake venom.
Muralidhar A. et al reported the hepatoprotective, antinflammatory in ethanolic
extract of palash bark in wistar rats.
Tiwari P. at al 2019 have quoted antifungal, antiulcer activity of palasha bark.
Somayaji at al 2016 reported wound healing, anti-diarrhoeal, anti-microbial,
antifungal, and antiulcer.



Daruharidra
Daruharidrahas tikta, kashaya rasa laghu ruksha guna , ushna veerya and katu
vipaka which aides in agni deepana and swedala. Italso works as sleshmaghna
,pittakapha shamaka, , pittarechaka , indicated in grahi jwara vishmajwara ,
kupachana , phiranga ,gandamala apachi ,vrana , kustha , visha , additionally
promotes rasayana.
Soumya et al. 2009 found anticancer activity of Berberis Aristata DC metholonic
extract on colon cancer cell lines.
Singh V et al. 2013 states its antinflammatory action.CCRS joint project with
advanced centre for treatment, Research, and Education of Cancer (ACTREC)
reported in vitro anticancer activity of Berberis Aristata.
In script of Indian medical plants Berberine has antibacterial and anti-inﬂammatory
action.
Mazumder PM reported anti-microbial, anti-depressant, and hepatoprotective activity
of Berberis Aristata.
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Srivastava S at al. 2015 identified properties alike anti-inflammatory, central nervous
system protective, anti-microbial and hepatoprotective.



Tulasi
In Bhavaprakash Nighantu tulasi is disclosed to have madhura, katu tikta rasa sheeta
veerya which demonstrates the action of deepana, and supportive in hrudya
conditions. Adhvaryu et al. 2008 have validated anti-tumour and chemoprotective
activity of ocimum sanctum and curcuma longa in vivo by Dalton lymphoma ascites
bearing mice and in vitro assay on DLA- cell line.
Mrutyunjay M Mirje et al 2014 documented its anti-inflammatory activity. Joseph B
at al. 2013 reported anti- cancerous activity of tulasi.
Singh N at al. 2012 quoted anti-radiation activity, antioxidant activity of tulasi.
The seeds of tulasi proved to be helpful in psychological disorders, including fearpsychosis and obsessions. Additionally oil extracted from these seeds revealed, the
antiasthmatic action and effectively protected the guinea-pigs from histamine and
dyspnoea state. They also showed anti inﬂammatory activity against carrageenan-,
serotonin-, histamine- and PGE-induced inﬂammation and inhibited hind paw oedema
in rats. (IMP)
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Yashtimadhu
Yashtimadhuhas madhura kashaya rasa, guru snigdha guna sheeta virya and
madhura vipaka, which is vatapittahara and is beneficialas shukrala and balya,
chakshushya, keshya and swarya, indicated in vrana shotha visha chardi trushna and
glani conditions.
According to Indian Herbal Pharmacopoeia the properties of Yashtimadhu are
madhura

rasa

sheeta

veerya

madhura

vipaka

and

it

acts

as

anti-

inﬂammatory,antiulcer agent, antiallergic, antidiabetic antistress, antidepressive
antiulcerous conditions like mouth ulcer inﬂamed stomach tuberculosis, respiratory
infections bronchitis, dry cough catarrh, genitourinary diseases furthermore in
abdominal pain, gastric, duodenal ulcers, and mild laxative spasmolytic.
Dhanabalan B et al. 2015 has specified gastro protective action of Yashtimadhu.
Aslam B et al 2015 G has proved glabra root powder to be gastro protective. As
considerably improved the TAC and CAT action when compared to synthetic
antiulcer drug though it shows remarked decline in TOS and MDA levels which
specifies its antioxidant property. Generally the study shown that extract of G.
glabraat 250, 500, and 750 mg/kg acquires gastric protection action.
Roshan A at al. 2012 and Harwansh R.K. at al 2011 quoted antioxidant, antifungal,
anti-inflammatory, anti-carcinogenic, hepatoprotective, anticancerous activity of
glycyrrhiza glabra linn.
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Haridra
Haridra possess tikta katu rasa, ruksha laghu guna , ushna veerya, katu vipaka which
is best in kushta visha conditions, it is sugandhi and uttejaka dravya does deepana ,
grahi , raktashodhana which is also indicated in charmaroga , prameha , shotha
pandu , vrana .
M. Akram at al 2010 and labban L 2014 documented effects like antimicrobial,
hepatoprotective, anti-inflammatory, anti-carcinogenic effects, antioxidant and freeradical scavenging, gastrointestinal properties.
Yan Li et al Hepato has mentioned protective and chemo protective action of
curcuma. Savaringal JP et al. 2018 revealed antinflammatory of curcuma and IMP
supports anti-inflammatory, hepatoprotective, anti-tumour, anti-oxidant, of curcuma
that protects DNA damage.



Shweta Sariva
Shweta Sariva that holds madhura tikta rasa , guru snigdha guna , sheetsa virya
madhura vipaka , which is tridoshamaka ,works as deepana , pachana, anulomana
ruchikara dahaprashmana and also has great role in shwasa , kasa , vishnashana ,
jwara, atisara kushta visha, , shotha condition.
B Prathib at al 2017 quoted antitumor activity, anti-inflammatory action of Shweta
Sariva (Ichnocarpus frutescens)
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Krishna Sariva
Krishna sariva acquires madhura, tikta rasa

guru, snigdha guna

sheeta virya

tridoshahara dahaprashamana, shothahara, deepana, pachana, anulomana karma
and indicated in shwasa, kasa, vishanashana, jwara, atisara
Panchal G. A. At al 2009 quoted antioxidant, hepatoprotective, anti-ulcer,
antimicrobial, anticancer, anti-inflammatory of Krishna Sariva (Hemidesmus indicus)



Jatamansi
Jatamansiperceiving tikta, kashaya, madhura rasa, sheeta veerya, katu vipaka whis is
tridosa shamaka enables action of balaprada, daha, twachya, indicated in medya ,
visha, visarpa , kushta conditions.
Ayurvedic Pharmacopoeia of India mentions dry roots useful in skin diseases,
erysipelas, disturbed mental state and insomnia, Used for the treatment of epilepsy,
hysteria, convulsive aﬀections (IMP). Choudhary S at al 2015 and pandey M.M at al
20013 quoted antioxidant, anticancerous effect of jatamamsi. Dhuna K at al 2013
reported Cytoprotective action of jatamamsi.



Kushta
Kushta has tikta , katu, madhura rasa, ushna veerya, katu vipaka, kaphavata shaman ,
indicated in visarpa , kasa , kushta , hikka .
Zahara K et al 2014 has mentioned hepatoprotective, anti-inflammatory activity,
gastro-protective, anticancer/antitumoreffect of kushta.
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,ushna

veerya,

katu

vipaka

,pachana ruchya as karma, and indicated in shula,gulmamurcha,apsmara,udara ,also
acquires antimicrobial activity on gram-positive and gram negative bacteria.



Shunti
Shunti has katu rasa, ushna veerya, madhura vipaka pacifiesvatakapha , deepana ,
pachana rochana , vatanulomana , shulaprashmana , kushta hara .
Habib SHM et al. 2008 reported anticancer and antinflammatory activity of ginger
extract on ethionine induced hepatoma rats.



Maricha
Maricha has katu rasa, ushna veerya, katu vipaka acts as kaphavatahara indicated in
krimi,kasa,shula ,shwasa .
Tasleem F et al reported antinflammatory activity of piper nigrum L ethanolic extract
by carrageenan-induced paw inflammation in rats. F. Amin et al 2010 stated in vitro
anticancer and immunomodulatory action of Piper Nigrum



Nirgundi
Nirgundi having katu , tikta , laghu ruksha guna sheeta , katu vipaka, shows
properties of deepana, pachana medhya ,stambhana and shothghna. Indicated in
pilvruddhi , yakrat roga , vishgna ,vatahara kaphahara .
Saklani S et al 2018 reported its anti-oxidant activity. Its seeds are prescribed in
spermatorrhoea, and promotes spermatogenesis.
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Ksharagada
Research studies reveal, Ksharagada holds in total seventeen ingredients out of its
most ingredients possessing anti-tumour / anti-cancer, gastro protective, anthelmintic
activity, antibacterial anti-inflammatory, anti-bacterial, antimicrobial, antifungal and
antitoxic action that is common in action .
Review done on Ksharaagada by Arvind at al. 2017 and Ranu at al. 2018 reported
anti-toxic and antihelmintic action of Ksharaagada.
“Sarvavisha

shotha

apasmarabhutaswarbheda

gulma
pandu

tvagdoshasho
garana

manda

bhangandarpleehashotha
ritva

kasam

sonmaram

nashayeyuratha pusam”
Ksharaagada is one among the potent antitoxic formulation as per Acharya Charaka.
According to Acharya Sushruta Paneeya Kshara (Su Su. 11/8) is one among the types
of kshara which is indicated for internal usage. It is indicated in garavisha, gulma,
udara, krimi, pandu, loss of appetite and other diseases.

Ksharaagada is prepared by cooking all the 17 ingredients in khsara jala and
preparing it in gutika form. This may help to increase the palatability of Kshara jala.
Kshara jala, and laksha rasa acts as binding agent for other drugs to form gulika. The
drugs of kshraragada are mainly having katu, tikta rasa, ushna veerya, katu vipaka,
kushtaghna, vishaghna, deepaneeya and indicated in kushta, Gulma, shula, udara.
These are reported to have anti-cancer, anti-inflammatory, anti-oxidant property.
Together ksharaagada may possess katu, tikta rasa, ushna veerya, katu vipaka, tiksha
guna, lekhana, shophahara karma. In charaka chikitsa sthana 23/48 shloka it is
explained to have properties as shophahara and lekhana and ambu (water) is

Volume IX, Issue V, May/2020

Page No:6053

Alochana Chakra Journal

ISSN NO:2231-3990

explained as anupana. Kshraraagada may have anti-cancerous, anti-inflammatory,
anthelmintic, anti-oxidant, hepato protective properties.
Ksharaagada is indicated especially in shotha (inflammation), by its ushna tiksha,
lekhana guna it will act as shophahara and also most of the raw drugs have shown
anti-inflammatory activity in various research works. It is said to be useful in liver
disorders.
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Abstract — The recent outbreak of Coronavirus Disease (COVID 19) was announced as pandemic causing a rapid spread of the virus
worldwide and creating a public- health emergency. Coronaviruses (CoV) belongs to the family Coronaviridae. They have enveloped
viruses with a single positive-stranded RNA genome. It was first discovered in Middle Eastern countries in 2012. However, most of all
CoV are zoonotic of origin but bats were said as a natural host. This disease can spread and mutate at an alarming rate showing signs
and symptoms like fever, cough, headache. It was said to be human-to-human airborne transmission however later it was confirmed
that it is a droplet infection that can spread through respiratory secretions. COVID 19 is said to attack the immune system and
Ayurveda, the science of life has enlisted many protocols to help boost the immune system termed under Vyadhi Kshamatva. Ayurveda
being ancient medical system highlights many diseases similar to the signs and symptoms of COVID 19. The concept of Pranavaha
Srotas (respiratory channels) is well discussed and many herbs are mentioned to effectively treat the disease. Furthermore, Ayurveda
contains list of many protocols that can be followed in times of medical emergency like COVID 19. Thus, showing the importance of
Ayurveda in today’s date.
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I. INTRODUCTION

Corona Virus (CoVs) is known as the envelope viruses. In recent months, the virus has affected major
population worldwide. This virus has a high mutation rate and is said as zoonotic pathogens and can be
present in both humans and animals species. COVID 19 that started with the animal species especially bat
underwent gene mutation and affected the human species as bats are regarded as the key reservoir of CoV [1].
However, COVID- 19 is a highly pathogenic virus that affects the respiratory system of the human species
and causes severe acute respiratory syndrome (SARS)[2]. Coronavirus has mutated since 2002 where two
cases were reported with mild infection. There are six coronaviruses known that can infect humans that
include two α-Covs (229E and NL63) and four b-CoVs (OC43, HKU1, severe acute respiratory syndrome
[SARS]-CoV, and Middle East respiratory syndrome [MERS]-CoV) [2].
The virus was first identified with the symptoms by causing an outbreak in Pneumonia. In December 2019,
the evolved nCoV called as novel coronavirus outbreak caused panic globally and posed many threats as the
data suggest that CoV is a new species [3]. Furthermore, the virus attacks the immune system of the body by
fighting against the white blood cells and makes the body weak for the progression of the disease. It can be
said that good immunity has good capability to fight against the virus. The World Health Organization
finally announced it as a pandemic and with International Committee on Taxonomy of Viruses (ICTV)
named the virus as (SARS-CoV 2). Recent data shows that SARS-CoV2 transmits through droplet infections
[4]

.

The common clinical feature shows signs and symptoms of cough and fever. Since this virus attacks the
immune system of the body, the treatment protocol is suggested to help boost the immune system and help
fight the virus. The same principle is very well explained by Acharya Charaka in Ayurveda discussing
Dinacharya i.e. daily regimes and Rutucharya known as seasonal regimes. It also mentions similar signs and
symptoms of the disease and how well it can be managed. Acharya Charaka mentions about three basic
principles that should be followed to treat any disease in Ayurveda which is by knowing the cause,
symptoms and medicine as no disease gets manifested without the involvement of Dosha

[5]

. Furthermore,

Ayurveda states that disease should be analyzed based on its presentation. To add on, Ayurveda pays more
attention to the host and enlightens the fact that prevention is better than cure and a healthy lifestyle plays a
fundamental role in improving immunity. Furthermore, this COVID 19 can be understood as a Visha (toxin),
that is understood as a foreign matter entering in the body can cause Visha and this Visha leads to Ojakshaya
( decrease in immunity) and further vitiates the blood and cardiac system [6]. The concept of Krimi (parasite)
which can also be understood as foreign element that enters the body and survives through the media of the
host making it survive [7],[8]. Lastly, Visarpa can also be correlated since most of its signs and symptoms like
headache, cough, loose stools match the symptoms of COVID 19. Visarpa is said that it can manifest in the
body in three ways and the most probable manifestation of Abhyantara Visarpa can be understood and as it
name suggest that it can spread quickly to all parts of the body[9].
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II. EPIDEMIOLOGY:
December 2019, marked many reporting of pneumonia-like cases in Wuhan city for which the origin of the disease was tracked to
Huanan Seafood Market

[10]

. Thus on December 12, 2019, the first diagnosed case of COVID 19 was announced and on 31 st of

December, 27 viral cases were reported from which 7 cases were having severe symptoms. Furthermore, the history of each
individual was tracked and possible source found was animal contact. After further research, on January 22, 2020, it was declared
that COVID 19, CoV originated from wild bats. Thus this CoV belonged to group 2 of β-CoV with severe acute respiratory
syndrome [SARS]-CoV. The Spring Festival in China was said to be the cause of the outbreak of the disease worldwide as the
increasing number of travelling peaked and created a favourable condition for this virus to spread globally [11],[12].

III. SOURCE & MODES OF TRANSMISSION:
Coronaviruses are viruses with a single positive-stranded RNA genome and belong to Orthocoronavirinae under the family
Coronaviridae. They are classified into four genera Alphacoronaviruses (α), Betacoronaviruses(β), Gammacoronaviruses(γ), and
Deltacoronaviruses (δ) [2]. After virological and genetic studies, it showed that bats are the reservoir host.

The mode of transmission of the virus was provisional said as person to person through droplet and fomites. It was speculated that
the virus transmission was also through airborne but later the WHO confirmed that the virus is not airborne. Droplet transmission
was through the direct respiratory secretions when an infected/ carrier coughed, sneezes or even talked. The virus also has a high
transmission rate from infected surfaces by the touch of body parts especially hands [3].

In Ayurveda, a similar mode of transmission/entry has been explained by Acharya Sushruta, i.e. entry of Visha (toxin) in the body.
It has been said that the mode of entry of the toxin in the host is through direct contact or media like food, liquid, teeth etc. thus
the treatment protocol such as Abhyanga (massage), Nasya (Errhine Therapy), Dhuma (fomentation) etc. should be incorporated
to avoid the spread and prevention of the disease. [14]

IV. PRESENTATION OF THE DISEASE:
The patients with confirmed cases mainly showed respiratory signs and symptoms. Fever is the most common complaints
associated with dry cough. However, the general signs and symptoms are dry cough, low-grade fever, throat pain, fatigue,
breathlessness, vomiting, diarrhoea, nausea, throat congestion, anosmia, ageusia

[10]

. In recent researches, it was said the COVID

19 is not just respiratory disorder but it can also be a gastrointestinal disease that causes diarrhoea and vomiting. To add on,
further research revealed that thrombosis may also play a deathly role in COVID 19. The presence of clot cause Deep Vein
Thrombosis (DVT) in the legs and Pulmonary Emboli (PE) in the lungs and clots in the lungs suggest that these factors play a
major role in COVID 19. [15]

In Ayurveda, this first stage of Covid-19 can be understood as producing Rakta Dushti (vitiation) which causes Avarana (covering)
that can lead to Vrana Shotha (inflammation) at Kantha Pradesha (Viral Pharyngitis) and cause throat congestion furthermore, as
the case progresses it shows signs and symptoms of Abhyantara Visarpa and Vata Kaphaja dominant Visarpa. The Signs and
Symptoms of Vata Kaphaja are Tivra Pida (Severe Pain), Jwara ( Fever), Shwasa (Dyspnoea), Kasa ( Cough), Atisara
( Diarrhoea), Shosha ( wasting), Aruchi ( Anorexia), Murcha ( Death, Fainting)

[16]

. Signs and Symptoms of Abhyantara Visarpa

are understood or taken for consideration as it manifests itself in Marmasthana (Vital Organs) and causes Vedana (Pain),
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disturbance in bowel habits, a low digestive fire which further aggravates the conditions and due to which it vitiates Vata and
Kapha with the association of Pitta Dosha and Rakta Dosha.

Moreover, this CoV can be correlated with Sannipataja Jwara. In the current scenario, fever is the most prevalent and dominant
symptom thus signs and symptoms of Sannipataja Jwara are Tandra (drowsiness/ tiredness), Kasa (cough), Shwasa (dyspnoea),
Aruchi (anorexia), Trishna (thirst), Mukhata ( Laryngitis/Pharyngitis), Atisara ( diarrhoea) [17].

There are other similar diseases that it can be correlated with, for instance, Dooshi Visha (toxin), and Krimi (parasite). It gives
highlights of how the Visha or Krimi vitiates the blood and leads to complications. This Krimi can vitiate the blood and vitiates the
Dosha accordingly. The signs and symptoms also show Dooshi Visha is a transformation state of Visha. Hence the rapid mutation
of the CoV can be correlated to Dooshi Visha. In context, if the signs and symptoms are screened then signs and symptoms of
Krimi are Jwara(Fever), Shoola(Pain), Sadhana(Lethargy), Aruchaka(Anorexia), Ksavathu(Sneezing), Chardi(Vomiting),
Parushay(Dryness), Atisara(Diarrhoea) [7][,8].

Initially, this Krimi does vitiation of blood together with vitiation of various Dosha leading to Rakta Avarana then this Krimi
settles down in the body and throat region which causes congestion in the throat region. Thus according to the Dosha, the signs
and symptoms will manifest. Parushya can be correlated with dryness of throat which suggest of dry cough.
Thus, according to Dosha, the symptoms stay predominant. For Instance, dry cough can be suggestive of vitiation of Vata Dosha
and fever can be suggestive of vitiation of Pitta Dosha.

V. DIFFERENTIAL DIAGNOSIS
TABLE NO I : DIFFERENTIAL DIAGNOSIS

Modern Literature

Ayurveda Literature

1.

Corona virus

1.

Sannipata Jwara

2.

Allergic bronchopumlmmonary aspergillus

2.

Kasa

3.

Legionellosis

3.

Visarpa

4.

Adenovirus

4.

Raktaja Krimi

5.

Aspiration pneumonia

5.

Dooshi Visha

6.

Common cold( rhinovirus)

7.

Haemophilus pneumonia

8.

Acute bronchitis

9.

Influenza

10. MERS
11. Streptococcus pneumonia

VI. CLINICAL PROGRESSION – DIAGNOSIS
A. Detailed travelled history and contact history
B. Molecular methods ( RT-PCR) ( Reverse transcription) or ( Real-time PCR)
C. Serology
D. Viral Culture
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DISCUSSION ON TREATMENT PROTOCOL AND PROTECTION

To begin with, there is no standard treatment protocol developed for Novel COVID-19 since it is of viral origin and has rapid gene
mutation technique. Today there is no vaccine till date or effective treatment to prevent the spread of COVID-19 and successfully
treat those affected. Thus, clinical trials are currently in progress to evaluate the molecules and come up with a probable vaccine.
According to human MERS-CoV case report from South Korea, the use of Lopinavir/Ritonavir(LPV/RTV) (Anti-HIV drugs)
provided successful viral clearance. Furthermore, a RCT was taken up with 76 patients were enrolled however not much positive
feedback has been received. United stated published a case report using remdesivir that treated the virus successfully however
clinical trial data of a larger sample has not been published yet [3].
PRIMARY LINE OF PREVENTION
A. Washing hands often with soap and water/ Hand Sanitizer is preferable.
B. Touching of eyes, nose and mouth with unhygienic/unwashed hands should be avoided at all times.
C. Respiratory care and close contact with people especially with signs and symptoms should be avoided.

D. Use of face mask is advised if symptoms such as cough develop.
SECONDARY LINE
Clinical trials are underway to establish a vaccine to cure the COVID-19 and prevent the spread of it. A recent clinical trial has
established dexamethasone as one of the promising trial drugs in treating the COVID 19. The clinical trial is underway in a larger
sample now to prove greater efficacy of the vaccine [45].

VIII.

TREATMENT PRINCIPLES ACCORDING TO AYURVEDA

A. Nidana Parivarjana (Avoiding the cause of disease)
B. Apakarshana ( Shodhana Chikitsa/ Purification Therapy)
C. Rasayana Chikitsa ( Immunomudulatory Therapy)
D. Prakrutivighatana/ Shamana ( Symptomatic treatment)
E. Yoga

1) Nidana Parivarjana / Prevention Aspect
The eyes, mouth and nose are said as the portal of entry of the virus and before the actual entry of the virus into the lungs it
undergoes phases of first attacking the throat region. Thus Ayurveda deals with the measures of avoiding the transmission and
help improve the immunity (Innate Immunity).


Isolation – Not to get exposed to the virus for a certain period that is avoiding or creating a barrier from the source to
prevent the spread of the virus. As it also builds immunity but also restricts the spreading of the virus since the virus is
not able to infect the host [18].



Langhana Chikitsa (Fasting/fasting-mimicking diet) :
By eating proper light and healthy diet to help maintain the gut flora and help build a good digestive fire and help the
digestion of toxins in the body (Aama) and bring the Dosha to equilibrium state [19].



Medicated Hot Water:
To maintain and augment the immunity simply drinking of hot water (Ushnodaka) repeatedly to tackle the virus helps to
remove the Kapha Dosha and helps to improve the digestive fire and gut mobility. It acts as an appetizer and helps to
clean the gut flora and intestines. It specifically indicated in Kasa(cough), Shwasa (Dyspnea), Jwara (Fever). Drugs that

Volume IX, Issue VI, June/2020

Page No:6113

Alochana Chakra Journal

ISSN NO:2231-3990

are mostly found in all households Shunti( Dry Ginger), Yastimadhu (Glycyrrhiza glabra), Dhanyaka (Coriander), Musta
(Cyperus rotundus), Jeeraka (Cumin Seeds) [20].


Kavala and Gandusha and Jala Neti ( Mouth Rinse, Gargling, Nasal Cleaning)
Since one of the portals of entry is through the mouth, mouth rinse and gargling are advised with warm liquids or oils,
decoction to cleanse the oral cavity and throat region. This is understood as the property of the medicine to remove the
bad mucus coated layer and form a healthy new layer which adheres to the mucus membrane giving extra immunity and
protection from the virus to cause inflammation. Drugs like Haridra (Tumeric), Yastimadhu (Liquorice), Neem
(Azadirachta indica), Khadira (Acacia catechu) and Saindhava Lavana (rock salt) thus by doing gargling with this helps
in conditions like mouth ulcers, xerostomia, bacterial growth, gingivitis, mouth ulcers, sore throat. Turmeric has shown a
more potent effect in antiviral treatments. Nasal Cleaning a common practice in yoga enhances the routes of nasal
passage by cleaning with either with warm plain water or even medicated water especially salt water



[20],[21]

.

Nasya (Errhine Therapy)
Administration of medicated oil and ghee in the nose can help create a barrier from the pathogen to enter the nose as it
can coat the area of the nasal passage and it can prevent the virus entering the respiratory tract. Clinical trials have been
established on the role of Nasya in respiratory tract infections especially Pratishaya (rhinitis), Kasa [22].



Dhumapana ( Steam Inhalation)
Medicated steam inhalation shows wonderful results in the throat and nasal congestion as the virus first affects the throat
region, steam inhalation can help in preventing the entering of the virus and protects the mucus layer which can be
threatened by inflammation [23].

2) Apakarshana Chikitsa ( Purification Therapy)
Purification therapy plays a vital role in eliminating the toxins from the body. These toxins can be understood as entering of
the virus in the host can cause its particular signs and symptoms. Treatments like Nasya that deals with the concept of
administrating medicated oil/ghee in the nostrils. This treatment can be practised both as preventive and purificative [22].
Vamana known as emesis therapy brings the unstable Dosha out of the body through oral route. Virechana is said as
purgation therapy where medicines are given to induce motion to cleanse the GI tract especially stomach and intestines. It
helps to eliminate the Pitta Dosha which is also involved in this virus. Since the involvement of Rakta (blood) is also in the
pathogenesis[23], Rakta Mokshana (Blood Letting) is a therapy that helps to remove the vitiated blood and help form new
healthy cells that can increase the immunity and boost the immunity to fight against the virus [41].

3) Rasayana Chikitsa ( Immunomodulatory Therapy)
Ayurveda mainly focuses on the health sector and that can be said as the speciality of the science that deals with measures for
Rasayana (rejuvenation). Rasayana has properties that comprise immunity building, healthy lifestyle, and anti-ageing therapy,
affecting immunity building, Rasayana acts as natural prophylaxis and management in CoV infection. Most of the drugs that are
mentioned under Rasayana have immunomodulatory properties. Few formulations mentioned that act as a Rasayana and also
have high activity in respiratory tract infections. For instance, Bhargavaproktha Rasayana, Agasthya Haritaki, Kantakari Avaleha,
Chyavanaprash, Indukantha Ghritha, Draksha Asava.[25]
Individual

Drugs

Ardraka (Zingiber

such

as

officinale),

Guduchi (Tinosporia
Shunthi (Zingiber

cordifolia), Tulasi (Ocimum
officinale),

Haridra (Curcuma

tenuiflorum),
longa),

Maricha (Piper

Amla (Phyllanthus

nigrum),
emblica),

Musta (Cyperus rotundus), Pippali (Piper longum), Ashwagandha (Withania somnifera), Haritaki (Terminalia chebula),
Draksha (Vitis vinifera), Vasa (Adhatoda vasica), Kantakari (Solanum surratense), Yashtimadhu (Glycyrrhiza glabra),
Bhunimba (Andrographis paniculata),and Sariva (Hemidesmus indicus) has shown their immunomodulatory properties in studies.
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4) Prakruti Vighatna Chikitsa (Symptomatic Treatment)
Stage 1 of COVID 19 has symptoms like throat Congestion or Pharyngitis. Ayurveda has mentioned formulations like
Arogyavardhini Vati [26], Kamadugda Rasa [27], Mrutanjaya Rasa [28], and Amritarishta [29] for such condition.
Stage 2 of COVID 19 shows symptoms like fever with dry cough. For such symptoms

Laxmivilas Rasa, Talisadi Churna,

Marichadi Churna, Vidangadi Churna, Dashamoola Katutraya Kashaya, Kantakari Ghrita, Draksha Avaleha, Vasakasava,
Swasakasa Chintamani Rasa, Kapha Ketu Rasa, and Mustadi Kwatha has been mentioned as drug of choice in Ayurveda.[31].-[38]
Stage 3 of COVID 19 shows symptoms like fever, dry cough and breathlessness. For such symptoms Kanakasava, Draksha Arista,
Kaphaketu Rasa, Swasakutara Rasa, Dashamoola Kwatha, Vasadi Kwatha, and Dashamooladi Ghrita has been mentioned as
drug of choice in Ayurveda.[36],[38],[39]

5) Yoga
Yoga is one of the entity that overall helps the immune system as it increases the blood flow and levels of haemoglobin and red
blood cells and it helps in proper channelling of oxygen in the body. Yoga acts as a natural anticoagulant due to the poses that are
twisting in nature that mangle out the venous blood from the internal organs and structure and thus allowing more oxygenated
blood to flow[40], Yoga generally increase the endurance capacity, helps in the tidal volume. Practising yoga in combination for
instance Asana and meditations can help main strength and at the same time help reduce stress. Asana like Matyasana, Halasana
Shavasana, Paschimottanasana, Mandukasana, Vakrasana, Uttanapadasana, Pawanmuktasana, Naukasana can be helpful.
Breathing exercise like types of Pranayama, Bhramari Pranayama, Suryabhedi Pranayama can be beneficial

IX. DIET MANAGEMENT
Diet has very important role in boosting immunity and enhancing the fitness. oily and spicy foods should be avoided. Regular use
of herbal tea with Tulsi (holy basil), Twaka (Cinnamomum), Maricha (Black Pepper), Pippali (Long pepper), and Shunthi (Dry
Ginger) is advisable. Barley preparations are highly advisable. A balanced diet with easily digestible food items should be
consumed. There must be use of ginger, turmeric, cumin seeds, and black pepper in food. Fruits (papaya, pomegranate) and green
vegetables should be consumed. Raw and half-cooked meat should be avoided. Golden milk i.e. A glass of milk with half
teaspoon turmeric powder has shown its benefit in boosting immunity.
X. DISCUSSION ON PREVENTIVE MEASURES
In Ayurveda, health is considered as one of the supreme entity to live life disease-free and Ayurveda being a practical science
emphasizes the importance of a healthy lifestyle for the prevention of diseases. To start with, the concept of Dinacharya is well
explained and starts with Brahamamuhurtha (Time of getting up). It says that waking up early in the morning 48 minutes before
sunrise. This helps overall health as in the morning hours there are less pollution and Vata Dosha is predominant which helps in
easily evacuations of bowels. Moreover, there is a calm mindset that helps to relax your mind and make the individual feel fresh.

Ushnapana (intake of lukewarm water) is another point that is discussed that should be taken early in the morning and it is said
just by practising this early in the morning the person can live up to hundred years. The person doing this will not suffer from
Jwara (fever), Medovikara (Obesity-related disease) Shotha (oedema), Kustha (skin disorder), Arsha (Haemorrhoids), Grahani
(Sprue), Jara (old age), etc. It is said the water that is kept in the copper vessel overnight can regulate the digestive system. It
helps to dissolve the fats quickly and effectively and is said to have anti-inflammatory property as the properties of copper diffuse
in the water [20].
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Nasya is one of the treatment modality that is indicated as a purificatory procedure and also as preventive. It is mainly indicated
for the diseases of mouth, ear, nose, eyes, and head. The nose is said to have direct entry to the head and Nasya has shown many
successful effects on clinical trials. Nasya is also highly effective in Marmabhigata (disorders of vital organs) thus to eliminate the
morbid Doshas which can be understood as viruses that are vitiating the Dosha. The drugs like Triphala Churna [a mixture of
Amla (Phyllanthus emblica), Bibhitaki (Terminalia bellirica) and Haritaki (Terminalia chebula)] or Trikatu Churna [a mixture of
Shunthi (Zingiber officinale), Maricha (Piper nigrum) and Pippali (Piper longum)] as Pradhamana Nasya (blowing of dry powder
through nostrils). These consist of properties like Shothahara (Anti-inflammatory), Srotoshodhana (clearing of sinus and
channels), Lekhana (scraping action), Anti-viral and immune-stimulatory properties. They increase the local immunity and help
build a healthy mucus membrane to prevent inflammation of the mucosa present in nose and throat region
XI. DISCUSSION ON MEDICINES (

[22]

.

[30],[31],[32[,[33],[34],[35],[36],[37],[38])

Since the early involvement of Pitta Dosha is observed in the patients the formulations like Vasakasava and Drakshaleha are
preferred as Vasa is said to be a natural anti-tussive and anti-inflammatory action. Draksha possessing cold potency also has antiinflammatory actions and is generally prescribed in Kasa associated with Jwara. Formulations like Agastya Haritaki contain
Haritaki which removes obstructions from channels in the body because of its Ushna Virya (hot potency). It has anti-tussive and
anti-inflammatory activity. It is also said to have an immunomodulatory effect that helps to build a good innate immunity to fight
against pathogens. The early stages of throat being inflamed i.e. throat congestion can also produce Swarabheda (hoarseness of
voice). A formulation like Dashamoola Katutraya contains Dashamoola and Trikatu, acts as a bronchodilator and also as Kanthya
(improving voice). A formulation like Laxmivilas rasa contains Abhraka that has Tridosha palliating and immunomodulatory
properties. It helps in immunity building and works to remove the congestion and inflammation.

XII.
VYAYAMA AND YOGA ( EXERCISE/YOGA)
Both the entities are important as they are the curative and preventive aspect of Ayurveda. Doing exercise and yoga helps develop
optimum immunity, good digestive power, lustre, compactness of body, tolerance to heat and cold. Yoga is accepted worldwide
and researches are now being understood on how yoga helps to promote personal growth. Yoga helps to decrease anxiety,
depression and distressful symptoms and has shown to significantly reduce toxicity. Furthermore, it helps in cardiovascular
efficiency and homeostatic control, helps in respiratory performance as Pranayama is also known as the breathing technique. The
COVID19 harming patients and have drastic effect on the immune system if stress increases. The practising of yoga helps to
reduce stress indirectly increasing the immunity of the body to fight the disease [40].

XIII.
CONCLUSION
It can be concluded that Ayurveda has mentioned many protocols to combat diseases. Ayurveda states that naming of the disease is
not essential and should be treated on signs and symptoms. Moreover, it has well-established measures that run from preventive to
medications to tackle disease. Yoga and Rasayana are the stronghold to fight this COVID 19 as they act to boost the immune
system and help regulate the vitiated Dosha, Finally, it’s a long road to go until a cure is finalized but prevention should be a
priority and that’s what Ayurveda teaches.
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Abstract
Introduction: Every day many wound patients reach to the various hospitals and surgery is
branch where wound is inevitable. Comprehensive wound Management with the Ayurvedic
medications is one of the primary areas of research. In many research centers various
medications were used in the management of different wounds, where in classics it is
described as Sadhyo Vrana & in our research centre many drugs were tried. Few of them like
panchavalkal kashaya, Durvanisha ointment etc were used for wound healing and proved to
be efficacious in the management of wound. The Acharya Shushruta described treatment of
wound in detail and explained 60 upakramas which aid healing at various stages of wound.
One such formulation i.e tilakalakadilepa was chosen for the study in shudha vruna. In the
present study Comprehensive wound Management in Shudha Vruna is carried out using
tilakalakadilepa & compared with the group of patients treated with contemporary methods
using 5% Povidine Iodine ointment. The tilakalakadilepa is very efficient towards the fresh
wound as it consists of honey and ghrita as the ingredient which acts over the antiinflammatory, anti-bacterial factors and providing growth to the viable tissue.
Aim and Objectives:
 To evaluate Vranaropana effect of Tilakalkadi Lepa in shudhavrana.
 To compare the Vrunaropana effect of TilaKalkadiLepa with Povidone-iodine 5%
ointment in shudhavruna.
Materials and methods:
A Randomized clinical, comparative study was undertaken. The samples were of age between
20 – 70 years. Total 30 patients were selected for the present study and were randomly
alienated into two equal and identical clusters consisting of 15 patients in every cluster by
using a computerized block randomization table. The patient of group A was dressed with
using tilakalkadilepa 7 days. The Patient of group B was dressed with 5% Povidone Iodine
ointment for 7 days. Assessment was done on the basis of shuddha Vrana Lakshana.
Result: Study shows there is a significant difference within both the groups A and B but
between the groups there is no a significant effect.
Conclusion: Tilakalkadi Lepa has shown a significant result in a vranaropana effect in
Shudha vrana
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Introduction:
Ever since life originated, a human being has been at risk of injury, which made him think
about healing. For the same in society, matter obtained from animals, herbal and minerals
used as crude remedies1 for stopping acute haemorrhage, eradicate injured tissue etc and
promote healing faster. From the earliest known files found in Mesopotamia approximately
2500 BCE till the present era, many development and dissemination on wound treatments
were have been done but still easy and fast curing remedies are still in need 2.
Wound is the unpleasant effect of an objective force leading a person3might having various
causes like therapeutic or accidental and the incidence rate is very large globally. Every year
patients with different injuries reaching the casualty section and to the general hospitals are
higher as weighed against other health issue. Usually without proper management, the victim
with superficial and mild wound turn into Grave problem causing absentees in various
working sectors.
Its a natural restorative response of a wound to tissue injury which can be explained in three
classic phases’ namely inflammation, proliferation, and maturation which produces
resurfacing, reconstitution and restoration of the tensile strength of wounded skin. And when
granulation tissue forms the the wound begins to contract 4.
The main goal of the treatment of the acute vrana is the avoidance of the contamination and
rapid healing. Reducing ache, discharge and less discoloration after curing is the other
important factors obtained after conducting the study.
The purpose for selecting this study was to bring out hidden remedies from the classics
because ample amount of data is available today about vrana healing yet we are lacking in
the actual course. For the healing purpose many factors are taken under consideration and
this turns the whole episode complex. Even though large amount of antiseptic means were
used as application locally to avoid the infection of the vrana next to wide range of
antibiotics yet the duration of the curing was not reduced satisfactorily.
The medical science, Ayurveda was the conventional medical science in the vedic era and
became well-liked in the current era due to its ultimate and efficient outcomes. It was so well
developed and has effective wound healing measures. Acharya Sushruta – the father of
surgery devoted a complete chapter about the treatment of traumatic vrana in his book
(Sushruta Samhita). In this book, for the vrana treatment he described ―Shashti Upakramas‖.
Among this ―Shashti Upakramas‖ is Madhusarpi i.e. combination of honey and ghee which
is taken for the present research work. This is also mentioned in the chapter of named SadyoVrana 5. And also Acharya Charaka, has described thirty-six types of treatment of wound. 6.
madhu is a well known remedy since time immemorial 7; 8 which is again revived for the
wound healing action 9. There are so many beneficial actions attributed to madhu which
includes its antibacterial action and its ability to enhance wound healing 10. Proof of
antibacterial action is widespread, with more than seventy microbial species reported
susceptibility to madhu action 11. Further , in vitro studies have revealed the active manuka
honey had bactericidal action against strains of antibiotic-resistant bacteria secluded from
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contaminated wounds 12,13,14. In Allopathy medicine, honey and paraffin soaked gauge pieces
were applied for faster healing of the wound.
Blomfield15, Bergman 16 & Hamdy17 have the same opinion that honey is excellent in wound
healing and promotes fast recovery.
The other component i.e, Ghrita (Ghee) has been known for having thousands of qualities
which are beneficial for humanity 18. It has been used widely in vrana of acute origin.
Acharya Vagbhata also addressed about great healing and binding properties of ghee 19.
Acharya Charaka has indicated its application locally on the traumatic vrana 20. the
Rakshoghna property of Ghee has been also described in the text of Bhav-Prakash 21.
outstanding useful qualities of these two (Ghee and Honey), their combination is found
helpful to a greater extent.
for the postoperative wounds, acharya Vagbhata has described the use of Ghee & Honey 22.
‘honey and Ghee are very Beneficial for shudha Vrana. ' (Su Chi. 1/130.)

Aim and Objectives
 To evaluate Vranaropana effect of TilakalkadiLepa in shudhavrana.
 To compare the Vrunaropana effect of TilaKalkadiLepa with Povidone iodine 5%
ointment in shudhavruna.
Material and Methods:
Ethical clearance was obtained………….. and this study is registered in Clinical Trial
Registry of India (CTRI/2018/09/015792).
Study Design: A Randomized Control Clinical Trial
A) Settings: The clinical data were collected from Shalya OPD and IPD KAHER’s Shri
B.M.Kankanwadi Ayurveda Hospital Belagavi.
Diagnostic Criteria: - According to the Laxna of ShudhaVrana
Inclusion Criteria: 1. Laxna of ShudhaVrana
2. Either gender between 20-70 years of age.
Exclusion Criteria:Patients suffering from wound(s) associated with systemic diseases like
diabetes mellitus, tuberculosis, malignant wounds, HbsAg, HIV I & II.
Time points: The outcomes were measured after screening at Baseline (BT) and at the end
of 12 weeks (AT).
Table:1 Intervention:
GROUP A ( Experimental )
GROUP B ( Control )
Intervention

TilaKalkadiLepa

5% Povidone Iodine Ointment

Duration

7 days

7 days

Duration
application
Method
application
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Dosage

As per requirement

As per requirement

Allotted
size

Sample 15

15

Enrolled

15

15

Table:2 Comparison of two study groups (A and B) with status of size before and after
treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within groups)
Before treatment
Status of size
<4 sq cm
4--<16 sq cm
16.1--<36 sq
cm
Total

6.67
60.00

After treatment
Group
%
A
2
13.33
13
86.67

Group
%
B
1
6.67
12
80.00

Group A

%

2
8

13.33
53.33

Group
B
1
9

5

33.33

5

33.33

0

0.00

2

13.33

15

100.00

15

100.00

15

100.00

15

100.00

Between groups A and B,
Z=-0.2074, p=0.8357

%

Between groups A and B,
Z=-0.2696, p=0.7875

Between before and after treatment in Group A,
Z=3.1798, p=0.0015*
Between before and after treatment in Group B,
Z=3.4078, p=0.0007**p<0.05

Table:3 Comparison of two study groups (A and B) with status of Edges before and after
treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within groups)
Before treatment
After treatment
Status of Edges
Group A %
Group B %
Group A %
Group B
Score 1
6
40.00 5
33.33
15
100.00
15
Score 2
8
53.33 7
46.67
0
0.00
0
Score 3
1
6.67
3
20.00
0
0.00
0
Total
15
100.00 15
100.00
15
100.00
15
Between groups A and B,
Between groups A and B,
Z=-0.6636, p=0.5069
Z=0.0000, p=1.0000
Between before and after treatment in Group A,
Z=2.6656, p=0.0077*
Between before and after treatment in Group B,
Z=2.8031, p=0.0051**p<0.05
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Table:4 Comparison of two study groups (A and B) with status of Exudates before and after
treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within groups)
Before treatment
After treatment
Status of Exudate
Group
Group A %
Group B %
Group A %
B
Score 1
2
13.33
1
6.67
15
100.00 15
Score 2
5
33.33
6
40.00
0
0.00
0
Score 3
8
53.33
8
53.33
0
0.00
0
Total
15
100.00 15
100.00 15
100.00 15
Between groups A and B,
Between groups A and B,
Z=-0.1452, p=0.8846
Z=0.0000, p=1.0000
Between before and after treatment in Group A,
Z=3.1798, p=0.0015*
Between before and after treatment in Group B,
Z=3.2958, p=0.0010*

%
100.00
0.00
0.00
100.00

Table:5 Comparison of two study groups (A and B) with status of skin colour before and after
treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within groups)
Before treatment
After treatment
Status of skin color
Group A %
Group B %
Group A %
Group B
Score 1
1
6.67
0
0.00
15
100.00
15
Score 2
4
26.67
10
66.67
0
0.00
0
Score 3
9
60.00
5
33.33
0
0.00
0
Score 4
1
6.67
0
0.00
0
0.00
0
Total
15
100.00
15
100.00
15
100.00
15
Between groups A and B,
Between groups A and B,
Z=-1.4517, p=0.1466
Z=0.0000, p=1.0000
Between before and after treatment in Group A,
Z=3.2958, p=0.0010*
Between before and after treatment in Group B,
Z=3.4078, p=0.0007*
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Table:6 Comparison of two study groups (A and B) with status of Peripheral tissue oedema
before and after treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within
groups)
Before treatment
After treatment
Status of Peripheral Tissue Edema
Group
Group A %
Group B %
Group A %
B
Score 1
9
60.00 8
53.33 15
100.00 15
Score 2
5
33.33 5
33.33 0
0.00
0
Score 3
1
6.67
2
13.33 0
0.00
0
Total
15
100.00 15
100.00 15
100.00 15
Between groups A and B,
Between groups A and B,
Z=-0.4148, p=0.6783
Z=0.0000, p=1.0000
Between before and after treatment in Group A,
Z=2.2014, p=0.0277*
Between before and after treatment in Group B,
Z=2.3664, p=0.0180*

%
100.00
0.00
0.00
100.00

Table:7 Comparison of two study groups (A and B) with status of peripheral tissue indurations
before and after treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within
groups)
Before treatment
After treatment
Status of peripheral tissue induration
Group
Group A %
Group B %
Group A %
B
Score 1
9
60.00 7
46.67 15
100.00 15
Score 2
6
40.00 6
40.00 0
0.00
0
Score 3
0
0.00
2
13.33 0
0.00
0
Total
15
100.00 15
100.00 15
100.00 15
Between groups A and B,
Between groups A and B,
Z=-0.8710, p=0.3837
Z=0.0000, p=1.0000
Between before and after treatment in Group A,
Z=2.2014, p=0.0277*
Between before and after treatment in Group B,
Z=2.5205, p=0.0117*
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Table:8 Comparison of two study groups (A and B) with status of Granulation Tissue before
and after treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within groups)
Status of Granulation Tissue Before treatment
After treatment
Group A %
Group B %
Group A %
Group
B
Score 1
1
6.67
0
0.00
14
93.33 15
Score 2
11
73.33 12
80.00 1
6.67
0
Score 3
3
20.00 3
20.00 0
0.00
0
Total
15
100.00 15
100.00 15
100.00 15
Between groups A and B,
Between groups A and B,
Z=-0.2489, p=0.8035
Z=-0.3111, p=0.7557
Between before and after treatment in Group A,
Z=3.2958, p=0.0010*
Between before and after treatment in Group B,
Z=3.4078, p=0.0007*

%
100.00
0.00
0.00
100.00

Table:9 Comparison of two study groups (A and B) with status of Epithelialisation before and
after treatment by Mann-Whitney U test and Wilcoxon matched pairs test (within groups)
Before treatment
After treatment
Status
of
Group
Group
Group
Grou
Epithelialisation
%
%
%
%
A
B
A
pB
Score 1
0
0.00
1
6.67
9
60.00 12
80.00
Score 2
7
46.67 10
66.67 4
26.67 3
20.00
Score 3
5
33.33 2
13.33 2
13.33 0
0.00
Score 4
3
20.00 2
13.33 0
0.00
0
0.00
100.0
100.0
100.0
100.0
Total
15
15
15
15
0
0
0
0
Between groups A and B,
Between groups A and B,
Z=-1.3066, p=0.1914
Z=-1.0577, p=0.2902
Between before and after treatment in Group A,
Z=3.2958, p=0.0010*
Between before and after treatment in Group B,
Z=3.2958, p=0.0010*

Table:10 Comparison of two study groups (A and B) with total scores of before and after
treatment by Independent T Test
Variable
Groups
Group A
Before treatment
Group B
Group A
After treatment
Group B
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Mean
16.73
16.80
8.73
8.20

SD
2.46
3.21
1.22
0.41

SE
0.64
0.83
0.32
0.11

t-value

P-value

-0.0638

0.9496

1.6000

0.1208
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Table:11 Comparison of before and after treatment total scores in two study groups (A and B)
by Dependent T Test
Groups Treatment
Group
A

Group
B

Before
treatment
After
treatment
Before
treatment
After
treatment

Mea
n
16.7
3
8.73

Std.D
v.
2.46

Mean
Diff.

SD
Diff.

%
of
change

Paired
t

p-value

1.22

8.00

2.56

47.81

12.086
6

0.0001*

16.8
0
8.20

3.21
8.60

2.92

51.19

11.395
7

0.0001**p<0.
05

0.41

Discussion on effect of therapy:
 Effect on Size: Comparison of the 2 groups between before and after treatment
mentioned by Mann-Whitney U test and Wilcoxon matched pairs test. It shows that no
significant difference is observed between group A and group B at pretreatment with size
and also no difference is found between 2 groups after treatment. But, a significant
difference was observed before and after treatment in A, so is significant. And before and
after treatment in B is also significant. It shows that there is no difference between group
A and group B but within the group, there is a significant change.
Since Tila iskashaya rasapradhanaandhasvranaropanaguna. Sesame is a source of
antioxidant vitamins A and E. this might give good protection against oxidative damage
and promote healing.23
 Effect on Edges: As seen from the statistical data, there was significant change within
the groups A and B. But there was no significant difference found between the two
groups based on the Mann-Whitney U test.
Kashaya Rasa of tilakalkadi is known for itsLekhana karma (scraping) that helps in
desloughing and preparing the Vrana for healing. Thus, tilakalkadi has excellent
properties to heal the wound by virtue of its Sadhana karma (purification), Ropana karma
(healing), and Sandhanakarma(union) actions.
Due to an enhanced rate of healing and absence/reduced wound contracture phenomenon
the ulcer remains open and the secretions which would get collected in and hamper the
healing process, get cleaned faster. This process adds to the regeneration of tissue and
minimum scarring and fibrosis of the wound edges. 23
 Effect on Exudates Type: Most of the patients of both the groups had score 2 to 4. After
treatment, both group A and B had score 1 with significant difference within the groups
but not much difference between the groups A and B.
This action might have occurred becausetilakalkadi has been described as having the
ability to promote phagocytosis, detoxification, and proteolysis, all of which assist in
wound cleaning. Further, tilakalkadiis known to pacify Pitta Dosha by virtue of its
Madhura Rasa and SheetaGuna and Kapha is taken care by honey’sKashaya Rasa and
RukshaGuna because of which healing is accelerated.23
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 Effect on Skin Colour Surrounding Wound:Majority of the patients of both the groups
were found with score 2 & 3. After treatment, both groups A and B achieved 100% score
1 with significant changes within the groups but no significant difference between the
groups A and B.Tilakalkadi is a hyperosmolar medium which prevents bacterial growth.
It forms a physical barrierBecause of its high viscosityand the presence of the enzyme
catalase gives tilakalkadi antioxidant properties.
 Effect on Peripheral Tissue Oedema: As the study was done on shuddhaVran, around
60 – 33.3% patients presented with peripheral edema with score 1 & 2. All the patients
presented with score 1in both groups. And 100% result of score 1 was obtained in both
the groups after treatment. The inflammation/edema might have been relieved because of
the sheetaguna of Madhu.23
 Effect on Peripheral Tissue Indurations: All the patients had a different score on
Peripheral Tissue Indurations ranging from score 1 to 2. And were successfully treated to
obtain score 1 by both the groups A and B with no much significant difference between
the groups A and B.
Tilakalkadi is known to be useful in the prevention of hypertrophic scarring and might
also be a very effective agent for the dressing of split-thickness skin graft.23
 Effect on granulation Tissue:More than 73.33% patients presented with score2 (Bright, beefy
red; 75% to 100% of wound filled &/or tissue overgrowth) before treatment and after treatment
for 7 days, on assessment it was found both the groups mostly obtained score 1( group A93.33% and group B – 100%)
Madhura Rasa of Madhuknown to provide nutrition to the tissue, this must have helped in the
granulation tissue formation.23

 Effect on Epithelialisation. Most of the patients had different scores with group A
(46.67% - score 2) group B (66.67% - score 2) before treatment. After treatment for 7
days group A achieved around 60% score 1 and group B achieved around 80% score 1.
There is a small difference between the groups after treatment but it is not statistically
relevant.
Gogertyis known for its soothing property. It forms a thin film over them, and this might
help in early epithelization of a wound. It also provides protection to the wound from the
invasion of any microorganism.23
 Effect on Overall Score- The total score of group A was 47.81% and group B was
51.19% after 7 days of treatment. This percentage of the overall score shows that there
was hardly 3% difference between the results of the two groups which is statistically
relevant.
it can be observed that TilakalkadiLepa speeds up the process of healing which might
have occurred by promoting epithelialization, reducing inflammation by eliminating
tikshnagunaofpitta and relieving pain, reducing wound contracture, by keeping the edges
soft by reducing rukshataofVayu, this might have also helped in reducing the risk of
secondary infection and Kaphais counteracted by Madhu.23
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Role of Tilakalkadilepawound healing:
Figure 7.1 Flow chart to show role of Tilakalkadilepa wound healing
Tilakalkadilepa
Antimicrobial, Antioxidant, Anti-inflammatory, Astringent
Purifying and healing properties
Epithelization, Angiogenesis, granulation tissue formation
Collagen deposition
Promote wound healing

Conclusion:











Tilakalkadi Lepa has shown a very significant result in a vranaropana effect in
Shudha Vrana.
Tilakalkadi Lepa has shown a significant result in various factors:
Size- the length and breadth of the wound is well reduced by this leap
Edge- healing edge were found after its tropical application of leap
Exudates Type- the exudate were totally reduced
Skin Colour Surrounding Wound- was the same as that of the surrounding skin
Peripheral Tissue Oedema- well reduced by the leap
Peripheral Tissue Induration- no any induration seen
Granulation Tissue- well healthy granulation tissue was found in 7days of regular
application of the tilakalkadi lepa
Epithelialisation- was advanced by the leap in the tidy wound.
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ABSTRACT:
Badhirya is one of the Karnaroga which is characterized by hearing loss, hard of hearing. Hearing impairment is the
most frequent sensory deﬁcit in human population. According to WHO Hearing loss is a condition affecting more than
380 million people in the world at present. In India, 63 million people (6.3%) suffer from signiﬁcant auditory loss and
associated complaints like speech discrimination etc. Estimation revealed that statistics will get double by 2030 –
2050. Ayurveda classics have mentioned about hearing loss in terms of Badhirya, it’s causative factors, symptoms and
treatment. Ayurveda has unique solutions for the Badhirya in the form of Systemic and local therapy. Karna poorana
is one of the local therapies for the Ear diseases including Badhirya. Katutaila is recommended formulation for the
Badhirya by Acharyas.
AIM: To Evaluate Efficacy of Katutaila Karna poorana in Badhirya w s r to Sensory Neural Hearing Loss
MATERIALS AND METHOD:
The study was carried out on 30 patients who were selected from the OPD and IPD of the KLE Ayurveda Hospital
and Research Center, Belagavi, Karnataka, with clinical features of hearing loss (Mild to Moderate SNHL).
Intervention has planned with Katutaila Karnapoorana for two sitting of 7days. The gap has maintained for 7 days in
between two sittings. Pre and post treatment Pure tone audiometry was performed as the diagnostic criteria.
CONCLUSION:
Katutaila Karna poorana was able to improve the hearing capacity as witnessed by Pure tone audiometry test.
Key words: Badhirya, Katutaila , Karnapoorana, PTA, SNHL.
INTRODUCTION:
Ayurveda is the ancient and the first medical science which was memorized and composed by originator Brahma and
considered as the Sub- branch of Atharvaveda. Ayurveda has presented itself as benefit of mankind through its eight
branches viz.Kaya, Bala, Graham, Urdhwanga, Shalya, Damstra, Jara and Vrishai. Shalakya Tantra is one among
eight branches of Ayurveda which deals mainly with the disorders of Ear, Nose, Throat, Oral cavity, Eye and all the
diseases above the clavicle.ii Karna is considered as one of the Bahirmukha srotas and is seat of the Shravanendriya,
thus importance should be given to Karna and Karna rogas. Though there is no description of the disease Badhirya
under individual heading, yet one gets its references in the chapter of Karnarogas. The term Badhirya as mentioned
in Ayurvedic texts, can be correlated with deafness with clinical feature of Reduced hearing. Acharya Sushruta has
mentioned it as a disease entity under 28 Karna rogasiii, Acharya Charaka included it under the 80 Nanatmaja
VataVikaraivwhereas Acharya Vagbhata has described Badhirya under 25 Karna rogas.v There are two varieties of
Badhirya divided on the basis of involvement of dosha, as due to the vitiation of vata alone or with vatakaphavi. SNHL
is the kind of hearing loss where there is damage to the pathway of sound impulses from hair cells to the auditory
nerve and to the Brainvii. VatajaBadhirya can be considered as SNHL as the Neural function belongs to vata viii. Since
period, Ayurveda is having and still giving solutions for the health problems of mankind. Same way for Badhirya we
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will get systematic treatment description in terms oral medicines viz.Ghrtiapana, herbal and herbomineral preparations
and local therapies in the form of Karna poorana, Karnabhyanga, Karna pichu, Karna prakshalana. Katutaila is
mainly act as vata-kaphaghna, is indicated in Karna Badhirya in the form of Karna pooranaix. Hence considering
above all facts Karnapoorana with Katutaila is selected as intervention in subjects with mild to moderate SNHL.
MATERIALS AND METHODS:
RESEARCH DESIGN: Open Clinical Trial with Single group.
ETHICAL CLEARENCE BY IEC:

Ethical clearance is obtained from Institutional Ethics Committee with reference no.MRC/2016/02/330/19/02/2016
and CTRI Reg.No is CTRI/2018/03/012908.
SOURCE DATA:
Patients with fulfilling clinical criteria of Mild to moderate Sensory Neural hearing loss were selected from the OPD
& IPD of the KAHER’s Shri BMK Ayurveda Mahavidyalaya, Hospital and Research center Shahapur, Belagavi. The
study has got permission by the Human Ethical committee of the institute.
Inclusion criteria:
 Clinical features of Badhirya.
 Mild to moderate Sensory Neural Hearing Loss (SNHL)(26 to 40 db and 41 to 55 db)
 Age group 20 to 60 years
 Irrespective of sex, occupation.
Exclusion criteria:
 Infective diseases like Encephalitis, Herpes, Mumps etc.
 Systemic disorders like DM, HTN.
 Known case of aural tumours, polyps etc.
 CSOM, TM perforation.
Investigations: Pure tone Audiometry Before and after treatment.

Katutaila Preparation:
Ingredients of katutaila as mentioned in Table no.1. Katutailax is prepared with authenticated raw drugs by CRF,
KAHER Shri BMK Ayurveda Mahavidyalaya, Hospital and Research center Shahapur, Belagavi and Katutaila is
prepared as per SOP in GMP certified KLE Ayurveda Pharmacy, Khasbag, Belagavi.
Intervention including Follow up: Two sittings of Karnapoorana with Katutaila each of 7 days. With gap of 7 days
in between the two sittings and follow up period was 7days.
Observations :
There were 60 patients screened and 31 were enrolled and 30 patients completed study. The observational data of 30
registered patients was collected and Analysed on the basis of Age, Sex, Occupation, Habitat, Dietary Habits, Prakriti,
Marital status, Educational status. Observations were as follows:
1. Age wise distributions shows among 30 patients 32.26% patients were found to belong <30 year age group, 32.26%
patients were of 31-40 year, 16.66% patients were in between 41-50 year age group, 16.66% patients were of 51-60
year age group with mean age 37.87 and Std Deviation 11.06.
2. Among 30 subjects 41.94% were males and rest were females.
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3. Among total subjects of no.30, 22.58% were having regular diet system and rest 77.42 were having irregular food
intake.
4. Among 30 subjects 17% were students,17% were Office worker, house makers were 9%, and major part was of
labour community i.e 57%.
5. Among total sample size of 30, majority i.e of 64% were not having any habits, 13% each were having habit of
alcohol and smoking respectively and 10% were having habit of tea and coffee.
STATISTICAL ANALYSIS & RESULTS:
Statistical analysis done before and after treatment Audiometry reports data with student paired ‘t’ test.
1. BT and AT comparison of the overall 44 Ears with symptoms of SNHL is showing Statistically significant results
with P value<0.0001 **** and with the 95% confidence interval -4.784 to -2.073. (Graph.1)
2. Results in cases with Idiopathic cause: In case of patients Idiopathic cause results shows statistiacally significant
positive results with P value 0.0005 And P value summary***.(Graph.2)
3. Patients with History of Expose to Noise: Results of patients with noise history shows statistically significant
positive results with P value0.0036**. (Graph 3)
4. Patients with age criteria: Results of patients with age group belong to 20-40 were showed statistically significant
positive results with P value 0.0050 **. (Graph 4)
SUB ANALYSIS:
Total 82.21% of patients i.e 37 treated Ears have positive results without any adverse drug reactions and with
significant p value. There is un-equal distribution of hearing loss, onset progress, laterality. All subjects were falling
in range of 26 dB to 55 dB and PTA average of BT was 29.50 dB where as PTA average of AT was 26.85dB. The
improvement in frequency of 500, 1K, 2K were more significant than compare to 4k, 6k ,8k.This is may be because
of distribution of hair cells. Response to the treatment from ear to ear was not same. Few ears shown good results,
Some ear maintain the same hearing capacity without deterioration. The readings are shown below as in (Table.No.2).
DISCUSSION:
Among 30 subjects, 57% subjects were exposed to noise where noise is one of the cause for the hearing loss xi, and
17% were having 40+age group where the approximate hearing loss age group is accounted.
DISCUSSION ON MODE OF ACTION OF DRUG:
Katutaila have majority of ingredients having Ushnaviryaas dominant property of Katutaila which will combat the
vata. As we know functions of nervous tissue is due to vata.xii Due to Ushnavirya it will encounter Vata Dosha and
Gati of Vata gets normalized, with this Guna the drug works as nerve stimulant, this way it will work on functional
mechanism. Another benefit of Ushnavirya is that it enhances local as well as general metabolism by enhancing local
blood circulation. Snigdha, Tikshna Guna of taila combats the vata which is the main causative factor Badhirya. The
drugs like Haridra, Manjista ,Haritaki are known as Shrutidha, Karnarogahrit, and Indriyaprada,xiii, Hence the
prabhava of drug is accountable.
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DISCUSSION ON MODE OF ACTION OF KARNAPOORANA:
KARNABHYANGA:
Dalhana has explained in detail about absorption of Sneha. The Abhyang is done for sufficient time; the oil reaches to
the different Dhatu. Hence it is clear that potency of drug used in oil is absorbed into the skin. Dalhana also mention
that when Sneha reaches to the particular Dhatu then it subsides the vata dosha of that particular Dhatu. Before
Karnapoorana, Abhyanga is specifically done in MurdhaPradesha which causes vasodilatation in the skin and muscles
by stimulating receptors of the sympathetic nervous system. Vasodilatation increases blood flow and there by improves
the nutritional supply. Acharya Charaka has described that Vayu dominates in the Sparshnendriya and its site is Tvaka.
The Abhyang is exceedingly beneficial to the skin. So it is useful in the disease Karna Badhirya which is caused by
vitiated Vata.
SWEDANA:
Acharya Charaka has described mechanism of Swedana Karma, as It helps to alleviate Vata .xiv It makes the channels
soft, by which Vatadi Doshas can flow through in their normal directions, hence may aids the normal function of
hearing. To understand in evidence based language Mrudu swedana and Abhyanga is helpful to increase the Blood
circulation, may be along with that action, swedana is helping for the absorption of drug into the circulation.
KATU TAILA KARNAPOORANA:
When lukewarm oil enters into the Shabdavaha Srotas, network of Srotas carry the Taila towards the desired
sites and cleanses the channel. By its Shodhana property of its ingredients, probably it removes the Ama at the cellular
level and normalises the vitiated VataDosha. Due to StrotoShodhana and Vatashamana due to the purvakarma, Sanga
and vimargagamana of Vatadosha is removed and nutrition is brought to the respective sites by enhancing the blood
circulation. So, after resolving Sanga and vimargagamana by Abhyanga and Swedana, Karnapoorana has been carried
out in KarnaBadhirya.
According to Kedarikulya Nyaya, Karnapoorana will improve the blood Supply of ear first . As the result of
Karnapoorana Vata-Shamana takes place which will Corrects the microcirculation, then maintains the normal
function of hearing. It is hypothesized that Katutaila is absorbed through epithelial tissue of external ear canal and
tympanic membrane that can maintain normal function of hearing and equilibrium. Spread of the drug into the deeper
tissues (Rasa & Rakta) is through Shabdavahasira. In Karnapoorana, koshnaKatutaila (39-40 degree C) is instilled
which is done on lateral decubitus where the lateral semicircular canal recieves the Caloric stimulation which will lead
to the increased extra cellular electric potential which will further enhance the Endolymph circulation their by
improving nourishment to the hair cells.xv It can hypothesized that Absorption of drug through Epithelium of EAC
into Systemic circulation followed by organ target drug action as Katutaila is best indicated formulation in Karnaroga.
CONCLUSION:
•
Katutaila is having Ushna, Tikshna, vatahara property , normalizes dushita vata , there by improving the
mechanism of Hearing .
•

Katutaila Karnapoorana is easy, conventional, economical & can be performed on OPD basis

In current study have statistical significant results are obtained, but large no.of sample size is suggestive for proving
Efficacy.
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Table no.1:
Sl.
no.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Ingredients
Sanskrit Name

(Botanical /Chemical
name)

Part used

Katutaila
Hareetaki
Rajani
Musta
Bilwa
Dadima
Nagakesar
Krishnajeeraka
Hrivera/sugandhabala
Nalika
Bibhitaki
Manjista

Brassica campestris
Terminalia chebula
Curcuma longa
Cyperusrotundus
Aegle marmeloes
PunicaGranatum
Mesuaferrae
Carumbulbocastanam
Pavoniaodorata
Nelumbonucifera
Terminalia bellirica
Rubiacordifolia

Seed oil
Fruit
Rhizome
Rhizome
Root
Fruit
Stemen
Seeds
Root
Stem
Fruit
Whole plant
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Table 2:
SL.NO

IMPROVEMENT IN PTA(dB)

TOTAL NO OF EARS

%

1.

NIL

7

15.55%

2.

1-5 dB

14

31.11%

3.

6-10 dB

20

44.44%

4.

11-15 dB

2

4.44%

5.

16-20 dB

1

2.22%

06
Graph .01

40

30
20

10
0
MEAN

BT
30.29

AT
26.86

St. Dev

8.28

7.588

Graph.2
30
20

Mean

10

St.Dev

0
BT

AT

Graph.3
30
20

Mean

10

St.Dev

0
BT

AT
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Abstract: Childlessness remains as a problem with the couple who suffer and they are psychologically and socially very much disturbed Husband, wife or
both are likely to be responsible for infertility. Male infertility is on rise world over. Many group of workers are on this study now. Detailed study on
semen shall give the exact clue to male fertility status. Other than semen parameters, the biochemistry of semen secured attention of several group of
workers. Knowledge in inorganic chemistry of semen limited. Similar studies are in progress at different parts of the world. It is now known increase or
decrease of some elements in semen lead to changes in sperm motility or semen quality. In relation to this, we tried to understand more about elements in
semen. Considering electrolytes and metals are important for cell functions, few workers are involved in inorganic chemistry of semen study. The present
study will improve the existing knowledge on elements in semen. Semen samples were supplied by 10 young, normal, healthy men. Samples were collected
after maintaining an abstinence of five days. Collection was done around 9 am to exclude any chrono biological influence. From each sample, seminal
plasma was separated at 1 and 3 hours and stored in deep freezer. After thawing and processing, samples were analyzed for elements in it using Inductively
Couple Plasma Mass Spectrometry (ICPMS). A total number of 28 elements were found in all samples. Their values differed between 1 and 3 hour, either
more or less. Study concludes with supporting evidences showing the role of elements in sperm survival or function.
Keywords: Male infertility, Human semen, Semen elements.
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1.

INTRODUCTION

Infertility is a major concern to couple as well as their
clinician. The psychological and social implication of the
problem is tremendous on couple and at large they feel
desperate. When a couple reports for infertility, clinician
starts investigating both male and female partners. The
detailed knowledge on male reproductive organs and its
functions are not as rich as that of female. Some reports
stated this gap as 30 years in knowledge.1,2 These reports
promoted several groups of workers to explore the details
of male reproductive system and its function. We reported
the minute structure of human epididymis3, the inorganic
elements present in male reproductive structure and in
semen4. Male infertility rate is on rise. 5-14 World over the
rate differs, may be due to different conditions like
atmosphere, climate, food intake, pollution and other
unknown causes. Environmental contamination due to
industrial pollution is known to lower testicular function.15- 22
Investigation for male partners included that of blood and
semen. Semen acquired large attention as clinicians and
researchers have been trying to locate unknown causes for
male infertility. Interest was paid to organic and inorganic
elements present in semen. Aim of the present study was to
identify and measure the concentration of different inorganic
elements present in normal human semen samples.
2.

dry glass containers with wide mouth provided from
laboratory. Semen was examined as per WHO.26 Total sperm
count and percentages of sperm motility are considered as
two major criteria in semen study. 27 After microscopic study
each sample was divided equally into two (A and B). Sample A
was centrifuged at 1 hour and sample B was centrifuged at 3
hour to separate seminal plasma. Care was taken not to
break or destroy cells by centrifugation, (1500rpm for
10mins).27 Separated seminal plasma was collected in micro
centrifuge tubes and stored at -20°C. Whole semen sample
directly when stored to frozen state lead to change in values
of zinc. 26 The procedure for analysis deserves careful
attention. In one study, when same samples were analyzed by
using two different procedures for atomic absorption,
spectrophotometry, results differed.28 We proceeded as
follows. After thawing a sample, 0.5µl was taken and to which
0.6 µl of nitric acid (HNO3), 0.4µ l of hydrochloric acid (HCl),
0.2 µl of hydrogen peroxide (H2O2) and 2400µl of deionized
water were added. The mixture was then dried at 2000C to
powder form with the help of a digital heater. Prior to
analysis this was dissolved in 45 ml of deionized water.
Elemental analysis of samples (A and B) was done by
employing Inductively Coupled Plasma Mass Spectrometry
(ICPMS) (Agilent 7500CE Series, Octapole Reaction System,
CA, and United States of America) available at Dignity
Centre, Saidapet, and Chennai. Analysis using the method
was done to identify and measure level of total 41 elements.

MATERIALS AND METHODS
3.

The study was conducted after getting approval from
Research Committee of the Institution and Institutional
Ethical Committee of Chettinad Hospital and Research
Institute (CHRI/11/16-11-2015). All glass wares used in this
study were cleaned in nitric acid, followed by tap water,
deionized water, double deionized water and made to dry at
80°C in laboratory hot air oven, air except measuring glass
wares which were dried in laboratory by placing on filter
paper. Prior to enrolment consent of volunteers was taken.
Selected volunteers were healthy, free from any disease and
they belonged to the age group of 21 to 30 years. They
belonged to the local region and were from Tamil speaking
community. Semen was collected from 10 normal male
subjects. They collected semen samples after maintaining five
days of abstinence. 23,24. Patients who were on treatment on
Ayurvedic or Unani systems of medicine were excluded as
few of their medicines contained minerals and metals. 25
Semen samples were collected around 9 am into clean and

STATISTICAL ANALYSIS

We have employed, IBM Statistical Package for the Social
Sciences (SPSS) version 20 for statistical analysis.
4.

RESULTS

A total number of 28 elements were detected and measured
in seminal plasma (A and B). The average of each element was
calculated and presented in Table 1. Eight of them niobium,
palladium, platinum, tantalum, tellurium, tin, vanadium and
zinconium were below detection level. The values of each
element detected was different at 1 (A) and 3(B) hours
(Table 1). The elements like antimony, arsenic, beryllium,
boron, cadmium, cebium, germanium, lithium, mercury,
scandium, selenium, silica and silver were not detected in
samples (A and B) studied. Statistically, no difference was
seen when values of the two groups were compared within
and between them.

Table 1. Showing the levels of 28 elements at 1 hour and 3 hour
Elements
At One hour(µg/L)
At Three hour(µg/L)
Aluminum
37.3
53.3
Barium
10.3
13.2
Calcium
1646.3
1662.9
Cerium
379.6
197.8
Chromium
77.4
81.0
Cobalt
0.27
0.46
Copper
BDL
2.7
Gallium
0.2
BDL
Gold
2.58
0.91
Iron
376.0
425.2
Lead
10.36
1.12
Magnesium
762.6
744.3
Manganese
7.96
7.92
Molybdenum
0.66
0.54
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Nickel
Niobium
Palladium
Platinum
Potassium
Sodium
Strontium
Tantalum
Tellurium
Tin
Titanium
Vanadium
Zinc
Zinconium
5.

29.5
BDL
BDL
BDL
13250.0
22180.0
6.1
BDL
BDL
BDL
8.4
BDL
1772
BDL

DISCUSSION

In human, several electrolytes and metals are detected in
blood, hair 29,30 and sweat.31 Semen elemental study gathered
attention since the second half of last century.32-39 The most
important point in elemental study is preferring high quality
instruments. In our studies we employed different
instruments like Neutron Activation Analysis,40 Mass Emission
Spectroscope,41
Direct
Couple
Plasma
Emission
spectroscope,42 X-ray Diffraction, 43 Electron Microscopic
Energy Dispersive X-ray Analysis4 and Atomic Absorption
Spectrophotometry. 22In a detailed study, human male
reproductive organs – testis, epididymis-caput, corpus and
cauda-prostate gland, seminal vesicle, Cowper’s gland and vas
deferens were studied along with seminal plasma and
spermatozoa pellet for trace elements. 44 Origin of different
electrolytes and metals present in semen was identified by
using split ejaculation technique.44-48 Individual and within
subject variability in semen element is also reported. 49 Several
workers interested in the study of elements in semen
reported the level of different elements like sodium,
potassium, calcium, magnesium,38,50,51 iron,52
zinc,39,53
54,55
56
copper,
cadmium, chromium, nickel and lead. Manganese
was reported in all normal samples. 56-58 Similarly, vanadium
was present in all normal samples. 59 Cadmium, chromium,
nickel and lead were not present in all samples. 56,57 Gold was
detected in semen for the first time in 1981. 40 Some
Investigators in this field were interested to find out if any
change in level of these elements was present in pathological
samples. They have studied and reported this in case of
sodium, potassium, copper, zinc, gold, calcium, magnesium,
and iron. 38-40,44,45,55,56,60-69 Volunteers of this study were
advised to collect semen samples at 9 am. Fixed collection
time is important. Studies showed samples collected at
different timings differed in elemental level. As an example
calcium and magnesium in semen was maximum at 00:00:00
hours and at this time the total sperm count and percentage
of active motile spermatozoa were also maximum. 70-72 It is an
important point on selection of instrument for elemental
study. As an example we detected gold by employing Mass
Emission Spectroscope. 41 But not by Direct Couple Plasma
Emission Spectroscope. 42 Electron Microscopic Energy
Dispersive X-Ray Analysis showed Gold inside and outside
spermatozoa. 4 Further, X-Ray Diffraction study showed
details of gold which remained in trimetal complex with zinc
and copper. 43 In the present study we opted Inductively
Couple Plasma Mass Spectrometry (ICPMS) for elemental
study after processing advised for its usage. Processing
method is an important part in elemental analysis. 73 In the
present study twenty eight elements were identified and

15.8
BDL
BDL
BDL
11030.0
18820.0
1.4
BDL
BDL
BDL
5.6
BDL
1499
BDL
measured (Table 1). Increased or decreased level of elements
from 1 to 3 hours (Table 1) , was statistically insignificant.
This was due to the entry or exit of a particular element in
sperms at the time of its separation from semen (at 1 or 3
hour). This was supported by earlier reports. 37,89,71 Each
element may have a specific role to play in life of a sperm cell.
74
Results of studies conducted by different groups of
workers proved this. The role of sodium, potassium, calcium
and magnesium was like in other cells. 75,76 Some elements in
semen are important for sperm motility. 71,77 Calcium is
important for sperm capacitation, a crosomal reaction,78,79
sperm motility,80-82 metabolic function 82 and fertilization. 79
Magnesium in sperm is essential for release of energy and
thus for motility. 81 Strontium is important for sperm
capacitation.83 Cadmium was not observed in this study
(Table 1). Which was reported by others? 56,84 Each
instrument has limitation in identifying elements mainly
depending on its concentration. We preferred ICPMS in this
study. Dawson et al. 85 reported the levels of lead, cadmium
and aluminum maintained an inverse correlation with the
percentage of live spermatozoa. Concentration of lead,
manganese, chromium and nickel were reported. 56
Molybdenum decreased at 3 hr in semen (Table 1). Meeker et
al. 86 reported this metal as a male reproductive toxicant. The
level of lead decreased from 1 to 3 hr (Table 1). Pleban and
Mei et al.84 measured the level of lead. We did not detect
lead in one of our earlier studies. 41 Selenium was not seen in
the present study (Table 1). Selenium was studied in detail by
Blein et al. 87 Increased Llevel of elements in seminal plasma
remain toxic to sperms. For example when experimentally
micro amount of copper was added to normal semen,
spermatozoa became immotile. 88 We observed decrease in
level of gold from 1 to 3hr (Table 1). The element gold is
proved as important for fertility. 89 Its role was known to
Ayurveda, a traditional medicine, widely used in India and
other Asian countries,. In many cases of male infertility,
physicians in Ayurveda prescribed gold in the form of its ash,
“Suvarna Bhasma” (SB) (Gold Ash). The amount of gold
present in it is known. 25 Clinical studies conducted by
different groups of workers where SB prescribed to infertile
men showed improvement in total sperm count and
percentage of sperm motility. 90,91 Further, laboratory studies
showed addition of micro amount of SB into semen increased
the percentage of progressive motile sperms and their
survival period. 69 Zinc level was high at 1 hour (Table 1). It is
known mature sperms release zinc 35 and it is important for
function of motility. 38,39,65,92 Whenever zinc level is low in
seminal plasma, sperm remains motionless. 35,93 Semen
elements remained inside and/or outside sperms 43,68 which
are not likely to be equal on both sides of the membrane.
L-140
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Calcium was more inside the sperm 2, which is present in
head and flagellum. Different instruments were helpful to
identify the location of elements in cells. Nine elements were
identified in acrosome, nucleus and mid piece of sperm. 33
Zinc is essential for architectural organization of sperm 32 and
maintenance of sperm membrane structure. 94 Summarizing
the total study (Table 1), majority of reported elements are
useful for the survival and/or functioning of spermatozoa.
Further studies may prove usefulness of different elements
present in semen.

Authors appreciate very much and are thankful to Dr. Sheik
SSJ Ahmed and Dr. V Alexander of Chettinad Academy of
Research and Education for their timely suggestions and help
during the period of study.

6.

8.

CONCLUSION

In conclusion, in this study, by employing Inductively Couple
Plasma Mass Spectrometry, we observed the presence of 28
elements in human seminal plasma and their values differed
from 1 to 3 hour. This might be due to the entry or exit of a
that particular element, depending on its essentiality in
function of spermatozoa. Some elements function like in
other cells. Study also showed some elements were below
detection level maybe due to the less sensitivity of the
instrument. More work is to be carried out by employing
different analytical instruments to measure the exact level of
10.
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Abstract
Hydroalcoholic extract/fraction(s) and scutellarein, a previously reported phytoconstituent from Duranta repens were evaluated for their α-glucosidase inhibitory activity using in vitro method. The reported phytoconstituents were also screened as
α-glucosidase inhibitor, probable cytotoxicity, ADMET profile, and side effects via in silico models. Further, probable gene
expression profile and pathways involved in diabetes/diabetes complications were also screened. Similarly, network was
constructed among α-glucosidase inhibitors, modulated proteins and respective pathways and docking study was performed
using autodock4.0. Fraction rich in flavonoids was found to possess the highest α-glucosidase inhibitory activity and the
mode of inhibition was uncompetitive. The predicted α-glucosidase inhibitors were less cytotoxic to normal cells with lower
side effects compared to acarbose. Similarly, gene-set enrichment analysis identified p53 signaling pathway to be primarily
modulated by majority of phytoconstituents. Further, docking study revealed scutellarein to have highest binding affinity with
α-glucosidase enzyme. In conclusion, present study identified the fraction rich in flavonoids to possess highest α-glucosidase
inhibitory activity and could modulate p53 signaling pathway in diabetic pathogenesis.
Keywords α-Glucosidase · Docking · Duranta erecta · Flavonoids · Scutellarein
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Introduction
Prevalence of type 2 diabetes mellitus (T2DM) is occurring rapidly in few decades due to change in lifestyle and
genetic factors which is clinically identified from elevated
fasting blood glucose level; occurs due to insulin resistancedefecting in glucose uptake/minimal insulin sensitivity and
insulin deficiency or combination of both (Olokoba et al.
2012; Taylor 2012; Tahrani et al. 2016). Although, T2DM
is identified as polygenic condition, the present approach
for its pharmacotherapy utilizes single target synthetic oral
hypoglycemic agents i.e. biguanides, thiazolidinediones,
amylin agonists and GLP-1 agonists, insulin secretagogues
and inhibitors of sodium-dependent glucose transporters 2,
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DPP4 and α-glucosidase. However, these agents are associated with various side effects and are contraindicated in
multiple endocrine neoplasia (MEN) type 2 due to high risk
of C cell tumors in thyroid and pancreatitis (Tahrani et al.
2016; Chaudhury et al. 2017).
The current drug discovery/design utilizes the principle
of lock and key of ligand-target interaction (Chandran et al.
2015). However, it should be understood and accepted that
a single compound can target multiple proteins (Patwardhan 2014) which is applied in various polygenic pathogenesis and their complications including T2DM (Sacks and
McDonald 1996). Hence, the drug development/discovery
approach for polygenic conditions can be processed by identifying a lead molecule that primarily mark a definite protein
but also modulate multiple pathways associated with disease
pathogenesis. This approach of drug discovery can be utilized from long-established folk medicines as it composes
multiple phytoconstituents to target numerous proteins and
engender the synergistic effect.
Duranta repens belonging to the family Verbenaceae,
commonly known as “Golden Dewdrop” is reported to constitute α-glucosidase inhibitors (Iqbal et al. 2004). Duranta
repens also constitutes a large number of polyphenols, alkaloids, terpenes, saponins, and flavonoids which have their
own importance in multiple medicinal purposes including diabetes mellitus (DM) (Domínguez Avila et al. 2017;
Christodoulou et al. 2019; Jasmin 2019; Elekofehinti 2015).
Further, the synergistic effect of multiple phytoconstituents
can have more therapeutic value compared to single isolated
compound due to minimum side effects (Yuan et al. 2017).
Further, if a single compound can modulate multiple proteins, a group of equivalent compounds would also normalize multiple analogous proteins and pathways coupled with
them. Hence, the present study aimed to identify the group
of phytoconstituents from D. repens to inhibit the intestinal
α-glucosidase enzyme by in vitro techniques and gene set
enrichment analysis using in silico approach.

Materials and methods
Plant collection, authentication, and extract/
fraction preparation
Wild-grown whole plant of D. repens was collected from
local areas of Belagavi and authenticated at ICMR-NITM,
Belagavi and the herbarium was deposited for the same
(Accession Number: 1406) for future reference. The collected plants were washed under running water, shade dried,
and turned into a coarse powder. Extraction and fractionation were performed as explained by Cos et al. (2006) with
slight modification. Briefly, the coarse powder was macerated with 70% ethanol for 7 days with occasional shaking;
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filtered, marc was shade dried and percolated in soxhlet
using ethanol. Filtrates of both process were combined and
concentrated under reduced pressure, residue was fractionated using multiple solvents i.e. dichloromethane, methanol, petroleium ether, acetone and 5% citric acid to obtain
fraction rich in steroids, polyphenols, triterpenes, alkaloids,
flavonoids and saponins.

In vitro α‑glucosidase inhibitory activity and mode
of inhibition
α-Glucosidase inhibitory activity was performed as
explained by Telagari and Hullatti (2015). Six different
concentrations of hydroalcoholic extract/fractions (100, 200,
400, 600, 800, and 1000 µg/ml) and pure compound scutellarin (50, 100, 200, 400, 600, and 800 µg/ml) were tested
to evaluate α-glucosidase inhibitory activity and compared
with acarbose (20, 40, 60, 80, 100, and 120 µg/ml) using
p-NPG as a substrate. Experiment was performed in triplicates and percentage inhibition was calculated using the
following formula
)
(
As
× 100
Inhibitory activity (% ) = 1 −
Ac
where Ac and As are the absorbance of control and sample
respectively.
Similarly, the kinetic study of α-glucosidase inhibition
was performed using p-NPG (2, 1, 0.5, 0.25, and 0.125 mM)
as a substrate (Rouzbehan et al. 2017) in the presence and
absence of inhibitor. The absorbance was measured at a different time interval (30 s) to measure velocity.

Mining of α‑glucosidase inhibitors
List of reported phytoconstituents from D. repens was identified from published literature and open-source database i.e.
PCIDB (https://www.genome.jp/db/pcidb/kna_cpds/6614) and
ChEBI (https://www.ebi.ac.uk/chebi/). Canonical SMILES
and PubChem CID of each compound were recorded from
PubChem (https://pubchem.ncbi.nlm.nih.gov/) database; drawn
in chemskretch (https://www.acdlabs.com/resources/freeware/
chemsketch/) if not available and corresponding files were generated using Discovery Studio 2019 (Dassault Systèmes BIOVIA, Discovery Studio 2019) as required. SMILES of each
compound were queried in BindingDB (Liu et al. 2007) at 70%
similarity index to identify α-glucosidase inhibitors.

Cytotoxicity, ADMET, side effects and druglikeness
of phytoconstituents
Probable cytotoxicity, absorption, metabolism, excretion,
and toxicity (ADMET) profile, side effects and druglikeness

α‑Glucosidase inhibitors from Duranta repens modulate p53 signaling pathway in diabetes…

score of α-glucosidase inhibitors were predicted using CLCPred (Lagunin et al. 2018), admetSAR 2.0 (Yang et al.
2019), ADVERPred (Ivanov et al. 2018) and MolSoft (http://
www.molsoft.com/mprop/) respectively and compared with
acarbose.

Gene expression and enrichment analysis
Phytoconstituent-induced gene regulation was identified
using DIGEP-Pred (Lagunin et al. 2013) by querying canonical SMILES for upregulated and downregulated proteins at
the probable activity of 0.5. Similarly, network interaction
among regulated proteins were queried for each compound
using STRING (Szklarczyk et al. 2019) and associated pathways involved in diabetes/diabetes complications were identified with reference to Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway database.

Network construction and analysis
The java-based tool, Cytoscape (Shannon et al. 2003) 3.7.1
was used to construct the network among phytoconstituents,
their targets and modulated pathways and any duplication
were avoided. The network was treated as directed; map
node size and color were set as low values to small sizes
and low values to bright colors respectively with respect to
edge count.

In silico molecular docking
The chemical structure of α-glucosidase inhibitors were
retrieved from the PubChem database in.sdf 3D format, converted into.pdb using Discovery Studio 2019 and energy of
each ligand was minimized using mmff94 forcefield (Halgren 1996). The α-glucosidase crystallographic moiety of
Homo sapiens having a complete amino acid sequence was
not available. Hence, homology model of α-glucosidase
was constructed using Modeller 9.10 using query sequence
(Accession Number: ABI53718.1) and template (PDB:
5KZW) which were initially identified using BLASTp. The
energy of α-glucosidase modeled protein was then minimized using YASARA (http://www.yasara.org/) and used
as a target for docking studies. Molecular docking was carried using autodock4.0 (Morris et al. 2009) in PyRx 0.8
(https://pyrx.sourceforge.io/) platform to identify probable
binding energy of pectolinarigenin, scutellarein and penduletin 4′-methyl ether with α-glucosidase. A size of grid
box was set as x, y, z center coordinate i.e. 0.7302, − 25.76,
− 22.5512 and x, y, z size coordinate i.e. 83.54, 78.72,
83.76. Finally, docking algorithm was processed by keeping default exhaustiveness i.e. 8. After docking, the pose
scoring the lowest binding energy was selected to visualize

the ligand–protein interaction using Discovery Studio 2019
as explained previously (Khanal et al. 2019b).

Results and discussion
In vitro α‑glucosidase inhibitory activity and mode
of inhibition
Fraction rich in flavonoids showed the highest inhibitory activity of α-glucosidase (IC50: 71.28 ± 0.45 µg/ml)
and the mode of enzyme inhibition was uncompetitive.
Figure 1 represents the percentage inhibition of each test
agent and Table 1 summarizes the inhibitory concentration
(IC50) of hydroalcoholic extract/fraction(s) of D. repens
on α-glucosidase. Similarly, all fractions, hydroalcoholic
extract and scutellarin produced parallel lines compared to
non-inhibitor by decreasing Vmax and Km.

Mining of bioactive and identification of enzyme
inhibitors
Fifty-one different bioactive molecules were identified from
D. repens in which three compounds i.e. pectolinarigenin,
scutellarein, and penduletin 4′-methyl ether were predicted
as α-glucosidase inhibitors. The probability score of an individual compound for α-glucosidase inhibition is summarized
in Table 2 with reference molecules.

Cytotoxicity, ADMET, side effects, and druglikeness
of phytoconstituents
The α-glucosidase inhibitors from D. repens were predicted
to be less cytotoxic in normal cell lines compared to acarbose; Fig. 2 represents the relation of Pa and Pi of each
compound in multiple normal cell lines. Similarly, Fig. 3
represents the comparison of the ADMET profile of each
compound with acarbose. Likewise, penduletin 4′-methyl
ether and pectolinarigenin were predicted to be less hepatotoxic compared to scutellarein and acarbose (Table 3).
However, scutellarein was predicted for highest druglikeness score i.e. 0.72; summarized in Table 4.

Gene expression profiles, enrichment, and network
analysis
Scutellarein was predicted to regulate 29 proteins in which
13 and 16 were downregulated and upregulated respectively.
Similarly, pectolinarigenin regulated 23 proteins in which 10
and 13 were downregulated and upregulated respectively.
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Fig. 1  α-Glucosidase inhibitory activity of hydroalcoholic
extract/fractions and scutellarin

Table 1  α-Glucosidase
inhibitory activity of
hydroalcoholic extract/fractions
and pure compound

Test agent

Major phytoconstituents

α-Glucosidase
IC50 (µg/ml)

Fraction 1
Fraction 2
Fraction 3
Fraction 4
Fraction 5
Hydroalcoholic extract

Lipids and wax
Polyphenols, triterpenes and steroids
Alkaloids
Flavonoids
Saponins
Steroids, polyphenols, triterpenes, alkaloids,
flavonoids and saponins
Pure compound
–

609.65 ± 1.69
418.29 ± 6.54
425.05 ± 6.99
319.21 ± 7.66
521.45 ± 6.64
627.20 ± 2.32

Scutellarin
Acarbose

Further, penduletin 4′-methyl ether was predicted to regulate
21 proteins in which 8 were downregulated and 13 were
upregulated (Fig. 4). Gene set enrichment analysis identified
the modulation of Apelin signaling pathway, FoxO signaling pathway, HIF-1 signaling pathway, Longevity regulating pathway, Longevity regulating pathway-multiple species,
p53 signaling pathway, and Wnt signaling pathway. Further,
compounds were also predicted to regulate the pathways
involved in diabetic nephropathy (FoxO signaling pathway
and Longevity regulating pathway) and retinopathy (HIF-1
signaling pathway). These compounds primarily modulated
the p53 signaling pathway in which CASP8 and TP73 were
commonly regulated (Table 5). Similarly, network analysis
also identified chiefly regulation of HIF-1 signaling pathway (diabetic retinopathy) and p53 signaling pathway. The
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294.02 ± 5.21
71.28 ± 0.45

interaction of phytoconstituents, proteins, and modulated
pathways are represented in Fig. 5.

In silico molecular docking
Scutellarein was predicted to have the highest binding affinity (− 8.0 kcal/mol) with α-glucosidase with two hydrogen
bond interactions i.e. GLY123 and GLN121. The binding affinity and hydrogen bond interactions of each compound are compared with clinically approved molecule,
acarbose (Table 6). Similarly, the interaction of pectolinarigenin, scutellarein, and penduletin 4′-methyl ether with
α-glucosidase is represented in Fig. 6.
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Table 2  Probability score of α-glucosidase inhibition
Test compounds

Maximum
similarity

Pectolinarigenin

0.78

Ligands

IC50 (nM)

Assay description

2.60

Inhibition of rat intestinal sucrase expressed in human
Caco2 cells

5.20E + 4

Inhibition of rat intestinal sucrase

4.40

Inhibition of rat intestinal maltase

6-Amino-5,7-dihydroxyflavone

2.40E + 3

Inhibition of rat intestinal sucrase

2.60

Inhibition of rat intestinal sucrase expressed in human
Caco2 cells

5,6,7-Trihydroxyflavone

5.20E + 4

Inhibition of rat intestinal sucrase

4.40

Inhibition of rat intestinal maltase

6-Amino-5,7-dihydroxyflavone

2.40E + 3

Inhibition of rat intestinal sucrase

2.60

Inhibition of rat intestinal sucrase expressed in human
Caco2 cells

5,6,7-Trihydroxyflavone

5.20E + 4

Inhibition of rat intestinal sucrase

4.40

Inhibition of rat intestinal maltase

2.40E + 3

Inhibition of rat intestinal sucrase

5,6,7-Trihydroxyflavone

Scutellarein

Penduletin 4′-Methyl Ether

0.82

0.70

6-Amino-5,7-dihydroxyflavone

One of the therapeutic approaches to treat/manage diabetes is holding up the transformation of polysaccharides
into monosaccharide by inhibiting the α-glucosidase which
is located at the brush border of small intestine (Joshi
et al. 2015). However, it should be understood that these
α-glucosidase inhibitors may not be limited within the intestine, but may get absorbed into the systemic circulation and
modulate multiple pathways. One of the previous studies
also reports few flavonoids as α-glucosidase inhibitors from
Ficus benghalensis to regulate the p53 signaling pathway
in DM (Khanal and Patil 2019). Hence, there is a possibility of regulation of multiple pathways even if the molecule
is designed for single target. However, this theory can be
utilized to manage complex polygenic conditions like DM
and obesity. Hence, molecules can be designed/investigated
in a smarter approach by targeting specific receptor e.g.
PPAR-α or enzyme e.g. α-glucosidase, DPP4 or PTPN1B
and concurrently regulating multiple pathways involved in
disease pathogenesis. Hence, the present study investigated

the hydroalcoholic extract/fraction(s) from D. repens for
α-glucosidase inhibitory activity (in vitro), gene-set enrichment analysis of potential α-glucosidase inhibitors (in silico) and their safety in human consumption by predicting
the cytotoxicity in normal cell lines and ADMET profile.
Identification of lead molecules from traditional plants for
managing particular diseases could be complicated since
these agents are composed of multiple phytoconstituents.
However, in silico molecular docking (Khanal et al. 2019a,
b), gene set enrichment analysis (Khanal and Patil 2019) and
network pharmacology approach (Khanal et al. 2019c) can
solve this problem which have been applied in the present
study.
Enzyme α-glucosidase converts polysaccharides into
monosaccharides by breaking 1,4 glycosidic linkage and
is responsible for the elevation of postprandial blood glucose levels (Telagari and Hullatti 2015). Previous reports
suggest the potency of flavonoids from multiple traditional
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Fig. 2  Cytotoxicity of (a) scutellarein, (b) pectolinarigenin, (c) penduletin 4′-methyl ether and (d) acarbose in normal cell lines

plants to inhibit α-glucosidase (Telagari and Hullatti
2015; Li et al. 2018; Proença et al. 2017). Previous study
reported 7-O-α-d-glucopyranosyl-3,5-dihydroxy-3′-(4″acetoxyl-3″-methylbutyl)-6,4′-dimethoxyflavone (1),
7-O-α-d-glucopyranosyl-3,4′-dihydroxy-3′-(4″-acetoxyl-3″methylbutyl)-5,6-dimethoxyflavone (2), 3,7,4′-trihydroxy3′-(8″-acetoxy-7″-methyloctyl)-5,6-dimethoxyflavone (3)
as potent α-glucosidase inhibitors from D. repens (Iqbal
et al. 2004). Similarly, in the present study, fraction rich in
flavonoids was identified to possess highest α-glucosidase
inhibitory activity compared to other fractions.
During enzyme inhibition, uncompetitive inhibitors decrease substrate K m and V max by exhibiting
higher inhibition with the increase in substrate concentration
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by forming complex between substrate and enzyme which
cannot be reversed by increasing substrate concentration.
Similarly, Lineweaver–Burk plot of these inhibitors produce
parallel line with non-inhibitor line (Strelow et al. 2004). In
the present study, all fractions from D. repens were identified to decrease substrate Km and Vmax compared to noninhibitor by producing parallel lines in Line weaver Burt
plot suggesting their interaction with an allosteric site of
α-glucosidase enzyme.
The utilization of multiple bioinformatic and cheminformatic tools help to identify lead hit molecules from traditional folk medicines which can be further modeled to
increase their efficacy with minimal side effects (Khanal and
Patil 2019, Khanal et al. 2019a, b, c). However, it should be
accepted for the occurrence of false-positive docking score
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Fig. 3  ADMET profile of a penduletin 4′-methyl ether, b scutellarein,
c pectolinarigenin, and d acarbose

Table 3  Probable side effects of α-glucosidase inhibitors
Phytoconstituents

Pa

Pi

Side effect

Scutellarein
Pectolinarigenin
Penduletin 4′-methyl ether
Acarbosea

0.806
0.614
0.456
0.710
0.350

0.059
0.136
0.220
0.017
0.299

Hepatotoxicity
Hepatotoxicity
Hepatotoxicity
Nephrotoxicity
Hepatotoxicity

if the targets are not identified properly (Deng et al. 2015).
Hence, the present study utilized one of the cheminformatic
tools i.e. BindingDB (predicts targets) for identifying of
α-glucosidase inhibitors i.e. pectolinarigenin, scutellarein,
and penduletin 4′-methyl ether. Further, gene enrichment
analysis was performed to investigate the interaction of proteins and pathways modulated by these compounds. Likewise, the predicted α-glucosidase inhibitors were also identified to target aldose reductase with probability 0.79, 0.84
and 0.83 for pectolinarigenin, scutellarein, and penduletin
4′-methyl ether respectively suggesting their probable contribution in delaying diabetic complications.
In silico molecular docking is a computational approach
which helps to understand the binding affinity of small molecules with respective targets. Further, it also helps to predict
the probable interactions of molecules with amino acid residues of targets (Chy et al. 2019; Paul et al. 2018; Dash et al.
2015). In the present docking study, three lead molecules
i.e. scutellarein, pectolinarigenin, and penduletin 4′-methyl
ether were docked against enzyme and compared with gold
standard for α-glucosidase inhibitor i.e. acarbose in which
all three molecules showed equal number of hydrogen bond
interactions. Likewise, scutellarein showed the lowest binding energy i.e. − 8 kcal/mol by interacting with GLY123 and
GLN121. However, the binding affinity of scutellarein was
less than acarbose which could be the outcome of higher
hydrogen bond interactions.
Gene set enrichment analysis identified modulation of
p53 signaling pathway which has been commonly modulated by all three phytoconstituents regulating two proteins
i.e. CASP8 and TP73. Under physiological conditions,
CASP8 is reported to maintain the beta-cell mass (Liadis
et al. 2007); also regulates the Bid-stimulated mitochondrion/caspase-9 pathway in diabetic embryopathy; inhibition
mimics the malfunctioning of an embryo. Similarly, TP73
has been reported to possess an association with ulcerative
stomatitis (Lee et al. 1999) which also occurs in DM (AlMaskari et al. 2011). Hence, the identified α-glucosidase

Pa probable activity, Pi probable inactivity
a

Clinically approved α-glucosidase inhibitor

Table 4  Druglikeness score of α-glucosidase inhibitors from Duranta repens
Phytoconstituents

PubChem CID

Molecular formula

Molecular weight

NHBA

NHBD

MolLogP

DLS

Pectolinarigenin
Penduletin 4′-methyl ether
Scutellarein
Acarbose

5320438
5318355
5281697
41774

C17H14O6
C19H18O7
C15H10O6
C25H43NO18

314.08
358.11
286.05
645.25

6
7
6
19

2
1
4
14

3.26
3.39
2.56
− 7.96

0.52
0.45
0.72
0.51

NHBA number of hydrogen bond acceptor, NHBD number of hydrogen bond donor, DLS druglikeness score
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Fig. 4  Proteins regulated by phytoconstituents. Red: upregulated,
green: downregulated, blue: both upregulated and downregulated

inhibitors may not be limited only to inhibit the enzyme,
but also prevent worsening diabetes and related complications. Further, enrichment analysis also identified pathways
related to diabetic complications i.e. diabetic retinopathy and
nephropathy. Apelin has been identified to be produced from
adipocytes which links the close relationship between diabetes and metabolic syndrome by regulating glucose and lipid

metabolism (Xu et al. 2011; Chadt et al. 2000). In the present
study, pectolinarigenin and penduletin 4′-methyl ether were
identified to modulate the apelin signaling pathway suggesting their role in the amelioration of diabetes pathogenesis.
Further, the wnt signaling pathway is involved in glucose
homeostasis and also regulates low-density lipoprotein; if
mutated leads to the development of diabetes and obesity
(Liu et al. 2012). In the present study, pectolinarigenin and
penduletin 4′-methyl ether were predicted to modulate wnt
signaling pathway by regulating two proteins i.e. CTNNB1
and MMP7 suggesting their role in diabetes management.
Similarly, we investigated the lead hit molecule i.e. scutellarein from D. repens for its potency to inhibit α-glucosidase
which was found to be 1.08 times more potent than the fraction rich in flavonoids. However, our research team believes,
the agents from the plant sources primarily extract(s)/
fraction(s) contain multiple compounds; may act synergistically to generate the pharmacological effect as explained
by other investigators (Zhou et al. 2016).

Conclusion
The present study reports fraction rich in flavonoids from D.
repens to inhibit α-glucosidase enzyme compared to others
followed by identification of potential phytoconstituents for

Table 5  Gene enrichment analysis of α-glucosidase inhibitors from Duranta erecta
Compounds

Pathway

Description

Gene count

False discovery rate

Matching proteins

Scutellarein

hsa04115
hsa04066a
hsa04068b
hsa04213

p53 signaling pathway
HIF-1 signaling pathway
FoxO signaling pathway
Longevity regulating pathway—multiple species
Longevity regulating pathway
HIF-1 signaling pathway
p53 signaling pathway
FoxO signaling pathway
Apelin signaling pathway
Wnt signaling pathway
HIF-1 signaling pathway
p53 signaling pathway
Apelin signaling pathway
Wnt signaling pathway

4
4
3
2

9.07E−05
0.00029
0.0111
0.0257

CASP8, MDM2, TP53I3, TP73
EGLN1, HMOX1, NOS2, TIMP1
CAT, MDM2, SIRT1
CAT, SIRT1

2
4
3
2
2
2
3
2
2
2

0.0393
0.00012
0.0011
0.0431
0.0431
0.0456
0.0032
0.0209
0.045
0.0479

CAT, SIRT1
FLT1, HMOX1, NOS2, TIMP1
CASP8, MDM2, TP73
CAT, MDM2
NOS2, PLAT
CTNNB1, MMP7
HMOX1, NOS2, TIMP1
CASP8, TP73
NOS2, PLAT
CTNNB1, MMP7

Pectolinarigenin

Penduletin 4′-methyl ether

a
b

hsa04211b
hsa04066a
hsa04115
hsa04068
hsa04371
hsa04310
hsa04066a
hsa04115
hsa04371
hsa04310

Pathways identified for diabetic retinopathy
Pathways identified for diabetic nephropathy
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Fig. 5  Network interaction of scutellarein, pectolinarigenin, penduletin 4′-methyl ether with respective proteins and regulated pathways

Table 6  α-Glucosidase binding affinity of Duranta erecta
Ligands

Binding affinity (kcal/mol)

NHB

HBR

Pectolinarigenin
Scutellarein
Penduletin 4′-methyl
ether
Acarbose

− 7.1
−8
− 7.1

2
2
2

ARG275, ASP95
GLY123, GLN121
TRP126, TYR110

− 8.17

6

ALA93, TRP126,
GLY116,
GLP119,
GLN121

this activity. Further, modulation of multiple pathways by
α-glucosidase inhibitors chiefly p53 signaling pathway was
identified. The study also suggests evaluating fraction rich
in flavonoids from D. repens in insulin-deficient diabetic
animal models to assess if these agents can enhance the
β-cell mass in the pancreas or not. Limiting to the present
study, the gene enrichment analysis was based on computer
simulations which need to be further confirmed using welldesigned experimental protocols.

NHB number of hydrogen bonds, HBR hydrogen bond residues
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Fig. 6  Interaction of a pectolinarigenin, b scutellarein, c penduletin 4′-methyl ether and d acarbose with α-glucosidase
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ABSTRACT
Introduction: Schizophrenia is one of the most serious and frightening of all mental illnesses. Atypical antipsychotics are
first line drugs for schizophrenia. They have significant adverse drug events. Aim: The study was conducted with an aim
to evaluate the pattern of occurrence of Adverse Drug Reactions (ADRs) in the patients with schizophrenia and to assess
their causality and severity. Materials and Methods: A prospective study was carried out in the psychiatry inpatient and
outpatient department of KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi, Karnataka for 3
months. All patients diagnosed with schizophrenia and stable on atypical antipsychotics and receiving pharmacotherapy
was included. Assessment of causality and severity of recorded ADRs was done using Naranjo’s scale and Hartwig Scale
respectively. Results: A total 32 ADRs were recorded from 25 patients out of 60 patients. The most common ADRs were
weight gain (28.13%) and insomnia (18.75%). Majority of ADRs were Probable (53.13%)on Naranjo’s causality
assessment scale and Level 4b (40.63%) on Hartwig’s severity assessment scale. The drug Aripriprazole showed maximum
ADRs (34.38%). Conclusion: ADRs are frequent occurrence in patients with schizophrenia which are probable in most
cases. Incidence of ADRs can be decreased and compliance as well as quality of patient can be improved by early detection
and management.
Keywords: Adverse Drug Reaction, Atypical Antipsychotics, Schizophrenia, Naranjo’s scale, Hartwig’s scale.
INTRODUCTION
The significant component of powerful drug regulation
systems, clinical practice and public health programs and
also describes the process for monitoring and evaluating
ADRs is Pharmacovigilance it is the pharmacological
science related to the collection, detection, assessment,
monitoring and prevention of adverse effects or any other
drug-related problem1.
World Health Organization (WHO) defines an ADR as “A
response to a drug which is noxious and unintended, and
which occurs at doses normally used in man for the
prophylaxis, diagnosis, or therapy of disease, or for the
moderations of physiological function”2. ADRs are
recognized to be one of the significant cause of hospital
admissions and the incidence varied from 0.2% to 41.3%.3
According to the Centre for Health Policy Research, more
than 50% of the approved drugs were associated with some
type of adverse reactions not detected prior to approval. 4,5
Schizophrenia referred by the fifth Diagnostic Manual of
Mental Disorders (DSM-V) as Individuals suffering from
characteristic psychotic symptoms and a noted impairment
in adaptive functioning. Two or more from a list of
symptoms must be present, with at least one them being

*Author for Correspondence: geetanjalisalimath@gmail.com

delusion, hallucinations, or disorganised speech. The time
frame is an active phase of the disorder lasting
approximately one month and these symptoms, with
possibly of less intensity, continue for duration of at least
six months.6 The first goal of treatment for patients with
mental disorders focused on schizophrenia is to control
symptoms to allow return to normal levels of
psychological functioning and rapid control of symptoms
such as agitation, aggregation, delirium, visual
hallucinations, etc. The commonly prescribed Atypical
Antipsychotics drugs are; Amisulpride, Aripiprazole,
Clozapine, Olanzapine, Quetiapine, Risperidone,
Zotepine.7The common adverse events of Atypical
Antipsycotics:
Hyperglycemia,
Weight
gain,
Dyslipidemia, Dry mouth.8 All the effective drugs used for
the treatment of schizophrenia, no matter how competently
used, may cause adverse reactions. Thus, a continuous
monitoring of ADRs is essential.9 Early detection of drug
toxicity helps in timely treatment of the patient, improve
compliance and decrease cost of therapy. In India, there is
a scarcity of information related to ADRs occurring due to
psychotropic drugs.
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Figure 1: Demographic Details of ADR Patients

Figure 2: Types of ADR in Patients
So, with this background, the principal aim of this
prospective study was to determine the pattern of ADRs
occurring in the patients of schizophrenia those stable on
atypical antipsychotics coming to Psychiatry Department
on Inpatient and Outpatient Department of Dr. Prabhakar
Kore Hospital and Medical Research Centre, Belagavi,
Karnataka. The ADRs were also assessed for their
causality and severity.
MATERIALS AND METHODS
Ethical Issue: Institutional Ethical Committee Clearance
was obtained from the Human Ethics Committee of KLE

College of Pharmacy, Belagavi. The study protocol was
the explained and all the study documents such as patient
information sheet, Inform consent form (Kannada,
English, Marathi) were validated by ethical committee
members. Upon willingness to participate the written
consent was obtained from the patients in the initiation
stage of the study.
Study design and patient recruitment: A prospective
study was conducted to assess and evaluate the Adverse
Drug Reactions in the Inpatient and Outpatient department
of Psychiatry for a period of 3 months. Total 60 patients
were enrolled in study those were aged 18 to 65 years of
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Figure 3: ADRs with respect to drugs

Figure 4: Casuality Assessment by Naranjo’s Scale
either gender. Patients with schizophrenia stable on
Atypical Antipsychotic drugs were enrolled in the study.
Patients with cardiovascular diseases specifically
Coronary Artery Disease, Cardiac Arrest, Congestive
cardiac failure, Congenital Heart disease, stroke, history of
seizures, head injury or brain tumour, liver or kidney
disease and mentally retarded were excluded from the
study.
Study Protocol: The enrolled patients’ details accounted
for patient’s demographics, medical history, medication
history, complaints on admission, provisional diagnosis,
current therapy, drug treatment chart, discharge

medication and advice. Diagnosis of ADRs due to atypical
antipsychotic drugs was done by Consultant Psychiatrist.
On suspicion of an ADR the patient was evaluated and
reported to Department of Pharmacology, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre.
ADRs were documented on ADR reporting forms and
Alert Card were provided to the suspected patients. The
reactions were further assessed with the scientific tools like
Naranjo Scale and Hartwig Scale into Casual, Probable,
Preventable and Severe ADRs.
RESULTS
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Figure 5: Severity assesment by Hartwig’s scale
A total number of 60 patients were screened during the
study period , out of which 25 patients developed a total of
32 ADRs, a maximum of 8 (25%) were in the age group of
39-45 and 46-52, followed by 7 (21.87%) in 25-31, 4
(12.5%) in 18-24 , 3 (9.37%) in 60-65 and 2 (6.25%) in 3238 group. Male predominance was observed 59.37%, the
drug history was noted very cautiously before attributing
them to face ADRs (Table No.:01) (Figure No.:01).
A sum of 32(100%) ADRs were observed, major were
weight gain 9(28.13%), followed by tremor 6(18.75%),
hyper-salivation 3(9.38%), sleeplessness 2(6.25%),
sleepiness 2(6.25%), dry mouth 1(3.13%) , cough
1(3.13%), muscle stiffness 1(3.13%), type 2 DM
1(3.13%), constipation 1 (3.13%). (Table No.: 02) (Figure
No.:02).
The drug that accounted for maximum ADRs in the study
included atypical antipsychotics such as Resperidone
(31.25%) and Aripirazole (31.25%), 97 lanzapine
(21.85%) and Clozapine (15.63%) can be observed in
Table no.:03 .Many patients were deprived of appetite on
correlation it was observed most of it were due to the
disease progression. Weight gain in patients varied from
2kg to 10kg with respect to patient mainly observed in
olanzepine 28.13% (Table No.:03) (Figure No.:03).
The atypical antipsychotic drugs were segregated
according to Anatomical Therapeutic Chemical
Classification system. The other antipsychotics (n05ax)
Resperidone (N05AX08), Aripirazole (N05AX12) were
the highest drugs to cause ADRs (Table No.:04).
The causality assessment was done by using Naranjio’s
scale wherein ADRs categorised as definite (n=13),
possible (n=02) and probable (n=17) (Table no.:05)(Figure
no.: 04). The severity assessment was done by using

Hartwig’s scale wherein ADRs categorised as Level 2
(n=1),Level 3 (n=7), Level 4a (n=9), Level 4b (n=13),
Level 5 (n=2) (Table no.:05) (Figure no.:05).
The Table no.:07 represents the management with respect
to the ADR occurred. In the worst cases the drug was
withdrawn or else the dose was altered, continued with
same dose. The antidote was given in certain condition
where patient had suffered severe ADR. Rechallange was
not attempted in any patient. Dechallanged drugs were
Respiredone and Olanzepine for 3 (12%) of the patients. In
one patient ADR was observed to be metabolic syndrome
of having Type 2 diabetes mellitus (Table No.:07).
Table 1 Demographic details of ADR patients
Age
Gender
Total
(years)
Male
Female
18-24
2 (6.25%)
2 (6.25%)
4 (12.5%)
25-31
5 (15.63)
2 (6.25%)
7 (21.87%)
32-38
2 (6.25%)
0(0%)
2 (6.25%)
39-45
2 (6.25%)
6 (18.75)
8 (25%)
46-52
5 (15.63%)
3 (9.37%)
8 (25%)
53-59
0(0%)
0(0%)
0(0%)
Above 60
3 (9.37%)
0(0%)
3 (9.37%)
Total
19 (59.37%) 13 (40.63%) 32 (100%)
DISCUSSION
The manufacturing of medicinal products is a heavily
regulated process to ensure those products are safe,
efficacious and effective is important. Collecting data on
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Table 2 Types of ADR in patients
ADR
18-24
Insomnia
0(0%)
Dry mouth
0(0%)
Cough
0(0%)
Muscle Stiffness
0(0%)
weight gain
2(6.25%)
Tremor
0(0%)
Hyper salivation
1(3.13%)
Type 2 DM
0(0%)
Constipation
0(0%)
Sleeplessness
1(3.13%)
Sleepiness
0(0%)
Total
4(12.5%)

25-31
1(3.13%)
0(0%)
0(0%)
0(0%)
2(6.25%)
1(3.13%)
1(3.13%)
0(0%)
0(0%)
0(0%)
2(6.25%)
7(21.85%)

Groups
32-38
39-45
0(0%)
2(6.25%)
0(0%)
1(3.13%)
0(0%)
1(3.13%)
0(0%)
1(3.13%)
1(3.13%)
1(3.13%)
0(0%)
2(6.25%)
1(3.13%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
2(6.25%)
8(25%)

Total
46-52
2(6.25%)
0(0%)
0(0%)
0(0%)
3(9.38%)
1(3.13%)
0(0%)
1(3.13%)
0(0%)
1(3.13%)
0(0%)
8(25%)

Above 60
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
2(6.25%)
0(0%)
0(0%)
1(3.13%)
0(0%)
0(0%)
3(9.38%)

5(15.63%)
1(3.13%)
1(3.13%)
1(3.13%)
9(28.13%)
6(18.75%)
3(9.38%)
1(3.13%)
1(3.13%)
2(6.25%)
2(6.25%)
32(100%)

Table 3: ADRs with respect to the drugs
ADR
Olenzapine
(N05AH03)
Insomnia
1 (3.13%)

Type of a drug
Resperidone
Aripiprazole
(N05AX08)
(N05AX12)
4(12.5%)
0(0%)

Clozapine
(N05AH02)
0(0%)

5(15.63%)

Dry mouth
Cough
Muscle Stiffness
weight gain
Tremor
Hyper salivation
Type 2 DM
constipation
Sleeplessness
Sleepiness
Total

0(0%)
0(0%)
0(0%)
1(3.13%)
3(9.38%)
1(3.13%)
0(0%)
0(0%)
0(0%)
1(3.13%)
10(31.25%)

0(0%)
0(0%)
0(0%)
2(6.25%)
0(0%)
2(6.25%)
0(0%)
0(0%)
1(3.13%)
0(0%)
5(15.63%)

1(3.13%)
1(3.13%)
1(3.13%)
9(28.13%)
6(18.75%)
3(9.38%)
1(3.13%)
1(3.13%)
2(6.25%)
2(6.25%)
32(100%)

0(0%)
0(0%)
0(0%)
4 (12.5%)
0(0%)
0(0%)
0(0%)
0(0%)
1(3.13%)
1(3.13%)
7(21.85%)

Table 4: ATC Classification
Name of
Organ System
Drug
affected
Olenzapine
Nervous
(N05AH03)
System(N)
Resperidone
Nervous
(N05AX08)
System(N)
Aripiprazole Nervous
(N05AX12)
System(N)
Clozapine
Nervous
(N05AH02)
System(N)

Drug Class (ATC
code)
Antipsychotics (n05a)
Other antipsychotics
(n05ax)
Other antipsychotics
(n05ax)
Antipsychotics (n05a)

safety continues throughout the life of a drug in the clinical
research as well in routine clinical practises. Hence,
comprehensive compilation adverse drug reaction is
significant to increase quality of life of the patients. This
study was conducted to emphasis the pattern of ADR
among the patients stable on atypical antipsychotics in
schizophrenia from psychiatric department.
The present study showed the impact of clinical pharmacist
in assessing and evaluating ADRs from IDP and OPD. A
total of atypical anti-psychotics were prescribed which
were olanzapine, respiridone, aripirprazole and Clozapine
majorly for 25 subjects resulting into 32 ADRs from total

1(3.13%)
1(3.13%)
1(3.13%)
2(6.25%)
3(9.38%)
0(0%)
1(3.13%)
1(3.13%)
0(0%)
0(0%)
10(31.25%)

Total

sample size of 60 Schizophrenia patients. Male
prepondance was observed 59.37%, the drug history was
noted significantly to assess the ADRs.
The weight gain (28.13%) ADRs were exclusively
reported for olanzapine drug followed by extrapyramidal
side effect tremor (18.75%). It is suggested that switching
the medication or psychotherapy, education and health
lifestyle will be beneficial in treating the drug induced
weight gain.10
Among atypical anti-psychotics respiridone (31.25%) and
aripiprazole (31.25%) were commonly prescribed drugs.
We also observed one metabolic syndrome side effect i.e
type 2 diabetes mellitus due to aripiprazole.
The drugs were segregated according Anatomical
Therapeutic Chemical Classification System (ATC). This
study adds on to recognition of side effects and their
management to execute strategies and optimize patient
care. Such initiatives would increase the specialty and
collaborative care services in the country.
The study limitations were seen were routine
haematological, clinical chemistry or ECG screening of
patients or blood samples for sugar, lipid and prolactine
estimation was not possible routinely. Short duration of
study is another demerit . Another drawback was

IJPCR, Volume 11, Issue 4: July-September, 2019

Page 98

Sangaokar et.al. / Impact of Clinical Pharmacist…

Table No.:05 Casuality Assessment by Naranjo’s Scale
Drugs
Casuality Assessment
Definite
Probable

Possible

Clozapine
Olanzepine
Resperidone
Aripiprazole
Total

0 (0.0%)
0 (0.0%)
1(3.13%)
1(3.13%)
2(6.25%)

1(3.13%)
4(12.5%)
3(9.38%)
5(15.63%)
13(40.63%)

4(12.5%)
3(9.38%)
5(15.63%)
5(15.63%)
17(53.13%)

Table No.:06 Severity assessment by Hartwig’s scale
Drugs
Severity levels
Level 1
Level 2
Level 3
Level 4(a)
Clozapine
Olanzepine
Resperidone
Aripiprazole
Total

0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)

0(0.0%)
0(0.0%)
0(0.0%)
1(3.13%)

3 (9.38%)
0(0.0%)
1(3.13%)
3 (9.38%)

1(3.13%)
2 (6.25%)
3 (9.38%)
3 (9.38%)

1(3.13%)

7 (21.88%)

9 (28.13%)

Table No.: 07 Management of ADRs
Management of ADR
Reaction
Drug withdrawn

Dose alter

No change

Antidote

Insomnia
Weight gain
Tremor
Total
Tremor
Constipation
Total
Dry mouth
Cough
Weight gain
Hyper salivation
Type 2 DM
Sleeplessness
Sleepiness
Total
Insomnia
Muscle Stiffness
Tremor
Sleeplessness
Total

Grand Total
spontaneous reporting due to lack of awareness both at
healthcare professionals and patient level. The severity of
ADR can be even explained by comorbidities and
concomitant medication but we did not consider the
correlation in the study.
The study elucidates the pattern of ADR in atypical antipsychotics for schizophrenia patients. The increasing use
of atypical anti-psychotics correlates with various patterns
of ADRs. It is evident that ADRs are well established in
psychiatric arena. The collaborative approach of clinical
pharmacists with psychiatrist would create extensive

Total

Total
Level 4 (b)

Level 5

1(3.13%)
4 (12.5%)
5 (15.63%)
3 (9.38%)
13
(40.63%)

0 (0.0%)
1(3.13%)
0(0.0%)
1(3.13%)

5 (15.63%)
7 (21.88%)
9 (28.13%)
11(35.38%)

2 (6.25%)

32

IP No. of subject

1
1
2
1
1
1
3
5

5(15.63%)
7(21.88%)
9(28.13%)
11(34.38%)
32 (100.0%)

OP No. of subject

Total

1

1

1
1
3
1
1
2
1
1
7
2
1
1
2
15
3
3
1
7
27

1
1
3
1
1
2
1
1
8
3
1
1
2
17
4
1
4
1
10
32

impact on assessment and evaluation of ADR profile
achieves compliance of drug therapies.
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ABSTRACT: Ciprofloxacin is a class of broad-spectrum fluoroquinolone
antibacterial agent and produces a synergistic effect in combination with
Curcumin. In the present research work, we have developed a new analytical
method for the determination of Ciprofloxacin and Curcumin in its bulk powder.
The UV-spectrophotometric method was developed by utilizing a solvent system
composed of methanol: water (50:50 v/v). Ciprofloxacin and Curcumin showed
maximum absorbance wavelength at 275 nm and 430 nm respectively. The
method was optimized and validated in terms of specificity, selectivity, linear
range, precision, robustness, ruggedness, reproducibility and solutions stability
as per ICH guidelines. Analytes showed a linear response between the
concentration ranges of 1-6 µg/mL. This method was found to be precise, robust,
rugged and reproducible with % RSD values less than 2%. Hence, a newly
developed, optimized and validated UV-Spectrophotometric method was found
to be simple, selective, specific, linear, precise, robust, rugged, reproducible and
economical and can be used for simultaneous determination of Ciprofloxacin
and Curcumin in bulk drug combination.

INTRODUCTION: Ciprofloxacin hydrochloride,
chemically 1-cyclopropyl -6-fluoro-1, 4-dihydro-4oxo-7 (1- piperazinyl)-3-Quinoline carboxylic acid
hydrochloride is a class of fluoroquinolone
antibiotic effective against both gram-positive and
gram-negative bacteria 1. It acts by inhibiting
enzymes such as DNA gyrase, topoisomerase-II,
topoisomerase-IV and interferes with the growth of
bacteria 2. It is used both in human and veterinary
medicine to treat various infectious diseases such
as infection of bones, joints, endocarditis,
gastroenteritis, respiratory tract infections, cellulitis
and urinary tract infections 3.
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Curcumin chemically, (1E, 6E)-1, 7-Bis (4hydroxy-3-methoxyphenyl) hepta-1, 6-diene-3, 5dioneis major natural polyphenolic pigment present
in the turmeric root (Curcuma longa.). Biologically
it has potent activities which include anti-septic,
anti-bacterial, anti-cancer, anti-inflammatory and
anti-amyloidal activities 4-5.
Synergistic antibacterial activities of Curcumin
with antibiotic Ciprofloxacin against Staphylococcus aureus have been reported by Teaw SY
and Ali SA in their research work and they have
concluded that Curcumin enhances the antibacterial
effect of Ciprofloxacin 6. This promotes us to carry
out research on the development and validation of a
suitable new analytical method for the
determination of ciprofloxacin and curcumin in
bulk drug combinations. Based on the above fact,
there is a necessity to develop and optimize a
formulation containing both ciprofloxacin and
curcumin for their synergistic antibacterial effect
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and to analyze the drug contents in the formulation.
Literature survey reviewed that ciprofloxacin can
be analyzed by UV-spectrophotometric 7, RPHPLC and HPTLC 8 methods also few UVspectrophotometric 9, RP-HPLC 10 and HPTLC 11
methods reported for analysis of curcumin in single
and combination with other drugs in various
pharmaceuticals and Ayurvedic dosage forms.
But no analytical method was reported for
simultaneous determination of ciprofloxacin and
curcumin. Hence, in the present research an attempt
has been made to develop and validate a new UVSpectrometric analytical method for simultaneous
determination of both analytes in bulk combination.
MATERIALS AND METHODS:
Drug Samples: Ciprofloxacin having potency of
99.98% was procured from Micro Labs Pvt. Ltd.
Bengaluru. Curcumin having potency 95% was
procured from natural remedies, Bengaluru.
Reagents and Chemicals: all the chemicals and
reagents used for the experiment were pure and
analytical grade and obtained from the storehouse
of KLE College of Pharmacy, Belagavi.
Instruments and Apparatus: UV-Spectrophotometer of Shimadzu make and 1800 model
having UV probe software were used for analysis.
Method Development: The development of UV
spectrophotometric method was started with the
selection of the solvent system and determination
of the maximum wavelength of absorption of UV
light. The solubility of ciprofloxacin and curcumin
was checked in various solvents by performing
practically and also through the literature survey.
A literature survey revealed that ciprofloxacin is
soluble in water and curcumin is soluble in
methanol. In order to select the solvent, few trials
were carried out in different solvents. Finally, a
mixture of solvents containing Methanol: Water
(50:50% v/v) was used.
Solutions containing both analytes were scanned
between the range of 800-200 nm and the UV
spectrum was obtained in single and combination.
Ciprofloxacin and curcumin showed maximum
absorbance wavelength of 275 nm and 430 nm
respectively.
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Method Validation: In order to prove the
suitability of method, optimized method parameters
were validated as per ICH guidelines Q2A; Q2B 1213
.
Specificity and Selectivity: Solutions containing
ciprofloxacin and curcumin were scanned between
the range of 800-200 nm and the spectrum was
obtained. A spectrum of blank solvent was obtained
and compared for any interference at maximum
wavelength of absorbance of analytes.
Linear Range Response: 10 mg of ciprofloxacin
and curcumin was weighed separately and
transferred into 10 mL of volumetric flask. Few mL
of dimethylformamide was used to dissolve both
drugs and volume was made up to the mark using a
solvent to obtained 1000 µg/mL of analytes. From
this stock serial dilutions were made to obtained 1,
2, 3, 4, 6 µg/mL solutions of ciprofloxacin and
curcumin. The resulted solutions were prepared in
triplicates and absorbance was measured at 275 nm
and 430 nm respectively for ciprofloxacin and
curcumin analytes.
Detection and Quantification Limit of Analytes:
Limit of detection and quantification was
calculated by using statistical calculations using the
formula:
LOD = 3.3 × standard deviations of y-intercept / Slope of the
calibration curve
LOQ = 10 × standard deviations of y-intercept / Slope of the
calibration curve

Precision: Six replicates of a solution containing
ciprofloxacin and curcumin were prepared and
absorbance of each solution was measured at 275
nm and 430 nm respectively.
On the same day at different time intervals and on
different days to obtained system precision,
intraday precision and inter-day precision data and
absorbance were measured and % RSD was
calculated.
Precision at LOQ Level: The precision at LOQ
concentration of each analyte was performed. Six
replicates of each analyte were prepared from a
standard stock solution at their LOQ concentration
and absorbances of each were measured and %RSD
calculated.
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Robustness: Solvent system composed of
Methanol: Water (50:50% v/v) was used for the
dilutions. For the robustness analysis solvent
system containing Methanol: Water (49:51% v/v)
and Methanol: Water (51:49% v/v) was prepared
and six replicates of solutions containing both
analytes were prepared by using each solvent
system and absorbance’s was measured and %
RSD was calculated.
Ruggedness and Reproducibility: In order to
prove ruggedness and reproducibility of method six
replicates of solutions containing both analytes
were prepared and absorbance’s of each replicate
solutions were measured by different analyst and
also by using different instruments and %RSD was
calculated for absorbance’s obtained.
Solution and Standard Stock Solution Stability:
In order to study the stability of solvent and stock
solutions, fresh stock was prepared and dilutions
were made using fresh solvent and absorbance’s of
each dilutions containing both analytes were
compared with that of old stock dilutions and %
RSD was calculated.
RESULTS AND DISCUSSION:
Development: For the simultaneous estimation of
ciprofloxacin and curcumin the basic criterion is
that both analytes should be soluble in the same
solvent as we are analyzing both analytes
simultaneously. Hence it was the most critical step
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in the method. Many trials were made and finally,
we have concluded that both analytes are soluble in
a mixture of methanol and water and hence it was
chosen as the solvent. Detection wavelength for
both analytes was obtained by scanning analytes
solution in a spectrophotometer. The spectrum
showed the maximum absorbance’s at 275 nm and
430 nm respectively for ciprofloxacin and
curcumin. The developed method parameters are
presented in Table 1.
TABLE 1: DEVELOPED METHOD PARAMETERS
S. no.
Parameters
Specifications
1
Analytes
Ciprofloxacin and
Curcumin
2
Solvent
Methanol: Water
(50:50% v/v)
3
Maximum wavelength of
275 nm
Ciprofloxacin
4
Maximum wavelength of
430 nm
Curcumin

Validation
Specificity and Selectivity: Spectrum of solvent
showed no interference of absorbance at maximum
wavelengths of ciprofloxacin and curcumin and
both analytes selectively showed maximum
wavelength at 275 nm and 430 nm respectively.
Hence method was found to specific and selective.
UV-spectrum of ciprofloxacin and curcumin was
showed in Fig. 1 and Fig. 2 respectively. UVSpectrum of both analytes in combination were
shown in Fig. 3.

FIG. 1: UV-SPECTRUM OF CIPROFLOXACIN

FIG. 2: UV-SPECTRUM OF CURCUMIN

FIG. 3: UV-SPECTRUM OF CIPROFLOXACIN AND CURCUMIN
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Linear Range Response: The standard calibration
curve was plotted using concentration vs.
absorbances obtained by each linear dilution of
both analytes. Each concentration showed linear
absorbance’s range between the concentration
range of 1, 2, 3, 4, 6 µg/mL with a regression
equation of 0.997 and 0.998 for Ciprofloxacin and
Curcumin respectively. Linearity range data was
presented in Table 2, the overlay spectrum of
linearity of ciprofloxacin and curcumin was
showed in Fig. 4 and a standard calibration curve
was presented in Fig. 5 and Fig. 6.

TABLE 2: LINEARITY AND RANGE DATA OF
CIPROFLOXACIN AND CURCUMIN
S.
Concentration Absorbance’s of
Absorbance’s
no.
Ciprofloxacin
of Curcumin
(275 nm)
(430 nm)
1
1 µg/mL
0.126
0.134
2
2 µg/mL
0.256
0.253
3
3 µg/mL
0.366
0.392
4
4 µg/mL
0.482
0.547
5
6 µg/mL
0.777
0.81
r²
0.997
0.998
% Curve fitting
99.80%
99.80%
LOD
0.41 µg/mL
0.24 µg/mL
LOQ
1.24 µg/mL
0.73 µg/mL

FIG. 4: LINEARITY OVERLAY SPECTRUM OF CIPROFLOXACIN AND CURCUMIN

FIG. 5: STANDARD CALIBRATION PLOT OF
CIPROFLOXACIN

Detection Quantification Limit of Analytes:
LOD values of ciprofloxacin and curcumin were
found to be 0.41 µg/mL and 0.24 µg/mL. LOQ of
values of Ciprofloxacin and Curcumin was found
to be 1.24 µg/mL and 0.73 µg/mL.

FIG. 6: STANDARD CALIBRATION PLOT OF
CURCUMIN

Precision: Method was found to be precise as the
%RSD calculated for six replicates solution of both
analytes at each precision level was found to be
less than 2% Table 3 and 4. The data of Precision
at LOQ level were shown in Table 5.

TABLE 3: SYSTEM AND INTRADAY PRECISION DATA OF CIPROFLOXACIN AND CURCUMIN
Precision
Conc.
4 µg/mL
4 µg/mL
4 µg/mL
4 µg/mL
4 µg/mL
4 µg/mL
%RSD

System precision
Ciprofloxacin
Curcumin
0.454
0.571
0.453
0.569
0.456
0.568
0.45
0.569
0.451
0.57
0.452
0.57
0.477%
0.184%

Intraday 1st h
Ciprofloxacin
Curcumin
0.459
0.553
0.46
0.554
0.459
0.552
0.455
0.551
0.456
0.548
0.452
0.548
0.670%
0.459%
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Intraday 5th h
Ciprofloxacin
Curcumin
0.453
0.547
0.456
0.547
0.459
0.55
0.452
0.547
0.451
0.546
0.452
0.545
0.674%
0.306%
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TABLE 4: INTERDAY PRECISION DATA OF CIPROFLOXACIN AND CURCUMIN
Precision
Interday-1
Interday-2
Interday-3
Conc.
Ciprofloxacin
Curcumin
Ciprofloxacin
Curcumin
Ciprofloxacin
Curcumin
3 µg/mL
0.371
0.373
0.395
0.388
0.372
0.369
3 µg/mL
0.381
0.379
0.392
0.386
0.37
0.358
3 µg/mL
0.38
0.379
0.382
0.381
0.369
0.36
3 µg/mL
0.385
0.384
0.374
0.378
0.369
0.359
3 µg/mL
0.385
0.384
0.385
0.383
0.368
0.358
3 µg/mL
0.391
0.383
0.387
0.37
0.369
0.358
%RSD
1.755%
1.124%
1.935%
1.693%
0.373%
1.199%
TABLE 5: PRECISION DATA OF CIPROFLOXACIN
AND CURCUMIN AT LOQ CONCENTRATION
Ciprofloxacin
Curcumin
Conc.
Abs
Conc.
Abs
1.24 µg/mL
0.101
0.73 µg/mL
0.097
1.24 µg/mL
0.098
0.73 µg/mL
0.099
1.24 µg/mL
0.103
0.73 µg/mL
1.101
1.24 µg/mL
0.101
0.73 µg/mL
0.102
1.24 µg/mL
0.101
0.73 µg/mL
0.099
1.24 µg/mL
0.102
0.73 µg/mL
0.100
%RSD
1.657%
%RSD
1.757%

Robustness, Ruggedness and Reproducibility: %
RSD values obtained for each analytes was found
to be less than 2% which indicates method was
robust with slight change in the % composition of
solvent system and also found to be rugged and
reproducible as %RSD obtained for absorbance of
each replicate of solution was within the
acceptance by change in the analyst and instrument
Table 6 and 7.

TABLE 6: ROBUSTNESS DATA OF CIPROFLOXACIN AND CURCUMIN
Robustness
Solvent composition 1
Replicates
Conc.
Ciprofloxacin
Curcumin
1
5 µg/mL
0.629
0.691
2
5 µg/mL
0.628
0.692
3
5 µg/mL
0.628
0.691
4
5 µg/mL
0.627
0.691
5
5 µg/mL
0.627
0.691
6
5 µg/mL
0.625
0.693
%RSD
0.218%
0.121%

Solvent composition 1
Ciprofloxacin
Curcumin
0.626
0.683
0.618
0.682
0.611
0.674
0.615
0.679
0.616
0.68
0.615
0.682
0.817%
0.483%

TABLE 7: RUGGEDNESS DATA OF CIPROFLOXACIN AND CURCUMIN
Ruggedness
By change in analyst
Replicates
Conc.
Ciprofloxacin
Curcumin
1
4 µg/mL
0.120
0.131
2
4 µg/mL
0.125
0.132
3
4 µg/mL
0.126
0.132
4
4 µg/mL
0.125
0.131
5
4 µg/mL
0.123
0.135
6
4 µg/mL
0.125
0.134
% RSD
1.767%
1.240%

change in the instrument
Ciprofloxacin
Curcumin
0.130
0.139
0.131
0.132
0.135
0.135
0.129
0.138
0.134
0.134
0.131
0.136
1.776%
1.903%

TABLE 8: SOLUTION STABILITY DATA OF
CIPROFLOXACIN AND CURCUMIN
Stability solutions
Ciprofloxacin
Curcumin
Replicates
Conc.
Fresh
Old
Fresh
Old
1
4 µg/mL
0.129
0.126
0.139
0.137
2
4 µg/mL
0.132
0.128
0.141
0.135
3
4 µg/mL
0.128
0.127
0.142
0.138
%RSD
1.610%
1.862%

Solution and Standard Stock Solution Stability:
% RSD for absorbance obtained by fresh and old
dilutions containing ciprofloxacin and curcumin
were found to be within the acceptance and data
obtained showed the standard stock solution and
solvent showed stability for 5 days Table 8.

CONCLUSION: The present research concludes
that a newly developed spectrophotometric method
was found to be simple, specific, selective, linear,
precise, robust, rugged and reproducible for the
simultaneous determination of Ciprofloxacin and
Curcumin in its bulk powder combination.
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Abstract
Background: Very little is known about the effects of drug wastage costs among cancer patients in terms of “financial
toxicity” leading to poor health and nonhealth outcomes. But reducing this drug waste is an attractive strategy for costcutting with regard to improving the health-related quality of life of the cancer patients. Thus, the objective of the study
was to determine drug wastage and to generate evidence for cytotoxic drug waste and financial burden among cancer
patients.
Methodology: On Ethics Committee approval, a prospective-observational study was conducted in cancer patients.
The data were collected in data collection form. Daily monitoring was done to analyze the quantity of drug wastage
which was interpreted using KW-ANOVA and further evidence was developed for corrective mitigation strategies
applicable to intent drugs.
Results: Among 90 patients, 52 patients experienced drug wastage that includes 9 intent drugs which figured out
unnecessary monetary units and quantity wastage that range from 80 to 50,000 INR and 10 to 500 mg, respectively. The
median price value for cost of drug wastage was 237.30 INR.
Conclusion: The study generates evidence that concludes the mandatory requirement of implementation of drug
wastage mitigation strategies for the drugs expected to cause wastage. Clinical pharmacist extensively contributes in
oncology pharmacy practice setting to identify the intent drugs and to abate the drug wastage among medications
intending to cause potential increment in drug expenditure among cancer patients on chemotherapy clinical pharmacist.
Keywords
Chemotherapy, drug waste, evidence, financial burden, drug waste mitigation strategies, HRQOL
Date received: 30 May 2019; revised: 10 December 2019; accepted: 12 December 2019

Introduction
Globally, cancer is considered as one of the primary
health problems of the population. The treatment
of cancer through chemotherapy began in the 20th century.1 For a decade ago, Paclitaxel (Taxol, BristolMyers Squibb) was termed as the earliest cancer
“blockbuster” by Roberts and Chabner as it was the
most frequently used drug which monthly cost more
than 2500 dollars.2 Usually, many drugs that come
into the market these days cost more than this
amount. This shows that the price rise has become a
trend in cancer drugs.2 The estimates are done in

a conservative manner propose that the prices for the
cancer drugs will exceed 150 billion dollars by the end
of 2020. This is largely driven by the expenditures on
certain novel therapies that price about 100,000 dollars
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or excess denoting an implausible rise in cancer care
cost.3,4 This states when the newer classes of drugs
come into the picture of cancer treatment, it culminates
into an economic pressure faced by the cancer patients
as well as their advocates that are generally termed as
“financial toxicity,” “financial distress,” or “financial
hardship.”5 According to American Society of
Clinical Oncology, a study postulates that due to the
drug wastage we cannot estimate the drug cost during
the cancer treatment course and apparently; this drug
wastage does not add any value to the health care

system and the patient rather it adds costs. This is
not applicable to the fixed dosing drugs but implies
to the drugs whose dose is calculated based on bodysurface area (BSA) and weight.3 In developed countries, health insurance firms are the third-party payers
for the patients. But in a developing country like India,
patient is solely responsible for the healthcare cost
which results in financial distress among cancer
patients. Thus, the need of hour is to forbid the financial burden on patients and improve the healthcare
system through building a practical approach to

Patients screened (n = 153)
Inclusion criteria: either gender,diagnosed with any cancer type, scheduled for
Initial chemotherapy cycle, able to adhere to protocol requirements

Exclusion criteria : pregnant & lactating womenpatients enrolled in another
Study, subject with less than 6 months of life expectancy, other class of drugs,
Oral cytotoxic agents.

Patients recruited (n = 90)
Those who fits the inclusion criteria and were willing to give the consent were recruited.

Informed Consent Form (ICF)& Patient Information Sheet (PIS) obtained
English/kannada /marathi/hindi language ICF & PIS were given and obtained from participants

Data collected in well designed study focused data collection form
To fulfill the objective details of 03 determinants (total cost of consumed drug, quantity of wastage and cost of wasted drug) were collected.

Daily monitoring done to assess quantity of drug wastage & cost incurred on it
9 intent drugs were identified based on the quantity of drug wastage.

Assessment of suitable drug wastage mitigation strategies for identified intent
drugs will be applied accordingly (future approach)

Figure 1. Brief summary of methodology used in the study.
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minimize the wastage of the expensive cancer drugs
that will have a significant impact on reducing financial
stress among the cancer population. So, the main
objective of the study was to determine the drug wastage (in milligrams), simultaneously develop and implement drug wastage mitigation strategies during
chemotherapy, in turn, improving the health-related
quality of life (HRQOL) in cancer patients.

Aim of the study
The aim of the study was to determine drug wastage
and generate an evidence for cytotoxic drug wasteinduced financial burden among cancer patients.

Methods
The study was conducted in cancer patients admitted in
Oncology Department of a Tertiary Care Hospital,
i.e., in KLE’s Dr. Prabhakar Kore Hospital and
Research Centre, Belagavi, Karnataka, India. It was
Table 1. Demographic details: age and gender distribution.
Gender

Percent

Age
(year)

Male

Female

Male

Female

Total
percent

11–20
21–30
31–40
41–50
51–60
61–70
71–80
Total

1
4
4
3
5
13
5
35

0
2
6
5
22
17
3
55

1.11
4.44
4.44
3.33
5.55
14.44
5.55
38.88

0
2.22
6.66
5.55
24.44
18.88
3.33
61.11

1.11
6.66
11.11
8.88
30
33.33
8.88
100

a prospective-observational study carried out for
6 months among 90 cancer patients (Figure 1).

Process of chemotherapy prescribing, approval,
and reconstitution
Registered practitioner prescribes the cytotoxic medicine; simultaneously, the duty doctor fills the admixing
form with required dose, distribution, route of administration, duration of infusion, and oncologist name.
The form is then sent to admixing unit (30 min prior
to chemotherapy). Further, Clinical Pharmacist checks
the admixture form and medicines for its appropriateness. The Pharmacist thereby reconstitutes the medication with safety procedure in Class II Biological
Safety Cabinet. Once the mixture is ready, it is
properly labeled and sent to nursing department for
administration.
During this process, monitoring of drug wastage
and cost incurred on it was assessed which is explained
in Figure 1.
After monitoring the quantity of wastage and cost
incurred on it, the 03 determinants of 09 intent drugs
were compared using KW-ANOVA. Data of 09 intent
drugs showed nonparameteric distribution (because
cost and quantity of wastage varies for 09 drugs).
Hence, the suitable stastical technique for comparison
of 09 intent drugs with nonparametric distribution was
KW-ANOVA (statistics was applied for all the 03
determinants—total cost of consumed cytotoxic drug,
quantity of wastage, and cost of wasted drug).

Results
Demographics details
Out of 90 patients, females (61.11%) were diagnosed
with cancer in higher proportion in comparison to

Table 2. Type of cancer distribution among 90 patients with respect to therapeutic regimen.
Number of
patients

Diagnosis
1

Breast cancer

32

2
3
4
5
6
7
8
9
10
11
Total

Esophagus cancer
Lung cancer
Germ cell tumor
Rectum cancer
Colon cancer
Multiple myeloma
Ovary cancer
Pancreas cancer
Follicular lymphoma
Others

3
6
6
4
4
5
3
4
5
18
90

Drugs mostly prescribed
Daunorubicin, cyclophosphamide,
2-sulfanylethanesulfonate, trastuzumab
Irinotecan, 5-fluorouracil
Paclitaxel, carboplatin, pemetrexed
Gemcitabine, bleomycin, etoposide, cisplatin
Oxaliplatin, paclitaxel,
Oxaliplatin, Daunorubicin
Bortezomib
Paclitaxel, carboplatin
Paclitaxel
Cyclophosphamide, doxorubicin
Rituximab, cyclophosphamide, doxorubicin, vincristine, epirubicin
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males (38.88). It is because most of the patients
recruited in the study suffer from breast cancer. So,
in the present study, females were more than males.
Refer to Table 1.
In total, 90 recruited patients were diagnosed with
11 different types of cancer. These patients were
Table 3. Independent-Samples Kruskal–Wallis test
for total cost of consumed drug (P < 0.05).
Total N

52

Test statistic
Degree of freedom
Sig. (two-sided test)

44.874
8
0.000

Table 4. Median of total cost of consumed drug (expressed in
INR).

prescribed with cytotoxic agents (20) as a part of chemotherapy regimen, which includes doxorubicin, cyclophosphamide, irinotecan, 5-fluorouracil, vincristine,
rituximab, paclitaxel, carboplatin, gemcitabine, pemetrexed, etoposide, bleomycin, cisplatin, carboplatin,
oxaliplatin, bortezomib, sodium 2-sulfanylethanesulfonate, daunorubicin, epirubicin, and trastuzumab. Each
patient was prescribed with at least one of the cytotoxic
drug from these 20 agents. Refer to Table 2.
But out of these 20 drugs, only 9 (45%) drugs (intent
drugs) were prone to drug wastage. Considerable
amount of drug wastage was observed in 52 patients
(57.7%), who were prescribed with the chemotherapy
regimen that included these intent drugs. Thus,
52 patients (total N, where N is the number of patients)
were considered for the analysis of determinants with
regard to 9 intent drugs.

N

Median (INR)

Total cost of consumed cytotoxic drug

Cyclophosphamide
Fluorouracil
Doxorubicin
Carboplatin
Rituximab
Oxaliplatin
Etoposide
Paclitaxel
Others
Total

9
2
17
6
4
4
3
5
2
52

276.61
36.80
1748.00
3076.66
46247.00
6905.45
1480.23
4912.65
5588.10
1776.66

The variables in the list do not follow a normal distribution, thus to test the difference between medians of
nine groups of intent drugs, KW-ANOVA method is
used, which is a nonparametric test that is equivalent to
one-way analysis of variance.
The null hypothesis was assumed as the distribution
of total cost of drug consumed (units can be expressed
as INR or Rs./Rupees) is the same across categories of
nine intent drugs causing wastage. IndependentSamples Kruskal–Wallis test was applied. The median

50,000.00

40,000.00

30,000.00
20,000.00

10,000.00

0.00
Others

Figure 2. Total cost of consumed drugs causing wastage.

Paclitaxel

Intent drugs

Etoposide

Oxaliplatin

Rituximab

Carboplatin

Doxorubicin

Flurouracil

Cyclophosphamide

Total cost of drug consumed (Units in RS.)

Nine intent drugs
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value of total cost consumed of consumed drugs was
found to be 1776.66 INR. Calculated value was
observed to be more than the critical chi-square value
at P < 0.05. Therefore, the null hypothesis was rejected,
which stated that the distribution of total cost consumed is not same across the categories of nine intent
drugs (Tables 3 and 4 and Figure 2).
Table 5. Independent-Samples Kruskal–Wallis test
for quantity of consumed drug wastage (P < 0.05).
Total N

52

Test statistic
Degree of freedom
Sig. (two-sided test)

39.887
8
0.000

Table 6. Median of quantity of wasted drug (expressed in mg).
N

Median (mg)

Cyclophosphamide
Fluorouracil
Doxorubicin
Carboplatin
Rituximab
Oxaliplatin
Etoposide
Paclitaxel
Others
Total

9
2
17
6
4
4
3
5
2
52

85.00
450.00
9.61
50.00
50.00
30.00
216.66
12.50
55.00
28.33

Quantity of drug wastage (Units in mg)

Nine intent drugs

Quantity of consumed cytotoxic drug wastage
The null hypothesis was assumed as the distribution
of quantity of drug consumed (units expressed in
mg) is the same across categories of nine intent drugs
causing wastage. Independent-Samples Kruskal–
Wallis test was applied. The median value of quantity
of wasted drugs was found to be 28.33 mg. Calculated
value was observed to be more than the critical
chi-square value at P < 0.05. Therefore, the null
hypothesis was rejected which stated that the distribution of quantity of consumed is not same across the
categories of nine intent drugs (Tables 5 and 6 and
Figure 3).

Cost of wastage of cytotoxic drug
The null hypothesis was assumed as the distribution of
cost of wastage (units expressed as INR) is the same
across categories of nine intent drugs causing wastage.
Independent-Samples Kruskal–Wallis test was applied.
The median value of total cost of wastage was found to
be 237.30 INR. Calculated value was observed to be
more than the critical chi-square value at P < 0.05.
Therefore, the null hypothesis was rejected which
stated that the distribution of cost of wastage is not
same across the categories of nine intent drugs
(Tables 7 and 8 and Figure 4).

500.00

400.00

300.00

200.00

100.00

0.00
Others

Paclitaxel

Etoposide

Figure 3. Quantity of wasted drug.

Oxaliplatin

Rituximab

Carboplatin

Doxorubicin

Fluorouracil

Cyclophosphamide

Intent drugs
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Discussion
Out of 90 recruited patients, drug wastage was
observed only in the drugs prescribed for 52 patients.
In addition, the current study was done in a single hospital which spotted nine intent cytotoxic drugs among
Table 7. Independent-Samples Kruskal–Wallis test
for cost of wastage (P < 0.05).
Total N

52

Test statistic
Degree of freedom
Sig. (two-sided test)

38.137
8
0.000

Table 8. Median cost of wastage of nine intent drugs (expressed
in INR).
Nine intent drugs

N

Median (INR)

Cyclophosphamide
Fluorouracil
Doxorubicin
Carboplatin
Rituximab
Oxaliplatin
Etoposide
Paclitaxel
Others
Total

9
2
17
6
4
4
3
5
2
52

28.17
20.70
167.30
279.50
3853.50
1500.75
394.33
472.50
1117.65
237.30

various cancer drugs, namely, cyclophosphamide, fluorouracil, doxorubicin, carboplatin, rituximab, oxaliplatin, etoposide, paclitaxel, and other miscellaneous
drugs that were intended to cause wastage among
52 patients. Similar study which was cross-sectional
conducted in three hospitals identified 14 drugs that
have the potential to cause wastage,4 whereas an
Italian study attributed six drugs (cetuximab, gemcitabine, docetaxel, pemetrexed, oxaliplatin and trastuzumab), because they focused only on 29 drugs in a year.6
Above-mentioned nine intent drugs which had the
potential to cause wastage showed a drastic impact on
unnecessary expenditure on cytotoxic drugs. Thus,
drug waste mitigation strategies will act as a tool to
resolve this issue. These strategies may include the
four corrective measures referred from an observational study like utilization of multidose vials, distribution
of treatment sessions over a week, selection of appropriate vials according to the price per unit, and the
rounding of dosages.6 Another strategy highlighted in
a case report about the use of in-office dispensing of
oral cancer drugs as a cost reduction model in cancer
patients can also be included with the corrective measures to abate drug wastage.7
The present study accounted for drug wastage and
its effect on the financial hardship on cancer patients in
terms of total cost of consumed drug, quantity of wastage and cost of wastage of nine intent drugs which was
verified by KW-ANOVA. Statistical analysis inferred

Cost of wastage (Units in RS.)

5,000.00

4,000.00

3,000.00

2,000.00

1,000.00

Others

Paclitaxel

Figure 4. Total cost of wastage.

Etoposide

Intent drugs

Oxaliplatin

Rituximab

Carboplatin

Doxorubicin

Fluorouracil

Cyclophosphamide

0.00
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a wide variation in the price of drug that result in wastage with quantity of wastage ranging from 10 to 500 mg
that attributed to 237.30 INR (Table 8) as median price
value. This analysis showed statistically significant
results at P < 0.05 for all the three determinants. The
median value of quantity of wastage and cost may
appear to be less but the projected cost and quantity
of wastage of drugs will rise proportionally with
increase in the consumption of nine intent cancer
drugs among the cancer population. In comparison to
a Canadian study which proposed a hypothetical
model where the projected cost of drug wastage without mitigation strategies was accounted to be around
16% to 18% of the total cost.4 Similarly in the study of
cost control in oncology showed economic loss of 4.8%
of annual expense.6
Thus, current study justifies clinical significance in
direct relation with drug wastage on financial burden in
cancer patients receiving chemotherapy which implicit
the need of implementation of drug wastage mitigation
strategies in oncology pharmacy practice setting.

7
Sequentially, it will help in ameliorating the HRQOL
of the cancer survivors without compromising their disease state.
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Conclusion
Thus, the call of time is to focus on expensive drugs
that cause wastage because even a small quantity of
drug that is wasted contributes to larger wastage cost
leading to financial burden among the cancer patients.
In conclusion, overall study provides an implicate
evidence that shows the need of implementation of
drug wastage mitigation strategies to reduce drug wastage causing economic burden for the cancer patients
receiving chemotherapy. This research will be worthwhile by expanding the study population. It is still a
challenging task in future to implement the similar
strategies in oral oncolytics and immunological
agents. Also, futuristic approach may focus on pharmacoeconomic evaluation methodologies to minimize
the drug wastage.
Clinical pharmacist plays a pivotal role in providing
pharmaceutical care in oncology pharmacy practice
setting. One of the major responsibility of clinical pharmacist in sustainable utilization of available costly drug
resources is to make an attempt to reduce the cytotoxic
drug wastage-induced financial burden among cancer
patients by implementing drug waste mitigation strategies in future. Clinical Pharmacist has a maximum
exposure in proper utilization of available drug resources to optimize the treatment plan by considering three
“E” parameters (efficient, economical, and effective).
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Abstract
Background: Cancer is a disease that is inevitably treated using chemotherapy, but the cytotoxic drugs used in the
treatment have the potency to cause adverse drug reactions (ADRs). Thus, supportive therapy plays an essential role in
managing the untoward effects of the cancer drugs in patients. This highlights the importance of medication adherence in
managing the disease, mitigating and preventing the occurrence of chemotherapy-induced ADR without compromising the
health status of the cancer population. Objective: To assess the adherence to chemotherapy and supportive therapy and
to evaluate type and degree of causality of ADRs observed in cancer patients. Methods: On ethics committee approval,
a 6-month observational study was conducted among recruited cancer patients undergoing chemotherapy in a tertiary
care hospital. Morisky Medication Adherence Measurement Scale–8 was employed to assess the medication adherence,
and ADR causality was determined using Naranjo ADR Probability Scale. Results: Ninety cancer patients participated in
the study, out of which females were 61.11%. Chemotherapy adherence in comparison to supportive drugs was observed
to be more (21.11%). Twelve different combination of ADR were reported in the subjects with variability in the degree
of causality assessment. Conclusion and Relevance: The distinction of adherence to the medication used in cancer
management with marked level of ADR was well depicted in the study, implicating the necessity of prudent symbiotic
practice of an oncology pharmacist, patient, and physician relationship in optimizing the quality of life of cancer patients by
imparting vigilant efforts in medication adherence.
Keywords
chemotherapy, supportive care, adverse drug reactions, adherence, cancer, pharmaceutical care

Background
The increased accessibility of potent medications and
advancement in the technology used in the biomedical sector has shown remarkable improvement in the quality of life
of cancer patients.1 Although there is a rapid evolution of
cancer treatment,2 medication adherence is overlooked in
cancer patients. Studies related to medication adherence to
chemotherapy and non-chemotherapeutic supportive care
therapy seems underutilized in daily oncology practice.
Moreover, due to rise of uncontrolled adverse drug reactions (ADRs), the recovery rate of cancer patients has been
reduced in the geriatric population.3 Imbalance in the medication-taking behavior and occurrence of ADRs has resulted

in intensive clinical and economic consequences.2 Thus, it
is necessary to gain insight into the factors influencing the
nonadherence to chemotherapy and supportive drugs, such
that the ADR occurrence is controlled wisely and the
patient’s disease condition is managed thoroughly. This will,
in turn, generate an evidence to prove the effective use of
chemotherapy and supportive therapy in fulfilling the gap in
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Table 1. Demographic Details: Age and Gender Distribution.
Age
(Years)
11-20
21-30
31-40
41-50
51-60
61-70
71-80
Total

Gender
Male, n (%)
1 (1.11)
4 (4.44)
4 (4.44)
3 (3.33)
5 (5.55)
13 (14.44)
5 (5.55)
35 (38.88)

Female, n (%)
0 (0)
2 (2.22)
6 (6.66)
5 (5.55)
22 (5.55)
17 (18.88)
3 (3.33)
55 (61.11)

Total
(%)
1.11
6.66
11.11
8.88
30
33.33
8.88
100

Results
Patient Demographics

Figure 1. Methodology.

cancer management. Additionally, it will help in treatment
decision-making to improve medication adherence in cancer
patients.

Objective
The primary goal of the study was to assess the adherence
to chemotherapeutic and non-chemotherapeutic drugs along
with the evaluation of the type of ADRs and the causality
level of the ADRs observed in cancer patients receiving
chemotherapy.

Methods
On institutional ethics committee approval, a 6-month
observational study was conducted in cancer patients admitted in the Oncology Department of KLE Dr. Prabhakar
Kore Hospital and Research Centre, Belagavi, Karnataka,
India (Figure 1).
The role of an oncology pharmacist in our institution is to
do medication reconciliation, drug wastage minimization,
check the admixture form and medicines sent by the oncologist for its appropriateness, and simultaneously preform
reconstitution, which is further delivered to the nursing unit
for administration, postdischarge patient counseling, medication adherence assessment, ADR and toxicity monitoring
through routine laboratory tests, ADR management through
patient education, and training to health care professionals
on safe handling practices to reduce exposure to hazardous
drugs. This indicates the collaborative approach toward the
pharmaceutical care to optimize the therapeutic outcome in
oncology clinical settings.

The demographic details signify that among 90 recruited
patients, 61.11% were females and 38.88% were males. A
total of 33.33% are in the age group of 61 to 70 years, and
30% are from 51 to 60 years of age. Around 11.11% were in
the age group of 31 to 40, whereas 8.88% of the recruited
patients were in the age group of 41 to 50 and 71 to 80
years. And only 1.11% was found between 11 and 20 years
of age (Table 1).

Therapeutic Regimen
The cancer distribution was done into 11 different groups.
These groups were further classified using mostly prescribed oral and intravenous (IV) chemotherapy and supportive therapy (Table 2).

Chemotherapy and Supportive Therapy
Adherence
To check the adherence of the patients to chemotherapy as
well as supportive therapy, Morisky Medication Adherence
Scale–8 Questionnaire was utilized. In case of chemotherapy adherence, it was observed that 57.8% of patients
showed high adherence, 26.7% showed intermediate adherence, and the remaining 15.6% exhibited low adherence.
Apparently, there was minute difference observed in case of
adherence to supportive therapy to about 45.6% patients
with highest adherence followed by 28.9% at intermediate
level and 25.6% low adherence (Table 3).

Factors of Medication Nonadherence
Out of 90 patients, 69 patients were prescribed with both
IV and oral chemotherapy. Among these 69 patients, 40
patients were affected by these factors resulting in nonadherence (Table 3). But patients who received IV chemotherapy were affected to minimal level by factors influencing
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Table 2. Type of Cancer Distribution Among 90 Patients With Regard to Common Therapeutic Regimen.
Diagnosis

Number
of Patients

1

Breast cancer

32

2

Esophagus
cancer
Lung cancer

3

Germ cell
tumor
Rectum
cancer
Colon cancer
Multiple
myeloma
Ovary cancer

6

Pancreas
cancer
Follicular
lymphoma
Others

4

3
4
5
6
7
8
9
10
11
Total

6

4
4
5
3

5
18

Intravenous Chemotherapy

Oral Chemotherapy

Supportive Therapy

Paclitaxel, Doxorubicin, 5-fluorouracil, Capecitabine, vinorelbine Palonosetron HCl, calcitonin salmon
Daunorubicin, cyclophosphamide,
nasal solution, zoledronic acid,
2-sulphanylethanesulphonate,
tigecycline
trastuzumab
Irinotecan, 5-fluorouracil
Tegafur + uracil
Leucovorin calcium, amphotericin B,
dexamethasone
Paclitaxel, carboplatin, pemetrexed Vinorelbine
Aprepitant, zoledronic acid,
tigecycline, netmicin, Cerebrolysin
Gemcitabine, bleomycin, etoposide, Etoposide
Palonosetron HCl, aprepitant,
cisplatin
alprostadil, Cerebrolysin
Oxaliplatin, paclitaxel
Capecitabine
Aprepitant, tigecycline, amoxicillin +
potassium clavulanate
Oxaliplatin, daunorubicin
Tegafur + uracil
Palonosetron HCl, amphotericin B
Bortezomib
Melphalan, etoposide
Netmicin, zoledronic acid, caspofungin
acetate, dexamethasone
Paclitaxel, carboplatin
Etoposide
Tigecycline, dexamethasone,
cerebrolysin
Paclitaxel
Fluorouracil
Aprepitant, octreotide acetate,
tigecycline
Cyclophosphamide, doxorubicin
Cyclophosphamide,
Tigecycline, caspofungin acetate,
fludarabine
dexamethasone
Rituximab, cyclophosphamide,
Procarbazine,
Aprepitant, pegfilgrastim, netmicin,
doxorubicin, vincristine, epirubicin Abiraterone,
zoledronic acid, tigecycline,
Capecitabine, Letrozole dexamethasone

90

Table 3. Morisky Medication Adherence Scale on Chemotherapy and Supportive Therapy, and Factors Affecting Medication
Nonadherence in Patients Receiving Oral Chemotherapy.
Morisky Medication Adherence Scale for Chemotherapy and Supportive Therapya
Morisky Medication Adherence Scale Chemotherapy Adherence, n (%) Supportive Therapy Adherence, n (%) Average Adherence
Low adherence
Intermediate adherence
High adherence

14 (57.8)
24 (26.7)
52 (15.6)

23 (45.6)
26 (28.9)
41 (25.6)

19
25
46

Factors Influencing Medication Nonadherenceb
Percentage of patients (N = 69)

Factors
Skipping due to occurrence of ADR
Less tolerability to medication
Absence of caretaker, ignorance, negligence, and cost burden
Polypharmacy, lack of knowledge about therapy

30.44%
5.79%
13.04%
8.69%

Abbreviation: ADR, adverse drug reaction.
a
Score: 3-4 = low adherence; 1-2 = intermediate adherence; 0 = high adherence.
b
Forty were affected by nonadherence factors, and remaining 29 were unaffected.

nonadherence because IV chemotherapy was given under
supervision of health care professionals.

Assessment of Adverse Drug Reactions
Almost 12 types of reactions were observed among the 90
patients receiving chemotherapy. Causality for majority of

the ADRs was assessed using a standard tool, that is, the
Adverse Drug Reaction Probability Scale, also termed as
Naranjo Scale, which consists of 10 questionnaires. These
combination of reactions were dominantly related to alopecia and nausea (9); alopecia and generalized weakness (6);
gastrointestinal upset, nausea, and loss of appetite (11); alopecia and skin allergic reactions (7); alopecia, nausea, loss
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Table 4. Parallel Assessment of ADR and Medication Adherence.
Type of ADR
Alopecia
Alopecia and nausea
Alopecia and generalized weakness
Gastrointestinal upset, nausea, and loss of appetite
Alopecia and skin allergic reactions
Alopecia, nausea, loss of appetite, and generalized weakness
Alopecia, tastelessness, and loss of appetite
Skin allergic reactions
Alopecia, nausea, and loss of appetite
Gastrointestinal upset, nausea, loss of appetite, and
generalized weakness
Others reactions
Total number of patients
Degree of adherence (chemotherapy and supportive therapy)
Low adherence
Intermediate adherence
High adherence

Doubtful ADRa

Probable ADRa

Possible ADRa

Total

1
2
0
0
0
0
2
2
0
0

4
6
3
10
6
6
8
2
6
2

1
1
3
1
1
2
4
0
2
6

6
9
6
11
7
8
14
4
8
8

9
16

0
53

0
21

9
90

4
8
4

9
12
32

6
5
10

19
25
46

Abbreviation: ADR, adverse drug reaction.
a
Naranjo ADR score: 0 = doubtful ADR; 1-4 = probable ADR; 5-9 = possible; >9 = definite ADR.

of appetite, and generalized weakness (8); alopecia, tastelessness, and loss of appetite (9); skin allergic reactions (4);
alopecia, nausea, and loss of appetite (8); alopecia, tastelessness, and loss of appetite (5); gastrointestinal upset,
nausea, loss of appetite, and generalized weakness (8); and
other reactions (9). But only alopecia was observed in 6
patients. Around 53 cases were reported under probable
ADR, 21 under possible ADR, and 16 cases were with
doubtful ADR (Table 4).

Parallel Assessment of ADR and Assessment
Four out of 16 patients with doubtful ADR showed high
medication adherence; similarly, 8 patients showed intermediate adherence, and low adherence was observed in 4
patients. Additionally, out of 53 patients with probable ADR
manifested, 32 showed high adherence, 12 showed intermediate adherence, and 9 showed low adherence. Also, 10
showed high adherence, 5 intermediate adherence, and 6
low adherence in 21 patients with possible ADR (Table 4).

Discussion
We examined level of adherence and occurrence of ADRs
in 90 patients, out of which 61.11% females were diagnosed
with cancer in higher proportion in comparison to males
(38.88%). It was because most of the patients recruited in
the study suffered from breast cancer. Hence, in the present
study, females were more than males (Table 1).
For the current research, the study population recruited
was inpatients receiving IV chemotherapy under the supervision of health care professional, so this became the direct

measurable component to assess the chemotherapy medication adherence. Thus, medications were prescribed based
on the patient condition (chemotherapy) and sensitivity and
tolerability to the chemotherapy-induced complications
(supportive therapy; Table 2).
Treatment adherence in cancer patients is associated
with improved health outcome and decreased health care
cost.4 In present study, Morisky Medication Adherence
Scale–8 Questionnaire was used to assess the adherence of
antineoplastic and supportive drugs. Around 57.8% patients
showed high adherence to oral as well as IV chemotherapy
(Table 3). A retrospective analysis conducted by Seal et al5
claims fairly high adherence of IV chemotherapy with mean
medication possession ratio ranging between 0.84 and 0.88.
In current study, we examined the supportive therapy adherence that accounted for 45.6% (high adherence), which
gives strength to the present study for measuring the level
of adherence for supportive therapy, because there are
hardly any research studies conducted to assess supportive
therapy adherence in cancer patients.
Higher adherence was observed with chemotherapy in
comparison to supportive therapy (Table 3) because patients
had knowledge of importance of administration of cancer
drugs for their own betterment. Despite awareness, 57.96%
of patients showed nonadherence to cancer therapy (antineoplastic and supportive drugs) because of several factors
leading to critical clinical consequences. Factors corresponding to nonadherence were due to occurrence of ADRs
as reported by 30.44% subjects, 5.79% participants reported
less tolerance as one of the factor, 13.04% patients who had
ignorant attitude, negligence toward therapy due to absence
of caretaker or financial constraints, and 8.69% patients

Kumar et al
skipped medications due to polypharmacy as well as lack of
knowledge to distinguish between cancer and noncancer
drugs (Table 3). Bouwman et al6 conducted a cross-sectional study where almost 50% hematological adult cancer
participants claimed factors like lower age group, staying
alone, and false perception of lack of social support as reasons for nonadherence to medication. Besides, an openlabel randomized controlled trial conducted by Krikorian
et al7 on outpatients receiving antineoplastic drugs reports
nonadherence due to falling asleep, feeling depressed, forgetfulness, and to avoid adverse effects.
Behera et al8 conducted a study in a tertiary care hospital in India, claiming that 21.8% of ADRs were due to
antineoplastic agents. However, in present research work,
patients were observed with significant doubtful, probable, and possible ADRs. A total of 12.1% of the patients
suffered from a combination of various reactions like gastrointestinal upset, nausea, and loss of appetite, and 8% to
10% had experienced concoction of alopecia, skin allergy,
generalized weakness, and gastrointestinal disturbances.
Hardly any definite ADRs were reported in such a short
span. In addition, only 4% to 6% of the patients have
reported mono or dual reactions of alopecia and skin
allergy during the chemotherapy cycle. These types of
ADRs can be managed through supportive therapy, but
lack of adherence or discontinuation of medication led to
clinical repercussions (Table 4). A similar study by Lau
et al9 had identified 10 common ADRs in patients diagnosed with cancer, who reported skin allergy, anorexia,
alopecia, mucositis, constipation, fatigue, drowsiness,
diarrhea, nausea, myelosuppression, and vomiting. Yet the
current study focused on highlighting the significance of
medication adherence in relation to ADRs. Furthermore,
the study of Leporini et al1 has reported the use of supportive care in an effective manner that shows an importance in controlling ADRs in elderly cancer patients. Thus,
a vigilant approach through usage of supportive drugs will
help manage ADR rationally in cancer patients undergoing chemotherapy.
The duration and sample size of study population are
limiting factors in this study. According to inclusion criteria, we recruited patients with different types of cancer,
because of variable cancer disease distribution, so a standard medication adherence (Morisky Medication Adherence
Scale–8 Questionnaire) scale was used. But with regard to
specific cancer types, selection of adherence scale will
change (eg, usage of Brief Adherence Rating Scale [BARS]
to assess the adherence in cancer patients).

Conclusion and Relevance
Disease condition in cancer patients worsens due to impaired
medication adherence leading to the latency in maintaining the longitudinality of care. This depicts that there is an
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obligatory demand to make a move toward judiciously identified factors affecting nonadherence of chemotherapy and
supportive therapy; thus, in future research we must consider mentioning offending determinants to overcome nonadherence and to improve medication adherence level. This
helps in minimizing the occurrence of ADR in cancer
patients. This reveals the prominence of supportive therapy
in cancer management. Thus, there is an implicit need for a
collaborative role of oncology pharmacists and physicians to
tailor the treatment plan shrewdly based on patient needs
and satisfaction so that the subjects abide with the therapy
and are able to cope up with cancer cautiously.
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Background: Cancer is a rampant disease which can be cured or managed or prevented with the assistance of a health care team. Along with the assistance, there
are certain cocktail of elements that play a vital role in achieving positive therapeutic outcome in cancer patients. Medication adherence (chemotherapy as well
as supportive therapy), length of hospital stay, patient education, social economic
status, marital status was few among the innumerable elements that can be speci¿ed. 7hese factors are linked directly/indirectly to adverse drug reactions (ADR),
but there is hardly few/no evidence to prove the extent relationship among these
parameters with ADR as a dependent variable. 7he need of hour is to Tuantify the
extent relationship of these factors in order to optimize the therapy according to
the variation in the supporting factors affecting the medication therapeutic outcome in the cancer survivors.
Purpose: 7o Tuantify the correlation and association of length of stay, medication adherence (chemotherapy and supportive therapy) and patient education with
adverse drug reaction in cancer patients receiving chemotherapy.
Procedure: A 6-months prospective-interventional study was conducted in Oncology department of KLES Dr. Prabhakar Kore Hospital and Medical Research
Centre, Belgaum, Karnataka, India. Cancer patients receiving chemotherapy were
screened furthermore, 90 patients were recruited who ¿t to the inclusion criteria.
All the variables were collected in validated data collection form. 7he results
were interpreted using Spearman correlation coef¿cient and regression analysis.
Main ¿ndings: Among 90 recruited patients, signi¿cant correlation was observed between ADR with length of hospital stay, chemotherapy and supportive
adherence and patient education. Simultaneously, the regression analysis shows
that with every unit increase in the four respective independent variables; ADR:
the dependent variable increases signi¿cantly at p 0.05.
Conclusion: 7his study concludes that substantial pharmacist efforts towards the
pharmaceutical care in the oncology clinical practice which highlights the gist of
Tuanti¿cation of the association of the essential elements of patient care helps to
improve the therapeutic outcome by revamping the adherence to the therapy by mitigating the level of adverse drug reactions faced by the cancer patients.
ADVERSE DRUG REACTIONS – CANCER – CHEMOTHERAPY –
LENGTH OF HOSPITAL STAY – MEDICATION ADHERENCE – PATIENT EDUCATION
RESUMEN

Antecedentes: El cáncer es una enfermedad extendida que se puede tratar, controlar o prevenir con la ayuda de un equipo de asistencia médica. Además de la
asistencia, existen ciertos elementos que juegan un rol vital para alcanzar resultados terapéuticos positivos en pacientes con cáncer. La adherencia al tratamien-
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to (quimioterapia y terapia de apoyo), la duración de la estancia hospitalaria, la
educación del paciente, el estado socio-económico y el estado civil fueron alguQRVGHORVLQQXPHUDEOHVHOHPHQWRVTXHVHSXHGHQHVSHFL¿FDU(VWRVIDFWRUHVHVWiQ
vinculados directamente/indirectamente a reacciones adversas a los medicamentos (RAM), pero apenas existen evidencias para demostrar la relación entre estos
parámetros y la RAM como variable dependiente. La necesidad de evaluar el
DOFDQFHGHODUHODFLyQGHHVWRVIDFWRUHVFRQHO¿QGHRSWLPL]DUODWHUDSLDVHJ~Q
la variación en los factores de apoyo que afectan el resultado terapéutico de la
medicación en los supervivientes de cáncer.
Objetivo: Evaluar la correlación y asociación de la duración de la estancia
hospitalaria, la adherencia al tratamiento (quimioterapia y tratamiento de apoyo) y la educación del paciente con reacción adversa al fármaco en pacientes con
cáncer que reciben quimioterapia.
Método: Se realizó estudio prospectivo de intervención durante seis meses
en el Departamento de Oncología en el Hospital KLES Dr. Prabhakar Kore y el
Medical Research Center Belgaum, Karnataka, India. Se revisaron los pacientes
con cáncer que recibían quimioterapia; además, se reclutaron 90 pacientes que
cumplían los criterios de inclusión. Se recogieron todas las variables en formulario de recopilación de datos validado. Se expresaron los resultados utilizando el
FRH¿FLHQWHGHFRUUHODFLyQGH6SHDUPDQ\DQiOLVLVGHUHJUHVLyQ
Resultados: Entre los 90 pacientes reclutados, se observó una correlación sigQL¿FDWLYDHQWUHOD5$0\ODGXUDFLyQGHODHVWDQFLDKRVSLWDODULDTXLPLRWHUDSLD\
adherencia de apoyo y la educación del paciente. Mientras, el análisis de regresión
muestra que con cada aumento de unidad en las cuatro variables independientes
UHVSHFWLYDV5$0ODYDULDEOHGHSHQGLHQWHDXPHQWDVLJQL¿FDWLYDPHQWHDS
Conclusión: Este estudio concluye que los esfuerzos del farmacéutico hacia la
atención farmacéutica en la práctica clínica oncológica destaca que la medición de
la asociación de los elementos básicos de la atención al paciente, ayuda a mejorar
el resultado terapéutico mejorando la adherencia al tratamiento al paliar el nivel de
reacciones adversas a medicamentos toleradas por los pacientes con cáncer.
REACCIONES ADVERSAS A MEDICAMENTOS – CÁNCER – QUIMIOTERAPIA –
DURACIÓN DE LA HOSPITALIZACIÓN – ADHERENCIA AL TRATAMIENTO –
EDUCACIÓN DEL PACIENTE
INTRODUCTION

Cancer is inevitably denoted as a detrimental disease.
7hough, the health care system makes a prudent effort
to prevent the progression and management of disease so
as to improve the Tuality of life of cancer patients. But,
the treatment for the cancer through chemotherapy has a
high inclination to cause adverse drug reactions (ADR).1
Innumerable factors contribute to the occurrence of ADR
like social, patient-related, ADR related as well as drug &
disease-related.2 7hese factors determine the health status
of an individual. Factors contributing to the occurrence of
ADR may have certain association between them. 7hese
factors may be directly or indirectly affecting the overall
health status of the cancer patient. 7hough, negative inÀuence of the ADR on the Tuality of life of cancer patients
has been observed.3 Hence, these factors cannot be ruled
out. But the degrees to which these factors are inÀuencing on ADR occurrence remain Tuestionable. 7here is
a need to produce strong evidence to measure determinants which is necessary for optimization of medication
therapy in cancer survivors to produce a better therapeutic outcome. 7hus this clinical study primarily focuses on
medication adherence, patient education, length of hospi-

tal stay, socio-economic status, and marital status as contributing determinants to check their inÀuence on ADR
in cancer patients. It will be an initiative to create a
well-established link between these variables by determining the measure of association of aforesaid determinants with ADR.
METHOD
Study design, population & study. On Ethics committee ap-

proval, a prospective study for six months was conducted
on cancer patients undergoing chemotherapy cycles in
Oncology department of KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belgaum, Karnataka,
India.
Mode of selection of subjects.

Inclusion criteria:
— Diagnosed with any type of cancer because study
focuses on majorly on the clinical parameters rather
than the speci¿c cancer.
— Scheduled for initial cycle of chemotherapy so that
complete six months results can be obtained accordingly.
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Patients who ﬁt to inclusion criteria were screened and accordingly, 90 patients were recruited
Data related to research determinants were collected and recorded in customized
and validated data collection form

LENGTH
OF HOSPITAL STAY

MEDICATION
ADHERENCE

PATIENT
EDUCATION

ADVERSE DRUG
REACTIONS

From time
of admission till time
of discharge

Using
8-questionnaire
of Morisky
medication

Number of patients
educated according
to their needs
(pharmacological and
non-pharmacological
counseling)

Using Naranjo
ADR probability
scale

— Results were interpreted using non-parametric statistical methods (as data do not
comply with normal distribution curve).
— Measure of association (correlation and association) was interpreted using Spearman
correlation coeﬃcient and regression analysis using IBM SPSS Statistics 25.0 (Statistical
Package for Social Sciences).

FIG. 1.

Study procedure.

Exclusion criteria:
— Pregnancy and lactation/breast feeding women because they come under vulnerable population
— Concurrent enrolment in another study because it hinders the study results.
— Patients with less than six months of life-expectancy
will lead to loss in follow up.
Study procedure: See Fig. 1.

Regression analysis. 7he result shows that with every

unit increase in length of hospital stay occurrence of
ADR increases by 0.324 times. With every unit increase
in chemotherapy adherence the presence of ADR hikes
by 0.618 times. Similarly, each unit rise in supportive
therapy adherence the ADR occurrence increases by 0.53
times. Also, with every unit increase in patient education
the ADR occurrence shoots up by 0.947 times as shown
in 7able 3, 4, 5 and 6 respectively at p 0.05. 7he results
are thus statistically signi¿cant.

RESULTS

7he demographic details of all recruited patients in the
study are mentioned in 7able 1.
Non-parametric correlation (spearman correlation coefﬁcient). 7he r-value of ADR with length of stay (0.769),

chemotherapy adherence (0.668), supportive therapy
adherence (0.679) and patient education (0.539) gives a
signi¿cant result at p 0.01. It reveals that there is correlation between the respective parameters (7able 2).
TABLE 1.

DISCUSSION

Demographic details, out of 90 patients, females (61.11%)
were diagnosed with cancer in higher proportion in
comparison to males (38.88). It is because most of the
subjects recruited in the study were breast cancer survivors. 7hus, in the present study females were more than
males. In 2017, a cancer statistics showed 50.4% females
and 49.5% males were identi¿ed with cancer.4 But as
shown in one study the occurrence of new cases and dis-

Demographic details: age and gender distribution.

Age

Gender [No. (%)]
Male
Female

Total (%)

11-20
21-30
31-40
41-50
51-60
61-70
71-80
7otal

1 (1.11)
4 (4.44)
4 (4.44)
3 (3.33)
5 (5.55)
13 (14.44)
5 (5.55)
35 (38.88)

1.11
6.66
11.11
8.88
30
33.33
8.88
100

0 (0)
2 (2.22)
6 (6.66)
5 (5.55)
22 (5.55)
17 (18.88)
3 (3.33)
55 (61.11)
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&orrelation oI $D5 Zith determinants using Spearman correlation coeI¿cient.

ADR

Length
of hospital stay

Chemotherapy
adherence

Supportive therapy
adherence

Patient education

r-value
Sig. (2-tailed)
N

0.769*
0
90

0.668*
0
90

0.539*
0
90

0.539*
0
90

*: Correlation is signi¿cant at 0.01 level (2-tailed).

TABLE 3.

Simple linear regression of ADR & length of hospital stay (LHS).

0RGHO

8QVWDQGDUGL]HGFRHI¿FLHQW
B
Std. Error (SE)

t

Sig

(Constant)b
LHS

0.223
0.324

2.654
11.544

0.009
0

0.084
0.028

Dependent Variable: Naranjo ADR Score; b: Predictors: Length of hospital stay.

TABLE 4.

Simple linear regression of ADR & chemotherapy adherence (ChA).

0RGHO

8QVWDQGDUGL]HGFRHI¿FLHQW
B
Std. Error (SE)

t

Sig

(Constant)b
ChA

0.176
0.618

1.733
9.766

0.08
0

0.102
0.063

Dependent Variable: Naranjo ADR Score; b: Predictors: Chemotherapy adherence.

TABLE 5.

Simple linear regression of ADR & supportive therapy adherence (STA).

0RGHO

8QVWDQGDUGL]HGFRHI¿FLHQW
B
Std. Error (SE)

t

Sig

(Constant)b
S7A

0.42
0.53

4.738
8.687

0
0

0.089
0.061

Dependent Variable: Naranjo ADR Score; b: Predictors: Supportive therapy adherence.

TABLE 6.

Simple linear regression of ADR & patient education.

0RGHO

8QVWDQGDUGL]HGFRHI¿FLHQW
B
Std. Error (SE)

t

Sig

(Constant)b
Patient education

0.267
0.947

1.918
6.215

0.058
0

0.139
0.152

Dependent Variable: Naranjo ADR Score; b: Predictors: Patient education.

ease severity will vary between the gender and it may also
relate to the dissimilarities in foreign agent exposures, its
route of entry and the pathological changes that take place
at cellular level.5, 6
Chemotherapy-induced ADR are of concern due to
high incidence among cancer patients.7 However, in current study among 90 patients, each patient experienced
chemotherapy induced ADR which were reported in the

present study; 53.8% were probable, 23.3% possible and
17.7% doubtful. 7hough, in another study of 119 cases
reported 106 ADR of which 86.7% were possible and
13.2% were probable according to Naranjo causality
assessment scale.8 Similarly, other research claims the
occurrence of predictable, preventable and non-serious
ADR were more prevalent.9 But in view of a prospective
study, ADR due to cisplatin-based chemotherapy proved
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its high potential to cause reactions of milder nature
which were not preventable.10
Additionally, cross-sectional ¿ndings have proven signi¿cant association between age, number and dose of anticancer drugs with occurrence of toxicities.7 Since all determinants furnished in the current study were found to be
interlinked, as a result, the correlation between ADR-length
of stay, ADR-chemotherapy adherence, ADR-supportive
therapy adherence and ADR-patient education were thereby determined.
Hospitalization due to ADR can be considered as one
of the predictor tool in geriatrics.11 A positive correlation of ADR due to antihypertensive drug and duration
of hospitalization has been proven in one study 3 which is
also depicted in current ¿ndings.
Similarly, a study on chronic myeloid leukemia (CML)
patient reported ADR and adherence of oral chemotherapy
treatment showed no correlation between ADR and adherence.12 Also, ¿ndings in gastrointestinal disorders showed
no signi¿cant relationship between ADR and adherence
to treatment regimen.13 But present study proved positive
correlation between ADR and chemotherapy.
7he study was simultaneously extended to check the
correlation between ADR and supportive therapy which
also showed moderately positive association. 7here are
no studies found which have interlinked ADR and patient
education but our examination shows moderately positive
association among these two determinants at p 0.05.
7he current research shows the direct inÀuence of ADR
on determinants of health which proves its statistical and
clinical signi¿cance. Although, these parameters are considered during the therapy but the Tuantitative level of
association will assist the health care team to optimize
the treatment plan.
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SHORT REPORT

FLUOROQUINOLONES INDUCED
BULLOUS FIXED DRUG ERUPTION
GUDHOOR MANJULA, SHEIKH CHANDANI,
GANACHARI MADIWALAYA SHIVAKANTAYYA,
SHAH MITHILESH, GOGATE ABHIJIT
ABSTRACT

CiproÀo[acin a widely used ÀuoroTuinolone antimicroEial induces cutaneous
adverse drug reactions (ADR) in aEout 12 of treated patients. )i[ed drug erup
tions ()DE) is one amongst them which is considered as severe ADR and Eased
on its mechanism it has Eeen classi¿ed such as: ec]ematous StevenJohnson
syndrome ¿[ed drug eruption. )i[ed drug eruptions ()DE) is the clinical charac
teristics that reoccur at the same site of the skin when e[posed to the same or the
similar class of drugs. Some of the drug shows e[tended pharmacological action
even when given at the normal dose to treat the patient.
+ere we report a case of a 5 year old male patient with multiple Eullous drug
eruptions occurred almost all parts of the Eody after oral ingestion of ciproÀo[acin.
BULLOUS DRUG ERUPTION – CUTANEOUS ERUPTION – FLUOROQUINOLONES –
NORFLOXACIN & CIPROFLOXACIN
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INTRODUCTION

CiproÀo[acin is a Eroad spectrum antiEiotic which falls
under 1st generation of ÀuoroTuinolones.1 2 It is Eest for
infections with facultative and aeroEic gram negative
Eacilli.13 But ciproÀo[acin induces various cutaneous
severe ADR. 2ne amongst them is )i[ed drug eruption
which can Ee descriEed as development of one or more
annules or oval erythematous patches which occurs due
to e[posure of offending drug.4 2n dechallenging
this reaction can Ee resolved with hyperpigmentation
and may reoccur at the same site on rechallenge of

some offending drug leads to new lesions in addition
to ©lightingupª the older hyperpigmented lesions.4 The
prevalence of drug eruption has Eeen reported as 25.
)i[ed drug eruption are the common dermatological
events that accounts for 121 of all cutaneous drug
reaction. 
)luoroTuinolones induced cutaneous ADR is found to
Ee around 12 of patients. Cutaneous ADR are most
commonly oEserve with oÀo[acin without signi¿cant
difference with ciproÀo[acin Eut signi¿cantly higher
with levoÀo[acin.9

)OXRURTXLQRORQHVLQGXFHGEXOORXV¿[HGGUXJHUXSWLRQ

FIG. 1.
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Hyperpigmented buccal mucosa, erythematous atrophic plaques patch present on
the trunk, shoulder.
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FIG. 2.

Considering the )DE is one of the dermatological
ADR and this type of reaction is also suspected with fol
lowing class of drug e[posure i.e. sulfonamides tetra
cyclines NSAIDS anticonvulsants. 10 +owever here
we are presenting a case with severe )DE which has oc
curred due to ciproÀo[acin (oral) administration.
CASE REPORT

$  \HDUV ROG PDOH SDWLHQW ZDV DGPLWWHG WR VXUJHU\
GHSWRIRXUKRVSLWDODQGFDPHZLWKWKHFRPSODLQWRIOHVLRQRYHUULJKWOHJVLQFHSDVWWZRPRQWKV3DWLHQWVWDWHG
WKDW WZR PRQWKV EDFN KH KDG GLDUUKHD IRU ZKLFK WDE
OHWQRUÀR[DFLQZDVWDNHQDQGDIWHUWDNLQJVLQJOHGRVHRI
QRUÀR[DFLQ SDWLHQW GHYHORSHG SXUSOH OHVLRQ DOO RYHU
WKHERG\SDUWV )LJDQG )RUWKHVDPHFRPSODLQWV
SDWLHQW DGPLWWHG WR PHGLFLQH GHSDUWPHQW KH ZDV SUHVFULEHGZLWKQRUÀR[DFLQLQVDPHJHQHUDOPHGLFLQHGHSDUWPHQW
$VKHZDVSUHVFULEHGZLWKQRUÀR[DFLQIRUKLVGLDUUKHD
WZRZHHNVEDFNLQVDPHJHQHUDOPHGLFLQHGHSWRIWKHKRVSLWDO$IWHUWDNLQJ¿UVWGRVHWKHSDWLHQWGHYHORSHGSXUSOH
OHVLRQRYHUOHJDQGEDFNZKLFKJRWDJJUDYDWHGGD\E\
GD\DQGSDWLHQWUHSRUWWRWKHKRVSLWDOZLWKVHYHUHOHVLRQ

RQWKHOHJ%\GHUPDWRORJ\UHIHUHQFHWKHSDWLHQWZDVFRQ¿UPHG IRU VHYHUH DOOHUJLF UHDFWLRQV WR ÀXRURTXLQRORQHV
ZKHUHGHFKDOOHQJLQJRIWKHGUXJZDVGRQH
+DYLQJ D KLVWRU\ RI DOOHUJLF WR ÀXRURTXLQRORQHV
VLQFH -DQXDU\  SDWLHQW ZDV DGPLWWHG WR VXUJHU\
GHSDUWPHQWZLWKWKHFRPSODLQWRIOHVLRQRYHUULJKWOHJ
VLQFH SDVW WZR PRQWKV DQG LW ZDV VXVSHFWHG DV VTXDPRXVFHOOFDUFLQRPD)RUWKLVSODQRIFDUHZDVHGJH
ELRSV\$IWHUWKHHGJHELRSV\XQLQWHQWLRQDOO\XQNQRZLQJO\DVDSDUWRIWUHDWPHQWSDWLHQWZDVSUHVFULEHGZLWK
RUDOFLSURÀR[DFLQWLQLGD]ROHDORQJZLWKWDEOHWUDQLWLGLQHDQGFDSVXOHEHFRVXOHV$VWKHSDWLHQWLVDOUHDG\D
.&2DOOHUJLFWRÀXRURTXLQRORQHVDJDLQSDWLHQWVWDUWHGGHYHORSLQJWKH%XOORXV)'(DVVKRZQLQ¿JXUHZLWK
DVLQJOHGRVH
,PPHGLDWHO\WKHSDWLHQWZDVUHIHUUHGWRJHQHUDOPHGLFLQHDQGGHUPDWRORJ\GHSDUWPHQWDQGDGYLVHGWRVWRSWKH
PHGLFDWLRQ RIIHQGLQJ DJHQW  $IWHU GHFKDOOHQJLQJ RI
WKHGUXJIROORZLQJWUHDWPHQWZDVJLYHQZKLFKLQFOXGHV
WDEOHWSUHGQLVRORQHPJJHQWLDQYLROHW/$PRPHWDVRQHIXVLGLFDFLGRLQWPHQWEHQ]RFDLQHJHO/$3DWLHQW
V\PSWRPV JRW VXEVLGHG E\ WKH WUHDWPHQW DQG UHFRYHU\
IURPWKHV\PSWRPVWRRNPRUHWKDQGD\V
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DISCUSSION

In this case after the occurrence of adverse event we
assessed the severity against the Hartwig’s assessment
scale where the severity of the ADR was level 5 which
means patient reTuired intensive medical care followed
Ey dermatology reference on mucocutaneous e[amina
tion revealed that multiple hyperpigmented patches pres
ent over Eody solitary non indurate hyperkeratotic mar
gin with central granulation tissue with slough present
in Àoor of ulcer over anterior aspect of right leg hypop
igmented atrophic plaTues present over right wrist left
palm and left ankle hyperpigmented Euccal mucosa with
staining of teeth and longitudinal ridges present over toe
nails.
)or the same case causality assessment was done Ey
using Naranjo scale used to assess the causality of ADR.
The following Tuestionnaires were considered to assess
i.e. previous conclusion reports on this reaction (1) the
adverse event appeared Ey offending agent (2) adverse
event improved when dechallenged (1) adverse reac
tion reappeared after rechallenged (2) alternate causes
that could have caused the reaction (0) the reaction re
appeared with the placeEo (0) drug detected in the Eody
Àuid in a concentration known to Ee to[ic (0) the reaction
altered Ey increasing or decreasing the dose of offending
agent (1) the patient had a similar reaction to offend
ing agent in the previous e[posure (1) the adverse event
con¿rmed Ey oEjective evidence (1).
Based on the causality assessment total score was 09
which indicates the occurred )DE was categori]ed as ©de¿
nite ADRª.
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CONCLUSION
REP RIGHT R
Case reported Ey Ravishankar O
MP
et Y
al. and Kameswari et
al. assessed the severity of C
ADR Ey using Naranjo algo

rithm and the score was found to Ee  i.e. ProEaEle ADR
and is categori]ed as proEaEle reaction to the drug. 9 Sim
ilarly in the present reporting case we assessed the sever
ity of the ADR Ey using Naranjo Algorithm and found to
Ee de¿nite ADR i.e. Score 9.
And only limited cases have Eeen oEserved with Àuoro
Tuinolones class of drug that has the highest severity of the
reaction and one of them is Sai Priya et al’s case report.10
Thus we conclude that the severity of the ADR is higher as
compared to previously reported similar cases. CP
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Lavanya Voora1, Sujit Kumar Sah2, Ramesh Bhandari3, C. S. Shastry4, Sharad Chand4*,
Kala Bahadur Rawal1, U. P. Nandakumar4, B. C. Vinay4
ABSTRACT
Pharm D is a new professional academic course that started in the year 2008 in India. It has a broad spectrum compared to
those of other conventional professional pharmacy courses. The unique feature of prefixing (Dr.) and provision of joining Ph.
D after Pharm D allure the students all over the country. The syllabus is designed to cater to the clinical needs and fill the gap
between patients and doctors. Graduated students have plenty of opportunities both in India and abroad in the field of healthcare services. Despite having a well-designed syllabus, Pharm D is still facing several problems at the practice level for its
recognition. Although it has been a decade and more, the program is still in its budding stage. Pharm D students are striving
continuously for appropriate attention and recognition by regulatory authorities as well as by the community.
KEY WORDS: Clinical pharmacy, Clinical pharmacists, Doctor of pharmacy, Pharm D

INTRODUCTION
Doctor of Pharmacy is comparatively a new academic,
professional postgraduation course in the perspective of
India. The course got its due recognition from regulatory
authorities in the year 2008 AD. Pharm D is the widely
used short form for the Doctor of Pharmacy.[1,2] In
India, the duration of the Pharm D program after the
intermediate course (10+2) is of 6 years (5 academic
years and 1 year of internship). Similarly, Pharm D
(postbaccalaureate) is a 3-year postgraduation course,
which is designed as the first 2 years of academic
classes with 1 year of compulsory internship.[2-4] The
eligibility criterion for postbaccalaureate is a Bachelor
of Pharmacy (4-year graduation course in pharmacy).[5]

REGULATIONS OF PHARM D IN
INDIA
The Ministry of Health and Family Welfare (MOHFW)
and Pharmacy Council of India (PCI) approved the
course on May 10, 2008, and formed the regulations
framed under section 10 of the Pharmacy Act, 1948.
Access this article online
Website: jprsolutions.info

ISSN: 0975-7619

Subsequently, it got approved by other regulatory
bodies like the Government of India, Ministry of
Health. PCI made the following regulations after
approval from Central Government:[1-3]
Chapter I
1. Short title and commencement – These regulations
may be called the Pharm D Regulations 2008
2. Pharm D graduates shall obtain a certificate, stating
that they passed the course of study and examination
as prescribed in the regulation, for registration as
a pharmacist, and to practice the profession under
the Pharmacy Act, 1948.
Chapter II
The minimum duration of the course shall be of
6 academic years (5 years of study and 1 year of
internship or residency), the full time each academic
year spread over not <200 working days. The period
of 6 years duration is divided into two phases:
• Phase I: Consisting of the 1 st, 2nd, 3rd, 4th, and
5th academic years.
• Phase II: Consisting of internship or residency
training during the 6th year, involving postings in
specialty units.
The student shall be exposed to clinical pharmacy
services during the internship or residency phase.
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He/she shall acquire skills under the supervision of
a capable physician and clinical pharmacist. The
student should gain thorough knowledge and practice
and should become capable of carrying out clinical
pharmacy activities independently.
Pharm D (postbaccalaureate): This course should
consist of the following two phases:
• Phase I: Consisting of the 1st and 2nd academic years
• Phase II: Consisting of internship or residency
training as applicable in Pharm D.

SPECTRUM OF DOCTOR OF
PHARMACY
Pharm D is a noble course having integration of both
bachelor and master programs as a single academic
course. It is having unique features of eligibility to
prefix “Dr.” to their name and can register for Doctor
of Philosophy (Ph. D) program.[2,3] During the course,
students are exposed to various clinical services in
hospitals. Students with sufficient clinical knowledge
should provide all the clinical pharmacy services in
the hospitals and other working areas such as clinical
research centers, pharmacovigilance programs and
centers, pharmacoeconomics research, outreach
clinics, screening programs, pharmacoepidemiological
research, academics, and at the community level. The
most considerable activity of clinical pharmacists
is patient counseling, which has a key importance,
from a patient’s point of view.[6-9] Clinical pharmacist
educates the patients regarding the purpose of therapy,
expected outcomes, storage condition of medications
and medical devices, disease condition, method
and route of administration, possible side effects
and adverse effects of drugs, and ways to minimize
them.[10] Apart from being a conventional pharmacist,
clinical pharmacists can also contribute as medical
writers, clinical data managers, clinical trial managers,
clinical research coordinators, liaison officers, drug
safety officers, and many more.[11]
Conventionally, pharmacy graduates in India have
been trained with skills focusing on the formulation,
compounding and dispensing, marketing, academics,
and other pharmaceutical industrial aspects. The
introduction of the Pharm D course in India has
widened all the scopes of pharmacists toward
patient care.[12] The inclusion of subjects such as
pharmacotherapeutics, clinical pharmacy practice,
and therapeutic drug monitoring has provided insights
into shedding light on understanding the patient’s
health-care benefits.[10,11] Additional subjects such
as pharmacogenomics, therapeutic drug monitoring,
clinical toxicology, and pathophysiology give the
pharmacists away to understand the molecular
mechanism of disease manifestations and ways to
manage them. The inclusion of subjects such as
154

biostatistics and research methodology, clinical
research, and pharmacoeconomics offers a better
understanding of recent trends and trains in
research areas.[13] The unique feature of 6 months
of clerkship activities and 12 months of internship
activities in various departments sufficiently exposes
the students clinically, to take clinical decisions
independently.[2] The diverse knowledge and clinical
knowledge in several areas of pharmaceutical science
and clinical practice hold the Pharm D in the expert
designation to offer their services that contribute to
better patient care.[5,7]

NEED FOR DOCTOR OF
PHARMACY PROGRAM IN
INDIA
The primary motive behind the starting of Pharm D
course in India is to educate and train the students
to meet the shortage of pharmacists in Indian
hospitals, to produce the clinical pharmacists for the
sole reason to promote the health-care services, and
also to matchup the credit hours as postgraduation
level Pharm D curriculum as implemented in the
United States of America. Several institutions have
submitted the proposal in the initial round, and PCI
selected 20 pharmaceutical science institutions in
India. PCI forwarded a suitable proposal to the
Indian MOHFW for further review and approval.
Similarly, the National Association of Boards of
Pharmacy (NABP) in the United States has amended
the rules and formed a new requirement for entry and
registering under the Foreign Pharmacy Graduate
Equivalent Examination (FPGEE).[14,15] NABP states
to have a minimum of 5 years of study to register as
FPGEE and further processing for the North American
Pharmacist Licensure Examination (NAPLEX). After
passing the NAPLEX examination, the individuals
will be conferred with a license to practice as a
registered pharmacist in North American territory.
This was another reason for the modification in the
pharmacy course in India.[15,16] Several philosophers
and pharmacists took it as a positive step in the field
of pharmacy and to prepare pharmacists as qualified
and skilled health professionals. The vast knowledge
of pharmaceutical sciences and skills in clinical set up
has given a thought to optimize patient’s drug therapy
and enhance patient safety. The paradigm shift from
the conventional pharmacist in industry, community,
and as a compounder and dispenser in hospital
pharmacy, the profession of pharmacy has entered
the era of multidisciplinary collaborations of health
professionals to assure patient safety.[17,18] Furthermore,
to develop the hospital as the safe place for patients,
the accreditation of hospital by several agencies such
as the National Accreditation Board for Hospitals and
Healthcare Providers, National Accreditation Board
Drug Invention Today | Vol 14 • Issue 1 • 2020
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for Testing and Calibration Laboratories, and Joint
Commission International is of critical importance
nowadays. Such accrediting bodies well accept the
importance of a clinical pharmacist’s role.

CLINICAL PHARMACY
ACTIVITIES IN HOSPITALS BY
PHARM D
The pharmacy has been the profession to look at the
pharmaceutical aspect of the industrial and community
setup. The pharmacy has now expanded its areas
around direct healthcare, all across the globe as well
as in India. Still, there are numerous challenges at
ground level that should be timely addressed, to raise
the standards of health in the nation. The course of
pharmacy needs continuous updating and suitable
modification depending on the health demand of
a particular geographical area.[19] This need for
modification justifies the introduction of a doctor of
pharmacy course in India. Thus, the commencement
of the Pharm D program in the nation was a necessary
decision, which got due recognition and was welcomed
by pharmacy professionals. Over 600 pharmacy
colleges are offering the Pharm D course across
India. The activities and interventions by clinical
pharmacists are proven to have a positive impact on
patient care.[20] This evidence is supported by several
scientific studies conducted in India and abroad. The
department of pharmacy practice is the department
primarily dealing with the Pharm D education. It
aims to promote rational drug use and provide several
clinical pharmacy services in the hospital. Some of
the major clinical pharmacist activities carried out by
Pharm D students and professionals in the hospital to
support sound patient care are as follows:
Participation in Ward Rounds
A clinical pharmacist needs to attend the patient’s
ward rounds daily, along with the multidisciplinary
team of a physician. Every clinical pharmacist actively
discusses the clinical condition of a patient with other
health professionals, including doctors. Clinical
pharmacist learns all the cases and provides complete
drug information to the ward round team and analyzes
the prescription for possible side effects and adverse
drug reactions (ADRs). Any suspected or identified
ADRs could be reported in the Pharmacovigilance
Program of India. Comprehensive knowledge of
clinical pharmacist helps during the decision-making
of therapy.[3,10]
Medication History Review
The pharmacist interviews the patient about
demographic details, obtains the complete history of
patients including the previous status of the disease,
medication used for known disease, allergic history
Drug Invention Today | Vol 14 • Issue 1 • 2020

with drug, and other allergens, and personal history
of patients including birth history, immunization
history, and menstrual history, wherever applicable.
Information regarding diet, elaboration of present
illness, and verifying the presented complaints
with documents are some of the basic activities
done by Pharm D students and clinical pharmacists.
Medication history is made to obtain the complete
drug usage pattern overtime by a patient; this may
assist in endorsing the most suitable therapy.[5,10]
Pharmaceutical Care
Clinical pharmacists will collect the data and collate
the collected data in a suitable format (SOAP format).
The relevant information collected from the patient
gives a brief insight into the diseased condition, which
helps in setting the desired goals and clinical endpoints.
Monitoring the efficacy of therapy and assessing the
drug-related problems, including various ADRs, help
in better patient care. Clinical pharmacist follows
the patient and monitors for therapeutic and toxicity
parameters, counsels the patients, and maintains all
the documents.[10,13]
Prescription Order Review
Clinical pharmacists review the individual patient’s
prescription. While reviewing patient prescription
orders, pharmacists focus on rational therapy,
medication duplication, interactions, incompatibility,
and ADRs, along with this cost-effectiveness for
drugs, the patient medication order is matching with
the dispensed medications. After a thorough review,
if the pharmacist finds any errors, it can be discussed
with the physicians in the next day ward rounds
participation.[3,10]
Pharmacovigilance Activities
In every region, a pharmacovigilance center is
necessary.[7] The pharmacist plays a key role in
the pharmacovigilance center. Clinical pharmacy
activity majorly focuses on identifying, assessing,
and monitoring of ADRs in the hospital. During ward
rounds, they monitor the patients, who are susceptible
to ADRs due to the previous history of reactions to the
drug or through routine drug therapy monitoring.[17,18]
After identifying the ADR, the pharmacist assesses
the severity of ADR using Naranjo scale algorithm,
modified Hat wag, Siegel Scale, Modified Schumock,
and Thornton Scale, respectively. They will provide
an alert card based on the patient’s condition. The
pharmacist will share information regarding ADR to the
physicians, and they report to the pharmacovigilance
center, and later, they will document to prevent the
reoccurrence of such incidence.[20,21]
A pharmacist lead clinical pharmacy services
are milestones in the context of Indian pharmacy
education. Several clinical and research activities
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carried out by clinical pharmacists, and Pharm D
students in hospitals are defining the need for clinical
pharmacists in hospitals. It is already proven and
accepted that pharmacist plays a crucial role in the
decision-making of prescription. This is raising the
standard of pharmacy education in India.[22]
Prevention, Assessment, and Management of Drug
Interactions by the Pharmacist
Mainly the patients who are having multiple
disease state, multiple drug therapy, and geriatrics,
pediatrics patient’s pharmacist should check for the
major drug-drug interactions which lead worsening
condition in a patient.[23] If any interactions may
lead to an adverse effect on the patient, it has to be
reported to the respective physician. Interactions can
be identified using software such as Micromedex,
Lexicomp, UpToDate, textbooks, and other sources.
If any interactions have been found, then pharmacists
should explain the interaction causing drugs, types of
interaction, and the severity of interaction along with
the best alternative therapy. The interaction should be
documented meticulously to prevent future recurrence
and should be bought in the notice of the pharmacy
and therapeutic committee for safe policymaking.
Hence, the interactions can be minimized in the
coming days.[24,25]
Patient Counseling Services
Patient counseling is one of the most essential and
critical activities of the clinical pharmacist in tertiary
care teaching hospitals, the clinical pharmacist
and Pharm D student counsel the patient regarding
the existing disease and their medication. In every
hospital, there should be the counseling center to
provide patient counseling to the inpatients and
outpatients. Pharmacists should counsel the patient
regarding their disease state, medication counseling,
device counseling if they are using, dosage form,
route of administration, duration of the medication,
and a dose of the medication. The patients should also
be counseled regarding lifestyle modification, and the
strict diet that has to be followed, that aids the patient
to improve the quality of life and also enhance better
patient care.[26,27]
Drug Information Services
In every tertiary care teaching hospital, pharmacist
manages a drug information center (DIC) under
the department of pharmacy practice. A pharmacist
provides all the relevant information regarding all
the queries raised by health-care professionals and
patients. The information may cover broad categories
of diseases, drugs, and lifestyle to be followed or
of any form. In short, the drug information center
provides information regarding entire aspects of
drugs, pharmaceutical devices, diseases, and toxic
156

substances.[28] The center may receive the queries
through specifically designed drug information request
form or through direct telephone calls to the DIC,
manually visiting DIC, and by any other electronic
means such as the internet, fax, request portal, or by
e-mail.[7,29] There are various drug information sources
required to answer the queries received. Various
sources maintained in DIC are scientifically published
or peer-reviewed journals, bulletin of organizations,
various institutional and organizational newsletters,
magazines, gazettes, etc., secondary sources include
summary of primary sources, and other electronic
databases such as UpToDate, Clinirex, Micromedex,
Lexicomp, therapeutic guidelines eGT, institutional
guidelines, and hospital formularies; similarly, the
tertiary sources include textbooks, monographs,
AHFS, BNF. The pharmacist should provide the
information to the requester after referring to the
standard source.[30]

CURRENT STATUS OF PHARM
IN INDIA
In the present day, large and tertiary care hospitals
in the private sector employ clinical pharmacists:
According to Nobil Skaria, general secretary, Doctor
of Pharmacy (Pharm D) postgraduates, they have
no employment opportunities in the government
sector.[31-33] However, there is an urgent need for clinical
pharmacists in the government sector as doctors are
left to manage a large number of patients. Around 500
clinical pharmacists work in the private sector.[34] The
government should give serious thought to the matter
as it will go a long way in bringing down medication
errors. Pharm D graduates study the whole canvas of
a drug from the effect it makes in the body, its adverse
reactions, how a particular drug dosage could harm
rather than cure, or why a drug is less effective if taken
with certain food items and so on.[35] This issue can be
addressed by prescription auditing, ADR monitoring,
and optimum use of medicines, thereby bringing down
expenses by introducing them in medical colleges and
hospitals.[36]

PHARM D IN OTHER
NEIGHBORING COUNTRIES
Nepal
In Nepal, in the year 2010 AD, Kathmandu University
started 3 years postbaccalaureate Pharm D course. The
course was undertaken by the department of pharmacy
practice on a campus situated in Dhulikhel, Kavre. The
course was having 1 year of the mandatory internship
program as in India. There was no Pharm D course
of 5 or 6 years as in Pakistan and India.[37] Due to
the regulatory issue by the Nepal Pharmacy Council,
the same course was crapped and further enrollment
Drug Invention Today | Vol 14 • Issue 1 • 2020

Lavanya Voora, et al.

was halted.[38] The postbaccalaureate Pharm D is
being registered as postgraduate pharmacist after
clearing licensing examinations, whereas the regular
Pharm D student studied for 5 years from Pakistan and
6 years from India which are not being registered as a
postgraduate. Even though postgraduation recognition
in India, the same course is being registered as an
undergraduate equivalent to a Bachelor of Pharmacy.
Pakistan
The existing 4 years Bachelor of Pharmacy program
was upgraded to 5 years Doctor of Pharmacy
(Pharm D) program in the year 2004 by the Pakistan
Council of Pharmacy.[39] As in India, the enrollment
was done after 12 years of schooling education in any
stream of science.[40] The primary focus of this 5-year
professional program was to incorporate the role of
pharmacists in patient care. The Pharm D program is
of 5-year duration in Pakistan, which is different from
6-year Pharm D course in India.[41] The clerkship and
internship program is the same in both and Pakistan,
but the study duration varies in both nations. Despite
differences in course structure and academic year,
both nations share the common goal of optimized
patient care and ensuring patient safety.[42]
Bangladesh
Four years of a Bachelor of Pharmacy program and
1 year of postgraduation program approved by the
Pharmacy Council of Bangladesh started a similar
course of Pharm D of 5 years. As in India, the eligibility
for enrolling in Pharm D was an intermediate course
in any stream of science. The clerkship and internship
programs are the same as in countries such as India,
Pakistan, and Thailand.[43,44]
Thailand

of services provided by a clinical pharmacist may
strengthen the multidisciplinary and holistic approach
in patient care. Pharm D students have to prove their
importance and create an opportunity for them by
showing their expertise. As it is an extensively patientoriented curriculum, the direct and indirect benefit
to the patients should be demonstrable. The clinical
pharmacy services would significantly minimize the
workload of health professionals and may contribute
to strengthening the Indian health-care system. Hence,
it can be concluded that the course is well designed
for addressing the clinical issues; Pharm D students
should train themselves adequately to contribute to the
Indian health-care system from an individual level.
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EDITORIAL
BIOMEDICAL RESEARCH IN YOGA FOR THE IMPROVEMENT OF
CARDIOVASCULAR HEALTH IN AGEING AND OBESITY

Yoga is an ancient Indian way of life, which includes changes in mental attitude, diet, and the practice of specific
techniques such as yoga asanas (postures), breathing practices (pranayamas), and meditation (dhyana) for
mindfulness to attain the highest level of consciousness (1). Of late, exercise either as modern science or as yoga
asanas is emerging as a vascular medicine and meditation component of yoga being considered as mindfulness
meditation is coupled with exercise or yoga asanas a combined modality. More over yoga is emerging as one of the
therapeutic approaches of alternative medicine as not only life style approach but also as physical, mental and social
approach of holistic medicine for cardiovascular health especially in the setting of obesity.
One of the most significant complications of obesity in the elderly is the metabolic syndrome. This clustering of risk
factors including increased waist circumference, hypertension, dyslipidemia, and glucose intolerance increases the
likelihood of diabetes and cardiovascular disease (2). Obesity can stress the joints leading to joint dysfunction (3)
and mobility impairment as well as lead to pulmonary dysfunction and obstructive sleep apnea (4). Certain cancers
are associated with higher BMIs including breast, uterine, colon and leukemia (5). Yoga practice has been shown to
be beneficial in these disease entities through evidence based biomedical research (6) in few studies.
Indeed our group has provided evidence based research in biomedicine for the beneficial effects of yoga in addition
to other researchers. In two hundred subjects who were included in our study [overweight (n=76) and obese (n=124)],
the practice of 1 hour of yoga/day for three months was highly beneficial for overweight and obese adults of both the
genders which was reflected in the form of improvement in the anthropometric variables, body composition, blood
pressure, lipid profile, MDA (malondialdehyde) level, and total antioxidant status. Continuation of yogic intervention
for 6 months had shown further improvement in the study participants in measured parameters (7). A study by Telles
et al., where obese participants have undergone a yoga program, which included 5 hours of yoga/day and had a low
fat, high fibre, vegetarian diet for six days, has shown significant decrease in anthropometric variables, viz., BMI,
waist and hip circumference, lipid profile parameters such as total cholesterol and HDL-C, fasting serum leptin level
and an increase in postural stability and hand grip strength (8). A dedicated review on the possible links between
obesity, telomeres and aging concludes: “obesity may affect telomere dynamics and accelerate the aging process”
(9). The 12-week yoga intervention had moderately strong positive effects on anthropometric and self-reported
variables in women with abdominal obesity (10).
In conclusion, yoga has an immense benefit on cardiovascular health supported by biomedical research. Further
research in yoga from biomedicine angle should enhance yoga as an evidence based medicine in ageing and obesity
so that yoga benefits are supported by biomedical research.
References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Balaji, P. A., Varne, S. R., Ali, S. S. Physiological Effects of Yogic Practices and Transcendental Meditation in Health and Disease. N
Am J Med Sci. 2012; 4(10): 442- 448.
Shin, J. A., Lee, J. H., Lim, S. Y., Ha, H. S., Kwon, H. S., Park, Y. M., et al., Metabolic syndrome as a predictor of type 2 diabetes,
and its clinical interpretations and usefulness. J Diabetes Investig. 2013 Jul 8; 4(4): 334-343.
King, L. K., March, L., Anandacoomaraswamy, A. Obesity and osteoarthritis. Indian J Med Res 2013 Aug; 138(2): 185-193.
Corral,A. R., Caples, S. M., Jimenez, F. L., Somers, V. K. Interactions between obesity and obstructive sleep apnea. Chest, 2010
Mar; 137(3): 711-719.
Pergola, G. D., Silvestris, F. Obesity as a major risk factor for cancer. Obes. 2013; 2013: 291546.
Stephens, I. Medical yoga therapy. Children (Basel). 2017Feb; 4(2): 12.
Balakrishna Shetty, Geetha B. Shetty, Manjula Shantaram, Manjunath N. K. Effect of yogic intervention on anthropometric variables
and oxidative stress in obese adults. International Journal of Pharma Research and Health Sciences (IJPRHS) 2017; 5(6): 2050-2054.
Telles, S., Sharma, S. K., Yadav, A., Singh, N., Balkrishna, A. A comparative controlled trial comparing the effects of yoga and
walking for overweight and obese adults. Med Sci Monit. 2014 May 31; 20: 894-904.
Tzanetakou, I. P., Katsilambros, N. L., Benetos, A., Mikhailidis, D. P., Perrea, D. N. Is obesity linked to aging?: adipose tissue and
the role of telomeres. Ageing Res Rev. 2012; 11: 220-229.
Cramer, H., Thomas, M. S., Anheyer, D., Lauche, R., Dobos, G. Yoga in women with abdominal obesity- a randomized controlled
trial. Deutsch Arzte Int, 2016; Sep. 113(39): 645-652.

Prof. Manjula Shantaram
Editor-in-Chief, Biomedicine
387

Biomedicine: 2019; 39(3): 388- 393

July- September 2019

Review Articles

The linkage between occupation and stress among community health workers: An Indo-global
perspective
Santosh Aryal1, Shastry C. S.2, Sharad Chand2, Vinay B. C.2, Nandakumar U. P.2, Ramesh Bhandari3, Kala
Bahadur Rawal4, Lavanya Voora4
1

Department of Public Health, K. S. Hegde Medical Academy, Nitte (Deemed to be University), Deralakatte,
Mangaluru, India.
2
Department of Pharmacy Practice, NGSM Institute of Pharmaceutical Sciences, Paneer, Nitte (Deemed to be
University), Deralakatte, Mangaluru, India.
3
Department of Pharmacy Practice, KLE College of Pharmacy (Constituent unit of KAHER), Nehrunagar, Belagavi,
India.
4
Department of Pharmacy Practice, TVM College of Pharmacy, Kappagal road Ballari, India.
(Received: August 2019

Revised: August 2019

Accepted: September 2019)

Corresponding author: Sharad Chand. Email: sureechand193@gmail.com
ABSTRACT
Occupational stress is inevitable in all workers, and community health workers are of no exception. High stress among
the workers substantially decreases there work efficiency. Occupational stress varies and depends on several
predisposing and precipitating factors, including sex, marital status, education, work experience, the magnitude of
workload, and individual's satisfaction toward their job. In addition to the above demographic factors, it heavily
depends upon other factors including role ambiguity, lack of clarity in the job, inadequate staffing, peer pressure,
deadlines to be completed, poor decision making, physical or mental disability, interpersonal conflicts, family and
social issues and many more. The workers who can cope with occupational stress show better productivity in the care
they provide. The psychological and emotional wellness plays a crucial role in the positive re-appraisal of the workers.
The enhanced social relinking of the workers, the reward system in work environment, increased payments to the
workers, sorting and prioritizing of work, planning, and its execution, optimizing the workload, the capability of
logical reasoning, practicing the spiritual activities shows the better coping of stress among the health workers.
Keywords: Community workers; occupational stress; stress; coping strategy.
which an individual attempts to deal or tackle
effectively or overcome the situation.

INTRODUCTION
tress is a repulsive or unpleasant condition of
emotional arousal experienced by an individual in
circumstances where they feel it as risky or
debilitating. It is usually followed by behavioral,
physiological, spiritual, social, and psychological
changes. Occupational stress is stress related to works.
When demands from work exceed one’s ability to cope
or handle, the situation results in stress commonly
designated as occupational stress. It elapses by the
vagueness of the work situation exceeding the personal
capacity to perform. The occurrence and persistence of
stress under work situations can also be called ‘work
stresses or ‘job-related stresses.’ Stress situations in the
workplace are common, and excessive stress in the
working environment can have many reasons for
origins, or it may come from one single event. The
term ‘stressor’ refers to the “specific cause or reason
for stress.” Coping refers to “any attempt to deal with a
stressful situation in which a person feels he must do
something, but which taxes or exceeds his existing
adaptation response patterns.” It is the behavior by

S

www.biomedicineonline.org

Community Health Workers (1-4)
CHWs: CHWs are defined as “community members
who work almost exclusively in community settings
and who serve as connectors between health care
consumers and providers to promote health among
groups that have traditionally lacked access to adequate
care”.
ASHA: “Accredited social health activist (ASHA) is a
health activist in the community, who will create
awareness on health and its determinants. They
mobilized the community towards local health
planning and increased utilization and accountability of
the existing health services”.
ANM: “Auxiliary nurse-midwife, commonly known
as ANM, is a village-level female health worker who is
also known as the first contact person between the
community and the health service.”
Sources of occupation-related stress
388
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On a global level, the factors like role ambiguity – lack
of clarity about the boundaries of work, workload, and
economic self-sufficiency were significant stressor
among community health workers (1, 2). Similarly,
having greater volume of work, having inadequate
staffing to do the job properly, feeling under pressure
to meet deadlines, lack of involvement in
organizational decision- making and client disability /
client care, having conflicting demands on time, and
disrupted home life because of long working hours
were also found to be significant stress stressors (3, 4).

among the healthcare staff were additional stressors.
The commonest incessant issues related to high stress
were dissatisfaction toward job, irritability without any
specific reason, spending more on arousal drinks (for
example coffee, tea, cola), poor concentration on job,
mild to moderate headaches, dull and chronic back
pain, and some common illness like common colds (8).
Feeling of individual accomplishment from work, time
for customer contact, job satisfaction, satisfaction with
work conditions, assurance of colleagues, workload,
feeling esteemed as a representative, capacity to
manage workload, trust in eventual fate of community,
better services one can give, quality of communications
with managers, amount of administrative work. The
level of responsibility was the variable that builds the
stress among community nurses, workers, and
community psychiatric nurses. Among all, the
workload was observed to be positively and
significantly correlated to strain for all groups (9).
Social workers from the academic health center (AHC)
reported a higher level of job stress, higher intensity of
the stress during work, and frequent job pressures and
deadlines compare to other social workers from the
community hospital. The higher the dimensions of
strain on the job, particularly the severity of pressures,
show the lowered quality of the services and the lower
satisfaction of staff. Social workers from the academic
health center credited prominent and intense stress than
did social workers from the community hospital.
Working together and harmonizing the processes in
delivering healthcare to the patients in general and
other specific delivery systems shows better results and
less stress among workers (10).

According to the service provider’s perspective, the
principal aspects distinguished that caused declining in
the motivation among health care workers at
community setup Such as primary health care facilities
are of diverse dimensions. Some of them are high
workload among the workers, less or inadequate
numbers of workers, staff deficiencies, an absence of
inter and intra-professional exchange of ideas, and lack
of rewarding and positive supervision, including clear
and specific career goals. Equipment, materials, and
other physical infrastructures accessible to staff in the
Health-post and PHC settings did, in some cases,
influence. However, in general, the findings from small
group discussions show a requirement for an individual
health worker to perceive the self-esteemed and
supported and to prosper their jobs. During the focus
group discussion, many health workers felt that they
were forced to handle cases that they were not trained.
Female nurse auxiliary summons by saying, “…myself
I am handling these patients more compared to those of
higher cadres...we should be allowed to go for training
to handle our patients properly..."(5). Nigerian health
workers revealed that higher workload, unavoidable
emergencies, ad-hoc and field duties, lack of
infrastructures and equipment, poor and unmanaged
work environment, poor administrative and biased
managerial support, poor staff confidence and lack of
positive attitude toward work and colleagues were
common stressors among them and were statistically
significant (6). Among rural health workers of Iran,
inadequate salary, interference of work obligations
with family affairs, delay in receiving official letters,
and commuting between village and city were the four
top stressors. Other major stressor includes lack of
coordination with health houses about the time of
workshops, Lack of collaboration between health house
and higher levels, Lack of coordination between health
houses and sectors out of health system (7).

Even though the level of stress changed extraordinarily
as indicated by occupation, high levels were not
continually found in comparable occupations. Workrelated stress was surprisingly high among auxiliary
staff and to a lesser degree among nursing helpers,
while mental burden was high for medical caretakers,
other qualified healthcare staff, and distinctive
occupations. Deficiency in internal training and
conversation was referenced once in a while by less
qualified healthcare staff just as by those in
occupations other than healthcare. Strain in light of
schedule was found generally in nurses and auxiliary
staff. Job stress and inadequacy in training and
discussion did not vary according to the shift; the night
shift was depicted by the significantly lower mental
burden and the afternoon shift by a high level of strain
due to schedule. All strain catalogs were significantly
related to one with the other: the higher the mental
burden, the deficiency in training, or the strain given
the schedule, the higher the job stress index was found
(11).

Factors related to high stress among health
professionals were being a female staff and having
extensively long shifts even long working hours in a
day. Managing disoriented, uncooperative, illiterate,
and violent patients and heavy workloads statistic
www.biomedicineonline.org
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Unsafe workplace, deployment, indistinct job
instructions, equivocal disease control policies, absence
of feedback mechanism to senior, being accused of
missteps, absence of appreciation at work, the risk to
own well-being are major stressors. In addition
interference with home life, risk of contaminating
relatives/companions, upsetting personal plans,
seclusion by companions/relatives, unsure job
prospects, taking care of colleague's negative feelings,
the public’s high expectations were observed to be
significant stressor among frontline health workers
working in a pestilence. These stressors were classified
into three variables: Work factor, individual (personal)
factor, and role factor (12). The absence of potential
professional success, working with the contrary sex,
factors not under direct control, and being
underestimated by the department are the factors
associated with stress are the primary source of stress
among lady health workers of Pakistan. Some other
stressors among lady health workers also include
difficulty among mothers and their families to get
proper vaccination of their children on time and seek
other preventive measures, facing trouble in imparting
on matter related to the family planning methods, nonaccommodating mentalities of the community people,
deficient information, communications gaps, and lack
of work assistances and rewards (13).

Fifteen hundred - every month, transportation issues
incorporate individual expenditure for transport, distant
territories, transportation via auto, strolling by carrying
a heavy bag filled with registers and other basic
supplies. Also, the problems of stray dogs during
traveling, bovines, drunkards, and so forth are some
more reasons for stress. Poor environmental sanitation,
lack of cleaning, monsoon season (especially amid
heavy rain), and lack of dry roads were some of the
environmental factors for stress (16).
Stress and Socio-demographic Variables
Sex, marital status, education, work experience, and
job satisfaction statistically significant variables related
to occupation-related stress. The magnitude of workrelated strain was higher among females when
compared to male health care workers. A higher
number of work-related stress subjects were found in
the group of widowed/divorced/separated, than single
and married. Similarly, being female was more likely
to develop work-related stress than males. Married
healthcare workers were less likely to develop workrelated stress than singles. Respondents who had work
experience ≥five years were four times more likely had
work-related stress than those not experienced.
Respondents who were dissatisfied with their work
were triple times more prone to develop job-related
stress than respondents who were satisfied with their
job (17).

Statistically significant differences were observed
among the perception of stress and work-related
subscales among health workers of China and India.
Significant stressors include: wages and benefit
subscale of work-related stress positioned highest,
followed by work errand and role, career advancement,
organizational structure and atmosphere, and
relationships (14, 15). The study conducted in Gujarat
indicates that auxiliary nurse midwives (ANMs) are
inclined to organization-related job stress. Resource
inadequacy was the most common reason for stress
among ANMs in the community. Additionally, Job
over-burden, a stationary job without increment, and
inter workload differences were amongst the other
critical stressors among ANMs. Research results
propose that ANMs feel that: they don't have a
satisfactory measure of resources, amenities, and
monetary provision from the top-end establishments;
individuals have such a large number of desires since
the beginning of their jobs, and as an outcome, ANMs
are over-burdened with the assigned work and have
constrained open doors for further development. Focus
group discussion conducted among urban ASHA
workers in urban health centers discovered that they
have different "field work-related" causes which may
influence the service delivery process and affect the
health indicators over the period haul. Some of them
incorporate limited average incentives of just Rs.
www.biomedicineonline.org

In Poland, female health workers faced a higher level
of occupational stress than men, which was a genderrelated factor. The most common and stressful
variables at work for the entire group of community
healthcare workers contained: over-burdened in work,
the absence of remunerations, and danger
communicated by being in danger of contentions,
intensifying wellbeing. Medical caretakers revealed an
elevated amount of physical and psychological
burdens, unsavory and risky work environments, and
the absence of safe provision for workers. In
comparison to men, ladies yielded a more grounded
feeling of absence of remunerations and control,
stronger pressure identified with social relations, a
more elevated amount of physical burdens and more
grounded sentiments of obligation. Also, Women
yielded a larger amount of emotional weariness than
men and a lower dimension of individual achievement
(18). The job-related stress pattern among government
healthcare workers appears to be on the moderately
higher side contrasted with private segments. This was
surprising because the general discernment holds that
working in the private segment expends progressively
broadened hours and a heavier workload, accordingly
prompting a higher feeling of stress. In any case, the
present circumstance could have changed as the public
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hospitals are progressively accepting a higher number
of patients from all foundations with going with
interest for quick, amazing health services. Then again,
just a specific stratum of the general public could
manage the cost of the gigantic expenses charged by
private hospitals. Thus the lower number of individuals
they provide services for (19).

Moreover, focused group discussions, group works,
emotional stability, coping strategies, appraisal system
increased the level of job satisfaction among workers
having a positive attitude. Similarly, it has also been
found that community health workers on positive
coping strategy had substantially less occupational
stress and more job satisfaction compared to those of
others. On the other hand, negative coping techniques
led to higher occupational stress and lower job
satisfaction (25).

Travelling two or more than two km every single day
consistently to perform work, residing at a far distance
of more than three km away from healthcare facility,
and having a less financial assistantships, distance from
the village to the nearest city and type of employment
has an impact on rural health workers occupational
stress, and it is statistically significant (20). Men
healthcare workers in China are more stressed with
their job in comparison to their female counterparts.
This is because men experienced longer overtime work
than women. Similarly, male health workers worked in
a more crowded place and were in a higher position
and were earning higher salaries than female health
workers. Gender of the worker, factors like age of
workers, marital and education status, social
determinants like alcohol drinking and cigarette
smoking, amount of salary paid to the worker,
affiliated department, position and rank of worker are
all independently related to work stress (21). Workrelated stress was found to be more common among
married nurses, and those with three or more children
and the difference was statistically significant. Young
age was significantly associated with work-related
stress at the primary care level. On the other hand,
female gender, married nurses, the presence of work
shifts, and working in the surgical department was
statistically significant in the secondary care level (22)
similarly, workers with lesser experience in service
perceived higher occupational stress (23).

The study conducted on Nigeria to assess the coping
strategies used by healthcare workers, particularly in
response to their revenues found that the salary
received by health workers is inadequate. To overcome
this issue, they tend to have additional earning
arrangements such as farming and trading. Similarly,
sorting out and prioritizing the activities, collecting
informal payments from other works and gifts from
community peoples and patients were some other
coping mechanisms followed by community healthcare
workers (26).
To manage various occupational stressors, the coping
measure includes good and positive self-esteem, a
rational and optimally manageable workload, healthy
relationship with superior staffs, planning and timely
executions of the plans, positive attitudes toward other
healthcare staffs, and active participation in the social
and organizational activities (25). Similarly, the most
used coping strategy used by Portuguese Health
workers was better self-controlling activities, selfstable practices, timely problem-solving and seeking
colleagues and other social support. This shows that the
coping strategies are inversely proportional to the
occupational stresses. Hence, distancing from coping
strategies, lead to a higher occupation in the stress
scale (27). Female participant adopts positive coping
strategies than their male partner. Female respondents
scored higher in the following scales: unrealistic
reasoning/dream, unrealistic reasoning, and looking for
assistance from God. It appears that lady workers will
utilize techniques about unrealistic reasoning and to
look for God's assistance more than males’
respondents. The presence of a health issue likewise
appears to play a role. It was additionally discovered
that professionals who use approaches identified with
critical thinking and positive re-evaluation, don't report
any health issues and their emotional state is by all
accounts superior to anything that the individuals who
utilize other adapting techniques. Family status appears
to impact the positive and better approach and
controlling the sub-factors associated with stress.
Wedded and single individuals utilize a positive tactic
frequently than divorced or separated people and bereft
one. This finding affirms that separated and bereaved

Coping strategy among community health workers
Studies conducted among healthcare workers to assess
the coping strategies used by them to deal with
occupational stress found that HCWs use different
coping strategies for different stressful events. For
emotional health, positive re-appraisal, quitting, and
looking for social help are inclining factors. Strikingly,
quitting, and positive re-assessment and feedback are
inclining factors. For the 'emotional wellness and
otherworldliness,' positive re-appraisal and looking for
social help are additionally inclining elements while in
regards to social connections; positive re-appraisal is a
predisposing factor (5, 24). Health workers believing in
more productive things and confidence in coping
responses were able to deal with stress related to
occupation effectively and thus improves the work
performance of an individual dramatically which
elevates an individual functioning capacity.
www.biomedicineonline.org
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people, as a result of an individual’s family situation,
they did not use the techniques as referenced
previously (28). Front-line community health workers
found out several strategies, common two types of
coping strategies used were to deal with the use of fee
exemptions in Nigeria. The first managing
inadequacies of the policy, processes, system, and their
effective implementation identified with administrative
and management tools, medicate inventories and
stocks, Exclusion of the charge and cost recuperation
systems, continuous supply management for drugs
(requesting by privately owned businesses, issuing
temporary medicines): the the other included
clientelism, updation of guidelines, and efficiently
mobilizing the assets. Antagonistic impacts emerged
because of both the failings of the health system to
deliver quality care and the poor practices of the
community health workers. These incorporate attention
on the financial management of patients, the 'costliest'
of whom once in a while wind up being refused for
treatment, patients looking for prescriptions and
treatment, and a decrease in the nature of quality of
care (29).

2.

3.

4.

5.

6.

7.

8.

9.

CONCLUSION
Stress is obvious in the working environment. The
coping strategies to deal with stress determine the
productivity in work and job satisfaction of workers.
Systematic management of the inadequacies and
bridging the lacunas identified in the policymaking and
during its implementation process can reduce the
occupational stress among the health workers. The
management in material supply chain and quality like
healthcare service being provided and the robust and
friendly work requirement are fundamentals to reduce
occupational stress. The allocation of optimal workload
to an individual and proper feedback and reward
system are the basic needs of the healthcare system.

10.

11.

12.

13.

14.

RECOMMENDATIONS
The health system can be made better by disseminating
healthcare to the individual level in the community by
the accessibility of community health workers. The
better allocation of health resources, clearly defining
the roles and responsibilities to the workers and
suitable reward system and provision of evaluation and
feedback mechanism, is recommended. This system
can inculcate the better stress coping mechanism,
which will improve the quality of health services being
provided at community levels.
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18.

REFERENCES
1.

19.

Selamu, M., Thornicroft, G., Fekadu, A.,, Hanlon C.
Conceptualisation of job-related wellbeing, stress and burnout
among healthcare workers in rural Ethiopia: a qualitative
study. BMC Health Serv Res. 2017; 19: 17.

www.biomedicineonline.org

20.

392

Blekemolen, J., Hulshof, C., Sluiter, J. The Prevalence of
Work-Related Stress Complaints among Healthcare Workers
for the Disabled Participating in a Workers Health
Surveillance Program. Occup Med Health Aff. 2016; 4(6):
256.
Grunfeld, E., Whelan, T. J., Zitzelsberger, L., Willan, A. R.,
Montesanto, B., Evans, W. K. Cancer care workers in Ontario:
prevalence of burnout, job stress, and job satisfaction. J Assoc
Medicale Can. 2000; 163(2): 166-169.
Gray-Stanley, J. A., Muramatsu, N. Work stress, burnout, and
social and personal resources among direct care workers. Res
Dev Disabil. 2011; 32(3): 1065-1074.
Manongi, R. N., Marchant, T. C., Bygbjerg, I. B. C. Improving
motivation among primary health care workers in Tanzania: a
health worker perspective. Hum Resour Health. 200; 4(1): 6.
Etim, J. J., Bassey, P. E., Ndep, A. O., Ekepenyong, B. N.,
Otung, N. S. Work-Related Stress among Healthcare Workers
in Ugep, Yakurr Local Government Area, Cross River State,
Nigeria: A Study of Sources, Effects, and Coping Strategies.
2015; 3(1): 1-12.
Nasiripour, A. A., Raeissi, P., Shabanikiya, H. R.
Occupational Stress among Rural Health Workers in Mashhad
District, Northeast Iran. J Res Health Sci. 2009; 9(1): 21-29.
Boran, A., Shawaheen, M., Khader, Y., Amarin, Z., Hill Rice,
V. Work-related stress among health professionals in northern
Jordan. Occup Med. 2012; 62(2): 145-147.
Parry‐Jones, B., Grant, G., McGrath, M., Caldock, K.,
Ramcharan, P., Robinson, C. A. Stress and job satisfaction
among social workers, community nurses, and community
psychiatric nurses: implications for the care management
model. Health Soc Care Community. 1998; 6(4): 271-285.
Gellis, Z. D. Job Stress among Academic Health Center and
Community Hospital Social Workers. Adm Soc Work. 2001;
25(3): 17-33.
Estryn-Behar, M., Kaminski, M., Peigne, E., Bonnet,N.,
Vaichere, E., Gozlan,C., et al., Stress at work and mental
health status among female hospital workers. Occup Environ
Med. 1990; 47(1): 20-28.
Tam, C. W. C., Pang, E. P. F., Lam, L. C. W., Chiu, H. F. K.
Severe acute respiratory syndrome (SARS) in Hong Kong in
2003: stress and psychological impact among frontline
healthcare workers. Psychol Med. 2004; 34(7): 1197-1204.
Haq, Z., Iqbal, Z., Rahman, A. Job stress among community
health workers: a multi-method study from Pakistan. Int J
Ment Health Syst. 2008; 2: 15.
Li, L., Hu, H., Zhou, H., He, C., Fan, L., Liu, X., et al., Work
stress, work motivation, and their effects on job satisfaction in
community health workers: a cross-sectional survey in China.
BMJ Open. 2014; 4(6): e004897.
Sagar, S., S. Ravish, K. S., Ranganath, T. S., Ahmed, M. T.,
Shanmugapriya, D. Professional stress levels among
healthcare workers of Nelamangala: a cross-sectional study.
Int J Community Med Public Health. 2017; 4(12): 4685-4691.
Brahmbhatt, M. M., Sheth, J. K. Focused Group Discussion of
urban ASHA workers regarding their work-related issues.
Indian J Community Health. 2017; 29(2): 187-190.
Godifay, G. Work-Related Stress among Health Care Workers
in Mekelle City Administration Public Hospitals, North
Ethiopia. J Health Med Nurs. 2018; 46: 189-195.
Ogińska-Bulik, N. Occupational Stress and Its Consequences
in Healthcare Professionals: The Role of Type D Personality.
Int J Occup Med Environ Health. 2006; 19(2): 113-122.
Pl, L. Work-Related Stress among Healthcare Providers of
Various Sectors in Peninsular Malaysia, 2011; 20(2): 1-15.
Li, J., Yang, W., Cheng, Y., Siegrist, J., Cho, S-I. Effort–
reward imbalance at work and job dissatisfaction in Chinese
healthcare workers: a validation study. Int Arch Occup
Environ Health. 2005; 78(3): 198-204.

Biomedicine- Vol. 39 No. 3: 2019

Chand et al: The linkage between…. Indo-global perspective
21. Al-Makhaita, H. M., Sabra, A. A., Hafez, A. S. Predictors of
work-related stress among nurses working in primary and
secondary health care levels in Dammam, Eastern Saudi
Arabia. J Fam Community Med. 2014; 21(2): 79-84.
22. Aswathy, B., Pillai, R. R. Occupational Stress among
Anganwadi Workers in Kerala State, India: Implications in
Psychiatric Social Work | Indian Journal of Psychiatric Social
Work. Indian J Psychiatr Soc Work. 2017; 8(2): 8-11.
23. Koinis, A., Giannou, V., Drantaki, V., Angelaina, S., Stratou,
E., Saridi, M. The Impact of Healthcare Workers Job
Environment on Their Mental-emotional Health. Coping
Strategies: The Case of a Local General Hospital. Health
Psychol Res. 2015; 3(1): 1984.
24. Gellis, Z. D. Coping with Occupational Stress in Healthcare.
Adm Soc Work. 2002; 26(3): 37-52.
25. Akwataghibe, N., Samaranayake, D., Lemiere, C., Dieleman,
M. Assessing health workers’ revenues and coping strategies

26.

27.

28.

29.

in Nigeria - a mixed-methods study. BMC Health Serv Res.
2013; 13(1): 387.
Rössler, W. Stress, burnout, and job dissatisfaction in mental
health workers. Eur Arch Psychiatry Clin Neurosci. 2012; 262
Suppl 2: S65-69.
Laranjeira, C. A. The effects of perceived stress and ways of
coping in a sample of Portuguese health workers. J Clin Nurs.
2012; 21(11–12): 1755-1762.
Koinis, A., Giannou, V., Drantaki, V., Angelaina, S., Stratou,
E., Saridi, M. The Impact of Healthcare Workers Job
Environment on Their Mental-emotional Health. Coping
Strategies: The Case of a Local General Hospital. Health
Psychol Res. 2015; 3(1).
Diarra, A., Ousseini, A. The coping strategies of front-line
health workers in the context of user fee exemptions in Niger.
BMC Health Serv Res. 2015; 15 (Suppl 3): S1.

igeria: A Study of Sources, Effects, and Coping Strategies

www.biomedicineonline.org

393

Biomedicine- Vol. 39 No. 3: 2019

Biomedicine: 2019; 39(3): 394- 399

July- September 2019

A detailed approach on the health benefits of L-theanine
Jothi Priya A.1, Lakshminarayanan A.2, Gayatri Devi R.1, Karthik Ganesh M.3, Saravana Kumar4
Assistant Professor, Department of Physiology1, Pharmacology2, Anatomy3 Saveetha Dental College and Hospitals,
Saveetha Institute of Medical and Technical Sciences, Chennai -77, India
4
Faculty of Medicine, SEGI University, Kota Damansara, Malaysia
(Received: April 2019

Revised: June 2019

Accepted: August 2019)

Corresponding author: Lakshmi Narayanan A. Email: lakshminarayanan512@gmail.com
ABSTRACT
Tea has been consumed for thousands of years and is an integral part of people's daily routine, as an everyday drink and
a therapeutic aid for health promotion. Consumption of tea has been linked to a sense of relaxation commonly associated
with the content of the non-proteinogenic amino acid theanine, which is found within the tea leaves. The aim of this
review article is to outline the health benefits of L-theanine. The review includes a descriptive analysis of L-theanine in
its role in improvement of immune function, cancer prevention, reduced cardiovascular risk and its cognitive potential
usefulness in our bodily systems when compared with available conventional methods. This review states in detail about
the health benefits and lots of various other uses of L-theanine which is meant as a relaxing agent or a template for
antidepressant drugs. This systematic review is done to acknowledge all the useful and necessary uses of l-theanine and
its importance to society.

Keywords: L-Theanine; non-proteinogenic; cardiovascular risk; therapeutic; cognitive.
only dietary source of L-theanine. There are some health
benefits associated with green and black tea ingestion
that are thought to be more reflective of the theanine
content rather than the green tea catechins or
the theaflavins, and this is thought to be related to
cardiovascular health (as L-theanine positively regulates
nitric oxide) and some cognitive benefits. There has
been a resurgence of interest in the anxiety-relieving
powers of L-theanine, an amino acid found in green tea.
Discoveries over the past two years have uncovered
exciting additional properties of this nutrient best known
for inducing calming, tranquilizing effects while
simultaneously improving alertness. In this research
update, we examine how L-theanine acts in the brain and
review compelling new studies on its actions that
include potentially reduced risk of stroke and less brain
damage if an ischemic stroke were to occur.

INTRODUCTION
-Theanine (γ-glutamylethylamide) is a unique
amino acid present almost exclusively in the tea
plant (Camellia sinensis). Theanine crosses the
blood-brain barrier via the large neutral amino acid
(leucine preferring) transport system (1). L-Theanine is
an amino acid that is not common in the diet (not one of
the essential amino acids or even one of the common
nonessential amino acids) and is deemed a non-dietary
amino acid similar to L-ornithine or L-citrulline. LTheanine has structural similarity to glutamine and both
neurotransmitters that are produced from it such as
gamma -aminobutyric acid (GABA) and glutamate and
be summed up as being a relaxing agent without
sedation (relative to something like a lemon balm which
relaxes but may also sedate) and is also implicated in
reducing the perception of stress and slightly improving
attention. While L-theanine does not appear to induce
sleep, it may (quite weakly) help with sleep although its
potency suggests it may not be a good first-line
treatment for this. Interestingly, the relaxing and
attention promoting properties of L-theanine coupled
with the lack of sedation may L-theanine have its most
significant supplemental role in attenuating the 'edge' of
many stimulants. A combination of L-theanine
with caffeine (200 mg each) is noted to be synergistic in
promoting cognition and attention. L-Theanine, for the
most part, is a relaxing but not sedating amino acid that
is synergistic with stimulants such as caffeine as it can
'take the edge off'. It is effective by itself in the standard
supplemental dosages as well, and although it can be
attained via a diet high in green tea ingestion that is the

L

www.biomedicineonline.org

Benefits of L-theanine on the brain
Theanine, when reaching the brain, has been shown in
rats to increase both serotonin and dopamine production.
Animal studies have shown that L-theanine is able to
inhibit the stimulation produced by caffeine, as
evaluated by electroencephalogram (EEG; 2). It has
been demonstrated previously that i.p. injection of
theanine reduced the size of cerebral infarcts in middle
cerebral artery (MCA) occlusion mice showing its
neuroprotective activity against cerebral ischemia (3).
Kimura and Murata reported that 30 min after i.p.
injection of theanine, it was incorporated into the mouse
brain without any metabolic change (4). In addition,
Takeshima reported that theanine, when administered
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orally, was transported into the brain through the bloodbrain barrier (BBB), suggesting that theanine passes
easily through this barrier (5). L-theanine has also been
shown to inhibit the downregulation of neurotrophic
factors thus preventing the SH-SY5Y neurons from PD
related environmental neurotoxicants (6). Moreover,
theanine exerts a neuroprotective action against cerebral
ischemia when administered systemically, providing
further evidence for the permeability of the BBB to
theanine.

theanine influences expression of genes in brain areas
responsible for fear and aggression (amygdala) and
memory (hippocampus), helping to balance the
behavioral responses to stress, and potentially improve
conditions such as mood disorders, post-traumatic stress
disorder (PTSD), and substance dependence (13).
Promotion of cognitive function
There’s a link between anxiety, reaction to stress, and
the brain’s most fundamental function, maintaining
cognition. Studies over the past two years suggest a
potential role for L-theanine in supporting cognitive
function and preventing its loss. Stress has powerful
negative effects on one’s ability to think clearly and
make smart decisions. This is demonstrated
physiologically by animal experiments showing that
stress significantly reduces animals’ performance on
standard tests of learning and memory, as well as by
increased oxidative stress in the brain and elevated
blood levels of stress-response hormones such as
catecholamine and adrenaline. Treating animals with Ltheanine before the stress is applied, however, results in
reversal not only of cognitive impairment but also of the
elevation of stress hormones and oxidative damage (14).
Studies such as these demonstrate that L-theanine can
specifically reduce the molecular impacts of acute
stress, and the resulting excitotoxicity, on brain cells.
The issue with chronic glutamate-driven excitotoxicity
is profound and long-lasting cognitive dysfunction,
including neurodegenerative disorders such as
Alzheimer’s, Parkinson’s, Huntington’s diseases, and
amyotrophic lateral sclerosis (ALS; 15). The protective
effects of L-theanine have been shown in animal models
for at least the first three of these disorders, suggesting
that regular L-theanine supplementation might be
important in fending off these tragic conditions by
opposing the destructive effects of long-term glutamate
excitotoxicity (16). In a rat model study for
Huntington’s disease, researchers investigated the
protective effects of L-theanine against 3-nitropropionic
acid (3-NP). Rats exposed to 3-nitropropionic acid
experienced significant reductions in body weight,
oxidative defenses, and locomotor activity, as well as
impaired mitochondrial enzyme activity. But when
exposed to L-theanine, the behavioral, biochemical, and
mitochondrial enzyme activities were significantly
attenuated, leading authors to conclude that “L-theanine
has neuroprotective activity against 3-nitropropionic
acid-induced neurotoxicity (18). Recent studies show
that L-theanine can prevent both the biochemical and
structural damage to brain cells induced by aluminum,
offering yet another means by which this nutrient can
prevent or slow cognitive decline (19).

L-Theanine on anxiety and stress
L-Theanine relieves anxiety in large part because it
bears a close resemblance to the brain signaling
chemical glutamate. L-theanine produces the opposite
effect in the brain. While glutamate is the brain’s most
important excitatory neurotransmitter, L-theanine binds
to the same brain cell receptors and blocks them to
glutamate’s effects. This action produces inhibitory
effects (7, 8). That inhibition of brain overactivity has a
calming, relaxing effect in which anxiety fades (9). In
addition to blocking excitatory stimuli at glutamate
receptors in the brain, L-theanine also stimulates the
production of the inhibitory, relaxing neurotransmitter
GABA, adding to its calming, anti-anxiety effects.
Unlike prescription anti-anxiety drugs, however, some
of which mimic GABA’s effects, L-theanine produces
its anti-anxiety effects without producing sleepiness or
impairing motor behavior (10). In fact, L-theanine has
been shown in human studies to moderately improve
alertness and attention while exerting its anxietyreducing effects (11). Studies show that L-theanine
supplementation prevents the abrupt rise in blood
pressure that some people experience under stress (7).
This is so critical that many people have normal blood
pressure readings at rest that spike up to dangerously
high levels when subjected to stressful situations. These
periods of surging blood pressure inflict massive arterial
damage and are the main reason why at-home and atoffice blood pressure testing are so important.
Dosage and directions for L-theanine
In general, it is recommended that users begin with the
smallest suggested dose, and gradually increase until it
has an effect. For sleep, stress and other uses: 100 mg to
400 mg in combination with caffeine: 12-100 mg Ltheanine, 30-100 mg caffeine. Researchers are now
increasingly interested in applications for L-theanine far
beyond its anti-anxiety properties. Excessive glutamate
stimulation of brain cells (excitotoxicity) is a factor in
the development of long-term neurodegenerative
disorders, stroke, and schizophrenia (12). Therefore, Ltheanine’s glutamate-blocking capabilities make it
promising for neuroprotection and prevention in these
areas. And while its deeper mechanisms are still under
investigation, there is tantalizing evidence that Lwww.biomedicineonline.org
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A stroke is the result of a sudden blockage of blood
(ischemia) to a part of the brain, resulting in massive
chemical stresses, extreme excitotoxicity, and eventual
death of brain cells (20). The latest studies show that Ltheanine has properties that may both help to prevent
strokes and to mitigate the damage caused when they do
occur.

be evidence that theanine has 'relaxing and attention
promoting' properties. One study has reported increased
theta wave function, but with a combination supplement
of both theanine (60 mg) and green tea extract (360mg)
taken thrice daily over 16 weeks (15). Theanine
supplementation appears to cause an increase in alpha-1
wave production within 30-45 minutes following the
oral ingestion of standard supplemental doses. This
increase in alpha-1 production is highly associated with
the most common benefits of Theanine supplementation
(relaxation and attention).

Lab studies show that L-theanine is capable of
significantly improving nitric oxide production in
endothelial cells (21). This has the potential to lower
stroke risk because nitric oxide is a signaling molecule
that endothelial cells use to communicate information
about blood flow and pressure to muscles in the artery
walls, telling them to constrict or relax appropriately in
response and distributing blood flow appropriately. In
another stroke-preventing mechanism, L-theanine has
recently been shown to significantly reduce the
expression of adhesion molecules to the endothelial wall
by inhibiting tumor necrosis factor-alpha (TNF-a),
thereby reducing the risk of an artery-blocking clot or
obstruction that produces a stroke (22). L-theanine
protects the body from the damage of blood reperfusion
or refilling that occurs after the abrupt loss of circulation
during the stroke and administration of L-theanine up to
12 hours after a stroke is induced protects brain cells and
reduces the size of the damaged brain areas. Even
treatment as late as 24 hours after the stroke improves
neurological status (23).

How L-theanine works
L-theanine promotes relaxation and facilitates sleep by
contributing to a number of changes in the brain:
Boosts levels of GABA and other calming brain
chemicals
L-theanine elevates levels of GABA, as well as
serotonin and dopamine. These chemicals are known as
neurotransmitters, and they work in the brain to regulate
emotions, mood, concentration, alertness, and sleep, as
well as appetite, energy, and other cognitive skills.
Increasing levels of these calming brain chemicals
promote relaxation and can help with sleep.
Lowers levels of “excitatory” brain chemicals
At the same time, it is increasing chemicals that promote
feelings of calm, L-theanine also reduces levels of
chemicals in the brain that are linked to stress and
anxiety. This may also be a way that L-theanine can
protect brain cells against stress and age-related damage.

Neural mechanisms of L-theanine
Theanine has been found to cross the blood-brain
barrier, as systemic injections and oral intake (24) and
can increase brain concentrations of the compound
which appears to be mediated via the leucine-preferring
transport (25) system ( the neutral amino acid transport).
The concentrations reaching the brain at this oral dose
are around 2µM/g and serum concentrations in this
study peaked at above 12.5µM/mL within an hour and
were reduced to similar concentrations as the brain at 16
hours. Specific brain organs that have been shown to
have increased in theanine concentration following oral
intake include the hippocampus (19). Orally
administered L-theanine supplementation can cross the
blood-brain barrier. L-Theanine supplementation in the
standard dosages (50-250mg) has been repeatedly noted
to increase α-waves in otherwise healthy persons. This
may only occur in persons with somewhat higher
baseline anxiety or under periods of stress positive (4)
and negative results (22) but has been noted to occur
during closed eye rest (5) as well as during visuospatial
tasks (16) around 30-45 minutes after ingestion (4,5). It
appears that only the α-1 wave (8-10Hz) is affected, with
no influence on α-2 wave (11-13Hz) (4). α-waves (812Hz) are known to be associated with a state of
relaxation (23). These altered wave functions are said to
www.biomedicineonline.org

Enhances alpha brain waves
Alpha brain waves are associated with a state of
“wakeful relaxation.” That’s the state of mind you
experience when meditating, being creative, or letting
your mind wander in daydreaming. Alpha waves are
also present during REM sleep. L-theanine appears to
trigger the release of alpha-waves, which enhances
relaxation, focus, and creativity. One of the appealing
aspects of L-theanine is that it works to relax without
sedating. That can make L-theanine a good choice for
people who are looking to enhance their “wakeful
relaxation,” without worrying about becoming sleepy
and fatigued during the day.
Benefits of L-theanine improving sleep
With its ability to increase relaxation and lower stress,
L-theanine can help in sleep in several ways. L-theanine
may help people fall asleep more quickly and easily at
bedtime, thanks to the relaxation boost it delivers.
Research also shows L-theanine can improve the quality
of sleep not by acting as a sedative, but by
lowering anxiety and promoting relaxation. There’s
evidence that L-theanine may help improve sleep quality
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in children with attention deficit hyperactivity disorder
(ADHD). A study examined the effects on the sleep of
boys ages 8-12 and found that the supplement worked
safely and effectively to improve the quality of their
sleep, helping them to sleep more soundly.

receptors are involved in several functions in your body
and are best known as the relaxing receptors. Substances
that activate GABA receptors are referred to
as depressants not because they make you feel
depressed, but because they depress signals from your
central nervous system (28). L-Theanine can, therefore,
be considered as a depressant supplement – one that
helps to reduce signals from the central nervous system
and promotes relaxation.

Reducing stress and anxiety
L-theanine is what’s known as an anxiolytic it works to
reduce anxiety. Some anxiolytics, such as valerian and
hops, have sedative effects. L-theanine, on the other
hand, promotes relaxation and stress reduction without
sedating. L-theanine can help foster a state of calm,
attentive wakefulness. L-theanine has positive effects
on both the mental and physical symptoms of stress,
including lowering heart rate and blood pressure.
Research suggests that L-theanine can help reduce
anxiety in people with schizophrenia and schizoaffective disorder.

L-Theanine and mood
Many people think of L-theanine as a great supplement
to improve mood. L-theanine is known to activate
GABA receptors and promote relaxation, but its effects
on mood are not quite as well understood. People who
suffer from anxiety often experience low moods as a
result of their consistent worrying. As a result, many
people are searching for the L-theanine anxiety
connection. Unfortunately, there have not yet been any
conclusive studies on the direct link between L-theanine
and mood. One important thing to consider is that
Researchers have found solid evidence of L-theanine’s
remarkable ability to reduce stress. Stress is an
important aspect of a bad mood. Studies have
consistently linked stress to a low mood. Since stress is
such an important feature of our daily lives, managing it
is key to maintaining a healthy mood (29). Lastly, as we
mentioned above, researchers have linked L-theanine
supplements to increased activity of alpha brain waves.
Even at low dosages of around 50mg, L-theanine exerts
an effect on your brain that increases the alpha brain
waves (8). Alpha brain waves are associated with a
relaxed and alert state of mind. Alpha brain waves are
also prominent during periods of meditation and are
highly prevalent in EEG scans of deep meditators. These
data indicate that alpha brain waves are linked to
improved mood. (23). Researchers have found that Ltheanine is an effective supplement for improving your
mood.

Enhancing attention, focus, memory and learning
Under stress, the body increases the production of
certain hormones, including cortisol and corticosterone.
These hormone changes inhibit some brain activity,
including memory formation and spatial learning. LTheanine helps to lower levels of the stress hormone
corticosterone and avoid interference with memory and
learning. L-Theanine may help boost other cognitive
skills. Research shows L-theanine can increase attention
span and reaction time in people who are prone to
anxiety. It may help improve accuracy; one study shows
that taking L-theanine reduced the number of errors
made in a test of attention. Sometimes, L-theanine is
used with caffeine to enhance cognitive skills. Studies
show that combinations of L-theanine and caffeine can
improve attention span, enhance the ability to process
visual information, and increase accuracy when
switching from one task to another.
L-Theanine and relaxation
Numerous studies have examined the effects of Ltheanine supplements on people’s state of mind.
Researchers have found that L-theanine has a powerful
relaxing effect on most people. Studies have compared
L-theanine supplements to some commonly prescribed
relaxing agents and found that L-theanine may be more
effective and promoting a relaxed state (26).
Furthermore, researchers in Korea have found that Ltheanine supplements alter your brain waves. After
taking L-theanine tablets, participants in a study were
seen to have increased alpha brain wave activity,
especially those with high baseline anxiety, Alpha brain
waves are associated with increased creativity,
relaxation, and improved mood (27).
L-Theanine is known to promote relaxation through its
effects on receptors in your brain. Specifically, LTheanine activates the GABA receptors. GABA
www.biomedicineonline.org

L-Theanine and caffeine
One of the most important benefits of L-theanine is its
synergistic relationship with caffeine. Multiple studies
have shown that L-theanine and caffeine work well
together to boost mental alertness and focus.
Importantly, L-theanine is able to reduce many of the
negative effects associated with caffeine (30). On the
one hand, researchers have found that caffeine is
associated with increased feelings of anxiety and
jitteriness. This is especially relevant for people with
anxiety disorders, data shows that the negative effects of
caffeine are more pronounced in people who suffer from
anxiety. L-Theanine and caffeine have been showed to
have a good synergistic relationship. The combination
of the two substances improves reaction time, working
memory time, and sentence verification accuracy. Not
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only this, but the combination of L-theanine and caffeine
promote a reduction in headaches and tiredness when
compared to either of the supplements taken alone.

6.

CONCLUSION

7.

L-theanine, an amino acid found in green tea, reduces
anxiety by blocking excitatory stimuli at glutamate
receptors in the brain while stimulating the production
of the inhibitory, relaxing neurotransmitter GABA. But,
unlike standard anti-anxiety drugs, L-theanine relieves
stress without altering other CNS levels. In fact, studies
show it improves alertness and attention. Researchers
are now examining L-theanine’s applications beyond its
anti-anxiety effects. Studies suggest a role for Ltheanine in supporting cognitive function and
preventing cognitive loss by protecting brain cells and
preventing strokes and reducing the damaging effects if
a stroke has occurred. Lastly, L-theanine is the subject
of human studies in patients with schizophrenia. In
summary, L-theanine helps to promote it as a powerful
supplement with Nootropic effects. Studies have shown
that L-theanine affects GABA receptors and promotes
relaxation. Research has also pointed to L-theanine’s
ability to improve sleep quality and to reduce feelings of
stress. While these are all symptoms of interest to people
who are interested in an L-theanine anxiety connection,
they do not necessarily show that L-theanine has any
relevant anxiolytic effects. L-Theanine has a synergistic
relationship with caffeine. When taken together, the two
supplements help to improve mental alertness and focus.
L-Theanine is also able to help reduce some of the
negative effects of caffeine like headaches and elevated
blood pressure. Research into the relationship between
L-theanine and anxiety has produced conflicting results.
In the past, people used L-theanine as a powerful
supplement to reduce feelings of stress. Today, Ltheanine can be purchased as a dietary supplement to
promote relaxation, healthy sleep, a calm mood, and as
a synergist for caffeine.
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ABSTRACT
Hypophosphatasia is a hereditary condition characterized by decreased level of serum alkaline phosphatase (APase),
elevation of phosphoethanolamine (PEA) in urine, premature loss of teeth, and skeletal abnormalities.
Hypophosphatasia (HPP) is also a rare inherited metabolic disease in which mutations in the ALPL gene (encoding
tissue-nonspecific alkaline phosphatase) results in varying degrees of enzyme deficiency. Hypophosphatasia manifests
in a spectrum of symptoms, including early primary tooth loss (root intact) and alveolar bone mineralization defects.
Premature loss of primary and permanent teeth is due to disturbed cementum formation and tooth roots in affected
patients do not adequately attach to absorbed alveolar bone due to malformed cementum. Dental professionals are in a
position to identify and recognize hypophosphatasia features for timely referral and optimal disease management.
Keywords: Alkaline
phosphoethanolamine.

Phosphatase;

hypophosphatasia;

ypophosphatasia is a rare genetic disorder with
autosomal dominant and autosomal recessive
inheritance. It is characterized by a
mineralization defect affecting the bones and teeth,
which is associated with deficient and reduced
enzymatic activity of tissue-nonspecific alkaline
phosphatase (TNSALP; 1) Mutations of the ALPL
gene (1p36.1-p34), which encodes TNSALP, are
responsible for the reduction in enzymatic activity.
Tissue nonspecific alkaline phosphatase enzyme is
expressed in the liver, bones, and kidneys, and also
found in the enamel, dentine, cementum, and alveolar
bone. During reduced enzymatic activity of TNSALP,
substrates such as pyridoxal 50 -phosphate, inorganic
pyrophosphate, and phosphoethanolamine (PEA) are
not broken down, they build up and produce toxic
effects (2). Hypophosphatasia is a hereditary condition
characterized clinically by

H





disease;

mineralization;

The childhood form of hypophosphatasia appears after
6 months of age and presents in very diverse forms.
Bone deformities may be minor, and the disease may
result only in the early loss of the primary teeth,
however in some cases, it is associated with moderate
HPP related rickets, short stature, delayed walking or
gait disorders, and pain in the lower limbs. Adult HPP
tends to manifest in middle age, but there is usually
history of premature loss of primary teeth. It involves
early loss of the permanent teeth, which is usually
associated with multiple fractures, osteomalacia,
chondrocalcinosis, osteoarthropathy, and stress
fractures (5).

Decreased level of serum alkaline phosphatase
(APase),
Elevation of PEA in urine,
Premature loss of teeth, and
Skeletal abnormalities.

It usually presents as a continuum, from childhood to
adulthood, and its clinical expression changes over the
course of the patient’s lifetime, in particular during
certain periods (adolescence, menopause) or in
response to specific events (fractures, ingestion of
vitamin D). With increasing age, the problems of
osteoarthritis, osteoporosis, nephron-calcinosis, muscle
weakness, and repeated fractures may exacerbate the
www.biomedicineonline.org

metabolic

clinical situation (3). Six clinical forms of
Hypophosphatasia (HPP) have been classified based on
the age of onset of the symptoms. The six forms
include perinatal (fatal), benign prenatal, infantile,
childhood, adult, and odonto-HPP, which is limited to
orodental manifestations. The perinatal form is the
most severe form and occurs in utero or at birth, with
total absence of bone mineralization. The benign
prenatal form can be detected through bone-related
symptoms in the prenatal period. Its course is more
favorable than the severe perinatal form. The infantile
form typically develops at around 6 months of age and
results in severe bone deformities and rickets. It also
presents with respiratory complications, premature
craniosynostosis, hypercalcemia, and nephroncalcinosis (4). Additionally, the onset of epileptic
seizures secondary to the build-up of pyridoxal
phosphate occurs often as a sign of incompatible with
survival.

INTRODUCTION



hereditary;
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Odonto-HPP is limited to dental manifestations alone
and can occur at the age of 13 years. Alveolar bone
loss is apparent, with no other skeletal abnormalities.
The most common oral manifestation presented with
Hypophosphatasia includes: Lack of cementum
formation, root resorption, enamel hypoplasia and
delayed appearance and premature decay of deciduous
and permanent dentition and total tooth loss before 20
years of age. There is no male or female predilection
and mean age for the first tooth to be lost is 21-22
months (6). Enlarged pulp spaces and reduced cortical
bone thickness of the mandibular angle are one of the
common characteristics. Roots either fail to develop
fully or there is early resorption of the apices.

Since the stability and retention of the teeth depend on
the attachment of the periodontal fibers from the
cementum to alveolar bone, the irregular deposition or
the absence of the cementum accounts for the
premature loss of teeth. In the previous studies it was
suggested that normal cementogenesis does not take
place in these affected patients and abnormality of the
cementum matrix formation was directly due to the
deficiency of the enzyme alkaline phosphatase (10).
The dysregulation of pyrophosphate causes
abnormalities affecting the formation of the cementum
covering the tooth root, which is essential for tooth
structure and attachment to the alveolar bone, thereby
contributing to early tooth exfoliation. Problems with
the formation of dentine and amelogenesis also occur.
In children with hypophosphatasia, hypercalcemia may
result in a poor appetite and eating problems, and
severe dental caries. Zones of predentin were unusually
wide within the pulps of affected teeth. The
odontoblasts were reduced in number. In addition,
dentinal tubules were enlarged and less numerous than
in normal teeth. The remainder of the pulp tissue
appeared to be normal. There were changes indicative
of retarded calcification. Interglobular dentin was
abundant, the over-all thickness of dentin was reduced,
and incremental lines were both more numerous and
more prominent than expected. In the roots of some
affected teeth, areas of osteodentin formation were
observed. This is usually found only in the coronal
portion of the pulp and often represents a response to
injury. Osteodentin rarely replaces primary dentin in
developing teeth (11). Ordinarily, root resorption is not
a continuous process. Intervals of resorptive activity
alternate with periods of rest and reposition of
cementum. This process is responsible for the retention
of deciduous teeth until most of the root has been
resorbed.

Etiology and pathogenesis
Alkaline phosphatase (ALP) is essential for skeletal
mineralization. Its main role is the liberation of
inorganic phosphate (Pi) for hydroxyapatite (HA)
crystal propagation. This enzyme is found to be
abundant also in non-calcifying tissues such as liver,
intestine, and placenta. There are four ALP
isoenzymes, encoded by four separate genes: three
isoenzymes are tissue specific (intestinal, placental,
and germ cell ALP) and the fourth is the tissue
nonspecific alkaline phosphatase (TNSALP), present in
all cell types (7). The extracellular accumulation of
phosphoric
compounds,
especially
inorganic
pyrophosphate, leads to the impairment of
hydroxyapatite crystal formation and growth, thereby
producing rickets and osteomalacia, respectively in
children and adults and a wide range of other
symptoms (8).
Clinical signs and characteristic symptoms of
hypophosphatasia
Dental symptoms – Early exfoliation of teeth
Early loss of primary teeth before the age of 3 years is
seen, either affecting all teeth or just those in the
incisor– canine region. The primary teeth are shed with
their roots intact. The first sign is often tooth mobility,
which leads the patient and their family to seek advice;
subsequent radiographs reveal severe alveolar bone
loss. Early loss of primary teeth exists in all forms of
hypophosphatasia and should be part of the
medical/dental history questionnaire for patients of all
ages. The clinical picture in older children and adults
with hypophosphatasia generally includes the early loss
of all or some of the permanent teeth. However, there
are no associated skeletal deformities, such as in
odonto-hypophosphatasia (9). Primary incisors, canines
and primary molars exfoliate before the permanent
teeth began to erupt. In most of the reported cases of
hypophosphatasia there was premature exfoliation of
teeth, with hypoplasia or aplasia of the cementum.
www.biomedicineonline.org

Symptoms of bone
Bone fragility and deformities may also be present in
utero or at birth. Growth in stature and weight gain is
poor in forms of hypophosphatasia that manifest at an
early age. In childhood forms of HPP, the patient often
finds it difficult or even impossible to walk (resulting
in a limp and the use of crutches or a wheelchair). Pain,
being late to sit up or walk, growth retardation, and
muscle weakness are all warning signs for
hypophosphatasia. Associated symptoms are premature
craniosynostosis with intracranial hypertension,
plagiocephaly, or quite the opposite, the presence of a
wide fontanelle that is slow to close, metaphyseal
abnormalities, diaphyseal incurvation, and highly
fragile bones (12).
Clinical oral examination
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The clinical examination of patients with
hypophosphatasia will always focus on assessing loss
of primary/permanent teeth in relation to the patient’s
age. The mobility of teeth should be assessed together
with the health of the periodontium.

Asfotase Alfa is the first agent approved for the
treatment of perinatal, infantile, and childhood-onset
forms of hypophosphatasia. A recombinant form of
tissue nonspecific alkaline phosphatase, asfotase alfa is
intended to enhance deficient alkaline phosphatase
enzyme activity in patients with these forms of
hypophosphatasia. Safety and efficacy of asfotase alfa
were established in patients with perinatal, infantile,
childhood-onset hypophosphatasia who received
treatment for up to 6.5 years. Results showed that
patients
with
perinataland
infantile-onset
hypophosphatasia treated with asfotase alfa had
improved overall survival rate and showed
improvements in growth and bone health (17).
Asfotase alfa is run as an injection (3 to six injections
per week) in weight-based dosing regimens. Warnings
and precautions embrace hypersensitivity reactions,
lipodystrophy at injection sites (i.e. abnormal
thickening or dilution of the skin), and ectopic
calcifications in the eye and kidneys. The most
common adverse reactions occurring in 100% or a lot
of patients embrace injection site reactions,
lipodystrophy,
posture
calcifications,
and
hypersensitivity reactions. Alkaline phosphatase is
sensitive to magnesium; in some cases, magnesium
acts as a co-factor, while in others it actually stimulates
activity of the enzyme. On this basis, orally or
systemically administered magnesium has been tried in
patients with hypophosphatasia. The value of this
therapy remains to be determined (18).

Radiographs may include a panoramic image and also
includes intraoral periapical radiographs of the areas
affected, or even assessment by cone beam computed
tomography (CBCT; 13).
Laboratory diagnosis
The pathognomonic symptom is subnormal bodily
fluid activity of basic enzyme. In general, the clinical
severity of hypophosphatasia reflects the degree of
enzyme deficiency. The most sensitive substrate
marker for hypophosphatasia is an increased pyridoxal
5’-phosphate (PLP) plasma level, which often
correlates with the disease severity. And, though it
remains solely a hunt technique, quantitation of urinary
inorganic pyrophosphate (PPi) levels, which are
elevated in most hypophosphatasia patients, has been
reported to accurately detect carriers. In addition,
increased urinary levels of PEA are observed in most
patients. Differential diagnosis for this disease includes
osteogenesis imperfecta, rickets and achondrogenesis
(14). Due to the mild nature of hypophosphatasia, the
detection of it is not easy. Many such cases have been
overlooked and never been diagnosed. Thus, it is
important to test the quantity of PEA in the urine and
the level of serum alkaline phosphatase when
hypophosphatasia is suspected. If PEA is elevated in
the urine, the family members should also be tested for
hypophosphatasia, or preferably, they should be
referred to the genetic clinic for further investigation.
The elevation of PEA in the urine alone, however, is
not a clear indication of the disease because patients
with a variety of metabolic bone diseases and different
endocrine disorders also excrete a considerable amount
of PEA in the urine (15). For odonto-hypophosphatasia
or non-severe forms of HPP (childhood or adult HPP),
the level of alkaline phosphatase is closer to the lower
limit of normal than in the severe perinatal and
infantile forms of hypophosphatasia. Residual
enzymatic activity may in fact, continues to minimize
the clinical manifestations. In principle, urine PEA
tests are carried out only if there is any doubt regarding
the diagnosis; levels are elevated in patients with
Hypophosphatasia. Serum pyridoxine 50 -phosphate is
also elevated and is a sensitive marker for
hypophosphatasia. This assessment in children is
always completed by an analysis of the following
parameters: calcium, phosphate, parathyroid hormone,
and vitamin D (16).

Dental treatment
As for dental treatment for hypophosphatasia patients,
periodontal management is very important for teeth
with mobility. Although that may not recover a healthy
condition, it helps maintaining the stability of the
current condition, thus enabling preservation of
affected teeth as long as possible. In addition,
application of a partial denture is a useful treatment
modality for cases with tooth loss, as it solves not only
aesthetic but also functional problems, such as
mastication and speech (19). Many studies have been
done in patients affected with hypophosphatasia. One
of the studies done by Beumer et al., in seven children
with hypophosphatasia from six families over a period
of several years, showed results of excessive amounts
of PEA in the urine and had low levels of serum
alkaline phosphatase activity (20, 21). Prior to and
during the course of exfoliation of teeth, there was no
clinical evidence of inflammatory periodontal disease.
In some instances, the teeth appeared to be extruded.
Upon exfoliation, the teeth examined were noted to
have minimal apical root resorption. All these seven
patients
were
diagnosed
with
childhood
hypophosphatasia. In all seven patients, age of onset,

Enzyme-replacement therapy for hypophosphatasia
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physical characteristics, and chemical findings were
consistent with the diagnosis of "childhood"
hypophosphatasia. The results indicated that this
condition was a symptom complex with variable signs;
however premature loss of teeth appeared to be an
invariable essential feature. Most of the clinical cases
of hypophosphatasia reported in the dental literature
are of childhood type, i.e., when the condition was first
diagnosed in children after 6 months of age. In all of
these reported cases, the patient’s serum alkaline
phosphatase levels were at subnormal value or at the
lower end of the normal range. The other consistent
findings include the elevation of PEA in the urine and
premature exfoliation of primary teeth. However, bony
abnormality is only an occasional finding. Other dental
abnormalities related to the condition-embody enlarged
pulp chambers, hypocementosis and loss of alveolar
bone.
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ABSTRACT
Introduction and Aim: Non-targeted tissue susceptibility of organs including brain is one of the significant impacts of
chemotherapy and often limits the therapeutic strategies in cancer patients. A molecule or component which can prevent
/suppress such action on non- targeted tissue may be of clinical significance to enhance the drug effectiveness and life
style of the patient. Aim of the study is to evaluate the effect of Whey Preparation (WP) on the maintenance of steadiness
of oxidative/anti-oxidative components of brain in a rat model exposed to chemotherapeutic stress.
Materials and Methods: Twenty-four adult Wistar rats weighing around 200-250 g were randomly divided in to four
groups (n=6). Effect of oral administration of 100 mg/kg body weight of freshly prepared WP was studied in comparison
with normal control, etoposide and whey preparation administered groups. Activity of Sodium-Potassium ATPase (Na+K+-ATPase), Thiobarbituric Acid Reactive Substances (TBARS), Altered Oxidative Protein Products (AOPP),
Myeloperoxidase (MPO) activity and reduced Glutathione (GSH) in brain tissue were studied. Statistical analysis was
done by ANOVA, p<0.05 was considered as significant.
Results: Results of etoposide induced rat model for chemostress suggests the strong involvement of imbalanced
oxidative parameters. Significant increase in TBARS & AOPP levels, with enhanced MPO activity and decreased activity
of Na+-K+-ATPase enzyme activity with significant drop in Total Antioxidant (TAO) and GSH levels. Observed changes
showed that administration of WP could exert changes in the parameters towards normal.
Conclusion: The outcome of the study shows that WP could be a source of molecule/component which will help to
overcome the consequences of chemotherapy on brain.
Keywords: Chemostress; glutathione; myeloperoxidase; total antioxidant.
process of free radical formation. When the generation
of free radicals exceeds cellular threshold and repair
measurements-the cell will enter to a status of oxidative
stress-which will impose biochemical changes in
biological molecules leading to damage due to oxidative
reactions. Oxidative stress results in altered cellular
functions and even cell death. Although chemotherapy
improves the subsistence rates of cancer patients,
oxidative stress-mediated impairment of normal tissues
is a significant side effect and decreases the quality of
life (3). An apprehension of the mechanisms involved in
oxidative injury to normal tissues is essential to make
the intervention strategies that will attenuate the toxicity
of chemotherapeutic agents without compromising their
anticancer efficacy.

INTRODUCTION
ulnerability of non-targeted tissue is common in
patients exposed to chemotherapy. Altered
Oxidant/ antioxidant status, directly or indirectly
elicited by chemotherapeutics is one of the means of the
toxicity of anticancer drugs in normal tissues, including
brain. A comprehensive view of the mechanisms of
oxidative injury to normal tissue will be helpful for the
improvement of policies to prevent or improve the
toxicity of chemotherapeutic agents without
compromising their effective value. Even with the
profusion of data on chemotherapy-influenced
neurotoxicity in cancer patients, there is still extensive
vagueness regarding the fundamental mechanism (1).
Furthermore, many clinical studies are restricted by
dissimilar factors that muddle the identification of the
causes of such neurotoxic effects and resultant
symptoms (2).

V

To address the problem of oxidative damage in normal
tissues exposed to chemotherapeutics, we have used
etoposide. Recent studies have revealed that brain
tissues are also susceptible to chemotherapeutic agents,
regardless of assumptions of protection via the BloodBrain Barrier (BBB; 4).

Among the many, one of the causal mechanisms of
chemotherapy induced neurological side effects is by the
www.biomedicineonline.org
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Oxidant/antioxidant system measurement in brain
tissue

Some traditional dietary components may help to
overcome these complications. WP (whey preparation)
rich in protein sample source of -SH group, which could
help to recover/protect the -SH groups of proteins as
well as the important antioxidant like GSH during
oxidative mechanisms due to the etoposide. An
extensive functionality of whey protein and its
derivatives includes maintenance of redox status,
muscle growth promotion and lean body mass,
hypoglycemia, cardiovascular risk alleviation (5) and
antitumor effects (6). WP is also source of other
components, rich in other protein lactalbumin,
lactoglobulin. In this context, this is an attempt to study
the effect of acute stress caused due to chemotherapeutic
agent etoposide on brain. A dietary source, which can
act as an agent/adjuvant to prevent/reverse the changes
in brain which could occur as a consequence of
chemotherapy during or later stage, may help to
overcome the impediments. With this view, this is an
attempt to study the modulatory effects of WP on acute
stress on brain induced by intra-peritoneal
administration of etoposide.

Animals were sacrificed 72 hours after the
administration of etoposide by ketamine over dosage.
The brain was removed and rinsed with saline. Tissue
was weighed and homogenized (1:10 w/v) in suitable
buffer. The tissue homogenate was centrifuged at 10,000
X g for 20 minutes at 4°C. The aliquots of supernatant
were made from the centrifuge tube and later used for
biochemical estimations.
Assay for lipid peroxidation (LPO)
The LPO product in brain homogenate was measured
through the estimation of TBARS levels by the method
described by Rao GM et al., (7). Assay procedure: 2.5
mL of ice-cold Tri carboxylic acid was added to 1 mL
of the alliquotted supernatant and mixed thoroughly to
precipitate the proteins. Samples were centrifuged at
3000 g for 10 minutes. Equal volume, 2 mL of both
supernatant and of 0.67% of Thiobarbituric Acid (TBA),
was heated for 10 minutes in a boiling water bath and
cooled under tap water. The absorbance of pink
chromogen was determined at 532 nm against the water
blank
using
a
Systronic-117
UV-Visible
spectrophotometer. TBARS concentration (µmoles/g
tissue) was calculated using molar extinction coefficient
of chromophore (1.56×105 (mol/l)-1 cm -1).

MATERIALS AND METHODS
An experimental study was conducted in Kasturba
Medical College, Mangalore, Karnataka, India in which
24 adult Wistar rats (200-250 g) were randomly divided
into four groups (n=6) each.

Total antioxidants (TAO) TAO level was estimated by
the method of Koracevic et al., (8). Brain tissue
homogenate was incubated at 37°C for 60 minutes with
Fe-EDTA mixture, hydrogen peroxide and sodium
benzoate were added followed by 20% acetic acid to
stop the reaction. Individual sample control was
prepared by adding 20% acetic acid before the addition
of reagents. Then 0.8% TBA was added and incubated
in a boiling water bath for 10 minutes, cooled in ice bath.
The absorbance was measured at 532 nm. The TAO
level is expressed as µmol/g tissue. For each series of
analyses a negative control was prepared, except that
sample homogenate was replaced with 0.1 M sodium
phosphate buffer, pH 7.4. Uric acid (1Mm/L) was used
as standard. Each series had a negative control where
homogenate was replaced with 0.1 M Sodium phosphate
buffer, pH 7.4.

Group 1: Normal control
Group 2: Etoposide control (65 mg/kg body weight).
Group 3: Etoposide (65 mg/kg b. w.) +WP.
Group 4: WP control.
All the animals (n=24) were procured from central
animal House, Kasturba Medical College, Mangalore,
Karnataka, India. In house bred rats were maintained
under environmentally controlled conditions of light,
temperature, free access to rodent chow and water.
Studies were carried out upon institutional animal
ethical committee approval (IACE/KMC/06/11/2012).
Mucositis was induced by intra peritoneal
administration of single dose of etoposide (65 mg/kg
body weight at 0 hour). For freshly prepared WP: 100
mL of cow’s milk was heated to 60-70°C and was
curdled at room temperature by the addition of 3.5 mL
of lemon juice and supernatant was separated after 30
minutes by sieving. 100 mg/kg body wt. of this freshly
prepared WP was administered by oro-gastric gavage.
Group 3 received WP following etoposide, once in a day
for next 3 days. Reagents and Chemicals required for the
study are HPLC or analytical grade (Sigma, St. Louis,
Mo, USA) were obtained from Sri Durga Laboratories,
Mangaluru, Karnataka, India.

www.biomedicineonline.org

Advanced oxidative products of protein (AOPP)
AOPP level was estimated by Witko-Sarsat method (9).
A 200 µL of 1.16 M potassium iodide was added to
suitably diluted brain homogenate supernatant and
incubated for 2 minutes. Later 400 µL of acetic acid was
added. Similarly, a sample blank was prepared which
contained only normal saline along with and other
reagents as above. The absorbance was measured at 340
nm. Concentration of AOPP was calculated by using the
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extinction coefficient of 26 mM-1cm-1 and the values
were expressed µmol/g tissue.

hydrogen donor. One unit of MPO activity was defined
as the amount of enzyme producing 1nmole of hydrogen
peroxide per minute.

Reduced glutathione (GSH)

Statistical analysis

Ellman reaction was used to estimate the tissue GSH
concentration (10). Suitably diluted 1 mL of the sample
was treated with 1 mL of meta-phosphoric acid and
centrifuge at 1,200 g at 4°C for 15 minutes. To one mL
of supernatant, 2.7 mL of phosphate buffer and 0.2 mL
of 5, 5 Dithio-Bis-2-Nitrobenzoic Acid (DTNB) was
added. The absorbance of yellow color was measured at
412 nm.
+

Statistical analysis for multiple comparisons was
performed by One Way Analysis of Variance (ANOVA)
with Bonferroni’s corrections using Prism pad version
5. P<0.05 was considered as statistically significant.
RESULTS
A significant increase in the TBARS levels was
observed in etoposide treated group (p=0.001) in
comparison with normal control as well as the WP
control group (Fig.1). Almost same trend was observed
even after the administration of WP with. The
inflammatory marker MPO is also increased to large
extent due to etoposide. However, administration of WP
following etoposide could decrease the inflammatory
changes to significant level compared to etoposide
control (Fig.2). Though the AOPP levels were high in
the present study, it has been shown that WP could
decrease the extent of oxidation to significant level
(p<0.05; Fig.3) compared to that of etoposide control.
There was a considerable increase in GSH levels after
WP treatment in comparison with etoposide control
group (Fig.4). There was a significant decrease (p<0.05;
Fig.5) in Na+-K+-ATPase activity in etoposide treated
group and was remained almost in the same level even
after WP administration. Levels of TAO showed
insignificant changes after WP administration (Group 3)
in comparison with that of untreated animals (Group 2;
Fig.6

+

Assay of Na -K -ATPase activity
Na+-K+-ATPase activity was determined by the method
given by Wyse (11). Reaction mixture (1 M NaCl, 0.1
M MgCl2, 0.5 M of Tris-HCl), 0.25 mL was taken in two
test tubes. ATP solution and 0.1 mL of sample was
thawed and kept in ice bath. Ouabain (0.1 mL of 10 mM)
was added to one test tube and equal volume of double
distilled water to another test tube. Reaction was
initiated by adding 50 µL of ATP solution. The reaction
was terminated after 10 min by adding 0.5 mL of 10%
TCA and both test tubes were immediately transferred
to ice bath for 10 minutes. The tubes were centrifuge for
5 minutes at 1000x to remove the precipitate. Whole
supernatant was taken for phosphate estimation by Fiske
et al., (12). Enzyme specific activity was expressed as
U/g tissue.
Myeloperoxidase (MPO)
Kinetic method (13) was used to estimate the MPO
activity by using 4-AAP (4-Amino antipyrine) as the
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effects of supplementing GSH levels through various
treatment paradigms. Chemotherapy often results in
chemo brain- an adverse effect on brain. This could
persist to different extent depending on the dosage and
time duration of chemotherapy. The present study is an
attempt to find out the effect of etoposide along with WP
on
brain,
with
the
background
of
the
preventive/protective action on the changes during
mucositis. Studies stated that chemotherapeutic property
of etoposide is by its phenoxy radical derivative by the
action of peroxidase and this redox-cycling process
involves antioxidants mainly reduced GSH and other
intracellular reducing agents (18, 19). These reactions
result in the formation of thiyl- radicals along with the
production other oxygen radical including the hydroxyl
radicals and spread the free radical effects.

DISCUSSION
Neurotoxicity is a poorly characterized dose limiting
side effect of chemotherapy. Several studies have
reported that exposure to chemotherapeutic agents’
increases free radical formation and oxidative process in
the cellular environment. As a consequence, it
establishes a worst situation that leads to cell apoptosis
(14). It has been reported that cytotoxicity of etoposide
is by the formation of etoposide-phenoxy radicals.
These phenoxy radicals effectively disorient the vitally
important biomolecules in the body Na+-K+-ATPase, a
membrane ion pump, is considered to be a transducer of
signals from extra cellular to interior as it communicates
with some signaling molecules and vulnerable to change
in membrane fluidity. Exposure to repeated stress also
results in proximate changes in the mitochondrial energy
production and decreases the availability of energy for
Na+-K+-ATPase activity. Glutathionylation of the
enzyme, a consequence of oxidative stress also alters
Na+-K+-ATPase activity. Decreased Na+-K+-ATPase
activity, affects neurotransmitter signaling, neural
activity and animal behavior (15).

LPO is one of the main manifestations of oxidative
damage in cells and tissues. LPO produces a progressive
loss of cell membrane integrity, impairment in
membrane transport function and disruption of cellular
ion homeostasis. Present study shows that exposure to
etoposide increased LPO, protein oxidation and nitrosyl
radical formation significantly, in agreement with
previous studies. In parallel to these oxidative stress
parameters, the TAO levels also decreased along with
enhanced inflammation. As a precursor of the
antioxidant GSH, whey protein holds eminence in
nullifying the adverse effects of the stressors (20).
Hyperbaric treatment of whey protein accelerated the
release of bioactive peptides, raised intracellular GSH
level and abated the in vitro generation of interleukin IL8, the cytokine believed to mediate pathogenesis of
respiratory tract diseases (21). Observation by Kathem
et al., supports the anti-inflammatory action of whey at
par with the current study (22).

In the present study there is a considerable modification
of the enzyme activity parallel to GSH levels along with
extent of lipid peroxidation. All these show a close
interrelationship between oxidative stress and Na+-K+ATPase activity. Several studies have documented the
augmented free radical formation and oxidative process
in the cellular environment. As a consequence, there
may be a worst situation which leads to apoptosis (14).
The Na+-K+-ATPase signal transduction leads to
dendritic growth, Cyclic AMP Response Element
Binding protein (CREB) dependent transcriptional
programs and gene expression mediated by CRE, which
is primarily regulated by Ca2+/calmodulin-dependent
kinases (16). The major source of energy claim in
neurons is the Na+-K+-ATPase pump that restores ionic
gradients across the plasma membrane subsequent to
depolarizing neuronal activity and the source of energy
is mainly from mitochondrial oxidative metabolism
(17). It is evident from experimental studies that, in the
course of ageing and pathological circumstances due to
repeated stress, a shift of Na+-K+-ATPase activity at
CNS is one of the biochemical outcome which may lead
to changes in brain morphology, memory, learning and
exploratory response (3). Inhibition of Na+-K+-ATPase
activity produces edema and cell death at CNS level and
also impairs learning and memory.

Elucidation of potential pathways that may illuminate
the perceived neuronal disturbances following
chemotherapy in breast cancer patients includes indirect
chemical toxicity and oxidative damage, direct neuronal
injury, inflammation, or a type of autoimmune response
(23). Metabolites of etoposide exert biochemical
changes in the cells, may be via free radical formation
can lead to lipid peroxidation, protein oxidation and
many inflammatory changes. These can result in several
secondary affects in other organs also. Though
etoposide cannot cross the BBB, by elevating the
peripheral cytokine levels it can exert impact on nervous
tissue and development of chemo brain. All these
observations of the present study could be due to
augmented inflammatory responses (1) which may lead
to chemobrain development. The tendency towards
regaining the oxidant-antioxidant balance was evident in
the present study.

Nitrosative stress would lead to nitrosylation reactions
which can deteriorate the structure of the proteins and as
such inhibit the normal functioning of the protein.
Having perceptible relationship between GSH and
neuroprotection, it is not surprising that many studies
have been undertaken to determine the neuroprotective
www.biomedicineonline.org
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ABSTRACT
Introduction and Aim: The role of calcitriol in physiological and pathophysiological processes has been
recognized in the last couple of years. It plays an important role in immune regulation through interactions with
vitamin D receptors (VDRs) expressed on airway immune cells, regulating the transcription of genes of
inflammation and immunomodulation. Higher calcitriol concentrations have been associated with better pulmonary
function. This study was planned to find whether there is an association between the serum vitamin D levels and
pulmonary function.
Materials and Methods: Sixty adults with asthma attending the outpatient department of pulmonary medicine and
thirty healthy controls were included in the study. This case–control study was carried out in a tertiary health care
hospital. The subjects were diagnosed according to GINA guidelines and grouped into three groups 1 constituted
healthy controls, 2 and 3 included subjects with well controlled and uncontrolled asthma/acute exacerbation of
asthma respectively. Serum 25(OH) Vitamin D, calcium, phosphate and pulmonary function test were measured
and compared between the groups. One way ANOVA was used to compare the means of the parameters. Pearson’s
correlation analysis was used to find the correlation between vitamin D and pulmonary function test.
Results: This study documents high vitamin D levels in well controlled asthma when compared to uncontrolled
group (p<0.05). We also observed significant positive correlation of vitamin D with FEV1 and FEV1/FVC ratio.
Conclusion: Vitamin D levels are significantly high in the well-controlled asthma patients when compared to
uncontrolled group with a positive correlation between the vitamin D levels and pulmonary function test. This
indicates that an increased vitamin D level is associated with a good pulmonary function.
Keywords: Asthma; pulmonary function test; vitamin D.
cardiovascular disorders (5, 6). Calcitriol also has a
role in several diseases involving the respiratory
system. It plays an important role in immune
regulation through interactions with vitamin D
receptors (VDRs). VDRs are expressed on airway
immune cells, where they function as nuclear steroid
hormone receptors and regulate the transcription of
numerous genes associated with inflammation and
immunomodulation
(7).
Higher
calcitriol
concentrations have been associated with better
pulmonary function as evaluated by forced expiratory
volume in 1 s (FEV1) in a large cross-sectional study
of the U.S. population in the NHANES III (8).

INTRODUCTION
sthma is a disorder characterized by varying
and recurring symptoms of airflow
obstruction
and
bronchial
hyperresponsiveness in the setting of inflammation (1).
Though there are numerous advances in the field, at
present there is no cure for asthma but control of
symptoms is through steroids with or without a β2adrenergic receptor agonist. Despite of the antiinflammatory effect of these drugs they seldom
prevent the diminution of long term lung function.
Most common chronic respiratory disease is
bronchial asthma, worldwide case burden of
approximately 358.2 million in 2015, One tenth of the
world’s asthmatics live in India (2, 3).

A

There are very few studies in south Indian population
comparing pulmonary function with vitamin D status
in asthmatic patients. This study was planned to find
whether there is an association between the serum
vitamin D levels and pulmonary function as
measured by forced vital capacity (FVC), forced
expiratory volume in 1 sec (FEV1), and FEV1/FVC
ratio.

The role of calcitriol in calcium and bone
homeostasis has been well documented. Its activity
on other physiological and pathophysiological
processes has been documented only in the last
couple of years (4). Research shows that calcitriol
plays a role in multiple chronic diseases such as
cancer, autoimmune diseases, infections, and
www.biomedicineonline.org
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This was a case control study undertaken in adults
aged 18 to 50 years with asthma attending the
outpatient department of pulmonary medicine in a
tertiary care hospital. The study protocol was
ethically approved by the institute human ethical
committee and a written informed consent was
obtained from all the study participants.

> 30ng/ml, Serum calcium by ortho cresol phthalein
complexone (OCPC) method, Serum phosphate- by
molybdate UV method, Pulmonary function test- was
performed in all the participants according to
European respiratory society guidelines using a
portable MIR winspiro spirobank II spirometer. The
following parameters were documented: FEV1, FVC
and FEV1/FVC ratio.

This study involved thirty healthy controls with
normal
pulmonary
function
test
(Group I), Sixty diagnosed case of asthma patients
[thirty well-controlled asthma patients (Group II) and
thirty poorly controlled asthma patients (Group III)
based on criteria for asthma symptom severity,
according to the Global initiative for Asthma
management (GINA) (9)].
Subjects with
emphysema, bronchiectasis, infective bronchitis,
known diabetes mellitus, hypertension, coronary
heart diseases, renal failure, endocrine disorder, and
patient on drugs other than anti-asthmatic agents and
those on vitamin supplements were excluded from
the study. Five ml of venous blood was collected
from the subjects after obtaining proper written
informed consent; the sample was subjected to
centrifugation at 5000 rpm for 10 minutes. Separated
serum was used for estimation of various biochemical
parameters using discrete random access automated
clinical chemistry analyser. The following
biochemical parameters were estimated based on
established spectrophotometric and automated
procedures, approved by the International Federation
of Clinical Chemistry and Laboratory medicine
(IFCC).

RESULTS
All the data were expressed as mean+/- SD; one way
ANOVA followed by Bonferroni was used to
compare the means of the parameters. Pearson’s
correlation analysis was used to find the correlation
of serum vitamin D levels with lung function. A p
value less than 0.05 was considered as statistically
significant for all statistical tests. SPSS version 17
was used for all statistical analysis.
All physiological and biochemical parameters results
were compared by using an ANOVA test (table 1). In
the present study serum Vitamin D, serum calcium,
phosphorus, FEV1 and FEV1/FVC ratio were
significantly different from each other (p<0.05).
Among the controls, well controlled / stable asthma
compared to poorly controlled / exacerbated asthma
patients a significant difference was observed in
Vitamin D, FEV1 and FEV1/FVC ratio (p<0.05). We
did not observe any statistically significant
differences for the other parameters.
Table 2 shows the association of the serum Vitamin
D levels with FEV1 and FEV1/FVC ratio. There was
significant positive correlation between Vitamin D
and FEV1 and Vitamin D with FEV1/FVC ratio with
a p value <0.05 and r value of 0.643 and p value
<0.05 and r value of 0.714 respectively, which
indicates that increased Vitamin D levels is
associated with a good pulmonary function.

Vitamin D status – serum 25(OH) Vitamin D were
assayed by electrochemiluminescence method.
Vitamin D deficiency was defined as serum 25(OH)
vitamin D less than < 20 ng/ml, 20-30 ng/ml were
defined as insufficient and desirable or sufficient was

Table1: Comparison of parameters between well controlled and poorly controlled asthma
patients
Parameters
Controls n=30
Well controlled
Poorly controlled
'p' value
asthma n=30
asthma n= 30
Mean ±SD
Mean±SD
Mean±SD
Calcium (mg/dL)
9.5±0.45
9.2± 0.5
9.3± 0.3
0.01*
Phosphorous(mg/dL)
3.7±0.35
3± 0.3
3.1± 0.5
0.00*
Vitamin D (ng/mL)
29.2±2.4
26.9± 2.9
19.6± 1.9
0.00*
FVC % predicted
95.6±9.1
90.9± 15.8
93.2± 16
0.45
FEV1 % predicted
92.7±8.3
85.4± 16
53.2± 15.6
0.00*
FEV1/FVC ratio
97.8±12.6
92± 7
65.9± 7.4
0.00*
*p value <0.05 which is considered statistically significant
FVC: Forced Vital Capacity
FEV1: Forced Expiratory Volume in 1 Second

TABLE 2: Association of Serum Vitamin D values with FEV1 and FEV1/FVC Ratio
Variables
FVC %
FEV1/FVC ratio
Serum vitamin D(ng/dL)
p =0.000*
p =0.000*
r= 0.643
r= 0.714
*p value <0.05 which was considered statistically significant. Association was evaluated by Pearson’s correlation method
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protective effects of sufficient levels of vitamin D
(17, 18).

DISCUSSION
In the present study poorly controlled asthma patients
had low levels of serum vitamin D. Low serum
vitamin D concentrations were significantly
associated with airway obstruction, as evaluated by
FEV1 and FEV1/FVC ratio. Similar observations of
positive association between vitamin D status and
lung function in asthma patients have been shown by
Scragg et al., and Li et al., (10, 11).

Jensen et al., in their trail have discovered that in
children less than five years with asthma showed no
difference in serum D3 levels between the two
groups after administering vitamin D3 or placebo,
daily for 6 months (19). However; a question arises
whether Vitamin D is to be estimated in all asthma
patients. It may not be a pragmatic approach
practically. There is need for further studies in large
scale and also proof of underlying mechanisms how
vitamin D modulates the pathogenesis of asthma.

In the present study, well controlled asthma patients
have significantly higher levels of vitamin D when
compared to poorly controlled asthma patients.
Higher calcitriol concentrations have been associated
with better pulmonary function as measured by FEV1
in a large cross- sectional study of the U.S population
in the NHANES III participants (8). Also studies by
Rappaport et al., and Richards et al., have
demonstrated that low serum Vitamin D is associated
with poor lung function and asthma control (12, 13).
This may be due to the fact that vitamin D inhibits
smooth muscle proliferation by influencing the down
regulation of glucocorticoid receptor by its ligand
(14, 15).

CONCLUSION
In conclusion in this study we have important
information regarding vitamin D levels in adult
asthmatics in Puducherry population. We were able
to show that vitamin D deficiency in asthma patients
is common and more so in uncontrolled asthma and
on acute exacerbation of asthma. We also found
significant correlations between vitamin D and
pulmonary function test. Deficiency of vitamin D
is associated with severity of asthma and also
decreased lung function. This study would
suggest that intake of adequate vitamin D may
decrease the severity of asthma, exacerbations
could be decreased and there could be an
improvement in pulmonary function as well.

The present study is consistent with the above
mentioned studies, i.e. a higher level of vitamin D is
associated with better pulmonary function with a
value p <0.05. Research by Boswell S et al have
shown an association between low vitamin D status
and poor clinical responsiveness to glucocorticoids in
asthma patients (15). National health and nutrition
survey by Keet et al., have shown that exacerbation
of asthma occurs if there is a decline in vitamin D
concentration such that a 10ng/mL was associated
with 8% increase in the odds of asthma symptoms. It
has also been recorded that lower concentration of
vitamin D decreased lung function and increased the
utilization of health care facilities (16). These studies
suggest that Vitamin D may have therapeutic
potential in severe asthma patients as a steroid
enhancing agent, thereby decreasing the requirement
for inhaled corticosteroids and may protect from
developing respiratory infections that could serve as a
trigger for a deterioration of asthma (4). The
prevalence of calcitriol deficiency has been
increasing in the general population in recent
decades; high levels are required for various other
diseases as well. 7 dehydrocholesterol present in the
skin is activated by sunlight to yield cholecalciferol
which is bio transformed to the active form calcitriol.
The large portion of circulating 25 hydroxy
cholecalciferol is the pre cursor of calcitriol derived
from sun exposure, with a limited dietary
contribution. The increased prevalence of vitamin D
deficiency is ascribed to evasion of sun exposure,
indoor lifestyle, use of sunscreen, and decreased
intake of vitamin D-containing foods (4). There are
observational studies that are contradictory to the
www.biomedicineonline.org

Limitations
1, 25 dihydroxy cholecalciferol could also have been
estimated along with 25-hydroxycholecalciferol.
Other immunological parameters like Ig E,
Eosinophils might contribute to the study.
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ABSTRACT
Introduction and Aim: In India due to poor socioeconomic status and high prevalence of worm infestations iron
deficiency anemia (IDA) is highly prevalent. Pregnancy is a physiological state which can easily slip into iron
deficiency anemia if proper iron reserves are not maintained. Pregnancy is a condition with increased metabolic rate
and hence there is a proportional demand for oxygen. The delicate balance between prooxidants and antioxidants can
be deregulated and easily slip into oxidative stress. Serum ferritin is an indicator for actual iron stores in our body.
Erythrocyte indices an indicator of hematological status of the body. Keeping this in view the present study is
undertaken to correlate the extent of oxidative stress in form of MDA (malondialdhyde) with that of Iron stores and
hematological status in anemia of pregnancy.
Materials and Methods: The present study comprised 25 cases Iron deficiency anemia of pregnancy, 25 healthy
pregnant women and 25 healthy women as control. Age ranges from 18 -35 years.
Results: There was a significant increase in the mean MDA levels in cases (6.96 + 1.69) than pregnant controls (4.63+
1.55) and in non pregnant healthy controls (3.65 +1.08). The mean serum Ferritin levels in cases was 8.3 + 7.94 ng/ml,
in pregnant controls 39.10 +13.68 ng/ml and in healthy controls was 61.05+ 25.29 ng/ml. The mean + S.D. of Hb in
cases, pregnant controls and non pregnant controls were 7.45+1.08, 11.62+0.88 and 12.44+0.86g% respectively.
Conclusion: In country like India with high prevalence of nutritional deficiency, there is an increase in oxidative stress
due to iron deficiency anemia in pregnancy. Prophylactic and therapeutic iron administration during preconception and
all stages of gestation to attenuate oxidative stress and improve outcome of pregnancy needs consideration.
Keywords: Iron; iron deficiency anemia; oxidative stress; malondialdehyde; serum ferritin; hemoglobin; erythrocyte
indices.
status in India contribute to limited iron reserve.
Pregnancy acts as a major drain to this limited reserve.
One-fifth of early neonatal mortality and one tenth of
maternal morbidity are attributed to iron deficiency
anemia (4). Iron deficiency is reported to impair work
performance attributed to malfunctioning of
neurotransmitters and altered immunological and
inflammatory defenses. Iron deficiency anemia in
pregnancy leads to many complications during
gestation, labor and in puerperium. Serum ferritin
concentration is an indirect index of iron stores.
Erythrocyte indices have been used in detection of iron
deficiency anemia.

INTRODUCTION
naemia is a hematological disorder with
reduction in red cell mass. There is a
corresponding decrease in hemoglobin mass
and oxygen carrying capacity. Average hemoglobin
levels in normal pregnancy is 10.5 g%; hence in the
present study and for all practical purposes in India
anemia in pregnancy is hemoglobin level below 10 g%
(1). Globally, 50% of anemia is due to iron deficiency
and responsible for 84 deaths in every 1000 cases
annually worldwide. 71% of global mortality is
attributed to iron deficiency (2). In India there is a high
prevalence of iron deficiency anemia attributed to
various etiologies. Pregnancy is a physiological
condition easily susceptible to iron deficiency anemia
(3). In pregnancy, it is one of the preventable
debilitating diseases of our country. Women due to
menstruation, poor dietary iron, predominant
vegetarian dietary pattern and low socio-economic

A
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Pregnancy and iron deficiency anaemia both attenuate
the oxidative stress. The delicate balance between prooxidants and antioxidants can easily be deregulated and
slip into oxidative stress (5). The uncontrolled
peroxidation of bio-membranes can lead to profound
effects on membrane structure and function finally
414

Biomedicine- Vol. 39 No. 3: 2019

Gayathri et al: Assessment of……anemia of pregnancy


leading to cell death. The specific protein and transport
systems critical to cell function are damaged (6). These
toxic effects during lipid peroxidation may be the cause
of increased perinatal mortality and maternal morbidity
in iron deficiency anaemia of pregnancy.

The chemicals and reagents used for the assay were of
analytical grade. The statistical analysis was carried out
using ANOVA test and Pearson’s correlation.
Frequency and proportions were computed to find out
association.

MATERIALS AND METHODS
The women aged between 20- 40 years attending
OPD/admitted to OBG department at Navodaya
Medical College Hospital and Research Centre,
Raichur, in II and III trimesters of pregnancy
participated in the study. The present study comprised
25 cases of iron deficiency anaemia of pregnancy, 25
healthy pregnant (non-anaemic) women and 25 healthy
women (non-pregnant) as control. The study was
conducted from March 2012 to September 2013.
Women with chronic diseases, habituated drinkers and
smokers and complicated pregnancies were excluded
from the study.

RESULTS
There was a significant increase in the mean MDA
levels in cases (6.96 + 1.69) than pregnant controls
(4.63+1.55) and in healthy controls (3.65 +1.08). The
mean serum ferritin levels in cases was 8.3 + 7.94
ng/ml, in pregnant controls 39.10 +13.68 ng/ml and in
healthy controls was 61.05+ 25.29 ng/ml as shown in
Table 1.

Under aseptic precautions 6 ml of venous blood was
collected and 2 ml was used for estimation of
haemoglobin, MCH and MCHC. Remaining sample
was allowed to clot and serum was separated. Serum
ferritin was assayed immediately after separating the
serum and MDA within two hours. Serum was stored
at 4ºC until analysis of serum MDA.
 Serum MDA (Thiobarbituric acid method)
 Serum Ferritin (ELFA technique)
Table 1: Comparison of various parameters in study groups
Parameters

MDA in nmol/ml
Serum ferritin ng/ml
Hb g/dL
MCV (fl)
MCH (pg)
MCHC g/dL

Pregnancy
With Anemia
(cases)
6.96+ 1.69
8.30+ 7.93
7.45 + 1.08
71.80 + 8.05
22.01 + 4.08
30.83+ 1.91

Hb, MCV, MCH, MCHC (Cell counter: machine SYSMEX KX 21)

Healthy Pregnant
Controls
(non- anemic)
4.63 + 1.55
39.10 + 13.68
11.62 + 0.88
90.72 + 3.33
28.77+2.65
33.03+ 1.06

The mean + S.D of Hb% in cases, pregnant controls
and non-pregnant controls were 7.45+1.08, 11.62+0.88
and 12.44+0.86 g% respectively. The mean +SD of
MCV,MCH,MCHC in cases were 71.8+8.05 fl, 22.01
+ 4.08 pg, 30.83 +1.91 g/dL, in pregnant controls were
90.72 + 3.33 fl, 28.77+ 2.65 pg, 33.03+ 1.06 g/dL and
that in non-pregnant controls were 88.61 + 3.81 fl ,
30.44 + 1.84 pg, 33.55 + 1.40 g/dl. There was a
significant decrease in Hb% and MCV, MCH, MCHC
values of cases as compared to controls. As depicted in
Table 1.

Healthy non pregnant
Controls
(nonanemic)
3.65 + 1.08
61.05 + 25.29
12.44 + 0.86
88.61 + 3.81
30.44 + 1.84
33.55+ 1.4

F

Significance

33.82
59.19
200.349
89.244
55.221
23.312

0.000
0.000
0.000
0.000
0.000
0.000

Table 2: Pearson’s correlation coefficient between lipid peroxidation and ferritin levels
Serum MDA(nmol/mL)
R
p
-0.568
0.000

Parameter
Serum Ferritin (ng/mL)

Fig. 1: Scatter gram: MDA and serum ferritin
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A negative correlation was obtained when serum MDA
was plotted against serum ferritin (Fig.1) with r- value
of -0.568.
There was a highly significant difference in serum
ferritin levels and erythrocyte indices in all the three
groups. The ferritin levels showed a negative
correlation with MDA.

CONCLUSION
Anaemia during pregnancy results in bad obstetric
outcome and leads to increased risk of preterm
delivery, low birth weight, perinatal morbidity and
maternal mortality. The necessity for therapeutic
administration of iron and also as prophylaxis to all
pregnant women in the initial stages of pregnancy and
during preconception period may attenuate the
oxidative damage caused due to IDA during pregnancy
and thus improve outcome of pregnancy needs
consideration. Studies in larger population of IDA in
pregnant women and their obstetric outcome with
supplementation of iron should be conducted to
confirm the role of iron in prevention of undesired
outcome of pregnancy.

DISCUSSION
IDA is associated with free radical generation and
peroxidation of vital body molecules which implies
increased risk for pregnant as well as for fetus. A
similar study observed that decreased delivery of
oxygen
to
RBC
haemoglobin
destabilized
haemoglobin. This increased the rate of auto oxidation
and thus explains how anaemia generates red cell
oxidative stress. Our study showed a highly significant
increase in oxidative stress in anaemic group (7).
Another study observed excessive auto oxidation of
haemoglobin in anaemia causing an increase in met
haemoglobin and super oxide. Many researches have
revealed low birth weight and risk of pre term delivery
increased 10-40% in women with moderate to severe
anaemia. Pre term delivery is attributed to hypoxia
oxidative stress and infection (8). Chronic hypoxia
triggers a stress response there by increasing
production of cortisol by fetus and resulting in preterm
delivery. Oxidative stress increases with anaemia. Our
study showed a significant negative correlation
coefficient between MDA levels and serum ferritin.
Thus, it shows that oxidative stress plays an important
role in IDA and thus, to the outcome of pregnancy.
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Red cell indices were decreased in cases with increased
MDA. Reactive oxygen species causes damage to RBC
membrane resulting in shorter life span of RBCs during
anaemia (9). Therefore, a vicious circle of cause-effect
occurs and thus worsens anaemia which further leads
to oxidative stress resulting in bad obstetric outcome.
Our study was contradictory to findings of Thomas et
al., They suggested that ferritin can amplify oxidative
phenomena (10). In the present study serum ferritin had
negative correlation with MDA.
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ABSTRACT
Introduction and Aim: Dental radiological-imaging benefits patients, but it also carries potential harm from ionizing
type of radiation. A dentist should have thorough knowledge towards the biological hazards of x- ray and different
protection protocols.
Materials and Methods: The present cross-sectional study was performed on 108 participants in the department of
oral medicine and radiology of Saveetha Dental College and Hospital, Chennai. The responders were classified to 49
undergraduate dental students, 6 interns and 53 post graduate dentists. This study was done via an electronic online
questionnaire survey with the help of google Form, then this form was shared via email and social media to all the
participants.
Results: The overall correct response in the study is around 36.9%. The results that has been obtained from this
study showed that there is a lesser level of knowledge, perception or attitude amongst the college students or dentists
of this particular group which clearly emphasises on a better methods of making the students learn the basics such as
radiation biology, radiation protection and radiation physics, if not, at least the basics of x-rays and its effects which
can enable a practitioner to understand the ill effects of radiation and what can be done to avert such effects.
Conclusion: This study concludes that better emphasis is required on knowledge of radiation protection and
technique among health care professionals. Workshops and programs should be conducted to educate the health care
professional on various guidelines on radiation protection.
Keywords: Radiation protection; KAP; students; biological effects.
INTRODUCTION
ental radiological-imaging benefits patients, it
also carries potential harm from ionizing type
of radiation. The students and dentists will be
at high risk from radiation hazards during their life,
they should have thorough knowledge towards the
biological hazards of x- ray and different protection
protocols (1-3).

D

appropriate positioning protocol during exposure. As
clinicians the interns, under-graduate students, post
graduates will be at risk from radiation hazards during
their life hence they should have a thorough
knowledge towards the biological hazards of radiation
especially the X-rays and different protocols of
protection followed (8, 9).

Biological hazards are classified into: Non-stochastic
and stochastic effect. There is no deterministic dose
that could lead to biological damage (stochastic
effect). Non-stochastic or deterministic effect on
which there is determined dose above which the
damaging results start to appear. High-dose ionizing
radiation has deterministic and stochastic effects (4,
5).

The use of Radiographs for can diagnosis can be
considered only after the patient’s dental and medical
history , clinical examination as well as the physical
status deemed to be normal (10).
Various factors that should be considered to improve
the radiation protection includes Advocacy(increasing
awareness) Education, Making standards, norms,
proper training, and maintaining the quality (11).

Ionizing radiation has either direct or indirect
biological damaging effect which can also be noted.
DNA damage including single stranded or double
stranded breaks or cross-links is one of x- ray hazards
(6, 7).

MATERIALS AND METHODS
The present cross-sectional study was performed on
108 participants in the Department of Oral Medicine
and Radiology of Saveetha Dental College and
Hospital, Chennai. The responders were classified to
49 undergraduate dental students, 6 interns and 53 post
graduate dentists. There was a total of 16 questions
formulated based on the knowledge, attitude and
perception in regard to the radiation protection
technique and biological hazards. The purpose of this

Many techniques and equipment have been developed
to reduce biological hazards to patients as well as
operators. This includes the proper film speed
selection, use of a lead apron, appropriate collimation
and thyroid collar as well as application for the
www.biomedicineonline.org
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study was to understand the knowledge, attitude and
perception
of
interns,
post-graduates
and
undergraduates based on biological hazards and
radiological protection technique. This study was done
via an electronic online questionnaire survey with the
help of google forms, then this form was shared via
Whats app social media and email to all the
participants. The questionnaire was formed based on
the articles by Prabhat et al., 2011 and Arnout, 2014.
Questions 8, 9, 11, 12, 13, 5, 9, 15, 6 were a part of
Radiation Protection Techniques while 1, 2, 3, 4, 10,
14, 16, 7 were asked as a part of biological hazards.

cells which is astonishing considering that the
knowledge of the cells and the effect of radiation on
these cells were also on the lower segment meaning
that the students lack the basics of radiation effects and
also cellular biology which are essential to pursue any
practice radiology.
In any given day, that radiologist or the technician
would be asked to take an x-ray for which the
following question should serve the knowledge: “what
is the ideal distance(position distance rule) a
radiographer should keep, in dental radiation
exposure?” and the responses were about 46.9% for
the undergraduates, 16.9% for the post graduates and
33.3% for the interns, which also clearly shows that as
the experience or age increases, the basic knowledge
on these areas are also being forgotten, which should
also be taken into consideration while teaching the
subjects to ensure a good knowledge on safety for both
radiologist and the co-workers thereby increasing their
quality of life.

RESULTS
Among the participants 75.9% were female and 24.1%
were male. The overall correct response in the study is
around 36.9%.
In the present study there were a drastic variation in
the knowledge, attitude and perception among the
postgraduates, interns and undergraduates. The results
in the present study showed variation in the answers
from the right to wrong responses irrespective of the
year of studies. For instance, in questions like “What
is the highest permitted dose for a radiation worker
over a period of 5 years? The response was about
16.3% for the undergraduates, 41.5% for the
postgraduates and 16.6% for the interns for 100mSv,
this showed the amount of knowledge in the part of
physics and radiation biology alike. Again for other
questions like “The most radiosensitive cells are:” for
which the response was only about 2% for the
undergraduates, 3.7% for the postgraduates and 16.6%
for the interns for the answer ataxia telangiectasia

In other questions like “Which speed film will increase
the chances of increase in radiation exposure?” the
responses were yet again unexpectedly less for the
right one with about 20.4% for the undergraduates
41.5% for the post graduates and 33.3% for the interns,
this response suggests the question of how the future
practice of dentistry is affected if the clinician does not
understand of which speed does increase or decrease
the dosage time which is the basis behind the principle
of ‘ALARA’ (As low as reasonably achievable). The
figure below shows the gender distribution among the
participants and the year of study.

Table 1: Study group description

Gender

Undergraduate
Count
%
11
22.4%
38
77.5%
49

Male
Female

Group
Intern
Count
0
6

Total
%
0%
100%

6

Postgraduate
Count
%
15
28.3%
38
71.6%
53

26
82
108

Fig. 1: Gender distribution among undergraduates, interns and postgraduates.

Table 2: The breakdown of responses given by undergraduates, post-graduates and interns on the choices of each
question
Q.
No
1

Questions

What is the
highest permitted

www.biomedicineonline.org

Undergraduates
Count
%
8
16.3%
37
75.5%

100 mSv
250 mSv
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Group
Postgraduates
Count
%
22
41.5%
29
54.7%

Interns
Count
%
1
16.6%
5
83.3%
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2

3

dose for a
radiation worker
over a period of 5
years?
What is the main
reason for the
difference in
biologic effects
caused by
neutrons and
photons?
What is the
meaning of
“sublethal
damage”?

4

The most
radiosensitive
cells are:

5

Which is among
the following
would you
prescribe for
patient, in
preventing them
from a radiation
over-exposure/
radiation
incident?
What would you
feel as the best
protection of a
patient
undergoing radiotreatment from
overexposure?
Among the
following
methods, which
one will you not
recommend to
dispose the
radiological
wastes?
What is ALARA
principle?

6

7

8

9

Do you prefer
using Lead
Aprons for:

10

Which speed film
will increase the
chances of
increased
radiation
exposure?
What does TLD
mean?

11

12

What is the ideal
distance (position
distance rule) a
radiographer
should keep, in

480 mSv

4

8.1%

2

3.7%

0

0.0%

The energy of the radiation
The fact that they are positively charged
particles
The density of ionization
The fact that they have a nuclear interaction

10
24

20.4%
48.7%

8
13

15%
24.5%

0
4

0.0%
66.6%

12
4

24.4%
8.1%

17
15

32%
28.3%

2
0

33.3%
0.0%

Irreversible damage which leads to cell death.
irreversible damage which does not always
lead to cell death
damage caused that can be repaired unless it
interacts with a subsequently induced
sublethal damage
damage that can be modified by
environmental conditions
the bone-marrow cells
the mammary cells
the thyroid cells
the ataxia telangiectasia cells
Calcium -Iodine Tablet
Potassium Iodide Tablet
T3, T4,Tablet

13
20

26.5%
40.8%

5
20

9.4%
37.7%

2
3

33.3%
50%

12

24.4%

22

41.5%

1

16.6%

4

8.1%

6

11.3%

0

0.0%

9
10
21
1
18
18
13

18.3%
20.4%
42.8%
2%
36.7%
36.7%
26.5

23
5
23
2
13
19
21

43.3%
9.4%
43.3%
3.7%
24.5%
35.8%
39.6%

3
1
1
1
3
2
1

50%
16.6%
16.6%
16.6%
50%
33.3%
16.6%

Lead aprons and thyroid collars
calcium phosphate walls and lead doors
collimator of the x-ray tube

28
10
7

57.1%
20.4%
14.2%

41
4
8

77.3%
7.5%
15%

2
2
2

33.3%
33.3%
16.6%

kvP and mA adjustment

4

8.1%

0

0.0%

0

0.0%

Red colour coded bins
Vitrification
Geologic Disposal

17
13
19

34.6%
26.5%
38.7%

20
14
19

37.7%
26.4%
35.8%

2
3
1

33.3%
50%
16.6%

As lengthy as Relatively Achievable
As low as Reasonably Achievable
As literally as Rationally Achievable
As lengthy as Rationally Affecting
Both radiologists and patients
Only for geriatric patients
Only for patients with special care needs
Only for emergency patients
D-speed film
F-speed film
C-speed Film
E-speed film

1
41
5
2
38
4
4
3
11
19
10
9

2%
83.6%
10.2%
4%
77.5%
8.1%
8.1%
6.1%
22.4%
38.7%
20.4%
18.3%

0
52
1
0
49
1
3
0
5
9
22
17

0.0%
98.1%
1.8%
0.0%
92.4%
1.8%
5.6%
0.0%
9.4%
16.9%
41.5%
32%

0
5
0
1
6
0
0
0
2
1
2
1

0.0%
83.3%
0.0%
16.6%
100%
0.0%
0.0%
0.0%
33.3%
16.6%
33.3%
16.6%

Thermo-luminescent Dosimeter
Thermo-lithium Dose-measurer
Thermo-mercury Dose-measurement
Thermo- laser Detector
70-180o and 6 feet
90-150o and 5 feet
80-160o and 6 feet
90-135o and 6 feet

37
6
6
0
7
6
13
23

75.5%
12.2%
12.2%
0.0%
14.2%
12.2%
26.5%
46.9%

44
7
0
2
5
6
33
9

83%
13.2%
0.0%
3.7%
9.4%
11.3%
62.2%
16.9%

5
0
1
0
2
0
2
2

83.3%
0.0%
16.6%
0.0%
33.3%
0.0%
33.3%
33.3%
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13

dental radiation
exposure?
What is the use
of collimator in
dental radiology?

14

Which among the
following is not a
contrast dye?

15

How much
radiation dose do
you think is
considered as a
safe dose for
pregnant patients
in a year?
In
osteoradionecrosi
s, the main
pathogenesis is?

16

Restricting
Confining
Blocking
Both a & b
Both a & c
Iodine
Barium sulphate
Gadolinium
Caesium nitrate
1 mSv
0.5mSv
10mSv
20mSv

2
11
8
24
4
9
16
14
10
11
26
7
5

4%
22.4%
16.3%
48.9%
8.1%
18.3%
32.6%
28.5%
20.4%
22.4%
53%
14.2%
10.2%

1
6
1
37
8
6
10
17
20
6
35
10
2

1.8%
11.3%
1.8%
69.8%
15%
11.3%
18.8%
32%
37.7%
11.3%
66%
18.8%
3.7%

0
1
2
1
2
2
4
0
0
2
3
1
0

0.0%
16.6%
33.3%
16.6%
33.3%
33.3%
66.6%
0.0%
0.0%
33.3%
50%
16.6%
0.0%

Damage to the bone
Radiation effect on the lymph vessels
Endarteries of the blood vessel
Combination of both lymph nodes and bone
damage

18
12
6
13

36.7%
24.4%
12.2%
26.5%

11
2
23
17

20.7%
3.7%
43.3%
32%

4
1
1
0

66.6%
16.6%
16.6%
0.0%

DISCUSSION
The factors that affects this study basically includes
the year of study, gender, knowledge on questions,
Study done by Eman Arnout in the year 2014 among
152 Egyptian dental students consisting of 33
Undergraduates, 44 Interns and 75 postgraduate
conclude that about 25% to 93.9% were giving the
right responses which were almost similar to my study
pertaining to post graduates giving more correct
responses in comparison (1).

knowledge, awareness of film speed which they were
using, but in comparison to my study which has shown
a similarity wherein the question pertaining to the type
of film which can reduce the radiation exposure, in
which none of the groups had the right answer,
proving the level of radiation protection part of the
practitioners and students alike (13).
CONCLUSION
The results that has been obtained from this study
showed that there is a lesser level of knowledge ,
perception or attitude amongst the college students or
dentists of this particular group which clearly
emphasises on better methods of making the students
learn the basics such as radiation biology, radiation
protection and radiation physics, if not, at least the
basics of x-rays and its effects which can enable a
student/clinician to understand the ill effects of
radiation and what can be done to avert such effects.
Recommendations to conduct a frequent to occasional
programs on radiation basis and protection will most
probably solve this issue of misinterpretation or
misconception. The radiation protection protocols
should be made stringent in every department so as to
maintain a good protection to the radiologist and the
patient as well.

Another study by Prabhat et al., also concludes that
about 77.3% were also giving the right responses, in a
spilt up: about 90% of the interns, 83.3% of the final
years and 61% of the 3rd years were giving the right
responses but this study showed better correct
responses when compared to my study (8).
Study by Srivastava et al., has showed that the overall
correct response was about 57.57% which the
participants included were mainly final years and
interns, his conclusion also shows that the students and
interns were lacking in terms on knowledge on
radiation biology emphasizing on change in their
syllabus which is again very similar to my study
showing that radiation protection technique and
biology is of utmost importance to a dentist and
radiologist alike to have an ethical and safe
practice(9).
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ABSTRACT
Aim: Triphala is one of the herbal mouthwashes which has an extensive property on periodontal diseases. This study
compares the clinical and antimicrobial effects of Triphala mouthwash with chlorhexidine mouthwash in generalised
chronic periodontitis patients.
Materials and Methods: A clinical trial was conducted from the outpatient Department of Saveetha Dental College
and Hospital. Thirty patients with generalised chronic periodontitis were selected, according to AAP classification
of periodontal diseases. Clinical baseline parameters, Plaque index and gingival index were recorded followed by
plaque sample collection to record the baseline microbiological analysis. Supragingival and subgingival scaling were
done. Patients were randomly allocated into two groups; Group-A: 15 patients were given with Triphala mouthwash
and Group-B: 15 patients were given with Chlorhexidine mouthwash. All the patients were reviewed after 15 days.
Results: In a group A (CHX) patients, plaque index on the day 1 and 15 was 1.67 ± 0.13 and 1.21 ± 0.36 respectively.
Gingival index on the day 1 and 15 was 1.61 ±0.76 and 1.47 ±0.13. Bacterial colony count on the day 1 and 15 was
649.5 and 362.3 respectively. In the group B (Triphala) patients, plaque index on the day1 and 15 was 1.63 ±1.17
and 1.46±0.29 respectively .Gingival index on the day 1and 15 was 1.62±0.61 and 1.25±0.71 respectively. Bacterial
colony count on the day 1 and 15 was 651.4 and 385.1 respectively.
Conclusion: The results show Triphala and chlorhexidine were effective in reducing plaque formation and gingival
inflammation individually Triphala was more effective in reducing gingivitis and chlorhexidine was effective in
reducing plaque formation.
Keywords: Triphala mouthwash; Chlorhexidine; periodontitis; antiplaque agent; anti- inflammatory agent.
INTRODUCTION
eriodontitis means “Inflammation of the
periodontium” which comprises of investing and
supporting structures of the tooth namely
gingiva, periodontal ligament, cementum and alveolar
bone. Periodontal destruction originates from the
dental plaque which has been defined as the microbial
community that develops on the tooth surface,
embedded in a matrix of polymers of bacterial and
salivary origin (1). Plaque control is the primary step
in the prevention and management of periodontal
diseases which can be done either mechanically or by
different chemical agents. While brushing, certain
teeth surfaces receive minimum attention. Thus, use of
additional methods like dental flossing, mouthwash
has been performed. Chemical supragingival plaque
control has been the subject of extensive research for
3–4 decades now. Various chemical agents have been
introduced to the market which are antimicrobial and
prevent the bacterial proliferation phase of plaque
development (2). Among them, Chlorhexidine
(CHX)a cationic bisbiguanide which is considered as
a gold standard among all mouthwashes because of its
substantivity and broad-spectrum antibacterial activity
(3-7). However, the side effects of CHX limit its longterm use which includes tooth and tongue
discolouration, taste alteration, excess formation of

supragingival calculus, soft-tissue lesions in young
patients and allergic reaction has been reported (8, 9).

P

www.biomedicineonline.org

Natural herbs such as triphala, tulsi patra, jyestiamadh,
neem, clove oil, pudina, ajwain, and many more used
either as whole single herb or in combination have
been scientifically proven to be safe and effective
medicine against various oral health problems such as
bleeding gums, halitosis, mouth ulcers, and preventing
tooth decay (10). Triphala comprises of Amalaki
(Embilica officinalis), Bibhitaki (Terminalia beleria),
and Haritaki (Terminalia chebula) which is
extensively used as a traditional Ayurvedic medicine
in ancient times. It has been described in ancient
Ayurvedic text as a Tridoshik rasayana and it is a
therapeutic agent with balancing, laxative, hemostatic,
anti-inflammatory, analgesic and wound healing
properties.
Effects of Triphala
It is a therapeutic agent with hemostatic, antiinflammatory, analgesic and wound healing effects. It
is rich in polyphenols, tannins and ascorbic acid.
These polyphenols are considered to be an
antimicrobial agent. It has an epigallocatechin gallate
(EGCG) as one of the condensed tannins which binds
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to the bacterial cell wall thus inhibiting the bacterial
growth. Because of the numerous properties of
Triphala along with its other advantages like easy
availability and cost effectiveness, the present study
was undertaken to compare the clinical and antimicrobiological effectiveness of Triphala and a
commercially available chlorhexidine in generalised
chronic periodontitis patients.

Group-B: 15 patients were given with Chlorhexidine
mouth wash (0.2% Chlorhexidine mouthwash, 15ml
twice a day).
All the patients were reviewed after 15 days. Clinical
baseline parameters, Plaque index and gingival index
are recorded followed by plaque sample collection to
record the baseline microbiological analysis. Both the
clinical and microbiological parameters (bacterial
colony count) on the Day 1 is compared with Day 15
and the results were shown below. The study protocol
was reviewed and approved by the Institutional
Ethical Committee of Saveetha Dental College and
Hospitals, Chennai. Chi-square statistical test was
used to analyse the results.

MATERIALS AND METHODS
A clinical trial was conducted from the outpatient
department of Saveetha Dental College and Hospitals.
Patients were selected based on the following criteria.
Inclusion Criteria: Subjects within 30-50 years were
included with generalised chronic periodontitis
according to AAP classification of periodontal
diseases.

RESULTS
A total number of 30 patients (18 males and 12
females) were selected for the study. All the patients
completed the study. Mean and standard deviation of
plaque and gingival indices for both the groups on Day
1 and Day 15 were shown in the following tables.

Exclusion Criteria: Subjects with chlorhexidine
allergy, antibiotic therapy, anti-inflammatory therapy,
Tobacco use were excluded.
Clinical baseline parameters, Plaque index (Loe and
Silness 1964) and gingival index (Loe and Silness
1970) are recorded followed by plaque sample
collection to record the baseline microbiological
analysis. Supragingival and Subgingival scaling was
done.

From the table 1, Group-A (CHX) the mean of plaque
score on the day 1 was 1.67±0.13 and on the day 15
was 1.21± 0.36. Group-B (Triphala) on the day 1 was
1.63± 1.17 and on the day 15 was 1.46±0.29. From the
table 2, Group-A(CHX) the mean of gingival score on
the day 1 was 1.61± 0.76 and on the day 15 was 1.47
±0.13. Group-B (Triphala) on the day 1 was 1.62
±0.61 and on the day 15 was 1.25± 0.71.

Patients were randomly allocated into two groups;
Group-A: 15 patients were given with Triphala mouth
wash (6% Triphala mouthwash, 15ml twice a day).

PLAQUE INDEX:
Table 1: Comparison of plaque index for both the groups on Day 1 & Day 15
Groups
A [CHX]
B [Triphala]

No of patients
15
15

Day 1
1.67±0.13
1.63±1.17

Day 15
1.21±0.36
1.46±0.29

GINGIVAL INDEX: Table 2: Comparison of gingival index for both the groups on Day 1&Day15
Groups
A [CHX]
B [Triphala]

No of patients
15
15

Day 1
1.61±0.76
1.62±0.61

Day 15
1.47±0.13
1.25±0.71

From the graph-1, Group-A (CHX) the bacterial colony count on the day 1 was 649.5 and on the day 15 was 362.3. Group- B (Triphala) the
bacterial colony count on the day 1 was 651.4 and on the day 15 was 385.1.

the first step in the prevention and management of
gingivitis as well as periodontitis. Majority of the
population may not perform mechanical plaque

DISCUSSION
Dental plaque is the primary etiology for the
development of periodontal diseases. Plaque control is
www.biomedicineonline.org
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control sufficiently or they may lack skill and
motivation for mechanical plaque control. Thus, use of
antimicrobial mouth rinse are recommended.
Chlorhexidine (CHX), a gold standard antiplaque
agent which has been proved by many studies (2, 4).
This study was done to compare the clinical and antimicrobiological effects of Triphala with chlorhexidine
in generalised chronic periodontitis patients over a
period of two weeks. Both Triphala and Chlorhexidine
were significantly reduced plaque formation and
gingival inflammation individually Triphala was more
effective in reducing gingivitis whereas Chlorhexidine
in plaque formation. This finding was consistent with
the study conducted by Irfan et al., (11). A study by
Santos et al., reported that CHX has reduced 16% 45% of plaque and gingivitis from 27%-80% in sixmonth trials (12).

reduced plaque formation. Further studies are required
to know the long-term effects of Triphala as a
mouthwash.

Jagadish et al., conducted a study to determine the
effect of Triphala on dental plaque and concluded that
it has antioxidant and antimicrobial activity and
inhibited the growth of S. mutans, gram positive cocci
(13). Amalaki contains a large amount of vitamin C,
which is most effective in reducing bleeding gums
(14). Haritaki is the most efficient for bleeding gums
and gingival ulcers as well as carious teeth (15). A
study done by Gupta et al., reported that Triphala
mouthwash is useful in preventing the development of
incipient lesions and it is cheaper than the
commercially available CHX mouthwash (16). In this
present study, Triphala and chlorhexidine both were
significantly reduced the bacterial counts in
generalised chronic periodontitis patients. Kaim et al.,
in his study, investigated the anti-microbial activity of
herbal mouth-rinse with 0.12% Chlorhexidine
Gluconate against S. mutans, S. sanguis and A.
viscosus. It was found that herbal mouth-rinse
produced the largest zones of microbial inhibition
when compared to against all the three bacteria tested
(17). Haffajee et al., compared the effectiveness of
herbal mouth-rinse with 0.12% Chlorhexidine
Gluconate. It was found that herbal mouth-rinse was
effective in inhibiting oral bacteria, predominantly
Actinomyces sp., E. nodatum, P. intermedia, P.
melaninogenica, P. nigrescens and T. forsythia (18).
So far, CHX has been considered the gold standard
antiplaque and antigingivitis agent, but now, it is the
turn to recognise the value of natural herbs like
Triphala, known to have effective anti-inflammatory
and anti-microbiological properties with no side
effects. More studies are required to further emphasize
the effect of Triphala on gram negative anaerobes, the
microorganisms responsible for causing periodontitis.
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This study concludes that both Triphala and
chlorhexidine were effective in reducing plaque
formation and gingival inflammation individually
Triphala was more effective in reducing gingival
inflammation and chlorhexidine was effectively
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ABSTRACT
Introduction and Aim: The clay artisans of Kolkata, India, represent an important part of Indian craft sector.
Occupational health status of these clay artisans has never been reported. In this context, a cross- sectional observational
field study was conducted to investigate about the physical, socio - economic, demographic conditions and health status
of the clay artisans.
Materials and Methods: Investigation was conducted on 71 male clay artisans and 47 control subjects from local shops
with similar age group. Information was collected through personal interview and questionnaire survey.
Results: Prevalence of morbidity status was higher among the artisans; 57 artisans (80 %) reported about various illnesses
and complaints as compared to 21 (45 %) control subjects. A significantly higher prevalence of musculoskeletal (44 %),
gastrointestinal (38 %), ophthalmic (37%) and respiratory (32%) conditions were reported by the artisans as compared
to the control group. A difference in the prevalence rates was also observed among the younger (<45 year) and older (≥
45 year) artisans. Multiple logistic regressions revealed an association of age, body mass index (BMI), and weekly
working hours with majority of the health complaints.
Conclusion: Majority of the workers have a poor living and working conditions which could possibly explain their
morbidity status. It was felt that the workers had a deep rooted attachment with their profession and were compromising
with the poor living and condition for the sake of their livelihood. Further studies are required to formulate intervention
program, to improve the overall quality of life of these workers.
Keywords: Occupational health; clay artisans; demographic condition; morbidity; informal sector.
every nook and corner of the world. Therefore, this
festival generates a huge demand of idols and offers a
good earning opportunity for the clay artisans.

INTRODUCTION
he profession of making clay idols is a century old
profession in the state of West Bengal. This is
practised by a special group of potters who
prepare the idols and various items used in different
Bengali festivals. Therefore, this profession has become
an integral part of Bengali culture and tradition.

T

The concept of decent work proposed by International
Labor Organization (ILO; 2), focuses on the provisions
of occupational health practice as an integral part of any
occupation to empower workers for a better quality of
life and to formulate proper intervention strategies for
maintaining health at work. Reports on the occupational
health studies among unorganized sector of India are
still not very impressive. The number of studies can be
found in different literatures that have either evaluated
the physical strain of the workers (3, 4) or have reported
overall morbidity pattern (5-8) or about a specific
morbidity (9, 10) pattern of workers in different
occupations. Some other works have reported about
nutritional standards of the workers (11) and the
association of occupational morbidities with nutrition

One of the largest communities of clay artisans with
about 550 potter’s family (1) engaged in idol making is
found in the northern part of the city Kolkata by the bank
of river Hoogly. The area is known as Kumortuli in local
parlance. This word is derived from two words where
“kumor” means potter and “tuli” means colony. The
artisans of Kumortuli have an international fame for
making idols of Hindu Gods and Goddesses, particularly
of the Goddess Durga. Worshipping the Goddess Durga
is the biggest annual festival of the Bengalees. This is
celebrated by the entire Bengali community residing in
www.biomedicineonline.org

425

Biomedicine- Vol. 39 No. 3: 2019

Biswas et al: A study of the………… of Kolkata, India
and environmental factors (12). Still other studies have
reported about the socio- economic standards and social
security issues in unorganized sectors (13, 14).

structured questionnaire and face to face interview. The
questionnaire enquired about age, experience,
education, marital status, family size and average
monthly income, smoking status, working frequency,
working period, job satisfaction and professional status.
Morbidity pattern was evaluated from self – reported
health status through a questionnaire on current health
complaints, musculoskeletal symptoms, chronic illness
and diseases which the worker had suffered during the
last one year. The different items of the questionnaire
were selected from intense literature review. No formal
test of validity was performed on the questionnaire items
as they were very similar to other socio- demographic
and health survey questionnaires widely used in
different occupational health studies.

The clay artisans of Kumortuli, represent a very
prominent section of Indian traditional craft sector and
are considered a very important unorganized sector
workforce. Till date, no occupational health studies have
addressed this area. The present study was planned to
report about the socio demographic and morbidity status
of the clay artisans. It is expected that the outcome of the
study could highlight on occupational health problems
existing in the workplace that would help to formulate
interventions strategies to improve working health and
productivity.
MATERIALS AND METHODS

Statistical analysis

A cross-sectional observational study was conducted.
The entire potter’s colony represents an inhabitancy of
more than 300 small and big workshops and family
quarters with more than 500 potters including migrant
clay artisans from different parts of the state during peak
working season that continues from mid of July till the
commencement of Durga puja. The required sample size
(n) for the study was calculated from a relative deviance
of 95% confidence interval (CI), an assumed prevalence
of 50% and a precision value of 10% which was
obtained to be 96. The calculated n was further corrected
for a finite population (P) of 200 migrant workers to
obtain the required sample size (N) by the formula: N =
n/ (1+ n/P) which was calculated to be 65. Furthermore,
assuming a drop-out rate of 20 % the final sample size
was calculated to be 85. Based on an inclusive selection
criterion of a five years of working experience, a
purposive random sampling was made to select subjects
from randomly selected 30 different workshops.

Descriptive statistics comprising mean, standard
deviation and range of values were obtained for different
continuous variables and frequency was obtained for
different categorical data including health complaints.
Various physical, demographic, workplace and personal
factors and health complaints were compared among the
subjects and controls and also among the two age groups
of workers. Categorical variables were analyzed using
chi square test and t test was used to compare the means
of continuous variables. Fisher’s exact test was used
when the frequency was below 5. In both cases
statistical significance was set at a p value 0.05. The Chisquare test or Fisher’s exact test was applied to
prevalence data of health complaints, which are
tabulated in a 2 x 2 contingency tables and prevalence –
odd ratios of health complaints were calculated for
comparison between the younger and older workers.
Multiple logistic regression models were used to
examine the effects of various factors and covariates on
the health complaints of the workers of two different age
groups. This method appeared to be more appropriate as
the different health complaints were categorical and
dichotomous (15). The data were analyzed using SPSS
pc version 16.0 statistical package.

Prior to the study permission was obtained from the clay
artisans welfare committee through written application.
The subjects were explained about the purpose of the
study and the extent of their involvement and
accordingly asked to cooperate in the same. From the
initial selection, fourteen subjects declined to participate
and therefore the final sample size consisted of 71 male
artisans between the ages of 21 – 67 years. An age –
matched control group comprising 47 male subjects
were selected from local shops for the purpose of
comparison. Verbal consent was obtained from all the
participants. The survey was carried out during the
month of July to September.

RESULTS
Table 1 summarizes the physical, physiological and
work characteristics of the clay artisans and control
group. The mean BMI of the subjects (19.3 ± 1.49) was
significantly lower than that of the controls (20.3 ± 1.46,
p< 0.001). Duration of work in terms of month per year
and days per week appeared to be significantly shorter
among the clay artisans than the control group.
However, both the groups were found to be working for
an average of 10 hours per day.

Questionnaire Study
Socio-demographic status, personal characteristics and
occupational factors were evaluated through semi -

Table 1: Summary statistics and comparison of physical characteristics, physiological status and work chronometrics
among the subjects (n=71) and control group (n=47). Values are mean ± SD (range)
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Variables
Age (years)
BMI (kg/m2)
Pre-work pulse (beats/ min)
Blood pressure, systolic (mmHg)
Blood pressure, diastolic (mmHg)
Experience (years)
Working months / year
Working days / week
Working hours / day

Subjects (n = 71)
44.2 ± 12.4 (21-67)
19.3 ± 1.49 (17.3 -23.3)
79 ± 9.2 (55-95)
129 ± 15.4 (90-160)
81 ± 11.6(60-112)
30.8 ± 13.1(9-55)
9.6 ± 1.02 (8-12)
5.9 ± 0.59 (5-7)
10.5 ± 1.9 (5 -14)

Controls (n=47)
43.1 ±7.6 (29-56)
20.3 ± 1.46(17.3 -23.2)
80 ± 7.5 (64-93)
130 ± 14.7 (90-170)
82 ± 12.2 (64-118)
27.6 ± 8.0(15 – 43)
11.4 ± 0.71 (10-12)
6.2 ± 0.33(6 - 7)
10.3 ± 0.60 (9 - 11)

P*
0.59
0.001
0.536
0.725
0.654
0.14
0.0001
0.002
0.67

*p: Probability level, p> 0.05 = non-significant, p < 0.05 = significant, p< 0.01 = highly significant

Table 2: Comparison of physical and socio-demographic variables among the clay artisans (n=71) and control group
(n=47)
Variable
BMI (kg/m2)
Marital status
Education

Smoking status

Job satisfaction

Family alienation

Variable grouping
<18.5
Married
No formal education
Primary
Middle school
Secondary
Above secondary
Low vs high education
Never smoked
Ex- smoker
Smoker
Current smoker vs non – smoker
None
Little
Moderate
High
Very high
Overall low vs high
Away from family

Subject N (%)
21 (29.6)
49 (69)
8 (11)
19 (27)
24 (34)
15 (21)
5 (7)
23 (32)
19 (27)
29 (41)
6 (8.5)
23 (32.4)
33 (46.5)
6 (8.50
3 (4.2)
34 (47.8)

Control N (%)
2 (4.3)
33 (70)
6 (13)
12 (25.5)
12 (25.5)
12 (25.5)
5 (11)

χ2
11.55
0.19

P*
0.001
ns

0.841

ns

0.75

ns

0.54
10.08

ns
0.0001

15 (32)
9 (19)
23 (49)
4 (8.5)
17 (36.2)
22 (46.8)
4 (8.5)
0
9 (19)

*p: Probability level, p> 0.05 = non-significant (ns), p < 0.05 = significant;
p< 0.01 = highly significant

Table 2 summarizes the results of comparison of
different variables among the clay artisans and control
group subjects. Low BMI (BMI < 18.5) was observed
among a greater number of clay artisans (30%) as
compared to the controls (4 %) and this difference was
found to be statistically significant (χ2 = 11.55, p <
0.0001). No statistically significant difference was

observed among the distribution pattern of marital
status, educational standards, current smoking status and
job satisfaction scores among the subjects and controls.
Majority of the clay artisans (47.8 %) were living away
from their families as compared to the control (19%),
and the difference was found to be statistically
significant (χ2= 10.08, p < 0.0001).

Table 3: Prevalence of health complaints among the subjects and controls
Health
Complaints
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Gastrointestinal
Respiratory
Cardiovascular
Dermatological
Ophthalmic
Musculoskeletal
Oral
Infection
Total

27 (38.0)
23 (32.4)
6 (8.5)
19 (26.8)
26 (36.6)
31 (43.7)
15 (21.1)
17 (23.9)
57 (80)

8 (17.0)
7 (14.9)
4 (8.5)
5 (10.6)
8 (17.0)
11 (23.4)
9 (19.1)
4 (8.5)
21 (45)

5.98 (0.01)
4.54 (0.03)
0.00 (ns)
4.54 (0.03)
5.30 (0.02)
5.06 (0.02)
0.07 (ns)
4.75 (0.03)

2.99
2.74
0.99
3.07
2.82
2.54
1.13
3.45

3.01
2.69
0.96
3.15
2.93
2.50
1.11
3.26

1.24 – 7.32
1.04 – 6.97
0.25 – 3.63
1.08 – 9.14
1.12 – 7.67
1.09 – 5.76
0.45 – 2.77
1.07 – 9.92

p: Probability level, cOR: Crude Odds Ratio, aOR: Adjusted Odds Ratio

Table 3 presents the self- reported morbidity pattern of
the artisans and control subjects. Prevalence of
morbidity status was higher among the artisans. A total
of 57 artisans (80 %) reported about various illnesses
and complaints as compared to a total of 21 (45 %)
control subjects. Musculoskeletal symptoms and
disorders (MSD) were the highest reported complaints
among both the groups (44 % for artisans and 23 % for
controls) while least complaints were reported for
cardiovascular symptoms (8.5 % for both artisans and
controls). The next most frequent complaints were
reported for gastrointestinal (GI), ophthalmic and
respiratory symptoms and more than one third of the
clay artisans reported about these problems. Almost one
fourth of the clay artisans reported about skin conditions
(27%) and infections (24%). Morbidity status was
significantly higher among clay artisans for most of the
health complaints. However, cardiac complaints, oral
conditions and general symptoms were comparable in
both the groups. The crude odds ratios (cOR) for various
morbid conditions were similar to age adjusted odds
ratios (aOR).

Table 4 summarizes the results of multiple logistic
regressions analysis conducted between various
occupational factors (independent variable) and health
complaints (dependent variable) within the study group.
Gastrointestinal complaints were associated with
weekly working hours and age. Weekly working hours
had an adjusted OR of 1.17 (95 % CI 1.03 – 1.32) and
age had a decreased OR of 0.89 (95 % CI 0.82 – 0.96)
for GI complaints.
Respiratory complaints were
associated with age and BMI. Age had an adjusted OR
of 1.162 (95 % CI 1.07 – 1.27), while BMI had a lowered
OR of 0.12 (95 % CI 0.036 – 0.374). In addition, cardiac,
musculoskeletal, ophthalmic and general complaints
were all associated with age with an adjusted OR > 1.
Weekly working hours had an adjusted OR of 1.11 (95
% CI 1.00 – 1.24) for ocular symptoms and an OR of
1.19 (95 % CI 1.02 – 1.38) for musculoskeletal
complaints. BMI had a decreased OR of 0.36 (95 % CI
0.16 – 0.80) for musculoskeletal complaints.

Table 4: Multiple logistic regression to predict odds of various health complaints
Dependent variable
Gastrointestinal
Respiratory
Cardiovascular
Eye

Musculoskeletal
General

Independent variable
Age
Hours per week
Age
BMI
Age
Age
Hours per week
Age
BMI
Hours per week
Age

p
0.002
0.01
0.001
0.0001
0.02
0.003
0.04
0.01
0.01
0.03
0.03

OR
0.89
1.17
1.162
0.117
1.225
1.099
1.113
1.108
0.357
1.187
1.173

95 % CI
0.82 – 0.96
1.034 – 1.316
1.066 – 1.266
0.036 – 0.374
1.029 – 1.451
1.033 – 1.169
1.003 – 1.235
1.027 – 1.196
0.159 – 0.804
1.020 – 1.380
1.016 – 1.354

Independent variables entered in the regression analysis are: age, BMI, working hours per week and working hours per day as continuous variable
and job satisfaction as categorical variable. Only significant results are presented.
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Fig. 1: Prevalence (%) of various health complaints among the younger and older clay artisans.

Figure 1 depicts the prevalence rates of various health
complaints for younger (≤45 years) and older (> 45
years) clay artisans. GI complaints, oral problems,
dermatologic conditions and infections were higher
among the younger group. All other symptoms are more
prevalent among the older artisans. The most frequently
reported illness among the younger age group were
gastrointestinal problems (51.4%) which was
significantly higher than that of the older group (23.5 %)
(χ2 = 5.82, p < 0.02). The younger group also reported a
significantly higher prevalence of infectious and
parasitic diseases (35.4%) as compared to the older
workers (12.1 %) (χ2 = 5.02, p < 0.025). Highest
prevalence of health conditions among older workers
was seen for musculoskeletal (56 %) symptoms
followed by ocular (50 %) and respiratory (38%)
symptoms. Musculoskeletal (χ 2 = 3.96, p < 0.05) and
eye conditions (χ 2 = 5.03, p < 0.025) were significantly
higher as compared to the younger counterpart. Skin,
cardio – respiratory, oral conditions and general health
complaints were similar among both the groups.

with carpenters (19). Musculoskeletal complaint among
clay artisans are associated with higher age which is in
consistent with reports available for carpenters (19) and
lower BMI which corroborates with industrial workers
(20). Long working hour has been identified as a
predictor of MSD (21). The present study has also
obtained a close association of MSD among artisans
with the duration of working hour per day which was
more than 8 hours as observed in normal industrial
operations.
The prevalence of GI complaints among the clay
artisans was 38 % similar to that reported among
transport workers (16). The relatively high prevalence
of GI symptoms which include dyspepsia, flatulence,
abdominal pains and loose motion can be attributed to
irregular meal timings, unsafe drinking water facilities
and improper hand washing habits and having meals
from roadside eateries. Redness and watering eyes were
the most common ophthalmic problem reported by both
the younger and older groups. The tasks of the artisans
were visually demanding and required near work,
accuracy and sustained attention. A lack of direct
lighting in working area has been identified as risk factor
for eye complaints (22), which was common in all the
workshops surveyed. Visually demanding tasks coupled
to low illumination might be the causative factor for a
high prevalence of eye complaints.

DISCUSSION
The present study investigated the demographic status
and self – reported health profile of the clay artisans of
the potter’s colony of Kolkata. Attempts have been
made to correlate the health conditions with different
explanatory variables.

The workers reported about symptoms of common cold
and itching problems. The prevalence rate of respiratory
and dermatological conditions among the clay artisans
is comparable with the rice mill workers as obtained in
a previous study (7). The observations made in the
present study revealed unclean workshops, muddy
floors and poor ventilation of workspaces. It was also
observed that the workers handle hay, clay mixture,
paints, adhesives, and varnishes without any proper
personal protections which might have increased their
exposure levels and have contributed to health
symptoms.

The findings of this cross-sectional study revealed a
high prevalence of musculoskeletal, gastrointestinal,
respiratory, ophthalmic and dermatological complaints
among the clay artisans as compared to the control
subjects. The prevalence rate of different morbidities of
the clay artisans could be compared with various groups
of unorganized work force as documented in different
literatures.
The overall prevalence of musculoskeletal complaints
reported by the clay artisans were lower as compared to
transport workers (16) and daily wage laborers (17),
higher as compared to sweepers (18) but comparable
www.biomedicineonline.org
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According to the ILO, the informal sector workers are
exposed to poor working conditions with environmental
hazards, low safety and health standards (2). It has also
been documented that informal sector workers do not
have any permanent employment status. Majority of
them are not protected by an occupational health and
safety laws and regulations. These workers have a
distinct socio-economic identity with low literacy level,
poor income and lower level of social status.
Compulsion to accept unregulated working conditions
coupled with low level of awareness impairs the health,
general well-being and quality of life of these workers
and their families (23, 24). The findings of the present
study points towards these facts. Some Indian studies
have reported similar situations among other
occupational groups (14, 16).

7.

The clay artisans of Kolkata believed that their
craftsmanship represents a legacy of art form which is
reflected in the characteristic form of gods and
goddesses inspired from religious perspective. So, in
spite of all professional hardship they pratise this
profession even by compromising with their living
conditions. Therefore, accepting socio – economic
constraints for the sake of professional belief might
make the artisans susceptible to poorer health
conditions. At this juncture the authors strongly feel that
this group needs special attention.

13.

8.

9.

10.

11.

12.

14.

15.
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ABSTRACT
Introduction and Aim: Halloysite nanoparticles are emerging in drug delivery in recent years because of their high
level of biocompatibility. Chronic nonhealing wounds pose a substantial economic burden on health care systems. The
chronic and complicated nature of nonhealing wounds has led to the development of several nanotechnology-based
therapies. The present study aims at finding a suitable biomedical application of the unique shaped halloysites obtained
from the detritus of the estuarine mangrove ecosystem.
Materials and Methods: Halloysite nanoparticles are purified after collecting from the intertidal soils of mangroveestuarine ecosystem in eastern India and characterized following standard methods using a transmission electron
microscope, X-Ray Diffraction technique and Fourier Transform Infrared Spectroscopy. After that boric acid was
conjugated to halloysite because they significantly get loaded into the halloysite nanoparticle and these newly formed
biochemical entities have been observed to increase the antibacterial activity as revealed by scanning electron
microscopic studies.
Results: Transmission electron microscopy and X-ray diffraction studies have revealed that the detritus from the
estuarine mangrove ecosystem contains halloysite nanoparticles. The nanoparticles are rod-shaped and amorphous.
Fourier Transform Infrared Spectroscopy has also shown that the particles are halloysite, mainly composed of both
minerogenic (aluminum silicates) as well as organic (humic substances containing phenolic OH) substances. This
halloysite conjugated boric acid is a fast healer of the burn-induced wound in male Swiss albino mice. Results derived
from the release kinetics have highlighted the removal of boric acid totally from the conjugate halloysite within 5
minutes in the presence of 0.5% H2O2.
Conclusion: Thus, this natural biocompatible halloysite particle, chemically identical to kaolinite structure
characterized in having free hydroxyl groups, finds a wide range of nanotechnology-based applications, especially for
capturing drug and sustained release in biomedical applications.
Key words: Nanoparticles; halloysites; mangrove-estuarine ecosystem; detritus; biomedical applications.
a tubular structure, which is believed to be formed by
hydrothermal alteration, or surface weathering of other
aluminosilicate minerals (9). The chemical formula of
halloysite and kaolinite is similar, A12Si2Os
(OH)4.nH20, but structurally halloysite differs by
possessing a hollow tubular structure (halloysite
nanotube) (9, 10), the luminal diameter of which is 10
to 15 nm with an outside diameter ranging from 50 to
70 nm and a length between 500 and 2000 nm (11).
The halloysite wall is composed of 10–15 bilayers of
aluminum and silicon oxide. A difference in chemical
composition at both the inner and outer surface gives it
a net negative charge at the pH ranging from 2 to 10.
The vast surface area of this nanotube (around 57
m2/g), along with luminal porosity, indicates its
significant potential for binding and releasing of

INTRODUCTION
atural soil textural components, especially clay,
play a vital role in human health (1), including
warfare (2, 3). Clay nanoparticles find wide
application as safe and natural drug delivery agents (4,
5). There have been several reports describing the
wound healing properties of natural and synthetic clay
minerals (6-8). They act as antibacterial agents, drug
delivery vehicles, and thereby contribute as wound
healing agents. Despite these studies and the clinical
evidence suggesting that clay minerals promote healing
in individuals, the mechanism by which the clay
minerals exhibit such properties mostly remains
unknown.

N

Halloysite is a naturally occurring member of the
kaolin family of aluminosilicate clays. Halloysite can
occur in several structures but predominantly exists as
www.biomedicineonline.org
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biologically functional molecules such as drugs,
proteins, DNA, growth factors, etc.

using a diffractometer with Cu anode (PAN analytical
X’pert PRO), running at 40 k V and 30 mA, scanning
from 2 to 800 for 10 minutes. Field Emission Scanning
Electron Microscope (FESEM), model- ZEISS EVO 60
(Merlin SEM) is used to study the antibacterial effect
against two bacterial species, Staphylococcus aureus, a
skin pathogen, and Escherichia coli, a gut microbe.

Halloysite nanotubes provide a new avenue for the
preparation of nanocomposites (12). It can be mined
from natural deposits in many countries such as
America, Brazil, China, Japan, Turkey, Thailand,
Indonesia, and New Zealand, including India (13). In
chronic wound management, the topical use of
antibiotics has become a central issue due to the
increasing incidences of drug-resistant microbes.
Chronic nonhealing wounds pose a substantial
economic burden on health care systems (14). In a
recent study on wounds in India, we have found that
the prevalence of acute and chronic wounds was 10.55
and 4.48 per 1000 of the population, respectively (15).
Researchers across the globe explore several
alternative therapies for wound healing. The chronic
and complicated nature of nonhealing wounds has led
to the development of several nanotechnology-based
therapies. To find an effective, safe, and low-cost
solutions to treat and manage acute and nonhealing
wounds, we have undertaken the present study to
assess the potential of clay-based halloysite
nanoparticles on healing burn-induced wounds in mice.

Antibacterial assay
The boric acid conjugated halloysite is tested for
antibacterial assay. The antibacterial activity of the
halloysite nanoparticle is tested using two different
bacterial strains. Bacterial cells are treated with boron
conjugated halloysites, and changes observed in
surface topology are recorded by SEM analysis.
Sample preparation for SEM
To ninety microliters (90μl) of each bacteria culture, 10
μl of halloysite nanoparticles and 10 μl of boric acid
loaded halloysite (in 1:1 ratio) were added in separate
tubes and kept in room temperature for 24 hours. The
samples were then run through the acetone gradient for
rehydration. 10 μl of glutaraldehyde is added to the
remaining pellet after vortexing for 5 minutes, and the
mixture is centrifuged for 2 min at 13000 rpm. The
pellet was resuspended in 40 μl of 40% acetone and,
allowed to vacuum dry after being drop cast over glass
coverslip before analysis.

MATERIALS AND METHODS
Sample collection
Intertidal sediment covered with surface detritus was
collected from the confluence of Subarnarekha River
with the Bay of Bengal, an ecotone located at the
junction of Midnapore (East), West Bengal, India and
at Talsari, Odisha, India.

Sample preparation for FTIR
Three milligrams (mg) of dried powder was mixed in
300 mg of KBr. These were homogenized by mixing in
a stainless-steel vibrating mill. The mixed samples
were then poured into stainless steel cups, having a
diameter of 10 mm, and the top surfaces of the powders
leveled. Spectra were recorded for infrared
measurement from 4000 to 500 cm-1 at 1.92 cm-1
interval.

Sample preparation
The collected moist field sediment samples were dried
at room temperature and stored in airtight containers.
10 grams of the dried and grained sediment sample was
dissolved into 20ml methanol (100%) in a tube,
vortexed for10 minutes, and allowed to settle. The
sample was then decanted very carefully into a 50 ml
centrifuge tube and subsequently centrifuged at 4700
rpm for 20 minutes. The supernatant removed, the
residue is left to dry, and the dried materials were
collected. Dry pellets of the residues were further
powdered in mortar and pestle and preserved at room
temperature.

Sample preparation for TEM
One drop of the diluted sample in MeOH is pipetted
out on a copper grid and dried. The dried samples are
studied in an FEI- TECHNAI G2 20S – TWIN
ANALYTICAL TEM, operated at an accelerating
voltage of 200 kilovolts.
Sample preparation for wound healing assay
To 300μl of water solution of each sediment sample,
100μl of boric acid of the same concentration
(40mg/ml) was added and shaken well.

Characterization
Fourier Transform Infrared (FTIR) spectra of the
samples are recorded on a Thermo Nicolet NEXUS870TM spectrophotometer using a KBr pellet. The
morphology and microstructure of the samples are
obtained using an FEI- TECHNAI G2 20S – TWIN
analytical Transmission Electron Microscope. Powder
X-Ray Diffraction (XRD) analyses were performed
www.biomedicineonline.org

In vivo assay
The study was performed on five male Swiss albino
mice, weighing 30.0-1.0 g and one animal per cage.
Cages spreaded with rice straw were kept in animal
enclosure, maintaining proper conditions of
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temperature (25+/- 2°C), humidity (55 + /−5%), and
photoperiod (12 h). Throughout the experiment, the
animals consumed water and food ad-libitum (30).

Halloysite nanoparticle incorporating boron is prepared
in water solution. Five-milligram of halloysite was
dissolved in 1mL double distilled water and stirred.
Then 20 μl Boric acid of 4 mg/ml concentration was
dissolved in 80μl water. The solution was then
transferred to a 2000 Da molecular weight cutoff
dialysis bag and dialyzed for 14 hours to remove the
impurities and free boron. The absorbance of the
halloysite solution is measured at 328 nm by UVVisible spectrophotometer. Then absorbance of
different concentrations of boron loaded halloysite
drug was measured. A calibration curve was
constructed using different concentrations (1–
100 μg/mL) of free drug in a buffer. Drug loading
content (DLC) is calculated from the following
equation:
DLC (%) = (Wt. of loaded drug/Wt. of drug-loaded
halloysite) x 100

Burning procedure
In the present study, the method of burning followed
was similar to earlier reported methods, with little
modifications (16). The mice were anesthetized by an
intraperitoneal injection of ketamine HCl (35 mg/kg).
The fur/hairs were shaved using sterile scissors and
razors from the body parts of the animals, where
burning was intended. A fire protective cloth was held
tightly over the shaved region, having a window of 1
cm on the back of the anesthetized animal followed by
a spreading of 0.2 ml of 95% ethanol, and then it was
burned for 15 seconds. The animals were infected in
the burnt area by inoculating with the bacteria,
Staphylococcus aureus, causing external infection at
the burn wound site.

The in vitro drug release profile is obtained. 30μl boron
loaded halloysite was sealed in a dialysis tube
(molecule cutoff 3,000) and incubated at 27 °C under
stirring at a speed of 80 rpm. At regular time intervals,
the 1ml of the mixture was removed and replaced by
fresh PBS to maintain sink conditions. After adding
H2O2 in boron loaded halloysite, drug concentration in
solution was calculated by measuring absorbance in
UV-Visible spectrophotometer at a time interval of 0
minutes, 2 minutes, 4 minutes, 8 minutes, 12minutes,
16 minutes, 20 minutes, 24 minutes, 28 minutes and
32 minutes. Drug release was calculated by the
following equation:
Ft=Ct/C0,
Where, Ft is functions of drug release, Ct is drug release
at time t, and C0 is initial drug release time.

Topical treatment of burn afflicted site
Drug materials for treatment are applied after
completion of the external infection. Wounds are
inflicted in two mice, on either side of each mouse. In
one mouse, the boric acid conjugated halloysite is
applied while the other is treated with sterile PBS
buffer. The dosage of the application was 20 μl
administered on the right-side wound, the
concentration of the drug being 40 mg/ ml in water
solution. All the wounds were examined regularly and
photographed at 24 hours interval for further
observation and recordings.
Drug loading and release method

RESULTS

Fig.1 a) TEM images of powdered detritus sample, (b) Magnified image of the powdered sample.

weight and atomic percentages of the elements present
in halloysite are also expressed in the microanalysis
report; Fig. 2(a, b).

Microanalysis report
Microstructure analysis reveals that the estuarine
detritus constitutes of the mineral halloysite having a
unique size and shape, as is evident in Fig. 1(a, b). The

www.biomedicineonline.org
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Fig. 2: Microanalysis report (a) Graph showing elements present in the sample, (b) Table showing weight and atomic percentages of those
elements.

maximum inhibitory effect was observed in
Staphylococcus aureus as shown in Fig. 3 (a, b) and 4
(a, b).

Antibacterial assay
The drug halloysite loaded boric acid shows the
bacteriocidal effect when applied to both the bacteria,
Escherichia coli, and Staphylococcus aureus while the

Fig. 3: (a) E. coli treated with sediment (b) E. coli treated with sediment of halloysite loaded with boric acid

Fig. 4: (a) Staphylococcus aureus treated with sediment (b) Staphylococcus aureus treated with sediment of halloysite loaded with boric acid

were within 1500-1800 cm-1and for humic compounds
were within 2800-3450cm-1depicting organic materials
with functional groups containing various C-H
components and 3700 cm-1is of Si-OH. The range of
1500-2000 cm-1 was previously used to characterize
humic substances and marine sediments (18). The
intense bands at 1733 cm-1 and 1638 cm-1(Fig. 5a) are
characteristic peaks of humic acids (HA) and fulvic
acids (FA), respectively. The first intense absorption
band at 1733cm-1is characterized as C=O stretching

Analysis of the FTIR spectrum
Several bands have been detected in the FTIR spectra
in the range of 400 to 4000 cm-1. Each peak
corresponds to a vibration line that, in turn, is assigned
to a stretching or deformation of functional groups.
The spectra of halloysite exhibited a range of 6501350 cm-1which is similar to that of kaolinite (17).
Bands for minerogenic and organic materials were
within 900-1200 cm-1; for amides and carboxyl groups
www.biomedicineonline.org
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vibration of carboxylic acid groups, while the
chemistry of the second band is interpreted as the
mixture of the stretching vibrations of C=C aromatic
bonds, conjugated carbonyl groups (quinone),
carboxylic salt groups and amide groups. Another
crucial feature is the characteristic peak of the lignin
spectrum, which can be assigned to an aromatic C=C
stretching vibration in the interval of 1544–1511cm-1.

spectroscopy makes it possible to identify clay
minerals from the selected site reliably.
Analysis of XRD data
Figure 5b shows the XRD pattern of the synthesized
halloysite nanomaterials using a Cu target (1.541838
Å). Using the software, X-pert high score, we have
identified the presence of hydrated halloysite crystal
structure in conjunction with some other additional
phases, such as SiO2, Na2SO4, K2Ca2 (SO4)3,
Na1.3K0.7Si2O5, Na2S2O3. The peaks of halloysite10 Å phase at 19.89°, 35.02°, 40.4°, and 54.93°
correspond to (020), (200), (203), (044) plane,
respectively. The crystallographic d spacing from these
planes is 0.44, 0.25, 0.18, and 0.16 nm, respectively.
The crystallite size is calculated from Debye-Scherer
equation (r=0.89 λ / β cos ɵ) where λ, β, ɵ are the
wavelength of X-ray, line broadening at half the
maximum intensity (FWHM) and Brag angle
respectively. The typical value of halloysite crystallite
size is found ~ 25.2 nm using 2ɵ ~35° peak Bragg
angle and Gaussian fitting as is evident from Fig. 5c.

In general, silicate minerals absorb in the range of 8151300 cm-1, mainly due to Si-O stretching. The Si-O
stretching is confirmed by the presence of absorption
bands at 1191 cm -1, 1104 cm -1, and 1045 cm-1as in
Fig. 5a. The vibration around 1630 cm-1is common for
hydrated phyllosilicates (e.g., chlorite, illite, smectite,
and h alloysite) corresponds to the H-O-H stretching
bonds of absorbed water. Similarly, the overall positive
loadings in the water absorbance-related region (28563716 cm-1), particularly high-intensity band at 3450
cm-1(Fig. 5a) of halloysite from our study site are
related to water absorption bands. Thus, an FTIR

Fig. 5: (a) FTIR spectrum for sample, (b) X-Ray Diffraction pattern of powdered sample (c) The experimental (dotted) and fitted (line) for
evaluating the crystallite size of halloysite crystal.

www.biomedicineonline.org
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263nm,270nm, and 276 nm to 258nm, 264nm, and
272nm respectively at 5% boron loading which can be
attributed for the higher-order association of boron in
an aqueous solution that becomes entrapped inside the
halloysite conjugate. At 10% boron loading bands
obtained are 254nm, 262nm, and 269nm. With further
increase in concentration (15%, 20%, 25%, and 30%),
no changes in the shift are found, signifying saturation
at 10% solution of boron. Boric acid is removed from
the halloysite conjugate within 5 minutes in the
presence of 0.5% H2O2. The release kinetics presented
in Fig. 6b.

Drug loading and release of clay conjugated boric
acid
The pure halloysite shows the absorbance spectrum of
the high-intensity band at 263nm, 270nm, and 276 nm
(Fig. 6a). This spectrum is due to the conformational
changes in the aqueous solvent, which, have different
molecular interactions within their self-aggregation
structure. There is an increase in the shift of absorption
peak at a lower wavelength with a higher order of selfaggregation by forming a complex with other
molecules. The absorption spectrum of boron loaded
halloysite conjugate shows a hypsochromic shift from
(a)

Absorbance (O. D)

2.0

(b)

1.5

1.0

0.5

0.0

250

275

300

Wavenumber (nm)

Fig. 6: (a) Loading of boron halloysite based drug (b) release kinetics of boron halloysite based drug

b, c). The treated animals almost healed in the 20th day
following the burn, while viable bacteria were still
observed in the burn wounds of the untreated animals.

In vivo assay
In the animals treated with halloysite loaded boric acid,
the pathogen-load for the bacteria, Staphylococcus
aureus, progressively reduced as is shown in Fig. 7(a,

Fig. 7: Progress of infected (Staphylococcus aureus) burn-wound healing (a) wound at Day 3, (b) wound at Day 10, (c) wound at Day

fluctuations-deposit sediments from the flowing water
having different textural and nutrients contents (21,
22). All those deposited sediments after being mixed
up with plant debris contributed to detritus display
diverse molecular compositions. This deposition may
be due to the erosion of many rock and mineral
deposits caused by rivers while flowing through its
catchment area. These rocks and minerals mix up with
plant-derived detritus, which with time through several
natural and ecological interaction processes, are
supposed to form halloysites after being deposited in
the bottom. Estuarine sediments experience a lot of
biological and physicochemical interactions due to the
influence of Eco dynamics. This involves the influence
of interactions between different floral and faunal
components, microbes, physical and chemical
characteristics of air (wind flow, atmospheric density,

DISCUSSION
Recent research trends find halloysites as nano-sized
drug delivery vehicles. Halloysites are natural
biocompatible nanoparticles generally obtained from
mineral deposits throughout the world. The source of
halloysite from the detritus in the present study is
unique because of the uniqueness of the estuarine
mangrove ecosystem, where the decomposition of plant
litters produces a vast amount of detritus through the
interactions of an array of organisms (benthos,
microbes, etc.,). Also, those litter contributed detritus
are transported from the mangrove forest subsystem to
the adjoining estuarine water flows in order to ensure
maximum biological productivity of the mangroveestuarine ecosystem (19, 20). Estuarine regions being
a confluence of rivers with the sea having tidal
www.biomedicineonline.org
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8.

particulate load, rainfall, humidity, temperature etc.),
soils (texture, nutrients etc.) and water (pH,
temperature, nutrients, turbidity etc.,) on the sediments.
So finally, this may account for the development of the
uniqueness of the size and shape of halloysites (not yet
been reported earlier) used in the present research. The
halloysite used for the present research contains both
organic and inorganic fractions, as reported by earlier
researchers.

9.

10.

Boric acid found as a constituent of many naturally
occurring minerals, plants, and seawater, is often used
as a broad-spectrum antiseptic (23). It is a weak
tribasic Lewis acid of boron forming diols when
combined with halloysites' free hydroxyl groups. The
third hydroxyl group of boric acid remains free to
exhibit its antibacterial properties. Poor wound healing
resulting from trauma, surgery, acute illness, or chronic
disease conditions affects humanity throughout history.
The repair of wounds is one of the most complex
biological processes that occur in our body (24).
Regeneration and tissue repair processes consist of a
cascade of molecular and cellular events that starts
after the wounding in order to restore the damaged
tissue. These cellular events lead to differentiation,
proliferation of myofibroblast, and the consequent
migration of fibroblasts and keratinocytes, leading to
collagen
synthesis
and
maturation,
reepithelialization, and angiogenesis (25). Failure of
one or several cellular processes leads to chronic
wounds. The halloysite conjugated boric acid when
used as a wound-healing agent in mammalian mice
model has been found to heal wounds as efficiently as
other halloysite based drugs but in a more economical
and effective manner.

11.

12.
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ABSTRACT
Introduction and Aim: Obesity is one of the greatest public health problems and major risk factor for serious
metabolic diseases and significantly increases the risk of premature death. Excess fat is accumulated in adipocytes
as triglycerides results in elevated triglyceride content in plasma and tissues such as liver and muscle, which leads to
pathological dysfunction of these tissues. The aim of the present study was to assess the effect of lutein on
adipogenesis in 3T3L1 cell line.
Materials and Methods: The effect of lutein on triglyceride accumulation during pre – adipocyte/adipocyte
differentiation in vitro was determined. 3T3L1 pre - adipocytes were obtained from NCCS, Pune. To study the effect
of lutein on differentiation, cells were incubated with lutein in different concentration such as 10, 20, 40, 80 and 100
µg/mL from day 0 to day 7. Pioglitazone was used as reference standard. Oil Red O staining was performed, and
photomicroscope evaluation was done to observe the triglyceride accumulation. The stain was further quantified
using multi plate reader at 490nm.
Results: Cells treated with different concentrations of lutein exhibited dose – dependent inhibition of triglyceride
accumulation (P < 0.001) compared to that of control group. Majority of control cells accumulated triglycerides
showed lipid droplets. Standard pioglitazone demonstrated significant (P < 0.001) decrease in triglyceride
accumulation.
Conclusion: This study shows that lutein has significant inhibitory effect on adipogenesis in 3T3L1 cell line. Hence
it may be used to reduce weight gain in obese individuals.
Keywords: Lutein; adipocyte differentiation; triglycerides; cell culture; oil red O staining.
weight loss (7). Furthermore, the use of rimonabant
has been suspended due to its serious psychiatric sideeffects (8). Drugs in the second category inhibit the
absorption of specific nutrients in food. Orlistat
reduces fat intake by inhibiting pancreatic lipase, but
often causes steatorrhea and is associated with a risk
of developing deficiencies in lipid- soluble vitamins
and essential fatty acids (9). The undesirable sideeffects associated with the currently available antiobesity medications and their low limited efficacy;
attention has been focused on developing drugs with
lesser side effects. Natural products such as berberine,
resveratrol, and curcumin are known to have antiobesity effects (10). These natural compounds
ameliorate obesity either by increasing energy
expenditure or by inhibiting adipocyte differentiation.

INTRODUCTION
besity is one of the greatest public health
problems and a major risk factor for serious
metabolic diseases and significantly increases
the risk of premature death. Obesity arises from an
imbalance in energy intake and energy expenditure
that eventually leads to the pathological growth of
adipocytes (1). Adipocytes are the major cellular
component of fatty tissue. Excess fat accumulated in
adipocytes as excessive amounts of triglycerides,
resulting in elevated triglyceride content in plasma and
tissues such as liver and muscle, which leads to
pathological dysfunction of these tissues (2, 3). Fat
accumulation and adipocyte differentiation are
associated with the occurrence and development of
obesity (4). Obesity has become a global health
problem due to its association with various metabolic
disorders such as type 2 diabetes, cardiovascular
diseases, and certain types of cancer (5). Current
medications used to treat obesity can be grouped into
two categories (6). The first includes appetite
suppressants that control food intake by modulating
the central nervous system. Sibutramine, a serotonin
and noradrenaline re-uptake inhibitor and rimonabant,
a cannabinoid receptor antagonist, belong to this
category. However, sibutramine is known to increase
blood pressure and may cause cardiac arrhythmias,
constipation, and headache with minimum body

O
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Tagetes erecta Linn. (Family–Asteraceae), is
commonly known as Marigold. The leaves are
reported to be effective against piles, kidney troubles,
muscular pain, ulcers, wounds and earache (11). The
Antibacterial, antioxidant, hepatoprotective and
analgesic properties of T. erecta are documented in the
literature. Lutein acts as an effective antioxidant and
protects eyes as it can neutralize free radicals formed
by the action of ultraviolet radiation on eye retina (12).
Lutein isolated from Tagetes erecta is a yellow plant
pigment that belongs to the carotenoid family, namely
to xanthophylls, it occurs in many kinds of fruits and
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vegetables, especially in leafy vegetables and in the
yolk and eye tissues. The content of lutein in natural
sources depends on their kind, variety, level of
maturity, part of fruit and also on the way of
processing by heat, preservation or storage (13).

Lutein from marigold flower was obtained from
Synthite Industries Limited, Kerala as gratis.

3T3L1 differentiation inhibition and Oil Red O
staining 3T3L1 preadipocytes were cultured in 48 well
plate. Two days post-confluence switched to
differentiation medium containing 0.25µM DEX, 0.5
mM IBMX and 1 mg/L of insulin in DMEM medium
with 10% FBS to induce differentiation (day 0). After
72 hours of induction, the differentiation medium was
replaced with a cemedium containing 1 mg/mL insulin
for 48hrs (day 5). The medium was subsequently
replaced again with fresh culture medium (DMEM
with 10% FBS) after 2 days. Alternatively, preadipocytes were maintained with fresh growth every
other day throughout the experiment. To study the
effect of lutein on differentiation, cells were incubated
with different concentrations of lutein ranging from 10
- 100µg/mL from day 0 to day 7. Pioglitazone (10µM)
was used as reference standard. Oil Red O staining
was performed, and photo microscopic evaluation was
done using Nikon digital camera to observe the
triglyceride (TG) accumulation. The stain was further
quantified using multi plate reader (Perkin Elmer,
USA) at 490 nm (15).

Cell culture

RESULTS

3T3L1 pre - adipocytes were obtained from NCCS,
Pune and maintained in DMEM high glucose media
with 10% FBS supplemented with penicillin
(5units/mL), streptomycin (5µg/mL). Two days post
confluence, 3T3L1 preadipocytes were switched to
differentiation media containing 0.5mM of IBMX,
0.25µM of DEX and 1mg/l of insulin in DMEM
medium with 10% FCS. After three days of induction
differentiation media was replaced with maintenance
medium containing 1mg/mL insulin alone which was
replaced with fresh culture medium (DMEM with
10% FCS) after 2 days.

The effect of Lutein on triglyceride accumulation
during pre – adipocyte/adipocytes differentiation in
vitro was determined. Cells treated with different
concentrations of lutein exhibited significantly (P<
0.001) decreased triglyceride levels in a dose –
dependent manner compared to control group.
Majority of control cells accumulated triglycerides
with reddish orange staining showed lipid
droplets. Standard pioglitazone demonstrated
significant (p<0.001) decrease in triglyceride
accumulation (Fig. 1, 2).

Tagetes erecta L. (Marigold) flowers are rich in lutein
(14). The anti-obesity activity of carotenoids has
recently received a great deal of attention as it can
prevent metabolic syndrome. Carotenoids such as
fucoxanthin, neoxanthin, β-carotene, and βcryptoxanthin are reported to inhibit the adipocyte
differentiation of 3T3-L1 cells and thereby to reduce
the cellular triacylglycerol (TG) production (15).The
present study was done to assess the possibility of the
anti-obesity action of lutein on adipogenesis in 3T3L1 cell line.
MATERIALS AND METHODS
Plant Extract

Fig.1. Photomicrographs of effect of Lutein on lipid accumulation in 3T3L1 adipocytes post differentiation induction by Oil Red O staining
assay
A – Pre – adipocyte; B - Control; C – Pioglitazone (10µM); D – Ext (10µg/ml)
E - Ext (20µg/ml); F - Ext (40µg/ml); G - Ext (80µg/ml); H – Ext (100µg/ml)
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Fig. 2. Bar graph showing absorbance of lipid content stained using Oil Red O Stain Values are expressed as Mean ± SEM. ***P<0.001
considered significant Control vs. Piogliazone; P<0.001 considered significant Control vs. Lutein

DISCUSSION
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ABSTRACT
Introduction and Aim: Reports supporting a potential role of ellagic acid in the attenuation of obsessive-compulsive
symptoms are relatively sparse. The antidepressant action of ellagic acid is mediated by monoaminergic system which
is infested with imidazoline binding sites. Role of these sites in anticompulsive effect of ellagic acid was thus probed.
Materials and Methods: The mice were divided into respective groups and treated with test drugs or standards as per
protocol. Marble burying test was used for assessing the anticompulsive effect across the groups.
Results: Our study revealed that ellagic acid (200 mg/kg), showed significant anticompulsive activity as reflected by
the decrease in number of marbles buried in comparison to vehicle treated group. The imidazoline agonists’ moxonidine
and 2BFI showed anticompulsive like activity at sub-effective doses viz. 0.5 mg/kg and 10 mg/kg respectively when
combined with sub-effective dose of ellagic acid (100 mg/kg). The antagonists, Efaroxan and Idazoxan, though did not
show any significant blockade in anticompulsive activity alone, showed the same in combination with ellagic acid (200
mg/kg).
Conclusion: Hence it can be opined that ellagic acid shows anticompulsive action in a dose dependent manner in which
the Imidazoline binding sites may have a significant role.
Keywords: Anticompulsive; ellagic acid; imidazoline; anxiety.
indicating a multipronged pathology underpinning the
onset and progression of OCD.

INTRODUCTION
eurotic disorders comprise of a spectrum of
variants which often turn out to be highly
debilitating in nature. One of the disorders which
has epidemiologically gained importance among the
neurotic disorders in recent times (1) is Obsessive
compulsive disorder (OCD). According to definition,
OCD is a disorder characterized by ideas or impulses
(obsessions), often ego dystonic in nature, which
gradually pile up in mind triggering the onset of some
repetitive acts or rituals, termed as compulsions (2). The
suggestive pathophysiology underpinning the disorder
is complex and the involvement of multiple
neurotransmitters in activating the corticostriatal
thalamo cortical loop, the main circuit implicated for
OCD symptoms, is widely documented in literature (3).
Although the serotonergic drugs, mainly the selective
serotonergic reuptake inhibitors like fluoxetine, are still
considered the cornerstone of the therapy, the success
rate is not satisfactory since a good proportion of cases
turn out to be refractory (4). The patients’ refractory to
the conventional therapy with SSRIs have however
shown clinical benefits when administered with drugs
like NMDA antagonists and antidopaminergics (5) thus

N
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The monoamine hypothesis provides a rational
mechanistic basis for a plethora of neurotic disorders
(6). A disbalance in the level of monoamine
neurotransmitters in the synaptic cleft has been linked
etiologically to neurotic symptoms (7). The enzyme
monoamine oxidase (MAO) regulates the duration of
action of neurotransmitters like serotonin, dopamine and
noradrenaline in the synaptic cleft and an anomaly as
such in MAO activity may be linked to various
psychiatric conditions arising from serotonergic
deregulation including obsessive compulsive disorder.
Now, Monoamine oxidase have been reported to bear
binding sites for imidazoline (8). These binding sites
which are mainly of two type’s viz. I1 and I2 have been
reported to be present on the enzyme monoamine
oxidase (9). Owing to their wide presence across
different regions of brain including amygdala and
hippocampus (10) the imidazoline binding sites on
MAO, in recent times, have emerged out as important
targets for psychotropic therapies (11). A plethora of
neurotic disorders including generalized anxiety
disorder and depression have been reported to be
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stemming from dysregulation in expression of
Imidazoline receptors (12). Binding of Imidazoline
receptors to their respective ligands lead to changes in
serotonergic,
noradrenergic
and
dopaminergic
transmission (4) which have provided a mechanistic
basis for the role of these receptors in the
pathophysiology of anxiety and depression (12). These
findings coupled with the fact that I1 and I2 receptors
have been located on Monoamine oxidase hints of a
modulatory potential of these receptors on the activities
of the enzyme (13). Moreover, drugs like Serotonin
reuptake inhibitors like Fluoxetine, considered a
cornerstone in the therapy of obsessive-compulsive
disorders and has been reported to involve mechanisms
mediated by Imidazoline binding sites, for exerting their
psychotropic effects (11). Since shortening of
monoamine neurotransmitters’ activity in the cleft has
been implicated for the pathophysiology of the neurotic
disorders in general, drugs pivotal to amelioration of
symptoms in OCD are expected to have a modulatory
effect on monoamine oxidase enzyme also thus
justifying the probe for their affinity towards the
Imidazoline receptors, which may explain their
contributory role in the amelioration of obsessive
compulsive disorder.

ellagic acid is relatively stable in gastric pH and shows
extensive absorption in humans (16) has made it a
lucrative candidate to be investigated for its therapeutic
potential against disorders like obsessive compulsive
disorder, which is thought to be a symptomatic variant
of anxiety disorder only. A confirmation of the
involvement of the Imidazoline binding sites in the
mechanism underpinning its psychotropic can also
unravel newer options for treating this highly
debilitating disease with greater effectiveness.
MATERIALS AND METHODS
Drugs and chemicals
Analytical grade standard chemicals were used in
experimentation. Ellagic acid, was purchased from
Tocris Bioscience, UK. Moxonidine hydrochloride,
Efaroxan hydrochloride and Idazoxan hydrochloride
were purchased from Sumana Enterprise, Bangalore. 2(2-Benzofuanyl)-2 imidazoline hydrochloride (2 BFI)
was obtained as a generous gift from Novartis,
Hyderabad.
Animals
For experiments, both male and female mice of swiss
albino strain, of age 6 weeks were used. The animals
were acquired from M/S. Chakravorty Enterprises,
Kolkata and were of 25 -30 gms in weight on an average.
The animals were kept under a standard Light and dark
cycle of each phase spanning for 12 hr with the general
humidity maintained at 50 ± 10%. The animals were
provided water ad libitum and kept on standard rodent
chow obtained from Harlan. The neurobehavioral
procedures were carried out within the time span of 9.00
-14.00 hrs in strict accord with the guidelines provided
by Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) and
approved by The Institutional Animal Ethics Committee
(IAEC) of GCTS, Asansol (Approval No.
GCTS/IEC/Jan-19/03)

Agents targeting specifically the imidazoline binding
sites are relatively scanty in number (13). This dearth of
synthetic agents has fueled a zealous lookout for agents
from alternative sources for filling the lacunae. Owing
to their profound antioxidant activity, natural
flavonoids, through ages have been used as adjuvants in
the treatment of a variety of diseases including
psychiatric anomalies too. However, the potential of
these compounds to exert their therapeutic effects by
mechanisms other than the antioxidant-based ones, are
seldom explored. Hence there is a good rationale behind
probing for a natural flavonoid having anticompulsive
potential but exerts the effect by its action on some
endogenous receptors playing a pivotal role in the
pathology of obsessive-compulsive disorder.

Acute oral toxicity studies

Ellagic acid, a natural flavonoid obtained mostly from
berries and pomegranate, have shown efficacy against
common neurotic disorders like anxiety and depression
(14). The best part is that, the acid has been reported to
be devoid of side effects like hypnosis or motor
disabilities commonly encountered upon usage of CNS
active agents (15). The antidepressant effect of ellagic
acid has been shown to involve monoaminergic
pathway. Moreover, in our recent studies (data not
published) we have docked ellagic acid with imidazoline
binding sites and conformers showed appreciable
binding affinity towards the active site I1 which thus
hints of its psychotropic effect to be mediated by
imidazoline receptors. These, coupled with the fact that
www.biomedicineonline.org

Following the guidelines (TG 423) proposed by OECD
animals were subjected to limit dose toxicity study. For
this the animals were barred from taking food but not
water for a period of eight hours prior to initiation of
dosing. A dose of 2000 mg/kg body weight of Ellagic
acid was administered to a single female mouse per
orally (17). After two days the same dose was applied to
four other mice of similar sex through the same route.
Same number of animals (n=5) were reared in a separate
group as controls which were dosed with saline of equal
volume. The animals were kept under strict observation
for the initial four hours and thereafter periodically for
the following twenty four hours and once a day for
fourteen days. Motor coordination and integrity of
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central as well as autonomic functions served as the
basis of assessment.

Marble burying behavior
The marble burying behavior of the animals were tested
as an index of induced compulsivity by an already
established protocol (18) with slight modification. The
test was carried out in a polypropylene bin (17cm x 26
cm x 12 cm) the floor of which was filled with a layer of
saw dust bedding 5 cm thick. Twenty dark blue marbles
were placed in 5 rows containing four marbles each
which were spaced evenly. The animals were allowed to
explore at the vicinity of the marbles for a total duration
of 30 mins. After which the number of buried marbles
were counted by an observer blinded to the treatment
groups. A marble having two third of its size covered
with saw dust was considered “buried”.

Experimental protocol
Anticompulsive action
For testing the anticompulsive potential of Ellagic acid
a total of 30 animals were randomly divided into four
groups (n= 6/group). Negative control administered
with vehicle (10% DMSO in normal saline) and the
other two groups were administered with Ellagic acid
(100 mg/kg or 200 mg/kg) for five days.
In a separate set of experiments a range of doses of
Imidazoline agonists, effective in modulating the marble
burying behavior in mice was investigated. For this the
animals were divided into five groups (n = 6/group). The
control group was treated with vehicle (10% DMSO in
normal saline) while two other groups were
administered with I1 agonist Moxonidine (0.25 or 0.5
mg/kg) and the next two with I2 agonist 2BFI (10 or 15
mg/kg). All doses were administered for a period of five
days and route of administration was per oral.

Locomotor activity
Ellagic acid was tested for its action on locomotor
activity by actophotometry in accordance with the
method described previously (19). The actophotometer
(20 cm x 20 cm x 10 cm) consisted of an array of six
infrared photosensors spaced 2.5 cms apart. The mice
were exposed to the chamber of the actophotometer, 30
minutes prior to the beginning of the testing session with
the aim of habituating them to the instrument. The
animals were administered with the respective drugs
according to the dosing schedule and 30 mins, after the
drug administration their locomotory activity was
gauged on the basis of rearing and ambulatory counts.
The grid floor of the apparatus was thoroughly wiped off
after the end of the testing session of each animal to curb
out the chances of any noise created in the data due to
the olfactory cues.

The effect of Imidazoline antagonists on the marble
burying behavior was also investigated with two doses
of Efaroxan and Idazoxan, 2mg/kg and 1mg/kg
respectively, which are the highest doses for these drugs
being investigated for anticompulsive potential,
previously. The dosage regime spanned for a total period
of five days and route of administration was per oral.
Mechanistic evaluation
For testing the involvement of imidazoline (I1/I2)
receptor in mediating the anticompulsive effect of
ellagic acid the animals were divided into two sets each
comprising of three groups (n=6) and treated either with
vehicle (10% DMSO in normal saline) or Efaroxan (2
mg/kg p.o, I1 antagonist) and Idazoxan, (1 mg/kg p.o, I2
antagonist) followed by administration of vehicle or
Ellagic acid (200 mg/kg p.o) an hour later. The dosage
spanned through a period of five days and two hours
after the last dose of ellagic acid or vehicle, the animals
were subjected to the neurobehavioral assessment by
marble burying test.

Data analysis
The results were expressed as mean ± S.E.M. (Standard
error of mean). One-way or Two-way Analysis of
Variance (ANOVA), befitting to the nature of the data
was used for analysis followed by Dunnet’s post hoc test
or Bonferroni’s correction as adjudged appropriate.
RESULTS
Acute toxicity study
Per oral administration of ellagic acid at a dose of 2000
mg/kg did not lead to any mortality through the entire
span of the study. Treatment related lesions were absent
from any part of the body surface. Skin or eyes were
devoid of any alteration. No appreciable changes in the
pattern of either behavior or salivation could be
observed. Hence the LD50 of ellagic acid can justifiably
be estimated to be greater than 2000 mg/kg.

Mechanistic involvement of imidazoline receptors in the
anticompulsive activity of ellagic acid was further
confirmed on the basis of its ability to attenuate
compulsive burying in mice pretreated with subeffective doses of two imidazoline agonist viz.
Moxonidine (I1agonist) (0.50 mg/kg) or 2BFI (I2
agonist) (10 mg/kg) per orally. The animals were
administered with Ellagic acid (100 mg/kg) an hour after
the dosing with agonists on each day for a total period
of five days and were subjected to the marble burying
test 2 hours after administering the last dose.
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ellagic acid (200 g/kg) showed significant (P<0.05)
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the control ones as revealed by Dunnet’s post hoc test
thus indicating the anticompulsive potential of ellagic
acid. However, the group administered with 100 mg/kg

of ellagic acid did not show any significant difference in
the number of marbles buried (Fig.1).

Effect of imidazoline agonists and antagonists on
marble burying behavior

while the other agonist, 2BFI, proved to be effective in
significantly reducing the number of buried marbles at a
dose of 15 mg/kg but not at 10 mg/kg (Fig. 3). The
significant (p<0.05) differences with respect to the
control group was revealed by one-way ANOVA
followed by Dunnet’s post hoc test. The other doses in
the range of either agonists proved to be ineffective in
causing a significant change in marble burying behavior.

The marble burying test carried out on animals
administered with antagonists, Efaroxan (2mg/kg) or
Idazoxan (1 mg/kg) revealed that neither of these drugs
had a significant effect on marble burying behavior in
mice (Fig. 2). However, the agonist, Moxonidine,
proved to be effective in reducing the number of buried
marbles at a dose of 0.5 mg/kg but not at 0.25 mg/kg
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respectively and subsequently treated with vehicle or
ellagic acid (200 mg/kg; Fig. 4).
The groups pretreated with sub effective doses of
Imidazoline agonists Moxonidine (I1 agonist) (0.50
mg/kg) or 2BFI (I2 agonist) (10 mg/kg i.p.) registered
significant reduction in the number of buried marbles in
comparison with the groups pretreated with vehicle and
treated subsequently with either vehicle or
subtherapeutic dose (100 mg/kg) of ellagic acid (Fig. 5).

Modulation of anticompulsive effect of ellagic acid by
imidazoline antagonists
The number of marbles buried, which serves as an index
for the anticompulsive effect, was found to be
significantly decreased (P<0.05) in the group pretreated
with vehicle and subsequently administered with ellagic
acid (200 mg/kg) with respect to the groups that were
pretreated with either vehicle or Efaroxan (I1 antagonist)
or Idazoxan (I2 antagonist), 2mg/kg and 1mg/kg
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have any significant effect on the locomotor activity as
depicted in Table 1.

Effect of ellagic acid on the locomotor activity
Ellagic acid at doses 100 mg/kg or 200 mg/kg did not

DISCUSSION

limitations associated with the conventional therapies.

Recurring and persistent thoughts or impulses leading to
seemingly purposeful actions characterize obsessive
compulsive disorder (20). The characteristic traits of this
disorder can be effectively featured in marble burying
test. The test is based on the reaction of rodents
confronted with a potentially non harmful stimulus and
is devoid of habituation in spite of repeated exposure
(21). The number of buried marbles, usually taken as an
index of the obsessive compulsive reaction, was
significantly reduced in the groups treated with Ellagic
acid (200 mg/kg) however the reduction was not
significant in the group treated with Ellagic acid (100
mg/kg) thus indicating of a dose dependency in
response. The dose dependent amelioration of
obsessive-compulsive symptoms by a variety of
phytopharmaceutical agents have been reported earlier
(6). However to the best of our knowledge this is the first
report of the anticompulsive potential of ellagic acid in
the contemporary literature. No reports could be found
on the cataleptic potential of ellagic acid nor has it been
proposed to precipitate any kind of motor impairment
either. In line with this fact, our results
of actophotometry too did not support a potential role of
ellagic acid in causing motor impairment of any sort and
also quashed the chance of the compulsive reactions
being caused by non-selective sedation.

Serotonin and other monoamines like dopamine and
noradrenaline are degraded in the synaptic cleft by
MAOA and MAOB via oxidative deamination (24).
Imidazoline receptors comprise of a collection of
clonidine binding sites which are essentially non
adrenergic in nature. Substantial evidences are available
in the literature in support of the fact that Imidazoline
receptors are not only expressed on both MAO A and
MAO B but also are important regulators of these
enzymes (12). The regulatory influence of the
imidazoline binding sites on monoamine oxidase was
further confirmed by the inhibitory effect of 2BFI, an
Imidazoline agonist, on the enzyme which subsequently
brought down the levels of serotonin and other
monoamine
neurotransmitters
like
dopamine
(25). Thus, it can well be envisaged that anticompulsive
action, which is primarily a serotonergic effect may be
modulated by agonists of Imidazoline receptors. This
finds support in works published earlier too
(26). Hence, in our study we looked for a possible role
of Imidazoline receptor in the anticompulsive effect of
ellagic acid. It was found that pretreatment with I1
antagonist efaroxan (2 mg/kg) or I2 antagonist idazoxan
(1 mg/kg) caused significant blockade of the
anticompulsive action of ellagic acid thus bearing the
testimony of the involvement of these receptors in the
mechanism underlying the effect. Now, augmentation of
Imidazoline receptor is reported to have a stimulatory
effect on serotonin secretion (27). Hence to characterize
the interaction between ellagic acid and Imidazoline
receptor, animals pretreated with sub-effective doses of
Imidazoline agonists, Moxonidine (I1, 0.25 mg/kg) or
2BFI (I2, 10 mg/kg) were subjected to subsequent
treatment with sub-effective dose of ellagic acid (100
mg/kg), 15 mins later. It was found that upon
administration of 100 mg/kg of ellagic acid, both the

Serotonergic dysfunction has been projected as one of
the key factors in the pathology (22,23) of obsessive
compulsive disorder and though Fluoxetine is still
considered as the cornerstone in the therapy of obsessive
compulsive disorder the serotonergic therapy in OCD is
plagued by failures most of which can be attributed to a
doubled wedged effect of the serotonergic receptors
(23). Hence lookout is on for a pathway which can
augment the serotonergic transmission surpassing the
www.biomedicineonline.org
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14. Kaur, R., Mehan, S., Khanna, D., Kalra, S. Polyphenol Ellagic
Acid – Targeting to Brain: A Hidden Treasure. International
Journal of Neurology Research. 2015; 1(3): 141-152.
15. Ahmed, T., Setzer, W. N., Nabavi, S. F., Orhan, I. E., Braidy,
N., Sobarzo-Sanchez, E., et al., Insights into Effects of Ellagic
Acid on the Nervous System: A Mini Review. Curr Pharm Des.
2016; 22(10): 1350-1360.
16. González-Barrio, R., Edwards, C. A., Crozier, A. Colonic
catabolism of ellagitannins, ellagic acid, and raspberry
anthocyanins: in vivo and in vitro studies. Drug Metab Dispos.
2011; 39(9): 1680-1688.
17. Mekonnen, A., Tesfaye, S., Christos, S. G., Dires, K., Zenebe,
T., Zegeye, N., et al., Evaluation of Skin Irritation and Acute
and Subacute Oral Toxicity of Lavandula angustifolia Essential
Oils in Rabbit and Mice. J Toxicol. 2019; 2019.
18. Witkin, J. M. Animal models of obsessive-compulsive disorder.
Curr Protoc Neurosci. 2008; 45(1):9-30.
19. Chanana, P., Kumar, A. GABA-BZD Receptor Modulating
Mechanism of Panax quinquefolius against 72-h Sleep
Deprivation Induced Anxiety like Behavior: Possible Roles of
Oxidative
Stress,
Mitochondrial
Dysfunction
and
Neuroinflammation. Front Neurosci. 2016; 10:84.
20. Kim, D., Ryba, N. L., Kalabalik, J., Westrich, L. Critical
Review of the Use of Second-Generation Antipsychotics in
Obsessive-Compulsive and Related Disorders. Drugs R D.
2018; 18(3): 167-189.
21. Alonso, P., López-Solà, C., Real, E., Segalàs, C., Menchón, J.
M. Animal models of obsessive-compulsive disorder: utility
and limitations. Neuropsychiatr Dis Treat. 2015; 11: 19391955.
22. Ramasubbu, R., Ravindran, A., Lapierre, Y. Serotonin and
dopamine antagonism in obsessive-compulsive disorder: effect
of atypical antipsychotic drugs. Pharmacopsychiatry. 2000;
33(6): 236-238.
23. Van Dijk, A., Klompmakers, A., Denys, D. Role of serotonin in
obsessive–compulsive disorder. Future Neurol. 2008; 3(5):
589-603.
24. Maggiorani, D., Manzella, N., Edmondson, D. E., Mattevi, A.,
Parini, A., Binda, C., et al., Monoamine Oxidases, Oxidative
Stress, and Altered Mitochondrial Dynamics in Cardiac Ageing.
Oxid Med Cell Longev. 2017; 2017: 3017947.
25. Del Bello, F., Cilia, A., Carrieri, A., Fasano, D. C. The Versatile
2‐Substituted Imidazoline Nucleus as a Structural Motif of
Ligands Directed to the Serotonin 5‐HT1A Receptor. 2016.
26. Karpinski, M., Mattina, G. F., Steiner, M. Effect of Gonadal
Hormones on Neurotransmitters Implicated in the
Pathophysiology of Obsessive-Compulsive Disorder: A Critical
Review. Neuroendocrinology. 2017; 105(1): 1-16.
27. Di Cesare Mannelli, L., Ghelardini, C., Micheli, L., Del Bello,
F., Giannella, M., Piergentili, A., et al., Synergic stimulation of
serotonin 5-HT1A receptor and α2-adrenoceptors for
neuropathic pain relief: Preclinical effects of 2-substituted
imidazoline derivatives. Eur J Pharmacol. 2017; 810: 128-133.

pretreated groups showed significant reduction in the
number of marbles buried thus indicating a potentiating
interaction between the two. Hence this potentiation
confirms the serotonergic involvement in the
anticompulsive effect of ellagic acid since the said
receptors are strong facilitators of serotonergic
stimulation.
CONCLUSION
To the best of our knowledge this study of ours is the
first one proposing the anticompulsive effect of ellagic
acid along with a probable mechanism based on the
imidazoline receptors. We believe that this pathway can
be exploited in future as an effective therapeutic
approach for treating complex neurotic disorders like
obsessive compulsive disorder however more extensive
studies elucidating the full spectrum of receptors getting
involved in the process needs to be undertaken.
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ABSTRACT
Introduction and Aim: Diabetes mellitus is a metabolic disease caused by excess glucose in the blood due to defects in
insulin secretion, action, or both. Normal fasting blood glucose level in humans ranges between 80–100 mg/dL and in
diabetes this blood glucose level is persistently raised. Renal dysfunction is the reduced capacity of the kidney to excrete
metabolic products which accumulate in the body system and can be detected via renal function tests. Diabetic
nephropathy is the leading cause of kidney disease in diabetic patient and is one of leading cause for death. Therefore,
present study was undertaken to see the effect of virgin oil on kidney damage in alloxan induced diabetic rats.
Materials and Methods: Adult male albino rats approximately 150-200 g body weight were taken for the study. Animals
were divided into the 4 groups with 6 rats in each group. After 3 weeks of desired protocol animals were anesthetized
using Pentobarbitone. Blood sample was collected for biochemical estimation like blood glucose, serum urea, creatinine,
BUN and serum electrolytes. Histopathological slides were made for histological parameters. Analysis was done using
the unpaired Student’s‘t’ test. Significance of the test was set at P<0.05.
Results: A significant increase in the blood glucose level was observed in Gr. III. Treatment with virgin coconut oil in
alloxan fed rats reduced the blood glucose level significantly. The level of urea as well as BUN in Gr. III and decreased
in Gr. IV when compared to GR.III. The level of urea and BUN in rats fed with virgin coconut oil in alloxan treated rats
(Gr. IV) was significantly lower compared to GR.III. The virgin coconut oil fed rats (Gr. II) showed the normal
architecture of the kidney. But the photomicrograph of the rats injected with alloxan showed oedematous cells in PCT,
DCT and Bowman’s capsular capillaries. But when the alloxan treated rats were fed with virgin coconut oil kidney
showed almost normal architecture.
Conclusion: Hence, the present study showed that diabetes mellitus induced by alloxan-lead renal dysfunction and can
be significantly reversed by dietary consumption of virgin coconut oil.
Keywords: Diabetes; alloxan; BUN; urea; virgin coconut oil.
mellitus on human system, numerous researches have
been carried out and still ongoing for the management
and treatment of diabetes mellitus (4). Adjustment of
diet, exercise at regular interval and health education,
regular checking of blood glucose level and proper
treatment for uncontrolled diabetes are known to be
helpful in managing adverse effects of diabetes.

INTRODUCTION
iabetes mellitus is a metabolic disease caused by
excess glucose in the blood due to defects in
insulin secretion, action, or both (1). Normal
fasting blood glucose level in humans ranges between
80–100 mg/dL and in diabetes this blood glucose level
is persistently raised. Complications of untreated
diabetes can be acute or chronic. Diabetic ketoacidosis,
hyperglycaemia and death are the acute ones (2)
and stroke, nephropathy, foot ulcers, and retinopathy are
chronic complications (3). Renal dysfunction is the
reduced capacity of the kidney to excrete metabolic
products which accumulate in the body system and can
be detected via renal function tests. Therefore, due to
numerous degenerative effects of untreated diabetes

D
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Virgin coconut oil (VCO) is the finest and purest grade
of coconut oil available. VCO is increasingly getting the
reputation of being the most versatile and healthiest oil
in the world. Virgin coconut oil when consumed turns
to monolaurin, a chemical compound which is believed
to increase immunity against viruses, bacteria, fungi,
parasites and other pathogens (5). There are few studies
which have shown the beneficial property of virgin oil
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such as anti-inflammatory, antiviral, antidiabetic and
antioxidant property (6, 7). Diabetic nephropathy is the
leading cause of kidney disease in diabetic patient and is
one of leading cause for death.

then sacrificed. Group 3 (Diabetes induced Group)
where rats were injected intraperitoneally with
150mg/kg bw alloxan to induces diabetes and rats were
sacrificed after 3 weeks of alloxan injection. Group
4(Diabetic rats + Virgin coconut oil group) rats were
injected with 150mg/kg bw alloxan to induces diabetes
and were orally treated with VCO (of 2-ml/kg-body
weight) every day for three weeks (day of alloxan
injection is taken as day one) and then rats were
sacrificed.

A study conducted in Nigeria by Iranloye et al., showed
that virgin coconut oil decreases hyperglycaemia effect
and improves glucose tolerance probably by its
antioxidant effect and leads to improvement in insulin
secretion (8). Some recent studies have shown that
virgin coconut oil (VCO) has a varied degree of
beneficial properties such as antiviral, antibacterial,
anti-fungal, anti-inflammatory, antidiabetic, antiobesity, anti-ulcerogenic, analgesic and antipyretic, and
antioxidant properties (7,8). Recent study by Akinuga
also reported the protective role of virgin coconut oil in
alloxan induced kidney damage (9). Therefore, since
renal dysfunction has been increasing in diabetic
patients without a promising remedy, this study was
carried out to determine whether dietary intake of VCO
will protectively or effectively manage renal
dysfunction via examination of renal function
parameters such as serum Blood urea nitrogen, serum
creatinine, serum urea and histological parameters.
Objectives of the study are to study the kidney
dysfunction in alloxan induced diabetic rats and to
evaluate the role of virgin coconut oil on kidney
dysfunction in alloxan induced diabetes rats.

Preparation of virgin coconut oil
Virgin coconut oil (VCO) was separated from the
coconut as follows. The fresh coconut meat was
shredded and then cold-pressed to make coconut milk.
The coconut milk was fermented for 48 hours,
whereupon the oil naturally separates out from the milk,
producing crystal clear oil. This unique process means
that the pure oil will not have a coconut taste or odour.
The virgin coconut oil was filtered and kept in a
refrigerator (10).
Induction of diabetes Mellitus
The animals were weighed and injected via
intraperitoneal route with 150 mg/kg of alloxan (Sigma)
dissolved in normal saline.
Assessment of Blood Glucose Level: Diabetes mellitus
was confirmed after 72 hours of alloxan injection by
testing the fasting blood glucose levels using AccuCheck Active glucometer and glucose test strip (11).

MATERIALS AND METHODS
Animals

After 3 weeks of desired protocol animals were
anesthetized using Pentabarbitone (40mg/kg b.w.).
Blood sample was collected by cardiac puncture.
Biochemical estimation of serum creatinine and serum
urea, Blood Urea Nitrogen were done by commercially
available kits using spectrophotometer. One kidney was
preserved, and histological analysis was done.

Institutional ethics committee clearance was obtained
before beginning the experiments. Healthy adult albino
rats of Wistar strain, approximately 150-200g body
weight aged 2-3 months were taken from the central
animal house of our institution. They were housed in the
central animal house at the laboratory of Physiology,
Kasturba Medical College, Manipal Academy of Higher
Education, Bejai, Mangalore under controlled
conditions of temperature and light with normal rat feed
and drinking water. Animals were divided into the
following groups with 6 rats in each group. Group
1(Control Group), Group 2 (Virgin Coconut Oil treated
group) in which rats were orally treated with VCO (of
2-ml/kg-body weight) every day for three weeks and

Statistical analysis
The data was expressed as mean  SD. Analysis was
done using the unpaired‘t’ test. Statistical package SPSS
version 17.0 was be used to do the analysis. P<0.05 was
taken as significant.

RESULTS:

Number of animals in each group is 6. Value are expressed as mean±SD.
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NS = not significant when Gr.I was compared with Gr.II . ***P<0.0001 when Gr.III and Gr.IV was compared with Gr.I. ###P<0.0001 when Gr.VI
was compared with Gr.II

Number of animals in each group is 6. Value are expressed as mean ±SD. Ns = not significant when Gr.II was compared with Gr.I. ***P<0.0001
when Gr.III and Gr.IV was compared with Gr.I. ###P<0.0001 when Gr.VI was compared with Gr.III

Table 1: Effect of virgin coconut oil on Blood Urea Nitrogen (BUN):
GROUPS
GR.1
GR.II
Gr.III
GR.IV

Blood urea nitrogen(BUN) mg/dL
13.38 ±8.25
13.51 ±8.57NS
49.8 ±29.39**
17.48 ±15.75**

Number of animals in each group is 6. Values are expressed as mean ±S.D.
NS not significant when Gr.II was compared with Gr. I.**P<0.05 ,Gr. III compared to Gr.I & Gr. IV compared to Gr.III

Table 2: Effect of virgin coconut oil on creatinine value
GROUPS
Gr. I
Gr. II
Gr. III
Gr. IV

Serum creatinine(mg/dL)
0.61±10.09
0.53±10.69NS
1.58±34.61NS
0.733±22.40NS

Number of animals in each group is 6. Value are expressed as Mean ±SD. NS = not significant when Gr. II and Gr. III were
compared with Gr. I

high in alloxan treated rats, but their values were
significantly lowered in rats treated with virgin coconut
oil (Fig. 2 & Table1). The serum creatinine level did not
show any significant difference among the groups
(Table 2).

Biochemical Results
The blood glucose level was significantly high in rats
treated with alloxan compared to control group (Fig. 1).
Treatment with virgin coconut oil showed a significant
decrease in blood glucose level (Fig.1). The levels of
blood urea and blood urea nitrogen were significantly
Histopathological study
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Histopathological Results: The testes of normal
control rats showed the normal architecture of the
kidney (Plate: 1). No detectable histological alterations
showed in the kidney of rats treated with alloxan (Plate:
2). The kidneys of male albino rats treated with alloxan
showed oedematous cells in PCT, DCT & Bowman’s
capsular capillaries as well as necrosis was observed
with lymphoid aggregation indicating inflammation and
renal damage (Plate 3). But when the alloxan treated rats
were fed with virgin coconut oil (Gr. IV), kidney
showed almost normal architecture (Plate: 4).

regulatory role of the kidney in handling potassium
absorption (16). In addition, insulin is a hormone that
enhances cellular uptake of potassium ion. Therefore, it
is reasonable to suggest that in untreated diabetes, there
may be reduced cellular uptake of potassium ion due to
insulin resistance, thus leading to hypokalaemia as a
result of increased potassium loss in urine. On the other
hand, the serum sodium level was constant without any
significance in all the experimental groups, and this may
probably be due to other peripheral regulation of sodium
level in the blood apart from the kidney. In this study,
there was evidence that showed alterations in kidney
function parameters in the diabetic control group but
dietary VCO ameliorated the alterations. Results of our
study showed that oral gavage of rats with virgin
coconut oil showed a beneficial effect by decreasing
kidney damage induced by alloxan. It is not
unreasonable to suggest that virgin coconut oil has
remedial effects on the kidneys of alloxan induced
diabetic rats. The safeguarding effect of virgin coconut
oil may be due to antioxidant and anti-inflammatory role
of virgin coconut oil which may account for the presence
of lauric acid (17).

DISCUSSION
Renal dysfunction is one of major disorder associated
with diabetes. Serum creatinine, urea and serum
electrolyte are the major indicators of renal dysfunction.
An elevated serum BUN indicates kidney damage.
Results of the present study showed the elevation in
BUN in diabetes induced rats. There was also a
significant increase in blood urea.in the present study.
This was in accordance with previous studies who
showed a high level of all these parameters in diabetic
pateints (12). This increase can be suggested to be due
to reduced excretory and regulatory role of the kidney to
maintain a constant homeostasis of these parameters in
the untreated diabetic patient compared to treated
diabetic patients (13). Thereby, causing an upsurge of
these parameters in the serum of diabetic control group.
Various studies have reported the beneficial effects of
coconut water and coconut milk on the kidney damage
induced by diabetes (14). The results of the present
study showed that alloxan treated rats had lymphoid
aggregation indicating inflammation and renal damage
thus histopathological results also put strong hold to
prove Kidney damage induced by alloxan. Previous
studies have reported the beneficial effects of coconut
water and coconut milk on the kidney damage induced
by diabetes (14). Results of our study showed that oral
gavage of rats with virgin coconut oil showed a
beneficial effect by decreasing kidney damage induced
by alloxan. The level of serum urea and BUN was
significantly lower in virgin coconut treated rats
compared to alloxan injected rats.
Histopathological pictures also showed the beneficial
effects of virgin coconut oil. The remedial effects of
virgin coconut oil may be due to antioxidant and antiinflammatory role as reported by previous studies (15).
In addition, in this study it was seen that there was
increase in serum sodium level and decrease in serum
potassium level in rats exposed to alloxan indicating
kidney damage. These results were in accordance to
previous study who demonstrated changed in blood
electrolytes due streptozotocin induced diabetes (14).
This significant decrease might be due to loss or reduced
cellular uptake of potassium as well as loss of the
www.biomedicineonline.org

CONCLUSION
In conclusion, the present study shows that diabetes
mellitus induced by alloxan has damaging effects on the
kidneys and treatment with virgin coconut oil has
protective role in attuning diabetic induced kidney
damage.
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ABSTRACT
Introduction and aim: There are conflicting reports on pulmonary function in overweight and obesity. This study was
carried out in healthy young adult female Bengali subjects to evaluate the effect of increasing weight on spirometry.
Materials and Methods: A cross-sectional study was conducted in a tertiary care centre in eastern India. Body mass
index of the subjects were determined and they were grouped into underweight, normal, overweight and obese.
Spirometric parameters included forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1),
FEV1/FVC ratio, forced expiratory flow between 25-75% of vital capacity (FEF25-75%) and peak expiratory flow rate
(PEFR).
Results: Out of 84 female subjects included in the study, 11 were underweight, 64 normal and 9 overweight. All the
subjects were between 18 and 22 yrs. Median height, weight and BMI were 160 cm, 54.1 kg and 21.5 kg/m 2
respectively. Median FVC, FEV1 and PEFR were 2.739 L, 2.351 L and 5.048 L/s respectively. There was no
significant difference in any of the respiratory parameters among the underweight, normal and overweight groups.
Median FVC, FEV1 and PEFR were lowest in underweight and highest in overweight group. Weight had significant
positive correlation with FVC, FEV1 and PEFR while BMI had significant positive correlation with FVC and PEFR.
Conclusion: FVC, FEV1 and PEFR tend to increase with increase in weight in normal and overweight range of BMI.
Keywords: Spirometry; FVC; FEV1; Weight; Female.
spirometry in especially those with normal weight and
overweight.

INTRODUCTION
pirometry is used to diagnose various lung
diseases and to monitor the efficacy of treatment
during the course of a disease. Height, age and
gender are the most important predictor of lung
volumes (1-3). Ethnic differences in pulmonary
parameters are also well-known (4). Previous studies
have suggested decrease in lung function at both
extremes of weight. The initial increase in pulmonary
function with increasing weight is considered to be a
"muscularity effect" while the decrease with further
increase in weight is due to "obesity effect" (5).

S

MATERIALS AND METHODS
A cross-sectional study was conducted in a tertiary care
centre in West bengal after approval from Institutional
Ethics Committee. The subjects comprised of adult
healthy female Bengali medical or nursing students.
Those with pre-existing chronic respiratory diseases,
with history of surgery on head, neck or face were
excluded. Those with respiratory tract infection
underwent spirometry after recovery. After informed
consent of the participants, data were recorded in a
predesigned format. Height was measured to the
nearest centimeter in the standing posture using a
graduated wooden rod scaled in centimeter and inch
and fitted with an adjustable horizontal bar to fit over
the cranial vault. Weight was measured to the nearest
0.1 kg using a spring-type weighing machine from the
zero reference point. Body mass index (BMI) was
calculated by using Quetlet’s index, weight in
kilograms divided by the square of the height in meters
(9). According to WHO criteria, body mass index
(BMI) of less than 18.5 kg/m2 is considered
underweight, 18.5 to 24.9 kg/m2 is considered normal

Overweight and obesity has become a world-wide
epidemic inflicting developed and developing countries
alike. Body mass index (BMI) is a simple tool for
classifying individuals into underweight, normal,
overweight and obese. There are conflicting reports on
pulmonary function in overweight and obesity. While
several studies have found abnormal spirometry only in
massively obese subjects, others suggest lower lung
volume with increasing body fat (6-8). Keeping in
mind the ethnic difference in lung function, this study
was carried out in healthy young adult female Bengali
subjects to evaluate the effect of increasing weight on
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weight, 25.0-29.9 kg/m2 is considered overweight and a
BMI of 30 kg/m2 or higher is considered obesity (10).

spirometry on second or even third sitting. Maneuver
with largest sum of FVC and forced FEV1 was used
(11).

Spirometric parameters included forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1),
FEV1/FVC ratio, forced expiratory flow between 2575% of vital capacity (FEF25-75%) and peak expiratory
flow rate (PEFR). They were obtained from windows
based digital spirometer, spirowin version 2.0.
Procedure of spirometry was explained and
demonstrated to the subjects. They were first asked to
take the maximal inspiration and then to blow into the
mouthpiece as quickly, forcefully and maximally as
possible with nose manually closed by the subjects
themselves. American Thoracic Society (ATS) criteria
for acceptability and repeatability of spirometry were
followed without any compromise (11). Individual
spirograms were considered acceptable if there was
adequate effort with satisfactory start and satisfactory
exhalation. The procedure was repeated thrice or more
until the two largest values of FVC were within 0.150
L of each other. Those with unacceptable spirometry
and/or inadequate effort had to undergo repeat

Graph Pad Prism version 5 (San Diego, California:
GraphPad Software Inc., 2007) was used for statistical
analysis. The data were analyzed using Kruskal-Wallis
test followed by Dunn’s multiple comparison test. p <
0.05 has been considered as statistically significant.
Pearson’s correlation analysis was used to determine
correlation of weight and BMI with respiratory
parameters.
RESULTS
Out of 84 female subjects, 11 were underweight, 64
normal and 9 overweight. There were 2 obese subjects
but excluded from analysis. Their baseline and
pulmonary parameters have been shown in table 1. All
the subjects were between 18 and 22 yrs. Median
height, weight and BMI were 160 cm, 54.1 kg and 21.5
kg/m2 respectively. Median FVC, FEV1 and PEFR
were 2.739 L, 2.351 L and 5.048 L/s respectively.

Table 1: Baseline and Pulmonary parameters of subjects
Parameter
Minimum 25th Percentile Median 75th Percentile Maximum
18
18.25
19
20
22
Age(yrs)
146
155
160
163
170
Height(cm)
37.2
49.5
54.1
59.3
75.3
Weight(kg)
14.82
19.67
21.50
23.57
29.82
BMI (kg/m2)
1.896
2.489
2.739
2.989
3.543
FVC (L)
1.607
2.147
2.351
2.599
3.100
FEV1 (L)
76.81
81.67
86.44
89.75
97.53
FEV1/FVC (%)
1.397
2.295
2.840
3.282
4.464
FEF25-75% (L/s)
2.371
4.390
5.048
5.619
8.004
PEFR (L/s)
Table 2 compares the baseline and pulmonary
differed significantly only in weight and BMI. There
parameters among three sub-groups on the basis of
was no significant difference in any of the respiratory
BMI. These groups were similar in age and height and
parameters among these groups.
Table 2: Comparison of baseline and respiratory parameters of subjects grouped according to BMI
Parameter
Age(yrs)
Height(cm)
Weight(kg)
BMI (kg/m2)
FVC (L)
FEV1 (L)
FEV1/FVC (%)
FEF25-75% (L/s)
PEFR (L/s)

Underweight (n=11)
19 (18-20)
160 (158-163)
45 (41-47)
17.26 (16.23-17.75)
2.660 (2.331-2.910)
2.186 (1.804-2.555)
87.80 (80.87-93.78)
2.846 (2.192-3.448)
5.004 (3.512-5.180)

Normal-weight (n=64)
19 (18-20)
158 (154-163)
54.5 (50-59)
21.57 (20.14-23.21)
2.739 (2.489-3.042)
2.351 (2.147-2.599)
86.33 (82.05-89.43)
2.832 (2.295-3.255)
5.048 (4.412-5.619)

Overweight (n=9)
20 (19-20.50)
162 (156-164)
69 (66.5-74)
26.35 (25.72-28.93)
2.897 (2.641-3.306)
2.568 (2.187-2.706)
87.12 (79.84-89.34)
3.137 (2.364-3.499)
5.443 (4.697-6.585)

p value
0.18
0.15
<0.0001
<0.0001
0.08
0.26
0.70
0.77
0.21

Values are median (inter-quartile range); p value obtained by Kruskal-Walis test.

Correlations of weight and BMI with respiratory
parameters have been shown in table 3. Both weight
and BMI had significant positive correlation with FVC
www.biomedicineonline.org

and PEFR. Correlation of weight with FEV1 was also
significant and positive. The scatter plot of different
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depicted in figure 1 and 2.
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Fig 1: Scatter plot of weight with FVC, FEV1 and PEFR
4

8

2
1

PEFR (L/s)

3

FEV1 (L)

FVC (L)

3

0
10

10

4

2
1

15

20

25

30

35

0
10

40

BMI (Kg/m2)

6
4
2

15

20

25

30

35

40

0
10

15

20

25

30

35

40

BMI (Kg/m2)

BMI (Kg/m2)

Fig 2: Scatter plot of BMI with FVC, FEV1 and PEFR

Table 3: Correlation of weight and BMI with respiratory parameters
Parameters
FVC (L)
FEV1 (L)
FEV1/FVC (%)
FEF25-75% (L/s)
PEFR (L/s)

Weight
Pearson’s r P value
0.4064
0.0001
0.3260
0.0025
-0.1065
0.3349
0.1600
0.1461
0.3383
0.0016

P value
0.0230
0.1167
0.2750
0.5960
0.0294

has been suggested that the increase of pulmonary
function with weight might be a sign of increasing
muscle force, and the decrease with further weight gain
may be due to obesity diminishing the mobility of the
thoracic cage (5). Low FVC, FEV1 and PEFR in
underweight group indicate that an improvement in the
nutritional status could help in improving their
pulmonary functions. Decreased muscle mass is often
associated with a weaker diaphragm and other
respiratory muscles and a decreased respiratory
strength (21). However, the weight at which pulmonary
function starts decreasing after reaching a maximum
remains elusive. Our study indicates beneficial effect
of increasing weight on pulmonary function in those
having BMI up to 30. A study in children found
elevated body mass index increases lung volume but
reduces airflow (22).

DISCUSSION
This study demonstrated no significant difference in
spirometric parameters among underweight, normal
and overweight group. However, median FVC, FEV1
and PEFR were lowest in underweight and highest in
overweight group. Weight had significant positive
correlation with FVC, FEV1 and PEFR while BMI had
significant positive correlation with FVC and PEFR.
Our study is in conformity with others who
demonstrated no significant change in lung volume
with increase in BMI (12-14). Spirometric lung
volumes and airflow are usually within normal limits
even in mild degree of obesity (7, 8, 15, 16). However,
some other studies have found decrease in FVC with
increasing adiposity (17, 18). The mechanics of
respiration depends on the interaction of the lungs, the
chest wall and respiratory muscles. Pulmonary function
initially increases as weight increases and then
decreases as weight continues to increase (19, 20). It
www.biomedicineonline.org

BMI
Pearson’s r
0.2478
0.1725
-0.1205
0.0587
0.2378

Since all the subjects were healthy young adult with
majority having normal BMI, weight had significant
positive correlation with FVC, FEV1 and PEFR
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8.

probably reflecting increased muscle force with
increase in weight. However, two prospective studies
in men found that weight gain was significantly related
to losses in FVC (23, 24). This might be due to
difference in ethnicity, effect of increasing age in
longitudinal nature of study or combination of healthy
and unhealthy, young and old individuals.

9.
10.

11.

The small number of overweight and obese subjects is
a limitation of this study. Since the participants were of
similar age (18-22 yrs), gender (female) and ethnicity
(Bengali), the confounding effects of these variables
were eliminated while measuring correlation of weight
and BMI with lung parameters. This is strength of this
study. However, the findings of this study might not be
extrapolated in other populations of different ethnic
origin.

12.

13.

14.

CONCLUSION
FVC, FEV1 and PEFR tend to increase with increase in
weight in normal and overweight range of BMI. A
larger prospective study may be undertaken to
elucidate the relation of weight gain and increasing
BMI on pulmonary function.

15.
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ABSTRACT
Introduction and Aim: Stroke leads to persistent difficulties in walking and subsequently improved walking
ability is one of the highest priorities in activities of daily living. Motor Imagery leads to excitation of similar areas
of brain which are involved in actual performance of the movements. It has been demonstrated that even simple
passive observation of motor movements activates the cortical motor areas. Hence this study aims to know the
effect of Proprioceptive Neuromuscular Facilitation (PNF) and motor imagery training to improve gait in sub-acute
stroke subject.
Materials and Methods: An experimental study was done for 60 sub-acute stroke patients using Convenient
Sampling method. They were divided into Group A (n=20) (control group), Group B (n=20) (MI and Gait
Training) and Group C (n=20) (PNF and Gait Training), followed up period of 2 months with intervention duration
of 30 mins daily and were assessed with Morse Fall Risk and 10mins walk test. Paired t-Test was used for
assessing pre and post values.
Results: There was a significant difference in Group B & Group C with p<0.001 at both Morse Fall Risk Score and
10 mins walk test.
Conclusion: Group-B Gait training with Motor Imagery Training improved significantly than other groups in
Morse Fall Risk Score, cadence, Stride length, Walking velocity and Ten Minute Walk Test and were able to gain
confidence and had better performance in their activities of daily living.
Keywords: Sub-acute stroke; motor imaginary; PNF; Morse fall risk.

INTRODUCTION
uscle weakness is one of the most common
impairments after stroke and it significantly
contributes to reduced gait performance
although the majority of the stroke patients achieve
an independent gait but they lack their ability to
perform their daily activities (1). Gait deficit are
associated with significant functional limitation Hemi
paretic gait pattern is characterized by being stereo
typed with reduce weight bearing on the paretic
lower limb Contacting the floor while the foot is flat
is one of the most common stance phase kinematics
disturbances (2). Activities of daily living are
affected resulting from the impact of paralysis, poor
coordination. Lack of awareness and one side of
body is affected that causes difficulty in initiating
movement or planning sequence of movement (3).
Motor Imagery leads to excitation of similar areas of
brain which are involved in actual performance of the
movements. It has been demonstrated that even
simple passive observation of motor movements
activates the cortical motor areas. Motor imagery is a
conscious process that induces the muscle activity
related to an actual motor output by creating a mental
image of the action without the intent of performing.
It is a cognitive method which instead of forcing a
patient to learn new techniques causes a neural

change in order to obtain motor techniques learned
before the stroke damage or imitate the action of
others.

M

www.biomedicineonline.org

Motor imagery entail the cognitive task of imaging
the performance of given movement or specific task
without physically executing it. Motor imagery is
also known as “Mental Practice”. The mental
imagery of the movement or task to be learned is
systematically repeated. Studies using noninvasive
brain stimulation techniques are allowed observation
of cortical activation in motor areas during motor
imagery and Neuro imaging studies have shown that
there is cortical re organization after motor imagery
in person with stroke (4).
There are innumerable physical therapeutic
approaches used to improve motor control in
person’s recovery from stroke. These therapies aim to
improve the biomechanical performance of lost or
limited movement enhance the neural plasticity
mechanism that occurs after central nervous system
lesion avoid disuse and promote function within this
context. The discovery of mirror neurons in the 1990
lead to the development of new therapeutic technique
and approaches based on cognitive strategies such as
use of virtual reality, mirror therapy, motor imagery.
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PNF aimed at improving the muscle tone, strength,
and flexibility. Wang reported that the effectiveness
of PNF based treatment have been both supportive
and conflicting (5). Influence of initial MI vividness
on gait improvement. The study implies that hold
relax techniques shown greater increment in the gait
parameters. Most of the studies on PNF have mostly
tested only gait speed, cadence and hardly functional
ambulation’s to help patients to achieve their higher
functional level. PNF uses the body proprioceptive
system to facilitate or inhibit the muscle contractions
and to improve the activities of daily living. Hence
this study aims to know the effect of PNF and motor
imagery training to improve gait in sub-acute stroke
subject.

3 set; Ankle plantar flexion -5 Repetitions, 3 set;
Ankle dorsi flexion -5 repetitions, 3 set. Gait
Training: Gait refers to the manner of walking and
gait training refers to process of improving the ability
to walk. Gait specific lower limb movements was
given to the subjects. (i.e) hip flexion & extension,
Knee flexion & extension, Ankle dorsi flexion.
Forward walking -5 minutes, Backward walking -5
minutes & Lateral walking - 5 minutes.
Motor Imagery Training: Subjects were seated in an
arm rest chair and instructed to keep their eyes
closed. The visual, auditory and sensory cuing is
given to each patient to imagine the walking pattern
in limb movement. The subjects were asked to do the
breathing exercise for relaxation for 3 minutes and
visual information was given for 3 minutes, auditory
information was given for 3 minutes, imagine for 3
minutes and finally the subjects were asked to do the
breathing exercise for relaxation for 3 minutes.

METHODOLOGY
Comparative study of 60 chronic hemiplegic subjects
from Neuro rehabilitation centre, Kovilambakkam
and Chennai using convenient sampling were
included in the study based on inclusion criteria: Age
40-60 years, both male and female subjects,
Brunnstrom grading 4 and 5 in paretic lower limb,
subjects who were able to walk with support or
without support, subjects with MMSE score 24- 30,
fall risk score 25 to 45. Exclusion criteria Patients
with open wounds in leg, impaired sensory loss in
leg, any recent surgeries in lower limb, deep vein
thrombosis, any other neurological and orthopedic
conditions. Then informed consent was obtained
from them and subjects were classified into three
groups. Group A (Control group) n = 30, Group B n=
30 (Experimental group) and Group C n= 30
(Experimental group).

Proprioceptive Neuromuscular Facilitation (PNF):
Hold Relax Technique: Hold for 10 sec, relaxed for
15 sec, Subjects were asked to lie in supine position
with one knee flexed and were asked to extend the
knee for 5 repetitions of 3 sets. Subjects were asked
to place the foot in a dorsiflexion and asked to do the
plantar flex for 5 repetitions of 3 sets.
The subjects were followed for the period of 3
months with intervention duration of 30 mins for 4
days per week for 3 months and Morse Fall Risk
Scale and 10 Minute Walk Test (stride length left &
right foot, steps, velocity, cadence, laps and distance)
values were noted before and after the treatment for
sub- acute hemiplegic subjects.

Procedure: The hemiplegic subjects who fulfil the
inclusion criteria were included and informed consent
was obtained from them. Subject’s demographic data,
onset duration and hemiplegic side was noted. The
subjects participating in this study were informed that
they have to do the exercise regularly and can
withdraw from the study if they have any difficulty.
Group therapy was given under supervision. Groups
were divided using lot method into Group A, Group
B and Group C.

Data Analysis and interpretation: All statistical
analysis was performed on IBM compatible micro
computer using Statistical Package for The Social
Sciences (SPSS 17.0).
The significance was set at alpha=0.005 level Paired t
Test was used to compare the pre and post values of
Morse Fall Risk Scale & 10 Minute Walk Test in
sub- acute hemiplegic subjects.
RESULTS

Group A was considered as control group
(conventional physical therapy and gait training for
30 minutes).



Table 1 Shows the Group A (Control Group)
mean value of Morse Fall Risk score: 32±1.35,
Stride length- LL-RL : 26.6±1.49, RL-LL :
25.9±1.75 Cadence: 45.74±2.22, Walking
velocity: 11.97±0.64 Ten Minute Walk Test:
Laps : 12.7±0.62, Steps: 367.55±19.48 and
Meters : 101.6±5.02



Table 2 Shows the Group B (Experimental
Group 1) mean value of Morse Fall Risk score:
28.5±1.06, Stride length- LL-RL : 26.6±1.65,
RL-LL : 26.52±2.36 Cadence: 65.35±3.9,
Walking velocity: 16.9±1.07 Ten Minute Walk

Group B: Motor imagery 15 minutes and gait
training for 15 minutes.
Group C: was done the receive PNF and gait
training for 30 minutes.
Conventional Physiotherapy: Stretching exercises:
Hamstring stretch-3 Repetitions, 20 sec hold;
Quadriceps stretch -3 Repetitions, 20 sec hold; Calf
stretch -3 repetitions, 20 sec hold. Strengthening
Exercises: Quadriceps isometric exercise
-5
Repetitions, 3 set; Straight leg raising -5 Repetitions,
www.biomedicineonline.org
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Test: Laps : 13.57±0.55, Steps: 392.35±15.07
and Meters : 108.6±4.68


27.75±0.88, Stride length- LL-RL : 26.25±1.00,
RL-LL : 27.1±0.93 Cadence: 66.95±3.24,
Walking velocity: 16.55±0.93 Ten Minute Walk
Table 3 Shows the Group C (Experimental
Test: Laps : 15.07±0.54, Steps: 425±17.2 and
Group 2) mean value of Morse Fall Risk score:
Meters : 120.5±4.21.
Table 1: Group A (Conventional physical therapy and gait training)
Outcome Measure

Mean

Standard Deviation

T Value

P Value

Pre- value

Post value

Pre- value

Post value

Fall Risk

37.50

32

2.56

5.48

4.0669

0.0002

Cadence

34.70

45.75

5.12

8.52

4.97

0.0001

Stride Length
LL-RL
RL-LL

24.25
24

26.60
25.95

4.71
5.42

4.75
5.67

1.57
1.11

0.1245
0.27

Walking Velocity

9.02

11.97

1.28

2.57

4.58

0.0001

10 Minutes -walk Test
Laps

11.3

12.7

1.983

1.989

2.229

0.0318

Steps

340.95

367.5

62.14

61.10

1.36

0.186

Meters

90.4

101.6

15.86

15.92

2.22

0.0318

Table 2: Group B (Motor imagery and gait training)
Outcome Measure

Mean

Standard Deviation

T Value

P Value

Pre- Value

Post Value

Pre- Value

Post Value

Fall Risk

37.50

28.50

2.56

4.01

8.46

0.0001

Cadence

45.30

65.35

11.01

13.55

5.13

0.0001

Stride Length
LL-RL
RL-LL

24.52
24.27

26.60
26.52

5.19
7.16

5.25
7.75

1.25
0.95

0.216
0.346

Walking Velocity

13.10

16.90

3.21

3.6

3.52

0.0011

10 Minutes -walk Test
Laps

12

13.57

1.72

1.77

2.65

0.0012

Steps

351.6

392.3

46.12

49.18

2.70

0.010

Meters

95.7

108.6

15.36

14.23

2.75

0.009

Table 3: Group C (PNF and gait training)
Outcome measure

Mean

Standard deviation

T Value

P Value

Pre- Value

Post Value

Pre-Value

Post Value

Fall Risk

37.25

27.75

2.55

3.02

10.73

0.0001

Cadence

43.35

66.95

8.13

12.03

7.26

0.0001

22.80
23.5

26.25
27.1

2.93
3.00

3.39
2.90

3.44
3.85

0.0001
0.0004

Walking Velocity

11.55

16.55

2.72

3.15

5.36

0.0001

10 Minutes-walk
Test laps

11.7

15.07

1.74

1.72

6.15

0.0001

Steps

326.15

425

49.7

58.8

5.74

0.0001

Meters

92.6

120.5

12.93

13.7

6.62

0.0001

Stride Length LL-RL
RL-LL
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acute and chronic stroke patients can also be included
in further studies, influence of patient’s activity level
can be determined, to increase in therapies combining
different training principles, for example, the
combination of neuromuscular electrical stimulation
and robotics or neuromodulation.

DISCUSSION
Gait deficit is associated with significant functional
limitations and it is characterized by being
stereotyped with reduced weight bearing on the
paretic lower limb. Motor imagery training was well
cooperated by all participants. Patients involved in
motor imagery have highly appreciated the training
and were highly motivated. They frequently
prevented further use of motor imagery as a strategy
in daily activities after finishing the study,
engagement in motor imagery increased selfefficiency those having a positive effect on
motivation and self-confidence. Combination of gait
and motor imagery training showed greater
improvement than another group. PNF uses the body
proprioceptive system to facilitate or inhibit the
muscle contractions and to improve the activities of
daily living. Hold relax technique of PNF was more
effective to improve walking abilities of stroke
patients. Morse Fall Risk score showed a significant
difference in group B and group C (PNF and gait
training), there was a significant improvement in gait
and their level of functional independence level
improved in group B. Limitations: Specific type of
lesion was not included, gender bias, functional
activity level was not considered. Recommendationswww.biomedicineonline.org

CONCLUSION
The present study concluded that the Group B gait
training with motor imagery training improved
significantly than other groups in Morse fall risk
score, cadence, stride length, walking velocity and
ten-minute walk test and were able to gain
confidence and had better performance in their
activities of daily living.
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ABSTRACT
Introduction and Aim: Kabaddi is a classical game in India. It is very fast, rough and tough. Body injuries are very
common in it. Like many other sports, it’s a vigorous body contact game. Due to the contact nature of this sport, injury
was relatively common. Ligaments that is most affected by sudden movements in kabaddi is the anterior cruciate
ligament (ACL). Most of the players quit playing kabaddi due to the severity of injury. There is a lot of study done
using kinesiotaping for ligament injuries in various sports. But, study done on kabaddi players is comparatively less
than other sports players. Knee injury is most commonly seen in kabaddi players. This study focuses on reducing pain
and improving the functional ability of knee joint using kinesiotape in kabaddi players. To find the effectiveness of
kinesiotaping on Anterior Cruciate Ligament injury of knee in kabaddi players.
Materials and Methods: Thirty players were selected, based on selection criteria among them 15 players were group
A and 15 players belongs to group B and with the knowledge of the subjects, anterior drawer test was done to assess
the ACL injury. Anterior cruciate ligament quality of life questionnaire was done on pretest followed by intervention of
treatment protocol. Group A undergone Kinesiotaping with knee strengthening exercises and group B undergone knee
strengthening exercise. Posttest was done after 2 weeks using anterior cruciate ligament quality of life questionnaire.
Results: There was a significant difference between two groups was improving the functional ability. In group A
(kinesiotaping with knee strengthening exercise) were more effective than group B (knee strengthening exercise). This
implies that kinesiotaping was more beneficial in improving functional ability.
Keywords: Kabaddi players; kinesiotaping; anterior cruciate ligament injury; knee strengthening exercises.
INTRODUCTION
highly popular sport in India, it’s the state game of
Tamil Nadu, Karnataka, Punjab, Maharashtra, Bihar,
Telangana and Andhra Pradesh. It’s also the national
game of Bangladesh and Nepal (2). Kabaddi is a very
simple in nature, easy to organize, less expensive.
Hence, they are popular game played almost in all rural
and urban regions (3). Kabaddi is a strenuous outdoor
intermittent sport which requires great stamina,
intelligence, power in both upper and lower limbs and
co-ordination with fellow players. It is basically a
combative sport, played between two teams for a
period of 40 minutes with a 5 minute break and
requires 7 players in each team (4).

abaddi is a traditional outdoor game played with
minor variations in all regions of India. In fact
in most parts of Asia. It is an ancient backyard
and home grown game. Kabaddi requires tremendous
physical stamina, agility, individual proficiency,
neuromuscular coordination, lung capacity, quick
reflex, intelligence and presence of mind on the part of
both attackers and defender. In the modern time
kabaddi was given the national status of a game in
India in 1918. Kabaddi received international exposure
during the 1936 Berlin Olympics. In 1950 the all India
kabaddi federation came into existence and compiled
standard rules. The Amateur Kabaddi federation of
India (AKFI) was founded in 1973. Injury to the
ligaments is called a sprain. An awkward step or
landing on an uneven surface result in overstretching of
the ligaments thus causing them to be partially or
completely torn. In 1961, the India University sports
control board (IUSCB) included the game of kabaddi
in its curriculum, as a prime sports discipline for the
students (1).

K

The most common injuries were muscular injuries
(45.13%), skin injuries (26.96%), bone injuries
(14.7%) and joint injuries (13.1%). The majority of
injuries were recorded in the upper limb (41.55%),
lower limb (32.77%), head, face (15.28%), trunk and
neck (10.3%), ankle sprain. kabaddi is a contacts sport
and involves lot of pushing, pulling, jumping and
twisting actions. These types of sporting actions are
leading cause of strain. A strain is characterized by the
onset of symptoms such as severe pain (in case of an

Its origin in south Asia and has spread to Iran, Japan,
South east Asia, United Kingdom, Canada etc…a
www.biomedicineonline.org

463

Biomedicine- Vol. 39 No. 3: 2019

Pavithralochani et al: Efficacy of kinesiotaping….. players
acute strain), muscles spasm, swelling and cramping
(5). Knee injury is the most common type of injury
sustained by both raiders and stoppers/defenders, quick
reflexive actions that come into play during the time
period make knees highly vulnerable to injuries. No
research focused on the epidemiology of knee injuries
in kabaddi players has been done to date, although
knee injuries are one of the commonest injuries
sustained by kabaddi players (6). These quick and
reflexive movements of starting, stopping, bending,
twisting and changing direction exert extreme force on
the knee resulting in injuries to the ligaments. Injury to
ligament is termed as a torn ligament also commonly
called a “sprain”. Ligaments that is most effected by
sudden movements in kabaddi is the anterior Cruciate
ligament (ACL). The hamstrings are considered a
synergist with the ACL and are able to pull the tibia
posterior thereby decreasing the stress on the ACL.
Finally, the hamstrings have tendons that insert on
either side of the joint that can offer the frontal plane
control of motion at the knee that is vital for injury
prevention (7). ACL injury is classified into 3 grades,
in grade 1 the ligament fibers are stretched but no tear
and there will be little swelling, tenderness and stability
is not affected. In grade 2 few ligament fibers were
torn, little to moderate swelling, tenderness, stability is
slightly affected. In grade 3 all the fibers were torn, no
pain, moderate swelling and tenderness and stability is
fully affected. However other ligaments can also be
injured. Sudden stopping and changing direction to
evade or catch the opponent player causes tremendous
amount of stress on the knee. These movement creates
powerful contraction in quadriceps and hamstring
muscles leading to a tear in a meniscus leading to the
onset of excruciating acute knee pain this type of injury
is characterized by the swelling and tenderness to the
knee. Improvement in strength in the anterior and
posterior thigh muscles following anterior cruciate
ligament reconstruction is a major focus for physical
therapists, athletic trainers and other rehabilitation
specialists. In general, there is a significant decrease in
both extensor and hamstring muscle strength, with
significant morbidity due to extensor lag (8). ACL
injuries account for 50% or more of all knee injuries,
making this ligament especially important in any
discussion of knee injuries. Anterior cruciate ligament
injuries often require surgical repair followed by
extensive long-term rehabilitation (9). Strength and
conditioning principles and training parameters are a
necessary component of the decision making and
tailoring of any rehabilitation program. This is
especially important in the rehabilitation and full return
to function of an injured athlete (10).

muscle and myofascial functions after the application
of kinesiotape. An additional theory is that
kinesiotaping stimulates cutaneous mechanoreceptors
at the taped area, and the stimulation may affect the
ROM. The theory is that Kinesio tape and a circulatory
or neurological activation is based on the tape's elastic
properties, which is purported to support/enhance joint
functions. Proponents of Kinesio tape state that tape
convolution areas may increase the flow of blood and
lymphatic fluids due to a lifting effect, which creates a
wider space between the skin and the muscle and
interstitial space (11). There is no adverse effects,
rather than for sensitive skins.
METHODOLOGY
Thirty male kabaddi players age between 18 to 25
years, with ACL injury grade 1, 2 and with anterior
drawer test positive were included. Subjects with
lower limb fracture, Grade 3 ACL injury, and PCL
injury were excluded. Subjects were divided into two
groups by convenient random sampling method. Group
A (experimental) consists of 15 subjects were given
kinesiotaping with knee strengthening exercises for
two weeks of duration. Kinesiotaping was applied four
sessions in two weeks. Group B (conventional) consists
15 subjects were given only knee strengthening
exercise for two weeks. Patient consent was obtained
by explaining the project procedure and said the effect
of kinesiotaping and knee exercise. The project was
undergone in Dr. MGR Educational and Research
Institute, Chennai. Pretest was done by measuring the
intensity of pain and functional ability of knee joint
using ACL quality of life questionnaire. After the
cessation of the intervention procedure posttest was
done using the ACL quality of life questionnaire.
Precautions for kinesiology tape
Do not apply kinesiology tape on any skin surface that
is damaged or broken.
Skin patch test: On the upper part of the inner arm (at
the crook of the elbow), the kinesiotaping is applied.
Subjects are advised to be with the taping for up to 24
hours before a full taping and asked to remove tape
immediately, if there is any skin irritation present.
ACL Kinesiotaping
Steps for tape application



Kinesiotaping increases blood circulation in the taped
area. And this physiological change may affect the
www.biomedicineonline.org
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Apply two anchors to the lower third of the thigh
and one anchor distal to the tibial tubercle.
Apply the first functional strip starting on the
anterolateral aspect of the distal anchor, pass with
full tension anteriorly across the tibial tubercle and
diagonally upwards to the proximal anchor on the
medial side.
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In supine lying, patient was asked to raise the leg with
45° knee extended and hold it for 5 to 10 seconds and
relax. Repetition for 10 times.

Apply a second strip on the opposite side with the
same tension
Apply two more strips medially and laterally over
the initial strips, superimposed on the inferior tails,
and fanning out and overlapping by one-half, to
attach to the proximal anchor.
Lock these six strips in place with covering
anchors.

3. Prone straight leg raising exercise
In prone lying, patient was asked to raise the leg with
45°knee extended and hold it for 5 to 10 seconds and
relax. Repetition for 10 times.
4. Calf raising exercise
In standing ask the patient to Lift as high as on their
toes and lower the heels down as much as the ankle
flexibility allows. Push evenly through the entire width
of the foot. Repetition for 10 times.

Knee strengthening exercise
1. Isometric quadriceps exercises
Small bolster is placed under the patient’s knee in
supine lying, patient was asked to press the bolster for
5 to 10 seconds and relax. Repetition for10 times.

5. Knee flexion exercise with weights
In standing, the patient is asked to bend the knee with
weight cuff.

2. Straight leg raising exercise

Data analysis
Table: 1 Comparison of ACL quality of life questionnaire score between group A and group B.
ACL Quality of
life questionnaire
Pre test
Post test
*- P > 0.05;

Group A
M
SD
18.87
3.11
13.15
1.62

Group B
M
SD
18.30
1.50
15.09
0.99

“T”
Test
0.64
3.93

Significance
0.526*
0.000***

***- P ≤ 0.001

The above table reveals the Mean, Standard Deviation
(S.D), independent t-test, degree of freedom (df) and p
value of the ACL quality of life questionnaire score
between group A and Group B in pre-test and post-test
weeks. This table shows that there is no significant
difference in pre-test values of the ACL quality of life
questionnaire score between group A and group B (*P

> 0.05). This table shows that statistically highly
significant difference in post-test values of the ACL
quality of life questionnaire score between group A and
group B (***- P ≤ 0.001).Both the groups show
significant decrease in the post test Means but Group A
which has the lower mean value is more effective than
group B.

Graph 1: Comparison of ACL quality questionnaire means value between the Group A and Group B

both the groups showed improvement in functional
ability of knee joint in the post test mean value 13.15
and 15.09 respectively. The p value is ≤0.001GROUP
A shows more significant than GROUP B with a mean
difference of 1.94. Hence this study rejects null
hypothesis and accepts alternative hypothesis.

RESULTS
The statistical analysis was done using SPSS
SOFTWARE. On comparing the mean values of
GROUP A (kinesiotaping with knee strengthening
exercise) and GROUP B (knee strengthening exercise)
on ACL injury using ACL quality of life questionnaire,
www.biomedicineonline.org
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A and group B had improvement in functional ability
and reduction of pain. Hence, group A treated with
kinesio taping along with knee strengthening exercise
showed more significant when compared to the group
B treated with knee strengthening exercises.

DISCUSSION
Kabaddi is a combative team game, played with
absolutely no equipment, in a rectangular court,
between two teams of seven players on the ground each
side. Players of defensive and offensive side team
encounter push and pull, sudden change of directions,
fall, turns, very quick movements several times.
Particularly raider has to play against seven defenders.
Hence a Kabaddi player must have to develop physical
fitness abilities such as cardiovascular fitness,
explosive strength, movement speed, balance,
flexibility, agility and muscular co-ordination.

CONCLUSION
With reference to the statistical analysis done from the
data collected using ACL quality of life questionnaire
assessment scale, it is concluded that there is a more
significant improvement in ACL functional ability and
pain reduction following Kinesio taping along with
knee strengthening exercises. Thus, kinesiotaping is an
effective non pharmacological, non-invasive therapy
which helps in improving functional ability and pain
reduction without any side effect and hazardous.
Kinesio taping is cosmetically comfortable to the
patients. It shows a drastic reduction in pain and
improvement in function. So, the study strongly
recommends Kinesio taping is more effective therapy
in ACL stabilization in improving functional ability.
Therefore, this study rejects the null hypothesis and
accepts the alternative hypothesis.

The injuries associated with the kabaddi players were
the skeletal and soft tissue injuries knee injury is the
most common, type of injury sustained by both raiders
and stoppers/defenders while the commonly injured
ligaments are the anterior cruciate ligament, posterior
cruciate ligament, medial and lateral collateral
ligaments, medial and lateral menisci.
Murray et al., concluded that kinesiotape applied to the
anterior aspect of the thigh could significantly enhance
the joint active range of motion (12). Kelly et al.,
concluded that quadriceps strengthening had improved
restoration of more optimal quadriceps neuromuscular
function and increased demand on the quadriceps
during physical activity (13). The application of
kinesiotaping aims to give free range of motion in
order to allow the body’s muscular system to heal itself
biomechanically by alleviating pain, facilitating
lymphatic drainage by microscopically lifting the skin
which increases the interstitial space there by reduces
the pain and pressure in that area and also it provides a
proprioceptive effect. This study finds the beneficial
effects of kinesiotaping in anterior cruciate ligament
injuries in kabaddi players (13). Myklebust et al.,
showed that the risk of injury was reduced among those
who completed the anterior Cruciate ligament injury
prevention program (OR, 0.06; CI, 0.01-0.54; p=0.01)
compared with this who did not. That it is possible to
prevent anterior cruciate ligament injuries with specific
neuromuscular training (14). Lafave et al., concluded
that results of the study added more validity, reliability,
and responsiveness for the ACL-QOL. The ACL-QOL
has completed 8 of 9 COSMIN criteria (15). Kyung et
al., concluded that Four-week preoperative exercise
may produce many positive effects post reconstruction
surgery, including faster recovery of knee extensor
strength and function, as measured by single-leg hop
ability (16).
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ABSTRACT
Introduction and Aim: Trunk muscle fatigue contributes to spinal instability over strenuous and prolonged physical
tasks and therefore may lead to a injury. However from a performance perspective, the relation between endurance
efficient core muscle and optimal balance control has not been well known. The muscles of the core help in controlling
the movements transfer of energy, shifting the body weight and distributing the stress of weight bearing areas. Hence
core muscle training has a significant role in spinal stability. The aim was to analyse the relationship between the trunk
muscle endurance and static balance and also the relationship between trunk muscle endurance and static balance
among male and female population.
Materials and Methods: In this observational study, 400 subjects were included based on the inclusion criteria. In
which 200 male and 200 female students inhabitant of faculty of physiotherapy in Dr. MGR Educational and research
institute took part voluntarily in the study for the duration of 8 months. The single leg stance test, Sorensen test, trunk
flexor endurance test, side bridge exercise test are used as outcome measures.
Results: In females, for the extensor and lateral endurance, the correlation significance is found to be p≤0.05 with
respect to static balance. But in males the positive correlation is found to be only between the extensor and lateral
endurance with static balance. On comparing the results of males and female subjects on the endurance and static
balance test, highly significant difference (p≤0.001) is found between trunk flexor, trunk lateral endurance and static
balance.
Conclusion: This study proves that the trunk extensor and lateral endurance associated with the static balance in males.
In females, the trunk muscle endurance (flexor, extensor and lateral endurance) predicts the static balance. Among the
three trunk muscle endurance, the trunk extensor highly predicts the static balance than others in both the genders.
Keywords: Static balance test; trunk muscle endurance; Sorensen test; side bridge test; trunk flexor endurance test.
muscles throughout most of the activities including
quiet standing, the back fatigue and aching of the back
muscles are the most common complaints from the
recent population (5). The researches have intensively
investigated that the trunk muscle function can be
described in terms of endurance, strength and speed
(6). The sufficient trunk muscle endurance contributes
to spine stability over strenuous and prolonged physical
task (7).

INTRODUCTION
In recent decades, the main focus on trunk muscle
endurance, due to its impact on maintaining the upright
standing posture and in controlling the lumbar forward
bending (1). The core can be described as a muscular
box with the abdominals in front, paraspinals and
gluteus in the back, the diaphragm as the roof and the
pelvic floor and hip girdle musculature at the bottom
(2). These trunk musculatures are designed to provide
low levels of activity for long period of time. Being as
postural muscles they are rich in type 1 fibres with
large diameter than the type 2 fibres (3). Functionally it
plays a major role by acting as a kinetic link and
facilitates the transfer of torques and angular
momentum between the upper and lower extremities
during the body motions as part of the occupational
skills, fitness activities and activities of daily living (4).
Due to the active state of the trunk flexor ad extensor
www.biomedicineonline.org

The endurance is mechanically defined as either the
point of isometric fatigue where the contraction can no
longer be maintained at a certain level (8). Thus the
core training programs emphasizes strength and
conditioning of the local and global muscles that work
together to stabilize the spine (9). The global muscles
include the rectus abdominus, obliques, lattisimus, and
erector spinae. They are the torque producing muscles,
control the trunk flexion and extension. The local
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muscles include transverse abdominus, multifidous,
and pelvic floor (10). The intersegment local muscle
groups provide stabilization and control over the
position of the supine with lower force output. The
maintenance of the balance is done is done by three
systems, the first one is vestibular system. The second
coordinator is the proprioceptive system which
originates from the somatosensory receptors in
muscles, tendons, and joints for body awareness.
Finally the visual system plays an important role in
sending the visual signals about the body posture (11).
There are three movement strategies to reestablishment of stability in response to perturbation of
balance and ankle strategy, hip strategy, displacement
in the base of support and stepping strategy. Ankle
strategy is the first one, in which anterior sway of body
confronts by gastrocnemius contraction and posterior
sway activated by the Tibialis Posterior while
quadriceps and abdominal muscle maintain the posture.
After the anterior sway of body, the gastrocnemius
muscle activation starts in 90-100 milliseconds,
followed by hamstring muscle activate (hip strategy)
20-30 milliseconds later and finally paraspinals
contract thus maintains the thigh and knees in erect
posture (12). There are several tests to assess balance,
in which the single leg stance test is more sensitive for
assessing the normal balance (13). There are several
types of testing methods for the trunk musculature
endurance such as the static endurance test, active
measures
of
endurance,
isokinetic
and
electromyography testing, have been studied in the
literature of the different available assessment
strategies in which the isometric endurance testing
seems to be cost effective, easy and quick to perform
and requires no special equipment, easy and quick to
perform and requires no special equipment in the
clinics, so clinicians would choose it for measuring
trunk muscle endurance (14).

test described in the literature, the Biering- Sorensen
test of trunk extensor endurance has received the most
attention (16). For testing the lateral trunk musculature,
the side support or side bridge exercise described by
McGill et al has been suggested to optimally challenge
quadratus lumborum and the muscles of the
anterolateral trunk wall. The trunk flexor endurance
test has been employed for assessment of core flexors
(17).
MATERIALS AND METHODS
In this correlation study, 400 subjects were selected
randomly for the evaluation 550 volunteers. Based on
the inclusion criteria 250 male and 250 female students
inhabitants of faculty of physiotherapy in Dr. MGR
Educational and Research Institute took part
voluntarily in the study, out which 400 students were
enrolled for the study. The study was approved by the
Institutional Review Broad of the university and
conducted for the duration of 8 months. Participants
signed an informed consent document approved by the
university ethics committee (which also approved the
study). The subjects were asked to complete the
demographic information including the name, age,
gender, occupation, height, weight was collected prior
to the test were listed out statistically in the table 1.
Students with good balance between the age group 17
to 20 years and who can withstand balance with
minimal hip, knee, ankle, and strategy on perturbations
were included in the study. Participants were excluded,
if they had severe spinal problems, recent dislocation
and fracture, BMI more than 25 and less than 18,
psychologically unstable, professional athletes, and
those undergone lower limb surgery, neurologic
disease, Meniere’s disease, neuromuscular problems
and vestibular or balance problems. Parameters used in
the study were height, weight, BMI, age, trunk flexor
endurance (sec), trunk extensor endurance (sec), trunk
lateral flexor endurance (sec) {right and left side},static
balance (sec). Stop watch, towel, Velcro strap,
examining table are the materials used in the study.
The Single leg stance test, Sorensen test, trunk flexor
endurance test, side bridge exercise test are used as
outcome measures.

A number of isometric tests of trunk muscle endurance
have been described for the trunk flexor, extensor and
lateral musculature of the trunk where the performance
is evaluated by recording the maximum time a person
can maintain the test position. As mentioned above the
core muscle endurance is important in balance and
coordination (15). Of the isometric trunk endurance

Table 1: Descriptive statistics for the baseline measurements (age, height, weight, and BMI)
Variables
Age
Height
Weight
BMI

www.biomedicineonline.org

Male
Mean ± SD
19.2±0.92
169±7.57
60±11.01
21.0±3.57

Median (range)
19(17-22)
170(147-185)
58.5(41-95)
22(19.32-25.35)

469

Mean ± SD
18.9±0.37
155±5.42
51.8±10.59
21.24±4.92

Female
Median (range)
19(18-20)
155(141-172)
50(32-95)
22.42(19.54-25.45)
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author. The test will be done twice to improve the
internal consistence or inter-rater reliability (spearman
brown formula). Prior to the data collection, the raters
practiced using the test protocols to ensure
standardized procedures were employed.

Procedure
Before evaluating the participant for the trunk muscle
endurance and static balance, written information and
oral instruction were given before each test. All the
participants were timed during their performance of the
test. The trunk muscle endurance and balance were
evaluated mechanically by timing the ability of a
person to hold specific movement or a specific posture.
In the first phase, static balance was measured using a
quantifiable clinical test called single-limb stance test
followed by the trunk muscle endurance test.

Blinding
The investigator assessing the outcomes remained
blind to the patient’s allocation during the whole study
period. Then the statistician who conducted outcome
analyses was blinded to the group allocation by
renaming the groups with numbers.

The key description of the measurement procedure for
each test is as follows: In single-leg stance test, the
subjects were asked to stand unassisted on one foot by
placing their hands on the iliac crest with contra-lateral
hip in flexion and knee flexion relying on the dominant
knee in the medial side. It is timed in seconds from the
sec; one foot is flexed off from the floor to the time
when it reaches the ground. Errors including the
compensatory adjustment movement, hand lifted from
the hip. The test was done twice for the better result.
Participants unable to perform the single-leg stance test
for at least 5sec are at increased risk for fall.

Protocol
Tests were conducted in a random manner with at least
10 min rest between the tests. Prior to the performance
of each test, the raters explained and demonstrated the
test to the subjects using standardized instructions.
Measurements from the two raters were recorded on
separate data collection forms.
Statistical analysis
The statistical analysis was performed using the
statistical software SPSS16.0 for 400 students at the
end of the study. The Intra-class correlation coefficient
was done to assess the intra-tester reliability of the
measurement, 95% confidence interval is generated for
the test. A multiple linear regression analysis is
performed to find if the trunk muscle endurance
significantly predict the static balance. In regression
analysis, the trunk muscle endurance was set as
independent variable and static balance was fixed as
dependent variable. Pearson correlation test was done
to find out the relation between the trunk muscle
endurance and the static balance. Independent-sample
t-test was also conducted to compare the results of
male and female subjects on their endurance and static
balance test.

For testing the flexor trunk musculature, the subjects
were asked to lie in supine position in a flat surface
with the 90 degree flexion of the hip and knee joints
with the hands crossed over the chest, and then
instructed the subject to lift the neck and upper trunk
from the table and hold this position as possible (17).
Sorensen test was performed to assess the trunk
extensor endurance. During the test ask the patient to
lie on the examining table in a prone position with the
upper edge of the iliac crest aligned with the end of the
table and the lower body is fixed to the table by three
straps located around the pelvis, knees, and ankles.
With the arms fold across the chest and the patient is
asked to isometrically maintain the upper body in a
horizontal position, the time during in which the patient
keeps the upper body straight and horizontal is
recorded (18). Finally for testing the lateral trunk
musculature, the side bridge test described by McGill
was used, which recruit the quadratus lumborum and
anterolateral trunk wall muscle. During the test, the
subject lay on their side with the legs in extended
position, the body resting on their forearm with the
elbow flexed at 90 degree. Subjects were instructed to
lift the hip off the floor and maintain a straight line
with the whole body, while the elbow and feet supports
the body (19). The holding time should be recorded
and the test repeated for another side.

RESULTS
The mean holding times of the test variables of both
males and females were listed out in the table-2. In
females, there were positive correlation between the
static balance and the trunk muscle endurance. For the
extensor and lateral endurance, the correlation
significance is found to be p≤0.05 with respect to static
balance (table 3). But in males the positive correlation
is found to be only between the extensor and lateral
endurance with static balance (table 4). In females, the
endurance of the trunk flexor, Extensor and lateral
muscle were significantly associated with static
balance level (table-5). In males, the endurance of the
trunk Extensor and lateral muscle were significantly
associated with static balance level (table-6). On
comparing the results of males and female subjects on
the endurance and static balance test, highly significant

Raters
The tests were done by the two raters to eliminate
inter-rater reliability under the supervision of the first
www.biomedicineonline.org
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difference (p≤0.001) is found between them in trunk
flexor, trunk lateral endurance and static balance

(table-7).

Table 2: Mean holding times of the test variables in seconds
Trunk flexor
endurance
Mean ± SD
27.4±13.77
13.65±12.41

Tests
Male
Female

Trunk extensor
endurance
Mean ± SD
19.98±11.17
22.72±21.32

Trunk lateral
endurance
Mean ± SD
32.5±12.78
16.13±11.43

Static Balance
Mean ± SD
3.66±2.46
2.57±2.27

Table 3: Correlations of the test variables in females
Test
Flexor – static balance
Extensor –static balance
lateral endurance- static balance
Flexor-extensor
Flexor – lateral endurance
Extensor – lateral endurance

Pearson Correlation (r)
0.07
0.15*
0.14*
0.10
0.30**
0.36**

Significance
.285
.025
.037
.141
.000
.000

Pearson Correlation (r)
-.075
.081
.002
0.22**
0.47**
.425**

Significance
.289
.252
.975
.002
.000
.000

**correlation is significant at the 0.01level (2-tailed)
*correlation is significant at the 0.05level (2-tailed

Table 4: Correlations of the test variables in males
Test
Flexor – static balance
Extensor –static balance
lateral endurance- static balance
Flexor-extensor
Flexor – lateral endurance
Extensor – lateral endurance
**correlation is significant at the 0.01level (2-tailed)

Table 5: Summary of multiple linear regression analysis for variables predicting static balance in females
Variables
Trunk flexor endurance
Trunk extensor endurance
Trunk lateral endurance

B
.006
.013
.018

SE (B)
0.01
0.00
0.01

B*
0.035
0.121
0.092

t
0.48
1.61
1.17

Significance
0.632
0.108
0.242

B: Unstandardized Coefficients; SE (B): Standard error of the estimate
B*: Standardized Coefficients; t: t-value; R2=0.036; Adjusted R2=0.021

Fig. 1.1 Plot show the association of static balance with trunk lateral endurance in females
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Fig. 1.2 Plot shows the association of static balance with trunk flexor endurance in females.

Fig. 1.3 Plot shows the association of static balance with trunk extensor endurance in females.

Table 6: Summary of multiple linear regression analysis for variables predicting static balance in males
Variables
Trunk flexor endurance
Trunk extensor endurance
Trunk lateral endurance

B
-.081
.022
.001

SE (B)
0.52
0.01
0.01

B*
-.10
0.10
.007

T
-1.25
1.28
0.08

Significance
.212
.201
.936

B: Unstandardized Coefficients; SE (B): Standard error of the estimate.
B*: Standardized Coefficients; t: t-value; R2=0.016; Adjusted R2=0.001

Fig. 2.1 Plot shows the association of static balance with trunk lateral endurance in males.
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Fig. 2.2 Plot shows the association of static balance with trunk extensor endurance in males.

Fig. 2.3 Plot shows the association of static balance with trunk flexor endurance in males.

Table 7: Comparison of the mean values of the test variables between male and female
Variables
Flexor endurance
Extensor endurance
Lateral endurance
Static balance

Male
Mean ±SD
27.48±13.77
19.9±11.17
32.59±12.78
3.66±2.46

Female
Mean ±SD
13.65±12.41
22.72±21.32
16.13±11.43
2.57±2.27

df

Significance

-10.551
1.608
-13.568
-4.618

398
398
398
398

.000
.109
.000
.000

Pfeifer et al., found that there is no significant
correlation were found between number of fall and
maximal isometric back extensor (23). In this current
study, it was found that there is significant correlation
for trunk extensor endurance with static balance and
also between the trunk lateral endurance with static
balance in females. In males, a small but significant
correlation is found also between the trunk extensor
and lateral endurance with respect to static balance. In
females, within the trunk muscle endurance, the
correlation is highly significant for the trunk flexor and
lateral endurance and also for the trunk extensor and
lateral endurance.

DISCUSSION
The primary aim of the study was to shed light on the
relationships between core muscle endurance and static
balance and also on gender difference in core muscle
endurance and static balance. Granacher et al.,
suggested that a stable and strong core contribute to
more efficient lower and upper extremities and
improves balance or functional performance in older
adults. Further, Suri et al. found that a small but
significant correlation for maximal trunk extensor
strength with one-legged balance performance and also
the trunk extensor correlated moderately with berg
balance scale and the short physical performance
battery (21).

In males, there were found to be a highly significant
correlation for the trunk muscle endurance. It is also
found that there is a slight significant association
between the trunk muscle endurance and static balance.
On comparing the significance between the trunk

It was revealed that the maximal isometric back
extensor strength was significantly correlated with the
occurrence of falls (22). In contrast to above finding,
www.biomedicineonline.org
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muscle endurance, the trunk extensor and lateral
endurance predicts the static balance than flexor in
females. In males, there is also a slight significance is
found between the trunk extensor and lateral endurance
in association with the static balance. The study also
reveals that, in the both genders the trunk extensor
highly predicts the static balance on comparing the
other variables. But the lateral endurance in females
showed a significant association which is far higher
than the males. On comparing the gender difference in
the test variables, the mean holding time for the flexor
endurance is higher in males than the females and for
the extensor, it is higher in females than males. The
lateral endurance and static balance, both are higher in
males than in females. Thus the difference in trunk
muscle endurance observed here may be due to gender

difference in anatomic structure or may be due to the
muscle mass distribution.
Several studies in a normal population also found that
the females to have longer holding times on the
Biering-Sorensen test than males (14). It is important
to focus on the core training to improve the balance
and functional performance. Pilates –based exercises
are designed to facilitate core stability and strength,
coordination, balance and flexibility (15). The Pilates
exercise training has an impact on different measures
of balance, trunk muscle strength, functional
performance and fall in healthy older adults. Hence the
swiss-ball core strength training protocol can be
implemented as a preventive training for falls and to
improve the balance.

FIG. 3 STROBE FLOW CHART

endurance and static balance but there is no significant
difference in the trunk extensor endurance.

CONCLUSION
This study concluded that the trunk extensor and lateral
endurance associates with the static balance in males.
In females, the trunk muscle endurance (flexor,
extensor and lateral endurance) predicts the static
balance. Among the three trunk muscle endurance, the
trunk extensor highly predicts the static balance than
the others in both the genders. Then, it is followed by
the trunk lateral endurance which also showed its
greater association with the static balance in females
but not in males. On comparing the mean holding of
the test variables between the both genders, it shows a
highly significant difference in the trunk flexor, lateral
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ABSTRACT
Introduction and Aim: Medial epicondylitis is a tendinitis of the flexor group tendon attached to the medial
epicondyle of the humerus the most sensitive region will be located near the origin of the wrist flexor group
weakness in the hand and the wrist and a numb or tingling feeling in the fingers. The aim of the study was to
determine the effectiveness of cyriax mobilization with Kinesio taping for medial epicondylitis. Objectively
evaluate the effect of cyriax mobilization with Kinesio taping in relieving pain for medial epicondylitis patients. To
improve the quality of life in patients with medial epicondylitis.
Materials and Methods: A total of 20 subjects were selected using convenient sampling technique based on
inclusion and exclusion criteria. The study was explained to the patient and written consent was obtained from the
subjects. Subjects were allocated in two groups (group A-10 and group B-10) using an odd-even method of
sampling. The experimental group (A) and control group (B). The experimental group was treated with cyriax
mobilization with Kinesio taping followed by ultrasound therapy and the control group was treated with ultrasound
therapy with conservative management.
Results: From the statistical analysis made with the quantitative data revealed a statistically significant difference
between Group A and Group B and also within the pre-test and post-test values of both the group. Group A- cyriax
mobilization with Kinesio taping followed by conventional therapy has better statistics in pain reduction and
improvement in functional status.
Conclusion: In summary, cyriax mobilization with Kinesio taping followed by conventional therapy proved to be
effective than conventional therapy and Rehabilitation exercise alone in the management of medial epicondylitis.
Keywords: Cyriax mobilization; Kinesio taping; medial epicondylitis; ultrasound therapy.
concentric or eccentric contractile loading of the
wrist flexors and the pronator are the most etiology,
occupations such as carpentry, plumbing, and meat
cutting have also been implicated (5). The pathology
may also be produced by the sudden violence to
these tendons in a single traumatic event. In many
cases trauma at work had been identified as the cause
of the symptoms more specific occupational physical
factors associated with medial epicondylitis are
forceful activities among men and with repetitive
movements of the arm among women. We use active
and resisted movement testing to evaluate tendons
and muscles (6). We utilize passive movement
testing to assess ligament on pain, laxity or limitation
in range of motion. The effect of ultrasound via an
increase in local blood flow can be used to help
reduce local swelling and chronic inflammation, and,
according to some studies, promote bone fracture
healing (7). The intensity or power density of the
ultrasound can be adjusted depending on the desired
effect. A greater power density (measured in
watt/cm2) is often used in cases where scar tissue
breakdown is the goal.

INTRODUCTION
edial epicondylitis is a tendinitis of the
flexor group tendon attached to the medial
epicondyle of the humerus the most
sensitive region will be located near the origin of the
wrist flexor group weakness in the hand and the
wrist and a numb or tingling feeling in the fingers
(1). The patient usually complains about pain of the
elbow distal to the medial epicondyle of the humerus
with radiation up and down the arm, most common
on the ulnar side of the forearm, the wrist and
occasionally on the fingers (2). Local tenderness
over the medial epicondyle and the conjoined tendon
of the flexor group, without the evidence of swelling
or erythema, are also characteristics that can occur.
Other symptoms are stiffness of the elbow, ring and
the little finger. The pain is evoked by resisted
flexion of the wrist and by pronation (3). The pain is
usually accompanied by the weakness of a handgrip.
Pain can begin suddenly or can develop gradually
over time. Medial epicondylitis has a lower
incidence than lateral epicondylitis (tennis elbow),
with the former containing only 9 to 20% of all
epicondylitis diagnoses. The pathology occurs as a
result of high- energy valgus forces created by the
overhead throw (4). However, 90 to 95% of all cases
do not involve sportsmen. Because chronic repetitive
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A distinctive feature of the cyriax method is the
capsular pattern. The cyriax method of orthopedic
medicine is the exercise of applied or functional
anatomy in which assessment of the body
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movements indicates where lesions lie (8).
Treatment of the lesion incorporates various
distinctive techniques of manipulation, injections or
physical therapy.

1. Cyriax mobilization: The patient was sitting in
a relaxed position with the elbow fully supinated
and 90°locate the anteromedial aspect of the
medial epicondyle and identify the area of
tenderness. Apply deep transverse friction (DTP)
with the side of a thumb tip, applying pressure in
the posterior aspect of the tendon-osseous
junction. Deep transverse friction is applied for
10 minutes after the numbing effect has been
achieved.

Kinesio taping is a therapeutic tool and has been
used for a long time for the prevention and
treatment of sporting injuries. It improves healing
the soft tissues, facilitates proprioception and
muscle group, reduces muscle fatigue and delayedonset muscle soreness inhibits pain. It is
characterized by the ability to stretch to 120-140%
of its original length and recoil back towards its
primary length following the application. In recent
years, the application of Kinesio tape has emerged
as an interesting and relatively novel method for
treating musculoskeletal conditions (9). Steps to
optimum taping results are skin should be free of
oil, sweat, or lotion before application. After
application, rub-down the tape to activate heatsensitive glue. Avoid extreme stretching of the tape
during application to avoid skin irritation. Apply
approximately 1 hour before activity or shower to
allow the glue to adhere properly. E) Skin irritation
is extremely rare, but care should be taken with
hypersensitive skin patients. Quality of tape should
be 100% high-grade cotton – for comfort and airpermeability 140% Elasticity – same flexibility as
human skin and muscles, heat-activated adhesive –
very light, mild, and hypo-allergenic, 100% latexfree air permeable, microscopically lifts the skin,
channels away moisture and Durable – average
usage allows 3-5 days per application.

Intervention: Cyriax mobilization is done for
10mins, deep friction massage given for 2
minutes then stopped for 1 to 2 minutes then
repeat. The duration of the treatment is
7days/week, followed by ultrasound therapy.
2. Ultrasound therapy: The patients will be
examined in a sitting position with the elbow
extended and placed on the couch in a supine
position.
3. Kinesiotaping: The length of tape was
measured from 2 cm inferior to the medial
epicondyle of the humerus to the wrist joint
line, and multiplied by 0.85 as the length of the
tape. In order to keep the stretch tension equal
to 15–20 %, the tape was cut down the middle
of the strip to produce 2 tails, or a “Y-strip”.
The Y-strip was applied to the common wrist
flexor muscle from its insertion to origin. The
first tail of the Y-strip was applied on the
middle of the forearm with the wrist in a hyper
extended position and the elbow in full
extension and supination. The second tail of the
Y-strip applied from insertion to origin, was
placed along the medial edge of the forearm to
wrap the common wrist flexor muscles.

This elastic type purportedly mimics the thickness of
the skin manufactures claim it works by lifting the
skin, which increases blood circulation and
lymphatic drainage leading to a reduction in the pain.

B. Control group

MATERIALS AND METHODS

1. Ultrasound therapy: The patients will be
examined in the sitting position with the elbow
extended and placed on the couch in a supine
position.

A total of 20 subjects were selected using a
convenient sampling technique based on inclusion
and exclusion criteria. The study was explained to
the patient and written consent was obtained from
the subjects. Subjects were allocated in two groups
(group A-10 and group B-10) using an odd-even
method of sampling. The experimental group (A)
and control group (B). The experimental group was
treated with cyriax mobilization with Kinesio taping
followed by ultrasound therapy and the control group
was treated with ultrasound therapy with
conservative management.

2. Medial epicondylitis rehabilitation exercises:


Wrist active range of motion: Flexion and
extension: bend the wrist forward and backward
as far as the patient can do 3 sets of 10.



Wrist stretch: With one hand, press the back of
the other hand to help bend the wrist. Hold for
15 to 30 seconds. Next, stretch the hand by
pressing the fingers in a backward direction.
Hold for 15 to 30 seconds. The patient is asked
to keep the arm straight during this exercise. To
be done 3 sets on each hand.



Wrist flexion: the patient is asked to hold a
dumbbell in hand with palm facing up. Bend the
wrist upward. Slowly lower the weight and
return to the starting position. To be done 3 sets

Training protocol


Group A was treated with cyriax mobilization,
Kinesio taping and ultrasound therapy.



Group B was treated with ultrasound therapy and
conventional therapy.

A. Experimental group
www.biomedicineonline.org
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of 10. Gradually increase the weight.


Grip strengthening: the patient is asked to
squeeze a rubber ball and hold for 5 seconds. To
be done 3 sets of 10. Forearm pronation and
supination: the patient is asked to bend the
elbow up-to 90°, turn the palm upwards and
hold for 5 seconds. The patient is requested to
turn the palm downward and hold for 5 seconds.
To be done 3 sets of 10.



Forearm pronation and supination strengthening:
The patient is asked to hold a dumbbell in the
hand and asked to bend the elbow up to 90°.
Slowly asked to rotate the hand with palm facing
upward and downward. To be done 3 sets of 10.

Visual analog scale (VAS) The pain VAS is a onedimensional measure of pain intensity which has
been widely used in a diverse adult population. Using
a ruler, the score is determined by measuring the
distance (mm) on the 10 cm line between the "NO
PAIN" anchor and the patient's mark, providing a
range of scores indicates greater pain intensity. The
scale has to be shown to the patients otherwise it is
an auditory scale, not a visual scale.
Statistical analysis
The collected data were tabulated and analyzed
using descriptive and interferential statistics.
A paired t-test was used to analyze significant
changes
between
pre-test
and
post-test
measurements in the patient.

Outcome measures

Table 1: Comparison of the post-test values of group A and group B
(Visual Analogue Scale)
Test (Post-test)
Group A
Group B

Mean
82.0000
56.0000

Standard Deviation (SD)
7.8900
9.6000

T value
6.5919

P value
0.0001

Table 2: Comparison between the post-test values of Group A and Group B
(Patient-Specific Function Score)
Test (Post-test)
Group A
Group B

Mean
9.440
4.860

Standard Deviation (SD)
0.227
0.453

P value
0.0001

period for subjects with medial epicondylitis would
indicate any effects on functional activities of the
elbow. A distinctive feature of the cyriax method is
the capsular pattern. Treatment of these lesions
incorporates various distinctive techniques of
manipulation, injections or physical therapy (11).
The parameters which followed were a pain at rest
which was measured by the Visual Analogue Scale
and Patient-Specific Functional Score (12-14).

RESULTS
The statistical analysis made with the quantitative
data revealed a statistically significant difference
between group A and group B and also within the
group. The post-test mean value of the visual analog
scale (VAS) in group A was 56.00 and group B was
44.00. This shows that the Visual Analogue Scale
scores in Group A were comparatively lesser than
group B, P<0.0001. The post-test mean value of the
patient-specific functional scale scores (PSFS) in
group A was 9.440 and in group B it was 4.860. This
shows that the Patient-Specific Functional Score
(PSFS) in group B was comparatively lesser than
Group A, P<0.0001.

Hudes studied that cyriax physiotherapy consisting
of deep transverse friction at the site of the lesion
and manipulation of the wrist and eccentric strength
exercise is possibly beneficial especially for medial
epicondylitis (15). Conservative management of
medial epicondylitis using facial stripping, trigger
point therapy, wrist mobilization, and a home
therapy program consisting of eccentric exercise
(16-18).

Statistical analysis of the post-test for pain and
functional performance revealed that there was a
high statistically significant difference seen between
group A and group B.

In group A, pre-intervention mean of VAS was
82.00 and PSFS was 1.200 after the treatment the
subjects with cyriax mobilization with Kinesio taping
the mean value of VAS 44.00 and PSFS improved to
9.440 which showed an extreme statistically
significant difference within the group. In Group B
Pre-intervention mean of VAS was 80.00 and PSFS
0.700 after the treatment session the subjects with
cyriax mobilization with Kinesio taping the mean
value of VAS and PSFS has improved up to 82.00 in

DISCUSSION
The cyriax method of medicine is an exercise that is
applied or functional anatomy in which assessment
of body movement indicates where lesions lie. This
is the first study to do the cyriax mobilization with
kinesio taping for the medial epicondylitis (10). This
study is to compare whether a combination of cyriax
mobilization with kinesio taping for 1 week of the
www.biomedicineonline.org
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24(01): 9-17.
14. Hudes, K. Conservative management of a case of medial
epicondylosis in recreational squash player. The Journal of
Canadian Chiropractic Association. 2011; 55(1): 26.
15. Bourne, I. H. Epicondylitis treated by local corticosteroid
injection. Acupuncture in Medicine. 1997; 15(2): 79-82.
16. Pienimäki, T. T., Siira, P. T., Vanharanta, H. Chronic
medial and lateral epicondylitis: a comparison of pain,
disability, and function. Archives of physical medicine and
rehabilitation. 2002; 83(3): 317-321.
17. Hume, P.A., Reid, D., Edwards, T. Epicondylar injury in
sport. Sports medicine. 2006; 36(2): 151-170.
18. Rosenberg, N., Soudry, M., Stahl, S. Comparison of two
methods for the evaluation of treatment in medial
epicondylitis: pain estimation vs grip strength
measurements. Archives of Orthopaedic and trauma surgery.
2004; 124(6): 363-365.

Group A were as 56.00 in Group B. which shows a
statistically significant difference within the group.
After one week of the treatment, all the above
parameters showed significant improvement in group
A. The present study reveals that patient who
received cyriax mobilization with Kinesio taping
along with conventional therapy Group A showed
marked improvement in decreased pain score and
improved functional performance than those who
received only conventional therapy and rehabilitation
exercise group B.
CONCLUSION
From the result, it can be concluded that cyriax
mobilization with Kinesio taping followed by
conventional therapy was found to be more effective
than conventional therapy followed by rehabilitation
exercise. It was found that there was an increase in
functional performance and decrease in pain thereby
leading to faster recovery in subjects with medial
epicondylitis.
CONFLICT OF INTEREST: There is no conflict
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ABSTRACT
Introduction and Aim: Nutritional state of the mother before and during pregnancy is one of the important determinants
along with factors like pre-pregnancy BMI, weight gain during pregnancy and gestational age which determines
pregnancy outcome. Adequate gestational weight gain contributes for better pregnancy outcomes in both mother and
infants for short- and long-term health.
Materials and Methods: This is an observational study conducted retrospectively over a year comprised 300 pregnant
subjects in their second trimester. Incidence of anemia, preterm labour, intrauterine growth retardation (IUGR) and
neonatal intensive care unit (NICU) admission were compared in women with various Body Mass index (BMI). Analysis
of the data was done using SPSS version 13 using chi square test and p ≤ 0.05 was considered statistically significant.
Results: Out of 300 subjects, 79 developed anemia, among these 64(81%) were in the underweight category. 49 cases
had a preterm delivery, out of these 49 cases, about 37(75.5%) belonged to the underweight BMI category. 39 cases
delivered an intra-uterine growth retarded baby. Out of these 39 cases, about 25 (64.1%) belonged to the underweight
BMI category. 56 neonates required intensive care unit (NICU) admission, of which 41 (73.2%) neonates born for
underweight BMI mothers.
Conclusion: The high proportions of underweight pregnancies in this study reflects the poor nutritional status. Adverse
effects of maternal low body mass index target the fetus. Adequate weight gain of pregnant woman is an extremely
important factor for the fetal outcome.
Keywords: Low BMI; anemia; fetal outcome; intrauterine growth retardation; pregnancy.
adverse outcome of pregnancy such as intra uterine
growth retardation (IUGR) and pre-term delivery.
Association of other risk factors such as stress and
smoking in low BMI pregnancy increases risk of these
outcomes (7). Body mass index (BMI) is a simple index
which is traditionally used to classify individuals based
on height and weight into different categories (8).
Therefore, the purpose of this study is to evaluate the
influence of BMI on fetal outcome in women attending
the antenatal clinic at a tertiary health care center.

INTRODUCTION
regnancy is one of the important periods in
woman’s life as it is accompanied by a lot of
physiological changes. The demand for nutrition
intake increases to facilitate a desirable pregnancy
outcome (1). Nutritional state of the mother before and
during pregnancy is one of the important determinants
along with the other associated factors influence the
outcome of pregnancy (2, 3). The short- and long-term
health outcome of pregnancy for mother and infant is
always better if the weight gain during pregnancy is
adequate (4). Pregnant women who were underweight
at the time of conception showed profound effect of low
weight gain during pregnancy and these women often
have infants weighing less than 3000g which are
grouped as growth retarded or small for date (5). Due to
this reason, the underweight mothers are classified as “at
risk” group (6).

P

MATERIALS AND METHODS
This was an observational study conducted
retrospectively in one-year with follow up being done
for a period of 6 months post-delivery. The study
comprised of 300 pregnant subjects in second trimester
and singleton pregnancy regularly attending the
antenatal clinic at a tertiary health care center. Women
with multiple pregnancies and Pre-pregnancy
complications like diabetes-mellitus, hypertension,
cardiovascular and kidney diseases were excluded. The
study was started after the approval of Institutional

In developing countries majority of the women in their
reproductive age group are said to be underweight. A
low pre-pregnancy BMI is one of the major causes of
www.biomedicineonline.org
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Ethical committee (IEC). Prior permission was obtained
from the hospital authority; the pregnant subjects were
briefed about the nature and purpose of the study,
following which a written informed consent was taken.
The study involved determination of height at the initial
visit, weight at two separate occasions-prior to the
commencement of pregnancy and again during the
second trimester. Body Mass index (BMI) was
calculated and normal, underweight, overweight and
obese groups were categorized based on their BMI (4).
Anaemia was taken as Haemoglobin <11 gm/dl in the

peripheral blood. Preterm delivery was defined as
delivery before 37 completed weeks. Intra uterine
growth retardation (IUGR) was defined as birth weight
<10th percentile for gestational age. Admission of newborn to NICU for birth asphyxia, hypoglycaemia,
jaundice and perinatal mortality was also noted.
Statistical Analysis
Analysis of the data was done using SPSS version 13
using chi square test and p< 0.05 was considered
statistically significant.

RESULTS
Table 1: Relationship of BMI with anemia in pregnancy:
Anemia
Absent

Present

Total

Group (BMI)
Normal
Over -weight
96
61
43.4%
27.6%
86.5%
100%
15
0
19%
0%
13.5%
0%
111
61
37%
20.3%
100%
100%

Below normal
52
23.5%
44.8%
64***
81%
55.2%
116
38.7%
100

x2=85.232

Total
Obese
12
5.4%
100%
0
0%
0%
12
4%
100%

221
100%
73.7%
79
100%
26.3%
300
100%
100%

***p=.000 (HS)

Out of 300 subjects, 79(26.3%) developed anemia. Out
of these 79, about 81% were in the underweight
category, with numbers being insignificant in the

control group and nil cases being reported in the
overweight/obese BMI group (Table 1).

Table 2: Relationship of BMI with preterm labour
Preterm
labour
Absent

Present

Total

Below normal
79
31.5%
68.1%
37***
75.5%
31.9%
116
38.7%
100

Group (BMI)
Normal
Overweight
102
58
40.6%
23.1%
91.9%
95.1%
9
3
18.4%
6.9%
8.1%
4.9%
111
61
37%
20.3%
100%
100%
x2=34.215

Total
Obese
12
4.8%
100%
0
0%
0%
12
4%
100%

251
100%
83.7%
49
100%
16.3%
300
100%
100%

***p=.000 (HS)

Out of 300 subjects, 49(16.3%) cases had a preterm delivery. Out of these 49 cases, about 75.5% belonged to the
underweight BMI category (Table 2).
Table 3: Relationship of BMI with intrauterine growth retardation
IUGR
www.biomedicineonline.org
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Absent

Present

Total

Below normal
91
34.9%
78.4%
25**
64.1%
21.6%
116
38.7%
100

Normal
104
39.8%
93.7%
7
17.9%
6.3%
111
37%
100%
x2=13.817

Overweight
54
20.7%
88.5%
7
17.9%
11.5%
61
20.3%
100%

Obese
12
4.6%
100%
0
0%
0%
12
4%
100%

261
100%
87%
39
100%
13%
300
100%
100%

**p=.003 (HS)

Out of 300 subjects, 39(13%) cases delivered an intrauterine growth retarded baby. Out of these 39 cases,

about 64.1% belonged to the underweight BMI
category (Table 3).

Table 4: Relationship of BMI with neonatal intensive care unit (NICU) admission
NICU
Absent

Present

Total

Below normal
75
30.7%
64.7%
41***
73.2%
35.3%
116
38.7%
100

Group (BMI)
Normal Over -weight/obese
102
67
41.8%
27.5%
91.9%
91.8%
9
6
18.4%
10.7%
8.1%
8.2%
111
73
37%
24.3%
100%
100%

x2=35.291

244
100%
83.7%
56
100%
16.3%
300
100%
100%

***p=.000 (HS)

Out of 300 subjects, 56(18.7%) neonates had an
intensive care unit admission Majority of mothers of
these neonates were from the underweight BMI group
(Table 4).

prevalence of anemia in this group might be due to
malnourishment, younger in age (< 20 years), with a low
socioeconomic condition, poor standard of living. Role
of pregnancy in increasing the risks for anemia include
the ever-rising demands of the body to essential
nutrients chiefly iron and folic acid and multiple
pregnancies with an inadequate spacing between
individual pregnancies. The present study had a definite
correlation between underweight BMI and the
occurrence of preterm delivery. One of the identifiable
factors in our study sample included younger age of
childbearing with an inadequate maternal nutrition prior
to the commencement of pregnancy. A highly
significant association of intrauterine growth retardation
in the underweight BMI group could be due to
undernourished, anemic women who belonged to a low
socioeconomic status, early age of commencing
pregnancy and short inter-pregnancy interval. Pregnant
ladies suffering from anemia was highly significant in
this study which was also similar to the results of
Radhakrishnan et al., (10). Young age of the mother
observed in this study in consistent with the studies done
by Jamal et al., in Pakistan and Ferraz et al., in Brazil

DISCUSSION
In our study population, majority of women 38.7% were
underweight, 37 % in the normal or control group and
24.3% in the overweight/obese group. These high
proportions of underweight pregnancies in our study
reflects the poor nutritional status of this particular
group. It is well known, that maternal nutrition is not just
influenced by appetite, diet, absorption and metabolism
of nutrients, but also by the partitioning of these
nutrients between circulation, storage and utilization.
Maternal endocrinal status and the adaptation occurring
in the cardiovascular system during pregnancy would
also influence by contributing significantly to fetal
growth and enhancing uterine blood flow. Fetal growth
is thereby said to occur towards the end of this complex
maternofoetal supply (9).
The present study had a high prevalence of anemia
among subjects with an underweight BMI. The
www.biomedicineonline.org
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(11, 12). A majority of women in our study population
whose infants had been admitted to NICU were from the
underweight BMI group. The possible contributing
factors could have been extremes of maternal age. The
various fetal outcome due to underweight pregnancy can
be maternal anemia, scanty amniotic fluid, fetal distress,
birth asphyxia, preterm delivery with or without
premature rupture of membrane. decreased birth weight
of the baby, small for date and baby born with birth
defects (13).
CONCLUSION
An interesting finding worth noting in this study is the
adverse effects of maternal low body mass index targets
the fetus. Therefore, pregnant woman's weight is an
extremely important factor for the birth of a healthy
child. Interventions that would optimize pregnancy
weight gain by enhancing the nutritional status should
be implemented to improve the infant growth thereby
reducing infant morbidity.
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ABSTRACT
Introduction and Aim: Biosynthesis of metal nanoparticles is an important branch of nanobiotechnology. In recent
years, microbial biosynthesis of nanoparticles is gaining importance due to its simplicity and eco-friendliness.
Materials and Methods: In this study, Selenium nanoparticles (Se NPs) were synthesized by using the fungi
Fusarium sp. isolated from agricultural soil. Mycosynthesized Se NPs were characterized by UV-Vis spectrometer and
Dynamic Light Scattering (DLS) analysis. Further biosynthesized Se NPs screened for different biological activities
such as antibacterial, antioxidant, hemolysis, cytotoxicity and catalytic activity.
Results: Synthesis Se NPs was preliminary observed by a color change from pale yellow to orange red color and
confirmed by UV peak at 342 nm. The DLS result shows the particles size ranges from 19 to 43 nm.The obtained result
showed that the synthesized Se NPs possess good antibacterial activity against human pathogens such as E. coli,
Staphylococcus aureus, Salmonella typhi and Klebsiella pneumonia. Further biogenic Se NPs showed less cytotoxicity
on yeast cells and slight hemolysis.
Conclusion: The synthesized Se NPs have good antioxidant property and antibacterial activity with less haemolytic
property these properties lead to use of Se NPs in different biomedical applications. This Se NPs Also showed an
efficient catalytic activity by degrading hazardous dyes such as methylene blue and bromothymol blue.
Keywords: Green synthesis; Selenium nanoparticles; mycosynthesis; DLS; antibacterial activity.
which do not aggregate, so it is stable for longer time
(4). Properties of NPs depending upon their size and
shape and many studies showed that size and shape of
NPs could be controlled by optimization of physical
and chemical parameters. A large number of studies
suggest that selenium has a significant role in
antioxidant protection, enhanced immune surveillance
and modulation of cell proliferation and also reported
to possess good antibacterial as well as antiviral
activities (5). In biological synthesis, bacteria, fungi
and plants are reported to synthesize Se NPs. Synthesis
of nanoparticles by using fungi as reducing and
stabilizing agent is known as mycosynthesis. Fungi are
commonly used for the synthesis of metal
nanoparticles.
Synthesis
of
monodispersed
nanoparticles which have well defined size and shape
can be obtained by using different fungal strains. The
fungal mediated green chemistry approach towards the
fabrication of NPs has many advantages. This includes
easy and simple scale up method, economic viability,
easy downstream processing and biomass handling and
recovery of large surface area with optimum growth of
mycelia.

INTRODUCTION
anotechnology is one of the emerging and
promising fields of research, which generating
new avenues and applications in medicine. The
nanotechnology used in medical application is
commonly known as “nanomedicine”; attempt to
provide a new set of tools, devices and therapies for the
treatment of human disease (1). The synthesis of
nanoparticle using biological agents is an environment
friendly and cost-effective alternative to physical and
chemical methods. Use of bacteria, fungi and plant
extracts for the synthesis of nanoparticles is slightly
different leading to green chemistry which provides
more advantages over physical and chemical methods
as it is cost-effective and environment friendly (2).
Many organisms required Selenium (Se) is an essential
trace element and an important co-factor of antioxidant
enzymes such as glutathione peroxidases and
thioredoxin reductases (3).

N

Biologically synthesized nanoparticles are more stable
for a longer time, show low toxicity, eco-friendly and
cost-effective. Because of protein coating over Se NPs
www.biomedicineonline.org
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negative control of only sodium selenite solution
without fungal biomass was maintained the under same
experimental conditions. After obtaining the optimum
substrate concentration, for the mass production of Se
NPs, 200 ml of fungal supernatant mixed with 50 mM
substrate and incubated at room temperature for 24
hours. Color change was observed in flask indicated
the formation of Se nanoparticles. The synthesized Se
NPs were separated by centrifugation at 14,000 rpm for
15 minutes at 40C. After centrifugation metal
nanoparticle were collected from the bottom of the
centrifuge tube. The collected nanoparticles were
washed with sterile distilled water (three times)
followed by alcohol wash to remove biological
molecules and used for characterization and to study
different biological properties.

Previously reported that actinomycete mediated
synthesized of Se NPs and their photocatalytic
degradation of bromothymol blue using the purified Se
NPs revealed 62.3% of dye removal under UV
illumination (15 W) after 60 mins incubation of dye
solution (6). There are only a few reports have
described the fungal mediated synthesis of Se NPs.
Extracellular production of monodispersed spherical Se
NPs has been reported in Aspergillus terreus isolated
from soil and Alternaria alternate isolated from leaf
spot on Stevia rebaudiana (7).
The fungi Fusarium sp. already reported for the
synthesis of other metal nanoparticles such as silver
and gold nanoparticles. According to authors
knowledge there are no reports on Se NPs synthesis by
using Fusarium sp. The aim of this study was to isolate
different fungi from an agricultural soil sample and
screening for extra-cellular synthesize of Se NPs. The
active fungal isolate was characterised by
morphological and microscopic studies as Fusarium sp.
And synthesised Se NPs characterised by visual
observation, UV-spectroscopy and DLS analysis.
Further, the synthesized Se NPs were studied for their
different biological and environmental applications.

Characterization of nanoparticles
Visual observation by a color change
After incubation, the synthesis of Se NPs was
preliminarily observed by color change from pale
yellow to orange red. The change in the color was
routinely monitored visually, which would signify the
bio-reduction of selenium ions and formation of Se
NPs.

MATERIALS AND METHODS

UV-Spectrophotometer

Isolation and identification of fungi

The formation of Se NPs was monitored by UV-visible
spectrophotometer in the wavelength range of 200-800
nm. The colloidal Se NPs solution was added into a
quartz cuvette and followed by spectral measurements.
Particle size analysis by DLS

Soil samples were collected from the agricultural field
under sterile condition. Collected soil samples were
serially diluted and known concentrations were poured
into petri plates containing Sabouraud Dextrose Agar
(SDA) media and incubated at 27 0C for 5 days.
Isolated fungi were identified by observing colony
morphology and under microscope i.e., under 10X and
40X using lactophenol cotton blue stain.

Distribution and particle size of synthesized Se NPs
was measured by DLS analysis (Microtrac, FLEX
11.0.0.2) in the range between 0.1 nm and 10.0 mm.
Biological properties of Se NPs

Preparation of fungal biomass for nanoparticles
synthesis

Hemolysis assay
Haemolytic property of biologically synthesised Se
NPs was performed according to the earlier report [8].
In the present study, chicken blood was used to carry
out the haemolytic assay of the Se NPs. The
experimental sample was prepared by mixing 1 ml of
Se NPs to 9 ml of 0.85% of sodium saline (NaCl).
Blood sample of chick was collected with EDTA.
Collected 20 ml blood sample was centrifuged at 3000
rpm for 5 min at 4 ℃ and washed thrice with 0.85%
sodium saline. Prepared 1 ml of Se NPs sample with
saline and mixed with 1 ml of RBC and incubated at
room temperature for 2-3 hours. Distilled water with
RBC used as positive control and without Se NPs with
saline used as negative control and incubated under the
same experimental conditions. After incubation, the
final solution was centrifuged at 14,000 rpm for 5

Isolated fungi were separately cultured in 500 ml flask
containing SDA broth medium at 27 0C and 150 rpm
for 96 hours. After 96 hours of incubation fungal
biomass was separated by filtration and centrifuged to
get cell free supernatant at 10,000 rpm for 10 minutes
at 4 0C in a cooling centrifuge. A volume of 250 ml of
that cell free supernatant was taken in a sterilized flask,
which was further used for the reduction of the Sodium
selenite aqueous solution.
Synthesis of Se nanoparticles
Synthesis of Se NPs was optimized by using different
concentrations 10, 25, 50 and 100 mM of sodium
selenite (Na2SeO3). Cell free supernatant and Sodium
selenite solution was mixed and kept for incubation at
room temperature for 24 hours. Simultaneously,
www.biomedicineonline.org
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minutes and supernatant reading was taken at 540 nm
in UV-Vis spectrophotometer.

Klebsiella pneumonia and S. aureus. Wells were made
using a 6 mm cork borer to which the different
concentrations (25, 50, 75 and 100 µl) of Se NPs were
loaded and incubated at 37 °C for 24 hours. After
incubation, the plates were observed for a clear zone of
inhibition around the wells.

Cytotoxicity
To test the cytotoxic effect of synthesized Se NPs,
yeast inoculum was prepared by using Saccharomyces
cerevisiae which was inoculated into a 100 ml
sterilized YEPD broth and incubated at 35° C for 24
hours and maintained as seeded broth. Again, seed
broth of 0.5 ml was added to 2.5 ml of freshly prepared
YEPD broth and treated with 1 ml of Se NPs and
incubated at 370C for different time intervals (0, 2, 4, 8,
12 and 24 hours (9). Control was prepared by without
adding Se NPs. The viability of yeast cells after
treating with or without nanoparticles were counted
using hemocytometer after staining with trypan blue
dye. The viable cells were observed transparent,
unstained and were counted against the dead cells
which had taken the dye and appeared blue colored.
The cell viability counts were performed for each time
interval of incubation.

Catalytic activity
The catalytic property of the Se NPs was studied using
the probe reaction (12). This property was determined
by
degrading
hazardous
dyes
such
as
Rhodamine and methylene blue. 1 mg of each dye was
added to 100 ml of distilled water and used as stock
solution. For experiment 1 ml of synthesized Se NPs
with a known amount of NaBH4 was added to the 10 ml
of each dyes and incubated for 1 hour under room
temperature. Degradation of dyes was observed based
on the color changes during the incubation. Control
was maintained under the same experimental
conditions without adding Se NPs.
RESULTS

Antioxidant assay

Biosynthesis of nanoparticles

DPPH free radical scavenging assay

In the present study, totally four morphologically
different fungal colonies were obtained. All the four
isolates were pure cultured and screened for the
synthesis of Se NPs. One isolate was showed a positive
result for the synthesis of Se NPs (Fig 1).

The antioxidant activity of synthesized Se NPs was
tested using the previously reported protocol (10).
DPPH stock solution was prepared by mixing 0.004%
(w/v) of DPPH (HIMEDIA) in methanol and preserved
in opaque container and stored at 4 0C to prevent
degradation of DPPH. 01 ml of DPPH (in methanol)
was added to different volumes (0, 20, 40, 60, 80, 100
µl) of methanolic extract of Se NPs. The reaction
mixtures were shaken and incubated in the dark for 30
minutes. The UV-vis absorbance at 517 nm was
checked against a blank (methanol). Ascorbic acid was
used as the standard. Decreasing the absorbance of
reaction mixture indicate a high percentage of free
radical scavenging activity. Purple coloured DPPH
radical changes into a yellow coloured stable
compound in the presence of an antioxidant and the
reaction depends on hydrogen donating ability.
The percentage of inhibition or scavenging of free
radicals was calculated as follows:

Fig. 1: Visual observation of biosynthesized Se NPs in different
substrate concentrations

DPPH radical scavenging ability (%) = [(Ac-As)/Ac]
×100
Where, As is absorbance of the sample, Ac is
absorbance of the control solution.

The active isolate was identified based on the
morphological features and microscopic observation as
Fusarium sp. It was further pure cultured and used for
the synthesis of nanoparticles.

Antimicrobial activity

Characterization of nanoparticles

Agar well diffusion method

UV-Spectrophotometer

Antibacterial activity of synthesized Se NPs was
studied by agar well diffusion method (11). Nutrient
agar plates were prepared and swabbed with
pathogenic bacteria such as E. coli, Salmonella typhi,
www.biomedicineonline.org
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Fig. 2: UV-visible spectra of biogenic Se NPs shows peak at 342
nm indicated the formation of Se NPs.
This confirms the formation of Se NPs from the selected fungal
extract.

Dynamic light scattering
The particles size and dispersity of synthesised Se NPs
were studied by DLS analysis. Laser diffraction studies
revealed that particle size obtained from the highly
dispersed mixture was in the range of 19 to 43 nm and
majority size of Se NPs was 25 nm (Fig 3).
Fig. 4: Haemolytic property of RBCs incubated with biogenic Se
NPs.

Cytotoxic activity: Cytotoxic activity of Se NPs was
done by using the yeast cells. The yeast cells in media
and Se NPs was incubated in different time intervals 0,
2, 4, 8, 12 and 24 hours. After incubation of each time
intervals the cells treated with trypan blue stain and
observed for enumeration of dead and viable cells
using hemocytometer. Fig. 5 and Table 1 show the
percentage of cytotoxicity in different timeintervals.

Fig. 3: DLS analysis for size distribution of biosynthesized Se NPs
at optimized substrate concentration.

Biological Properties
Hemolysis: Future therapeutic applications of
nanoparticles are based on oral or intravenous
administration, experiments on their interaction with
red blood components are of extreme importance. The
in-vitro hemolytic assay is a screening tool for
developing in vivo toxicity towards host cells. In the
present study chick red blood cells checked for
hemolysis by Se NPs (Fig. 4).

Fig. 5: Cytotoxic effect of Se NPs on yeast cells.

Table 1: Cytotoxic effect of biogenic Se NPs on yeast
cells Saccharomyces cerevisiae.

www.biomedicineonline.org
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Antioxidant studies: The percentage inhibition of free
radical scavenging activity of biogenic Se NPs was
measured by DPPH radical scavenging assay. DPPH is
a stable compound and showed a deep purple color
with a maximum absorbance at 517 nm. It was reduced
by accepting the hydrogen or electrons from
antioxidant molecule coated on Se NPs. Percentage
inhibitions of DPPH Free radical scavenging activity of
Se NPs were presented in a graph (Fig. 6).

Fig. 7: Antibacterial activity of Se NPs on bacterial pathogens.

Catalytic activity: The two hazardous dyes namely
Bromothymol blue (BB) and Methylene blue (MB)
were selected in the present study. The degradation of
dyes was checked by the color change. When Se NPs
was added to Bromothymol blue dye it showed the
color change after 1 hour of incubation and Methylene
blue degradation was observed immediately after
adding Se NPs to the reaction mixture as shown in Fig
8.

Fig. 8: Catalytic activity of Se NPs shows color change (A)
Methylene blue and (B) Bromothymol blue.

DISCUSSION
Fig. 6: Antioxidant property of biogenic Se NPs (A) Visual
observation (B) Percentage of free radical scavenging activity (C)
Graphical representation of antioxidant property.



All four fungal isolates were tested for the efficiency of
Se NPs synthesis. One isolate was showed a positive
result for Se NPs synthesis. Optimization studies for
the synthesis of Se NPs based on the intensity of color
formation by Se NPs, 50 mM of a substrate selected as
an optimum concentration and further used for the
mass production. The color change was observed in
experimental tubes indicated the formation of Se
nanoparticles (Fig.1).

Antibacterial
activity:
The
synthesized
nanoparticles were checked for their antimicrobial
activity against selected bacterial pathogens shown
in Fig 7. Biogenic Se NPs showed antibacterial
activity against bacterial pathogens such as
Klebsiella pneumonia, E. coli, Salmonella typhi
and S. aureus (Fig. 7 ).
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After 24 hours of incubation, the high intense color
change was observed in optimized substrate
concentration. The color change was observed after
incubation from pale yellow to orange red color which
indicates the formation of Se NPs. In case of control
without fungal biomolecules, no colour change was
observed. In the Previous report, the formation of Se
NPs was immediately visualized by a colour change
from the colourless to orange red color (13).

bacteria. In previous studies Se NPs displayed
antibacterial effect against six food borne pathogens; B.
cereus, S. aureus, E. faecalis, E. coli, S. typhimurium,
S. enteritidis (18). Other studies show that Se NPs can
inhibit both gram negative and gram-positive bacteria
with equal efficacy. The Se NPs have the ability to
disrupt microbial biofilms and confirms that the
biogenic Se NPs as an alternative antibiofilm agent that
can be used against food borne pathogens. Se NPs
showed a considerable antibacterial activity against
Gram positive bacteria, Staphylococcus aureus and
Staphylococcus epidermidis, one of the main causative
agents of orthopaedic infections (13). Se NPs have also
been reported to possess antibacterial as well as
antiviral activities (19). Additionally, a number of
findings suggest that selenium plays an important role
in a variety of physiological processes and selenium
intake may be necessary for bone health.

Previous studies reported that, all the prepared
nanoparticles were scanned from 200 nm- 600 nm.
Strong UV-visible absorption peak between 320 nm to
550 nm was observed with a maximum at 390 nm. The
intensity of the absorption spectra increased gradually
indicating the amount of reduced Se nanoparticles
increased in the solution of different concentrations
(14).
Size distribution was analysed by DLS studies. Similar
results were observed in the previous studies, Se NPs
synthesised by E. coli were poly-dispersed, varied from
100 to 183 nm and the average size was about 155 nm
(15).

Dye degradation result indicates that biogenic Se NPs
having efficient catalytic activity towards the
degradation of environmental hazardous dyes.
Evaluation of the catalytic activity of biogenic Se NPs
was reported by a few researchers in previous studies
(20, 21).

The Se NPs showed a very low level of toxicity
towards chicken red blood cells. The obtained result
showed that 17% of hemolysis was observed at the
tested concentrations, while positive control showed
100% Hemolysis. Previously reported the percentage
of hemolysis by Se NPs was found around 18% (16).

CONCLUSION
Green synthesis of nanoparticles serves as an important
alternative in the development of clean, nontoxic,
economical and environmentally friendly procedures
for the synthesis of Se NPs. In the present study, we
have explored the synthesis of Se NPs by fungus
Fusarium sp. as a reducing and stabilizing agent. The
synthesized Se NPs have good antioxidant property and
antibacterial activity with less haemolytic property
these properties lead to use of Se NPs in different
biomedical applications. Se NPs also showed an
efficient catalytic property for the degradation of toxic
dyes, these could be used in environmental
applications.

To study the cytotoxicity of Se NPs appropriate volume
of yeast culture containing a defined number of cells
was incubated with nanoparticles for different time
intervals and viable cells were counted against the dead
cells that had taken the trypan blue dye. The obtained
results showed that Se NPs shows less cytotoxicity
towards yeast cells. The advantage of non-mammalian
organisms particularly of yeast, as systems for
anticancer drug screening, is considered a potential
alternative to human models arose in the light of
advances in genomic research. Saccharomyces
cerevisiae, share similar signalling and growth
regulatory pathways with humans. In this study, the
yeast cells were treated with the nanoparticles.
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ABSTRACT
Introduction and Aim: Worldwide, people are suffering from the increased risk of cancer due to change in lifestyle,
feeding habit and quality of food. To overcome this global problem, Mushroom act as a magic wand. The recent
investigations reveal that cancer prevalence is inversely proportional to the intake of mushroom; this is because of its
proteins, vitamins, carbohydrate and antioxidants contents.
Materials and Methods: Among various species of mushrooms, Pleurotus mushrooms are considered as
nutraceuticals i.e. it has nutritional and medicinal values. However, mushroom products and extracts possess
immunomodulating and direct cytotoxic effect on cancer cells.
Results: The results from the present study shows the potential cytotoxic effect of Pleurotus from Florida against
cervical cancer (SIHA) cell line through apoptosis. When SIHA cells were incubated with varying concentration of
methanolic extract of Pleurotus from Florida for time (48 hrs). The MTT assay revealed the cytotoxic activity of
MME of Pleurotus from Florida in a dose dependent manner. The cell cycle analysis of the SIHA cells revealed that
MME of Pleurotus from Florida have anti-cancerous activity.
Conclusion: The study could be concluded as the Pleurotus from Florida extract can be useful in the treatment of
cervical cancers. The chemical compounds present in the P. from Florida might be useful in the development of drug
for the treatment of cancer patients.
Keywords: Oyster mushroom; Pleurotus; methanolic extract; SIHA cells; HeLa cells; cytotoxic effect; propidium
iodide; medicinal mushroom.
and non-invasive breast cancer in high risk women.
Moreover, P. spp. induced the expression of the
tumour suppressor gene p53 and cyclin-dependent
kinase (cdks) inhibitor p21 (CIP1/WAF1), whereas
inhibited the phosphorylation of retinoblastoma Rb
protein in MCF-7 cells (5). In addition, P. spp. also
up-regulated expression of p21 and inhibited Rbphosphorylation in HT-29 cells, suggesting that P.
spp. suppresses the proliferation of breast and colon
cancer cells via p53-dependent as well as p53independent pathway.

INTRODUCTION
ancer is one of the most frightening diseases
which take heavy toll of human lives. In
developed countries such as USA cancer is the
foremost health problems and recently out of four one
person died with cancer in USA (1). Gynaecological
cancer is chief cause of death in women worldwide
(2). Cervical cancer is caused priory by infection with
a high risk-group of human papilloma virus (HPV).
The HPV oncogenic proteins like E6 and E7, play a
crucial role in kicking off cervical cancer by
interacting with p53and prb for the inactivation of
these cell regulatory proteins sequentially. Immunostimulation by medicinal mushrooms usually occurs
via innate immunity and is typically mediated by
phagocytic cells (3).

C

Phenolic derivative compound Hispolon have
capability to induce programmed cell death in breast
and bladder cancer [6]. New discoveries in molecular
oncology along with rapid expansion of our
knowledge concerning the processes that govern
differentiation, apoptosis, immune surveillance,
angiogenesis, metastasis, cell cycle, and signal
transduction control have revealed and abundance of
specific molecular targets for cancer therapy,
including a variety of small-molecule compounds
that inhibit or stimulate these molecular targets.
Medicinal attributes of Pleurotus traditionally is
known as Medicinal Mushroom Mushrooms of
Pleurotus species, commonly known as Oyster

These cells consume invading pathogens or interact
with pathogen components, which in either case
further stimulate innate and adaptive immunity
through secretion of cytokines and chemokines (4). A
major effort to reduce breast cancer mortality and
morbidity is focused on developing better breast
cancer prevention strategies. Hormonal blockade
with tamoxifen has reduced the incidence of invasive
www.biomedicineonline.org
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mushroom are widespread throughout the hard wood
forests of the world. They are known as an efficient
blood pressure lowering agent, diuretic, cholesterol
reducer, adjuvant and aphrodisiac and have also been
shown to modulate the immune system (7). In
addition, methanolic extract of Pleurotus from
Florida (misnomer) P. florida exhibits antiinflammatory and platelet aggregation inhibiting
activities (8, 31). On the basis of dryness, the protein
content of mushrooms may vary from 10 - 40% (9).
Some amino acids like leucine, valine, glutamic acid,
aspartic acid is present in huge quantity (10). All the
essential amino acids are present in mushrooms while
non-essential amino acid such as sulphur containing
amino acid like cysteine and methionine are present
in least quantity (11). Since antiquity mushroom used
for their unique flavour and hedonistic food.
Mushroom exerts legendary effects on promotion of
health and it has prebiotic potential i.e. mushroom
waste could reinforce the probiotic survival (12).
Mushrooms have been used in Asian continent as
traditional foods and medicines for a long time. There
are various classes of primary and secondary
metabolites in mushrooms that exhibit significant
antimicrobial, antiviral and antitumor activities.

induces G2/M cell cycle arrest and apoptosis in human
hepatocellular carcinoma HepG2 cells (18).
MATERIAL AND METHODS
Mushroom culture and cultivation
Culture of oyster mushroom (Pleurotus from Florida)
was purchased from Directorate of Mushroom
research (ICAR) Chambagaht (Solan)-H.P. 173213,
India. Oyster mushroom culture maintained on malt
extract agar medium at temperature 25 ± 2°C and pH
6-6.5 and sub-cultured at periodic interval of three
week. Further, oyster mushroom was cultivated in our
lab according to Singh et al 2016. In the present study,
the oyster mushroom, Pleurotus from Florida was
grown on paddy straw. The pure cultures of P. from
Florida were procured from Directorate of Mushroom
Research (DMR), Solan (HP), India and maintained
on malt extract agar medium at temperature 25 ± 2°C
and pH 6-6.5 and sub-cultured at periodic interval of
three week.
Spawn preparation and Spawning
Spawn is referred as the vegetative mycelium of the
fungus, which is grown on cereal grains. Wheat grains
were washed and then half boiled. After that water
from wheat grains was drained out. This was followed
by mixing of CaCO3 and CaSO4 in 3:1 ratio. The
wheat grains were now half filled in the bottles and
plugged by cotton. The half-filled bottles were
autoclaved at the temperature 121°C and pressure 15
psi for 30 minutes then left for overnight followed by
inoculation of bottles with P. from Florida from
cultured plate. Then bottles were incubated in BOD
incubator at temperature 25 ± 2°C. After 3-4 days of
inoculation fungal mycelium started spreading on the
grains. The mycelium is white net web like in
appearance. The bottles were nearly half filled in 1012 days and in 18-21 days these were completely filled
with white mycelial growth. Process of mixing spawn
in the sterilized substrates is known as spawning.
Treated paddy straw were mixed well and then 5% wet
weight basis spawn grain was mixed to these
substrates and filled to polythene bags. The mouth of
the bags was tied with rubber band and holes were
made to drain out extra water and for proper aeration.

Wheat straw and paddy straw are used as substrates
for cultivation of oyster mushroom and their
derivatives are employed to lower the carcinogenicity
in individuals. Various types of secondary
metabolites like terpenes, flavonoids, phenol
derivative compounds, steroids, lectins (carbohydrate
+ proteins) etc. are found in the oyster mushroom of
which lectins primarily mitigate cancer (13, 27-30).
It is ubiquitous in nature and show immune cell
mediated activity against cancer (14, 20). It has low
energy value due to least fatty acid component such
as linoleic, palmitic acid, oleic acid (15, 19, 22).
Mushroom consists of different types of macro &
micro elements such as Mg, Ca, Cu, Fe, as well as
many vitamin B complexes for instances niacin (B3),
pantothenic acid (B5), riboflavin (B2) (16).
Mostly tribes residing near forests consume locally
collected mushrooms which defeat various types of
ailments and malnutrition related problems and
provide appropriate dietary supplements. TSG,
P53and cdk P21 inhibitors are induced by the extract
of Pleurotus from Florida (17, 21, 23-26). In this
study, we assessed the molecular mechanisms and
inhibitory effects of ME using human cervical cancer
cell lines (SIHA) cells. Our results showed that
methanol extracts inhibited the growth of SIHA cells
in dose-dependent manners. Furthermore, we found
that ME showed significant antitumor effects by
inducing G2/M phase arrest and apoptosis. These
results are significant as they provide an insight into
the molecular mechanism of ME which might be a
potent chemotherapeutic agent for the treatment of
cervical cancer. Ergosta-4,6,8(14),22-tetraen-3-one
www.biomedicineonline.org

Preparation of methanolic extracts
Fresh mushroom of fruit body dried in universal hot
air oven (Thermolab India) at 500c until weight
become constant. The mushrooms were grinding with
mortar and pestle. Smashed biomass (100g) was
suspended in 400 ml in absolute methanol and
incubated (Metrex Orbital shaker Incubator) for 48 hr
at 200 rpm at 370c. Suspension was filtered on
Whatman No 1 (pore size 11µm) paper to remove
biomass. This procedure repeated twice. Supernatant
was put in Hot air oven at 500c until it dried. Finally,
dried mass was dissolved in Millipore water to make
50mg/ml and stored at 40c.
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viability was calculated as the followed formula: Cell
viability (%) = (OD treated/OD untreated) × 100%

Cell culture
The human cancer cell lines (HeLa and SIHA) were
procured from National Centre of Cell Science
(NCCS), Pune. Human Cervical Cancer Cell line
(SIHA) were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) Containing gentamycin
(50µ/ml) and 10% Foetal Bovine Serum (FBS). The
culture was maintained at 370C in 5% CO2 and 95%
humidity.

Cell cycle analysis
HeLa cells primarily cultured and 3×106 were seeded
in 6 well plate. After 48 hrs treated with P. from
Florida extract (0.5, 1, 2, 3 mg/ml) for the 48 hrs. Cells
were harvested by trypsinization, washed with
Dulbecco’s phosphate-buffer saline, and resuspended
in Propidium Iodide (PI; Himedia cat-no. ML06) In
brief cells were fixed with 70% chilled methanol and
incubated for 3 hrs at room temperature. After
incubation cells were resuspended in 250µg/ml RNase
A {Merk} (500µl) for 2 hrs followed by staining with
10µg/ml PI solution and incubated for 15 minutes at
room temperature. Cell cycle analysis was performed
on a flow cytometer and analysed by cell quest
software (BD, Becton Dickinson).

Cell proliferation assay
The cytotoxic activity mushroom extract evaluated by
the MTT {3-(4.5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide} assay kit method according to
the manufacturer’s instructions (Cat- no. CCK0031000, Himedia). HeLa and SIHA (cervical cancer) cell
lines were cultured in a 96 well microtiter plate and
treated at indicated time 48 hrs with various conc.
(0.25, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4mg/ml) of methanolic
mushroom extracts of P. from Florida. After the
completion of incubation period the observation was
taken with a plate reader at 570 nm. The relative cell

Statistical Analysis
The data were expressed mean, standard deviation and
significance, standard error with mean.

RESULTS

www.biomedicineonline.org
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of 2 mg conc. more standard deviation occurs. So, the
data suggest that SIHA cells are more susceptible to
ME of P. from Florida in comparison to Hela cells.

DISCUSSION
MME of P. from Florida inhibits the multiplication
of SIHA cervical cancer cell line and HeLa in vitro

MME of P. from Florida induces cell cycle arrest in
SIHA cells

To investigate the antitumor effect of P. from Florida,
Hela and SIHA cells were exposed to ME of P. from
Florida for 48 hrs at varying concentration and
viability of cells was measured by MTT assay. P. from
Florida extract showed significant cytotoxic effect on
SIHA cells in dose dependent manner, but less
significant changes were observed with Hela cells.
From the statistical analysis in HeLa cells it is clear
that in the beginning from 0.25mg to 1.5mg conc. no
significance p value observed. In order to increase
conc. from 2.0 mg to 4.0 mg then have more
significance p value. In case of 1 mg conc. More
standard deviation occurs. When SIHA cells are
treated with same conc. and for the same time, in the
beginning from 0.25mg to 0.5mg conc. no significance
p value observed but in 1 mg have less significance p
value observed. In order to increase conc. from 1.5 mg
to 4.0 mg then have more significance p value. In case
www.biomedicineonline.org

Further, in order to detect the affected cell cycle due
to P. from Florida, SIHA cells were treated with
different concentrations of ME of P. from Florida for
48 hr and stained with PI and analysed by flow
cytometry. After ME of P. from Florida treatment, a
dose dependent accumulation of SIHA cells at G2/Mphase was observed after 48 hr of exposure and its
frequencies increased from 15% (untreated) to 37% in
dose dependent manner. So these results suggest that
ME of P. from Florida induces the G2/M cell cycle
arrest in SIHA cells. From above it is concluded that
mushroom extracts possess anti-cancerous activity.
CONCLUSION
In summary, it is clear from aforementioned result that
in modern time mushrooms can play highly significant
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9.

roles in human life in the form of dietary materials as
well as in the form of sources for production of various
pharmaceutical materials. MME possess anticancerous attributes in cervical cancer cell line
especially in SIHA. Furthermore, it is also clear that
mushrooms have promising application in cancer
treatment. There is need of more brawny research in
the field of mushroom for its better utilization in
cancer treatment as well as in cure of other ailments.
MME inhibited SIHA cell growth through induction
of arresting of cell cycle in G2/M stage, Deregulated
cell cycle progression is a common abnormality
observed in human cancers. Progression through the
cell-division cycle is regulated by the coordinated
activities of cyclin/cyclin-dependent kinases (CDK)
complexes. However, the components of ME and its
antitumor mechanism need to be further investigated
sand future study, we will prolong the drug
administration to detect the effect of P. from Florida
on the survival of tumour mice.

10.

11.

12.

13.

14.

15.

In conclusion, our data suggest that P. from Florida
significantly inhibits proliferation of human cervical
cancer cells SIHA by G2/M cell cycle arrest. In
summary, our data demonstrate that the dietary
mushroom P. from Florida specifically inhibits growth
of cervical cancer cells without significant effect on
normal cells and has a potential therapeutic preventive
effect on cervical cancer.
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ABSTRACT
Introduction and Aim: The most common non-communicable disease affecting large population is type 2 diabetes
mellitus. This metabolic disorder is characterized by hyperglycemia with disturbances of carbohydrate, fat and protein
metabolism. The causes of diabetes mellitus can vary greatly but always include either defects in insulin secretion of
the pancreas or the cells of the body not responding properly to the insulin produced or in both at some point in the
course of the disease.
Materials and Methods: 200 participants who were divided into two groups, non-diabetics with and without family
history of diabetes were involved in this study. The outcomes of fasting plasma glucose, postprandial plasma glucose,
glycated hemoglobin, fasting plasma insulin, serum c-peptide, HOMA -IR, HOMA-B were compared between both the
groups.
Results: All these parameters were significantly correlated between the groups with the level of significance p<0.05%.
Non-diabetic off-springs of type 2 diabetes were found to have hyperinsulinemia, increased level of serum c-peptide
level, moderate insulin resistance and pancreatic beta cell dysfunction than non-diabetics without the family history of
diabetes. The fasting hyperinsulinemia, known to reflect decreased insulin sensitivity constitute the strongest
independent predictor of type 2 diabetes.
Conclusion: The above findings show that insulin resistance is the primary abnormality in type 2 Diabetes Mellitus.
Keywords: Type 2 diabetes mellitus; insulin resistance; pancreatic function.
disease. Complications can be delayed or prevented
with adequate glycemic control.

INTRODUCTION
he most common non-communicable disease
affecting a large group of population throughout
the world is diabetes mellitus, which occurs due
to defective carbohydrate metabolism. It results in high
blood sugar levels (1) caused due to defects in insulin
secretion, insulin action, or both. Among the types of
diabetes mellitus, type 2 diabetes mellitus is the most
common form of diabetes mellitus characterized by
hyperglycemia, insulin resistance, and relative insulin
deficiency (2).

T

The estimated prevalence of diabetes worldwide has
increased from 382 million in 2013 (4) to 422 million
people in 2016 (5) and is expected to be around 522
million by 2030 (6). In 2015, 416 million people were
found to be affected by diabetes worldwide (7) among
which 90% were with type 2 diabetes mellitus (8).
The pathophysiology behind development of type 1
diabetes mellitus range from autoimmune destruction
of the β-cells of the pancreas also with insulin
deficiency to abnormalities that result in resistance to
insulin action. Among the various pathophysiology,
type 2 diabetes mellitus mainly involves two endocrine
dysfunctions: insulin resistance and insulin deficiency
which plays a major role in the development of the
disease (9). But defective insulin secretion and insulin
resistance frequently coexist in the same individual.
This leads to a confusion on finding the primary cause
of the hyperglycemia in diabetic patients. To
circumvent these controversies healthy people who are
at considerable increased risk of developing diabetes,
e.g. first-degree relatives of type 2 diabetic patients
have often been studied to assess early metabolic

Early symptoms of diabetes mellitus include
polydipsia, polyphagia, polyuria, weight loss and
blurred vision. Acute, life-threatening consequences of
uncontrolled diabetes are hyperglycemia with
ketoacidosis or non-ketotic hyperosmolar coma. Long
term complications of diabetes mellitus includes
microvascular and macro vascular complications (3)
such as diabetic nephropathy, neuropathy (peripheral
and autonomic) and retinopathy. Retinopathy leads to
defective or loss of vision, nephropathy causes renal
failure, neuropathy causes foot ulcers, loss of
peripheral sensation and sexual dysfunction. Also
diabetic patients are more prone to develop
cardiovascular, peripheral arterial and cerebrovascular
www.biomedicineonline.org
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abnormalities preceding the development of type 2
diabetes.

Inclusion criteria
 Age group 20-50 years
 Clinically healthy individuals
 Family history of type 2 diabetes mellitus (first
degree relatives[parents] with type 2 diabetes
mellitus)
 BMI <25kg/m2 were enrolled in the study to
avoid the influence of obesity towards insulin
resistance.
Exclusion criteria
 Age group less than 20 years and greater than
50 years
 Pre-existing type 2 diabetes mellitus

Studies on subjects with high risk of developing
diabetes would help in identifying the primary cause of
development of the disease and would pave the way for
novel primary intervention measurements to prevent or
delay the onset and progression of diabetes. This study
was carried out to correlate insulin resistance and
pancreatic beta cell function in diabetics and nondiabetics. The objectives of the study were to evaluate
insulin resistance, pancreatic beta cell function in nondiabetic subjects without family history of type 2
diabetes mellitus, to analyze insulin resistance,
pancreatic beta cell function in non-diabetic subjects
with family history of type 2 diabetes mellitus (first
degree relatives with type 2 diabetes mellitus) and to
compare insulin resistance, pancreatic beta cell
function in diabetic patients and non-diabetic subjects
to find their significance of the association.

Sample Collection
The blood samples were collected from subjects by
venipuncture under aseptic precautions in specific
vacutainers. Fluoride tube for blood glucose, a plain
tube for insulin and c-peptide, EDTA sample for
HbA1C were used. Both fasting (12 hours overnight
fasting) and post prandial samples were collected.

MATERIALS AND METHODS
This case control study was conducted in the
Department of Biochemistry, SreeBalaji Medical
College and Hospital, Chrompet, Chennai during the
period of January 2016 – June 2017 among 200 healthy
non diabetic individuals who came for a routine checkup. The ground work for the study was started after
getting clearance from the research committee and the
Institutional human ethical committee of the institution.
Age, gender, height, weight, BMI, general history,
family history, medications and blood pressure were
recorded. Routine clinical examination was done. The
study was explained to the participants and informed
consent obtained from them before taking the blood
sample.

Blood samples were withdrawn from the healthy
individuals for estimation of serum fasting and post
prandial glucose levels by enzymatic photometric
method (GOD/POD), HbA1c by Immunoturbidimetry,
fasting plasma Insulin by Chemiluminescence
Immunosorbent Assay (CLIA) and serum C-peptide by
Enzyme Linked Immunosorbent Assay (ELISA)
methods.
Insulin resistance and pancreatic beta cell function and
insulin secretion were calculated by homeostatic model
assessment (HOMA) indices as follows:
Index for insulin resistance
HOMA-IR=FPI x FPG/405

Sample Size: Total sample number (n) -200

Index for beta cell function and insulin secretion
HOMA-B % =360 x FPI/(FPG-63) %

Group I (100 subjects) - subjects without family
history of type 2 diabetes mellitus.

The indices of basal insulin secretion and sensitivity
were evaluated by HOMA and calculated as follows:
HOMA-IR = FPI X FPG/22.5 and HOMA-B = 20 X
FPI/(FPG – 3.5), where FPI is fasting plasma insulin
level (µIU/ml) and FPG is fasting plasma glucose
levels (mmol/L) (11).

Inclusion criteria
 Age group 20-50 years
 Clinically healthy individuals
 BMI <25kg/m2 were enrolled in the study to
avoid the influence of obesity towards insulin
resistance.
Exclusion criteria
 Age group less than 20 years and greater than
50 years
 Pre-existing type 2 diabetes mellitus
 Family history of type 2 diabetes mellitus (first
degree relatives with type 2 diabetes mellitus)

The blood samples were processed within half an hour.
Blood glucose was estimated immediately. Serum was
separated and stored under -20°C for estimation of
serum insulin and serum c-peptide.
Statistical Analysis
The characteristics of study participants are
summarized using mean and standard deviation. The
outcome variables namely, fasting plasma glucose,
postprandial plasma glucose, glycated hemoglobin

Group II (100 subjects) - subjects with family history
of type 2 diabetes mellitus (first degree relatives
[parents] with type 2 diabetes mellitus).
www.biomedicineonline.org
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(HbA1c), fasting plasma insulin, serum c-peptide,
HOMA -IR, and HOMA-B were compared between
the two groups using a paired t-test. A two-sided p-

value less than 0.05 was considered to be statistically
significant. SPSS version 20 was used for statistical
analysis.

RESULTS
Table 1: Characteristics of study participants
Group I
Group II
N
100
100
Parameters
Mean SD
Mean
SD
Age (years)
35.2
8.8
33.6
8.1
Weight (kg)
48.8
2.8
49.1
2.8
Height (cm)
148.6 4.3
148.8
4.3
BMI (kg/m2)
22.1
0.5
22.1
0.5
Systolic BP (mmHg)
116.9 15.6
116.8
15.6
Diastolic BP (mmHg)
77.0
6.7
77.2
6.9
FPG (mg/dL)
90.1
7.1
91.3
6.8
PPPG (mg/dL)
111.7 13.9
117.0
12.9
HbA1c (%)
5.4
0.4
5.4
0.4
Fasting plasma Insulin(µIU/ml) 12.2
5.2
22.9
10.3
C- peptide (ng/ml)
1.7
0.7
2.4
1.2
HOMA IR
3.2
1.2
4.9
2.5
HOMA B
195.8 74.2
283.3
115.5
SD- standard deviation; BMI- Body mass index; BP- Blood pressure; FPG- fasting plasma glucose; PPPG- postprandial plasma glucose; HOMA
IR- Homeostatic model assessment of Insulin resistance; HOMA B- Homeostatic model assessment of beta cell function.

Group I – Non diabetics without the family history of
T2DM
Group II - Non diabetics with family history of T2DM
(only parents)

The mean age of participants was 34.4± 8.4years. The
mean weight was 48.9±2.8kg and the mean BMI was
22.1±0.5kg/m2. The mean FPG, PPPG HbA1c, fasting
plasma insulin, serum c-peptide levels, HOMA IR and
HOMA B were higher in group II compared to group I.

Table 2: Comparison of fasting plasma glucose between the two groups
Group Mean(mg/dL) Standard Deviation
n
p value
I
90.1
7.1
100
P = 0.2401
II
91.3
6.8
100
The fasting plasma glucose level of group II was higher
than that of group I (p = 0.24). FPG was not

statistically significantly different between the two
groups (table2)

Table 3: Comparison of postprandial plasma glucose between the two groups
Group Mean(mg/dL) Standard Deviation
n
p value
I
111.7
13.9
100
P = 0.001
II
117.0
12.9
100
The post prandial plasma glucose level of group II was
higher than that of group I. The PPPG was significantly
different between the two groups (table 3).
Table 4: Comparison of glycated hemoglobin (HbA1c) between the two groups
Group Mean% Standard Deviation
n
p value
I
5.4
0.4
100
<0.001
II
5.4
0.4
100
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HbA1c levels of groups I and II were the same
(5.40±0.4) with a p value of <0.05. The glycated

hemoglobin (HbA1c) was significantly different
between the two groups (table 4).

Table 5: Comparison of fasting plasma insulin between the two groups
Group Mean Standard Deviation
n
p value
I
12.2
5.2
100
II
22.9
10.3
100 <0.0001
The fasting plasma insulin of group II was higher than
that of group I with p value < 0.05. The fasting plasma

insulin was significantly different between the two
groups (table 5).

Table 6: Comparison of serum C-peptide between the two groups
Group Mean Standard Deviation
n
p value
I
1.7
0.7
100
II
2.4
1.2
100 <0.0001
The serum c-peptide levels of group II was higher than
group I with p value of < 0.05. The serum C-peptide

was significantly different between the two groups
(table 6).

Table 7: Comparison of HOMA-IR between the two groups
Group Mean Standard Deviation
n
p value
I
3.2
1.2
100
II
4.9
2.5
100 <0.001
The HOMA – IR of group II was higher than that of
group I, with level p value < 0.05.The HOMA IR was

significantly different between the two groups (table
7).

Table 8: Comparison of HOMA-B between the two groups
Group Mean Standard Deviation
N
p value
I
195.8
74.2
100
<0.001
II
283.3
115.5
100
HOMA – B of group II was higher than that of group I,
with the level p value < 0.05. HOMA B was
significantly different between the two groups (table
8).

with the family history of diabetes is higher than nondiabetics without the family history of diabetes. Apart
from this, insulin resistance is present in most of the
non-diabetics without family history of diabetes
proving the other causes also play a role in
development of insulin resistance. It suggests that
insulin resistance is predominant before the
development of pancreatic beta cell dysfunction in
people prone to developing diabetes thus confirming
that insulin resistance plays the main role in the
development of type 2 diabetes mellitus. Ferrannini et
al., has also reported that non diabetics with the family
history of diabetes (first degree relative) have a higher
insulin resistance than individuals without family
history of diabetes mellitus (11). This was again
confirmed in a study by Srinivasan et al., (12).
Sathiyapriya et al., have also suggested the same in her
study that insulin resistance acts as the primary cause
of type 2 diabetes mellitus (13).

DISCUSSION
The main pathophysiology of type 2 diabetes mellitus
includes insulin resistance and pancreatic beta cell
dysfunction affecting insulin secretion (3). Evaluating
insulin resistance and beta- cell function is important to
understand the pathophysiology of the disease and to
decide the mode of treatment. The golden standard
method to evaluate insulin sensitivity is glucose clamp
test (10), but it is limited to research use since it is
difficult to perform in medical institutional level. This
study was done involving 200 participants who were
divided into two groups of subjects consisting of nondiabetics with and without the family history of
diabetes. Indices of beta cell function and insulin
secretion (HOMA-B) and insulin resistance (HOMAIR) were evaluated from fasting sample by homeostasis
model assessment method (HOMA). This study shows
that the mean of insulin resistance of non-diabetics
www.biomedicineonline.org
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without the family history of diabetes. The pancreatic
beta cell function and insulin secretion of individuals
with diabetic first degree relatives’ increase
progressively with increase in insulin resistance. These
findings are consistent with the study conducted by
Festa et al., (14). There are some studies with
controversial results, as Sathiyapriya et al., in their
study have found that beta cell function remained
unaltered as estimated by means of the homeostasis
model assessment for insulin secretion (HOMA-B; 13).
Fasting plasma glucose and serum insulin
concentration are mainly regulated by the feedback
mechanism between liver and β cells of the pancreas
(15). Increased insulin resistance in the liver increases
insulin secretion to overcome the hepatic glucose
efflux. The plasma glucose level is maintained at
normal level till the ability of β cells to secrete insulin
is appropriate against insulin tolerance. But the
defective β cell function results in increased hepatic
glucose efflux and finally leads to hyperglycemia. A
rise in FPG from 80 to 140 mg/dl results in an increase
in fasting plasma insulin, and increases in FPG beyond
140 mg/dl are associated with reduced insulin secretion
and increased hepatic glucose output (16).

resistance. C-peptide is a by-product of insulin which is
cleaved off during secretion of insulin was found to be
more in non-diabetic first-degree relatives (2.4± 1.2
ng/ml) than the corresponding values in non-diabetics
without the family history of diabetes (1.7 ± 0.8
ng/ml). As fasting plasma insulin level increase cpeptide level also increases. Thus, it was observed that
gradual worsening of glucose tolerance in first degree
relatives of T2DM leads to elevation of mean fasting
insulin level, c-peptide level and insulin resistance,
thus following the natural pathway of the disease.
Glycation is the non-enzymatic reaction of glucose,
modifying the structure and biological properties of the
protein. This study shows that glycated hemoglobin
level remains similar in non-diabetics with and without
the family history of diabetes. Pieme et al, (20) and
Selvaraj et al., (21), in their study have found that
HbA1C has increased among the first-degree relatives
of type 2 diabetic patients which he attributes to lipid
peroxidation and reduced glutathione causing glycation
of proteins.
CONCLUSION
The study results clearly show that non diabetics with a
family history of diabetes are more prone to develop
diabetes mellitus with significant alterations in insulin
resistance and pancreatic beta cell insulin secretion.
Even though the fasting plasma glucose, postprandial
plasma glucose, glycated hemoglobin is not much
indicative of impaired glucose tolerance status, on the
contrary the levels of fasting insulin, IR shows the
trend towards altered glycemic status. This trend is
indicative of the pathogenesis of type 2 diabetes
mellitus where the insulin resistance has just started
and on the path towards altered glycemic balance.

However, there is no much change in fasting plasma
glucose, post prandial plasma glucose and glycated
hemoglobin levels between non diabetic off springs of
T2DM and non-diabetics without family history of
T2DM. But there is an increase in insulin resistance,
insulin secretion and c-peptide level in off springs of
diabetes rather than non-diabetics without the family
history of T2DM. It has been shown that during the
development of type 2 diabetes, fasting plasma insulin
increases and then decreases as insulin resistance
develops (the Starling’s curve of the pancreas). The
increase in fasting plasma insulin is basically a
compensation mechanism aiming to reverse the effect
of insulin resistance, and the subsequent decrease as a
decompensation mechanism reflecting beta cells
exhaustion. Basal insulin levels were higher in nondiabetic first-degree relatives of type 2 diabetic patients
than the corresponding values in controls (17).
Similarly, in this present study, the mean fasting
insulin level was higher in non-diabetic first-degree
relatives (21.6±10.0 U/ml) than the corresponding
values in non-diabetics without the family history of
diabetes (14.2± 5.2 U/ml). Bonora et al., (18) in his
study has found a negative correlation between insulin
sensitivity and fasting plasma insulin in mild glucose
intolerance and suggested that insulin resistance as the
cause for overproduction of insulin. Olefsky et al., (19)
found a similar correlation in normal subjects, subjects
with impaired glucose tolerance and type 2 diabetes
mellitus and has stated that raise in fasting plasma
insulin as a result of an attempt to overcome insulin
www.biomedicineonline.org

Limitations of the study
The study involved a small number of subjects and the
results must be confirmed in a large sample size.
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ABSTRACT
Overweight (i.e. BMI of 25- 29.9) and Obesity (BMI ≥30) continues to be one of the neglected global health
problems. Leptin is one of the chief adipokines in the body that is basically involved in maintaining a balanced
appetite in association with the various other adipokines like the adiponectin, ghrelin etc., Pranayama is the
simplest and the ancient, dateless, venerable, non- pharmacological intervention that could be potentially used to
maintain a healthy life. To determine how the regular practice of pranayama could significantly alter the deranged
serum leptin levels in the obese. The correlative study was carried out in Sree Balaji Medical College & Hospital.
The subjects included were 60 obese student volunteers of 17-19 years with no other known complications. We
measured their serum leptin levels using ELISA method in the central laboratory, both before and after the
pranayama training for 6 months. After 6 months of regular pranayama practice, there was a significant decrease
in both their serum leptin levels and their BMI as well. Thus, it was concluded that we can potentially turn off our
fat switch by beneficially reducing the serum leptin levels and enhancing the leptin receptor sensitivity in the obese
with the regular practice of pranayama.
Keywords: Obesity; pranayama; serum leptin.
asthma, stress related disorders like anxiety and
depression etc., (4).

INTRODUCTION
oday’s generations are more obsessed with the
fast food cultures mainly because of their busy
life schedule and the easy availability of these
hyper palatable junk foods. This in association with
their confined sedentary lifestyle, ultimately results
in the unchecked increase in their BMI (body mass
index) status (1). Thus, even kids with normal family
genes tend to become obese early in life.

T

The aim of the study was to determine and establish
the effects of practicing pranayama in the obese and
its impact on the serum leptin levels and the BMI.
MATERIALS AND METHODS
It was a correlative study conducted in the premises
of Sree Balaji medical college and hospital,
Chrompet. We chose 60 student volunteers with
obesity (30 boys and 30 girls, BMI obese ≥ 30 kg/m2;
1) of 17-19 years, with no other health issues and no
relevant family history. All the participants were
explained in detail about the health benefits and the
need to practice pranayama. They had few yoga
sessions conducted in the college about the proper
techniques to be followed, for practicing pranayama
under the guidance of an experienced yoga instructor.
We then asked them to practice 30 minutes of
pranayama every day in the mornings, continuously
for six days a week for a total period of 6 months i.e.
24 weeks.

Leptin which is chiefly secreted by the adipose tissue
in the body is one of the major adipokines that is said
to be one of the main gatekeepers / regulators of
body metabolism and satiety. The mean leptin levels
for the obese were found to be in the range of 26.2 –
77.4 ng/ml (2). Leptin levels in the obese are
generally found to be higher when compared to their
peers with normal BMI levels as increased amount of
adipose tissue in the obese ultimately results in the
increased production of the neurohormone-leptin.
This
emphatically
results
in
the
down
regulation/development of resistance in the leptin
receptors, mainly owing to the increased exposure to
the excess levels of circulating leptin levels in the
obese (3). Therefore, the high level of the circulating
leptin is not recognized by the receptors, thus
increasing the appetite/craving for food that results in
obesity when left unchecked (3). Pranayama- an
ancient Indian practice, chiefly involves in
controlling our breath. Numerous previous
authorized studies have proved its significance in
combating various other health issues such as
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Two laboratory parameters were measured on
two occasions:
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Their serum leptin levels by ELISA (Sandwich
Enzyme
Linked
Immunosorbent
Assay)
technique done in the central laboratory of Sree
Balaji Medical College and Hospital, Chrompet,
Chennai. The kit called ab 179884-Human leptin
Elisa test kit was used (5). According to the
manufacturers protocol the normal serum leptin
Biomedicine- Vol. 39 No. 3: 2019
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levels was 0.3-13.4 ng/mL in males and 4.7-23.7
ng/mL in females.
Their BMI was calculated using the Quetelet’s
index i.e. BMI= weight in kgs / height in m2 (1).

format as well, prior to the study. The ethical
committee approval was also obtained for the same.
RESULTS
The mean serum leptin levels came down from 27.48
to 26.02ng/ml after 6 months of regular pranayama
practice with a statistically significant p value i.e. (p
< 0.05) as well. Both males and females responded
the same way.
Their mean BMI levels also came down significantly
from 31.03 to 29.48 after regular practice of
pranayama for 6 months, with a statistically
significant p value (p < 0.05). They stated to have
attained a relaxed state of mind, improved flexibility,
and enhanced health awareness after practicing
pranayama for a regular duration.

Exclusion criteria: Positive family history of
obesity, hypothyroidism, any drug history, diabetes
mellitus, any endocrinal disorders like Cushing’s
syndrome etc.
Statistical analysis: MS excel sheet and software
package for the social sciences version SPSS 18.
Limitations of the study: It was a self-reported
study and there were no restrictions / major
alterations in their diet patterns. All the participants
were explained in detail about the significance of the
study, and their consent was obtained in written
Table 1: Serum leptin levels before and after pranayama

Trials
n Mean serum leptin levels Standard deviation
Before pranayama 60
27.48
1.28
After pranayama 60
26.02
1.39
Table 2: BMI levels before and after pranayama
Trials
n Mean BMI
Before pranayama 60
31.03
After pranayama 60
29.48

body leading to weight loss. When there is weight
loss there is a decrease in the adipose tissue content,
thus there is the comparative decrease in leptin
production as well, that ultimately results in
enhancing the leptin receptor sensitivity.

DISCUSSION
Obesity is one of the chief global threats that could
result in various health complications if not treated
early in life. In today’s society, where most often
both the parents tend to be working, the kids are
more subjected to sedentary lifestyle and unhealthy
eating habits which are the two leading, preventable
causes of childhood obesity and obesity in teenagers.
Leptin, which is produced mainly by the adipose
tissue in the body, besides being the gatekeeper of fat
metabolism and satiety, also serves as a
neurotransmitter that chiefly regulates our brain,
which in turn regulates food intake by inhibiting
hunger, and enhancing the satiety state (5). In obese
individuals though their circulating levels of leptin in
the blood, is high in comparison with the normal
levels, yet the leptin receptors being subjected to
excessive exposure of this leptin becomes down
regulated and fails to recognize the circulation leptin
(3). Resulting ultimately in the increase in hunger
sensations and impaired satiety effect that culminates
in overeating and ultimately leads to obesity (5).

Pranayama also serves to clean and detoxify our
body organs, when done on a regular basis. It helps
to regulate our system, alters our mood favorably
and offers longevity thus providing good emotional
and physical health. Thus, practicing pranayama
regularly serves to supercharge the body. The
results of our study proved the same by decreasing
the mean serum leptin levels in the obese subjects
from 27.48 to 26.02 ng/mL with a statistically
significant p value i.e. p <0.05. Thus, by decreasing
the serum leptin levels, it up regulates or improves
the leptin receptor sensitivity that helps the receptor
to recognize the circulating available leptin thereby
producing the satiety effect (7). In the long run it
can also prevent the development of metabolic
syndrome (8).
CONCLUSION

Among the various known commonly followed/
practiced yoga techniques globally, Pranayama is
chiefly a breathing technique, which ultimately
results in good flow of energy in our body, thereby
enhancing the optimum functioning of our
respiratory system, thus increasing the basal
metabolic rate (6). It increases the oxidation in our
www.biomedicineonline.org

Standard deviation
0.90
0.98

The results of our study yet again proved the
health benefits of practicing pranayama on a day
to day regular basis, especially among the obese
population. The mean serum leptin levels are
reduced, and their BMI levels came down as well
in most of the obese study group population with
both males and females, showing equally
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significant response.
Thus, pranayama has been proved to be one of the
simplest practicable forms of yoga, when
compared to suryanamaskar (9), to counterattack
the universal threat called obesity. Henceforth it
can be considered as one of the simplest
counterattacks on obesity because it’s cost
effective, easy to practice, doesn’t need any
special equipment, there are no specifications or
age limitations to practice pranayama. And besides
all, if practiced regularly using proper technique it
has no major side effects. More detailed longer
duration studies are required to determine its
mechanism of action and the various other added
health benefits of practicing pranayama among all
age groups. Thus, the health benefits of practicing
pranayama regularly can be ultimately compared
to an iceberg phenomenon (because its true added
benefit, remains hidden/unrecognized to the world;
5).
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ABSTRACT
One of the most common potentially malignant disorder is Oral leukoplakia. The word “leukoplakia” means white
patch. WHO terms “leukoplakia” as, a white plaque of questionable risk having excluded. Candida is one the most
common commensal in the oral cavity, the presence of candida is seen commonly in both normal and patients with
pathology alike, but some studies have shown to have an increase in levels of candida in patients with potentially
malignant disorders. This case series shows that the levels of Candida has a strong relation with the levels of dysplasia
in patients with leukoplakia, out of 3 patients who have been diagnosed with Leukoplakia, 2 have been proven to have
the presence of candida with the level of dysplasia being moderate, while there is an absence of candida in patients
with mild dysplasia. Since this is a case series, further studies have to be done to prove that candida is present in
majority of cases with oral dysplasia.
Keywords: Candida; Leukoplakia; Dysplasia.
INTRODUCTION
CASE 1: A 59 year old male patient , reported to our
department with complains of pain in the lower left
back tooth region , the pain is pricking type, nonradiating, initiated by mastication and relieved by rest,
on intra-oral examination, a greyish-white patch which
is seen in relation to the right and left buccal mucosa
extending from the commissure of the lips to the
retromolar region, surrounded by areas of hyper
keratinisation, generalised staining seen in both upper
and lower arch, patient also presented with personal
history of pan chewing and smoking cigarette(4-5
packets per day) for the past 10 years and has ceased
the habit before 3 years. On palpation, a non-scrapable
white patch which is hard in consistency, patient’s
habit of smoking combined with the greyish white
patch seen in both right and left buccal mucosa is
suggestive of homogenous leukoplakia.
Histopathology report shows presence of hyperorthokeratosis with moderate epithelial dysplasia,
microbiological culture done in Candida differential
agar (CAD) with the saliva sample obtained from the
patient shows the presence of Candidal hyphae.

ne of the most common potentially malignant
disorder is Oral leukoplakia. The word
“leukoplakia” means white patch. WHO terms
“leukoplakia” as, a white plaque of questionable risk
having excluded (other) known diseases or disorders
that carry no increased risk for cancer (1,2) and
“potentially malignant disorder” as the risk of
malignancy being present in a lesion or condition
either during the time of initial diagnosis or at a future
date (3). The possible etiology are habits of alcohol
and tobacco consumption, presence of sharp teeth and
sharp ends of dental prosthesis, presence of premalignant epithelial changes, candida albicans,
ultraviolet radiation, trauma. Candida is a normal
commensal found in the oral cavity and some articles
suggest that its incidence could be high in premalignant lesions as well, oral Candida is a
“opportunistic pathogen”(4,5). Depending on the host
immune mechanisms or local oral factors, Candida can
transform from a harmless commensal to the
pathogenic organism causing oral mucosal infection
(5, 6).

O

CLINICAL PRESENTATION

Fig:1 The presence of greyish white patch in the right and left buccal mucosa and hyphal growth depicting the presence of candida species in
Candida Differential Agar (CAD) medium
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CASE 2: A patient of 60 years old reported to our
3x1 surrounded by areas of hyperkeratinisation,
department with complains of pain in the lower right
Palpation reveals areas keratinisation which is
back tooth region and irritation in the right and left
scrapable. Patient’s habits of smoking combined with
buccal mucosa, the pain is pricking type, nonareas of white patch which is also non- scrapable,
radiating, initiated by mastication and relieved by rest.
suggestive of a homogenous leukoplakia with candida
The patient has history of smoking for the past 20
manifestation. Histopathology suggestive of hyperyears and is also an occasional tobacco chewer (Pan).
orthokeratosis with moderate epithelial dysplasia.
Intra oral examination shows greyish white patch
Culturing of the saliva sample from the patient shows
extending from the commissure of the lips along the
the presence of Candida as a hyphal form in the CAD
line of occlusion to the retro molar region measuring
medium.

Fig.2: An area of greyish patch in the right and left buccal mucosa and hyphal growth depicting the presence of candida species in the CAD
medium

occlusion to the retromolar region also patient gives
complains of itching and discomfort, with areas of
slight erythema around the lesion suggestive of nonhomogenous leukoplakia, histopathology suggestive of
hyper orthokeratosis with mild epithelial dysplasia.
Microbiological examination shows absence of
Candida in the saliva samples which is cultured in
Candida Differential Agar (CDA) from the patient
(only the presence is confirmed and not the type).

CASE 3
A 25 year old male patient reported to the department
with complains of pain both the upper and lower tooth
region, the pain is pricking type, non-radiating,
intermittent, initiated by mastication and relieved by
rest. Patient is a habitual smoker and a pan-masala
chewer intra oral examination shows generalised stains
in both upper and lower tooth region, greyish-white
patch seen in the right and left buccal mucosa
extending from the angle of lips along the line of

Fig. 3: The presence of greyish white patch in the right and left buccal mucosa and absence of growth in the CAD medium

potentially malignant disorders is a proven theory in
many studies, but in this case series of oral leukoplakia
with the presence of Candida has correlated the
presence of Candida with the severity of dysplasia (8).

DISCUSSION
In the included case series, cases 1 and 2 where the
levels of dysplasia is between severe and moderate, the
level of candida increases as the level of dysplasia
progresses, this is proven with level of colony
forming-units (Cfu). In case1 wherein there level of
dysplasia is high the colony forming is about 6735
Cfu/mm, in case 2 where the level of dysplasia is
moderate the colony forming unit formed is about
3368 Cfu/mm, but in case 3 where there is mild
dysplasia , there is complete absence of candida . The
result of this case series shows that, with the level of
dysplasia, the presence of candida also increases.

Studies by Krogh et al., have also confirmed the
presence of Candida in patient associated with
potentially malignant disorders especially in
leukoplakia and Lichen planus out of which about 80%
of cases of Leukoplakia and 37% of lichen planus only
presented with an overlying candida, hence shows
similar predilection as the current case scenario (9).
While studies by Hatchuel et al., have also showed the
presence of candida in cases associated with premalignant lesion such as lichen planus and
leukoplakia, about 17.4 and 16.6%, hence proven that
the level of presence of Candida could be higher in
cases with leukoplakia. Out of 3 cases, 2 have shown

A study by Shah et al., have shown that about 28%
cases of oral submucous fibrosis and 40% oral
leukoplakia have shown to have a strong association
with the presence of Candida as indicated in my study,
hence the chances of Candida being present in oral
www.biomedicineonline.org
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to have the presence of Candida species in patients
with oral leukoplakia (10).
CONCLUSION
Candida species such as the Candida albicans has been
considered an etiologic factor for potentially malignant
disorders, the process of pathogenesis is not
completely understood and is still a field under
extensive research. This case series has confirmed the
significant association between the presence of
candidal growth and potential malignant disorders,
especially leukoplakia; and type of habit with
colonization of the Candida species. Smoking seems to
be the probable etiological factors in oral leukoplakia.
Multivariate investigation has shown that the sort of
lesion, age, site, and dysplasia are considered as
independent risk factors hence are not much dependent
or know to indefinitely present in pre malignant
condition. Out of 3 cases 2 have shown to be positive
for the presence of candida and are cases with levels of
moderate dysplasia and the one case which shown the
absence of candida is of mild dysplastic type. Hence
this study has shown that the presence of candida
increases with the levels of dysplasia in patients with
leukoplakia.
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ABSTRACT
Breast engorgement is commonly encountered in lactating mothers, it is defined as the swelling and distension of
breast, usually in the early days of initiation of lactation, due to vascular dilation as well as the arrival of the milk. It is
the painful overfilling of the breasts with milk. This is usually caused by an imbalance between milk supply and infant
demand. Early breast fullness occurs as milk supply develops and while new born has an irregular breast-feeding
routine. Then normal fullness is caused by the milk and extra blood and fluids in the breasts as body uses the extra
fluids to make breast milk and if baby is not breast-fed for several days then breast engorgement can occur. Twenty
four-year old mother with past medical history of hypothyroid, hypertension and she complained firmness of breast. On
palpation of the breast, tenderness is present. Due to pain, firm and tenderness she was not able to feed her baby. Pain
and engorgement were assessed by using visual analogue scaleand6-point self-rated engorgement scale. After one week
of treatment with ultrasound therapy and taping, there was decrease in breast engorgement and pain.
Keywords: Breast engorgement; visual analogue scale; 6-point self-rated engorgement scale; pain; feeding.
imbalance between milk supply and infant demand if
left untreated, engorgement can lead to potentially
serious issues (4) including painful blebs, plugged milk
ducts or mastitis. There are many lactating mothers
suffering with breast engorgement (5). Severe
engorgement can make it difficult to baby to latch on to
the breast properly and feed well. Engorgement may
even cause body temperature to rise around 99-100
degree F, it is also known as milk fever. According to
Academy of Breastfeeding Medicine Protocol
Committee, breast engorgement is defined as "the
swelling and distension of the breasts (6). Usually in
the early days of initiation of lactation caused by
vascular dilation as well as the arrival of the early milk.
Breast engorgement during the first week of breast
feeding and can also occur as a result of delayed,
infrequent or interrupted removal of milk from the
breast (7, 8). The factors which may place a mother at a
higher risk of engorgement are failure to prevent or
resolve milk stasis resulting from infrequent or
inadequate drainage of the breasts (9).

INTRODUCTION
reast Engorgement is commonly encountered in
lactating mothers, it is defined as the swelling
and distension of breast, usually in the early
days of initiation of lactation, due to vascular dilation
as well as the arrival of the milk. It is the painful
overfilling of the breasts with milk. This is usually
caused by an imbalance between milk supply and
infant demand. Early breast fullness occurs as milk
supply develops and while newborn has an irregular
breast-feeding routine. The normal fullness is caused
by the milk and extra-blood and fluids in the breasts as
body uses the extra fluids to make breast milk and if
baby is not breast-fed for several days then breast
engorgement can occur. Colostrum is a yellowish
liquid that contains important nutrients and antibodies
that a baby needs right after birth (1). During initial
stages of breastfeeding, mother’s breasts produce
colostrum in small amount. But after making a couple
of days, they're going to increase in milk production.
So, breast becomes fuller and firmer. This swelling is
not only caused by the greater amount of milk, but also
by increased blood flow and extra lymph fluids (2) in
breast tissue. For most new mothers, these feelings of
heaviness pass without problems when their baby
feeding well and frequently. But some produce more
milk than their breast can hold which makes them feel
rock hard and uncomfortably full – a condition called
engorgement. Breast engorgement is a problem (3) in
breast feeding mothers and this frequent problem can
happen to lactating mother who don’t or can’t breast
feed as well as those who do. It Usually caused by an

B
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Statistics indicate the incidence rate of breast
engorgement all over the world is 1:8000 and in India it
is 1: 6500. The National Family Health Survey (NFHS)
(10) has shown that painful breast is the second most
common reason for giving up breast feeding in the first
two weeks after birth. One factor contributing to such
pain can be breast engorgement. It is reported that 2085% of the mothers are affected by breast
engorgement. Breast engorgement is a major issue in
the early postpartum period as the breast, under the
influence of hormonal shift, increase milk production
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rapidly. Though various interventions are available few
studies support that ultrasound is effective (11) in
relieving symptoms of breast engorgement. Heat
application in the form of hot moist (12) heat is a
comfort measure to activate the milk ejection reflex.
Gentle massage (13) can be used as conventional
intervention for relieving breast engorgement. Massage
prior to feedings is helpful. Through, kinesio taping at
the engorgement area. It decreases the inflammation,
pain and improves circulation and lymphatic drainage.
Hence this study is to determine whether taping offer
any advantage over ultrasound.

Informed consent has been signed by the patient prior
to the study. A 24 year old mother with past medical
history of hypothyroid, hypertension and she
complained firmness of breast. On palpation of the
breast, tenderness was present. Due to pain, firm and
tenderness she was not able to feed her baby.
Outcome measures
Pain was assessed subjectively by using the visual
analogue scale, a subjective measure of self-rated pain
on a numerical scale of 1-10 [10 being the worst
possible pain, 5 moderate pain, 0 no pain]. The
threshold for pain was having at least one subsequent
pain measure 3 points or more above baseline.

CASE HISTORY

Fig. 1: Visual analogue scale

Engorgement was assessed using 6-point self -rated
engorgement scale from 1 to 6 [1- being soft, no
change and 6 being very firm, very tender, any measure

of 3- firm, no tender or more after baseline was the
threshold for this subjective rating.

Fig.2: 6 -Point self-rated engorgement scale

After the subjective assessment it is noticed that the
score of visual analogue scale in right breast was 4 and
the left breast is 6, and the 6-point self -rated
engorgement scale score is 4 in right breast and in left
breast. Tenderness is examined through palpation of
the breast.

working around the breast for 8 minutes. The patients
are treated with the taping techniques by use of kinesio
tape. First we have to clean and dry the skin of breast.
Take 7-9 inches of two pieces of tape for each breast
and each piece further cut into five equal strips with an
anchoring base and rounded corners avoiding the
axilla, tape applied to breast with minimal stretch
(10%- 15% of which is tape off no extra tension
applied) leaving space around nipple/areola for infant
to latch, tape ends not overlapping.
 Tape adhesive activated by patting and assessed for
comfort and range of motion.
 She was instructed to wear the tape for 72 hours.
 She was instructed to remove the tape prior to the
prescribed time only if any persistent skin
irritation.

Intervention
The patients are made to lie in supine with the arm of
the treated side placed behind the head. A pulsed mode
of therapeutic ultrasound is given using ultrasound
transmission gel as the coupling agent, with the
intensity of 1W/cm2 and frequency of 1MHZ passing
the head of the ultrasound firmly over the breast from
the periphery towards the areola, lightly back to the
chest and firmly down again to the areola, gradually,
www.biomedicineonline.org
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intervention and we conclude that the ultrasound
therapy and kinesio taping is effective in treating
lactating mothers with breast engorgement.

At the day 3 follow up the skin is inspected and
assessed their primary outcome measures and then
taped with the same technique used previously for
1 week.
After the end of 1 week post Visual Analogue Scale
and 6-point self–rated Engorgement Scale are taken
and it is noticed that the VAS score is 0 in right breast
and 1 in the left breast, 6-Point Self Rated engorgement
scale score is 1 in right breast and 2 in left breast.

POTENTIAL RISKS AND BENEFITS:
Risks:
 No risk in using Kinesio taping and ultrasound
therapy.
 Precaution to be taken not to cause any irritation or
skin allergy.

RESULT

Benefits:
 Kinesio tape and ultrasound therapy are more
beneficial for the lactating mothers who complain
of pain and engorgement.
 It reduces pain and inflammation.
 It improves circulation and lymphatic drainage.
 Lactating mothers can get rid of breast pumps
which causes more pain during suctioning of milk
from an engorged breast.
 No other heat or cold compression is further
required.
 Application of tape is less time consuming.

The result of the study shows that there is a significant
difference between the pre and post-test intervention.
DISCUSSION
The main aim of the study is to compare the effect of
ultrasound and taping in lactating mothers with breast
engorgement, with the help of ultrasound and taping
technique we can reduce the pain and engorgement and
prevents further complications. Ultrasound helps the
tissue to heal more effectively as it gives: 1. essential
micro-massage for individual cells. 2. Increases cellular
activity and 3. Responsible for the effect of therapeutic
benefits. Ultrasound frequency is selected based on the
depth of the tissue to be treated. The depth of
ultrasound penetration is usually described in terms of
half-value depth for the specific ultrasound frequency.
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Through, kinesio taping at the engorgement area, it
decreases the inflammation, pain and improves
circulation and lymphatic drainage. In recent years, the
use of kinesio tape (KT) has become increasingly
popular. KT was designed to mimic the qualities of
human skin. It has roughly the same thickness as the
epidermis and can be stretched between 30% and 40%
of its resting length longitudinally. Several benefits
were proposed (14) depending on the amount of stretch
applied to tape during application: 1 to provide a
positional stimulus through the skin, 2. to align fascial
tissues, 3. to create more space by lifting fascia and soft
tissue above area of pain /inflammation, 4. to provide
sensory stimulation to assist or limit motion and 5. To
assist in the removal of edema by directing exudates
toward a lymph duct. It is latex free and the adhesive is
100% acrylic and heat activated. The 100% cotton
fibers allow for evaporation and quicker drying. The
purpose of our study was to investigate whether KT has
an effect on breast engorgement in breastfeeding
mothers during the postpartum period.
We hypothesized that breastfeeding mothers would
experience a decrease in breast engorgement by using
the KT method. Hence the present study has been
undertaken with the intention to compare the effect of
ultrasound therapy with kinesio taping in lactating
mothers. The result of the study shows that there is a
significant difference between the pre and post-test
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ABSTRACT
Introduction: Drug delivery through topical route is mostly preferred for local
dermatological action. Topical action of preparations has certain limitations in terms
of drug solubility, residence time, lipophilicity and permeability. Conventional dosage
forms such as creams, ointments etc exhibit drawbacks like problem in stability,
stickiness, poor absorption as well as permeation mainly in case of large molecule. To
overcome this, the origination of emulgel came into existence which basically focus on
the delivery of hydrophobic drugs.1 The present research is proposed to prepare and
evaluate microemulsion based luliconazole gel for its enhanced solubility and permeability
for better antifungal activity. Materials and Methods: The present study was aimed to
prepare and evaluate microemulgel of luliconazole for topical application by using poly
unsaturated fatty acids such as linseed oil. Sodium alginate was used as a gelling agent.
Luliconazole microemulsion was prepared by varying the concentration of surfactants
while the oil concentration was kept fixed. It was characterized for globule size and
physical stability. Microemulgel was prepared and characterized for drug content,
viscosity, spreadability, in vitro permeation study, skin irritation test, in vitro antifungal
study and stability study. Skin irritation test was carried out after taking approval of
Institutional Animal Ethics Committee. Results and Discussion: Two microemulsion were
selected based on the globule area, PDI and physical stability and incorporated into the
gel base of sodium alginate. The optimized microemulgel (F1) showed acceptable physical
properties with lowest viscosity value (2325 cps) and showed pseudoplastic behaviour,
highest spreadability value (3.7 gm.cm/sec), Highest drug permeation (63.50%) after
5 hr. Skin irritation test showed no signs of irritation in any rats. Optimized formulation
F1 represents greater zone of inhibition (38 mm) as compared to pure gel (34 mm) and
showed acceptable stability profile. Conclusion: It can be concluded that luliconazole
microemulgel prepared with linseed oil and sodium alginate can be a choice for topical
antifungal treatment.
Key words: Luliconazole, Linseed oil, Sodium alginate, Microemulsion, Topical, Antifungal,
in vitro permeation.

INTRODUCTION
Microemulgel is considered as one of the
promising technologies among novel drug
delivery system due to its dual mechanism via
emulsion and gel. Moreover, it was observed
that by combining emulsion with gel, its
stability increased according to Pottalaswathi
et al. The reason behind choosing microemulsion system was its excellent capacity
to solubilize and also its capability to
permeate into the skin.2,3 Linseed oil belongs
to the category of polyunsaturated fatty

acids that provides dual action i.e, increases
solubility as well as permeability. Moreover,
it is non-toxic and limits the evaporation
of water from the surface. Sodium alginate
is an anionic, naturally biodegradable
polymer with good biocompatibility. It has
comparatively lo w cost and provides good
mechanical strength.4
Microemulgel preparation requires screening of oils, surfactant and co-surfactant. Based on the solubility profile of
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API, selection of these are carried out.5 Presence
of oil leads to more penetration of API in the skin.
Microemulsions helps in keeping the drug in solubilized
form and the formation of small sized droplets provides
large interfacial area for drug absorption.6
The present research is proposed to prepare and evaluate
microemulsion based luliconazole gel for its enhanced
solubility and permeability for better antifungal activity
by using polyunsaturated fatty acids such as linseed oil
and sodium alginate as gel base.
MATERIALS AND METHODS
Materials

Luliconazole was purchased from Aksharam chemicals, Ahmedabad. Linseed oil, Neem oil and olive oil
were procured from Loba Chemie Private Ltd, Mumbai. Sodium alginate, Tween 20, Tween 80, Span 20 and
Span 80 was procured from M/s Hi-media Pvt limited
Mumbai. Propylene glycol was procured from Nice
chemicals Kerala and PEG 400 was procured from
Merck Specialities Private Ltd, Mumbai. All the chemicals
used were of analytical grade.
Methods
Preparation of Luliconazole microemulsion

For formulating microemulsion, Span 20 concentration
used in (E1= 1%, E2= 0.75%, E3= 0.5%, E4= 0.85%)
along with drug (5%) was dissolved in linseed oil (5%)
which gives the oil phase. For preparation of aqueous
phase, Tween 20 in concentration (E1= 0.25%, E2 = 0.5%,
0.75%, E4= 0.4%) was dissolved in purified water.
The concentration of oil and surfactants were selected
based on HLB value. Both the phases were kept on
water bath and separately heated at 70-80°C. Both the
phases were combined with continuous stirring for
15 min at 5 rpm and cooled to room temperature.7,8
Globule size determination

For determining the globule size of emulsions, Dynamic
light scattering particle size analyser (Nanotrac A-150)
was used. It detects the particle size from the range of
0.08 nm to 6.8 μm. Dilution was made by taking
1 ml emulsion and diluted to 20 ml with millipore
water and readings were taken.9 Readings were taken in
triplicate.
Physical stability of microemulsion

Microemulsion stability was carried out by processing
it for centrifugation for 15 min at 3000 rpm. Any
changes like phase separation and clarity was observed
visually. Stability against freeze through cycle or heating
294

and cooling cycle was not conducted as centrifugation
process showed the desired results.10
Preparation of microemulgel

For preparation of gel base, sodium alginate in
concentration of (2%, 4%, 6%) was dispersed in sufficient
amount of water and it was kept overnight. Formation
of luliconazole microemulgel was done by incorporation
of emulsion containing (1g luliconazole) into the gel
base by continuous stirring at room temperature
using magnetic stirrer at 3000 rpm to remove any
formation of lumps and to provide proper consistency
to formulation.
Evaluation of microemulgel
Drug content

Drug content was calculated by dissolving 1g of emulgel
into 100 ml of acetate buffer of pH 5.5. From this
1 ml was withdrawn and diluted upto 10 ml with acetate buffer. Since the luliconazole was insoluble in
water, acetate buffer was used as it showed highest
solubility in acetate buffer. This solution was subjected
to sonication for 30 min and filtered. No precipitation
of drug was observed as it dissolved completely after
sonication. Measured the absorbance spectrophotometrically at 272 nm.11
pH

Digital pH meter was used for determination of pH.
For measurement of pH, firstly the pH electrode was
calibrated using acetate buffer pH 5.5 and 1% aqueous
solution of formulation was taken and electrode was
immersed into the microemulgel formulation till the
fluctuation in readings stopped and a constant reading
was obtained.11
Viscosity

Brookfield viscometer cap 2000+ was employed for
measurement of viscosity. Approximately 1g of emulgel
was taken on the plate of Brookfield viscometer and
it was allowed to settle for 5-10 min and then spindle
was placed on the plate containing gel and rotated at a
speed of 5 rpm with the help of spindle. The temperature
was maintained at 25°C and corresponding dial reading
was noted down. Reading indicates the viscosity of the
formulations in cps.12
Spreadability

Spreadability was performed by using two glass slides
of length 7.5 cm. 350 mg of microemulgel was weighed
accurately and it was taken on one glass slide. Another
glass slide was placed above it from a height of 5 cm. A
weight of 5 gm was kept on the upper slide and after 1
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min, diameter of circle that was spread was noted in cm.
The observed diameter indicates the type of gel.13
In vitro permeation study

The study was performed by modified Franz diffusion cell using dialysis membrane. Before carrying out
the study, membrane was kept in acetate buffer pH 5.5
for 24 hr and it was mounted carefully between the
donor and receptor chamber. 200 mg of emulgel was
weighed and homogeneity spread on the dialysis
membrane. 12 ml of acetate buffer (pH 5.5) was placed
in receptor medium as dissolution media. Both donor
and receptor compartment were kept in contact with
each other and whole assembly was maintained at
constant temperature of 32 ± 0.5°C. Magnetic bead was
used to stirred the solution of receptor chamber. 1ml
of sample was withdrawn after specific time intervals
and equal amount was replaced with fresh dissolution
media. Sample absorbance was calculated spectrophotometrically at 272 nm and % cumulative drug
permeation was calculated.14
In order to predict the drug release mechanism, the
obtained values was fitted into various model like Zero
order, First order, Higuchi matrix and Korsmeyer-Peppas
model. Best fit model was selected according to highest
R2 values obtained.13
Skin irritation test

The test was carried out according to OECD guidelines
for in vitro skin irritation test No. 439. Wistar rats (12)
of either sex was used to carry out skin irritation test.
Selected rats were segregated into two groups i.e.,
control and test. Each group comprised of 6 animals.
Back skin area of 5 cm2 of rats was shaved one day
before the starting of the study. After 24 hr, control
group was applied with gel base (without drug) and test
group was applied with the optimized emulgel (F1) and
rats were examined for any signs of irritation. Scores
were given according to observed signs of irritation.
In vitro antifungal study

In vitro antifungal study was carried out using agar well
diffusion technique (Cup-plate method). Mueller Hinton
Hiveg agar was used as media for growth of fungal
strain (Candida albicans) using Spread plate technique.
50 μl of sample (F1 containing 1g of luliconazole) and
pure gel (containing only API with gel base) were placed
in the wells of the petriplates and it was kept at 37°C for
72 hr in incubators. Zone of inhibition was measured
(in mm) in triplicates.15
Stability study

Short-term stability study was carried out (due to shortage
of time) for optimized formulation. Formulation was

exposed to different conditions of temperature as well
as relative humidity 25°C/ 60% RH and 40°C/ 65%
RH for a period of 1 month. After 1 month, formulation
was examined for any changes in pH, rheological
properties and drug permeation profiles.13
RESULTS AND DISCUSSION
In the present research work, an attempt has been made
to prepare and evaluate microemulsion based luliconazole gel for its enhanced solubility and permeability for
antifungal activity by using poly unsaturated fatty acids
such as linseed oil. Semi-synthetic polymer i.e. sodium
alginate was used as gelling agent.
Formulation of Luliconazole microemulsion

Four microemulsions E1, E2, E3 and E4 were formulated by varying the concentration of Tween 20 and
Span 20 based on the general required HLB value for
vegetable oils i.e., (4:2:1). [Table 1] Based on the solubility
(27.85 mg/ml), 1g of luliconazole was added to the
formulation. Linseed oil was used as oil phase, Tween
20 (with solubility of 23.84 mg/ml) as hydrophilic
surfactant and Span 20 (with solubility of 18.98 mg/ml)
as lipophilic surfactant. HLB value for E1 and E4 was
found to be 12.77 and 13.89 respectively.
Globule size determination

By using Nanotrac, the globule size of microemulsion
was determined. Based on the observed MA i.e., surface
area distribution of globules and polydispersity index E1
and E4 were selected as optimized microemulsion with
273.7 nm and 189.6 nm and with PDI of 0.632 and 0.197.
[Table 3, Figure 5,6] The reason behind lowest globular
area can be the HLB value of surfactants as described by
Hosseini et al. in his work that lowest particle observed
in the HLB value ranging from 11-13. The HLB value
for emulsion E1 and E4 was 12.77 and 13.89 respectively.
Thus, it can be concluded that particle size can be
influenced by HLB value of surfactants. Another reason
for this can be the incorporation of linseed oil in the
formulation. Low PDI value indicates that uniformity
in the globule size of formulation was more. The structure
Table 1: Formulation composition of luliconazole
microemulsion.
Ingredients

E1

E2

E3

E4

Luliconazole (g)

1 (5%)

1 (5%)

1 (5%)

1 (5%)

Tween 20 (%)

0.25

0.5

0.75

0.4
0.85

Span 20 (%)

1

0.75

0.5

Linseed oil (%)

5

5

5

5

Water (ml) q.s.

20 ml

20 ml

20 ml

20 ml
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Table 2: Formulation table for Luliconazole
microemulgel.
Ingredients
(%w/w)

F1

F2

F3

F4

F5

F6

Luliconazole
emulsion
equivalent to
Luliconazole

1g

1g

1g

1g

1g

1g

Sodium alginate

2%

4%

6%

2%

4%

6%

Linseed oil

5

5

5

5

5

5

Tween 20

0.25

0.25

0.25

0.4

0.4

0.4

Span 20

1

1

1

0.85

0.85

0.85

Propylene glycol

5

5

5

5

5

5

Methyl Paraben

0.03

0.03

0.03

0.03

0.03

0.03

Propyl Paraben

0.01

0.01

0.01

0.01

0.01

0.01

Distilled water q.s.

100

100

100

100

100

100

Table 3: Globule size and PDI of luliconazole
miroemulsions.
Formulation code

Globule size
(nm)

Polydispersity
index

E1

273.7

0.632

E2

342.0

0.964

E3

480.0

0.763

E4

189.6

0.197

of globules was observed by using optical microscope
with magnification of 40X. [Figure 1]
Physical stability of microemulsion

It was visualized after centrifugation, that there was no
separation of phases in E1 and E4. Slight coalescence
appeared in case of E3 and E4 microemulsion. So based
on the stability, E1 and E4 were selected as optimized
emulsion.

Figure 1: Photograph showing globular structure of
microemulsion under 40x magnification.

Preparation of microemulgel

Optimized emulsion E1 and E4 were used for preparation of emulgel. Luliconazole emulsion equivalent to
1g was added to gel matrix of sodium alginate using
magnetic stirrer to remove any formation of lumps.
Methyl and propyl paraben were mixed in propylene
glycol and added to the gel base containing emulsion.
Triethanolamine was used for adjusting pH. Formulation F1, F2 and F3 was prepared with E1 emulsion having sodium alginate concentration of 2%, 4% and 6%
respectively while F4, F5 and F6 was prepared with E2
emulsion having sodium alginate concentration of 2%,
4% and 6% respectively. [Table 2]. Sodium alginate concentration (2%, 4%, 6%) was selected as most of the
microemulgel were prepared by using these concentration
only.
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Drug Content

The observed range of percentage drug content for all
the formulation was from 74.77 to 95.49 %. [Table 4].
It was observed that with decrease in gelling agent
concentration, drug content was found to be highest.
pH

All formulation showed pH within a range of 5.54 to
6.71 which is in accordance with pH of skin indicating
skin compatibility and avoids any risk of skin irritation
upon application. [Table 4]
Viscosity

The values of viscosity ranged from 2325 to 8850.
Lowest viscosity was exhibited by optimized formulation
F1 i.e., 2325 formulated with 2% sodium alginate
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Table 4: Drug content and pH of formulations
F1 to F6.

Table 6: Types of gel based on Spreadability values.
Types of gel

Measurement (in cm)

Formulation code

Drug content *(%)

pH*

Fluid gel

More than 2.4

F1

95.49±1.22

6.48±0.04

Semi- fluid gel

1.9-2.4

F2

85.58±2.17

6.51±0.22

Semi stiff gel

1.9-1.6

F3

74.77±1.47

6.10±0.06

Stiff gel

1.6-1.4

F4

93.69±1.41

5.83±0.08

Very stiff gel

Less than 1.4

F5

84.68±1.52

6.71±0.15

F6

75.67±2.20

5.54±0.11

*Data are expressed as Mean ±S.D. (n=3).

Table 5: Viscosity, Spreadability of formulations
F1 to F6.
Formulation code

Viscosity (cps)*

Spreadability*
(gm.cm/sec)

F1

2325 ±271.44

3.7 ±0.15

F2

4087 ±361.74

3.3 ±0.05

F3

8850 ±312.24

2.9 ±0.23

F4

3975 ±474.92

3.4 ±0.17

F5

4275 ±354.22

3.3 ±0.15

F6

7350 ±114.56

2.6±0.28

Figure 2: Comparison of in vitro percent cumulative drug
permeation of all the formulations at the end of 5 hr.

*Data are expressed as Mean ±S.D. (n=3).

concentration and E1 emulsion. It may be due to lower
concentration of gelling agent employed in the
formulation. Viscosity can directly influence the release
profile of drug as increased viscosity can lead to more
rigidity in the structure which can decline the rate of
drug release. All luliconazole microemulgel exhibits
pseudoplastic behaviour with shear thinning property
as viscosity was found to decrease with increase in shear
rate. [Table 5]
Spreadability

Spreadability values contributes to efficacy of formulation.
The value of spreadability was found to be higher in
case of optimized formulation F1 with 3.7 gm.cm/sec
whereas it was found lowest in case of F6 i.e.,
2.6 gm.cm/sec. [Table 5] When the concentration of
gelling agent decreased, the spreadability values was
found to be increased. All the gels belong to fluid gel
category [Table 6]. There was no ideal value for spredability reported in earlier studies. Based on the observed
diameter, gels are classified.
In vitro permeation study

All the formulations showed percentage cumulative
drug permeation within a range of 51.93% to 63.50%
after 5 hr. [Figure 2] Maximum drug permeation was
observed in case of F1 i.e., 63.50% with incorporation
of E1 emulsion. The possible reason for this can be

Figure 3: Comparison of in vitro permeation profile of
optimized formulation F1 and pure drug.

the lower viscosity value found in F1 formulation. As
discussed by Ayoub et al. that lower viscosity can lead
to faster release of drug. Minimum drug permeation
was observed in case of F6 (51.93%) with 6% sodium
alginate concentration. This is because higher polymer
concentration tends to develop more resistance for
diffusion of drug by entrapment of drug molecules.
Another reason for higher permeation of drug from F1
could be the presence of surfactant and co-surfactant
which provides enhanced penetration of drug.
In vitro permeation study was also performed for pure
gel (without excipients). After 5 hr, it showed permeation
of 45.98% which is less than the optimized formulation
F1. This is due to insolubility of luliconazole in water
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Table 7: In vitro release kinetics of formulations F1 to F6.
FORMULATION
CODE

ZERO ORDER
(R2)

FIRST ORDER
(R2)

HIGUCHI MATRIX
(R2)

HIXSON
CROWWELL (R2)

PEPPAS
(R )

(n)

BEST FIT
MODEL

F1

0.9803

0.9779

0.8791

0.9872

0.9928

0.8311

PEPPAS

F2

0.9798

0.9815

0.8725

0.988

0.9935

0.7825

PEPPAS

F3

0.9816

0.9868

0.88

0.9909

0.9926

0.8465

PEPPAS

F4

0.9799

0.9805

0.8825

0.9885

0.9918

0.8812

PEPPAS

F5

0.981

0.9845

0.8819

0.9915

0.9924

0.8620

PEPPAS

F6

0.9792

0.9822

0.8674

0.9878

0.9967

0.7520

PEPPAS

2

Skin irritation test

Figure 4: Showing zone of inhibition of optimized formulation
F1 and pure drug.
A-Optimized formulation F1= 38mm
B-Pure gel (without excipients) = 34mm

Skin irritation test was carried out after taking approval
of Institutional Animal Ethics Committee. Wistar rats
(12) of either sex was used to carry out skin irritation test.
Control group was treated with gel base without drug
whereas test group was treated with optimized formulation F1. It was observed that both the groups showed
no signs of irritation after 24 hr and they were assigned
with a score of 0 [Figure 7,8]. This indicates that the
prepared formulation is safe for use.
In vitro antifungal study

In vitro antifungal study was carried out using agar
well diffusion technique using Candida albicans strain for
optimized formulation F1 and drug gel without surfactants and linseed oil. Optimized formulation F1 represents 38 mm zone of inhibition which is greater than

Figure 5: Globule size and PDI of optimized E1 Microemulsion

due to which drug was unable to dispersed within the
gel matrix and permeation is retarded. [Figure 3] in vitro
release kinetics of formulations F1 to F6. [Table 7]
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Figure 6: Globule size and PDI of optimized E4 Microemulsion.
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A - Control group after shaving

Table 8: Stability study of optimized formulation F1.
Evaluation
Parameters

Initial
day

Room
temperature
(25°C/ 60%
RH)

Accelerated
temperature
(40°C/ 65% RH)

pH

6.48

6.51

6.77

Viscosity (cps)

2325

2344

2287

Drug permeation (%)

63.50

62.20

59.08

CONCLUSION

Figure 7: Skin irritaion test of Control and Test group after
shaving.

Figure 8: Skin irritaion test of Control and Test group
after 24 hr.

zone of inhibition observed in case of drug gel without
surfactants and linseed oil (34 mm). [Figure 4]
Stability study

Optimized formulation was examined after 30 days
for any changes in pH, rheological properties and drug
release profiles. pH was found to be increased slightly.
Viscosity was found to be increased at room temperature
and then decreased at accelerated temperature. Drug
release was found to be slightly decreased with
temperature. Not much deviation was observed from
optimized formulation F1, so it can be concluded that it
showed acceptable stability on a given temperature and
humidity. [Table 8]

Luliconazole was successfully formulated in the form
of microemulgel by using poly unsaturated fatty acid
i.e., linseed oil with sodium alginate as gelling agent.
Microemulsions were prepared by varying Tween 20
and Span 20 concentration in four emulsions. E1 and
E4 were selected as optimized emulsion based on
surface area distribution of globules (MA), PDI and
physical stability. E1 showed globule area of 273.7 nm
with 0.632 PDI and E4 showed globule area of 189.6 nm
with PDI of 0.197. E1 and E4 showed good physical
stability. Microemulgel was prepared by incorporation
of E1 and E4 emulsion in formulation F1, F2, F3 and
F4, F5, F6 respectively. Concentration of sodium
alginate was varied in 2%, 4% and 6%. The prepared
microemulgel was pleasant in appearance and showed
drug content ranged from 74.77% to 95.49%. pH of
all the formulations was within a range of 5.54 to 6.71
which is in accordance with skin pH indicating
compatibility with skin. The viscosity of all formulations
ranged from 2325 to 8850 cps. All formulations showed
pseudoplastic behaviour. Spreadability values ranged
from 2.6 to 3.7 gm.cm/sec. All the formulations belong
to fluid gel category. The percentage cumulative drug
permeation was found to be in the range of 51.93% to
63.50% after 5 hr. F1 formulation was selected as optimized formulation based on drug content, viscosity
and percentage cumulative drug permeation. Skin
irritation test showed that formulation is safe for use
since it showed no signs of irritation. Optimized
formulation F1 showed 38 mm zone of inhibition as
compared to pure gel with 34 mm indicating its good
antifungal activity. Acceptable stability profile was
observed after subjecting the formulation to various
conditions of temperature and humidity. Hence, it can
be concluded that luliconazole microemulgel prepared
with linseed oil and sodium alginate can be a choice for
topical antifungal treatment.
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PICTORIAL ABSTRACT

SUMMARY

Luliconazole was successfully formulated in the
form of microemulgel by using poly unsaturated
fatty acid i.e., linseed oil with sodium alginate as
gelling agent. F1 formulation was selected as optimized
formulation based on drug content, viscosity and
percentage cumulative drug permeation. Acceptable
stability profile was observed after subjecting the
formulation to various conditions of temperature
and humidity. Hence, it can be concluded that luliconazole microemulgel prepared with linseed oil and
sodium alginate can be a choice for topical antifungal
treatment.
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Formulation and Evaluation of Carbamazepine
Tablets using Biosurfactant in Ternary Solid
Dispersion System
Uday Baburao Bolmal*, Ramnathkar Prajakta Subhod, Anand Panchaxari Gadad,
Archana Sidagouda Patill
Department of Pharmaceutics, KLES College of Pharmacy, Constituent Unit of KLE Academy of Higher Education and Research,
Belagavi, Karnataka, INDIA.

ABSTRACT
Objectives: The present study is aimed to develop and evaluate Carbamazepine tablets
using ternary solid dispersed product. Carbamazepine belongs to BCS class II having
low solubility. Ternary system was formulated with biosurfactant and water-soluble
polymers to enhance dissolution rate and bioavailability. Methods: Binary and ternary
solid dispersion was prepared using hydroxyl propyl methyl cellulose (HPMC) K-100,
Polyvinyl pyrolidine (PVP) K-30 and Poly ethylene glycol (PEG) 6000 as a polymer
and biosurfactant respectively by solvent evaporation method and evaluated for drug
content uniformity and in-vitro dissolution study. Carbamazepine tablet were prepared
by incorporation of ternary solid dispersed product along with other excipients by direct
compression technique. Prepared formulations were evaluated for pre-compression and
post-compression parameters. Oral toxicity study of biosurfactant was performed using
female wistar rats. Results: In-vitro dissolution profile of optimized tablet formulation
OF1 and OF2 showed 75.14% and 71.26% release in 1.2 pH respectively and similarly
at 6.8 pH buffer 64.33% and 58.96% respectively. Pre-compression and postcompression values of formulated tablets were within the specified acceptable limits.
In-vivo dissolution study of optimized formulation OF1 showed an increase in dissolution
rate in accordance with pure drug. Oral toxicity study of biosurfactant was safe at 2000
mg per kg body weight of rat. Short term stability of the optimized formulation was
stable without deviations at room temperature. Conclusion: Addition of biosurfactant
in ternary solid dispersion system proved to be promising excipient in formulation of
carbamazepine tablet for enhanced dissolution rate, dose reduction and bioavailability.
Key words: Carbamazepine, Solid dispersion, Ternary system, Biosurfactant, in-vivo oral
toxicity.

INTRODUCTION
Carbamazepine is an antiepileptic drug
belonging to Biopharmaceutical Classification System (BCS) class II drug with low
solubility in biological pH fluids.1 Solubility
enhancement is an important for the drug
delivery into fluid media. Novel technology has been developed such as Micronization, Solid dispersion, Beta-cyclodextrine
complexation. Solid dispersion is most
commonly used technique to enhance solubility by increasing dissolution rate and bioavailability. Ternary system is an advanced
302

method of solid dispersion technique
involves addition of surfactants in binary
system, to enhance solubility of poorly
water-soluble drug.2,3 In ternary phase the
different synthetic surface active agents
are used in the concentration of 0.5% to
20%w/w, mainly non-ionic surfactants but
the number of fold increase in dissolution
rate is too or three folds in comparison with
pure poorly soluble drug.3-5
Different novel class of biosurfactant were
prepared by biotechnological technique
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using different carbon and nitrogen sources with additives from specific micro-organisms. The basic composition of biosurfactant is fatty acid with amino acid and
mono or disaccharides. The major advantage of biosurfactant over synthetic surfactant are high emulsifying
index, stable at all pH and temperature, lowest toxicity,
Biodegradability, water penetrability and salinity.5
Our present study aimed to formulate carbamazepine
tablet with enhanced dissolution rate using solid dispersion technique. Binary and ternary systems was developed with water-soluble polymers, HPMC, PEG 6000
and biosurfactant, poloxamer 407 respectively. The
effect of biosurfactant was evaluated by in-vitro dissolution study. Biocompatibility of biosurfactant was evaluated by oral toxicity study in rats.
MATERIALS
Carbamazepine was procured as gift sample from Zydus
Cadila Ltd. Goa. Poloxamer 407 from Balaji drugs.
Poly-ethylene Glycol (PEG 6000) from Sigma-AldrichBangalore. Rhamnolipids 90 % from AGAE Technologies, Corvallis. Hydroxypropyl methyl cellulose (HPMC)
from Colorcon industry, Goa. Lactose, Magnesium stearate, Talc and Cross-carmallose from Himedia Lab Pvt.
Ltd-Mumbai. All other chemicals from S.D Fine Chemicals Pvt. Ltd.-Mumbai (AR grade).
METHODS
Compatibility Studies

Compatibility study of drug and excipients was carried out through Fourier transmission infrared spectrophotometer (FTIR) (Shimadzu Japan) using potassium
bromide scanned from 400-4000 cm-1. Graphs were
recorded and analyzed for comparative compatibility
studies.6,7
Differential Scanning Calorimetric (DSC) analysis were
conducted to study the interaction between Carbamazepine and polymers. Samples were placed in an aluminum pan and heated at a rate of 10°C/min in the
temperature range of 30-300°C. Empty pan was used
as reference and thermal analysis was performed under
nitrogen atmosphere The heat flow was measured for
both Polymer-drug and was observed for endothermic
peaks.6,7
Solubility Analysis

Saturation solubility was performed using metabolic shaker for 24 hr at room temperature. Solvents
used were 1.2 pH and 6.8 pH buffers. Drug content

analysis was performed using UV Spectrophotometer
at λmax 285nm.
Preparation of Binary and Ternary Solid dispersion

Binary and ternary solid dispersion was prepared by solvent evaporation technique with different ratio (Table
1). The water-soluble polymers (HPMC, PVP, PEG) and
drug were dissolved in solvent using magnetic stirrer
with 50 rpm at room temperature for 1 hr till clear solution was obtained. Solution were evaporated on water
bath at 60°C temperature till solid mass was formed and
passed through the 60 # mesh, stored in air tight container. Ternary solid dispersion was also prepared with
similar steps of binary system with addition of biosurfactant and poloxamer 407. Shown in Table 2.6,7
Evaluation of Binary and Ternary Solid Dispersed
Product
Drug Content

Binary and ternary solid dispersion products drug contents were determined by dissolving the weighed quantity of solid dispersed product in pH 1.2 and 6.8 pH
buffers separately, filtered and analyzed for its drug content at λmax 285nm using UV Spectrophotometer.6,7
In-vitro Dissolution Study

All solid dispersion products and pure drug were subjected for dissolution profile using USP dissolution
apparatus (type II) at temperature 37±0.50°C, at 50 rpm
in 1.2 pH buffer media for 1 hr. Aliquot samples were
withdrawn from 900 ml at specified intervals, filtered
and analyzed at λmax 285 nm using UV spectrophotometer and sink condition was maintained.6,7
Preparation of Carbamazepine Tablet Using Solid
Dispersed Product

Carbamazepine tablets was prepared using optimized
formulations of ternary solid dispersed products with
excipients by direct compression method (Table 3). All
the ingredients in the carbamazepine tablets blends were
passed through 60 # separated and mixed in blender
(KALVAKA) for 15 min. Tablets were compressed
with 10 station rotary machine using 8 mm and 11 mm
punch for 220 mg and 420 mg tablet weight respectively
at 4 kg/cm2 pressure.6,7
Evaluation of Carbamazepine Tablets
Pre-compression

All the optimized formulation of CBZ powder blends
was subjected for micrometrics properties using conventional methods. Bulk density and tapped density was
determined by using measuring cylinder method. An
angle of repose was determined by conventional funnel
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Drug Content

method. Hausner’s ratios, Carr’s index, were determined
using the bulk density and tapped density data.8

Drug Content of CBZ tablet was carried out in both
1.2pH 0.1N HCl and in 6.8 pH phosphate buffer. 10
tablets were selected randomly, weighed and crushed.
Powder equivalent to 200mg of carbamazepine was dissolved in 100 ml buffers separately. Serial dilutions were
prepared according to Beer`s range. Drug content was
analyzed at λmax 285 nm using UV spectrophotometer.9

Post-compression

All the optimized formulation of CBZ tablets were subjected to pharmacopeial tests. Tablet thickness, hardness
was determined using a vernier caliper and Monsanto
hardness tester respectively. Friability, disintegration
test and dissolution studies were also performed as per
Indian Pharmacopeia (IP) 2014.8

Table 1: Formulation of Binary solid dispersion.
Formulation
code

Drug : Polymer
ratio

Carbamazepine
(mg)

HPMC K-100
(mg)

PVP K-30 (mg)

PEG 6000 (mg)

Methanol (ml)

SD1

1:1

200

200

----

----

20

SD2

1:1

200

----

200

----

20

SD3

1:1

200

----

----

200

20

SD4

1:2

200

400

----

----

20

SD5

1:2

200

----

400

----

20

SD6

1:2

200

----

----

400

20

SD7

1:3

200

600

----

----

20

SD8

1:3

200

----

600

----

20

SD9

1:3

200

----

----

600

20

Table 2: Formulation of Ternary solid dispersion.
Formulation
code

Drug: Polymer:
Surfactant ratio

Carbamazepine
(mg)

HPMC K-100
(mg)

PEG 6000
(mg)

Rhamnolipid
90% (mg)

Poloxamer
407 (mg)

Methanol
(ml)

TSD1

1:1

200

200

----

2

----

20

TSD2

1:1

200

200

----

4

----

20

TSD3

1:1

200

200

----

6

----

20

TSD4

1:3

200

----

600

2

----

20

TSD5

1:3

200

----

600

4

----

20

TSD6

1:3

200

----

600

6

----

20

TSD7

1:1

200

200

----

----

5

20

TSD8

1:1

200

200

----

----

10

20

TSD9

1:1

200

200

----

----

15

20

TSD10

1:3

200

----

600

----

5

20

TSD11

1:3

200

----

600

----

10

20

TSD12

1:3

200

----

600

----

15

20

Table 3: Formulation table of carbamazepine tablets using ternary solid disperse product.
INGREDIENTS

FORMULATION CODE

Solid dispersed product equivalent to 100 mg of carbamazepine

304

OF1

OF

400 mg of TSD5

200 mg of TSD2

Cross Carmallose (mg)

5

5

Lactose (mg)

12

12

Magnesium stearate (mg)

2

2

Talc (mg)

1

1
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In-vitro Dissolution Study

Solubility

The in-vitro dissolution was performed in acidic and
alkaline buffer using USP dissolution apparatus type II
at 37±1°C, 50 rpm for 1 hr. Samples were withdrawn
from 900 ml dissolution medium and analyzed at λmax
285 nm using UV spectrophotometer and sink condition was maintained.9

The solubility studies of carbamazepine was carried out
0.1N HCl pH 1.2 and 6.8 pH Phosphate buffer. Drug
is insoluble in water. The average solubility of Carbamazepine in acidic and alkaline buffer was found to be
0.486 mg/ml and 0.868 mg/ml respectively. The results
showed that the drug is highly soluble in 6.8 pH Phosphate buffer.

Stability Studies

Stability studies of optimised formulation was performed at room temperature (25±2°C and 60% RH)
and accelerated temperature (40±2°C at RH of 75±5)
for 30 days in stability chamber (Kesar Control System).
In process stability parameters were performed on 15th
day and 30th day for hardness, drug content and drug
release studies.9
Animal Oral Toxicity Study

Experiment was conducted according to CPSCEA
guideline and by approval of animal ethics committee
of our institution. Acute oral toxicity study was conducted, according to the test and procedure given in
OECD guideline 420. The study is performed using 6
female rats procured from the authorized animal breeding house. As per the limit test mentioned in OECD
guideline, oral dose of 2000mg/kg body weight was
administered to 1st group of 3 rats and observed for 24
hr for its mortality. Successively 2nd group was administered with the same dose. All animals were observed
for 14 days, if mortality is observed the experiment is
repeated with lower dose. Food and water intake along
with Fecal of animals were observed for 48 hr after
administration of dose and also observed up to the end
of 15 day.10
RESULTS AND DISCUSSION
Compatibility Studies

Carbamazepine FTIR graph showed important functional peaks, carbamazepine was obtained at 3466 cm-1
NH stretching, 3068 cm-1 CH stretching, C=0 stretching at 1666cm-1, C=C ring stretching at 1602 and 1595.
Similar peaks were observed with drug and excipients,
indicative of drug and excipients were compatible and
stable. Result is observed in Figure 1(a), (b) and (c).
The DSC graphs of Carbamazepine and excipients
mixture showed an endothermic peak at 196.2°C and
182.5°C of carbamazepine and biosurfactant respectively. These graphs indicative of compatibility and
stability of the physical mixture. Result is observed in
Figure 2(a) and (b).

Evaluation of Solid Dispersed Product
In-vitro Dissolution of Binary and Ternary Solid
Dispersion

In-vitro dissolution of binary solid dispersion system
consisting of HPMC, PVP and PEG 6000 with different ratio showed the rate of dissolution in the order of
PEG 6000< HPMC< PVP. PEG 6000 and drug 1:3
ratio dissolution rate was two folds in accordance with
1:1 ratio. HPMC and drug 1:1 ratio shows maximum
rate of dissolution as compared to 1:2 and 1:3 ratio. All
ratio of PVP and drug showed not much increase in dissolution rate. From the binary solid dispersion system
HPMC and dug 1:1 and PEG 6000 and drug 1:3 ratio
was selected for ternary solid dispersion system.
Ternary solid dispersion system of biosurfactant and
poloxamer 407 formulation batches consisting of low
concentration of biosurfactant and high concentration
of poloxamer 407 were prepared. Biosurfactant ternary
solid dispersions system in-vitro dissolution with HPMC
was 38.1% (6mg) and with PEG 6000 rate was 38.69%
(4mg). Similarly, with poloxamer 407, HPMC dissolution rate was 24.52% (15mg) and PEG 6000 dissolution
rate was 26.87% (15mg). The number of fold increase
in the percentage of dissolution rate from binary system
to ternary system of HPMC was two folds and for PEG
6000 was 1.2 folds. The increase in % dissolution rate
could be the effective penetration and wettability property of biosurfactant in accordance with poloxamer 407.
Results are shown in Figure 3(a), (b) and (c).
Formulation of Carbamazepine Tablet

Carbamazepine tablets were prepared by incorporating optimized ternary solid dispersion product (TSD2
and TSD5) with other excipients by direct compression method. Pre-compression and Post-compression
parameters were evaluated for the carbamazepine blend
powder.
Pre-compression

The micrometric properties of carbamazepine blend
powder of OF1 and OF2 for Hausner`s ratio, Compressibility index and angle of repose results were
within the acceptable limits. These results revealed that
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Figure 1a: FT-IR spectrum of pure carbamazepine.

Figure 1c: FT-IR spectra of carbamazepine with HPMC K-100.

Figure 1b: FT-IR spectra of carbamazepine with PEG 6000.

Figure 2a: Thermogram of pure drug Carbamazepine.

Figure 2b: Thermogram of Rhamnolipids.

Figure 3a: In-vitro drug release of Binary solid dispersion.

carbamazepine powder blends were having free flowing
property with good compressibility index. All the results
were shown in Table 4.
Post-compression

All Standard Pharmacopeia tests were performed for
carbamazepine tablets and the thickness of tablets of
OF1 and OF2 was found to be 11.01 mm and 8.1 mm
respectively. The hardness of tablets of OF1 and OF2
was found to be 4.0 to 4.22 kg/cm2. Tablets formulation
306

OF1 and OF2 showed % friability in the range 0.46-0.81
% which was within the limit. All OF1 and OF2 formulations pass weight variation test within the range limit
for weight variation found to be 415.2 and 215.1 mg
respectively. Drug content results showed uniformity of
OF1 and OF2 formulation and was found to be in the
range of 90 % to 100 %. Tablet formulations OF1 and
OF2 showed disintegration time in the range of 7.0 - 9.0
min. All the results were shown in Table 5.
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Figure 3b: In-vitro drug release of Ternary solid dispersion
using Rhamnollpids.

Figure 3c: In-vitro drug release of Ternary solid dispersion
using Poloxamer.

Table 4: Pre-compression parameters of optimized
formulation.

Table 5: Post-compression parameters of optimized
formulation.

PARAMETERS

FORMULATION
CODE OF 1

FORMULATION
CODE OF 2

PARAMETERS

FORMULATION
CODE OF 1

Bulk density (g/
ml)*

0.366±0.03

0.197±0.04

Thickness (mm)*

11.01±0.02

8.1±0.04

Diameter (mm)*

4.43±0.20

2.15±0.05

Tapped density
(g/ml)*

0.415±0.05

0.228±0.05

Friability (%)*

0.81±0.40

0.46±0.33

Carr’s Index
(%)*

12.77±0.30

15.32±0.43

Hardness (kg/
cm2)*

4.22±0.28

4.0±0.00

Hausner’s ratio*

1.146±0.01

1.153±0.02

Weight variation
(mg)

415.2±0.33

215.1±0.24

Angle of
Repose (ɵ)*

32.82±0.03

34.25±0.04

Disintegration
time*

7±0.22

9±0.11

*Data expressed are average of triplicate (n=3±SD)

In-vitro Dissolution Study

As specified in USP, the dissolution media for carbamazepine tablet is addition of 1% SLS. In our study
excluded the SLS and dissolution study was carried out
in acidic and alkaline media to mimic biological fluid.
The % drug dissolution at 1 hr was for OF1 and OF2
in pH 1.2 buffer 75.14% and 71.26% respectively. In
alkaline 6.8 pH phosphate buffer for OF1 and OF2 was
64.33% and 58.96% respectively. The marketed formulation showed 32.98% in acidic pH and 23.13% in
6.8 pH phosphate buffer. The in-vitro dissolution result
revealed that PEG 1:3 ratio with 4 mg biosurfactant
showed maximum drug release in accordance with marketed and OF2 formulation.
Stability Studies

Stability studies at room temperature and accelerated
temperature for a 30 days, result revealed that no significant differences were observed for Hardness, Drug
content and in-vitro drug release for 15 and 30 days at
room temperature. In accelerated temperature studies
the Hardness, in-vitro drug release were deviated from
the initial value for 15th and 30th days. The data indicate

FORMULATION
CODE OF 2

*Data expressed are average of triplicate (n=3±SD)

that the optimum temperature for storage was 25 ± 2°C
and 65 ± 5 % RH.
Animal Oral Toxicity Study

These study was performed according to OECD guideline 420, limit test was performed on 6 female rats after
IAEC approval. Dose 2000mg/kg body weight was safe
without mortality for 14 days. All animals were normal
with water and food intake. Oral toxicity study of biosurfactant proved to be safe.
CONCLUSION
Main aim of study was to formulate carbamazepine tablet using ternary solid dispersion product to enhance
dissolution rate and bioavailability of poorly soluble
drug carbamazepine. Binary and ternary solid dispersion were prepared using water-soluble polymers, biosurfactants and synthesis surfactants and evaluated for
% drug release. Ternary formulation with rhamnolipids was compared with poloxamer formulations and
resulted that ternary dispersion with biosurfactants
showed enhanced dissolution property. Carbamazepine
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tablets using PEG and drug (OF1) ternary dispersion
revealed good in-vitro dissolution results showing high
drug release compared with marketed and OF2 formulation. Animal study of biosurfactant proved to be safe
at 2000mg/kg bodyweight of rats.

FTIR: Fourier transmitter infrared spectrophotometer;
HPMC: Hydroxy propyl methyl cellulose, TSD: Ternary solid dispersion, SD: Solid dispersion.
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SUMMARY

Carbamazepine tablet were prepared by incorporation of ternary solid dispersed product along
with other excipients by direct compression technique to increase the solubility and bioavailability
of drug.
Binary and ternary solid dispersion were prepared
in different ratio using water-soluble polymers,
biosurfactants and synthesis surfactants and evaluated for % drug release.
Ternary formulation with rhamnolipids was compared with poloxamer formulations and resulted
that ternary dispersion with biosurfactants showed
enhanced dissolution property.
Animal study of biosurfactant proved to be safe at
2000mg/kg bodyweight of rats.
Short term stability of the optimized formulation
was stable without deviations at room temperature.
Carbamazepine tablets using PEG and drug (OF1)
ternary dispersion revealed good in-vitro dissolution results showing high drug release compared
with marketed and OF2 formulation.
Addition of biosurfactant in ternary solid dispersion system proved to be promising excipient in
formulation of carbamazepine tablet for enhanced
dissolution rate, dose reduction and bioavailability.
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ABSTRACT
Objectives: Medicinal plants have always been a consummate source for drugs and
already provided us with lead compounds for numerous currently available drugs with
no or less side effects. This supports the usage of herbal drugs for the treatment and
management of various diseases. However, an assessment with available techniques
has become an essential aspect to establish a valid scientific rationale for their usage
in major healthcare problems. Methods: Ethanolic extract of Antigonon leptopus flower
was screened for antioxidant activity by DPPH method and its effects on blood glucose
levels (OGTT, acute and sub-acute study) in Alloxan induced diabetic rats, effects on
serum lipid profiles and histopathological study of pancreas. Results: The extract showed
potent in-vitro antioxidant activity. Treatment with ethanolic extract of Antigonon
leptopus exhibits remarkable reduction in fasting blood glucose level (OGTT) at 2nd and
4th hr with a percentage of 26% and 11% respectively, whereas in acute study (at 6 hr) it
was found to be 16 % and in sub acute study (15 days) it was reported to be 54%. Also,
a significant lipid lowering activity was observed. Conclusion: This potent antioxidant,
hypoglycemic and hypolipidemic efficacy may be attributed to the secondary metabolites
(phenols, flavonoids, terpenoids, alkaloids, phytosterols and proteins) present.
Key words: Antigonon leptopus, Anti-diabetic, Antioxidant, Hypolipidemic, DPPH.

INTRODUCTION
The medical and societal health concern of
diabetes mellitus (DM) is more and increasing
worldwide. All over the world, approximately
1.5 million deaths are occurring due to
diabetes. Diabetes (Hyperglycemia) is
classified as insulin dependent diabetes
mellitus (IDDM or Type 1) and non-insulin
dependent diabetes mellitus (NIDDM or
Type 2). Type 1 DM is an autoimmune
disorder characterized by T-cell mediated
destruction of β-cells (pancreatic) and
substantial lack in insulin production;
whereas deficient secretion of; and resistance
to insulin, both the factors are remarkably
observed in more prevalent Type-2 DM.

Observance of polyurea (frequent urination),
polyphagia (increased appetite or craving
for food) and polydipsia (excessive thirst)
are the characteristic symptoms of hyperglycemia.1 DM is observed to be a set of
metabolic malfunction, genetic and autoimmune disorder determined by a characteristic factor i. e. hyperglycemia. Metabolic
aspects are outcome of partial or complete
insulin deficiency.2 The DM epidemiology
exhibits dissimilarity in both types according
to sex, age, racial factor and urbanrural population due to their lifestyles.
A remarkable development has been
made in understanding the disease so
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as to treat the causative factors of DM and to take
preventive measures.3 Hyperglycemia; a chronic
metabolic disorder is the outcome of hereditary and
environmental aspects. Anomalous secretion of
insulin; receptors or events occurring after receptor
interactions are characteristics of DM resulting in
malfunctioning of carbohydrate, protein and fat
metabolism and electrolyte imbalance.4 This contributes
to uncontrolled hyperglycemia, which significantly
causes damage to kidney (nephropathy), cardiac diseases
and poor vision (retinopathy); leading to morbidity
and mortality. Increased blood glucose levels for longer
duration in patients with DM are prone to develop
varied vascular complications attributed to increased
production of free radical (ROS-Reactive Oxygen
Species) which suppresses activity of endogenous
antioxidants; SOD (superoxide dismutase) and CAT
(catalase).5 These free radicals are the outcome of several
metabolic events taking place in our body, which
must be scavenged effectively with body’s cellular
constituents to get the protection from developments
of numerous disease conditions.6 The ROS initiated
oxidation results in disintegration of cell membrane,
mutation of DNA and damage to membrane protein,
which subsequently contribute towards propagation
and development of several disease conditions such
as DM, Cancer, cardiovascular disease, liver cirrhosis
etc. Though the body has its own defense mechanism,
but continuous exposure to xenobiotics, contaminants
and chemicals causing generation of ROS drives the
need for potent antioxidants to arrest irreversible
damage caused due to free radicals.7 Therefore, medicinal
plants, natural food and secondary metabolites present
therein are the potential candidates to take care of
human ailments. These medicinal plants act as rich
sources of active secondary metabolites which have
different structures’, different mode of action and
therapeutic properties as well.8 However, due to
considerable health hazards associated with synthetic
free radical scavengers like propyl gallate (PG), butylated
hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA) their use demands a stringent regulation.
Antioxidants proved to be effective in minimizing the
risk of DM, enhances glucose clearance and minimizing
or eliminating the complications associated with onset
of DM.9 Presently used lines of treatment in the
management of DM are thiazolidinediones, sulfonylureas,
α-glucosidase inhibitors and buguanides are found to
act by various mechanisms but with some limitations
(ex. diminished therapeutic efficacy, developing
resistance, etc.) This derives the researchers to focus on
and explore natural resources for secondary metabolites
670

or chemical components with valid scientific base for
safe, efficacious, economic alternate in the treatment
of DM and management of associated complications.10
Antigonon leptopus commonly known as Mexican
creeper, coral vine, bee bush or San Miguelito vine,
is a species of flowering plant in the buckwheat family,
Polygonaceae. Alcohoic extract of flower showed the
presence of flavonoids, phenols, saponins, phytosterols,
triterpenoids, coumarins and xanthoproteins. The
plant found its applications in the treatment of throat
constriction, colds and low blood pressure, for pain
relief and also as heart tonic. Methanolic extract of
flower exerts potential antibacterial efficacy against
numerous human pathogens.11 Aerial parts exert significant hepatoprotective activity.12 It is anticipated from
the literature survey, that the selected plant part may
reveal promising therapeutic applications in the
treatment and management of DM.
MATERIALS AND METHODS
Collection and Preparation of plant extract

Flowers of Antigonon leptopus were collected from in and
around Belagavi, Karnataka, India. Collected plant and
plant parts were authenticated from Prof. R. S. Goudar,
Dept. of Botany, KLES’s R. L. Science Institute,
Belgavi, Karnataka India. The herbarium is prepared
and submitted to Department of Pharmacognosy,
K.L.E.S’s College of Pharmacy, Belgavi, (Karnataka)
India. Extracts with presence of chemical constituents
of medicinal importance were prepared by continuous
hot extraction technique using ethanol followed by
concentration of all extracts using rotavapor and
stored 2 to 8°C. The extracts thus prepared were labeled
accordingly and used for further screening.
Experimental Animals

Using Albino mice (Avg. wt. approx. 25 gm) acute
toxicity study was performed. For anti-diabetic activity
adult albino rats (Wistar) weighing approximately
about 175 gm were selected (Ethical Clearance-Vide:
JNMC/IAEC/Res-2/9/2008, date 19/12/2008) and
grouped with six animals in each group for the study.
Animals were fed with rat chaw and given access to
water ad libitum. Animals were housed to ambient
temperature for acclimatization with day/night cycle.
Preliminary phytochemical investigations13,14

The qualitative analysis of hydro-alcoholic extract for
the presence of phytoconstituents was carried out using
freshly prepared reagents.
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In vitro Antioxidant –DPPH free radical scavenging
activity15

Antioxidant efficacy of A. leptopus flower extract was
determined by DPPH method. Absorbance was
measured in triplicate at 517 nm using Butylated
hydroxytolune (BHT) as reference standard for
comparison. Lower absorbance was indicative of potent
free radical scavenging effect. IC50 value in the tested
compound is, the concentration required to scavenge
50% DPPH free radical. Percentage inhibition was
calculated as DPPH radical scavenging activity.
DPPH radical scavenging effect (%) =

Abs control − Abs sample
Abs control ×100

Where, Abs control is the absorbance of initial conc.
of DPPH radical;
Abs sample is the absorbance of DPPH radical + sample
Extract /standard
Experimental design

Pharmacological evaluation of A. leptopus flower extract
for its free radical scavenging potential and anti-diabetic
potential was performed using selected experimental
animals. Alloxan was used to induce diabetes in rats.
Parameters like GTT (glucose tolerance test), effect of
extracts on BGL (blood glucose levels- single / multi
dose treatment), Serum lipid profile study and histopathology (pancreatic) study were evaluated.
Oral glucose tolerance test (OGTT)16

Experimental animals were separated in 3 different
groups with six animals in each and treatment regimen
was followed as shown in Table 1. Fasting BGL (Blood
Table 1: OGTT Treatment Regimen.
Group –I
(Control)

Group

Treatment

Group –II
(Standard)

Group –III
(Test)

1 ml of 1% gum
Glibenclamide
acacia
(2.5 mg/kg-b. w.)
suspension

A. leptopus
flower
extract
(200 mg/kg)

Glucose Level) of each experimental animal was
measured.
After ½ hr of administration of standard drug and
extract as mentioned in Table 1, glucose (2 mg/kg b.w.)
was administered orally. Blood was collected before and
after ½, 1, 2 and 4 hr of loading glucose. For estimation
of BGL; glucometer and glucostrips (glucose-oxidaseperoxidase reactive strips) were used (Wockhardt Ltd,
Mumbai, India).
Effect of A. leptopus extract on blood glucose levels in
alloxan induced diabetic rats

• Single dose (Acute) treatment]17
Diabetes was induced in overnight fasted rats using
alloxan (120 mg/kg b.w.) single shot injection.
Animals showing BGL level more than 250 mg/dl
after 72 hr were selected and grouped as mentioned
in Table 2 below for study.
Blood samples were collected from the tail vein and
tested for BGLwith help of glucometer; before and
after 1/2, 1, 2, 4 and 6 hr interval after treatment as
mentioned in Table 2.
Effect of A. leptopus extract on blood glucose levels
and serum lipid profiles in alloxan induced diabetic rats

• Multi dose (sub acute) treatment:17
For 15 days daily once the same dose regimen
as mentioned in Table 3 was given to these animals
followed by collecting the blood sample on day 0,
5, 10 and 15. BGL and serum lipid profiles were
measured using glucometer and autoanalyser
respectively.
Histopathological studies:18

Pancreatic tissues from rats of all groups of Multi dose
(Sub acute) treatment were subjected to histopathological
studies using hematoxylin and eosin (H and E) stains.
Statistical analysis

Values are presented as mean ±S.E.M. Statistical difference
between treatments and the controls were tested by

Table 2: Single dose (Acute) treatment].
Group

Group –I
(Normal Control)

Group –II
(Diabetic Control)

Group –III
(Diabetic Test)

Group –IV
(Diabetic Test)

Treatment

1 ml of 1% gum acacia
suspension

1 ml of 1% gum acacia
suspension

Glibenclamide (2.5 mg/kg)

A. leptopus flower extract
(200 mg/kg)

Table 3: Multi dose (sub acute) treatment.
Group

Group –I
(Normal Control)

Group –II
(Diabetic Control)

Group –III
(Diabetic Test)

Group –IV
(Diabetic Test)

Treatment (15 days)

1 ml of 1% gum acacia
suspension

1 ml of 1% gum acacia
suspension

Glibenclamide (2.5 mg/kg)

A. leptopus flower extract
(200 mg/kg)
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one-way analysis of variance (ANOVA), followed by
Dunnett’s multiple comparison test. A difference in
mean values of P<0.05 was considered to be statistically significant.
RESULTS
Phytochemical Analysis

Antigonon leptopus (Polygonaceae) flower extract revealed
the presence of alkaloids, flavonoids, phenols, phytosterols,
carbohydrates, terpenoids and proteins.
In-vitro Antioxidant –DPPH free radical scavenging
activity

Several concentrations ranging from 10-1000μg /ml of
the ethanolic extract of Antigonon leptopus tested for
their antioxidant activity by DPPH model. It has
been observed that free radicals were scavenged by the
extract in a concentration dependent manner (Figure 1).
The extract showed DPPH radical scavenging activity
with an IC50 value of 439μg /ml when compared with
Standard BHT (Butylated hydroxytolune) IC50 value of
419μg /ml.
Acute toxicity study

It was observed that the test extracts did not manifest
any significant abnormal signs, behavioral changes;
body weight changes, mortality and morbidity even
at 2000 mg/kg dose at the end of the 14 days of

observation. Hence, at 1/10 dose of LD50 pharmacological screening was performed.19
Oral glucose tolerance test (OGTT)

Ethanolic extract of Antigonon leptopus (Flower) significantly (P<0.05) improved the glucose tolerance test up
to 4 hr (Table 4). The observed reduction in blood
glucose level at the end of 2nd and 4th hr was 26% and
11% respectively for Antigonon leptopus. The results were
at par with standard drug Glibenclamide.
BGL (Blood glucose level)-Acute Study [Single dose
treatment]

Administration of single dose of Antigonon leptopus
(Flower) ethanolic extract has resulted in remarkable
reduction of blood glucose level in alloxan induced
diabetic rats. As Table 5, the extract exhibited significant
(P<0.05) antihyperglycemic effect from 1 hr and up to
6 hr after its oral administration, compared with normal
rats and diabetic control rats. After 6 hr, blood glucose
lowering potential percentage of Antigonon leptopus was
16 %, while standard drug Glibenclamide (2.5mg/kg)
achieved 20 % reduction when compared with diabetic
control rats.
BGL-Sub Acute Study [Multi dose treatment]

The blood glucose level of each animal was monitored
on 0th, 5th, 10th and 15th days after administration of
Antigonon leptopus (Flower) ethanolic extract. As shown
in the Table 6 initial anti-diabetic activity was observed
on 5th day and continued to increase in all groups
during the experimental period. During multi-dose
treatment period, the extract caused a significant
decrease of 30%, 40% and 54 % in blood glucose levels
on 5th, 10th and 15th day intervals, respectively, when
compared with diabetic control group.
Effect of Antigonon leptopus (Flower) ethanolic extract
on serum lipid profiles in alloxan induced diabetic rats
[Multi dose (sub acute) treatment]

Figure 1: Free radical scavenging activity of different extracts
of Antigonon leptopus using DPPH method.

Lipid lowering potentials of ethanolic extract of
Antigonon leptopus (Flower) in hyperlipidemic rats is
given in Table 7. Treatment with ethanolic extract of

Table 4: Oral glucose tolerance test (OGTT).
Blood glucose concentration (mg/dl)
(Mean ± SEM)

Animal Group
(n= 6)

Treatment
0 min

30 min

60 min

120 min

240 min

I

Normal control (1% gum acacia)

92.8± 2.9

161.6± 4.1

162.7±2.6

161.2± 3.5

132.3± 3.2

II

Glibenclamide 2.5 mg/kg)

96.0±2.4

143.0±2.4 *

145.8±1.2 *

137.0±2.2 *

98.9±1.2 *

III

A. leptopus flower extract (200 mg/kg)

98.2±4.2

130.0±2.7 *

133.2±3.5 *

124.7±2.6 *

109.0±1.4 *

*P < 0.01. Significant, compared to normal control
n = no of animals in each group
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Table 5: BGL (Blood glucose level)-Acute Study.
Animal
Group
(n= 6)

Treatment

I

Blood glucose concentration (mg/dl) (mean ± S.E.M)
0 min

30 min

60 min

120 min

240 min

360 min

Normal control
(1% gum acacia)

87.2±2.4

88.4±2.1# #

90.50±2.3 # #

90.86±1.8 # #

94.4± 2.2 # #

95.76± 3.1# #

II

Diabetic control

288.8±5.0

296.4±5.1*

297.1±5.2*

291.3±4.1*

293.5±3.5*

294.0± 4.1*

III

Glibenclamide
(2.5 mg/kg)

298.3±6.2

285.1±7.0*

271.3±9.3*

259.0± 11.9* #

253.8± 12.1*# #

236.9 ± 11.8*# #

IV

Et. AL
(200 mg/kg)

278.1± 5.0

273.4± 5.5*#

265.2 ± 6.0*# #

254.8±6.2*

248.1± 6.6*# #

234.7 ± 6.3*# #

*P < 0.01. Significant, compared to normal control,
#
P < 0.05 and # #P < 0.01 Significant, compared to diabetic control
n = no of animals in each group

Table 6: BGL-Sub Acute Study.
Animal Group
(n= 6)

Treatment

I

Fasting blood glucose concentration (mg/dl)
(mean ± S.E.M)
0th Day

5th Day

10th Day

15th Day

Normal control (1% gum acacia)

87.35±2.2

87.75±2.8# #

87.35±2.3# #

88.35±1.8# #

II

Diabetic control (1% gum acacia)

288.2±5.2

277.6±7.1**

268.3±4.2**

256.8±4.1**

III

Glibenclamide (2.5 mg/kg)

300.3±6.9

222.3±12.3** # #

190.3±12.8**# #

172.3±14.3** # #

IV

Et.AL (200 mg/kg)

278.2±8.7

194.2 ±10.2** # #

166.4±9.6** # #

122.8±8.4*# #

*P < 0.05 and **P < 0.01 Significant, compared to normal,
n = no of animals in each group
#
P < 0.05 and # #P < 0.01 Significant, compared to diabetic control

Table 7: Serum profile in diabetic rats after 15 days of treatment.
Exp. Group
(n= 6)

Treatment

TGL
mg/dl

HDL
mg/dl

VLDL
mg/dl

LDL
mg/dl

Total
Cholesterol
mg/dl

I

Normal control (1% gum acacia)

79±3.01

44.7±3.7

26±1.9

21.2±2.2

53.3±2.5

II

Diabetic control

120±3.9

38.3±0.9

49.7±3.5

80.5±4.2

88.2±2.9

III

Glibenclamide (2.5 mg/kg)

112±4.6*

59.2±1.9**#

53.3±3.8*

45.8±4.0**

75.5±2.2

IV

Et. AL (200 mg/kg)

90.7±2.7**

42.5±1.7*

22.5±1.2**

32.7±1.7**

60.7±1.5**##

*P< 0.05 and **P< 0.01 Significant, compared to normal,
n = no of animals in each group
#
P< 0.05 and # #P< 0.01 Significant, compared to diabetic control

Antigonon leptopus (Flower) (200 mg/kg) and Glibenclamide in hyperlipidemic rats for 15 consecutive days,
resulted in significant decrease in serum total cholesterol
(TC), triglyceride (TG), low density lipoprotein (LDL)
and Very low-density lipoprotein (VLDL) while there
was a marked increase in high density lipoprotein
(HDL).
Histopathological studies

Histopathological examination of pancreas of experimental animals showed substantial regeneration of
Islets of Langerhans and β cells after treating with
ethanolic extracts of Antigonon leptopus (Flower) and

Glibenclamide, which were earlier, under necroses by
alloxan. Figure 2 (A-D) depicts the islets of pancreas
in different groups. Photomicrographs (A) of normal
healthy control group showed normal acini and normal
cellular population of islets of Langerhans. However, in
alloxan treated rats, there was extensive damage of islets
of Langerhans and they appeared to be irregular (B).
Treatment of diabetic rats with glibenclamide showed
moderate expansion of cellular population and size of
islet cells (C). However, extract (200 mg/kg) treateddiabetic rats showed partial restoration of normal cellular
population and size of islet cells (D).
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Figure 2: Histopathology of Pancreas.

DISCUSSION
Diabetes mellitus was found to be an outcome of
metabolic disorder of fats, carbohydrates and proteins.
This may be attributed to deficiency (absolute or
partial) of insulin as well as developed insulin resistance.
DM is characterized by elevated glucose levels in blood
which in turn results in various complications associated
with morbidity and mortality. The associated complications such are kidney damage, blindness, cardiac
disease, stroke, end organ damage and amputations.20
Though there is a substantial development in the
management and treatment of DM, synthetic anti-diabetic
medicines (biguanides, thiazolidinediones, sulphonylureas
or insulin) faces many limitations. They have major
adverse effects and found to be inefficient in managing
the diabetic complications effectively. The information
about multifarious or diverse state of this disease
condition drives us to search for more promising
drug candidates with devoid of side effects.21 However,
Indian medicinal plants are reported to be highly useful
in the effective management of DM due to its abundance
and less or no side effects.22 Herbal drugs are believed
to act by restoration of pancreatic function either by
increased insulin secretion or by arresting intestinal
glucose uptake. Therefore, it was observed that, herbal
drugs act by protecting β-cells and smoothens variations
in blood glucose levels. It was suggestive that, the
secondary metabolites present in plants, such as alkaloids,
flavonoids, glycosides and terpenoids etc are contributing
factors for anti-diabetic efficacy.23 Further; abridged
plasma antioxidant efficacy, adds to oxidative stress,
which is a major factor in development of DM. These
produced reactive oxygen species (ROS) results in tissue
damage and gradual increase in β-cells dysfunction.
674

Herbal drugs are believed to act by various mechanisms
such as inhibition of glucose absorption, diminished
enzyme activities responsible for blood glucose synthesis,
increasing insulin sensitivity and production, also,
quantum of soluble fibers present in plants contributes
significantly in reducing glucose level. In addition
free radical scavenging activity of plants has remarkable
beneficiary effect in management of DM.24 Plants
are rich sources of secondary metabolites possessing
antioxidant activity, such as flavonoids, Vitamin C,
phenols, terpenoids, carotenoids, anthraquinones,
steroids, strychnine and alkaloids. For determination
of antioxidant potential DPPH method was used.
From the results it is evident that ethanolic extract of
Antigonon leptopus is having potential free radical
scavenging activity. This activity is attributed due to
the presence of phenols, flavonoids terpenoids and
such other chemical compounds present. Further, a
promising antihyperglycemic effect of ethanolic extract
of Antigonon leptopus was observed by improvement in
oral glucose tolerance test, decreased blood glucose
levels with a single dose (acute study) and multi dose
(Sub acute) studies in experimental animals (Alloxan
induced diabetic rats). Ethanolic extract of Antigonon
leptopus and standard drug Glibenclamide showed
considerable efficacy in lowering the blood glucose
level in oral glucose tolerance test. This supports the
hypothesis that protection and regeneration of β cells
is the major contributing factor for anti-diabetic activity.
Also, it may act by exerting inhibitory effect on hormones
responsible for elevated blood glucose, improvement
in affinity and sensitivity of insulin, diminished
glycogen production, optimum utilization of glucose
by the body, improved circulation in the body and
correcting the lipid and protein metabolism.25 In present
study, damaged pancreas was observed in alloxan
treated (diabetic) experimental animals (Figure 2B).
Protection and regeneration of β cells was reported
in glibenclamide-treated group (Figure 2C). Considerable
similar results as of glibenclamide-treated group were
observed with ethanolic extract treated group (Figure 2D).
It was suggestive by photomicrographs that healing of
damaged pancreas may be a valid reason and probable
mechanism for its anti-diabetic potency of ethanolic
extract of Antigonon leptopus. The anti-diabetic efficacy
of Antigonon leptopus may be due to the secondary
metabolites-flavonoids, phenols and terpenoids present
in it. Numerous medicinal plants extracts and few of
chemical constituents (flavonoids, tannins and quinones)
are widely used for the treatment and management
of DM.26 It was observed that, the experimental animals
treated with ethanolic extract of Antigonon leptopus
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showed a significant decrease in levels of blood glucose,
total cholesterol, triglycerides, LDL and VLDL whereas
increase in HDL levels were recorded. From the results
obtained and inferred, it validates the claims that
Antigonon leptopus could play a major role in scavenging
the free radicals effectively and lowering blood glucose
levels and maintain the lipid ratio so as to exert a
promising anti-diabetic as well as hypolipidemic activity.
Also, unlike other synthetic anti-diabetic and lipid
lowering drugs, Antigonon leptopus is devoid of such
adverse effects.
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CONCLUSION
It is evident from the study results that antioxidant
activity, protection and regeneration of β cells,
increased insulin sensitivity and optimum utilization
of glucose by the body are the plausible mechanism for
anti-diabetic activity of ethanolic extract of Antigonon
leptopus. Moreover, the lipid lowering activity observed
reveals promising alternative for treatment of hyperlipidemic patients with less or no side effects. It can
be concluded that Antigonon leptopus can be used as a
valuable alternative from natural resource as a hypoglycemic and hypolipidemic agent. However, further,
fractionation and isolation of lead compounds from
the extract, responsible for observed therapeutic efficacy;
should be carried out.
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PICTORIAL ABSTRACT

SUMMARY

Current study; deals with extraction and evaluation
of ethanolic extracts of flowers of Antigonon leptopus
for its antioxidant and anti-diabetic efficacy using
DPPH and animal models respectively. Phytochemical analysis revealed presence of alkaloids,
flavonoids, phenols, phytosterols, carbohydrates,
terpenoids and proteins. It was observed that the
extract exhibited promising free radical scavenging
effect. Further, anti-diabetic screening showed
significant reduction in blood glucose level in
acute and sub acute study. Also, remarkable lipid
lowering potential was recorded with ethanolic
extract of Antogonon leptopus. It can be summarized
and stated that, antioxidant efficacy, anti-diabetic
action and lipid lowering property are complementary to each other for effective management
of diabetes mellitus.
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ABSTRACT
Objectives: The systematic screening of Tectona grandis bark with the purpose of discovering
new bioactive compounds as a hepatoprotective agent and to establish the scientific basis for
the therapeutic actions of traditional plant medicines. Methods: Tectona grandis bark ethenolic
extract was studied for the hepatoprotective activity against CCl4 induced liver injury in rats.
Serum enzymes level, total bilirubin and histopathological study of liver were performed. This
extract’s DPPH radical scavenging potential was also studied. Results: Oral administration of
ethenolic extract of Tectona grandis bark (200 mg/kg) exhibited significant reduction (p<0.05) in
CCl4-induced increased levels of SGPT, SGOT, ALP and bilirubin (Total) concentration. Treatment
with Liv 52 syrup also reversed the hepatotoxicity significantly (p<0.05). Histopathological
studies also provided supportive evidence for biochemical analysis. This extract also showed
better activity in quenching DPPH radical. Conclusion: Tectona grandis bark ethenolic extract
shown to have hepatoprotective and antioxidant action due to presence of quinones and
tannin like phytoconstituents.
Key Words: Tectona grandis, Hepatotoxicity, Antioxidant, CCL4 induced hepatopathy,
Histopathology, Quinones.

INTRODUCTION
Liver plays a pivotal role in metabolism, secretion
and storage. Any injury to liver can result in
many disorders ranging from transient elevation
in liver enzymes to life threatening liver cirrhosis
and hepatic failure. The common causative agents
of liver injuries are toxic chemicals (e.g. CCl4,
aflatoxin etc.), therapeutic drugs (e.g., antibiotics,
anti-tubercular drugs etc), alcohol and microbial
agents (e.g. hepatitis virus, leptospira, malarial
parasites).1
The role of free radical reactions in disease pathology
is well established. It suggests that these reactions
are necessary for normal metabolism but can be
detrimental to health as well including outcome of
various diseases like diabetes, immunosupression,
neurodegenerative diseases and others.2 Free
radicals lead to cellular necrosis, which is implicated
in some membrane pathophysiological conditions,
including atherosclerosis, rheumatoid arthritis as
well as toxicity of many xenobiotics.3
Liver diseases remain a serious health problem. It
is well known that free radicals cause cell damage
through mechanisms of covalent binding and
lipid peroxidation with subsequent tissue injury.
Antioxidant agents of natural origin have attracted
special interest because they can protect human
body from free radicals.4 Numerous medicinal
plants and their formulations are used for liver
disorders in ethnomedical practices as well as in
traditional systems of medicine in India.5 Many
plant species have been utilized as traditional
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medicines but it is necessary to establish the scientific
basis for the therapeutic actions of traditional plant
medicines as these may serve as the source for the
development of more effective drugs.
Tectona grandis Linn (Verbenaceae) tree commonly
known as Sagvan tree, found throughout the India.
It is a huge tree, bark ash colored. The wood has a
characteristic aromatic odor. The roots are useful in
anuria. The bark is useful in bronchitis, hyperacidity,
diabetes, leprosy and skin diseases. The flowers are
useful in leprosy, skin diseases, burning sensation
and diabetes. Leaves are useful in inflammation,
leprosy, in skin diseases6 wound healing7, diabetes.8,9
The Ethenolic extract of this plant is used in the
treatment of anemia.10
The literature screened in the process of the proposed
work indicates that the selected plant contain
classes of chemical constituents which have shown
antioxidant activity. Literature survey revealed that
Tectona grandis bark ethenolic extract has no scientific
claims for hepatoprotective and antioxidant activity.
Phytochemical and pharmacological investigations
of this plant may yield useful information and
material for better management for preventing the
production of the free radicals and diabetes.

MATERIALS AND METHODS
Animals
Healthy adult male wistar albino rats weighing
between 170-200 gm were used for the
Hepatoprotective studies, whereas wistar albino rats
of either sex were used for determination of acute
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toxicity study. The animals were housed in groups of 5 per cage with
free access to commercial rat pallet diet (Lipton India ltd., Mumbai,
India) and water ad libitum. The animal room was maintained at
25°C ± 2°C with timed lighting on from 6 am to 6 pm and relative air
humidity of 30 to 60%. The Institutional Animal Ethics Committee
(CPCSEA/1/15/2007) approved the study.

Chemicals
All chemicals and solvents used were of analytical grade from Merck
Ltd., Mumbai, India and Sigma Aldrich Co., USA. Liv 52 syrup was
obtained from Himalaya Drug Company, India.

Collection of plant material
The bark of Tectona grandis Linn was collected from local areas of
Kolhapur (Maharashtra) & Belgaum (Karnataka) India. The specimen
was authentificated from Dr.S.R.Yadav, Prof., Dept. of Botany, Shivaji
University, Kolhapur (Maharashtra) India. The voucher specimen
(AMCOP/Pharm/07/19) was retained in the Herbarium of Department
of Pharmacognosy, Ashokrao Mane College of Pharmacy, Peth Vadgaon
(Maharashtra) India.

Preparation of plant extracts
The collected plant material was washed thoroughly in water, chopped,
shade dried at room temperature, reduced to a coarse powder in
a mechanical grinder and passed through a 40 # sieve for desired
particle size. The powder obtained was subjected for the extraction,
with 95% ethanol in a soxhlet apparatus. The extract was concentrated
under reduced pressure and dried. The yield of Tectona grandis bark
ethenolic extract was 4.3 % (w/w). The obtained extract was stored in a
refrigerator at 2-8°c until usage.

Preliminary phytochemical investigations

for estimation of biochemical parameters such as SGPT, SGOT, ALP &
Total Bilirubin. Liver was excised, quickly fixed in 10% formalin and
then fixed in bovine solution and further histopathological study was
done for observation of architectural changes.14

In-vitro antioxidant –DPPH free radical scavenging
activity15
The free radical scavenging activity of Tectona grandis bark ethenolic
extract was measured by 1, 1-diphenyl-2-picryl-hydrazyl (DPPH). For
DPPH assay, the method of Blois was adopted. The capacity of Tectona
grandis bark ethenolic solvent extract to scavenge the lipid-soluble
DPPH radical was monitored at an absorbance of 517 nm. Ethenolic
bark extract (1 ml) of Tectona grandis, at different concentration was
allowed to react with DPPH. Thirty minutes later, the absorbance
was measured at 517 nm. The percentage inhibition of absorbance
was calculated for each concentration relative to a blank absorbance
using the spectrophotometer. The DPPH scavenging capacity of the
extracts is compared with that of BHT (Butylated hydroxytolune).
Lower absorbance of the reaction mixture indicates higher free radical
scavenging activity. All determinations are carried out at least three
times, and in triplicate. IC50 value in the tested compound is, the
concentration required to scavenge 50% DPPH free radical. Percentage
inhibition was calculated as DPPH radical scavenging activity.
DPPH radical Scavenging effect (%) = (Abs control – Abs sample) /
(Abs control) × 100
Where, Abs control is the absorbance of initial conc. of DPPH radical;
Abs sample is the absorbance of DPPH radical + sample Extract /
standard.

Statistical analysis

Preliminary phytochemical investigation revealed the presence of
Lapachol-a naphthaquinone (root)11, naptho and anthraquinone
derivatives (heart wood)12, terpenoids and tannins (Leaves) in Tectona
grandis plant.

Values are presented as mean ± S.E.M. Statistical difference between
treatments and the controls were tested by one-way analysis of variance
(ANOVA), followed by Dunnett’s multiple comparison test using the
“Stat” statistics computer program. A difference in the mean values of
P<0.05 was considered to be statistically significant.

Experimental design

RESULTS

Screening of Tectona grandis bark ethenolic extract for Hepatoprotective
and antioxidant action was done in rats.

Acute toxicity study

Acute toxicity study
Determination of LD50 for extracts is done by OECD guidelines for
fixing the dose for biological evaluation. The animals were fasted
overnight prior to the experiment and maintained under standard
conditions. The LD50 of the extract as per OECD guidelines 2001, falls
under 5mg, 50 mg, 300 mg and 2000 mg/kg bw with no signs of acute
toxicity at respective doses. The biological evaluation of extract is
carried out at 1/10 doses of LD50.13

Hepatoprotective activity
Hepatoprotective activity was carried out by using albino rats. The
animals were divided into four groups of six rats in each. 1% Gum
acacia suspension was given to groups I & II as a vehicle for 10 days by
oral route. Liv. 52 administered as a standard drug to group III at a dose
of 1ml /kg by oral route up to 10 days and IVth group received Tectona
grandis bark ethenolic extract (200 mg/kg by oral route up to 10 days).
Except group I (control group), all remaining groups were received
Carbon tetrachloride at a dose of 0.7ml/kg, on 3, 6 & 10th day by
intraperitoneal route. On 10 th day, 1 hr after last dose of Carbon
tetrachloride, animals were sacrificed by cervical dislocation & the
blood was collected from the carotid artery, serum is separated & used
Pharmacognosy Journal, Vol 12, Issue 3, May-June, 2020

Acute toxicity study revealed no mortality or any toxic reactions with
oral administration of ethenolic extract of bark of Tectona grandis even
at the highest dose (2000 mg/kg). The biological evaluation of extract is
carried out at 1/10 doses of LD50.13

Hepatoprotective activity study
Rats subjected to CCl4 only, developed significant hepatocellular
damage as evident from significant increase in serum activities of
GPT, GOT, ALP and Total bilirubin concentration as compared to
normal control group, which has been used as reliable marker of
hepatotoxicity. Oral administration of ethenolic extract of Tectona
grandis bark (200 mg/kg, p.o) exhibited significant reduction (p<0.05)
in CCl4-induced increase in levels of GPT, GOT, ALP and bilirubin
(Total) concentration. Treatment with Liv 52 syrup also reversed the
hepatotoxicity significantly (p<0.05) (Table 1).

Histopathological studies
Histopathological studies also provided supportive evidence for
biochemical analysis (Figure 1). Histology of the liver section of
normal control animals showed normal hepatic cells with well
preserved cytoplasm, prominent nucleus and nucleolus and well
brought out central vein (A). The liver sections of CCl4-intoxicated rats
showed massive fatty changes, necrosis, hemorrhagic foci in hepatic
599
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Table 1: Effect of Tectona grandis bark ethenolic extract on the Serum enzymes and total Bilirubin in CCl4-induced hepatotoxic rats after 10 days of
treatment.
Exp. Group
(n= 6)
I
II
III
IV

SGPT
(U/L)

SGOT
(U/L)

ALP
(U/L)

TOTAL BILIRUBIN
(mg/dl)

131.0 ± 20.5*

86.00 ± 17.1**

161.0 ± 15.2**

0.700 ± 0.07**

217.0 ± 28.7
140.0 ± 19.1*

340.0 ± 21.0
182.0 ± 5.1**

385.0 ± 27.3
219.0 ± 12.2**

2.123 ± 0.1
0.800 ± 0.1**

160.0 ± 7.4*

173.0 ± 34.4**

323.3 ± 24.5*

0.900 ± 0.1**

Treatment
Normal control
(1% gum acacia)
CCl4 control
LIV 52 syrup
Tectona grandis bark ethenolic
extract (200 mg/kg)

*P < 0.05 & **P < 0.01 Significant
compared to CCl4 control,
n= no of animals in each group

(A)

(C)

(B)

(D)

Figure 1: Histological morphology of rat livers after 10 days of treatment with
ethenolic extract of Tectona grandis bark. (A) Normal control rats showed well
preserved cytoplasm, prominent nucleus and nucleolus and well brought out
central vein while (B) CCl4-intoxicated rats showed massive fatty changes, necrosis,
hemorrhagic foci in hepatic parenchyma, ballooning degeneration and broad
infiltration of the lymphocytes and the loss of cellular boundaries. Liver tissue
of CCl4-intoxicated rats treated with (C) Liv 52 syrup (1 ml/kg) and (D) ethenolic
extract of Tectona grandis bark (200 mg/kg) showed normal lobular pattern
with a mild degree of fatty change, necrosis and lymphocyte infiltration almost
comparable to the normal control.

parenchyma, ballooning degeneration and broad infiltration of the
lymphocytes and the loss of cellular boundaries (B). The histological
architecture of liver sections of rats treated with ethenolic extract of
Tectona grandis bark (200 mg/kg) and standard Liv 52 syrup (1 ml /
kg) showed normal lobular pattern with a mild degree of fatty change,
necrosis and lymphocyte infiltration almost comparable to the normal
control (C and D).

the Tectona grandis bark ethenolic extract in a concentration dependent
manner in this DPPH assay (Table 2).The ethenolic extract of bark of
Tectona grandis showed DPPH radical scavenging activity with an IC50
value of 211 μg /ml when compared with Standard BHT (Butylated
hydroxytolune) IC50 value of 107 μg /ml.

In-vitro antioxidant –DPPH free radical scavenging
activity

Herbal medicines provide rational means for the treatment of many
diseases that are obstinate and incurable in other systems of medicine.
These are gaining popularity because of several advantages such as
often fewer side effects, better patient tolerance, relatively less expensive
and acceptance due to long history of use. Plants are often less prone to
the emergence of drug resistance.

Several concentrations ranging from 10-1000 μg /ml of the ethenolic
extract of bark of Tectona grandis tested for their antioxidant activity by
DPPH model. It has been observed that free radicals were scavenged by
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Table 2: DPPH scavenging activity of Ethenolic extract of Tectona grandis bark.
Concentration
(µg /ml)
10
50
100
250
500
1000
IC 50

DPPH scavenging (% inhibition)
Ethenolic Tectona grandis bark extract BHT (Butylated hydroxytolune)
7.95
20.07
20.01
38.17
33.93
47.71
52.68
90.25
60.83
97.21
79.52
95.22
238µg /ml
107 µg /ml

Data represents mean ± S.E.M. of triplicate analysis.

The 1, 1-diphenyl -2-picryl hydrazyl (DPPH) radical was widely used
as the model system to investigate the scavenging activities of several
natural compounds. Plants provide a rich source of antioxidants,
which include tochopherols, Vit.C, phenolic compounds, carotenoids16,
flavonoids, terpenoids, anthraquinones, steroids, strychnine and
eugenol alkaloids.17 From the present results, it may be postulated
that Tectona grandis bark ethenolic extract reduces the radical to
corresponding hydrazine when it reacts with hydrogen donors in
antioxidant principals, so it can be concluded that the Tectona grandis
bark ethenolic extract has potent in vitro antioxidant potential which is
attributed due to the presence of quinones, terpenoids and tannins like
constituents present therein.
Damage of liver cell is reflected by an increase in the levels of
hepatospecific enzymes; these are cytoplasmic and are released in to
circulation after cellular damage. In this study significant increase in
the total bilirubin content and in the SGOT, SGPT and ALP activities
in the CCl4 treated group could be taken as an index of liver damage.
Treatment with Tectona grandis bark ethenolic extract inhibited CCl4
induced increase in total bilirubin and SGOT, SGPT and ALP activities
as compared with CCl4 treated group (Figure 1).18
The mechanism of hepatic damage by CCl4 is well documented. CCl4
is metabolized by CYP 450 enzyme system to trichlormethyl radical
(CCl3). This in turn reacts with molecular oxygen and gets converted
to trichloromethyl peroxy radical. This radical forms covalent bonds
with sulfhydryl group of several membrane molecules like GSH leading
to their depletion and causes lipid peroxidation. The lipid peroxidation
initiates a cascade of reactions leading to tissue necrosis.19
Amino transferases are present in high concentration in liver, an
important class of enzymes linking carbohydrate and amino acid
metabolism. Alanine amino transferase and aspartate amino transferase
are well known diagnostic indicators of liver disease. In cases of liver
damage with hepatocellular lesions and parenchymal cell necrosis,
these marker enzymes are released from the damaged tissues into the
blood stream. Alkaline phosphatase is a membrane bound enzyme and
its elevations in plasma indicate membrane disruption in the organ.
Alkaline phosphatases, although not a liver specific enzymes, the liver
is the major source of this enzyme. The level of this enzyme increases in
cholestasis. Hepatotoxicity is characterized by cirrhotic liver condition
which in turn increased the bilirubin release.20
Ethenolic extract of Tectona grandis bark has significantly scavenged
reactive oxygen species as indicated in Table 2. Similarly the test extract
significantly reduced the elevated serum biochemical markers of hepatic
injury (Table 1). It is apparent from the present results that the antioxidant
property of ethenolic extract of Tectona grandis bark prevented the
formation of trichloromethyl peroxy radical thereby reducing tissue
damage. This is further confirmed by the histopathological study.
Therefore, the hepatoprotective activity of ethenolic extract of Tectona
grandis bark may be due to its antioxidant potential. Since there are
reports that the plants containing quinones possess antioxidant
Pharmacognosy Journal, Vol 12, Issue 3, May-June, 2020

properties so this hepatoprotective and antioxidant properties of the
test plant may be attributed to the presence quinines.21
From these results it may be concluded that the Tectona grandis bark
ethenolic extract shown to have hepatoprotective and antioxidant
action. It is conceivable that antioxidant/ free radical scavenging activity
of Tectona grandis bark ethenolic extract is one of the mechanism
associated with hepatoprotective effect. The other mechanism is
presence of quinones and tannins in ethenolic extracts of Tectona
grandis bark significantly reduced the activities of SGPT, SGOT, ALP
and Total Bilirubin enzymes as compared to that of toxicant rats.
However, the extract should further be subjected to bioactivity-guided
drug discovery to isolate the lead compound responsible for antidiabetic
activity and possible mechanisms(s) of action.
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Low-dose aspirin for the prevention of preterm delivery in
nulliparous women with a singleton pregnancy (ASPIRIN):
a randomised, double-blind, placebo-controlled trial
Matthew K Hoffman, Shivaprasad S Goudar, Bhalachandra S Kodkany, Mrityunjay Metgud, Manjunath Somannavar, Jean Okitawutshu,
Adrien Lokangaka, Antoinette Tshefu, Carl L Bose, Abigail Mwapule, Musaku Mwenechanya, Elwyn Chomba, Waldemar A Carlo, Javier Chicuy,
Lester Figueroa, Ana Garces, Nancy F Krebs, Saleem Jessani, Farnaz Zehra, Sarah Saleem, Robert L Goldenberg, Kunal Kurhe, Prabir Das, Archana Patel,
Patricia L Hibberd, Emmah Achieng, Paul Nyongesa, Fabian Esamai, Edward A Liechty, Norman Goco, Jennifer Hemingway-Foday, Janet Moore,
Tracy L Nolen, Elizabeth M McClure, Marion Koso-Thomas, Menachem Miodovnik, R Silver, Richard J Derman, and the ASPIRIN Study Group*

Summary

Background Preterm birth remains a common cause of neonatal mortality, with a disproportionately high burden in
low-income and middle-income countries. Meta-analyses of low-dose aspirin to prevent pre-eclampsia suggest that
the incidence of preterm birth might also be decreased, particularly if initiated before 16 weeks of gestation.
Methods ASPIRIN was a randomised, multicountry, double-masked, placebo-controlled trial of low-dose aspirin
(81 mg daily) initiated between 6 weeks and 0 days of pregnancy, and 13 weeks and 6 days of pregnancy, in
nulliparous women with an ultrasound confirming gestational age and a singleton viable pregnancy. Participants
were enrolled at seven community sites in six countries (two sites in India and one site each in the Democratic
Republic of the Congo, Guatemala, Kenya, Pakistan, and Zambia). Participants were randomly assigned
(1:1, stratified by site) to receive aspirin or placebo tablets of identical appearance, via a sequence generated centrally
by the data coordinating centre at Research Triangle Institute International (Research Triangle Park, NC, USA).
Treatment was masked to research staff, health providers, and patients, and continued until 36 weeks and 7 days of
gestation or delivery. The primary outcome of incidence of preterm birth, defined as the number of deliveries
before 37 weeks’ gestational age, was analysed in randomly assigned women with pregnancy outcomes at or after
20 weeks, according to a modified intention-to-treat (mITT) protocol. Analyses of our binary primary outcome
involved a Cochran-Mantel-Haenszel test stratified by site, and generalised linear models to obtain relative risk (RR)
estimates and associated confidence intervals. Serious adverse events were assessed in all women who received at
least one dose of drug or placebo. This study is registered with ClinicalTrials.gov, NCT02409680, and the Clinical
Trial Registry-India, CTRI/2016/05/006970.
Findings From March 23, 2016 to June 30, 2018, 14 361 women were screened for inclusion and 11 976 women aged
14–40 years were randomly assigned to receive low-dose aspirin (5990 women) or placebo (5986 women). 5780 women
in the aspirin group and 5764 in the placebo group were evaluable for the primary outcome. Preterm birth before
37 weeks occurred in 668 (11·6%) of the women who took aspirin and 754 (13·1%) of those who took placebo (RR 0·89
[95% CI 0·81 to 0·98], p=0·012). In women taking aspirin, we also observed significant reductions in perinatal
mortality (0·86 [0·73–1·00], p=0·048), fetal loss (infant death after 16 weeks’ gestation and before 7 days post partum;
0·86 [0·74–1·00], p=0·039), early preterm delivery (<34 weeks; 0·75 [0·61–0·93], p=0·039), and the incidence of
women who delivered before 34 weeks with hypertensive disorders of pregnancy (0·38 [0·17–0·85], p=0·015). Other
adverse maternal and neonatal events were similar between the two groups.
Interpretation In populations of nulliparous women with singleton pregnancies from low-income and middle-income
countries, low-dose aspirin initiated between 6 weeks and 0 days of gestation and 13 weeks and 6 days of gestation
resulted in a reduced incidence of preterm delivery before 37 weeks, and reduced perinatal mortality.
Funding Eunice Kennedy Shriver National Institute of Child Health and Human Development.
Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Preterm birth, defined as delivery before 37 weeks,
remains a predominant driver of infant mortality world
wide, with the greatest burden of disease occurring in
low-income and middle-income countries (LMICs).1,2
Although improvements in neonatal care have resulted
www.thelancet.com Vol 395 January 25, 2020

in improved survival in high-income countries (HICs)
and some LMIC regions,3 this care is often limited or
unavailable in regions with the highest burden of
mortality. Beyond the newborn period, longitudinal
adverse effects on health and socioeconomic outcomes
have been associated with preterm birth, when compared
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Research in context
Evidence before this study
We searched PubMed for articles published in English on
low-dose aspirin therapy in pregnancy for improvement of
birth outcomes, published between Jan 1, 2000 and
Sept 27, 2019, using the search terms “aspirin” AND
“pregnancy” OR “hypertensive disease” OR “preterm birth” OR
“preeclampsia”. A secondary analysis of the Maternal-Fetal
Medicine Units Network trial of aspirin and a single trial of
preconception aspirin (the EAGeR trial) suggested a reduced
risk of preterm birth among women who received low-dose
aspirin compared with a placebo control. Meta-analyses and
systematic reviews of trials of low-dose aspirin in pregnant
women to prevent pre-eclampsia have suggested that the
occurrence of preterm birth is reduced in women receiving
aspirin, with this effect possibly increased when low-dose
aspirin is started early in pregnancy.
Added value of this study
This study is the first large trial of low-dose aspirin initiated early
in pregnancy with the prevention of preterm birth as the
primary outcome. This trial was designed to test the hypothesis
that low-dose aspirin (81 mg) administered daily and initiated

with individuals delivered at term.4–6 Despite numerous
trials of secondary prevention and tocolytic therapies,
effective strategies for the prevention of preterm birth
have proved either elusive or resource-intensive when
used in large populations of potentially at-risk groups.7–10
Meta-analyses and systematic reviews of trials of lowdose aspirin (60–150 mg a day) in pregnant women for
the prevention of pre-eclampsia suggest that women
receiving aspirin have a reduced occurrence of preterm
birth and a reduced frequency of pre-eclampsia.11–13
Secondary analyses of two trials of low-dose aspirin in
pregnancy have also suggested that the frequency of
preterm birth might be decreased in pregnant women
taking aspirin.14,15 This effect might be enhanced when
low-dose aspirin is started before 16 weeks of gesta
tion.12 Although promising as a strategy, no large-scale
definitive trial has examined low-dose aspirin initiated
early in pregnancy for the primary prevention of
preterm birth, as the main outcome. The ASPIRIN
(Aspirin Supplementation for Pregnancy Indicated risk
Reduction In Nulliparas) trial was therefore designed to
test the hypothesis that low-dose aspirin (81 mg)
administered daily and initiated early in pregnancy
(between 6 weeks and 0 days of gestation and 13 weeks
and 6 days of gestation) reduces the incidence of
preterm delivery in nulliparous women with a singleton
pregnancy. In recognising the scarcity of data on the
maternal and neonatal safety of aspirin in settings
where resources might be limited, we also prospectively
assessed potential harmful effects of this therapy as
part of our trial.
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in the first trimester reduces the incidence of preterm delivery in
nulliparous women with a singleton pregnancy. Additionally,
our data suggested that the intervention is safe for women
across the six low-income and middle-income countries (LMICs)
that were represented in the trial.
Implications of all the available evidence
This trial confirms the previously suggested benefit of low-dose
aspirin in reducing the risk of preterm birth. Nulliparous women
with a singleton pregnancy who were allocated to low-dose
aspirin in early pregnancy (between 6 weeks and 0 days of
gestation and 13 weeks and 6 days of gestation, until 36 weeks)
were 11% less likely to deliver before 37 weeks. In addition,
low-dose aspirin reduced the risk of early preterm delivery
(before 34 weeks) by 25%, and perinatal mortality by 14%.
These outcomes are consistent with previous meta-analyses that
showed similar reductions in preterm birth and perinatal
mortality. Because of the large sample size, this trial was able to
show these benefits definitively in a diverse group of women
from various LMICs. The low cost and proven tolerability of
aspirin in this population suggests that our aspirin regimen can be
readily and safely adopted across a range of clinical sites globally.

Methods

Study design
ASPIRIN was a multinational, randomised, doublemasked, placebo-controlled trial. The trial was led by the
ASPIRIN Study Group (appendix p 3) of the Global
Network for Women’s and Children’s Health Research
(Eunice Kennedy Shriver National Institute of Child
Health and Human Development [NICHD], Bethesda,
MA) and took place at seven community sites in
six countries (two sites in India, and one site each in
Pakistan, Zambia, the Democratic Republic of the Congo,
Guatemala, and Kenya) between March 23, 2016 and
April 11, 2019. Each site had several locations of
recruitment, composed of primary health-care centres
and hospital-based clinics. The trial protocol has pre
viously been published.16 Before initiation of the trial, the
protocol was approved by the relevant ethics committees
and regulatory agencies of each country, including the
ethics committees of the collaborators based in the
USA and that of the RTI International. The trial was also
done in accordance with the International Conference on
Harmonization’s Guideline for Good Clinical Practice.
No formal interim analyses were planned nor conducted.

Participants
Each site established a plan that they deemed to be most
effective for their setting to screen pregnant women
residing within the study communities.16 We identified
nulliparous pregnant women aged between 18–40 years
(minors aged ≥14 years were enrolled when permitted
by individual ethics boards in the Democratic Republic
www.thelancet.com Vol 395 January 25, 2020
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of the Congo, Kenya, and Zambia), and written informed
consent for study participation was obtained from the
women, or the parents or guardians of minors, by
trained staff. Nulliparous women were selected as they
are unlikely to undergo treatment to prevent prematurity
because of a lack of obstetrical history and have a
tendency to have higher frequencies of preterm birth
than multiparous women.17–19 Women were required to
have been pregnant for at least 6 weeks and 0 days, and
no longer than 13 weeks and 6 days, as confirmed by a
study ultrasound. We excluded women who presented
with or had a medical history of: allergy or contra
indication to aspirin; previous prescription of aspirin
for more than 7 days during the pregnancy; multiple
gestations; more than two first-trimester losses; any
other medical condition that might be considered a
contraindication to inclusion in the study (eg, diabetes
and hypertension).11 Potential participants were then
medically screened and were required to have: blood
pressure lower than 140/90 mm Hg; haemoglobin at or
higher than 7·0 g/dL; and an ultrasound evaluation
with presence of a fetal heartbeat, a single gestation,
and absence of a fetal anomaly. Fetuses or neonates
subsequently found to have an anomaly were included
in all analyses. The crown–rump length and date of
the last menstrual period were entered into a smart
phone application to determine the gestational age in
accordance with American College of Obstetrics and
Gynecology guidance.20

Randomisation and masking
Eligible and consented women were randomly assigned
(1:1) to receive aspirin or placebo. Both the aspirin
and placebo tablets were manufactured by Morepen
Laboratories (Parwānoo, Himachal Pradesh, India) and
Helix Pharma (Karachi, Pakistan). Packaging and
distribution were handled by Bilcare Global Clinical
Supplies (Pune, India). The placebo tablets were identical
to the aspirin tablets in size, weight, and appearance. The
pills were packaged into blister cards containing a 2-week
supply of medication. A certified analysis following US
Pharmacopeia reference standards was done for each lot
of tablets produced by the manufacturers. Each lot was
then independently stability tested for active ingredients
and appearance every 6 months until 24 months with
high performance liquid chromatography by Auriga
Laboratories (Sonipat, India) and the Pakistan Council of
Scientific and Industrial Research (Karachi, Pakistan),
with all analyses coordinated by the Research Triangle
Institute (RTI) International to preserve masking.
Participant randomisation was stratified by site, with the
randomisation sequence for each site provided by the
data coordinating centre (RTI) using a computer
algorithm based on a randomly permuted block design
with varied block sizes. Group allocation was incorporated
into the tablet packaging by Bilcare via sequential
numbering. Throughout the study, patients, research
www.thelancet.com Vol 395 January 25, 2020

staff, and local health providers were masked to treatment
unless in the case of serious adverse events potentially
related to study treatment that required unmasking.
Drug supply and safety was monitored by a pharmacist at
each site. The pharmacist was able to unmask drug
allocation if required in the context of a serious adverse
event. No instances of unmasking were required.

Procedures
Participants followed a daily regime of 81 mg of aspirin
or placebo from the time of randomisation until 36 weeks
and 7 days of gestation or delivery. On determination of
eligibility, women received the next available, sequentially
numbered, prepackaged 2-week medication allotment
for that site. These packs were replenished every 2 weeks
by study personnel from the site storage facilities and an
assessment of compliance, side-effects, interval medical
contacts, and concomitant medications was documented
at bi-weekly visits. Packs contained written instructions
for use, and to ensure literary levels did not affect proper
use, verbal instructions were provided by study staff
at randomisation and subsequent follow-up visits. Each
woman also received a back-up supply of tablets,
maintained throughout the study, to account for mis
placement or damage, or missed or delayed follow-up
visits. Compliance was assessed by pill counts and the
completion of a medicine compliance form each time the
pill supply was replenished, and an interval medical
obstetrical history was taken during the scheduled visits.
Blood pressure was assessed at 16–20 weeks,
28–30 weeks, 34 weeks, and then every 2 weeks begin
ning at 34 weeks until delivery. A repeat haemoglobin
assessment was obtained between 26 and 30 weeks.
Following delivery, we obtained maternal and neonatal
outcomes up to 42 days using the Global Network
Maternal Newborn Health Registry.21 All staff were trained
in the study procedures and in the assessment of harms.
Quality assessment of the ultrasound images for preg
nancy dating was done contemporaneously on 10% of
cases, at random by case order and equally distributed
across sites (appendix pp 10–11), with feedback provided
to the individual sonographer by the process we have
described previously.22

Outcomes
The primary outcome of this study was the incidence of
preterm birth, defined as the number of deliveries at or
after 20 weeks and 0 days of gestation, and before 37 weeks
and 0 days of gestation. We selected this primary outcome
as data were available to inform a power calculation, and
preterm birth is a well accepted proximal marker of both
perinatal morbidity and mortality.4,5 Predefined secondary
maternal outcomes were hyper
tensive disorders of
pregnancy (eg, pre-eclampsia, eclampsia, and gestational
hypertension; protocol updated to include increased range
of hypertensive disorders on March 18, 2019; appendix
p 4); early preterm (<34 weeks’ gestation) hypertensive
287
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disorders of pregnancy; vaginal bleeding; antepartum
haemorrhage; post-partum haemorrhage; maternal mor
tality up to 42 days post partum; and late abortion
(spontaneous fetal loss between ≥16 weeks’ and <20 weeks’
gestation, or of a fetus <500 g; defined as a secondary
outcome on Feb 21, 2019). Predefined secondary fetal and
neonatal outcomes were perinatal mortality (stillbirths
and deaths in the perinatal period of 20 weeks’ gestation
to 7 days post partum); early preterm birth (before
34 weeks); small for gestational age as defined by the
INTERGROWTH-21st standard;23 birthweight lower than
2500 g and birthweight lower than 1500 g; spontaneous
abortion (miscarriage before 20 weeks); stillbirth (nonmacerated only and total stillbirths); fetal loss (defined as
stillbirth between 16–20 weeks and perinatal mortality
between 20 weeks’ gestation and <7 days post partum);
and medical termination of pregnancy. Extremely preterm

Statistical analysis

14 361 nulliparous pregnant women assessed for eligibility

2385 excluded
1534 did not meet the inclusion criteria
157 declined participation
694 did not complete the screening process

11 976 randomly assigned

5990 allocated to low-dose aspirin (81 mg daily)

5986 allocated to placebo

5943 received the allocated intervention

5936 received the allocated intervention

47 did not receive the allocated intervention due
to pregnancy loss before first dose of aspirin
or did not take any study medication

5975 completed follow-up
89 discontinued the intervention but
continued follow-up
51 withdrew consent
20 moved away from the study area
18 cases of investigator-terminated
treatment
15 lost to follow-up prior to delivery*

203 excluded from analysis
16 ineligible
15 lost to follow-up
172 with a pregnancy outcome at
<20 weeks

5787 included in mITT analysis
7 without evaluable primary outcome†

50 did not receive the allocated intervention due
to pregnancy loss before first dose of placebo
or did not take any study medication

5956 completed follow-up
69 discontinued the intervention but
continued follow-up
33 withdrew consent
21 moved away from the study area
15 cases of investigator terminated
treatment
30 lost to follow-up prior to delivery*

215 excluded from analysis
7 ineligible
30 lost to follow-up
178 with a pregnancy outcome at
<20 weeks

5771 included in mITT analysis
7 without evaluable primary outcome†

Figure: Randomisation and follow-up in the ASPIRIN trial
mITT=modified intention-to-treat. *In each group, one mother and four infants were lost to follow-up before
6 weeks’ gestation. †Women who were eligible according to the mITT criteria but for whom the primary outcome
could not be defined (aspirin group: five medical terminations of pregnancy and two with missing data; placebo
group: four medical terminations of pregnancy and three with missing data).
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birth (before 28 weeks) was a post-hoc exploratory
outcome. Definitions of all secondary outcomes are
provided in the appendix (p 4–5). Overall adherence to
medication or placebo was defined as taking 90% or
more of the prescribed medication. Adverse events were
monitored and recorded every 2 weeks throughout the
study follow-up as detailed in the study protocol (appendix
pp 18–19).16 Serious adverse events were monitored with a
form to be completed for any event that: resulted in
maternal or fetal or neonatal death; was life-threatening;
required hospitalisation or prolonged existing hospital
isation; resulted in persistent or significant disability or
incapacity; or any other serious or unexpected adverse
event that the investigators felt should be reported. Specific
adverse events to be monitored on the basis of previous
links with aspirin were maternal upper gastrointestinal
bleeding and gastroschisis.24,25
The expected incidence of preterm birth was conser
vatively estimated to be 8%.1 Assuming a 5% risk of
miscarriage and a 2% loss to follow-up, a sample size of
11 920 participants (5960 per treatment arm) would
provide 90% power to detect a 20% reduction in the
incidence of preterm birth in women treated with lowdose aspirin, assuming a two-sided type I error of 5%.
A 20% reduction was considered to be a minimum
clinical important difference, in keeping with prior
publications of early aspirin initiation in pregnancy.12,14
In recognising that missing data were likely to occur
because of miscarriage or medical termination of preg
nancy, we planned a priori to do a modified intention-totreat (mITT) analysis for the primary outcome, to
include only women who delivered at or after 20 weeks
(appendix p 6). Randomly assigned women who were
subsequently determined to be ineligible were excluded
from the analysis as part of the mITT approach. We also
prespecified a sensitivity analysis within a per-protocol
population, defined primarily as all participants who
received 90% of their prescribed regimen (appendix p 6).
Analyses of all binary outcomes involved a CochranMantel-Haenszel test stratified by site to formally test
the primary hypothesis, followed by sensitivity analyses
based on generalised linear models, to obtain relative
risk (RR) estimates and associated confidence intervals
while adjusting for site, and to explore the treatment
effect according to site interaction. For the primary out
come, additional sensitivity analyses were: a generalised
linear model with a binomial distribution and identity
link function to estimate the adjusted absolute risk
difference (RD); a repeat of the primary model in
the intention-to-treat (ITT) population (appendix p 10)
with inverse probability weighting to include negative
outcomes for pregnancies excluded from the primary
analysis due to a pregnancy outcome before 20 weeks, a
medically terminated pregnancy at or after 20 weeks, or
otherwise missing outcomes at or after 20 weeks; and a
www.thelancet.com Vol 395 January 25, 2020
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repeat of the primary model also in the ITT population,
with multiple imputation for pregnancies with missing
gestational age. Analyses of secondary outcomes were
exploratory in nature, and therefore p values and confi
dence intervals are provided for descriptive purposes
only and no adjustments for multiple comparisons were
made. Adverse events were monitored in all women who
received at least one dose of drug or placebo and serious
adverse events were analysed according to the actual
treatment received (safety population; appendix p 6). All
data were analysed with SAS software (version 9.4).
Internal quality checks were designed to ensure highquality data, and masked reviews of outcomes and data
consistency were done prior to data locking and analysis.
An external independent data and safety monitoring
committee oversaw the trial, and monitored the results
and the occurrence of serious adverse events on a bian
nual basis. The trial was registered with ClinicalTrials.gov,
NCT02409680, and the Clinical Trials Registry-India,
CTRI/2016/05/006970.

Role of the funding source
Staff from the funder (NICHD) had input into the study
design, data interpretation, and reviewed and approved
this report. Nonetheless, the authors views do not neces
sarily represent those of the NICHD. The corresponding
author had full access to all the data in the study and
had final responsibility for the decision to submit for
publication.

Results
From March 23, 2016 to June 30, 2018, 14 361 nulliparous
pregnant women aged 14–40 years provided informed
consent and were screened for eligibility. 2385 women
were excluded or declined randomisation, and the
remaining 11 976 were consented for randomisation:
5990 were assigned to low-dose aspirin and 5986 were
allocated to placebo (figure). The low-dose aspirin group
had 5787 women in the mITT population, and the pla
cebo group had 5771. Baseline characteristics and sites of
delivery were similar between the two groups (table 1).
Overall adherence to medication or placebo, defined as
taking 90% or more of the prescribed medication, was
high (9813 [84·9%] of 11 558 patients in the mITT
population; 5109 [85·3%] in the aspirin group vs
5052 [84·4%] in the placebo group). The quality of the
drug was evaluated on manufacture and in episodic
assessments of stability by a third party, and showed
appropriate potency throughout the duration of the study
(appendix pp 7–9).
In our mITT population, in those women in whom the
primary outcome could be defined (figure), preterm
delivery before 37 weeks occurred in 668 (11·6%) of
5780 women receiving aspirin and 754 (13·1%)
of 5764 women receiving placebo (RR 0·89 [95% CI
0·81 to 0·98], p=0·012; table 2). On sensitivity analysis,
the estimated absolute difference in the probability of
www.thelancet.com Vol 395 January 25, 2020

preterm delivery with aspirin versus placebo was a
reduction of 2% (RD –0·02 [95% CI –0·03 to –0·01];
p=0·003). We also did sensitivity analyses to assess the
primary outcome according to study population and site.
Aspirin (n=5787)
Maternal age, years

··

Placebo (n=5771)
··

<20

2233 (38·6%)

2273 (39·4%)

20–29

3429 (59·3%)

3372 (58·4%)

125 (2·2%)

126 (2·2%)

>29
Number of prior pregnancies*

··

··

0

5274 (91·1%)

5226 (90·6%)

1

451 (7·8%)

469 (8·1%)

2

62 (1·1%)

76 (1·3%)

10·1 (8·6–12·0)

10·1 (8·6–12·0)

Projected gestational age at
enrolment, weeks
Maternal education
No formal schooling

··
830 (14·3%)

··
828 (14·3%)

1–6 years of schooling

857 (14·8%)

856 (14·8%)

7–12 years of schooling

3470 (60·0%)

3454 (59·9%)

≥13 years of schooling

629 (10·9%)

632 (11·0%)

Maternal height, cm

153·1 (6·9)

153·1 (7·0)

Maternal weight, kg

49·3 (8·9)

49·2 (8·7)

Maternal body-mass index,
kg/m²

21·0 (3·8)

21·0 (3·6)

5 (4–6)

5 (4–6)

Antenatal care visits
Delivery attendant†

··

··

Physician

2938 (50·8%)

2908 (50·4%)

Nurse or midwife

2240 (38·7%)

2239 (38·8%)

Traditional birth attendant

464 (8·0%)

473 (8·2%)

Family, self, or other
acquaintance

142 (2·5%)

147 (2·5%)

Delivery location†

··

··

Hospital

3479 (60·1%)

3494 (60·5%)

Clinic or health centre

1818 (31·4%)

1765 (30·6%)

488 (8·4%)

509 (8·8%)

Home or other
Delivery mode†

··

··

Vaginal

4257 (73·6%)

4324 (74·9%)

Caesarean section

1523 (26·3%)

1440 (25·0%)

Miscarriage

0

0

Medical termination of
pregnancy

5 (0·1%)

4 (0·1%)

Site
Democratic Republic of the
Congo
Guatemala

··
655 (11·3%)

··
665 (11·5%)

836 (14·4%)

835 (14·5%)

India (Belagavi)

1327 (22·9%)

1323 (22·9%)

India (Nagpur)

1026 (17·7%)

1020 (17·7%)

Kenya

673 (11·6%)

655 (11·3%)

Pakistan

771 (13·3%)

762 (13·2%)

Zambia

499 (8·6%)

511 (8·9%)

Data are n (%), median (IQR), or mean (SD). Percentages do not always equal
100% due to rounding. *Not resulting in delivery. †Numbers reflect available data
and therefore do not always reflect the total population.

Table 1: Baseline and site of delivery characteristics (modified
intention-to-treat population)
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Aspirin

Placebo

RR (95% CI)

p value

Primary outcome
Preterm delivery*

668/5780 (11·6%)

754/5764 (13·1%)

0·89 (0·81–0·98)

0·012

Secondary maternal outcomes
Hypertensive disorders*

352/5780 (6·1%)

325/5764 (5·6%)

1·08 (0·94–1·25)

0·299

Vaginal bleeding†

214/5933 (3·6%)

246/5940 (4·1%)

0·87 (0·73–1·04)

0·125

Antepartum haemorrhage*

26/5761 (0·5%)

25/5746 (0·4%)

1·03 (0·60–1·79)

0·900

Post-partum haemorrhage‡

54/5928 (0·9%)

43/5907 (0·7%)

1·25 (0·84–1·86)

0·274

9/5958 (151)

12/5948 (202)

0·75 (0·32–1·78)

0·512

23/5819 (4·0)

30/5808 (5·2)

0·77 (0·45–1·31)

0·331

21/5764 (0·4%)

0·38 (0·17–0·85)

0·015

Maternal mortality up to 6 weeks post partum† (rate per 100 000 livebirths)
Late abortion† (rate per 1000 pregnancies)
Early preterm delivery (<34 weeks) and hypertensive disorders*

8/5780 (0·1%)

Secondary fetal outcomes
Small for gestational age*

1506/5492 (27·4%)

1564/5467 (28·6%)

0·95 (0·90–1·01)

0·171

Perinatal mortality* (rate per 1000 births)

264/5779 (45·7)

309/5763 (53·6)

0·86 (0·73–1·00)

0·048

Early preterm delivery (<34 weeks)*

189/5780 (3·3%)

230/5764 (4·0%)

0·75 (0·61–0·93)

0·039

54/5780 (0·9%)

75/5764 (1·3%)

0·72 (0·51–1·02)

0·062

Actual birthweight <2500 g*

1078/5628 (19·2%)

1153/5624 (20·5%)

0·93 (0·87–1·01)

0·073

Measured and estimated§ birthweight <2500 g*

1101/5671 (19·4%)

1178/5671 (20·8%)

0·94 (0·87–1·01)

0·071

Actual birthweight <1500 g*

78/5628 (1·4%)

101/5624 (1·8%)

0·87 (0·57–1·33)

0·084

Measured and estimated§ birthweight <1500 g*

97/5671 (1·7%)

118/5671 (2·1%)

0·79 (0·58–1·07)

0·152

Fetal loss† (rate per 1000 pregnancies)

303/5818 (52·1)

353/5807 (60·8)

0·86 (0·74–1·00)

0·039

Spontaneous abortion† (rate per 1000 pregnancies)

134/5956 (22·5)

152/5946 (25·6)

0·88 (0·70–1·10)

0·261

Stillbirth macerated excluded* (rate per 1000 births)

105/5744 (18·3)

119/5717 (20·8)

0·88 (0·68–1·14)

0·324

All stillbirth* (rate per 1000 births)

141/5780 (24·4)

166/5764 (28·8)

0·85 (0·68–1·06)

0·141

Medical termination of pregnancy† (rate per 1000 pregnancies)

42/5956 (7·1)

30/5946 (5·0)

1·40 (0·88–2·23)

0·157

Post-term delivery (≥42 weeks’ gestation)*

90/5787 (1·6%)

105/5771 (1·8%)

0·86 (0·65–1·13)

0·266

Extremely preterm delivery (<28 weeks)*

Data are n/N (%) unless otherwise specified. Numbers reflect available data and therefore do not always reflect the total population. RR=relative risk. ITT=Intention-to-treat.
*Modified ITT population. †ITT population. ‡Safety population. §Visually estimated birthweights (appendix p 5) in newborn babies who could not be weighed.

Table 2: Primary and secondary outcomes

In the per-protocol population, the primary outcome
occurred in 537 (10·9%) of 4927 women receiving aspirin
and 600 (12·3%) of 4861 women in the placebo group
(RR 0·89 [95% CI 0·80 to 0·99]; p=0·020; appendix p 13).
No interaction between the study site and the primary
outcome was seen in these analyses. Additionally, ITT
outcomes were similar to the mITT analyses (appendix
p 13).
With respect to secondary outcomes (table 2), early
preterm delivery (<34 weeks) was reduced in women who
were randomly assigned to aspirin compared with those
randomly assigned to placebo. The post-hoc outcome of
extremely preterm delivery (<28 weeks) was marginally
lower in women who received aspirin compared with
placebo, but with a large confidence interval for the
relative risk spanning 1 and this difference was not
significant. Perinatal mortality occurred less frequently
in women who received aspirin than in those who
received placebo. The incidence of overall hypertensive
disorders of pregnancy was not different between women
who received aspirin and those who received placebo;
however, the incidence of women who delivered before
34 weeks with hypertensive disorders of pregnancy was
lower in women taking aspirin than in women taking
placebo. No differences in the occurrence of fetal growth
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abnormalities, defined as birthweight lower than 2500 g
or 1500 g, were noted between the two groups. Fetal loss
(infant death after 16 weeks’ gestation and before 7 days
post partum) was also lower in women taking aspirin
than in women taking placebo. Other maternal and fetal
outcomes were similar between the groups (table 2).
RR estimates by site for the primary and secondary
outcomes are presented in the appendix (pp 14–18). For
the primary outcome of preterm delivery, we found no
evidence of an interaction between site and treatment
group. However, significant interactions between site
and treatment group were indicated for the outcomes of
early preterm birth and birthweight less than 1500 g. For
early preterm birth, results by site were consistent with
overall findings (table 2), in that RR estimates were less
than 1 for most sites (appendix p 16); however, the upper
limit of the RR confidence interval was less than 1 only
for Zambia and Nagpur. The Democratic Republic of the
Congo and Kenya had estimated RRs higher than 1, but
the associated confidence intervals were large and greater
than 1. For birthweight <1500 g (measured and estimated,
and actual birthweight), the span of the RR confidence
interval was less than 1 for Nagpur. The Democratic
Republic of the Congo and Kenya again had estimated
RRs greater than 1; however, the lower limit of the
www.thelancet.com Vol 395 January 25, 2020
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confidence interval for the Democratic Republic of the
Congo was also greater than 1 (appendix p 17).
Overall serious adverse events were similar between the
groups in the safety population (women receiving any
drug or placebo; table 3). No differences in maternal
bleeding complications (antepartum haemorrhage, postpartum haemorrhage, or upper gastrointestinal bleeding)
were detected between the groups. The proportion of
women with anaemia (those with a second haemoglobin
measurement of ≥7·0 g/dL or those with a >3·5 g/dL
decrease in haemoglobin) also did not differ between the
groups. Across both groups, 176 maternal deaths per
100 000 livebirths) were recorded, although maternal
mortality did not differ between the groups. Fetal and
neonatal serious adverse events did not differ between the
aspirin and placebo groups, with no differences in the
frequencies of overall congenital anomalies, gastroschisis,
and neonatal death.

Discussion
In this randomised, double-masked, placebo-controlled
trial, nulliparous women with a singleton pregnancy
who were allocated to receive low-dose aspirin early in
pregnancy (between 6 weeks and 0 days of gestation and
13 weeks and 6 days of gestation, until 36 weeks) were
11% less likely to deliver before 37 weeks’ gestation than
were women on a placebo regimen. Additionally, in the
aspirin group, the risk of early preterm birth before
34 weeks was lowered by 25%, and perinatal mortality
was decreased by 14%. Importantly, we saw no increase
in serious adverse events in mothers or infants in the
low-dose aspirin group, compared with the placebo
group.
These outcomes are consistent with a systematic
review11 and a meta-analysis12 that suggested similar
reductions in the frequencies of preterm birth and
perinatal mortality with low-dose aspirin. Because of its
large sample size, the current trial was able to show these
benefits definitively in a diverse group of women from
six LMICs. Additionally, our study was based on the longstanding Global Network Maternal Newborn Health
Registry, which has high community engagement,21
providing both data consistency and large populations
for recruitment and follow-up. The overall number of
preterm births was higher than that estimated for
determination of our sample size. However, accurate
estimates of preterm birth informed by early ultrasound
at our sites of interest are scarce, and we therefore chose
a conservative estimate of preterm births. Similarly,
aspirin treatment did not achieve the projected reduction
of 20% in the occurrence of preterm births, but did
cause a significant reduction in preterm births, and in
early preterm birth and perinatal mortality. Additionally,
although maternal mortality was high compared with in
high-income countries,26 rates were similar across the
groups. The simple eligibility criteria that was used in
this trial allows the intervention to potentially be applied
www.thelancet.com Vol 395 January 25, 2020

Aspirin (n=5943) Placebo (n=5936) RR (95% CI)

p value

At least one serious adverse event

832 (14·0%)

857 (14·4%)

0·98 (0·89–1·06)

0·568

At least one other serious adverse
event

495 (8·3%)

514 (8·7%)

0·97 (0·86–1·09)

0·579

Maternal death

9 (0·2%)

12 (0·2%)

0·75 (0·32–1·78)

0·514

Upper gastrointestinal bleeding

4 (0·1%)

3·99 (0·45–35·72)

0·216

10 (0·2%)

1·00 (0·42–2·39)

0·997

Maternal events

Vaginal spotting, bleeding,
or leaking

10 (0·2%)

1 (<0·1%)

Antepartum haemorrhage

35 (0·6%)

33 (0·6%)

1·06 (0·66–1·70)

0·815

Post-partum haemorrhage

50 (0·8%)

43 (0·7%)

1·16 (0·77–1·73)

0·481

Anaemia

24 (0·4%)

23 (0·4%)

1·04 (0·59–1·84)

0·893

150 (2·5%)

141 (2·4%)

1·06 (0·85–1·33)

0·591

45 (0·8%)

56 (0·9%)

0·80 (0·54–1·19)

0·271

120 (2·0%)

106 (1·8%)

1·14 (0·88–1·47)

0·325

Fever or infection

54 (0·9%)

46 (0·8%)

1·18 (0·80–1·73)

0·415

Other

57 (1·0%)

57 (1·0%)

1·00 (0·70–1·44)

0·995

Pre-eclampsia or eclampsia
Preterm labour or preterm birth
evaluation before delivery
Hypertension admission or
medical visit before delivery

Fetal and infant events
Fetal loss

142 (2·4%)

162 (2·7%)

0·88 (0·70–1·09)

0·246

Neonatal death up to 28 days

163 (2·7%)

190 (3·2%)

0·86 (0·70–1·05)

0·138

Miscarriage, abortion, or medical
termination of pregnancy

51 (0·9%)

54 (0·9%)

0·95 (0·65–1·38)

0·771

Congenital anomaly

32 (0·5%)

36 (0·6%)

0·89 (0·55–1·43)

0·626

2·01 (0·18–22·11)

0·569

Gastroschisis

2 (<0·1%)

1 (<0·1%)

Data are n (% of group), where n is participants with at least one serious adverse event form indicating the specified
event.

Table 3: Serious adverse events (safety population)

to diverse groups of pregnant women in various clinical
settings, and might be particularly relevant in LMICs.
The low cost and proven tolerability of low-dose aspirin
in women from LMIC populations suggests that this
intervention can be readily and safely adopted across a
range of clinical sites globally.
However, limitations of our study should be noted.
First the applicability of our regimen to groups of women
other than nulliparous women with singleton gestations
remains unclear. Second, previous meta-analyses have
suggested that increased doses of aspirin (>100 mg daily)
might further reduce the incidence of pre-eclampsia than
our selected dose of 81 mg daily.27 The optimal dose and
time of initiation for the prevention of preterm birth
remains unclear, and although aspirin has been endorsed
for the prevention of pre-eclampsia,11,28 we were only able
to show a significant decrease in the incidence of early
preterm hypertensive disorders of pregnancy occurring
before 34 weeks’ gestation. This absence of a difference in
overall pre-eclampsia between our aspirin and placebo
groups might be related to both our definition of
hypertensive disorders of pregnancy, and the settings in
which we performed the study. Diagnosis of pre-eclampsia
most commonly occurs at the time of birth admission. In
the care settings included in our trial, measurement of
blood pressure and assessment of proteinuria does not
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routinely occur at the time of delivery, potentially leading
to an ascertainment bias. In recognising this challenge
with our care settings, we chose to use an expansive
diagnosis of hypertensive disorders (appendix p 4) that
might have led to imprecision in this outcome. None
theless, our trial of aspirin in pregnancy is similar to other
large-scale trials that were unable to show a benefit in
terms of reducing the incidence of pre-eclampsia at
term, but noted a reduction in pre-eclampsia earlier in
pregnancy.29–31 Finally, we did not differentiate spontaneous
preterm birth from iatrogenic preterm birth. This decision
was intentional, as we recognised that a large proportion
of our births would occur in facilities that do not have the
ability to differentiate these diagnoses. As we saw no
differences in the principal drivers of iatrogenic preterm
birth (maternal preterm hypertensive disorders and fetal
growth restriction32), we speculate that the difference in
the incidence of preterm birth between aspirin and
placebo therapy might be due to a difference in the
frequency of spontaneous preterm birth. However,
ultimately, the decreases in preterm birth and perinatal
mortality with low-dose aspirin therapy are the most
meaningful outcomes to women and their children,
regardless of the causative mechanism.
In conclusion, this trial showed that the administration
of aspirin at a daily dose of 81 mg, initiated between
6 weeks 0 days of gestation and 13 weeks 6 days of
gestation up to 37 weeks, reduced the incidence of
preterm births in populations of nulliparous women
with singleton pregnancies from LMICs.
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ABSTRACT
Background: The present study aimed to identify the cytotoxicity of Tiliacora acuminata
extract/fraction(s) plant via bioactivity guided approach and predict the binding affinity
with Topoisomerase II. Materials and Methods: Extract and fractions were screened using
brine shrimp lethality bioassay and the potent fraction was further evaluated for its
in vitro cytotoxicity using five different cell lines i.e. HT-29, HepG2, MCF-7 and A-549.
The binding affinity of individual phytoconstituent from the potent fraction with
Topoisomerase II was further predicted using autodock4. Results: The fraction containing
alkaloids showed the highest cytotoxicity against the HT-29 cell line. Molecular docking study
identified coclaurine as a potent alkaloid phytoconstituent to bind with topoisomerase II.
Conclusion: The study revealed the potential cytotoxic alkaloids from T. acuminata which
may find use in the development of cytotoxic or chemopreventive agents.
Key words: Alkaloids, Brine shrimp, Docking, Menispermaceae, MTT, Topoisomerase II.

INTRODUCTION
Cancer has emerged as a severe health
issue worldwide, increasing at an alarming
rate and it was responsible for 8.8 million
deaths in 2015.1 The primary abnormality
that drives the development of cancer is
the continuous unregulated proliferation of
cancer cells, which invade normal tissues and
eventually spread throughout the body; due
to mutations leading to genetic alterations
and abnormal proliferation of single-cell.2
Primarily, the current cancer therapy includes
surgery, radiation and chemotherapy. Due
to toxicity and contraindications associated
with current drugs and limited selectivity
towards cancer cells, the search for newer
agents for cancer management and treatment
is of great interest.3 This necessitates the
design and development of novel anticancer
drugs or combinations in cancer biology.
Targeted cancer therapy has come to attain
great attention with a number of molecular
targets being identified; opens door to
potential treatment options for cancer

pharmacotherapy. Topoisomerase II, a]
catalyst in the cleavage and rejoining of
double-stranded DNA is one such molecular
target for the development of novel
anticancer agents.4
Traditional medicine around the globe has
utilized natural products as therapeutic
agents since ancient times. The Indian
traditional system of medicine itself offers
a number of plants useful in the treatment
of different conditions associated with
cancer such as hard swellings, abscesses
and inflammation.5 The evaluation of their
therapeutic efficacy may be useful in modern
drug development. The chemotherapeutic
properties of many phytochemicals have
been well established in recent times.
Currently, more than 60% of drugs used
in therapy have been derived from natural
sources.6 The phytochemicals present in
plants possess structural diversity that makes
them a unique source in drug development.
With the use of simple yet reliable
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pre-screening models such as the brine shrimp lethality
assay, medicinal plants can be effectively screened for
their cytotoxic potentials.7
Tiliacora acuminata (Lam.) belonging to the family
Menispermaceae is a large woody climber. It is
mentioned in Ayurvedic medicine as Krishnavetra
which alleviates many ailments and cures cancerous
diseases.8,9 It is also traditionally used as an antidote to
treat snake bites.10 The root of T. acuminata contains
a number of bisbenzylisoquinoline alkaloids and the
cytotoxic activity of the root extract has been reported
previously.11 However; investigations on the active
compounds are still in progress. Hence the present
study aims to evaluate T. acuminata for in vitro cytotoxicity
and in silico molecular docking.

counted and LC50 values were calculated by probit
analysis.

MATERIALS AND METHODS
Collection of plant material

The whole plant of T. acuminata was collected from
the wild regions of Tirupati, Eastern Ghats, Andhra
Pradesh, authenticated by Botanist, Dr. K. Madhava
Chetty at Sri. Venkateswara University, Tirupati,
Andhra Pradesh and herbarium of the same was deposited
with voucher number 0948.
Preparation of extracts and fractions

The extraction and fractionation were carried out
according to the generic scheme described by Cos et al.12
with minor modifications. The coarsely powdered
material was subjected to maceration using 70% ethanol
for 24 hrs. After filtration, the marc was dried and
subjected to soxhlet extraction using ethanol as solvent.
The macerate and percolate were then combined and
concentrated using a rotary evaporator (IKA-RV
Digital) to obtain the final extract. Fractionations of
ethanol extract yielded methanol, petroleum ether,
dichloromethane and aqueous fractions (Figure 1).
Brine shrimp Lethality (BSL) Bioassay

The brine shrimp (Artemia salina Leach.) eggs (Seamonk
international Artemia cyst 003) were used for the assay.
The bioassay was carried out according to the method
described by McLaughlin et al.13 with modifications.
Stock solutions (5000µg/ml) of extracts/fractions were
prepared in 1% DMSO and serial dilutions in geometric
progression were made using seawater. Ten shrimps
were exposed to 5ml of each test solution. Control
tubes contained equal volumes of distilled water. The
assay was carried out in triplicate for each concentration.
At the end of 24 hr, the number of survivors was
S296

Figure 1: Scheme of extraction and fraction of T. acuminata.

Cell culture

The cell lines A-549 (Human, small cell lung carcinoma),
MCF-7 (Human, breast cancer), HepG-2 (Human,
hepatic cancer), HT-29 (Human, colon cancer) and
L-6 (Rat, normal skeletal muscle) were procured from
National Centre for Cell Sciences, Pune, India. Stock
cells were cultured and grown in 25 cm2 culture flasks
(Tarsons India Pvt. Ltd, Kolkata, India) using Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with
10% inactivated fetal bovine serum (FBS), penicillin
(100 IU/ml), streptomycin (100 mg/ml) and amphotericin
B (5 mg/ml) in an humidified atmosphere of 5% CO2
at 37°C until confluent. The cells were detached with
trypsin phosphate versene glucose solution (0.2% trypsin,
0.02% EDTA, 0.05% glucose in PBS).
MTT Assay for cytotoxicity

The bioactive fractions from brine shrimp bioassay were
screened for cytotoxicity by 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay.14
Briefly, cell monolayers were trypsinized, washed with
culture medium and plated in 96-well microtiter plates
and incubated for 24 hr. Each dilution of fraction 3
was added to the wells and plates were incubated for
48 hr in a humidified incubator at 37°C with 5% CO2.
After incubation, 10µl of MTT (5mg/ml in PBS) was
added to each well and incubated again for 4 hr. The
absorbance was measured using a microplate reader at a
wavelength of 540 nm.
Molecular docking

Docking of phytoconstituents with topoisomerase II
was performed as previously explained by Khanal et
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al.15 Briefly, the selected ligand molecules i.e. coclaurine,
magnoflorine and stepholidine were retrieved from
the PubChem database in. sdf format and converted
into.pdb using discovery studio 2017; minimized using
mmff94 force field and conjugate gradients as an
optimization algorithm. After minimization, the pose
scoring the minimum binding energy was chosen as a
ligand molecule for docking. Topoisomerase II (PDB
ID: 4GHF) was retrieved from the RCSB database;
used as a template for query sequence for accession
number: P11388.3 for homology modeling by adding
the missing amino acid using Modeller 9.10. The
retrieved protein molecule contained the water molecules
and other heteroatoms; removed using Discovery
Studio 2017; avoids docking interference and saved
in .pdb format and docking was carried by using
autodock4.0 under Lamarckian GA 4.2. After docking
the pose scoring minimum binding energy was chosen
to visualize the ligand-protein interaction using
Discovery Studio 2017.

Molecular docking

Three phytoconstituents caclaurine, magnoflorine and
stepholidine; previously reported in T. acuminata were
studied by molecular docking for their binding affinity
with topoisomerase II. Coclaurine was predicted for the
highest binding affinity with topoisomerase II with a
maximum number of H-bond interactions.
Stepholidine was found to show the least binding affinity
with topoisomerase II. The binding energy, inhibitory
coefficient and H-bond interactions of individual
phytoconstituents with topoisomerase II are summarized
in Table 2. The interaction of individual compounds
with topoisomerase II is shown in Figure 3.
Table 1: Lethal concentration (LC50) of
extract/fractions of T. acuminata in BSL Bioassay.
Extract / Fractions

LC50 (ppm)

T. acuminata hydroalcoholic extract

51.299 ±1.13

Fraction 1

83.28±1.35

Fraction 2

332.7±2.26

Statistical analysis

Fraction 3

45.57±1.56

Data were expressed as Mean ± SD using Graph Pad
Prism version 5.0. All experiments were performed in
triplicates. IC50 was calculated using a linear regression
curve and lethal concentration (LC50) was calculated
probit analysis. The binding affinity of compounds was
represented as binding energy.

Fraction 4

395.22±1.19

Values are expressed as Mean ± SEM

Table 2: Binding energy and inhibition constant of
compounds with Topoisomerase II.
Phytoconstituents

RESULTS AND DISCUSSION
BSL bioassay of extract and fractions

The extract of T. acuminata showed promising toxicity
towards brine shrimps with LC50 of 51.299± 3.16 μg/ml.
Fractions 3 showed the most cytotoxicity with LC50 of
45.57 ± 2.14 μg/ml; summarized in Table 1. The other
fractions showed moderate to no activity in the BSL
bioassay.

Topoisomerase II (PDB: 4GHF)
BE
(kcal/
mol)

IC50(µM) Interacting Hydrogen
Bond Residues

Coclaurine

-5.29

133.53

ASP 479, ASP 446,
ARG 450, GLU 454,
LYS 480

Magnoflorine

-5.21

150.75

LEU 473, GLY 474,

Stepholidine

-4.48

520.33

SER 709

BE: Binding Energy, IC50: Inhibitory Concentration 50

MTT Assay of the fraction

The fraction 3 showed the highest cytotoxicity against
HT-29 (IC50= 79.52±1.21 µg/ml) compared to the
other cell lines A-549 (127±6.44µg/ml) and Hep G-2
(185.1± 8.16 µg/ml). Percentage cell growth inhibition
was observed in a concentration-dependent manner
and summarised in Figure 2. Fractions did not show
cytotoxicity towards the MCF-7 cell line. The fraction was
also found to be non-cytotoxic to normal cells displaying
more than 70% cell viability at all the concentrations in
the L6 normal cell line.

Figure 2: Percentage inhibition of cell growth of T. acuminata
fraction 3 on various cell lines. Values are expressed as
Mean±SEM (n=3).
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Figure 3: Interaction of (a) Caclaurine, (b) Magnoflorine,
(c) Stepholidine.

The present study aimed to identify potential
phytoconstituents from T. acuminata with special reference
to cytotoxicity using in vitro and in silico approach. To deal
with this approach, BSL bioassay and MTT cytotoxicity
assay were performed which identified alkaloid fraction
as a promising group of phytoconstituents. Initially,
BSL bioassay was performed to pre-screen the fractions
to narrow down the active fraction from T. acuminata
extract. This bioassay has been successful in the
identification of many bioactive components from
natural sources including cytotoxic constituents.16,17
Compounds with LC50 lower than 100 μg/ml may be
considered as cytotoxic.18 The lethality to brine shrimps
has been frequently reported as a reliable pre-screening
assay to the existing cytotoxicity assays.19 Thus, rapid
screening of extracts and fractions for potential
cytotoxicity can be obtained by this assay.
In the present study, a fraction rich in alkaloids showed
the highest toxicity to brine shrimps. The methanolic
fraction 1, petroleum ether fraction 2 and aqueous
fraction 4 did not show promising cytotoxicity in the
BSL bioassay. Hence alkaloidal fraction of T. acuminata
was taken assessed for in vitro cytotoxicity studies using
a panel of cell lines. The ability of the fraction to
inhibit cell growth was determined by reduction in the
MTT dye to soluble formazan crystals by metabolically
active mitochondrial enzymes.20 The alkaloidal fraction
showed the cytotoxicity in HEPG2 and HT29, however,
the highest cytotoxic potency was towards the HT-29
cell line. Diphenylbisbenzylisoquinoline alkaloids
have been identified as the principal components in
T. acuminata.21 The cytotoxic activity of T. racemosa has
been previously reported in acute myeloblastic leukemia
(HL-60), chronic myeloblastic leukemia (K-562) and
cervical epithelial carcinoma (HeLa) tumor cell lines.22
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Tiliarine has previously shown in vitro inhibition of
human melanoma cells.23
Targeting topoisomerase II is a well-accepted approach
in cancer chemotherapy by inhibiting the enzymemediated DNA damage. Topoisomerase II enzyme
is of vital use in cell processes namely, replication,
transcription, chromosome separation and segregation
since it acts as a catalyst in the cleavage and rejoining
of double-stranded DNA. Topoisomerase II is reported
to be highly overexpressed in proliferating cancer cells
and hence makes it a potential target for new anticancer
drugs.24 Further, previous docking studies also report
the interaction of multiple phytoconstituents with
various protein molecules.15,25 Hence, we investigated
the binding affinity of reported alkaloids from
T. acuminata with topoisomerase II. Nine different
alkaloids i.e. coclaurine, coreximine, isoboldine, liridenine,
magnoflorine, norjuziphine, nortrilobine, stepholidine
and trilobine were investigated to predict the binding
affinity and possible phytoconstituent-topoisomerase
II interaction using in silico molecular docking.
Interestingly, we identified coclaurine to have the
highest binding affinity by interacting with ASP 479,
ASP 446, ARG 450, GLU 454, LYS 480 amino acid
residues (Table 2). The present study is also supported
by the anti-cancer activity of coclaurine on various cell
line studies.26 Further, previous studies suggest that a
lead molecule can target multiple proteins and regulate
the multiple pathways in a particular disease27,28 which is
the future scope of the study to evaluate the role of hit
molecules in cancer treatment. Further, a single
compound can modulate multiple protein/pathway(s)29
which can be further evaluated for Coclaurine via gene
set enrichment analysis with special reference to the
pathways involved in cancer pathogenesis.
CONCLUSION
The present study utilized bioactivity guided screening
of hydroalcoholic extract/fraction(s) of Tiliacora acuminata
which identified fraction rich in alkaloids to be a
potent agent against multiple cell lines. Additionally,
coclaurine was predicted to have the highest binding
affinity with Topoisomerase II which needs to be further
confirmed via in vitro enzyme assay. Additionally, we
suggest performing a coclaurine-modulated gene set
enrichment analysis with special reference to protein/
pathway(s) involved in cancer pathogenesis.
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SUMMARY

Cancer is one of the leading causes of death all over
the world. The shortcomings in current drugs used
in chemotherapy necessitate the discovery
and
development
of
newer
drugs.
Plants have long been associated with
treatment in various forms and even today
are recognized as important reservoirs for molecular
leads. The current study evaluated the cytotoxic
potential of T. acuminata using the bioactivity guided
approach. The BSL the bioassay was used as a
pre-screening model to rule out the least/inactive
fractions. According to this assay, the alkaloid fraction
showed the highest cytotoxicity and hence was further
evaluated using a panel of human cancer cell lines.
The alkaloid fraction showed the most cytotoxicity
against the HT-29 cell line. Thus, nine alkaloids
previously reported from T. acuminata were evaluated for
their binding affinity with topoisomerase II enzyme
using molecular docking. This enzyme plays a major
role in vital cell processes. Caclaurine was found to
show the highest binding affinity with topoisomerase
II. Thus, the study revealed the presence of cytotoxic
constituents from T. acuminata which may further be
evaluated thoroughly. The study forms the base for
the development of potential anticancer molecules
from T. acuminata.
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ABSTRACT
The aim of the present research work is to screen and assess the selected plant
Key Words
COVID-19, Berberine, alkaloids as potential COVID-19 main protease enzyme (Mpro) inhibitors, using
molecular docking study. We have selected several plant alkaloids which are
Molecular Docking,
Alkaloids, Discovery having antiviral activity which includes berberine, columbamine, leurocristine,
Studio 2019.
lycoricidine, lycorine, narciclasine, palmitine, periformaline, perivine and
vincaleucoblastine used as ligands to study the interaction with selected target of
COVID-2019. Nelfinavir and lopinavir were used as standard antiviral agents for
Access this article online
comparison. COVID-19 Mpro was docked with selected compounds using PyRx
Website:
0.8 and docking was analysed by PyRx 0.8 and Biovia Discovery Studio 2019.
https://www.jgtps.com/
The binding energies obtained from the docking of 6LU7 with lopinavir, nelfinavir,
Quick Response Code:
berberine, columbamine, leurocristine, lycoricidine, lycorine, narciclasine,
palmitine, periformyline, perivine and vincaleucoblastine were -8, -8.3, -6.8, -7, 6.5, -7.8, -7, -8.1, -7.3, -7.2, -7.3 and -7.3 kcal/mol, respectively. From the binding
energy calculations we can conclude that nelfinavir and lopinavir may represent
potential treatment options and berberine, columbamine, leurocristine, lycoricidine,
lycorine, narciclasine, palmitine, periformyline, perivine and vincaleucoblastine
found to possess the best inhibitors of COVID-19 Mpro.

INTRODUCTION
The 2019‑novel coronavirus (nCoV) is
a major source of disaster in the 21th century
and the finding of specific drugs treatment to
prevent the attack of Coronaviruses is a major
need [1] Coronaviruses (CoVs) have a single
stranded RNA genome structure with a size
ranging from 26.2 to 31.7 kb and covered by an
enveloped structure [2]. We have total seven
strains of human CoVs namely NL63, 229E,
HKU1, OC43, Middle East respiratory
syndrome (MERS)‑CoV, Severe Acute

Respiratory

Syndrome

(SARS)‑CoV,

and

2019‑novel coronavirus (nCoV), which are
responsible to cause infections of both lower
and upper respiratory tract which includes
pneumonia, common cold, bronchiolitis,
rhinitis, pharyngitis, sinusitis etc. [3,4]. Strain
SARS‑CoV, MERS‑CoV, and 2019‑nCoV are
proved for their high pathogenecity which
caused endemic of severe CoV disease [4].
New coronavirus (CoV) strain was identified in
Wuhan, China, in the year 2019 [5]. The
Emergency Committee of the World Health
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Organization declared an outbreak in China on
30 January 2020, which was considered as
Public Health Emergencies of International
Concern (PHEIC) [6]. Officially, WHO named
this disease as COVID-19 (coronavirus disease
2019) on 11 February 2020 [7]. Currently, no
specific therapies for COVID-19 are available
and investigations regarding the treatment of
COVID-19 are lacking. Potential combinations
of protease inhibitor lopinavir/ritonavir, which
is commonly used to treat human
immunodeficiency virus, for the treatment of
COVID-19-infected patients have been
investigated and reported [8]. An investigation
carried out by Xu et al. (2020) showed that
among 4 tested drugs namely nelfinavir,
pitavastatin, perampanel, and praziquantel,
nelfinavir was identified potent inhibitor
against COVID-19 Mpro, based on binding
free energy calculations. Liu et al. (2020) have
successfully crystallized the main protease
(Mpro) from COVID-19, which has been
structured and repositioned in the Protein Data
Bank (PDB) and is accessible by the public.
This protease represents a potential target for
the inhibition of CoV replication [9].
The main proteases in CoVs PDB ID 6LU7 is
acts as potential target proteins for COVID-19
treatment. 6LU7 is the Mpro in COVID-19 that
has been structured and repositioned in PDB
and has been accessible by the public since
early February 2020 [10]. The discovery of the
Mpro protease structure in COVID-19 provides
a great opportunity to identify potential drug
candidates for treatment [11]. Plant secondary
metabolites play an important role in the
treatment, prevention, mitigation and cure of
various diseases and disorders in mankind.
Plant alkaloids are one of the largest groups of
natural products found to possess diverse group
of chemical entities and also found to possess
various biological activities [12, 13]. Several
researchers have studied the effect of alkaloids
on viral reproduction. The studies revealed that
about 40 alkaloids possess antiviral properties.
Berberin,
columbamine,
leurocristine,
lycoricidine, lycorine, narciclasine, palmitine,
Periformyline, perivine and vincaleurocblastine
are the alkaloids which are reported for various
antiviral activities. [14, 15, 16, 17, 18]
Literature search revealed that, selected
alkaloids have potent antiviral effect against
different viruses and may be effective against

COVID-19. Hence there is need of screening
and assessing the selected alkaloids against
molecular targets of COVID-19 using
molecular docking techniques. No studies have
been reported on molecular docking studies of
selected alkaloids against selected target of
COVID-19. This promoted us to carry out
present research work.
MATERIALS AND METHODS
Software’s: PyRx 0.8, Biovia Discovery
Studio 2019, Molsoft, marvinsketch.
Alkaloids:
berberine,
columbamine,
leurocristine,
lycoricidine,
lycorine,
narciclasine, palmitine, periformyline, perivine,
vincaleucoblastine used as ligands.
Standard drugs: Nelfinavir and lopinavir were
used as standard for comparison.
Determination of Drug Likeness Properties
of Selected Ligands:
In our study we have selected
alkaloids as Ligands. Almost all the selected
alkaloids are available in market in various
pharmaceutical and ayurvedic dosage form and
they are safe also consumed by large number of
population. In order to find out drug-like
properties of each ligands we have followed the
Lipinski’s rule of five. With the adherence of
Lipinski’s rule of data about drug likeness was
compiled. The Canonical simplified molecular
line-entry systems (SMILES) were retrieved
from PubChem and used in Molsoft software to
obtain data.
Preparation of Macromolecules: Structure of
COVID-19 3clpro/Mpro (PDB ID: 6LU7)
macromolecule was retrieved from PDB
(https://www.rcsb.org/), website in pdb format.
The retrieved protein is associated with water
molecules and hetero-atoms. All hetero atoms,
water molecules and native ligand were
removed by using Discovery studio 2019 to
avoid docking interference and saved in the
PDB format. The 6LU7 protein contains two
chains, A and C. Chain A contains SARS-CoV2 main protease enzyme hence Chain A was
used for macromolecule preparation.
Preparation of ligand: All the 3D structures
of the ligand molecules were retrieved from
PubChem (https://pubchem.ncbi.nlm.nih.gov/)
in structural data format (SDF) and converted
to protein data bank (PDB) format using
Discovery studio 2019. In the present study
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lopinavir, nelfinavir, berberine, columbamine,
leurocristine,
lycoricidine,
lycorine,
narciclasine, palmitine, periformyline, perivine
and vincaleucoblastine were used as ligands.
Determination of Active Sites: The amino
acids in the active site of a protein were
determined by using the Biovia Discovery
Studio 2019. The determination of the amino
acids in the active site was used to analyse
docking evaluation results [19]
Molecular Docking: PyRx 0.8 was used for
molecular docking. After the completion of
docking, autodock preferences were obtained
for both ligand and target in PDBQT format.
The docking analysis was performed by Biovia
Discovery Studio 2019. The pose for minimum
binding energy was selected as best interaction.
RESULTS
Drug likeness properties of selected
ligands were calculated. Ligands and drug
candidate compounds have been previously
selected, based on adherence to Lipinski’s rule
of five. The drug scanning results were
calculated and data were presented in Table 1.
The 6LU7 is the main protease (Mpro) found in
COVID-19, which been structured and
repositioned in PDB and can be accessed by the
public, as of early February 2020. The PDB ID,
structure of macromolecule, native ligand and
amino acids found in the active site pockets of
6LU7 are presented in Table 2.
Molecular docking analysis of selected
alkaloids, selected drugs and its 2D interaction
with different amino acids on targets were
presented in Table 3.
Molecular docking analysis results for several
compounds against 6LU7 and its binding
energy/Gibbs Energy were presented in Table
4. Graph showed molecular docking results
between 6LU7 and several drug candidate
compounds (the binding energy value ΔG is
shown in minus kcal/mol) and presented in
(Figure 1).
DISCUSSION
The present study focused on the main
proteases in CoVs PDB ID 6LU7 as potential
target proteins for COVID-19 treatment. 6LU7
is the Mpro in COVID-19 that has been
structured and repositioned in PDB and has
been accessible by the public since early
February 2020 [21]. The discovery of the Mpro

protease structure in COVID-19 provides a
great opportunity to identify potential drug
candidates for treatment [22]. In many viruses,
proteases play essential roles in viral
replication; therefore, proteases are often used
as protein targets during the development of
antiviral therapeutics [23]. In the present
study, we have used nelfinavir and lopinavir as
standards for comparison. Several alkaloids
from medicinal plants have been reported to
show antiviral bioactivities [12–18].
We
investigated
Berberin,
Columbamine, Leurocristine, Lycoricidine,
Lycorin, Narciclacin, Palmitine, Periformyline,
Perivine and Vincaleurocblastine as potential
inhibitors of the COVID-19 Mpro. The binding
energies obtained from docking 6LU7 with
Berberin,
Columbamine,
Leurocristine,
Lycoricidine, Lycorin, Narciclacin, Palmitine,
Periformyline,
Perivine
and
Vincaleurocblastine were -8, -8.3, -6.8, -7, -6.5,
-7.8, -7, -8.1, -7.3, -7.2, -7.3, -7.3 kcal/mol,
respectively.
The docking analysis in the present
study showed the interaction of several
compounds with COVID-19 Mpro, ranked by
affinity (ΔG); Nelfinavir >narciclastine>
lopinavir > Lycoricidine >Palmitine, Perivine
and
Vincaleuroblastine>Periformyline>
Columbamine
and
Lycorine
>Berberin>Leucocristine were the most
recommended alkaloids found in medicinal
plants as potential inhibitors of COVID-19
Mpro, which should be explored in future
research.
CONCLUSION
Currently available drugs for COVID19 treatment primarily act on the main protease
(Mpro). The aim of this study was to screen
and assess the selected alkaloids from plant that
may inhibit the COVID-19 protease enzyme.
The binding affinity of narciclastine is higher
as compared to others whereas leurocristine
found to show low affinity amongst all the
compounds. Nelfinavir and lopinavir may
represent potential treatment options, and
berberin,
columbamine,
leurocristine,
lycoricidine, lycorin, narciclacin, palmitine,
periformyline, perivine and vincaleurocblastine
may be recommended as most potential
inhibitors of COVID-19 Mpro.
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Sr.
No.
1
2
3
4
5
6
7
8
9
10
11
12

Table 1: Drug likeness properties of selected drugs and ligands
Name of the
Mol Formula
Mol
Log p HBD
HBA
Ligands
Weight
Nelfinavir
C32H45N3O4S
567.31
5.13
4
6
Lopinavir
C37H48N4O5
628.36
5.71
4
5
Leurocristine
C46H56N4O10
824.4
2.96
3
12
Periformyline
C21H22N2O4
366.16
2.24
1
4
Perivine
C20H22N2O3
338.16
2.23
2
4
Vincaleucoblastine
C46H56N4O9
808.4
4.27
2
11
Berberine
C20H18NO4
336.12
4.39
0
4
Columbamine
C20H20NO4
338.14
3.7
1
4
Palmitine
C21H22NO4
352.15
3.96
0
4
Lycorine
C16H17NO4
287.12
1.16
2
5
Lycoricidine
C14H13NO6
291.07
0.89
4
6
Narciclasine
C14H13NO7
257.11
2.68
1
3

PDB ID

Table 2: PDB ID, target, native ligand and active sites
Macromolecule
Native Ligand

6LU7

Sr.
No.

Drug Likeness
Score
1.14
1.10
1.36
0.05
0.05
1.53
0.77
0.84
0.69
-0.26
4
0.29

Active Sites
THR24, THR26,
PHE140, ASN142,
GLY143, CYS145,
HIS163, HIS164,
GLU166, HIS172

Table 3: Molecular docking analysis data of ligands and target
Ligands Name
Molecular structure and Interaction with Amino acids involved in
6LU7
the interaction

1

Lopinavir

HIS 41, PHE 140, ASN
142, GLU 166, PRO
168, ASP 187GLN 189

2

Nelfinavir

GLN 110, VAL 202ILE
249, PHE 294VAL 297

3

Berberin

ARG 40, CYS 85, PHE
181, ARG 188
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4

Columbamine

MET 49, LEU 141, SER
144, CYS 145

5

Leurocristine

PRO 290, PHE 294,
VAL 297

6

Lycoricidine

HIS 41, MET 49, LEU
141, GLY 143, CYS
145, HIS 164

7

Lycorine

VAL 104, ILE 106,
GLN 107, GLN 110,
THR 111, ASN 151

8

Narciclasine

HIS 41, MET 49, PHE
140, LEU 141, GLY
143,

9

Palmitine

HIS 41, GLY 143, CYS
145, MET 165, GLU
166

10

Periformyline

HIS 41, ASN 142, CYS
145, HIS 163

11

Perivine

HIS 41, MET 49, GLY
143, SER 144, CYS 145,
MET 165
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12

Vincaleurocblastine

Protein
6LU7

LYS 137, LEU 272,
LEU 286, LEU 287

Table 4: Pub Chem ID of ligand and binding energy
Ligands
Pub Chem ID
Binding energy (kcal/mol)
Lopinavir
97727
-8
Nelfinavir
64143
-8.3
Berberine
2353
-6.8
Columbamine
72310
-7
Leurocristine
5388993
-6.5
Lycoricidine
73065
-7.8
Lycorine
72378
-7
Narciclasine
72376
-8.1
Palmitine
19009
-7.3
Periformyline
11969538
-7.2
Perivine
6473766
-7.3
Vincaleucoblastine
11969554
-7.3

Figure 1: Graph showing the binding energy value ΔG is shown in minus kcal/mol on y-axis vs
compounds 1 to 12 on x-axis. (1-Lopinavir, 2-Nelfinavir, 3- Berberine, 4- Columbamine, 5Leurocristine, 6- Lycoricidine, 7- Lycorine, 8- Narciclasine, 9- Palmitine, 10- Periformaline, 11Perivine, 12- Vincaleucoblastine)
Figure 2 (a to k) showed the binding between 6LU7 and native ligand, Lopinavir, Nelfinavir,
Berberine, Columbamine, Leurocristine, Lycoricidine, Lycorine, Narciclasine, Palmitine,
Periformyline, Perivine, Vincaleucoblastine as potential inhibitor of COVID-19 Mpro.
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a
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d
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Figure 2: Docking analysis visualization of 6LU7 binding with a) lopinavir b) nelfinavir c)
berberin d) columbamine e) leurocristine f) lycoricidine g) lycorin h) narciclastine) palmitine j)
periformyline k) perivine l) vincaleublastine
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ABSTRACT
Tabernamontana Divaricata is a medicinal shrub belonging to family
Apocynaceae. In the present research an attempt has been made to extract the
phytoconstituents from leaves of Tabernamontana Divaricata using different
solvents and to evaluate its antibacterial activity. The selected phytoconstituents
Conofoline, Pachysiphine and Voacanine from plant are also evaluated for its
enzyme inhibition activity against Histidine kinase using molecular docking
analysis. The extraction was carried out using water, ethanol, methanol, chloroform
and ethyl acetate employing maceration and soxhlet methods. Phytochemical
investigation for each extract was performed using standard chemical test for
alkaloids, glycosides, flavonoids, tannins, terpenoids, phytosterols and saponins.
Antibacterial activity against Escherichia coli of each extract was carried out by
disk diffusion method using Ciprofloxacin as standard. The results of the study
showed that each extracts yields different phytoconstituents with varying
antibacterial potentials. Methanolic extract showed good antibacterial activity with
maximum zone of inhibition 22.8 mm against Escherichia coli. Binding energy of
Conofoline, Pachysiphine and Voacanine obtained from docking analysis was
found to be -6.8, -2.4 and -2.4 respectively.

INTRODUCTION
Plants are the great source of primary and
secondary metabolites and have ability to
protect body against many degenerative
diseases [1]. They are reported for their
antioxidant, antimicrobial, anticancer and
antimutagenic
effect
and
also
few
phytoconstituents are used to synthesize many
drugs [2, 3]. Various steps involved in the
extraction of bioactive compounds are
Extraction,
isolation,
Fractionation,
Characterization and biological evaluation.
Extraction is a very crucial step in which the

selection of solvent systems play an important
role [4]. During extraction, the solvents
solubilize the compounds of similar polarity by
diffusing into the solid plant tissue. A good
solvent should have low toxicity, do not
destruct the active metabolites, easy to
evaporate, preservative action, inability to
cause complex or dissociation of extract,
should not interfere with the bioassay [5].
Phytochemicals from plants have a different
mechanism of action compared to that of
conventional antibiotics and this could be of
great help in the treatment of resistant microbes
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[6]. Tabernamontana Divaricata is a medicinal
shrub belonging to family Apocynaceae.
Leaves and flowers of this plant are
medicinally important. The leaves of plant
found to possess various chemical constituents
such as alkaloids, tannins, resins, proteins,
saponins, glycosides, flavonoids, phenols,
steroids, terpenoids, fixed oils and fats. The
presence of wide range of phytoconstituents
responsible to show astringents, anti-diarrhoeal,
antioxidants,
anti-infection,
anti-tumor,
analgesic,
enhancement
of cholinergic
activities. The extracts of plant are also used in
the treatment of neurodegradative disease, antiinflammatory, anti-diabetic, anti-bacterial.
Nature and types of solvent used play an
important
role
in
extraction
of
phytoconstituents from crude drug. Conofoline,
Pachysiphine and Voacanine are important
constituents present in Tabernamontana
Divaricata [7]. The increase in bacterial
resistance to most of the antibiotics is a threat
to public health across the world [8]. Two
component systems are widely used by the
bacteria to respond to external stimuli for their
survival. Two compartment systems typically
comprises of Histidine kinase for receiving
external input signals and response regulator
for a proper change in bacterial cell physiology
[9]. Histidine kinase enzyme of bacterial two
component systems reported for promising
target for discovery of new class of antibiotics
or antibacterial drugs [10]. In the present
research work an attempt has been made to
extract the phytoconstituents from leaves using
different solvents and evaluate it for
antibacterial effect against Escherichia coli
also to study molecular docking interaction
between Histidine kinase and selected
phytoconstituents
from
Tabernamontana
Divaricata.
MATERIALS AND METHODS
Collection and Identification of Plant
Material:
The
plant
Tabernamontana
Divaricata was collected from the local area of
Belagavi district Karnataka, India. Identified
and authentification was done by the
taxonomist Dr. Harsha Hegde ICMR, Belagavi
and the voucher specimen (RMRC-1428) was
deposited in the Department of Medicinal
plants of Western Ghats in ICMR Belagavi.

Chemicals and reagents: All solvents
methanol, ethanol, chloroform and ethyl acetate
used for extraction purpose were purchased
from Merk. The chemicals and reagents used
for phytochemistry research were obtained
from store house of KLE College of Pharmacy,
Belagavi. Standard drug Ciprofloxacin was
procured from Micro Labs, Bengaluru.
Preparation of leaf extracts:The leaves of
plant were collected, washed and dried under
shade. The dried and moisture free leaves were
ground into powder and stored in air tight
containers for extraction. The powdered plant
sample was subjected to extraction process.
Two different methods namely maceration and
soxhlet method were used. Extraction of
powdered leaves were carried out by using
water, ethanol and methanol as solvents using
maceration whereas extraction by using soxhlet
method was carried out by using different sets
of solvents namely
ethyl acetate and
chloroform. The obtained extracts were dried to
remove the solvents and weighed and % yield
was calculated and then stored in well closed
container for the further investigation. The
solvent-free extracts were subjected to
phytochemical investigation and biological
evaluation.
Phytochemical Screening of the Leaf
extracts: The qualitative phytochemical tests
were performed for all the extracts as per the
standard procedure. Chemical qualitative tests
for alkaloids, glycosides, flavonoids, tannins,
terpenoids, phytosterols and saponins were
performed [11-12].
Antibacterial Activity: Antibacterial activity
of different leaves extract of plant was
evaluated by using disc diffusion method [13].
Petri plates were prepared by using dextrose
agar media and organisms Escherichia coli
were swabbed onto the medium. All the
extracts were dissolved in Dimethyl Sulfoxide
(DMSO) and three different concentrations
(500 μg, 1000 μg and 1500 μg) were prepared
for each extract. 25 μL of the extracts were
loaded onto the sterile discs and placed in the
incubator for 24 h at 37 °C. The antibacterial
zones formed were measured in millimeters
and the results were tabulated. DMSO was
taken as a negative control and Ciprofloxacin
was used as standard antibacterial agent [14,
15].
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Table 1: Nature and Percentage Yield of Leaf Extracts of Tabernamontana Divaricata
Type of
Aqueous
Ethanol
Methanol
Chloroform
Ethyl Acetate
extract
Extract
Extract
Extract
extract
extract
State
Solid
Solid
Solid
Semi-solid
Semi-solid
Colour
Brownish
Brownish
Brownish
Brownish
Brownish
Yield
5%
5.93%
5.86%
3.37%
2.30%
Table 2: Phytochemical analysis of Leaf extracts of Tabernamontana Divaricata
Phytochemicals
AQ
E
M
C
EA
Alkaloids
+ve
+ve
+ve
-ve
-ve
Glycosides
+ve
+ve
+ve
-ve
-ve
Flavonoids
+ve
+ve
+ve
-ve
-ve
Tannins
+ve
+ve
+ve
-ve
-ve
Steroids
-ve
+ve
+ve
+ve
-ve
Carbohydrates
+ve
+ve
+ve
-ve
-ve
Proteins
-ve
+ve
+ve
-ve
-ve
Saponins
+ve
-ve
-ve
-ve
-ve
Terpenoids
-ve
+ve
+ve
-ve
+ve
Note: AQ- Aqueous; C-Chloroform; EA-Ethyl acetate; E- Ethanol; M-Methanol.
Table 3: Anti-bacterial activity of leaf extracts of T. Divaricata against Escherichia coli
Concentration
AQ
E
M
C
EA
500 μg/mL
12.3 mm
13 mm 14.6 mm 2.4 mm
1.3 mm
1000 μg/mL
15.9 mm 16.8 mm 18.5 mm 6.8 mm
1.6 mm
1500 μg/mL
18.0 mm 20.3 mm 22.8 mm 8.1 mm
2.1 mm
CIP 10 μg/mL
26 mm
28 mm
27 mm
26 mm
28 mm
Note: AQ- Aqueous; C-Chloroform; EA-Ethyl acetate; E- Ethanol; M-Methanol.

Figure 1: Relative percentage of inhibition of the extract against Escherichia coli
Table 4: Drug Likeness Properties of Selected Ligands from T. Divaricata
Molecular
Molecular
Number
Number of Mol. logP
Drug Likeness
formula
weight
of HBA
HBD
Score
Conofoline
C43H52N4O7
736.38
9
2
4.24
1.12
Pachysiphine C21H24N2O3
352.18
4
1
2.53
1.30
Voacanine
C43H52N4O5
704.39
7
2
5.90
1.20
Ligands
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Sr.
No
1

Table 5: Molecular structure and 2D interaction with different amino acids on target
Ligands
Molecular structure and Interaction with
Amino acids involved in the
Name
Protein Kinase
interaction
Conofoline
LEU 126, LEU 88, LEU A92,
ALA 127, ARG A81

2

Pachysiphine

VAL-69, ILE-66, MET-296,
LEU-300

3

Voacanine

VAL-69, ILE-66, MET-296,
LEU-300

Compounds
and
Rank
Conofoline
Pachysiphine
Voacanine

Table 6: Binding energies of Conofoline, Pachysiphine and Voacanine
Binding energies of the compounds based on their rank (kcal/mol)
1
-6.8
-2.4
-2.4

2
-6.6
-2.4
-2.4

3
-6.5
-2.3
-2.3

4
-6.4
-2.3
-2.3

5
-6.3
-2.0
-2.2

6
-6.3
-2.0
-2.2

7
-6.2
2.0
-2.1

8
-6.1
-2.0
-2.0

9
-6.0
-2.0
-2.0

Figure 2: Binding Energies of Conofoline, Pachysiphine and Voacanine with target

A

B

C

Figure 3: 3D interaction between target and ligands (A), Conofoline (B), Pachysiphine
(C) Voacanine
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Determination of relative percentage
inhibition: The relative percentage inhibition
was calculated for all the extracts with respect
to the standard. The formula used is as follows
Relative Percentage Inhibition = 100
(X−Y)/(Z−Y) Where X is the total area of
inhibition of the test extract, Y is the total area
of inhibition of the solvent and Z is the total
area of inhibition of the standard drug.
Molecular Docking Analysis of Selected
Phytoconstituents:
Phytoconstituents and their targets: The
lists
of phytoconstituents
present
in
Tabernaemontana divaricata were identified
from published literature. The compounds
predicting for anti microbial activity and
targeting Histidine kinase were identified using
PASSONLINE.
Determination of Drug like properties: The
drug
likeness
index
of
selected
phytoconstituents was determined using
Molsoft online. The drugs like properties are
explained by Lipinskies Rule of 5. It gives
information about molecular weight, LogP,
number of hydrogen bond donor and number of
hydrogen bond acceptor present in molecules.
Preparation of Ligand: All the 3D structures
of top 3 hit molecules for positive drug likeness
were scored i.e Conofoline, Pachysiphine and
Voacanine were retained from PubChem
database in SDF format. These compounds
were converted into PDB format using
Discovery studio 2019. These ligand molecules
were minimized using MMFF94 force field and
their PDBQT format was used for docking.
Preparation of Target molecule: FASTA
Sequence of Histidine kinase was retrained
from NCBI protein database (Accession
number ALB28461). Homology of the protein
was camed using SWISS-MODEL and the
homology
model
was
visualized
in
Ranmachandran plot to access the phi and psi
distribution of amino acid.
Molecular Docking: Molecular interaction of
protein Histidine kinase with selected
phytochemical was carried using Auotodock
under PyRx 0.8 platform. The pose scoring
lowest binding energy was chosen for
visualized ligand protein interaction.

RESULT AND DISCUSSION
Percentage yield of leaf extracts: The
percentage yield of all the extracts was
calculated. Aqueous extract was in solid state
and have brownish colour with yield of about
5%. The ethanolic and methanolic extracts
were in solid state with brownish colour and
yields about 5.93 % and 5.86%. The
chloroform and ethyl acetate extracts were in
semi-solid form with brownish colour. The
yield was found to be 3.37% for chloroform,
2.30% for ethyl acetate extract. The state,
colour and % yield of extract were presented in
Table 1.
Phytochemical Investigation of Leaf extracts
All the five extracts were subjected to
phytochemical analysis. Aqueous extracts
showed the presence of alkaloids, glycosides,
carbohydrates,
flavonoids, tannins
and
saponins. Ethanolic extract showed the
presence of alkaloids, glycosides, flavonoids,
tannins, steroids, carbohydrates, proteins,
terpenoids. Methanolic extract found to show
the presence of alkaloids, glycosides,
flavonoids, tannins, steroids, carbohydrates,
proteins and terpenoids. Chloroform extract
showed the presence of Steroids. Ethyl acetate
showed the presence of terpenoids. The results
of phytochemical investigation were presented
in Table 2.
Antibacterial activity: All the five extracts
were tested for their antibacterial activity
against Escherichia coli and the results were
tabulated Table 3. Aqueous leaves extract
showed moderate antibacterial activity,
chloroform, and ethyl acetate extract shows
poor antibacterial activity. Ethanol and
methanol extract showed good antibacterial
activity with highest zone of inhibition 20.3
mm and 22.8 mm respectively against
Escherichia coli. We have prepared three
different concentration of each extract. Out of
which
extracts
having
1500
μg/mL
concentration found to show maximum
inhibitory activity (mm).
Relative percentage inhibition: The relative
percentage inhibition was calculated for all the
extracts with respect to the Ciprofloxacin as
positive control and the results were
represented as bar graph in Figure 1.
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Determination of Drug Likeness Properties
of Selected Phytoconstituents: The drug
likeness properties of Conofoline, Pachysiphine
and Voacanine were determined as per
Lipinskies R5. Results showed that molecular
weight of Conofoline is 736.38, Hydrogen
Bond Acceptors (HBA) is 9 and Hydrogen
Bond Donors (HBD) is 2. The molecular
weight of Pachysiphine is 352.18, HBA are 4
and HBD is 1. Voacanine, molecular weight is
704.39, HBA are 7 and HBD are 2. Molecular
logP values of Conofoline, Pachysiphine and
Voacanine was observed to be 4.24, 2.53 and
5.90 respectively. Drug likeness of Conofoline,
Pachysiphine and Voacanine was found to be
1.12, 1.30 and 1.20 respectively. All the three
phytoconstituents obeys the Lipinskies rule of
5. The data were presented in Table 4. Amino
acids present on protein plays vital role for
interaction with ligand molecules and forms
different types of bonds such as hydrogen
bonds, electrostatic pi bonds and hydrophobic
bonds etc. Structure of ligand molecules and
their 2D interaction with different amino acids
on Histidine kinase target were presented in
Table 5. Conofoline found to show interaction
with LEU 126, LEU 88, LEU A92, ALA 127,
ARG A81 amino acids of target. Pachysiphine
found to show interaction with VAL-69, ILE66, MET-296, LEU-300 amino acids of target.
The VAL-69, ILE-66, MET-296, LEU-300
amino acids of target are interacted with
Voacanine. The results showed that
Pachysiphine and Voacanine are found to show
interaction with similar amino acids VAL-69,
ILE-66, MET-296, LEU-300 of target. The
drug candidates were docked against Histidine
Kinase target using. Conofoline, Pachysiphine
and Voacanine found to show binding energies
-6.8, -2.4 and -2.4 respectively. Pachysiphine
and Voacanine found to show same binding
energy were as Conofoline was found to show
maximum binding energy as compared to other
to compounds with Histidine Kinase. Binding
Energies of the Compounds Based on their
Rank were presented in Table 6. Binding
energies data also compared using bar diagram
and presented in Figure 2. As showed in table
4, Pachysiphine and Voacanine are found to
interact with same amino acids of target
namely VAL-69, ILE-66, MET-296, LEU-300.
Because of this the both phytochemicals found

to show same binding energies (-2.4) with
target. Docking analysis visualization of target
and bioactive compounds were performed and
their 3D interaction was presented in Figure 3.
CONCLUSION
From the present investigation it can be
concluded that different solvents extract
different phytoconstituents from leaves of
Tabernaemontana divaricata due to the
different polarity of solvents and active
phytoconstituents responsible for maximum
antibacterial activity are extracted in
methanolic extract. Also an attempt was made
by the researchers to find out the standard
methodology for extraction of phytochemicals
for potential antibacterial activity against
Escherichia coli. Docking of the three selected
compounds has promising inhibitor of
Histidine kinase protein. In future there is need
to carry out the systematic fractionation,
isolation and characterization of target
compound from active fractions of leave
extracts of Tabernaemontana Divaricata.
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ABSTRACT: Benzimidazole, a fused heterocyclic moiety containing
benzene and imidazole, has gained considerable attention in the field of
medicinal chemistry due to its wide array of pharmacological activities. Be it
as a antifungal, anticancer agent, proton pump inhibitors, anthelmintic, antimicrobial, analgesic, it has become an intrinsic part of the pharmaceutical
world. The presence of Nitrogen in its heterocyclic ring has made it a more
biologically active pharmaceutical agent. The fact that benzimidazole residue
is a constituent of vitamin B12 supports its potential use in therapeutics.
Benzimidazole derivatives are the structural isosters of naturally occurring
nucleotides such as purine, allow them to interact effectively with the
biopolymers of the living system such as proteins, enzymes, and receptors.
Benzimidazoles exhibit significant activity as a potential anti-tumour agent,
smooth muscle cell proliferation inhibitors, a treatment for intestinal cystitis,
and in a diverse area of medicinal chemistry. The synthesis of novel
benzimidazole derivatives remains as the main focus of medicinal research.
This current review covers the chemistry and significance of benzimidazole
and its derivatives, also helps to develop the derivatives of benzimidazole in
this antimicrobial-resistant era.

INTRODUCTION: Benzimidazole resembles the
structure of Purine. This was discovered by
Woolley in 1944. This lead to the further
development of the benzimidazole moiety 1.
Looking at the nature and importance of this
moiety it was thought that it would be worthwhile
to design and develop some new benzimidazole
derivatives which consist of oxadiazole moiety and
screen their biological activity. Over the few
decades of active research, it has been proved that
Benzimidazole, as an important pharmacophore can
show a large range of antibiotic effects and also
fight against a huge number of bacteria 2.

Based on the biological activity of the drug, they
are classified into the following types.
Antituberculotic Activity:
1. Gobis K et al., have discovered various novel
benzimidazole analogues and evaluated them for
tuberculostatic activity.

QUICK RESPONSE CODE
DOI:
10.13040/IJPSR.0975-8232.11(9).4152-73

This article can be accessed online on
www.ijpsr.com
DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.11(9).4152-73

The bromo substituted analogues showed excellent
activity against Mycobacterium tuberculosis and
Mycobacterium bovis with MIC ranging from
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0.751.5 μg/mL. Compound (5-bromo-2-(2-cyclohexylethyl)-1H-benzo[d]imidazole) (1) showed the
highest potency.
2. Ramprasad J et al., have prepared a new series of
imidazo (1, 3, 4) thiadiazole-benzimidazole
derivatives. The synthesized compounds were

E-ISSN: 0975-8232; P-ISSN: 2320-5148

screened for antitubercular activity. It had been
found that most of the derivatives showed antitubercular activity with a MIC of 3.125mg/mL. 5chloro- 2- (6-(4-methoxyphenyl)-2-p-tolylimidazo
[2,1-b][1,3,4]thiadiazol-5-yl)-1Hbenzo[d]imidazole
(2) was the most potent derivative.

3. Gong Y et al., have synthesized various
benzimidazole based compounds and evaluated
them in replicating and non-replicating M.
tuberculosis (Mtb). The study revealed that many
compounds exhibited antitubercular activity but N-

(1- cyclobutyl- 2- methyl- 6-morpholin benzo[d]
imidazol-5-yl)-5-nitrofuran-2-carboxamide and N(1- isopentyl- 2-methyl-6morpholino- 1H-benzo[d]
imidazol-5-yl)- 5-nitrofuran-2- carboxamide (3)
were more active.

4. Kalalbandi V K A et al., have synthesized a
series of phenylprop-2-enoyl-benzimidazole derivatives. The synthesized compounds were screened
for anti-tubercular activity against Mycobacterium

tuberculosis H37Rv strain and cytotoxic activity.
Compound (E)-3-phenyl-1(2-(p-tolyl)-1H-benzo[d]
imidazol-1-yl)prop-2-en-1-one (4) exhibited a
promising antimycobacterial and cytotoxic activity.

5. Ranjith P K et al., reported a series of positional
isomers of 5 and 6-bromo-1[(phenyl)sulfonyl]-2[(4-nitrophenoxy)methyl]-1Hbenzimidazoles
(5)
derivatives. They were evaluated for antibacterial,

antifungal and antitubercular activity. Several
compounds showed activity against Mycobacteruim
tuberculosis H37Rv strain.
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6. Camacho J et al., have prepared a series of
benzimidazole-5-carbohydrazide derivatives. The
synthesized compounds were investigated for their
abilities to inhibit β-hematin
formation,
hemoglobin hydrolysis, and in-vivo for their
antimalarial efficacy. Selected analogues were

evaluated for their antitubercular activity against
sensitive Mtb H37Rv and multi drug-resistant
MDR-Mtb strains. Compound N’-benzoyl-2-(5nitrofuran- 2- yl)- 3H- benzo[d]imidazole- 5carbohydrazide (6) showed better antitubercular activity
compared to rifampin against MDRMtb strains.

7. Desai NC et al., have synthesized benzimidazole
bearing 2-pyridone motifs and evaluated for their
in-vitro antibacterial and antitubercular activity. All
compounds were also examined for their cytotoxic
study on VERO cell line. Compound 1-((1-(1H-

benzo[d]imidazol- 2yl)ethylidene)amino)- 6- ((3chlorobenzylidene)amino)- 4- (4-nitrophenyl)- 2oxo-1,2dihydropyridine-3,5-dicarbonitrile (7) was
proved to be the most potent antitubercular agent.

8. Jadhav GR. et al., have discovered a series of
novel [1,2,4]-triazol-1-yl, clubbed fluorobenzimidazole derivatives. The compounds were screened
for their in-vitro antibacterial and antitubercular
activity against Mycobacterium tuberculosis

H37Rv strain. It was observed that 2-(4-(1H-1,2,4triazol-1-yl)phenyl)-4,6-difluoro-1-(3-fluorobenzyl)1Hbenzo[d]imidazole compound (8) showed
promising anti-tubercular activity.
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9. Yoon YK et al., discovered new benzimidazole
aminoesters and evaluated their antimycobacterial
activity. Compound ethyl 2-(4-(trifluoromethyl)

phenyl)- 1- (2morpholinoethyl)- 1H- benzo[d]
imidazole-5-carboxylate (9) was found to be the
most active with IC50 of 11.52 μM.

10. Patel RV et al., 10 have synthesized a series of
benzimidazole based 1,3,4-oxadiazoles derivatives
and assessed them for their antimicrobial &
antitubercular activity. The Nbenzothiazoyl
acetamides
series
showed
broad-spectrum

antimicrobial & antitubercular potential. Amongst
them 2-(5-((1H-benzo(d)imidazole-1-yl)methyl-1,
3,4-oxadiazol-2-ylthio)(4-methoxyphenyl)acetamide
(10) showed most potent activity with MIC value
of 6.25μg/mL.

11. Park B et al., 11 have discovered novel 2,5,6trisubstituted benzimidazole derivatives bearing
ether or thioether linkages. The synthesized
derivatives were screened against Mtb-FtsZ protein
for antitubercular activity. Amongst the tested

compounds 5-Butoxycarbonylamino-2-cyclohexyl6-(4-fluorophenoxy)-1H-benzo[d]imidazole
(11)
showed potent activity with MIC value of
0.63μg/mL.
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12. Gobis K et al., 12 have synthesized series of
novel cyclohexylpropanoic acid-derived nitrogenbased heterocyclic compounds and evaluated them
for tuberculostatic activity. The derivatives (12)

bearing benzimidazole like system showed most
potent tuberculostatic activity with the MIC value
ranging from 1.5 to12.5 μg/mL.

13. Gill C et al., 13 have reported novel (1,2,3)
triazole clubbed with fluorine benzimidazole
derivatives. These derivatives were evaluated for
antitubercular activity. 1-((1-(2,4difluorophenyl)-

1H-1,2,3-triazol-5-yl)methyl)-2-(3-fluorophenyl)1H-benzo[d]imidazole (13) showed MIC value of
0.32μM, which was found to be better than the
standard rifampin.

Anticancer Agent:
14. Reddy T S et al., have synthesized a series of
pyrazole containing benzimidazole hybrids. These
hybrids were evaluated for their anti-proliferative
activity against three human tumor cell lines- lung

(A549), breast (MCF-7), and cervical (HeLa).
Compound 5-fluoro-2-(3-(4fluorophenyl)-1-phenyl1H-pyrazol-4-yl)-1H-benzo[d]imidazole (14) showed
potent growth inhibition with IC50 values of 0.831.81µM.

International Journal of Pharmaceutical Sciences and Research

4156

Saxena et al., IJPSR, 2020; Vol. 11(9): 4152-4173.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

15. Paul K et al., 15 have generated new hybrids by
combining the structural features of quinazoline
and benzimidazole. Evaluation of these molecules
was carried out against various cancer cell lines.

The methoxy substituted compound (15) exhibited
remarkable anticancer activity towards colon and
prostate cancer cell lines with GI50 value of 0.34 &
0.31 µM respectively.

16. Singla P et al., have prepared a new series of
triazine-benzimidazole hybrids. These hybrids were
evaluated for their inhibitory activities over various
tumor cell lines & mammalian dihydrofolate
reductase. (3-benzyl-2-methyl-3H-benzimidazol-5-

yl)- (4-chloro-6-morpholin-4yl- [1,3,5]triazin-2-yl)amine (16) showed broad spectrum antitumor
activity with GI50 value of 9.79μM. It also
displayed DHFR inhibition with an IC50 value of
1.05 μM.
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17. El-Nassan H B et al., developed a series of
novel 1, 2, 3, 4 tetrahydro[1,2,4]triazino[4,5a]
benzimidazoles bearing a variety of aryl and
heteroaryl groups at position 1. The compounds
were tested in-vitro on human breast

adenocarcinoma cell line (MCF7). Some of the test
compounds showed potent antitumor activity,
especially 1-(2-chlorophenyl)-1, 2, 3, 4tetrahydro
[1,2,4]triazino[4,5-a] benzimidazole (17) displayed
the highest activity.

18. Wang Y et al., have prepared a series of 1benzene acyl-2-(1-methylindol-3-yl)benzimidazole
derivatives and investigated them as potential
tubulin polymerization inhibitors and for the

cytotoxicity against anthropic cancer cell lines. 1(3, 4, 5-trimethoxy-benzene acyl)-2-(5-methoxy-1methylindol-3-yl)-benzimidazole (18) showed
potent inhibitory and antiproliferative activity.

19. Shi L et al., designed a series of quinazoline
and benzimidazole bearing fragments and
identified them as dual c-Met and VEGFR-2
inhibitors. Among them N-(2-(4-fluorophenyl)1Hbenzo[d]imidazol-6-yl)quinazolin-4-amine
(19)
exhibited the most potent inhibitory activity against

c-Met and VEGFR-2 with IC50 of 0.05µM and 0.02
µM respectively. It also showed the highest
anticancer activity against the cancer cell lines with
IC50 of 1.5µM against MCF-7 and 8.7µM against
Hep-G2.

20. Wang W et al., discovered a series of
benzimidazole-2- urea derivatives as novel tubulin
inhibitors. Among them, compound N-(6-(3cyanophenoxy)- 1H-benzo[d]imidazol- 2- yl)- 2
methylhydrazinecarboxamide (20) suppressed the

proliferation of a panel of human cancer cells with
IC50 ranging from 0.040 to 1.774µM. It also
inhibited NCI-H460 spindles formation and
induced cell cycle arrest at G 2/M phase.
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21. Guan Q et al., prepared a series of novel
benzimidazole carbamates bearing indole moieties
which were connected with sulphur or selenium
atoms. The compounds were evaluated for their
antiproliferative activities against three human

cancer cell lines; SGC-7901, A-549 and HT-1080.
Methyl 5-[(1H-indol-3-yl)selanyl]-1H-benzoimidazol-2-ylcarbamate (21) showed the most potent
antitumour activity.

22. Yoon YK et al., designed and synthesized a
series of novel benzimidazole derivatives as sirtuin
inhibitors. Compound ethyl 2-(4-(dimethylamino)
phenyl)-1-(2-hydroxyethyl)-1Hbenzo[d] imidazole5-carboxylate (22) showed best inhibitory activity

for SIRT 1 and SIRT 2 with IC50 values of
58.43µM & 45.12µM respectively. It also showed
good anti-tumor activity against different breast
cancer cell lines.
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23. Galal SA et al., synthesized novel
benzimidazole -5- carboxylic acid derivatives and
their transition metal-metal complexes with Cu2+,
Co2+, Zn2+. They were evaluated for their growth
inhibitory activity against 21 human cancer cell

lines. Among them, 1-((5(or 6)-carboxy-1Hbenzo [d]
imidazol-2-yl)methyl)pyridinium copper(II) chloride
hydrate (23) inhibited topoisomerase-II activities at
10 times lower concentration than etoposide.

24. Coban G et al., synthesized several
benzimidazole derivatives with substitution at 2 &
5 positions. They were screened to identify if they
interfered with mammalian type I DNA
topoisomerase activity via in-vitro supercoil

relaxation assays. Some compounds were subjected
to cytostatic assays using various cancer cell lines.
Results showed that 5-chloro-2(2-hydroxyphenyl)1H-benzimidazole (24) exerted the most profound
topoisomerase I inhibition and cytotoxicity.

25. Abdel-Aziz H A et al., developed a series of 2((benzimidazol-2-yl)thio)- 1-arylethan- 1- ones as
potent anti-tumor agent that target both cancer stem
cells and the bulk of tumor cells. They were
evaluated for their antiproliferative activity towards

colon HT-29 cancer cell line. 2-((1Hbenzo[d]imidazol-2-yl)thio)-1-(2, 3, 4-trimethoxyphenyl)ethan-1-one (25) was the most active antiproliferative analog with 50.11±4.05 % inhibition
effect.

26. Gao C et al., have synthesized various
benzimidazole acridine derivatives. These were
evaluated as potential DNA binding and apoptosisinducing agents. Amongst them N-((1Hbenzo(d)

imidazole- 2- yl)methyl- 3- methylacridin-9-amine)
(26) displayed good anti proliferative activity
against both K-562 & HepG-2- cells.
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Anti-Microbial Activity:
27. Seenaiah. D et al., prepared a variety of
pyrimidinyl benzoxazoles, benzothiazoles, and
benzimidazoles linked by thio, methylthio, and
amino moieties. They were evaluated for their

antimicrobial activity. The compound pyrimidinyl
bis methylthio benzimidazole (27) was potent
against Staphylococcus aureus (29 mm, MIC 12.5
mg/mL) and Penicillium chrysogenum (38 mm,
MIC 12.5 mg/mL).

28. Zhang H et al., 28 designed a series of
benzimidazole type of fluconazole analogues &
screened them for their anti-microbial activities.
The compound 3,5-bis(trifluoromethyl)phenyl
benzimidazole (28) displayed a stronger anti-

bacterial and anti-fungal activity. The combination
of 2,4-difluorobenzyl benzimidazole derivatives &
its hydrochloride with antibacterial chloromycin
showed broad spectrum activity.

29. Gowda J et al., 29 synthesized a series of 1,3,4oxadiazoles bearing benzimidazole moiety as
antimicrobial agents. Compounds carrying benzyl
group at the 2-position of the benzimidazole ring

and electron releasing group on the phenyl groups
showed significant activity. Among them 2-benzyl1-{[5-(p-tolyl)-1, 3, 4-oxadiazol-2-yl] methyl}-1H
benzimidazole (29) displayed good activity.
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30. Gowda J et al., prepared a series of
benzimidazole derivatives carrying quinolone
moiety by one step process, which included
nucleophilic substitution and cyclization. They
were evaluated for their anti-bacterial activity. The

compound with nitro group at the 5-position of the
benzimidazole moiety; 2-(5-nitro-1H- benzimidazole-2-yl) thieno [2,3-b]-quinoline (30) displayed
good antibacterial activity.

31. Eisa HM et al., prepared a series of
benzimidazole derivatives fused with oxadiazoles
and triazoles. The synthesized compounds were
screened for antimicrobial activity. Among them 1-

[(5-methylthio-3,4-oxadiazol-2-yl)methyl]-2-benzylthio-1H-benzimidazole (31) exhibited significant
activity.

32. Petkar K et al., prepared a series of 2chloromethyl-1H-benzimidazole derivatives and
screened them for their anti-fungal activity against
Candida albicans.

Among the synthesized compounds, (1Hbenzimidazole -2-ylmethyl)-(3-chloro- 4- fluorophenyl)- amine (32) showed significant activity
with MIC value of 12.5 µg/ml.

33. Zhang D et al., designed and synthesized novel
actinonin derivatives containing benzimidazole
heterocycles and evaluated there in-vitro
antibacterial activity. Among them, compound (R)2-butyl-N4-hydroxy-N1- [1- (S)- (benzimidazol-2yl)-2-methyl]propylsuccinamide (33) with an

unsubstituted benzimidazole ring exhibited potent
antibacterial activity with MIC 2 µg/ml, 0.5 µg/ml
and 4 µg/ml against Staphylococcus aureus,
Klebsiella pneumoniae, and Sarcina lutea
respectively with comparison to the standard
cefoperazone.
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34. Tuncbilek M et al., synthesized novel
benzimidazole derivatives and evaluated for
antimicrobial activity. Compounds 5,6-dichloro-2(4-fluorophenyl)-1H-benzimi-dazole,5,6dichloro-2(4- chlorophenyl)- 1H-benzimidazole, 2- (4-t-butylphenyl)-5, 6-dichloro-1- Hbenzimidazole, which
have no substitution of N-1 position displayed

better antibacterial activity than those of standards
(ciprofloxacin, ampicillin and sultamicillin) against
both the drug-resistant bacteria (MRSA, standard
and clinical isolates). While derivative 2-amino-5,
6-dichloro-1-cyclopentyl-1H-benzi-midazole (34)
exhibited the most potent antibacterial activity with
MIC 3.12 µg/ml against Staphylococcus aureus.

35. Vinodhkumar R et al., synthesized novel Nsubstituted-2-(4-phenylethynylphe-nyl)-1Hbenzimidazoles and N-substituted 2[4-(4,4-dimethylthiochroman-6-yl-ethynyl)-phenyl)- 1H benzimidazoles and screened them for their potential antibacterial agents. Compounds 2-(4phenylethyn-yl

phenyl)-1H-benzimidazole (35a) 2-[4-(4,4-dimethylthiochroman-6-ylethynyl)-phen-yl]-1H-benzimidazole (35b) 2-(4- phenylethynyl-pheny)-1-(toluene4sulfonyl)-1H-benzimidazole
(35c)
showed
complete inhibition against both S. aureus and S.
typhimurium.
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Angiotensin II Receptor Antagonist Activity:
36. Zhu W et al., synthesized some 5-nitro
benzimidazole with 1,4-disubsituted or 1,5disubsituted indole derivatives and screened them
for their novel angiotensin II receptor antagonist

activity. The results revealed that 2-(4-((2-butyl-5nitro-1H-benzo[d]imidazol-1yl)methyl)-1H-indol1-yl)benzoic acid (36) displayed a high affinity for
the angiotensin II type 1 receptor with IC50 value
of 1.03 ± 0.26 nM.

37. Kaur N et al., designed and synthesized 5alkylsulfamoyl benzimidazole derivatives as
angiotensin II receptor antagonists. The in-vitro
and in-vivo tests reveals 4´-[(2-butyl-5cyclohexyl-

sulfamoyl-1H-benzimidazol-1-yl)methyl]biphen-yl
-2-carboxylic acid (37) as the most promising
compound.

38. Zhang J et al., designed and synthesized a
series of 6-substituted carbamoyl benzimidazoles
as new nonpeptidic angiotensin II AT1 receptor
antagonists. The various pharmacological evaluation
revealed compound N-(2-phenyl) propyl-1-[2´-(1 -

H–tetrazol-5-yl)-1,1´-biphenyl4-yl]methyl-4-methyl2-n-propyl-1H-benzimidazole-6-carboxamide (38)
as an orally active AT1 receptor antagonist with
low toxicity.
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Analgesic Activity:
39. Srivastava S et al., synthesized a series of novel
2-phenylhydrazinomethyl derivatives substituted at
the N- 1-position of benzimidazole nucleus. The
compound were screened for analgesic activity;
among them N-ethyl-N-({2-[(2-phenylhydrazinyl)
methyl]-1Hbenzimidazole-1 yl}methyl) ethanamine

(39) exhibited a promising activity when compared
to the standard drug diclofenac sodium. The fusion
of a phenylhydrazinomethyl nucleus at the 2position of benzimidazole compound gave a
biologically active pharmacophore.

40. Achar K C S et al., synthesized a series of 2methylaminobenzimidazole derivatives by the
reaction of 2-chloromethylbenzimidazole with
different aromatic amines. These compounds were
screened for analgesic and anti-inflammatory

activities on acetic acid-induced writhing in mice
and rats. Compound N-[(5-bromo-1H-benzimidazol-2-yl) methyl]-3-chloroaniline (40) showed
good result.

Anti-oxidant Activity:
41. Kus C et al., developed a series of thiadiazol-2amine & triazole-3(4H)- thione derivatives of
benzimidazole class. These were evaluated for their
antioxidant properties. Compound 5-[(2- (chloro-

phenyl)- 1H- benzimidazol-1-yl) methyl]-4-methyl2H-1,2,4-triazole-3(4H)-thiones (41) inhibited the
microsomal ethoxyresorufin-O-deethylase (EROD)
activity with IC50 of 4.5 × 10-4M.
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42. Taha M et al., have synthesized novel 4Methylbenzimidazole derivatives. These were
evaluated for their antioxidant activity. N'-(2,4dihydroxybenzylidene)-4-(4-methyl-1Hbenzo[d]

imidazol-2-yl)benzohydrazide (42) showed excellent
antioxidant activity better than the standard npropyl gallate with IC50 value of 27.45 μM.

Miscellanous Activity:
43. Yang H et al., have discovered some
benzimidazole analogues as phosphodiesterase 10A
(PDE10A) inhibitors. (4-([3,3'-bipyridin]-2-yloxy)

phenyl)(1- methyl- 1H- benzo[d]imidazol- 2yl)
methanone (43) showed high potency & in vitro
selectivity with IC50 value of 3.73 nM.

44. Aslam S et al., developed novel hybrids of
pyrazolobenzothiazine and benzimidazoles. The
phenylene connected hybrid compounds were
investigated as inhibitors of acetylcholinesterase
(AChE). Compound 2-[4-(1H-benzimidazol-2-yl)

phenyl]-4-methyl-3phenyl-2,4-dihydropyrazolo
[4,3-c][1,2]benzothiazine 5,5-dioxide (44) was the
most potent AChE inhibitor with IC50 value of 11
nM.

45. Pérez-Villanueva J et al., synthesized a series
of new 2-{[2-(1H-imidazol-1yl)ethyl]sulfanyl}-1Hbenzimidazole derivatives (45). The novel
compounds were tested against various species of
protozoa;
Trichomonas
vaginalis,
Giardia

intestinalis and Entamoeba histolytica. The
antiprotozoal evaluation revealed strong activity for
all tested compounds, with IC50 values in the
nanomolar range, which were even better than the
standard metronidazole drug.
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46. Shingalapur R V et al., synthesized a group of
4-thiazolidinones containing 2- mercapto benzimidazole moiety and evaluated them for in-vivo
anticonvulsant activity by maximal electroshock
(MES) model. 3-(1H-benzimidazol-2-ylsulfanyl-

methyl)- 2- (2-hydroxy-phenyl)- thiazolidin-4-one
(46) exhibited excellent anticonvulsant activity.
The pharmacophore derived from active molecules
suggests the presence of –OH group in all the
active compounds.

47. Takahashi K et al.,.have designed a series of 2(pyridine-2-yl )-1H- benzimidazole derivatives (47)
and evaluated them as glucokinase activators.

Among them, the potent activator exhibited good
hypoglycemic activity.
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48. Xue F et al., have synthesized a series of novel
benzimidazole derivatives and evaluated for their
antiviral activity. Strong activities against enterovirus were observed in these benzimidazoles. The
most promising compound was (L)-2-(pyridin-2-

yl)-N-(2-(4nitrophenyl)pentan-3-yl)-1H-benzimidazole-4-carboxamide (48) with a high antiviral
potency (IC50 = 1.76 l μg/mL) and a remarkable
selectivity index of 328.

49. Elshihawy H et al., have designed and
synthesized various benzimidazole and quinoxaline
derivatives as methionine synthase inhibitors.

Compound N-((5nitro-1H-benzimidazole-2yl)methyl)
benzamide (49) showed highest inhibition activity
with IC50 of 18μM.

50. Bansal Y et al., have reported various
benzimidazole-ibuprofen/mesalamine conjugates and
evaluated them for immunomodulatory activities.
Among them 2-[(5-amino-2hydroxy)phenyl]benzimidazole (50a) exhibited pronounced immuno-

stimulatory and antiinflammatory effects and
compound 2-[(5-amino-2-hydroxy)benzoylamino]5–Nitrobenzimidazole (50b) showed maximum
immunosuppressive response for various multifactorial disorders.

51. Loudfy H. Makaur discovered the Inhibition of
Corrosion of copper in nitric acid by benzimidazole
and its derivatives. The inhibitive performance of
seven
synthesized
2-(2-benzimidazolyl)-4
(phenylazo) phenol (BPP_1–7) derivatives was

investigated experimentally on the corrosion of
copper in 2.0 M HNO3 acid using mass loss,
thermometric and DC potentiodynamic polarization
techniques.
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FIG. 1: VARIATION OF WEIGHT LOSS AGAINST
TIME FOR COPPER CORROSION IN 2.0 M HNO 3 IN
THE PRESENCE OF DIFFERENT CONCENTRATION
OF BPP_1 AT 303 K
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52. Elif Apohan synthesized fourteen novel cobalt
(II) or zinc (II) complexes of benzimidazoles from
the 1-(4-substitutedbenzyl)-1H-benzimidazoles and
CoCl2.6H2O or ZnCl2. Cytotoxic activities of novel
complexes were investigated against lung cancer
cells (A549) and BEAS-2B.

53. Mohammad Nikpassand has synthesised novel
azo-linked 2-phenyl benzimidazoles using ionic
liquid. In this research, novel series of
benzimidazoles were synthesized using the reaction
between various synthetized salicylaldehydes, and
naphthalene2,3-diamine or 1,2-diaminobenzene in
the presence of a catalytic amount of 3,3-(butane-1,
4diyl)bis(1, 2-dimethyl- 1H-imidazole-3-ium)Br by
a one-pot procedure without additional organic
solvents and oxidants.

In conclusion, he has developed a simple,
convenient and efficient protocol for the synthesis
of 2-phenyl benzimid-azoles using ionic liquid as
an efficient catalyst [BDBDMIm]Br. The
simplicity, easy workup, together with the use of
inexpensive, environ-mentally friendly, and
reusable catalyst, is the notable features of this
catalytic procedure. To the best of knowledge, this
is the first report for the synthesis of a new library
of benzimidazole compounds bearing azo linkage
moiety that enhances the biological activity.

54. Lianhai Yau has synthesized tricyclic
benzimidazole-iminosugars as potential glycolsidase inhibitors via a Mitsunobu reaction. A series
of tricyclic benzimidazole-iminosugars 1(a-f) and
2(a-f) were constructed through the intramolecular
cyclization of NH and OH by the key Mitsunubo
reaction, providing an effective protocol for the
preparation of the tricyclic iminosugars. Three
compounds derived from D-ribose exhibited
specific and good inhibitory effects on βglucosidase.
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CONCLUSION: It can be concluded from the
present review study that Benzimidazole is a very
promosing hetrocyclic ring structure possessing
various activities and I believe that more studies
such as DNA interaction studies, metal complex
chelation and in-vivo animal studies can be carried
out this versatile moiety.
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Abstract
Background: Herbal medicinal material and product need is increasing, and with this increase in the need, it is
very much an essential requirement to maintain the quality of them.
Main body: The quality of the herbals is altered by various physical, chemical, and geographical aspects which
contribute to the quality of these materials. Apart from that, adulteration is also an increasing concern when it
comes to herbal material quality. Various chemical and phytochemical test, analytical techniques, and hyphenated
analytical techniques are used for determining the quality aspects of the herbal materials in the herbal
pharmaceuticals.
Conclusion: These techniques can be used as quality control tool in assessing the quality of herbal materials and
herbal pharmaceuticals.
Keywords: Quality, Herbals, Analytical technique

Background
Quality is of prime concern to human beings in all
aspects of life. When it comes to the quality of the
pharmaceuticals which are consumed by humans, it is of
utmost important as they are used for the wellbeing of
the human kind. There are stringent guidelines and
regulation for the quality control of the synthetically
synthesized chemical pharmaceuticals. They have to
undergo various series tests and quality control checks
before being marketed and consumed by the patients
and consumers. Due to this stringency in the regulations, the quality of the synthetically manufactured pharmaceuticals is maintained up to the mark which assures
both safety and efficacy of the pharmaceutical products.
Herbal medicinal products are the ones which are
obtained from the plant resources for the treatment and
wellbeing of mankind. It is very much essential that even
the quality of the herbal medicines is being controlled as
that of the chemically synthesized medicines. But unfortunately the regulation norms for the herbals are not as
* Correspondence: amrutaabc11@gmail.com
Department of Pharmaceutical Quality Assurance, KLE College of Pharmacy,
JNMC Campus Nehru Nagar, Belagavi, Karnataka 590010, India

strict when compared to the synthetic drugs. This is
leading to a decrease in the quality standards of the
herbal products by intentional and sometimes unintentional adulteration, spurious drugs, substitution of drugs,
and many other ways which are prone to decreasing the
quality of the herbal materials which are marketed and
consumed for the healthy survival. But instead of this, it
is leading to hazardous effects on the health of the
consumers. So it is very much required to control the
quality standards of the herbal drugs and products for
the betterment of the mankind.
Standardization and the phytochemicals investigation
are carried out; apart from these, there are various
quality control tools which are used to assure the quality
aspects of the herbals. Both qualitative and quantitative
measures are required for the quality assurance of them.
Different techniques like UV (ultraviolet) and IR (infrared) are mostly used for the qualitative aspects whereas
HP-TLC (high-performance thin-layer chromatography),
HP-LC (high-pressure/performance liquid chromatography),
SFC (supercritical fluid chromatography), thermal analysis,
ICP-MS (inductively coupled plasma-mass spectroscopy),
LC-MS (liquid chromatography-mass spectroscopy), and
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GC-MS (gas chromatography-mass spectroscopy) are used
for the quantitative estimation of the herbal products for
quality control assessment.
As there is a growing demand for herbal pharmaceuticals, there is a need to assure their quality. Almost about
80% of the population is depending on the herbs for the
treatment, cure, and prevention. So the different tools
and techniques must be implied to verify and insure the
required quality to be incorporated into the herbal
material and products. There must be guidelines and/or
norms framed for carrying out the quality control testing
of the herbs which are almost or equally strict as that of
the synthetic pharmaceuticals. This will help to maintain
the quality standards of the herbal pharmaceutical which
is the challenging task and need of the hour in the
pharmaceutical research and quality assurance.

Main text
Standardization of medicinal herbs and products

The phytochemical constituents present in herbal formulations vary with the variation in the climate, composition,
and components of the soil and the region where grown;
all these parameters contribute as the obstruction in the
process of standardization. The gradual increase in the
adulteration and also substitution of herbal drugs are due
to the rise in deforestation area. This adulteration and
substitution harms the safety and efficacy of the drug.
Adulteration, substitution, and lack of skilled personnel
are the main reasons for unavailability of genuine herbal
drugs. By use of advanced quality control technique and
suitable standards, there is need to assure the quality of the
medicinal herbal products. Identification, quality, and purity
of herbs and herbal product confirmation are done by the
means of standardization. Preliminary identification, physical properties, chemical properties, and biological properties together contribute to the purity of herbs. This purity
defines the freshness as well as the quality of the herbal
products.
Quality control of herbals is of greater importance for
preservation of quality of the natural herbs and products.
When the quality control aspect has identification of
substance, adulterants, and substitutes; purity of material; and assay of active chemical constituent of greater
importance of the particular herb, then they are called as
pharmacopeial aspects of quality control. The process
where the qualitative and quantitative values of herbs
are measured against the prescribed or set standards and
parameters is standardization.
Based on the different important evaluation parameters
like organoleptic properties, ash values, moisture content,
microbial contamination, and chromatographic and spectroscopic evaluations, the WHO for the standardization of
herbal drugs with current and future trends has set guidelines for standardization methods and procedures [1–3].
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Modern analytical techniques for the analysis of the herbal
drugs are very much essential for global acceptance of
Ayurveda and traditional herbs. Scientific basics of quality of
the traditional herbs and ayurvedic products can be gained
by complete and accurate pharmacognostical assessment.
For the authentication and standardization the organoleptic
tests, physicochemical studies and pharmacognostical
scheme are at most needed [4]. For the prevention of the
genuine herbal materials getting adulterated, the data reported from microscopic and macroscopic studies can serve
as an added advantage for identification of adulterants and
authentication of genuine herbs. Moreover for confirmation
of parameters for the standardization and the identification
of the secondary metabolites (alkaloids, tannins, glycosides,
saponins, and flavonoids) will act as a useful tool [5–7].
In accordance with the process for formulation of
standard setting of herbal drugs in the pharmacopeia
and other standard texts, the microscopic investigation(qualitative and quantitative), macroscopic (shape and
markings), identifications (adulterants and genuine
drug), physicochemical parameters (moisture content,
acid insoluble ash, water soluble ash), pharmacognostical
scheme, and other parameters reported for the first time
can play a role of significant tool for authentication of
herbs in future studies [8–10].
Thermal analysis for the characterization of herbs and
herbal products

In verification of quality, purity and integrity of the
herbals special techniques and strategies are applied due
to the complex nature of the components of the herbals.
Thermal stability of the samples, determination of the
mass and enthalpy variation, high sensitivity, reproducibility and rapid response to the variation of results are
the qualities of the thermal techniques like thermo gravimetric analysis (TGA) and differential thermal analysis
(DTA) [11].
For the characterization of herbal extract and herbal
drug products, thermal analysis can be used as an effective tool. Control of raw material quality, determination
of purity, determination of thermal stability, compatibility of stability of substances, qualitative and quantitative
drug analysis are important applications of the thermal
methods. The reaction order (n), activation energy (Ea),
frequency factor (A), and degradation constant are the
different parameters used in the characterization of the
herbal extracts which can be evaluated and studied with
the thermal techniques (like TGA and DTA). Further,
the absolute water content, crystal water content, and
thermal degradation can also be assessed by these thermal techniques [12, 13].
In thermal analysis, time and temperature functions
are used as defining parameters. The temperature ranges
from 25 to 1000 °C are used in the thermal analytical
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procedures. Mass Signals are obtained during the heating processes of the analysis which reveal about the mass
loss (mass lost in the thermal degradation process) in
different defining steps (endothermic and exothermic)
[14].
Determination of the variation in both iso-thermal and
non-iso-thermal conditions contribute for the stability of
aspects of the substances under the thermal analysis.
Interaction between the components of the drugs is
studied by the interaction between the excipients and
the active pharmaceutical ingredients (API) as the compatibility criteria by the means of TG, DTG (differential
thermo gravimetric analysis), and differential scanning
calorimetry (DSC) thermal analytical techniques. For the
thermal behavior of polymers, TG and DSC are used as
an evaluating tool for polymer and drug compatibility as
pre-formulation study of the new formulations to be
established [15].
The drugs are to be disposed after the thermal degradation is taken place, so prior to this disposal process,
studies are conducted where in the behavioral patterns
of the drug after and during the degradation process are
studies so that the level of toxicity nature of the drugs
and drug product can be analyzed which can help in
accessing the process to be selected for disposing of such
degraded drugs and drug product as the preventive
measure to reduce the potential hazard caused by the
disposed degraded substances to the environment.
Arrhenius equation is of utmost importance for calculations to be carried out from the data collected from
thermal analysis,
Ln K = ln A − Ea/RT [OR] k (T) = A.e−Ea/RT
where A = frequency factor,
K = rate constant,
Ea = activation energy, and
R = gas constant (8.314Jk−1 mol−1)
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When the value of the temperature component increases in the equation, the value of the exponential part
reduces and in turn there is an increase in the value of k.
The minimum energy required for the thermal process
is called activation energy. As the particle size of the
sample plant material decreases there is increase in the
surface area and instability of sample, so this increase in
the surface area leads to the lowering of the activation
energy for the thermal process. So as the particle size
decreases the value of activation energy also decreases
(Table 1) [12].
HP-TLC analytical technique for the herbal botanical
formulation quality control

To establish the pharmacopeial standards of various
herbal ayurvedic, Siddha as well as other medicinal herb
formulations by the means of HPTLC fingerprinting
profile as a major quality control aspect. By this, HPTLC
means phytochemical components of the formulations
can be disclosed and efficacy, safety, and quality can be
assured [19, 20].
The efficiency and safety of the final herbal medicine
is based on the quality and the profile of the components of the formulations. Difficulty or barriers in the
way of quality control testing of the herbal formulations
are due to the complexity and variation in the chemical
components of herbal-based formulations or compositions. Modern analytical techniques like HPTLC are used
to bypass the problems which are covering the way of
quality control aspects of herbal formulations [21–23].
With the growing advances in science, HPTLC is becoming one of the prime options for the quality control
of the herbal plants. HPTLC technique is used simultaneously in comparison with both reference and samples
and can work as quality control tool apart from identification. Based on the recommendation of monographs,

Table 1 Non iso-thermal/dynamic kinetic study and iso-thermal study in thermal analysis [16–18]
Non iso-thermal/dynamic kinetic study

Iso-thermal study

To obtain the thermo gravimetric curve, the heating rate is variable in
non iso-thermal process/study.

In iso-thermal study/process, the heating rate is always kept same whereas
the temperature of isotherms is varied and the estimation of
decomposition time is carried out for the selected range.

When heating rate of the non iso-thermal process is increased the
thermal curves as well as the fractional conversion move into the high
temperature zones. The initial gasification temperature and the total
gasification temperature when increasing the time taken for the
gasification process reduces.

In iso-thermal process when temperature is increased, the gasification
processes gets accelerated. The time which is required to reach the peak
conversion is reduced as the gasification rate and gasification temperature
is increased.

The Ozawa dynamic method is applied for studying the non iso-thermal
process in thermal analysis. In this Ozawa dynamic model, different
heating rates (β) °C min−1 and the dynamic air atmosphere
(50 mL min−1) is maintained and the sample was analyzed.

In the iso-thermal study, the sample is heated with the heating rate (β) of
20 °C min−1 from room temperature till it reduces to Tisotherm- 10 °C;
further, the sample is heated with heating rate (β) of 2 °C min−1 from
Tisotherm- 10 °C to Tisotherm, and finally the temperature is kept constant
until the sample mass is reduced by at least 10% of the initial sample
mass.

Activation energy is obtained by plotting log β vs 1/T further kinetic
parameters frequency factor and reaction order can be obtained by
implying Arrhenius equation k(T) = A.e−Ea/RT

Activation energy is obtained by plotting ln T Vs 1/T at constant
conversion level and calculations are carried out using Arrhenius equation
k(T) = A.e−Ea/RT and reaction order and frequency factors are calculated.
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various tests are carried out for the identification and
quality control of the herbal plants and formulations.
Peak profiles and their intensities are obtained from the
HPTLC fingerprint images which give both qualitative
and quantitative results in comparison with reference
standards. Marker compound identification, percentage
of purity, and minimum content information is also
obtained by this technique of HPTLC [24–27].
For preliminary analysis for identification of adulteration and substitutes, pharmacognostic and phytochemical test and physicochemical properties act as
the quantitative tests. For quantitative estimation of
the phyto-constituents, HP-TLC technique is widely
used due to the accuracy and simplicity of the technique. When samples are collected which differ in the
area where they are grown and the climatic conditions,
they are evaluated for different properties and phytochemical components. Apart from chromatograms and
fingerprints digital images, visual detection is also
possible even when the amount of samples and
standards are prepared in microliter concentration.
Simultaneous application of samples and standards on
the same HP-TLC plate is possible and due to this
property, it becomes easier during the comparative
studies of herbal drugs and formulations [28–31].
HP-LC analytical technique for analysis of botanical
formulations for the quality control

In the discovery domain, the identification (quantitative
and qualitative) of active compounds from the herbal
extract is the most difficult and challenging task. In
modern discovery, the processes like isolation with preparative bio-activity do not match the pace as they are
slow and tedious, whereas modern systems prefer for
easy, accurate, and fast processes to be utilized. Traditional techniques, which use multiple isolations, can
lead to decrease or completely vanishing of the activity
of the active compound. So to overcome the drawbacks,
profiling of compounds with HPLC analytical technique
is done in modern discovery to identify the multiple
compounds accurately due to versatility of the analytical technique [32–34].
For the quality assurance, herbs and traditional medicinal products obtained from the extract of plants
can be estimated for the chemical components with
HPLC technique. In the identification of chemical
phyto-constituents in herbal medicine products, the
standardization technique with the marker profile is
of greater benefit as the quantifications of the multiple constituents from the herbal medicinal formulations have issues related to safety and efficacy of the
active essentials.
Separation of the components from traditional polyherbal medicinal formulations HPLC serves as one of the
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convincing analytical technique as it has being gaining
importance for qualification, quantification, and authentication aspects in the quality control of herbs.
Further harvesting season, drying techniques, plant
origin, presence of heavy metals, and microbial contents
are the major reasons which vary the quality of the herbs
and come in the way of quality control of herbs [35–37].
In the estimation of presence of active chemical and
biological markers in the complex traditional herbal
products, HPLC can be used as a beneficial tool for
standardization with both quantitative and qualitative estimation. For the analysis of the thermo-liable substance
present in the traditional herbal formulations, one of the
prime options of analysis is HPLC technique with
advancement of isocratic and gradient elution. Analysis
of poly-component medicinal herbal products is also
possible as well as effective with RP-HPLC (reverse
phase-high-performance liquid chromatography). The
technique of HPLC and RP-HPLC serves high reproducibility and ease of automation in the identification of
multiple constituents of botanical preparations.
The liquid-liquid partitioning, solid-extraction, preparative liquid chromatography, and thin-layer chromatographic fractionation are the sampling techniques used
to reduce the complexity of the matrix effect. Due to the
complexity of the matrix the co-elution of the peaks of
the multi-components of the herbal marker compound
takes place during the HPLC analysis process of that
particular compound under analysis [38].
Supercritical fluid chromatography (SFC) as a tool for
quality control of herbs

The growing hazardous effect of the synthetic chemicals
and organic solvents on the environment has developed
need for the focus towards the green chemistry principles with increase in number of methods and processes
which comply with the same. To acquire the principle
analytes from the compounds even when different matrices are being used, supercritical fluid chromatography
technique is used as an alternative for conventional organic solvent methods (like HPLC) [39].
In supercritical fluid chromatography method, compressed carbon dioxide (CO2) with small part of organic
solvents (like methanol) are together used as the mobile
phase, where major part is of carbon dioxide and minor
is organic solvent; due to this ratio, the supercritical
fluid chromatography (SFC) method is named as an
alternative chromatography.
SFC method is an eco-friendly method as it utilizes
very less quantity of organic solvents and the low viscosity of mobile phase as the pressure drop is less when
compared with liquid chromatographic techniques [40].
The organic solvents being used are to be stored
properly with proper precautions as they are highly
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flammable in nature and hence utmost care must be
taken for prevention of dangerous accidents causing fire
and explosions. The high purchase price and disposal of
organic also adds up to the disadvantage of the organic
solvents [41].
Lipid, flavonoid, phenolic, alkaloids, saponins, carbohydrates, and analysis of wide variety of analytes can be
carried out with the SFC technique. The fat-soluble vitamin analysis is gaining more importance.
Fast analysis in comparison with HPLC and GC technique SFC analysis uses significant shorter period of
time and low amount of solvents and is eco-friendly
which are the most important characteristics of the SFC
technique. A broad multi-residue method can be carried
out with the SFC technique as it analyses both polar and
non-polar compounds with very high sensitivity. In the
analytical SFC method, development has rapid equilibrium of volume as well as enhanced hydrophobic
component (molecule) elutions. As water is absent in
the system, this serves as an advantage for the SFC technique for the residues from ionization point.
SFC is also been noted as an unconventional method
of sample preparation. It also finds application in large
scale industries due to selective techniques and
environment-friendly method. The integrity and quality of the analytical material is maintained prior to
analysis due to absence of oxygen (no oxidation
process), absence of light (no photolysis), and low
temperature (no temperature dependent degradation)
in the working environment of the SFC technique
which also adds up to the advantages [42, 43].
ICP-MS (inductively coupled plasma-mass spectroscopy)

Elemental composition present in medicinal plants play
crucial role in the biological system of living organisms
the medicinal herbs can serve as an essential part in providing trace elements to humans in their diet. Medicinal
plants during the process of cultivation get easily contaminated and therefore there must be well-defined
limits of elemental composition decided for medicinal
plants. The ability of element accumulation of plant and
the geochemical nature of the soil are responsible for
the level of presence of the elements in the medicinal
plants. These medicinal plants are the connecting link
between the living beings and trace elements. Natural
origin of the medicinal herbals cannot assure the quality
and safety as the quality dilutions take place due to
industrialization, fertilizer, agricultural pesticides, pollutants, storage, and marketing process.
Ionic and non-ionic are the two forms in which the
trace elements are available in plants. And these ionic
and non-ionic forms are responsible for toxicity and
level of bioavailability in living organisms. Chromium
(Cr), copper (Cu), cobalt (Co), ferrous (Fe), and zinc
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(Zn) are the metals which when consumed in excess
amounts lead to toxicity, whereas cadmium (Cd), lead
(Pb), and mercury (Hg) are toxic elements even when
consumed in low concentrations [44].
The elemental content associated with active chemical
compound of the medicinal plant adds up both benefits
and hazardous effects to the herbal product. The concentration of elemental content differs with the different
geographical variation, and its most influencing factors
are rainfall, type of soil and its pH, and temperature. So
the environmental geographical condition in which the
medicinal herbs are grown plays a crucial role and is to
be taken in consideration. ICP-MS (inductively coupled
plasma-mass spectroscopy) and PIXE (partial induced Xray emission) are the methods being used for analytical
and chemo-metric studies on herbs. These methods are
useful to gain information about the relation between
the medicinal plant elemental content and their effect
on particular disease treatment [45].
For quality and safety of the herbal products, heavy
metal testing is of the crucial concern. Elemental specificity, multi-isotope detection, high sensitivity, dynamic
range, and possibility of extremely low detection limit
are the advances provided by the ICP-MS analytical
technique used for trace and ultra-trace element concentration detections [46].
Medicinal plants that undergo the elemental content
analysis can be used as an alternative over the synthetically fortified drugs when we get a clear picture of the
elemental composition of the medicinal herbs; hence,
this medicinal herb can be used to overcome the trace
metal deficiencies as well as no side effect of the chemically metal fortified synthetic products [47].
Disorders related to brain, digestive, kidney, liver, pancreas, reproductive system, and central nervous systems
are caused when the elemental components go on accumulating in the living human body. Further, this can
lead to various cancer cells developing if the exposure is
high and repetitive. So it is very much required to
analyze the limit of elemental content and composition
in the medicinal herbal products [48].
LC-MS for the quality control of botanical herbs

When HPLC method is used individually without other
method in combination, it has certain drawbacks in the
raw material extract in complex matrix analysis where
prior treatment for the API concentration and purification is needed for the process to be simplified and give
better results. This drawback is overcome by using the
mass spectroscopy (MS)-coupled HPLC technique that
is LC-MS (liquid chromatography-mass spectroscopy),
in which the technique highly improves the sensitivity of
detection. For the method simplification of LC-MS-ion
trap mass spectroscopy (Ion trap LC-MS), quadrapole
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time of flight high-resolution mass spectroscopy (QTOF HRMS) and triple-quadrapole mass spectroscopy
(TQ LC-MS) are the different technique which can be
coupled with the HPLC analytical method [49].
Structure characterization, molecular mass, information of fragmentation, retention time, and broad range
of detection and high separation of analytical compounds are the abilities of the LC-MS technique. Raw
plant material extract and marketed product identification, quantification, and quality control of the herbs can
be carried out with LC-MS combined technique [50].
Complete documentation of the data necessary for the
online qualitative analysis of the herbal extract can be
acquired by performing LC fingerprinting process. The
hyphenated LC-MS technique is employed where the
structure elucidation of chemical components of the
herbal extract is not possible individually with the HPLC
analytical method. Identification of chromatographic
peaks and the comparison study online is possible by
use of the LC-MS technique.
Further, the detection of the adulterants in the
extracts and botanical products and phytochemical
analysis of the herbs has become easier due to the
advantageous LC-MS technique which is applied for
the process. The separation process as well as the identification process of the various compounds which are
structurally similar can be identified; this serves as one
of the most superior qualitative tool among the various
tools for the analysis of different herbs and the adulterants. With the advances of the LC-MS technique, the
screening and characterization of the adulterants
(unknown and known) which are novel analog can also
be detected and identified by applying this technique
in the quality control of the materials [51].
For the analysis of the complex traditional herbals with
high resolution, efficiency and sensitivity which is used
to gain accurate mass information are all present in the
powerful tool for analysis which is UHPLC-Q-TOF/MS
(ultra-high-performance liquid chromatogram coupled
with electrospray ionization tandem quadrapole-time of
flight/mass spectroscopy). For the potential analysis of
components of the chemical markers, the multivariate
statistical analysis which are basically dependent on the
available chemical information which makes the identification of the components much simpler. This UHPLC is
one of the advance types in the LC-MS analytical technique [52].
GC-MS (gas chromatography-mass spectroscopy) in the
quality control analysis of herbs

GC-MS (gas chromatography-mass spectroscopy) is
the analytical technique which is the combination of
GC (gas chromatography) which separates the different components of the mixtures of the chemical
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compounds whereas the MS (mass spectroscopy)
which analyses the components which are being
separated by the GC. In case of the herbal product
analysis, the extract can be analyzed for the principle
component by the GC-MS technique. GC-MS can also
be used in the pharmaceutical industries, cosmetic
products, food industry, and environmental and forensic application for the analysis of the components of
the compound basically the active pharmaceutical
ingredients.
The most important analysis which is carried out by
GC-MS is the analysis of the thermo-stable volatile compounds and the volatile derivatives. Qualitative and
quantitative analysis of the volatile oil determination is
carried out by the GC-MS technique; it is also possible
to determine the multiple components of the compound
and drug metabolites. LC-MS is comparatively more
sensitive than the GC-MS but LC-MS cannot analyze
the thermally stable volatile components whereas it is
only able to analyze the thermally unstable non-volatile
compounds.
Identification of components (qualitative), separation
of components, and quantification of different compounds are both volatile and non-volatile in a single analysis. It is possible to carry out the simultaneous analysis
of different compounds [53–55].
In the field of the forensic science the GC-MS technique pre-treatment process is being used which is
extremely simple when compared to the conventional
pre-treatment process that is less complex in nature; this
process is called as headspace solid-phase microextraction (HS-SPME) and together with GC-MS it is said to
be HS-SPME-GC/MS. Different detection techniques are
used in coupling with the GC-MS techniques that are
electron capture detection (ECD) and electron ionization
(EI) with single quadrapole MS and/or triple quadrapole
MS (MS-MS) [56, 57].
Matrix-matched calibration standards are used in the
gas chromatography to compensate for the matrix effect
in this technique and this is one of the simple most and
cheap technique. The GC-MS/MS technique performance is affected by the extract purity which is under analysis and is injected to the system, as the biochemical
range of the herbs is wide in range and the nature of the
herb is also complicated.
The GC-MS technique is not suitable for the thermoliable compounds. In case of the non-volatile components, they must be derivatized and then the analysis
must be carried out [58, 59].

Comparison of HPLC, HP-TLC, and GC

The comparison of chromatographic techniques is
shown in Table 2.
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Table 2 Comparison of chromatographic techniques [60–62]
Parameters

HPLC

HP-TLC

GC

Stationary phase

Column

Paper/glass

Liquid/solid

Mobile phase

Solvent mixture

Solvent mixtures

Pure inert gas

Sample

One at one run

Many at a single run

One at one run

Pressure

High

_____

Controlled pressure

System

Closed

Open

Closed

Results

System (peaks)

System peaks and visual by bands

System (peaks)

Resolution

High to very high

Moderate to high

High to very high

Time

2–60 min

1–30 min

2–60 min

Temperature

Constant

Constant

Increasing

Conclusion
In the case of the herbal products which are part of
traditional medicine system, the novel formulations
developed are required to be standardized for safety,
efficacy, and potency. It is required that the various techniques are used for the quality control examination of
the herbs, which can be regulated to gain the required
quality products by setting proper norms. And this in
turn will provide the safer use and effective treatment
and required potency of the products which will benefit
mankind and society by providing means of wellbeing.
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The present investigation deals with development, characterization, and evaluation of thermosensitive in-situ
nasal gel of Almotriptan malate (selective serotonin 5-HT1 receptor agonist), serving as a substitute for drug
delivery to the brain. Gels were prepared by cold technique varying the concentration of Pluronics (PF127 and
PF68) and carboxymethyl chitosan as thermoreversible and mucoadhesive polymers respectively. Drug content
before and after gelation was ranged between 96.42-98.92% and 95.8–98.66% respectively. The pH value was
observed in the range of 5.56–6.31. Notably, the results obtained were in agreement with the phase transition
and formulations exhibited pseudoplastic rheology. Mucoadhesive strengths of all the formulations increased
with the chitosan concentration and were in the range of 3300–5193.65 dyn/cm2. The in-vitro drug diﬀusion
data of the optimized formulation i.e. 17% w/v PF127, 2% w/v PF68, 0.1% w/v carboxymethyl chitosan, revealed 89.36% release at the end of 6 h. Histopathological studies conﬁrmed the non-toxic eﬀect of optimized
formulation on the microscopic structure of nasal mucosa during ex-vivo permeation studies. Short term stability
study exhibited 4 ± 1 °C as an appropriate storage condition for the formulations. In nutshell, a thermosensitive
in-situ gel of Almotriptan malate can be intended as an eﬀective approach of migraine treatment.

1. Introduction
In the past few decades, nasal cavity has garnered increasing attention as a promising drug administration route for the treatment of
local diseases, such as rhinitis and nasal congestion [1]. Enormous
surface area, immensely vascularized epithelium, easy accessibility,
porous endothelial membrane and bypassing of ﬁrst-pass metabolism
makes nasal passage serve as a substitute route for systemic availability
of drugs conﬁned to intravenous administration [2,3]. The intranasal
route also provides an advantage of improved bioavailability [4], good
permeability mainly for lipophilic and low molecular weight drugs
[5,6], ease of self-administration, ease of handling and can even be
administered to patients in vomiting and unconscious state [7].
Nevertheless, it can also provide a route of entry to the brain that circumvents the blood-brain barrier (BBB) as the olfactory receptor cells
are in direct contact with the central nervous system [1].
Migraine is a chronic neurological disorder characterized by recurrent moderate to severe unilateral headaches (aﬀecting one half of
the head) and often associated with several autonomic nervous system
symptoms like nausea, vomiting, and photophobia (increased sensitivity to light), phonophobia (increased sensitivity to sound) or smell

∗

and pain which may worsen by any kind of physical activity [8]. Theories on the etiology of migraine suggest that symptoms are due to local
cranial vasodilatation and/or due to the release of vasoactive and proinﬂammatory peptides from the sensory nerve ending in an activated
trigeminal system [9].
Almotriptan malate (AM), is a serotonin 5-HT(1B/1D) receptor agonist “triptan” prescribed to treat the acute headache phase of migraine
attacks and mainly acts by narrowing the blood vessel in the brain and
thereby reducing pressure and pain. It has a linear pharmacokinetic up
to 200 mg dose and half-life of 2.5 h with 70% bioavailability. Upon
oral administration, Cmax is observed after 1.5–4 h and approximately
50% of the drug is excreted unchanged in the urine [10,11]. AM is
administered as oral tablets and is bitter in taste.
Nausea and vomiting ascribable to migraine urge for alternative to
conventional tablet formulations. Parenteral dosing, one of the alternatives, involves obvious inconvenience [12]. Low bioavailability of the
drugs after nasal administration as drops or spray is observed due to
rapid mucociliary clearance. Temperature sensitive in-situ gel, at room
temperature stands in a liquid state and with an increase in temperature
to body temperature it thickens to gel form providing adequate adhesion. It improves the nasal residence time, slow-release and the
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2.4. Evaluation of gel

convenience of administration due to easy instillation as a drop with
accurate dosing.
Bearing in mind the pharmacokinetic properties of AM and its superior eﬃcacy and tolerability proﬁle in comparison to other triptans,
the intranasal drug delivery system could represent a new and valid
pharmaceutical form in treatment of migraine. Present investigation
deals with the development of a thermosensitive, mucoadhesive in-situ
gel for intranasal delivery of AM to achieve rapid onset of action and
increase its therapeutic eﬀectiveness for a longer period thus reducing
dose frequency and side eﬀect.

Formulated gels were evaluated for drug content, pH, gelation time,
gelation strength, mucoadhesive strength, and viscosity.
2.4.1. Drug content
Drug content uniformity was ascertained using a modiﬁed UV–Vis
spectroscopic method before and after gelling [9,14]. Brieﬂy, 0.45 mL
(equivalent to 10 mg AM) of the gel formulation was mixed with
100 mL of phosphate buﬀer pH 6.4 in a volumetric ﬂask and ﬁltered.
1 mL of the ﬁltered solution was diluted to 10 mL with pH 6.4 phosphate buﬀer and absorbance was measured spectrophotometrically
(UV–Vis-Shimadzu, UV-1700 Japan) at 227 nm.

2. Materials and methods
2.1. Drugs and chemicals

2.4.2. pH of formulation
The formulated gels were evaluated for pH using digital pH meter
(Eutech Instruments Pvt. Ltd., Singapore) at room temperature.
Standard buﬀer solutions of pH 4 and pH 7 (Thermo Fisher scientiﬁc
standard buﬀers) were used to calibrate the instrument before each use
[9].

AM was gifted by SMS Pharmaceuticals Ltd., Hyderabad, India.
PF127 and Dialysis membrane (12,000–14,000 M W.) were purchased
from Hi-Media Laboratories, Pvt. Ltd., Mumbai, India. PF68 was gifted
by Ozone International, Mumbai, India. Carboxymethyl Chitosan
(water-soluble) was obtained from Pelican Biotech & Chemical Labs,
India. Benzalkonium chloride was procured from Sigma Aldrich Pvt. Ltd
India. All other chemicals and reagents of analytical grade were used.

2.4.3. Gelation time
Gelation time was determined as per the reported method [15]. In
brief, 10 mL of the formulation was magnetically stirred in glass a
beaker at 80 rpm by gradually raising the temperature (1°Cmin−1). The
time at which the magnetic bead stopped rotating was noted as the
gelation time. Measurements were done in triplicates.

2.2. Selection of PF127 concentration
The concentration of Pluronic F127 (PF127) varying from 15% w/v
to 22% w/v were screened preliminarily to optimize the lowest possible
concentration exhibiting thermo-reversible property below 34 °C
(temperature of the nasal cavity) (Table 1). Gelation temperature i.e.
sol to gel transition temperature was determined by the visual inspection method. Brieﬂy, a glass beaker containing 10 mL of the formulation was stirred on a magnetic stirrer (Remi Motors Pvt. Ltd. Mumbai)
with a heating element at minimum speed by gradually increasing the
temperature with an increment of 1 °C. The temperature at which the
magnetic bead stopped rotating was noted as the gelation temperature
[9].

2.4.4. Gel strength
Gel strength was measured by placing a formulation weighing 50 g
in 100 mL beaker congealed at 34 °C using a controlled temperature
water bath. A 35 g of weight was placed on the gel. The time taken by
weight of 35 g to cover a distance of 5 cm through the gel was recorded
as gel strength [15].
2.4.5. Determination of mucoadhesive strength
The mucoadhesive potential was computed by measuring the force
required for separation of formulation from sheep nasal mucosal tissue
by using a modiﬁed pan balance for each formulation [16]. A sheep
nose was obtained from the slaughter-house within 15min after the
sheep was sacriﬁced. Nasal mucosal portion of the sheep was carefully
removed from its nasal cavity and was stored in a normal saline solution. After the removal of blood and bony cartilage from the mucosal
membrane, it was ready for use [15]. The mucosal side was immediately secured by a rubber band into each glass vial. These vials
were kept at 34 °C for 5min before attaching them to the apparatus. One
vial was positioned on one (left) side of a height-adjustable pan while
the next vial was ﬁxed in an inverted position to the balance on the
same side. Speciﬁed quantities of each formulation were kept onto the
nasal mucosa of the ﬁrst vial and both vials were allowed to come in
close-knit contact by adjusting the height of the second vial. The establishment of intimate contact between tissue and the sample was
veriﬁed by allowing a contact time of 2 min. The weight was escalated
in the pan on the other (right) side until the vials got alienated from
each other. For each formulation, the minimum weight required for
separation of tissues from the surface i.e. detachment stress is expressed
as the bioadhesive force and calculated using the equation;

2.3. Formulation of temperature-mediated in-situ gelling system
The pluronic gel was prepared by cold technique with slight modiﬁcation as described by Schmolka [13]. Pluronic solutions were prepared by dissolving accurately weighed quantities of PF127 (17%) and
PF68 (1, 2, 3 and 4%w/v) in the cold (4 °C) distilled water (10 mL) and
subjected to 1 h magnetic stirring at 200–300 rpm to avoid froth formation. To obtain a clear solution the hazy solutions were chilled
overnight at 4°C–5°C. Separately dissolved carboxymethyl chitosan
(0.05 and 0.1%w/v) in cold distilled water and the pluronic solutions
were then mixed by continuous stirring for 1 h at 200–300 rpm and
refrigerated overnight at 4°C-5°C to get a clear solution. The AM
(274 mg) was dispersed in clear solution with stirring at 300 rpm for
45min. Preservative i.e. Benzalkonium chloride (0.05%) was added and
the prepared gel was stored at 4 °C.
Table 1
Selection of PF127 concentration.
Concentration of PF127 (%w/v)

Gelation temperature (°C)

15
16
17
18
19
20
21
22

Above 45
36
34
32
30
27
25
25

Detachment stress (dynes/cm2) =

mg
A

where, m = Minimal weight required for separation of two vials in g,
g = Acceleration due to gravity (980 cm/s2) and A = Area of tissue
exposed. The fresh nasal mucosa was used for each measurement.
2.4.6. Rheological studies
The rheological properties of all formulations (F1 to F8) were
2
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diﬀusion rate was studied after 30 and 60 days.

evaluated by using a thermostatically controlled Brookﬁeld programmable digital rheometer (Model DV III, USA). The viscosities of the
samples were measured at 25 °C ± 1 for the sol phase and at 34 ± 1 °C
for the gel phase in triplicates. Samples were sheared at 5, 10, 20, 30,
40 and 50 rpm with spindle number 21. The shear rate (γ), shear stress
(τ) and viscosity (η) were noted. The interpretation of rheological behavior was established using plots of RPM versus viscosity [17].

3. Results and discussion
In-situ gel delivery oﬀers numerous beneﬁts as its ﬂuid-like appearance before nasal administration makes it easy for instillation as a
drop allowing accurate dosing, but sets into a gel with augmented residence time at body temperature.

2.4.7. In-vitro drug diﬀusion study
In-vitro diﬀusion studies from the gel were performed by using Franz
diﬀusion cell (Perme Gear Standard Jacketed Franz cell, USA) through
dialysis membrane (Molecular weight 12,000–14,000 kDa, HiMedia
Laboratories Pvt. Ltd., Mumbai, India) soaked in receptor medium for
4 h before use [18,19]. The formulation equivalent to 10 mg AM was
placed in the donor compartment and the receiver compartment was
ﬁlled with 15 mL dialysis medium [20] of phosphate buﬀer 6.4 and
stirred continuously at 100 rpm using a magnetic stirrer (Remi, India)
at 34 ± 1 °C. Aliquots of 1 mL sample were collected from the receptor
compartment followed by replenishment with an equal volume of fresh
dialysis medium at scheduled time intervals till 6 h. The time interval
was 5, 10, 15 and 30min and then at half an hourly interval till 6 h. All
samples were withdrawn in triplicate and after appropriate dilutions,
were analyzed spectrophotometrically (Shimadzu UV-1700, Japan) at
227 nm against phosphate buﬀer (pH 6.4) as blank. The amount of AM
diﬀused was determined using a calibration curve.

3.1. Optimization of polymer
In present research work, Pluronics (PF127 and PF68) have been
selected as thermoreversible polymers whereas carboxymethyl chitosan
is used as a good absorption enhancer and mucoadhesive polymer
which binds to the nasal mucosal membrane and increases the retention
time [26]. Preliminary studies conducted in our laboratory on combined use of PF127 and PF68 revealed more closely packed gel structure with arrangement in lattice pattern with increase in the concentration of PF68 only (Table 3). Therefore PF127 concentration (17%
w/v) was selected as a ﬁxed concentration and PF68 concentration was
varied from a range of 1–4 %w/v concentration’.
3.2. Evaluation of gel
3.2.1. Clarity and visual appearance
All developed formulations were found to be clear, devoid of any
turbidity and free-ﬂowing solutions when observed against a white and
black background (Fig. 1).

2.4.8. Drug release kinetics
The obtained data were subjected to diﬀerent mathematical models
i.e. ﬁrst order, Higuchi model and Korsmeyer Peppas to interpret the
drug release mechanism and release rate kinetics of the optimized gel
formulation. The best ﬁt model was selected by comparing the R2 values. Release kinetics was studied using PCP disso software (PCP Disso
V3, Pune, India) [19,21].

3.2.2. Drug content
In the present investigation, the drug was suspended in the gel
formulation. Considering possible emulsiﬁcation of drug due to the
surfactant like behavior of pluronics and non-uniformity in dosage form
upon intranasal administration, drug content was analyzed before and
after gelation. The drug content of all formulations was observed in the
range of 96.42–98.92% (before gelation) and 95.80–98.66% (after gelation). The drug content did not diﬀer to a notable extent after gelation
which conﬁrmed the homogenous drug distribution throughout the gel.

2.4.9. Ex-vivo permeation studies
The sheep nasal mucosa was used as a model membrane. The freshly
excised sheep nasal mucosa from the local slaughter-house was used for
the permeation studies. After being rinsed in saline solution and then
distilled water, a piece of the nasal mucosa was mounted in Franz
diﬀusion cell (permeation area, 0.785 cm2 and maintained at
34 ± 0.5 °C) with the mucosal side facing the donor compartment
[19,22]. In situ gel equivalent to 10 mg AM was placed on the mucosal
surface in the donor chamber while phosphate buﬀer saline (PBS) pH
6.4 was added to the receiver compartment and agitated with a magnetic stirrer. At predetermined time segments/points, 1 mL sample
aliquots were collected from the receiver compartment followed by
replenishment with drug-free, buﬀer for 6 h. The time interval was 5,
10, 15 and 30min and then at half an hourly interval till 6 h. After
ﬁltration and suitable dilution, the samples were analyzed spectrophotometrically at 227 nm.
2.4.10. Histopathological evaluation of nasal mucosa
Viability of the mucosa was assessed using histopathological studies
of sheep nasal tissue after 6 h of permeation studies and compared with
untreated mucosa. Initially, tissue was processed and embedded with
paraﬃn after ﬁxing in 10% buﬀered formalin. Further paraﬃn sections
(7 μm) were taken, stained with haematoxylin and eosin and subjected
for detailed microscopic examination to check any disﬁgurement of the
tissue during ex-vivo permeation [23,24].
2.4.11. Short term stability studies
The developed in-situ gel was subjected to short-term stability studies to conﬁrm the physical and chemical stability [25]. Samples were
stored in screw capped glass vials at 4 °C ± 1 °C and room temperature
for 2 months. Physical stability, including appearance, sedimentation,
color, pH, drug content, gelation temperature, viscosity, and drug

Fig. 1. In-situ gel forming system.
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Table 2
pH, Gelation temperature, gelation time, gel strength and mucoadhesive strength of the formulations F1–F8. All values are expressed as Mean ± Standard Deviation
(n = 3).
Formulation

pH

F1
F2
F3
F4
F5
F6
F7
F8

5.56
6.19
5.67
6.31
6.04
5.63
5.84
5.98

±
±
±
±
±
±
±
±

0.12
0.16
0.19
0.21
0.14
0.17
0.23
0.19

Gelation temperature (°C)

Gelation time (seconds)

Gel strength (seconds)

Mucoadhesive strength (Dynes/cm2)

31.23 ± 0.40
33.03 ± 0.45
32.76 ± 0.35
34.10 ± 0.36
37.56 ± 0.40
39.06 ± 0.50
38.53 ± 0.64
41.6 ± 0.53

41.66
52 ±
47 ±
57.33
61.33
72 ±
65.66
78.33

66 ± 3.60
81.66 ± 4.04
75.66 ± 3.51
95 ± 4.58
88.33 ± 3.05
106 ± 3.46
98 ± 4.36
114.6 ± .3.21

3300.15
4258.33
4012.73
4766.78
4234.07
5029.98
4452.03
5193.65

± 4.51
3.61
4.58
± 4.04
± 3.51
4.35
± 4.16
± 4.72

±
±
±
±
±
±
±
±

0.77
0.86
1.09
0.93
0.83
1.41
0.78
1.16

Table 3
Rheological Data of formulations F1–F8 at 25 °C and 34 °C. All viscosity values are expressed as Mean ± Standard Deviation (n = 3).
Formulation

Viscosity (cps) at 50 rpm
25 °C

F1
F2
F3
F4
F5
F6
F7
F8

38.46
40.21
29.33
49.82
48.56
53.85
51.16
54.79

±
±
±
±
±
±
±
±

0.62
0.59
0.47
0.45
0.39
0.60
0.49
0.58

Consistency index (K)

Flow index (n)

34 °C

25 °C

34 °C

25 °C

34 °C

420.1 ± 0.40
680.5 ± 0.40
317.3 ± 0.34
764.30 ± 0.53
755.4 ± 0.36
838.3 ± 0.53
803.5 ± 0.51
897.5 ± 0.63

78.92
86.14
113.28
80.42
78.87
92.45
87.39
114.16

5054.20
6303.60
9645.90
7942.00
4914.70
12025.00
4466.00
12649.00

0.849
0.851
0.722
0.892
0.894
0.885
0.884
0.848

0.440
0.500
0.210
0.479
0.569
0.369
0.593
0.384

acetic acid in the manufacturing process of carboxymethyl chitosan
thereby increasing the gelation temperature [24,25].

3.2.3. pH determination
The nasal mucosa can tolerate pH between 3 and 10 despite its
normal physiological pH ranging from 4.5 to 6.5 [18,27]. The formulations should be in the range of nasal pH (5.5–6.5) to conﬁrm their
compatibility with nasal mucosa. The pH of all gel formulations was
found to be around the pH of the nasal mucosa and ranged from 5.56 to
6.31 (Table 2). The variation in pH was attributed to the concentration
of PF68 and carboxymethyl chitosan in the formulations. The pH of
optimized formulation (F4) was found to be 6.31 ± 0.212 which was
as per the nasal pH requirements.

3.2.5. Gelation time
The time required for sol to gel transition by the optimized formulation (F4) was found to be 57.33 s. In view of avoiding loss of
formulation, it's conversion to gel form below 35 °C is necessary
otherwise it will continue to exist in a liquid state at body temperature
and will easily drain out when instilled in the nasal cavity. The gelation
time for all the formulations increased with the rise in gelation temperature (Table 2). It stands to reason that lesser the gelation time faster
is the gelation.

3.2.4. Gelation temperature
The temperature of the nasal mucosa is reported between 32 °C and
35 °C which is less than the normal human body temperature. Therefore
in-situ gel is formulated that exists as a liquid at room temperature and
can be easily transformed into a gel upon contact with the nasal mucosa. At cold temperature, the pluronic molecules in aqueous solution
are covered with a hydration layer. With the elevation in temperature,
the aquaphobic bonds dissociate its solvent components (desolvation)
which promotes hydrophobic interactions amid polyoxypropylene domains resulting in the formation of a gel. The gel formed was found to
be micellar and existed in various shapes viz. spherical, cylindrical, etc.
Liquid micellar phase (which is stable at low temperature) changes to
the cubic phase ﬁrst and then hexagonal structure with an increase in
the temperature. The gelation temperature of the formulations increased with the upward movement in polymer concentrations which
may be contributed by the higher micellar volume and number at a
lower temperatures [28,29].
Gelation of PF127 is attributed to hydrophobic association resulted
from enhanced chain friction and entanglement in the polymer [29,30].
PF127 alone could not provide gelation at the physiological temperature. Modulation of the gelation temperature to reach the desired range
could be achieved through the use of a combination of the pluronic
grades. More closely packed gel structure with the arrangement in
lattice pattern was observed with an increase in the concentration of
PF127 and PF68 (Table 2). Carboxymethyl chitosan leads to a remarkable rise in the gelation temperature. The hydrogen bonds between dense positioning of pluronic gels are enfeebled by the use of

3.2.6. Gel strength
This parameter is signiﬁcant in determining the condition, which
can retard the post nasal drip or leakage. The gel strength of the optimized formulation (F4) was reported as 95 s and was found to be inﬂuenced by concentrations of PF68 and carboxymethyl chitosan. PF127
and PF68 have a promising eﬀect on gel strength. Higher chitosan
concentration has little increasing eﬀect on the gel strength (Table 2).
Hydrogen bonding between Pluronics and water might increase gel
strength. Congealing strength of pluronic changes with ethylene oxide/
propylene oxide ratio and molecular weight of the hydrophobic molecule. Hydrogen bonding between Pluronics and water might increase
gel strength. Despite dehydration of gel at a higher temperature, excessive hydrogen bonding and closely associated micelles limit any alterations in the gel structure. However extreme high temperature destructs the gel structure [29].
3.2.7. Mucoadhesive strength
Assessment of the mucoadhesive strength in terms of detachment
stress revealed the increase in mucoadhesive properties of formulations
with increased concentration of carboxymethyl chitosan. Mucoadhesive
strength for formulations F2, F4, F6, and F8 with 0.1% carboxymethyl
chitosan increased as compared to the formulations F1, F3, F5, and F6
respectively (Table 2). The rapid ﬂuid uptake from the mucus layer
enabling the polymer chain to penetrate the mucin network and establish adhesive bonds has a key role in mucoadhesion [31]. It is
4
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speculated that the higher mucoadhesive strength of the delivery
system may lead to prolonged retention and increased absorption across
mucosal tissues.
3.2.8. Rheological studies
An ideal nasal in-situ gel formulation should possess a low viscosity
when instilled in the nasal cavity; however, to remain at the application
site it should be suﬃciently viscous after administration [35]. The
mucoadhesive polymer carboxymethyl chitosan increased the viscosity
of in-situ gel in a concentration-dependent manner. Table 3 shows the
rheological data of all the formulations. Besides, the rheogram of optimized formulation F4 was obtained at 25 °C and 34 °C was well ﬁtted
to the power-law rheological equation is shown in Fig. 4.
The two dimensionless quantities i.e. the consistency index (K) and
the ﬂow index (n) characteristics for each formulation were obtained. If
n = 1, this indicates a Newtonian behavior, while if n < 1, this corresponds to shear-thinning ﬂow. The lower value of (n) corresponds to
the more shear thinning of the formulation [32–34]. At 25 °C, the ﬂow
indices (n) of all formulations (F1–F8) were close to 0.8 (n > 0.5) and
showed a low consistency index (K) indicating a Newtonian ﬂow behavior, thus facilitates convenient nasal administration without being
stored under refrigeration. There was an increase in viscosity of the
formulations with the increase in temperature. The viscosity proﬁles of
all formulations are shown in Fig. 2 and Fig. 3.
The remarkable shear-thinning behavior (n < 0.5) and signiﬁcant
(p < 0.05) increase in viscosity was noticed with the increase in
temperature i.e. 25–34 °C. The increase in viscosity conﬁrmed sol to gel
transition at body temperature. The temperature viscosity proﬁle of the
gels showed a Newtonian behavior at low temperature whereas an
abrupt increase in viscosity in the vicinity of the gelation temperature
represents non-Newtonian behavior. This shows that with the increase
in shear rate, gels experienced a decrease in their viscosities conﬁrming
pseudoplastic rheology [35,36].

Fig. 3. Viscosity in cps at 34 °C ± 1 °C of formulations F1–F8.

Fig. 4. Rheological proﬁles and ﬁtting curves of optimized formulation (F4) at
25 °C and 34 °C.

3.2.9. In-vitro drug release
All the eight formulations of AM in-situ gels and pure drug i.e. AM
were subjected to in-vitro diﬀusion studies using the dialysis method, in
phosphate buﬀer solution pH 6.4. All formulations exhibited a bi-phasic
release pattern, with an initial burst release within the ﬁrst 30min,
followed by a sustained release throughout 6 h. This release pattern
suits anti-migraine AM where a rapid onset of action (initial burst release) for management of acute migraine pain followed by sustained
release pattern for maintenance of loading dose is required [37]. The
decrease in drug diﬀusion rate was observed with increasing carboxymethyl chitosan concentration. The overall cumulative percentage
drug diﬀused for F1–F8 was found to be 93.78, 90.69, 92.19, 89.36,
87.58, 81.59, 82.79 and 74.09% respectively (Fig. 5). The lower drug
release of formulations F6–F8 as compared to F1–F5 revealed the eﬀect

Fig. 5. Comparative in-vitro diﬀusion proﬁles of formulations F1–F8.

of high polymer concentration on the close association of micelles after
gelation which limits the drug release. Drug entrapment inside the
hydrophobic core can be also one of the reasons to retard the drug
release. Gel viscosity increases with an increase in the concentration of
mucoadhesive polymer. Moreover, the squeezing eﬀect of mucoadhesive polymer on the aqueous channels of pluronic micelles hinders drug
diﬀusion [24,37]. The optimized formulation i.e. F4 showed the drug
diﬀusion of 89.36% at the end of 6 h.

Fig. 2. Viscosity in cps at 25 °C ± 1 °C of formulations F1–F8.
5
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Fig. 6. Comparative graphical representation of % cumulative drug permeation
of formulation.

3.2.10. Kinetics of drug release
The release constant and regression coeﬃcient (R2) for all formulations were calculated using various release kinetic models. Higuchi
Matrix model found to be best-ﬁtted model based on regression coefﬁcients of 0.9991, 0.9986, 0.9991, 0.9985, 0.9859 and 0.9978 for drug
diﬀusion proﬁles of F1, F2, F3, F4, F6, and F7 formulations respectively. Whereas, formulations F5 (R2 = 0.993) and F8 (R2 = 0.9907)
followed Peppas model. Hence, the matrix drug load plays a signiﬁcant
role in drug release. All formulations exhibited the diﬀusion exponent
(n) values more than 0.5, revealing the non-ﬁckian mechanism of drug
release suggesting that the release was controlled by the diﬀusion rate
and the relaxation rate of the pluronics polymer matrix.
3.2.11. Ex-vivo permeation study
The cumulative percent drug permeated through sheep nasal
membrane after 6 h was found to be 77.86% as depicted in Fig. 6. The
slower release of the drug can be attributed to the presence of polymers
(PF127, PF68 and carboxymethyl chitosan) which resist the release of
the drug into the external environment from the gel matrix. The slower
release is desirable to obtain eﬀect for a longer period and to lower the
dosing interval [31].
3.2.12. Histopathological evaluation of nasal mucosa
In histopathological evaluation, the microscopic observations
(Fig. 7a and b) of the optimized formulation (F4) did not reveal any
signiﬁcant eﬀect i.e. cell necrosis or removal of the epithelium on the
microscopic structure of mucosa. The absence of toxicity was shown by
histopathological evaluation of the sheep nasal mucosa. Both the
membranes i.e. optimized formulation treated and untreated showed
similar microscopic tissue structural design with the undamaged columnar structure of epithelial cells [31]. The epithelial layer was intact
and there were no alterations in basal membrane and superﬁcial part of
sub-mucosa as compared with PBS treated mucosa which conﬁrmed the
safe use of gel formulation for nasal administration [38].

Fig. 7. Histopathological evaluation of sheep nasal mucosa; 7A. Nasal mucosa
treated with PBS (Control); 7B. Nasal mucosa treated with formulation F4.

97.53% at the end of 60 days due to dehydration of the gel formulation.
Negligible changes in the percentage cumulative drug release were
observed at both storage conditions. The same was true for gelation
temperature. Hence, based on the above results the prepared in-situ gel
stored at 4 ± 1 °C can be concluded as best.

4. Conclusion
The formulation of a thermosensitive in-situ gel of AM was found to
be suitable and feasible for intranasal administration with a view of
achieving rapid onset of action and increased nasal residence time of
the drug. The thermo-reversible nature of the gel facilitated the administration and ease of handling while mucoadhesive characteristics
increased the nasal residence time. The optimized formulation comprised of PF127 (17%w/v), PF68 (2%w/v) and carboxymethyl chitosan
(0.1%w/v) is safe for routine nasal administration, stable at 4 ± 1 °C
and suitable to give suﬃcient mucoadhesive strength and desired phase
transition temperature (34 °C). Thus, the formulated thermosensitive
gel system seems to be a promising formulation for the safe and effective intranasal delivery of AM in the treatment of migraine.

3.2.13. Short term stability studies
Data obtained for stability studies of the optimized formulation F4 is
depicted in Table 4. The formulation F4 kept at room temperature
showed a moderate change in its physical appearance. It did not show
any change in appearance at 4 °C concerning the clarity and color of the
preparation. Variations were observed in pH values. The pH of formulation was decreased with time and found to be 6.17 at the end of 60
days whereas not a major change was seen in the viscosity of formulation at either temperature conditions. Inconsiderable diﬀerences
were seen in the drug content of the formulation kept at 4 °C. However,
at room temperature, the drug content was reduced from 98.66% to
6
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Table 4
Data obtained for stability studies of the selected formulation F4.
Evaluation Parameters

Selected Formulation F4
Initial (Zero days)

pH
Gelation temperature °C
% Drug content
% Drug release
Viscosity in cps (25°C ± 1°C) 5 rpm
Viscosity in cps (34°C ± 1°C) 5 rpm

6.31 ± 0.21
34.1 ± 0.36
98.66 ± 0.32
89.36 ± 0.71
63.5 ± 0.51
2840.02 ± 0.43

Refrigerator Temperature (4 ± 1 °C)

Room Temperature (25 ± 1 °C)

30 days

60 Days

30 Days

60 Days

6.25 ± 0.12
34 ± 0.20
98.51 ± 0.57
88.71 ± 0.97
65 ± 0.55
2850.1 ± 0.35

6.21 ± 0.17
35 ± 0.80
98.75 ± 0.18
88.65 ± 0.85
64 ± 0.46
2845 ± 0.31

6.19 ± 0.16
34.2 ± 0.72
97.61 ± 0.37
88.35 ± 0.88
64.2 ± 0.56
2845 ± 0.41

6.17 ± 0.10
34.5 ± 0.50
97.53 ± 0.42
88.08 ± 0.88
65 ± 0.56
2845 ± 0.38

All values are expressed as Mean ± Standard Deviation (n = 3).
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ABSTRACT
The poor bioavailability and therapeutic response exhibited by conventional ophthalmic preparations due to rapid
precorneal elimination, dilution and nasolacrimal drainage of the drug may be vanquished by the use of in-situ
gelling systems that are instilled as drops into the eye and undergo sol-to-gel transition in the cul-de-sac. The
present work aims with the formulation and evaluation of an ophthalmic delivery system of an antiviral agent
Acyclovir, based on the concept pH triggered in-situ gelation. Polyacrylic acid (Carbopol 974P NF) was used as
gelling agent in combination of HPMC which acted as viscosity enhancing agent. Different grades of HPMC like
HPMC K15M, HPMC K4M and HPMC E5LV were used. The developed formulations were evaluated for clarity,
pH, drug content, gelling capacity, viscosity, in-vitro release studies, sterility test and ocular irritancy test. The
results showed that the developed formulations were stable, non-irritant and provided sustained release over 8 h
period, thus increasing residence time of the drug in precorneal area. Increase in residence time increases the
bioavailability of the drug hence, it is considered as viable alternative to conventional eye drops of Acyclovir.
Keywords: In-situ gel, Acyclovir, Polyacrylic acid, HPMC grades.
INTRODUCTION
Ophthalmic drug delivery is a complicated
procedure because of the anatomical features of
eyes that does not allow the drug absorption to
occur deeply into the tissues. It is also categorized
as a difficult task because of the ocular mechanism
provided by the eye which drains conventional
liquid formulation when instilled into the eye. Lower
residence time is provided in the precorneal area
as there is immediate loss of drug due to normal
mechanisms like blinking of eyes and nasolacrimal
drainage and tear fluid [1]. Topical ocular route is
the most preferred route of drug delivery used in
the treatment of ocular diseases. Topically
administered intraocular drugs show very low
ocular bioavailability. Large amount of drug is lost
due to nasolacrimal drainage, dilution with the tear
fluid and spillage of the dosage form due to tear
turnover. Hence nearly 1-10% of drug reaches the
cornea. Conventional ophthalmic dosage forms
face disadvantages like low bioavailability of the
drug when applied to the eyeball and also low
therapeutic response due to high fluid turnover and
dynamics
which
causes
rapid
precorneal
elimination of drug. Low bioavailability occurs due
to the complex anatomical structure of the eye,
small surface of absorption, reduced transparency
of cornea, lipophilicity of corneal epithelium, drug
protein binding, enzymolysis, metabolism and
protective mechanisms like formation of tears
blinking of the eye and nasolacrimal drainage.

Due to low tear volume i.e. 30µl for non-blinking
cause decrease in concentration of drug at the site
of application and also decrease in residence time
of the drug [1, 2]. Increased bioavailability and
precorneal residence time can be achieved by
developing in-situ gelling system. These systems
transforms from sol to gel form in presence of
certain polymers. These polymers changes its
phase in response to stimuli or environmental
changes. The different approaches involved in insitu gelling systems are temperature sensitive, pH
sensitive, glucose sensitive and light sensitive
systems [3].
Acyclovir is an antiviral drug. It is classified as class
III drug as it has high solubility and low
permeability. It is used in the treatment of Herpes
Simplex Virus (HSV) like HSV-1 and HSV-2 and
varicella zoster virus. Herpetic simplex keratitis is
the infection caused in cornea. The infection begins
from the epithelial cells present on the surface of
the eye and then penetrates through the nerves
thereby spreading in the whole cornea. First
indications include swelling of conjunctiva and
eyelids then followed by small white itchy lesions or
patches on the surface of the cornea [4, 5]. Some
drawbacks are possessed by the conventional
dosage form containing Acyclovir which include
lower residence time of drug, low bioavailability,
increased dosing frequency, loss of drug due to
nasolacrimal drainage and patient non-compliance
[6, 7]
.
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In the present study, an endeavor was made to
develop pH triggered ophthalmic in-situ gelling
system by using different grades of HPMC to
optimize the system for increased residence time so
that therapeutic effect of the drug can be increased.
MATERIALS AND METHODS
Materials:
Acyclovir was obtained as a gift sample from Cipla
Ltd, Goa. Carbopol 974 was obtained from Balaji
Drugs, India. Hydroxypropylmethylcellulose K4M,
Hydroxypropylmethylcellulose
K15M
and
Hydroxypropylmethylcellulose E 5 LV was obtained
from Yarrow chem products, Mumbai. Mannitol
was obtained from Ranbaxy Fine Chemicals Ltd.,
Delhi. All other materials used were of
pharmacopoeial grade.
Methods:
Preliminary studies:
Selection of vehicle:
Acyclovir solubility was checked using phosphate
buffer 6.8, dil HCl and acetate buffer to choose an
appropriate vehicle. The solutions of acyclovir were
prepared in order to check its solubility at desired
dosage level.
Preparation of gelling base for pilot study:
Solution of gelling system were prepared using
various drug polymer ratios. Solutions of 5
concentrations of each HPMC grade were prepared
(depicted in Table 1) and evaluated to carry out
pilot study for gelling capacity, viscosity and pH.
Gelling capacity was determined by placing 1 drop
of polymeric solution in test tube containing 8 ml of
freshly prepared STF (simulated tear fluid)
equilibrated at 370C. Gel formation was visually
assessed and time required for gelation was noted
and also time required to dissolve the gel formed.
Viscosity was measured using Brookfield viscometer
and pH was measured by using digital pH meter.
Preparation of in-situ gelling systems:
Potassium di-hydrogen phosphate and Di-sodium
hydrogen phosphate were weighed and dissolved
in little quantity of water. Then carbopol and HPMC
were added to it and allowed to hydrate overnight.
Weighed quantity of Mannitol and Sodium chloride
was mixed with the polymer solution. Then the drug
substance was mixed with constant stirring. Finally,
the volume was made up to 100 ml using distilled
water. The quantities of various ingredients used
were depicted in Table 2. The developed
formulations were filled in amber coloured
containers and were subjected to terminal
sterilization in autoclave at 1210C and 15 p.s.i. for
20 minutes [8].
Evaluation of in-situ gelling system of Acyclovir:
Appearance:
The developed formulations were visually observed
against black and white background for clarity and
colour of the formulation

pH determination:
pH is considered as foremost parameter in
ophthalmic formulations. The two principle areas of
interest are effect of pH on both; solubility and
stability. The developed formulations should be
stable at particular pH and meanwhile there should
be no irritation upon instillation of the formulation
[8]
.
Drug Content:
The drug content of the developed formulation was
ascertained by withdrawing 1ml of the sample from
the test formulation and diluting it to 100 ml with
distilled water. Aliquot of 1 ml was withdrawn and
then further diluted to10 ml with distilled water. The
absorbance was measured at 252 nm using UVVisible spectrometer [8].
Gel strength:
25 g of the prepared formulation was gelled using
freshly prepared STF and poured in measuring
cylinder. A weight of about 14 g was placed on the
gel and allowed to penetrate for about 5 cm. The
gel strength was reported by noting the time
required by the weight to penetrate 5 cm depth [8].
Gelation study:
Gelling capacity was examined by pouring 1 ml of
the formulation in 10 ml of freshly prepared STF
and equilibrated at 370C. It was visually observed
and time required for the gel formation was
recorded. The composition of STF used was sodium
chloride- 0.670 g, sodium bicarbonate- 0.200 g,
calcium chloride- 0.008 g and purified water q.s.
to 100 g [9, 10].
Rheology:
Viscosity of the formulation before and after gelling
was measured using Brookfield Viscometer.
Viscosity of the formulation after instillation
determines the residence time of the drug. The
viscosity of the formulation before gelling should be
from 5 to 1000 mPa.s and after gelling should be
from 50 to 50,000 mPa.s. The angular velocity of
the spindle was changed in ascending order and
the viscosity was measured [10]
In-vitro Drug Release studies:
In-vitro drug release was carried out using Franz
Diffusion Cell. Cellophane membrane was used
which was soaked overnight using freshly prepared
STF. The developed formulation was placed in
donor compartment and the receptor compartment
was filled with 50 ml freshly prepared STF. The
temperature was maintained at 370 C and rotating
speed was kept at 50 rpm. 1 ml aliquots were
withdrawn at time interval of 1 h and replaced by
equal quantity of the receptor medium. The
withdrawn aliquots were diluted using freshly
prepared STF and absorbance was measured at
252 nm using UV-Visible Spectrometer [10].
Release kinetics:
The data was obtained from in-vitro release studies
and was fitted in zero order first order, higuchi
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matrix, korsemeyer-peppas and hixon crowell
model to examine the mechanism of drug release
and release rate kinetics of the developed
formulation [11].
Isotonicity studies:
To check the tissue damage, the isotonicity of the
formulation has to be maintained. Sodium chloride
solutions having three different concentrations were
prepared which were labelled as isotonic (0.9 %
w/v), hypotonic (0.2 % w/v) and hypertonic (3 %
w/v) solutions. Four glass slides were taken and
labelled as test (T), isotonic (I), hypotonic (HO) and
hypertonic (HE). One drop of blood along with one
drop of heparin solution (1 % w/v) was placed at
the center of each slide. A drop of optimized
formulation (F1) was placed on slide labelled as
test (T) and other test solutions of sodium chloride
were placed on each slide labelled respectively.
The contents were thoroughly mixed and then
observed under the microscope for the morphology
of the RBCs under 45X power [4].
Sterility:
Sterility testing was carried out using direct
inoculation method. Fluid thioglycolate medium
and Soyabean casein digest medium were
prepared. 1 ml of the sterile formulation was
transferred aseptically to each medium using sterile
pipette. The sterile formulation was thoroughly
mixed with the media. It was incubated for 14 days
at 350 C for fluid thioglycolate medium and at 25 0
C for soyabean casein digest medium [12,13].
Ocular irritancy study:
Ocular irritation test was carried out on male NewZealand rabbits having weight around 1-2 kg. The
optimized sterile formulation was instilled into the
eye of the rabbit and observed after 24 h for
redness and swelling. The rabbit was kept in rabbit
holder during the period of study to overcome the
loss of drug due to rubbing of the eyes. After 24 h
the eye of the rabbit was visually observed for
swelling and redness parameter and accordingly
the scores were given as per the ICH guidelines
(Table 3) [10, 12].
Stability studies:
To observe the stability of the drug product, all the
formulations were kept in stability chamber. The
temperature was set up to 35 ±20C and 60% RH
±5% throughout the study period. Also samples
were stored at 20C to 80C in refrigerator. The
formulation was subjected for stability studies for
about 3 month [13]. After completion of 30, 60 and
90 days the samples were withdrawn and
evaluated for the parameters like appearance, pH,
gelling capacity, drug content, in-vitro drug release
studies [14,15]

RESULTS AND DISCUSSION
Preliminary studies:
Solubility of Acyclovir was more in acidic buffer as
compared to acetate buffer. On the basis of
preliminary study data shown in Table 1, the
concentrations of different grade HPMC were taken
for formulation optimization.
Preparation of in-situ gelling system:
Polyacrylic acid polymer i.e. carbopol solution
transits to gel when pH is raised above pKa around
5.5. A large amount of carbopol is required to
form gel which results in acidic solution. Buffering
capacity of STF is not enough to neutralize the
acidic effect of carbopol. Hence, the concentration
of carbopol is reduced thereby addition of HPMC.
Gelling capacity of carbopol was reduced which
was made up by rheological property of HPMC
thereby balancing it. (Table 2).
Evaluation of Formulations:
Appearance:
The formulations were clear and hence the clarity
was found satisfactory. The formulations were
opaque in colour. Physicochemical properties of the
formulation were not altered due to terminal
sterilization by autoclaving. Haziness in the
formulations was observed after autoclaving which
disappeared after overnight standing and the
original clarity was regained.
pH determination:
The pH values were found in the acceptable range
and thus would cause no irritation. The pH was
found in the range of 6.0 - 6.9. (Table 4).
Drug content:
All the formulations showed drug content in
acceptable range. The results are shown in Table
4. The formulations indicated uniform distribution
of the drug as the % drug content of all the
formulations were found in the acceptable range.
Gel strength:
The strength of the eye is determined based on the
physiological pH of the eye. Gel strength of all the
formulations was examined. (Table 4).
Rheological studies:
In order to find the composition that best suits for
use, the viscosity study was carried out. The values
for before gelling and after gelling were noted. The
results showed that the viscosity was dependent on
the polymers used in the formulation. All the
formulations showed the viscosity in the acceptable
range for ocular delivery and among all
formulation F1 showed highest viscosity before and
after gelling. Thus we can conclude that HPMC
K4M leads to increase the viscosity of formulation.
The formulations also showed decrease in velocity
with increase in angular velocity (Table 5 and 6,
Figure 1). The formulations possessed optimum
viscosity which is necessary for easy instillation into
the eye and would maintain integrity for a
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prolonged period by preventing eroding or
dissolving of the gel. The rheological studies
revealed that all the formulations exhibited
pseudoplastic behaviour.
In-vitro release studies:
Using STF as dissolution medium, in-vitro studies
were carried out. There was significant decrease in
rate and extent of release of drug, which might be
due to increase in viscosity. This can lead to
increase in polymer matrix density there by
increasing the diffusional pathlength which have to
be transversed by the drug molecules. Initial phase
of high release was considered for characterization
of drug release from gels. Initial phase of high
release is also called as burst effect. When the
formulation comes in contact with STF, the process
of gelation proceeds at a slower rate.
The formulations showed % drug release from 89.2
to 96.3% (Figure 2). The initial burst phase of the
formulations showed that the gelling systems were
formulated in aqueous medium. First, the burst
effect was low for the formulation which showed
high viscosity (F1). From the results it was
concluded that the formulated gels had capacity to
retain the drug for longer duration of time i.e. for 8
h. The results showed that formulation F1 showed
the best sustained effect as compared to all the
formulations. During in vitro drug release, swelling
of the gels was observed. No changes were
observed in gel integrity. The drug release was
highest in F1 formulation amongst all the
formulations as it contained HPMC K15M, as it
gave
higher
viscous
solutions
at
lower
concentrations than other grades of HPMC which
were used in other formulations.
Release kinetics:
Different equations were used to describe the
release kinetics of drug in all the developed
formulations. Hence it was chosen as best fit
model. All the formulations in this study were best
expressed by Higuchi’s classical diffusion equation
(Figure 3)., as the plots showed good linearity (R2:
0.993 - 0.998). The linearity of the plot indicated
that the release process was diffusion controlled. In
Peppas model ‘n’ values for the formulations
ranged from 0.411- 0.491 indicating that the
release mechanism was Fickian release (n<0.5).
Comparison of release profile with marketed
product:
Marketed product zovirax was compared with F1
formulation. From the results obtained it was
concluded that marketed preparation showed drug
release for period of 6 h whereas F1 formulation
showed increased residence time for period of 8 h.
The obtained percentage cumulative drug release
of marketed preparation was found to be 81.0%
and of F1 formulation was found to be 96.3%
(Figure 4).

Isotonicity studies:
Swelling or shrinking of the blood cells was not
observed by the optimized formulation which
indicates that the formulation was isotonic.
Sterility test:
The optimized formulation passed the test for
sterility. There was no evidence of microbial growth
was found after incubation, therefore there was no
appearance of turbidity. The fluid thioglycolate
medium was incubated for about 14 days for 30350 C and soyabean casein digest medium for 20250 C (Figure 5 and 6).
Ocular irritancy study:
Formulation F1 was found to be non-irritating. No
abnormal clinical signs or ocular damage was
observed. Hence overall it showed satisfactory
ocular tolerance (Table 7 and Figure 7).
Stability study:
In stability studies there were no changes appeared
regarding clarity and colour of the solution at any
storage conditions. No variations were observed at
any pH condition. The gelation properties were
found to be unaltered but the time required for
gelation was found to be slightly delayed also, drug
content of all the formulations were found to be
slightly decreased but not significantly (this change
was after 90 days at 2 to 80 C storage condition).
From the results obtained it was concluded that the
threre were no variable changes in the evaluated
parameters as they were in acceptable range.
Room temperature was found to be most suitable
condition for F1 formulation followed by 80 C.
CONCLUSION
From the data and results obtained, conclusion was
made that, pH triggered ophthalmic in situ gelling
system can be prepared by using carbopol 974 as
pH sensitive polymer in combination with HPMC
K15M as viscosity enhancer. It was found that the
drug content and pH in of all the formulations were
in acceptable range between 88.3 to 96.3 and 6.6
- 6.8 respectively. All the formulations formed gel
immediately when came in contact with STF thereby
increasing ocular contact time of Acyclovir in the
eye. The viscosity of all the formulations decreased
with increase in the angular velocity. F1
formulation showed greatest viscosity as HPMC
K15M showed greater viscosity enhancing strength.
For all the formulations cumulative % drug release
at the end of 8 h was found in the range 89.28% 96.3%. F1 formulation was selected as best
formulation because it exhibited good gelling
capacity, optimum viscosity and 96.3% in vitro
release in 8 h study. In comparison with marketed
formulation, F1 formulation showed increased
residence time over 8 h with greater drug release
whereas marketed formulation showed drug
release up to 6 h. Sterility tests proved that all the
formulations were sterile. Formulation F1 showed
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satisfactory ocular tolerance for the rabbit eye
irritation studies. Present work showed satisfactory
preliminary study in developing in situ gelling
system of Acyclovir. Further detailed investigation
and elaborate in vivo kinetic studies needed to be
carried out and in vitro in vivo correlation need to
be established to guarantee the bioavailability of
prepared formulations.
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TABLES
Table 1: Pilot study with a combination of carbopol and HPMC.
Formulation

F1 A
F1 B
F1 C
F1 D
F1 E
F2 A
F2 B
F2 C
F2 D
F2 E
F3 A
F3 B
F3 C
F3 D

HPMC
Grade

Concentration
(%w/v)
Carbopol 974P

HPMC

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.2
0.3
0.4
0.5
0.6
0.2
0.3
0.4
0.5
0.6
0.2
0.3
0.4
0.5

K4 M
K4 M
K4 M
K4 M
K4 M
K15 M
K15 M
K15 M
K15 M
K15 M
E5 LV
E5 LV
E5 LV
E5 LV

pH

Gelling
Capacity

Viscosity

6.72
6.77
6.8
6.81
6.85
6.69
6.73
6.82
6.83
6.86
6.66
6.69
6.74
6.81

+
++
+++
+++
++
++
+++
+++
+
+

173.6
181.2
186.4
192.0
208.0
198
222
241
254
292.1
165.5
170.2
182.6
192.8

F3 E
E5 LV
0.5
0.6
6.86
+++
196.3
˗ No gelation, + Gels after few minutes, dissolves rapidly, ++ Immediate gelation, remains for few h,
+++ Immediate gelation, remain for extended period
Table 2: Formulation design for optimization.
Ingredients
Acyclovir
Carbopol 974P NF
HPMC K4 M
HPMC K15 M
HPMC E5 LV
Mannitol
Sodium Chloride
Di-sodium hydrogen phosphate
Potassium di-hydrogen phosphate
Benzalkonium Chloride
Distilled Wtaer (q.s. upto 100 ml)

F1
0.3
0.5
0.6
1.0
0.9
1.75
0.69
0.02
100 ml

F2
0.3
0.5
0.6
1.0
0.9
1.75
0.69
0.02
100 ml

F3
0.3
0.5
0.6
1.0
0.9
1.75
0.69
0.02
100 ml

F4
0.3
0.5
1.0
0.9
1.75
0.69
0.02
100 ml

Table 3: Scoring for ocular irritancy test.
EFFECT
No visible haemorrhage
Only visible membrane discoloration
Structures covered partially due to membrane discoloration or
haemorrhage
Structures covered totally due to membrane discoloration or
hemmorage

SCORES
0
1
2

INFERENCE
Non irritant
Mild irritant
Moderately irritant

3

Severe irritant

Table 4: Evaluation of appearance, pH, drug content and gel strength.
Formulation

Appearance

pH

Drug content

Gel strength

F1
F2
F3
F4

Transparent
Transparent
Transparent
Transparent

6.63
6.67
6.84
6.71

96.3
95.5
93.1
88.3

110
96
74
52
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Table 5: Rheological property before gelling.
Angular
velocity
(rpm)
10
20
30
40
50
60
70
80
90
100

Viscosity before
gelling (mPa.s)
F2
208.3
197.3
135.7
110.5
88.0
73.5
73.1
63.5
61.0
56.8

F1
292.8
177.6
145.8
128.7
116.3
100.9
99.6
91.8
76.2
73.3

F3
196.3
135.8
94.8
83.3
59.2
51.7
49.7
48
18.9
15.8

F4
167.7
140.0
96.9
59.2
47.6
41.6
25.8
24
19.1
13.2

Table 6: Rheological property after gelling.
Angular
velocity (rpm)

Viscosity after
Gelling (mPa.s)
F2
323.2
218.2
185.9
149.8
92.7
87.0
81.1
77.4
72.8
67.4

F1
376.4
206.8
196.7
153.6
129.7
121.5
103.8
96.4
83.7
79.0

10
20
30
40
50
60
70
80
90
100

F3
241.9
198.5
111.4
96.1
68.2
66.4
51.8
50.0
28.6
23.5

F4
210.0
176.2
132.8
76.3
62.9
58.3
46.3
32.1
31.3
18.2

Table 7: Ocular irritancy test
Sample

Parameters
Redness
0
0

Formulation F1
0.9% Sodium Chloride

evaluated
Swelling
0
0

Total score
Watering
0
0

0
0

FIGURES
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Fig.1: Rheological profile of all the formulations
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Cum % drug release
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Fig.2: In-vitro dissolution plots of formulations of acyclovir
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Fig.3: Higuchi plots of formulations of Acyclovir
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Fig.4: Comparative drug release profile of F1 formulation and marketed product
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Fig.5: Sterility testing in soybean casein digest medium A-Test sample and B-positive control

Fig.6: Sterility testing in fluid thioglycolate medium A-Test sample and B-Positive control

Fig.7: Ocular irritancy study A-Formulation F1 (test sample) B-0.9% sodium chloride (negative
control)
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ABSTRACT
Background: Triamcinolone Acetonide is a synthetic glucocorticosteroid which has
been used for its immunosuppressive and anti-inflammatory activity belonging to BCS
class IV, yet it is not recommended to be used at higher doses due to its possible
adverse effects. Lipid nanoparticle systems are good carriers for poor water soluble
drugs, improve permeability and show sustained drug release. Materials and Methods:
Triamcinolone Actinide was formulated as Nanostructured Lipid Carriers. High shear
homogenization followed by ultra-sonication method was used with Precirol ATO 5 and
Isopropyl myristate as lipids. Optimisation was based on their particle size and entrapment
efficiency using the design expert software. Results and Discussion: Formulations F-5
and F-7 were selected as optimised formulations and had drug release patterns that fit
Korsmeyer-peppas model kinetics. SEM and TEM studies showed that the Nano structured
lipid carriers had size within the nanometre range and morphology resembling type II
(amorphous type). The mucoadhesive gel of optimised formulations F-5 and F-7 were
prepared as a 1% w/w hydrogel with carbopol 934. These gels showed pseudoplastic
fluid nature and good physical properties and also showed a more sustained drug release
in comparison to gel incorporated drug suspension. Conclusion: Based on the results
obtained it was concluded that Triamcinolone Actinide can be successfully formulated
as a gel incorporated with Nanostructured lipid carriers for treatment of buccal diseases.
Key words: Triamcinolone Acetonide, Nanostructured lipid carriers, Mucoadhesive buccal
gel, Factorial Design, Response Surface plot.

INTRODUCTION
Oral mucosal diseases are one of the most
common disorders affecting humans,
however their treatment is limited to only a
few topical formulations and most of these
are borrowed from dermatology. Since the
oral cavity’s structure, environment and
functional features differ from the skin;
these formulations may show limitations
to mucosal drug delivery. Further, the
presence of saliva in the mouth along with
the mechanical motions during chewing,
swallowing and phonation lead to majority
of the drug being washed away from the site.1
Nanostructured lipid carriers (NLCs) have

been considered as an excellent alternative
drug carrier to conventional dosage forms.2
In case of oral mucosal diseases, when
a liquid dispersion of nanoparticles is
directly applied onto the buccal cavity, it
will be rapidly removed by salivary action.
Incorporation of NLCs in hydrogels made
with mucoadhesive polymers is a promising
means to prevent washing away from the
target site Due to its adhesive property it
can be in constant contact with the buccal
mucosa and will be retained for a longer
time.3 Triamcinolone Acetonide has been
clinically proven for its immunosuppressive
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and anti-inflammatory activity.4 The drug is currently
employed as a 0.1 percent formulation for treatment of
inﬂammatory disorders of the buccal cavityincluding
recurrent apthous stomatitis and oral lichen planes. It
belongs to BCS class IV.5 Lipid nanoparticles have been
found to be good carriers for poorly aqueous soluble
drugs including antifungal agents like miconazole nitrate,
amphotericin B and clotrimazole hence are assumed to
be good carriers for triamcinolone acetonide.6
MATERIALS AND METHODS
Materials

Triamcinolone Acetonide IP and Precirol ATO 5 were
received as gift samples from Cadila Pharmaceuticals
Limited, Ahmedabad and Gattefossé, France
respectively. Isopropyl Myristate, Tween 80 and
Carbopol 934 were procured from Himedia Pvt Ltd.,
Mumbai. Triethanolamine was purchased from Merck
Pvt Ltd Mumbai. All the chemicals used were of
analytical grade.
Method
Preparation of Nanostructured Lipid Carriers by
High Shear Homogenization Followed by UltraSonication Method

In this method, the solid and liquid lipids were accurately
weighed and heated together at 10°C above their
melting point to form a molten mass. TA was added
to the melted lipids and mixing was carried out under
magnetic stirring. Tween 80 was added to distilled water
in a separate beaker and heated to the same temperature
as lipid phase. Molten lipid phase was then added drop
wise into the aqueous phase under magnetic stirring.
The dispersion formed was further mixed using high
shear homogenizer at 13,000 rpm for 10 min followed
by ultra-sonication at 45% amplitude for 15 min. The
prepared formulations containing NLCs were then set
aside to stabilise for 24 hr.
Optimisation by factorial design

The above given method was successfully used to
formulate NLCs at different ratios of solid lipid: liquid
lipid including 70:30, 50:50 and 30:70. However, in
order to establish an optimised formulation, multiple
ratios would need to be attempted and evaluated and
hence factorial design was used. A 32 factorial design was
adopted in this study. Design Expert v11 software (Statease Inc.,USA) was used for this purpose. The factors
and the levels selected for optimization are showed
in Table 1. Formulation design for F-1 to F-9 shown
S506

in Table 1. Entrapment efficiency and particle size of
NLCs were considered as responses for optimisation.
Preparation of gel

Gels incorporated with pure drug TA and with
optimised NLC formulations were prepared using
carbopol 934. NLC aqueous dispersion corresponding
to 10 mg drug as per the drug content was taken and
accurately weighed amount of carbopol 934 was added
to it to obtain a 1% w/w carbopol hydrogel. The
gel base was homogenised under magnetic stirring.
Thus a 0.05% w/w gel of triamcinolone acetonide
was achieved. Similarly, a suspension of pure drug
was homogenised with weighed amount of carbopol
934 to obtain a gel with drug concentration of
0.05% w/w. The pH of the gel was adjusted adding
Triethanolamine (TEA) drop wise and mixing was
continued to obtain clear homogenized gel.
Evaluation of Nanoparticles

Analysis of Particle Size and PDI

Nanotrac Particle Size Analyser was used for evaluation
of the NLCs. The formulations were diluted with
millipore water and analysed. The size range of the
analyser was set at 0.08 nm to 6.8 μm. Results generated
were mean values of 6 runs. Polydispersity index
(PDI) of the formulations was measured by the same
instrument.
Entrapment Efficiency7

Entrapment efficiency was determined by using
a modified method. 2 ml of each formulation
was centrifuged for 60 min at 12,500 RPM under
temperature at 4°C. The pellet formed after
centrifugation was dissolved with ethanol. The resultant
solution was then diluted using buffer pH 7.4. UV
absorbance (UV-1900, Shimadzu, Japan) of each sample
was determined at 242 nm and entrapment efficiency
was determined by suitable calculation.
Drug content

The method for drug content determination involved
using ethanol for release the drug into solution.This
solution was then diluted with buffer pH 7.4 and
centrifuged at 4°C for 45 min with 13,000 rpm speed
to separate the free drug from lipid.The centrifuged
solution was diluted with buffer pH 7.4.UV absorbance
was taken at 242 nm.
Morphology studies

SEM of the formulated NLCs was carried out using
JSM-6360LV Scanning Electron Microscope (JEOL,
Japan) at 20 Kv and magnification 10X-10,000X. TEM
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analysis of the NLCs was carried out on Transmission
electron microscope (TEM, JEM-2100, JEOL. Japan) at
200 Kv magnifications 2000X-1500000X. As shown in
Figure 1.
In vitro Diffusion Study8

The dialysis bag method was adopted to study in vitro
drug release. Dialysis membrane (Himedia Laboratories
Pvt Ltd.,) with pore size 2.4 nm and 12,000-14,000
molecular weight cut-off was used for this purpose.
The membrane was soaked in PBS pH 7.4 for 12 h
before use. 2 ml of formulation was transferred into the
dialysis membrane ribbon and it was bound tightly at
both ends. The dialysis bag was allowed to rotate freely
in a beaker containing200 ml phosphate buffer pH 7.4
which acts as the receptor compartment. Samples were
taken at appropriate intervals while maintaining sink
conditions. UV absorbance was measured at 242 nm.
Drug release data obtained experimentally was fit into
different mathematical models.These models include
Zero order, First order, Higuchi matrix, Hixon and
Korsmeyer-Peppas model.
Stability Studies

Stability studies of optimised formulations were carried
out as per ICH guidelines for 30 days.
Evaluation of Gel
Rheological Properties

Brookfield viscometer CAP 2000+ was used to
determine the viscosity of prepared NLC gel
formulation. Samples of gel were applied on the plates
of the viscometer and allowed to settle for 5 min. The
spindle rotation speed was increased from 5 to 75 rpm
at 37°C. The values of viscosity, shear stress and shear
rate obtained were examined. The results were taken as
average of three.

In vitro drug release from gel

Gels incorporated with optimised NLC formulations
were compared with a gel incorporated with pure
drug for in vitro drug release. The release studies were
performed by Franz diffusion cell method. Dialysis
membrane with pore size 2.4 nm and 12,000-14,000
mol. wt. cut-off was used for this purpose. 12 ml of PBS
was taken in the receptor compartment and 1mg drug
equivalent gel was placed in the donor compartment.
Temperature was set at 37°C with continuous stirring
of the receptor compartment. Samples were collected
at appropriate time intervals while maintaining sink
conditions. Aliquots were diluted with PBS pH 7.4 and
analysed at 242 nm by Spectrophotometry.
RESULTS AND DISCUSSION
Lipid Screening

Among the solid lipids TA showed most solubility in
Cetyl alcohol and the order of solubility was as follows:
Cetyl alcohol >Precirol ATO 5 > Stearic acid.
In a similar manner for liquid lipids, solubility of TA was
highest in Isopropyl myristate and the order of solubility
was: Isopropyl mysistate> Castor oil >Labrafil M2125.
The congealed mass of Cetyl alcohol with Isopropyl
microstate and precirol ATO5 with isopropyl myristate
when smeared on filter paper showed the presence
of liquid droplets (rejected) and the latter showed no
droplets, hence the lipids in the binary mixture was
considered compatible.
Compatibility studies

Compatibility study was carried out using DSC and
FTIR and it was concluded that all the ingredients used
were compatible.

Mucoadhesive strength of gel9

Two pieces of rat skin of dimensions 2.5 x 3.5 cm were
cut and soaked in phosphate buffer pH 7.4 for 2 hr. The
rat skin pieces were then attached to glass slides using
double sided tape, the other adhesive side of which was
used to attach the slides to the pan and wooden board
of the weighing balance respectively. 200 mg of NLC
incorporated gel was applied between the two rat skin
pieces and allowed to stabilise for 5 min. Weights were
then added to the other pan till the slides separated
indicating that mucoadhesive strength of the gel was
overcome. Formula for calculation of mucoadhesive
strength is as given below

Table 1: Formulation design.
Formulation
no.

Drug
(mg)

Solid
lipid :
liquid lipid
ratio

Precirol
ATO 5
(mg)

Isopropyl
Myristate (mg)

F1

30

7:3

210

90

F2

30

3:2

180

120

F3

30

1:1

150

150

F4

30

7:2

233

67

F5

30

7:1

263

37

F6

30

3:3

150

150

F7

30

3:1

225

75

F8

30

1:3

75

225

F9

30

1:2

100

200
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Particle size and entrapment efficiency

F-7 lie within the acceptable operating ranges of the
design space; hence they were selected as optimized
formulations.

The particle size, PDI and entrapment efficiency was
determined as mentioned in the procedure. The results
of the optimised formulations given in Table 2.

Validation of the optimized formulations

Statistical optimization

A randomized 32 response surface design was used for
optimization of the formulation. In order to validate the
optimization, the predicted responses and experimental
responses of the optimized formulation were compared
as shown in Table 2.

The level of significance of the tested independent
factors on the responses was tested by ANOVA. The
independent variables (A, B) and responses (R1, R2)
were correlated using polynomial equations. As shown
in Table 3.

Drug content

Response R1 – Particle size

Drug content of formulations F1 to F9 were found to be
in the range 78.29 ± 2.09 to 97.16 ± 0.46. Formulation
F3 with 1:1 ratio of solid lipid:liquid lipid showed the
highest drug content.

From the polynomial equation derived by the software,
it can be concluded that Factor B has a synergistic effect
on the particle size whereas Factor A and Combination
of factors A and B (AB) have an antagonistic effect
on the particle size.The Response Surface Plot for
Response R1 shows that particle size increases as the
level of factor B increases. On the other hand Factor
A has little effect on response R1, with the Particle size
remaining near constant at all levels of factor A.

In-vitro Drug
Diffusion Study

The drug release followed a biphasic pattern, wherein
an initial burst release was followed by sustained
release. The release data of all 9 NLC formulations
were fitted into various kinetic models. The values of

Response R2 – Entrapment Efficiency

The polynomial equation for Response R2 (Table)
indicated that factor B had a more antagonistic effect on
the response whereas factor A had a synergistic effect.
In the response surface plot, the response R2 increased
with increase in level of Factor B. Increase in level of
factor A also showed an increase in response R2.
Establishing the Design space

From the two responses selected, particle size was
required to be minimum and entrapment efficiency had
to be maximum. These parameters were incorporated
the design space by setting particle size to be in the
range of 200-350 nm and setting entrapment efficiency
range between 65-100%. The generated design space
(overlay plot) is given in Figure. Formulations F-5 and

Figure 1: SEM and TEM.

Table 2: Experimental and predicted responses for optimized nlc formulations
f-5 and f-7.
F-5

Responses

F-7

Predicted

Experimental

Predicted

Experimental

Particle Size (nm)

323.80

309.00

329.05

346

Entrapment Efficiency (%)

68.51

69.18

65.24

66.94

Table 3: Summary of statistical parameters – analysis of variance (anova).

S508

Response

Sum of
Squares

df

Mean
Square

F-value

p-value

R²

Adjusted
R²

Model
significance

R1

1.729E+05

3

57621.68

14.26

0.0133

0.9145

0.8504

significant

R2

1055.25

2

527.63

6.75

0.0379

0.7298

0.6217

Significant
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release constant and regression coefficient were used to
determine the best fit model for each formulation.
Morphology studies

SEM of the optimised NLC formulation F-5 showed
that the NLCs were near spherical with slight
imperfections in their surface. This may be attributed to
the use of special type liquid lipid- Isopropyl Myristate
in the formulation which has been reported to give rise
to type II (amorphous) NLCs.10 TEM analysis of the
NLCs provided the shape and size of the NLCs. It may
be observed that the NLCs were within the nanometre
range.
Stability Studies

The samples stored for stability studies were tested for
changes in particle size and entrapment efficiency after
15 days and 30 days. It was observed that the sample
stored at cold temperature did not show much deviation
from its original particle size and entrapment efficiency.
On the hand the particle size of the sample stored
at room temperature varied significantly on storage.
Therefore, the formulation stored at 4±20C/65±5%RH
maintained its stability better than that stored at
25±20C/65±5% RH.
Evaluation of Gel
Rheological Properties

From the rheograms prepared it may be observed that
there was an increase in shear stress as the shear rate
was increased. However, with the increase in shear rate,
viscosity decreased.

CONCLUSION
Conclusion: The mean particle size of NLCs appeared
to increase as liquid lipid concentration was increased.
It was also observed that increasing liquid lipid
concentration caused a decrease in entrapment efficiency
which may be attributed to the higher solubility of drug
in solid lipid as compared to liquid lipid. Optimized
formulations F-5 and F-7 had drug release patterns that
followed Korsmeyer-peppa model kinetics. SEM and
TEM studies of optimized formulation F-5 showed
that the NLCs had size within the nanometer range and
morphology resembling type II (amorphous type) NLCs.
The gel of optimized formulations F-5 and F-7 showed
pseudo plastic fluid nature, Spreadability, extrudability,
pH and mucoadhesive strength characteristics which
met the requirements for use in the buccal cavity. In vitro
drug release from the NLC formulation incorporated
gels indicated that the release profile showed a more
sustained drug release as compared with gel incorporated
with drug suspension.
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In vitro drug release from gel

Gels incorporated with optimised formulation were
compared for in vitro drug release with a gel incorporated
with pure drug. Formulation F-5 and F-7 loaded gels
showed drug release of 8% and 7.6% respectively after
8 hr. The free drug incorporated gel showed a much
higher drug release of 14.83% after 8 hr. The results
match the previous research findings and prove the
claims that NLCs provide a sustained drug release effect.
The best fit models for NLC-loaded gels as well as free
drug loaded gel was Higuchi kinetic model.

ABBREVIATIONS
BSC: Biopharmaceutics Classification System; SEM:
Scanning Electron Microscopy; TEM: Transmission
Electron Microscopy; NLCs: Nanostructured Lipid
Carriers; TA: Triamcinolone Acetonide; TEA:
Triethanolamine; PDI: Polydispersity Index; ICH:
International Conference on Harmonization.
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SUMMARY
In the present study a mucoadhesive buccal gel containing NLCs was formulated and factorial design was applied
to optimise the NLC preparation. The observations made concluded that mean particle size of NLCs appeared to
increase as liquid lipid concentration was increased. It was also observed that increasing liquid lipid concentration
caused a decrease in entrapment efficiency which may be attributed to the higher solubility of drug in solid lipid as
compared to liquid lipid. The in vitro drug release from the NLCs varied between 44.88% (F-5) to 65.17% (F-1) at
the end of 12 hr. Using the design space tool, two optimised formulations were selected. Optimised formulations
F-5 and F-7 had drug release patterns that followed Korsmeyer-peppa model kinetics. SEM and TEM studies of
optimised formulation F-5 showed that the NLCs had size within the nanometer range and morphology resembling
type II (amorphous type) NLCs. Type II NLCs are reported to reduce drug expulsion during storage. The gel of
optimised formulations F-5 and F-7 were prepared as a 1% w/w hydrogel with carbopol 934. These gels showed
pseudoplastic fluid nature, Spreadability, Extrudability, pH and mucoadhesive strength characteristics which met
the requirements for use in the buccal cavity. In vitro drug release from the NLC formulation incorporated gels
indicated that the release profile followed higuchi matix model. They also showed a more sustained drug release
as compared with gel incorporated with drug suspension.
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Development and Validation of Reverse-Phase
High-Performance Liquid Chromatographic Method
for Determination of Resveratrol in Human and Rat
Plasma for Preclinical and Clinical Studies
Satveer Jagwani1,2, Sunil Jalalpure1,2*, Dinesh Dhamecha2, Gan Siew Hua3, Kiran Jadhav1
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Karnataka, INDIA.
3
School of Pharmacy, Monash University-Malaysia, Jalan Lagoon Selatan, Bandar Sunway, Selangor, MALAYSIA.
1
2

ABSTRACT
Aim: The aim of the study was to develop and validate a simple and precise reverse-phase
High Performance Liquid Chromatography (RP-HPLC) method for quantitative analysis of
trans-resveratrol in human and rat plasma. Methods: HPLC method was developed by
using Phenomenex Luna C18 column (150 x 4.6 mm, 5 µm) and the optimized mobile
phase comprised of acetonitrile/water in isocratic mode (30:70, v/v) with the flow rate of
1.0 mL/min. Trans-resveratrol was detected at a UV wavelength of 306 nm. Developed
method was validated as per International Conference on Harmonization (ICH) M10
guidelines. Results: The proposed method was found simple, precise and linear with
regression coefficient of 0.999 which could analyse the samples in nanograms levels
with mean percent recovery in the acceptable range of 94.44 – 97.44%. The method
was precise at the intra-day and inter-day levels as reflected by the relative standard
deviation values (less than 3.36%). Trans resveratrol was found to be stable in plasma
under different storage conditions. Conclusion: The present investigation demonstrated
that the developed method was succesfully applied to accurately determine transresveratrol in human and rat plasma and therefore can be applicable for pre-clinical and
clinical studies.
Key words: RP-HPLC, Trans resveratrol, Human plasma, Rat plasma, Storage stability
studies.

INTRODUCTION
Recently, various food constituents, mainly
polyphenols have gained wide attention
either as a potential therapeutic or as prophylactic agent in the management of
several diseases.1 Resveratrol (3,5,4’- trihydroxystilbene), a well-known naturally
occurring lipophilic polyphenol is first isolated from white hellebore and also present in wide range of other plant products
including cranberry, grapevine, blueberry,
bilberry and peanut.2,3 Resveratrol has two
isomers cis and trans from which, the transresveratrol is the therapeutically active form

(Figure 1) responsible for health-promoting
pharmacological effects like antioxidant,
anti-aging, cardioprotective, neuroprotective, anti-inflammatory and anticancer
properties.4 Although trans-resveratrol has
shown promising results in several diseases
but its unfavorable pharmacokinetic properties such as low bioavailability, extensive
metabolism and short half-life limits its use
in clinical applications.5 Currently, trans-resveratrol has been widely incorporated as a
nutritional supplement in the day-today life
and to consume it as a drug, it is important
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madzu LC solution (version 1.25) software program
to analyse the chromatograms. A reverse phase Luna
C18 column (150 x 4.6 mm i.d., 5 µm particle size, Phenomenex, USA) equipped with a guard column (ODS;
4 x 3.0 mm ID, Phenomenex, CA, USA) with a similar
particle size was used for separation.
Chromatographic conditions

Figure 1: Structure of trans-resveratrol.

to develop an appropriate drug delivery systems which
can overcome the problems related to its pharmacokinetic. Several HPLC methods are reported in the literature to quantify trans resveratrol in human and rat
plasma.2,5-9 However, the reported RP-HPLC methods
present several limitations such as long run times, high
flow rates, complicated gradient elutions and buffer
solutions in mobile phase. The necessity for development of a reliable analytical method for drug assay in
biological fluids is a prerequisite for pharmacokinetic
studies in animal models and human subjects.
With this background, the aim of the study was to
develop a simple, rapid and selective RP-HPLC method
in accordance with U.S. Food and Drug Administration
and ICH guideline10,11 to quantify trans-resveratrol in
human and rat plasma.
MATERIALS AND METHODS
Materials

Trans-resveratrol (99% pure) and carbamazepine were
obtained as free samples from Ms. Sami Labs Ltd., Bangalore, India and Alkem Laboratories Ltd., Mumbai,
India, respectively. HPLC-grade acetonitrile (ACN) and
methanol were procured from Merck, Mumbai, India.
Whole human blood was obtained from K.L.E.S. Dr.
Prabhakar Kore Hospital and Medical Research Centre
blood bank, (Nehru Nagar, Belagavi-590010, Karnataka, India) and was processed to obtained blank plasma.
Deionized water used in the tests was prepared by filtering water through Millipore Direct-Q®-3 purification
system (18.2 MΩ/cm) Millipore (Molsheim, France).
Instrument

The HPLC system (LC-20AD prominence system, Shimadzu, Kyoto, Japan) consisted of an LC-20AD pump,
SIL-20 AC HT autosampler, SPD-M20A diode array
detector and CBM-20A communication bus module,
which was functioned by using computer based Shi188

System was operated with isocratic elution of ACN:
Deionized water (30:70 v/v) as mobile phase at a flow
rate of 1.0 mL/min under a controlled temperature
(30°C) condition. Solvents were prepared by degassing in bath sonicator for 10 min followed by filteration
through 0.45 µm membrane Millex HV polyvinylidene
fluoride membrane filters (Millipore, Bedford, USA) by
using vaccum pump. Drug samples (20 µl ) was injected
in HPLC system and detected at 306 nm.
Method validation

Developed method was validated for its selectivity, linearity, system suitability, Limit of Detection (LOD),
Limit of Quantitation (LOQ), precision, accuracy and
stability.
Human and rat plasma samples preparations

Animal experiments was approved by the Institutional
Animal Ethical Committee, KLE College of Pharmacy,
Belagavi, India. Human and rat blood samples were
centrifuged at 3000 rpm for 10 min at 4°C for plasma
separation.12 The stock solution of the drug was spiked
in rat and human plasma to get final concentrations of
2, 4, 6, 8, 10, 12 µg mL-1 (trans-resveratrol). Protein precipitation was performed by treating the spiked plasma
samples (150 µL) with acetonitrile (100 µL) followed by
centrifugation at 10000 rpm for 10 min at 4°C. Finally,
the supernatant was carefully seperated and loaded into
the HPLC autosampler for analysis.13
Stability experiments

Trans-resveratrol stability was determined in the human
and rat plasma at different storage conditions as follows:
stability for up to 6 h at 25°C, freezer stability up to 7
days (at -20°C) and freeze-thaw stability (at -20°C). In
freeze-thaw stability, cycles were conducted for thrice
and the samples were restored to the same condition
after withdrawal of aliquots for analysis. The peak areas
of the trans-resveratrol obtained at 0 h were used as the
reference to determine the relative stability at various
storage conditions. All the experiment were performed
in triplicates and the samples were considered as stable
if the assay values were within the acceptable limit of
accuracy (i.e. ± 15% standard deviation).14
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RESULTS AND DISCUSSION
Method development

Preceding to the validation step, the proposed method
was developed in order to provide a simple and optimized procedure, with reduced time and cost of analysis. Therefore, different chromatographic parameters
were considered, namely peak number of theoretical
plates (N), symmetry (as described by the tailing factor, T), resolution, HETP and retention factor (k′). Initially, the developed RP-HPLC method was optimized
by altering the mobile phase composition to obtain
symmetrical peak. Varying ratios of solvents mainly
consisting of ACN and deionized water with or without methanol was used to optimise the resolution of
the peak. Solvent composition consisting of methanol
and water in the ratio of 50:50 v/v might yield clear
trans-resveratrol peak but had a undesirable impact on
the theoretical plate number whereas, solvent composition consisting of ACN and deionized water 50:50 v/v
yielded well resolved peak with minor tailing. For the
separation of trans-resveratrol, several proportions of
ACN and water were tested ranging from 90:10 to 40:60
and analysed to get sharp peak with negligible tailing
and shorter retention time. Apart from the mobile phase
selection, column temperature is one of the key parameter that demonstrate the significant effect on retention
time and peak shape of trans-resveratrol. Experiments
with colum temperature in the ranging from 25°C to
45°C revealed that 30°C demonstrated clear peak shape
and shorter retention time when compared to others.
The developed HPLC system with Luna C18 column
(150 x 4.6 mm i.d., 5µm) was validated by using a solvent mixture of ACN and deionized water (30:70) with
isocratic elution at 1.0 mL/min. The injection volume
was set up at 20 µL with column temperature of 30°C.
Under these chromatographic conditions, trans-resveratrol was detected at wavelength of 306 nm with retention time of 6.1 min (Figure 2).
Method validation
System suitability and selectivity tests

System suitability test is an vital part of the HPLC
method development which defines the feasibility and
acceptability of the proposed method for the estimation of trans-resveratrol in the plasma. The results of
the tested parameters along with their acceptance criteria are summarized in Table 1. All the parameters such
as retention factor (>2), tailing factor (< 2), resolution
(>2) and theoretical plate number (>2000) were found
to be within the acceptable limits demonstrating desirable resolution, peak symmetry, column efficiency and

Figure 2: Representative chromatogram obtained from a) pure
trans resveratrol (6μg mL-1) b) blank human plasma c) human
plasma spiked with pure trans resveratrol at 6μg mL-1 and
internal standard (IS) carbamezapine at 20μg mL-1 d) blank rat
plasma e) rat plasma spiked with pure trans resveratrol at 6μg
mL-1 and internal standard (IS) carbamezapine at 20μg mL-1.
Retention time of pure resveratrol and IS are 6.1 and 11.2 min,
respectively.

Table 1: System suitability parameters.
Parameter

Human
plasma

Rat
plasma

Acceptance
criteria

Retention time (Rt,
min)

6.055 ±
0.004

6.051 ±
0.003

-

Peak area

171352.3 ±
1173.212

172503.7 ±
1329.123

-

Tailing factor (T)

1.11

1.09

< 2.0

Theoretical plates
(N)

8504.00

4454.00

> 2000

Resolution

26.21

10.92

>2

HETP

0.01

0.03

Smaller
the value
the higher
column
efficiency

retention factor (k’)

3.16

3.10

>2

Values are express as mean ± standard deviation (SD); (n=6)

excellent chromatographic conditions which was used
for further validation and sample analysis. Selectivity is
described as the ability of a method to separate the analyte from all possibly interfering substance. The selectivity of the method was examined by analyzing blank
human and rat plasma detection and spiking with pure
compound. Figure 2 shows that there were no interference of plasma in resveratrol elution.
Linearity and range

The linearity of a method is defined as the relationship
between the peak area and its corresponding concentrations in the sample solutions. The developed method
was found to be linear (Figure 3) over the range of 2 –
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12 µg mL-1 with correlation coefficient; r2= 0.999 (Table
2) indicating acceptable linearity over the proposed concentration range.
LOD and LOQ

The LOD and LOQ were determined by diluting the
known concentration of the drug until a signal to noise
ratio of nearly 3:1 and 10:1 were obtained (Table 2).
The lowest concentration of trans-resveratrol detected
in human and rat plasma was 0.030 and 0.032 µg mL-1
respectively. Whereas, the limit of quantitation in the
human plasma and rat plasma was found to be 0.090
and 0.099 µg mL-1 respectively.
Precision

The precision of an analytical method indicates the
closeness of agreement between the series of measurements obtained from multiple samplings of the identical sample under the similar analytical conditions.
Both inter-day (at three consecutive days) and intra-day
(repeatability) assays were performed at three different
concentrations (in triplicates) and results are shown in
Table 3. The percent relative standard deviation (%RSD)
of the total peak areas were <3.36% which indicates
that the developed method is precise.
Accuracy

The accuracy of the bioanalytical method is defined as
the percent difference between the mean experimental
value and true value. Accuracy was evaluated by conducting a recovery experiment in pre-analysed biological
fluid (human and rat plasma). The assay was performed
by following standard addition method at three different concentrations (50%, 100% and 150%) of preanalysed trans-resveratrol samples in triplicates. The mean
percent recovery of trans resveratrol from biological
fluid were in the range of 94.44 to 97.44 % with < 1
% RSD. The results summarized in the Table 4. clearly
indicate that the developed method displayed low variability and a strong agreement between experimental
and true values.
Trans-resveratrol stability

Trans-resveratrol was stable for 6h at 23°C - 25°C and
7 days at freezing condition (-20°C). Trans resveratrol
was also stable for 3 freeze-thaw (F/T) cycles (Table 5).
Comparison with previous published methods
Comparative analysis of methods described in the existing literature and the current study reveals the advantage of the developed method (Table 6). The developed
method uses conventional solvents like water and ACN
and has the flowrate of 1mL min-1 with retention time
of 6 min which suggests that it is economic, cheap and
190

Figure 3: Linearity curve of trans resveratrol in human and
rat plasma found to be linear over the range of 2 – 12 µg mL-1
with correlation coefficient; r2= 0.999.

Table 2: Statistical evaluation of the calibration data.
Parameters

Human
plasma

Rat
plasma

Linearity range (µg mL -1)

2 - 12

2 - 12

Slope

58424

30305

Intercept

-7297

-11371

0.999

0.999

Limit of detection (µg mL )

0.0301

0.0327

Limit of quantification (µg mL -1)

0.0909

0.0992

Correlation coefficient
-1

Table 3: Intraday and interday precision of
resveratrol.
Samples

Interday (n=3)
Percent RSD

Resveratrol
concentration
(µg mL-1)

Intraday
(n=6)
Percent
RSD

Day 1

Day 2

Day
3

2

1.042

1.208

1.690

1.684

6

1.430

1.368

1.315

1.02

10

1.652

1.120

1.515

1.304

2

3.20

1.48

3.36

1.68

6

1.37

1.42

1.99

2.37

10

2.06

2.12

1.19

1.26

Human
plasma

Rat
plasma

RSD (Relative standard deviation); n = number of replicate.

Table 4: Determination of accuracy based on
percentage recovery (n=3).
Level of addition (%)

Human plasma

Rat plasma

50

94.44

94.68

Percent RSD

0.49

0.65

100

95.09

95.25

Percent RSD

0.27

0.36

150

97.44

96.29

Percent RSD

0.55

0.64

RSD (Relative standard deviation); n = number of replicate.
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Table 5: Stability data of trans-resveratrol in human and rat plasma.
Human plasma
Spiked concentration
(µg/mL-1)

Stability

Rat plasma

Mean ± SDa (µg/mL-1),
n= 3

Accuracy (%) b

Mean ± SDa (µg/mL-1),
n=3

Accuracy (%) b

0h

1.934 ± 0.022

-

1.958 ± 0.015

-

3 F/T cycles

1.891 ± 0.027

95.33

1.771 ± 0.0132

92.37

6h

1.920 ± 0.012

98.45

1.919 ± 0.009

95.87

7 days at
-20°C

1.900 ± 0.016

92.39

1.941 ± 0.028

94.02

0h

5.973 ± 0.006

-

5.978 ± 0.022

-

3 F/T cycles

5.679 ± 0.023

95.07

5.837 ± 0.027

97.63

6h

5.753 ± 0.056

98.74

5.878 ± 0.019

98.74

7 days at
-20°C

5.190 ± 0.132

93.05

5.812 ± 0.028

97.21

0h

9.876 ± 0.039

-

9.225 ± 0.099

-

3 F/T cycles

9.325 ± 0.166

94.42

8.927 ± 0.202

96.76

6h

9.753 ± 0.056

98.74

8.966 ± 0.239

97.19

7 days at
-20°C

9.190 ± 0.132

93.05

8.872 ± 0.109

96.16

2

6

10

Back calculated concentration, b (Mean assayed concentration/mean assayed concentration at 0 h) x 100.

a

Table 6: Comparison between HPLC methods reported in the literature.
Mobile phase

Separation
time (min)

Limitations

Applicability

References

Gradient elution
NH4CH3CO2 -5mM
CH3OH, Propan-2ol- 2%

18.6

Gradient elution; Longer run time;
Expensive equipment

Human plasma and
urine

9

3% CH3COOH:
CH3CN (20:80, v/v)

11.7

Gradient elution; High flow rate;
Expensive equipment and hence
uneconomical

Rat plasma and
tissue

7

H3PO4 0.5% v/v
(pH 6.8): CH3OH:
(37:63 v/v)

3.94

Complete validation was not done;
system suitability parameters were
not mentioned

Spiked human
plasma

15

C18

CH3OH: CH3CN:
0.1% H3PO4
(60:10:30 v/v)

4.34

Method validation in plasma clearly
not given; stability studies not given

PLGA nanoparticle
and human plasma

16

10

ODS
Hypersil

CH3CN: 30µM PBS
(pH 7.0)
(30:70)

5.5

No system suitability data given

Rat plasma

5

14

C18

CH3CN: H2O
(30:70)

6.10

Economical, fast analysis, complete
validation and stability studies of
resveratrol in plasma

human and rat

Present
method

No.

Column

1

C18

2

C18

3

C18

9
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fast when compared to other methods. Use of simple
mobile phase without strong buffers/expensive HPLC
grade solvents and a conventional C18 column makes the
method versatile for the analysis of trans-resveratrol.
Comparison with previous published methods

Comparative analysis of methods described in the existing literature and the current study reveals the advantage of the developed method (Table 6). The developed
method uses conventional solvents like water and ACN
and has the flowrate of 1mL min-1 with retention time
of 6 min which suggests that it is economic, cheap and
fast when compared to other methods. Use of simple
mobile phase without strong buffers/expensive HPLC
grade solvents and a conventional C18 column makes the
method versatile for the analysis of trans-resveratrol.

Reverse Phase high performance liquid chromatography; RSD: Relative standard deviation; UV: Ultraviolet.
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SUMMARY

Developed RP-HPLC method was validated as per ICH (M10) guidelines for quantitative analysis of transresveratrol in human and rat plasma. Separation of trans-resveratrol was carried out by using Phenomenex
Luna C18 column (150 x 4.6 mm, 5 µm) with optimized mobile phase comprised of acetonitrile/water in isocratic mode (30:70, v/v) at the flowrate of 1.0 mL/min. Trans-resveratroldetected at UV wavelength of 306
nm with retention time of 6.1 min.The developed bioanalytical method was rapid, simple and precise for the
determination of trans resveratrol in plasma.
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Medicinal plants have been used in the past for the treatment of diseases and continue to be an important reservoir
for the development of new drugs. With the increasing burden of cancer globally, there is a need to find newer
anticancer agents. The process of identification and evaluation of cytotoxic molecules from plants can be achieved
conveniently by using simple yet reliable screening models and combining with in silico techniques. Pachygone ovata,
least explored plant from Menispermaceae family, is known to be rich in alkaloids. This study aimed to identify the
cytotoxic constituents from Pachygone ovata through bioactivity-guided fractionation using Brine shrimp lethality
bioassay as a screening model. The active fraction in this assay was evaluated for its in vitro cytotoxic activity on
human tumor cell lines. Some reported alkaloids were studied for their binding affinities with topoisomerase II by
molecular docking. The study revealed the cytotoxic constituents from P. ovata. The study also revealed alkaloids with
higher binding affinity with topoisomerase II, and the scope for further use leads to the development of new drugs.

Key words:
Bisbenzylisoquinoline, brine
shrimp, Menispermaceae,
MTT, topoisomerase.

INTRODUCTION
In the past, medicinal herbs were used to treat even the
most complex conditions related to cancer such as inflammation,
swellings, growths, and warts. Over 2,000 plant species of medicinal
value have been recorded and are used for therapeutic purpose in
different forms (Biljana, 2012). Cancer begins as a result of altered
cell function, due to genetic and epigenetic changes within the cell
leading to genetic instability (Anna, 2019). At present, cancer is the
second largest cause of death worldwide. According to the WHO,
cancer accounted for an estimated 9.6 million deaths in 2018 and
continues to grow globally (WHO, 2020). The complication in
treatment arises due to the uncontrolled proliferation of cells and
invasion into other tissues, and thus, ineffective treatment and toxic
side effects associated with chemotherapy necessitate the discovery
of alternative treatment options (Chidambaram et al., 2011).
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Medicinal plants still prove to be an important resource
in the development of new drugs. Currently, a number of drugs
derived from plants have been approved for clinical use, including
cancer therapy (Cragg and Newman, 2005). Extensive research
findings suggest that phytochemicals and their derived analogs
are reported to inhibit the progression of cancerous cells through
various mechanisms and have the most promising alternative for
the treatment of cancer (Ana et al., 2018). The Indian system of
medicine offers a number of plants that possess cytotoxic activities
(Petrovska, 2012). Pachygone ovata (Poir.) Miers ex Hook. f. Et
Thoms belonging to the family Menispermaceae is a deciduous
woody shrub that can climb up to 15 m or more. The dried fruits
of P. ovata have been used traditionally to repel insects and as
fish poison (Shirin et al., 2014). It is one of the least explored
plants, which is rich in active phytoconstituents, especially
alkaloids. Different benzyl-isoquinoline-derived alkaloids have
been reported from P. ovata stems, leaves, and roots (El-Kawi
et al., 1984). Alkaloids have been well known for their inhibitory
action on a wide range of tumors through different mechanisms
(Lu et al., 2012).

© 2020 Jeswiny Rodrigues et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/).
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The brine shrimp lethality (BSL) assay is reported to be an
effective screening model for potential cytotoxic constituents and
has led to the identification of many cytotoxic compounds through
bioactivity-guided approach (Meyer et al., 2005). Computational
tools, in recent years, are being employed to study the modes
of interaction, bioavailability, and toxicities of the possible lead
compound with the target protein (Rosales-Hernandez et al.,
2009). The inhibition of topoisomerase enzymes is one of the
many modes, through which drugs may exert their effects on
cancer cells. Important cellular functions such as replication,
recombination, transcription, and DNA repair are governed by
the activities of topoisomerase I and II (Kumar et al., 2013). The
inhibition of such enzymes has been the target in anticancer drug
research since recent years (Sivakumar et al., 2010). The use of
simple and reliable screening models combined with modern
in silico techniques can make the process of identification of
bioactive constituents from plants effective and convenient
(Khanal et al. 2019a, 2019b). Thus, this study was carried out
to identify the potential cytotoxic constituents from P. ovata
through the bioactivity-guided approach and molecular docking,
which could be promising in the development of new drugs. The
phytoconstituents used for docking i.e., coreximine, isoboldine,
liriodenine, norjuziphine, pachygonine, reticuline, nortrilobine,
and trilobine including standard etoposide are shown in Figure 1.

University, Tirupati, Andhra Pradesh, and the herbarium of the
same was deposited with voucher number 0827 for future reference.
The dried plant material was extracted by cold maceration using
70% v/v ethanol for 24 hours. After filtration, the marc was dried
and further extracted by Soxhlet extraction. The macerate and
percolate were then combined and concentrated using a rotary
evaporator (IKA-RV Digital) to obtain the final extract. The
fractionation of extract was carried as explained by Cos et al.
(2006) to obtain methanol, petroleum ether, dichloromethane, and
aqueous fractions.

MATERIALS AND METHODS

Evaluation of cytotoxicity

Collection, authentication, extraction, and fractionation of plant

BSL bioassay

The wild-grown whole plant of P. ovata was collected
in the month of July–September, from areas of Tirupati, Eastern
Ghats, Andhra Pradesh, authenticated at Sri Venkateswara

The brine shrimp (Artemia salina Leach.) eggs were
purchased from a local vendor. The procedure was carried out
according to the procedure reported (Mc Laughlin and Roggers,

Cell culture
MCF-7 (human, breast cancer), HT-29 (human, colon
cancer), A-549 (human, small-cell lung carcinoma), HepG-2
(human, hepatic cancer), and L-6 (rat, normal skeletal muscle)
cell lines were purchased from National Centre for Cell Science,
Pune, India. The cells were cultured in 25 cm2 culture flasks with
Dulbecco’s modified eagle medium (DMEM) supplemented with
10% inactivated fetal bovine serum (FBS), penicillin (100 IU/ml),
streptomycin (100 mg/ml), and amphotericin B (5 mg/ml) in a
humidified atmosphere of 5% CO2 at 37°C until confluent. The cells
were dissociated with trypsin phosphate versene glucose solution
0.2% trypsin, 0.02% Ethylenediaminetetraacetic acid (EDTA) and
0.05% glucose in Phosphate-buffered saline (PBS)).

Figure 1. Structure of (a) coreximine, (b) isoboldine, (c) liriodenine, (d)norjuziphine,
(e) nortrilobine, (f) pachygonine, (g) reticuline, (h) trilobine and (i) etoposide.
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1998) with modifications. Briefly, the stock solution of extracts/
fractions was prepared in 1% DMSO and serially diluted using
sea water to obtain solutions of 10, 50, 100, 500, and 1,000 µg/ml.
Ten nauplii were added to 5 ml of each test solution. Control tubes
contained equal volumes of distilled water. The assay was carried
out in triplicate for each concentration. The tubes were kept under
illumination, and the number of survivors was counted after 24
hours and the percentage of mortality was calculated. LC50 values
were calculated by Probit analysis using SPSS-10.0.5 software
(Armonk, NY).
3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium
Bromide (MTT) assay for cytotoxicity
The active fractions from BSL bioassay were
screened for cytotoxicity by the 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) assay as previously
described (Lombardi et al., 2017). Cells were collected by
trypsinization, and the cell count was adjusted to 1.0 × 105 cells/
ml per well using DMEM medium containing 10% FBS. After
24 hours of incubation at 37°C in 5% CO2 atmosphere, 100 µl of
the various concentrations of the sample were added to the wells
and incubated. After 48 hours, 20 µl of MTT was added to each
well and incubated for 4 hours. The supernatant was discarded,
and DMSO was added to each well. The absorbance was measured
using a microplate reader at a wavelength of 540 nm. The
percentage growth inhibition and IC50 values were calculated.
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RESULTS
BSL bioassay
The hydroalcoholic extract of P. ovata displayed high
toxicity toward shrimp nauplii with LC50: 58.411 ± 1.33 μg/
ml. The fractions showed toxicity toward shrimp nauplii in a
concentration-dependent manner and are shown in Figure 2.
Fraction 3 showed the highest percentage mortality of nauplii and
LC50: 30.47 ± 1.66 μg/ml. Fraction 4 showed the least percentage
mortality in this assay. The LC50 of hydroalcoholic extract/
fraction is shown in Table 1
MTT assay
Alkaloid-rich Fraction 3 of P. ovata displayed a
notable cytotoxicity in the cell lines. The cytotoxicity increased
with increasing concentration and is shown in Figure 3. The

 Absorbance of test 


 × 100
 Absorbance of control 



Percentage growth inhibition (%) = 

where A (control)= Absorbance of control, A (sample) =
Absorbance of sample
Molecular docking
The selected ligand molecules, i.e., coreximine,
isoboldine, norjuziphine, nortrilobine, trilobine, liriodenine,
pachygonine, and reticuline were retrieved from the PubChem
database ( .sdf format), converted into .pdb using Discovery Studio
2017 and minimized using mmff 94 force field and conjugate
gradients as an optimization algorithm. After minimization, the
pose with the least energy was chosen for docking. Topoisomerase
II (PDB: 4GHF) was retrieved from the RCSB database and used
as a template for query sequence for Accession number: P11388.3
for the homology modeling by adding the missing amino acid
using Modeller 9.10. The protein molecule was made free from
heteromolecules using Discovery Studio 2017 to avoid docking
interference and saved in .pdb format, and the docking was carried
by using AutoDock 4.0 under Lamarckian GA 4.2. The protein
was viewed in Ramachandran plot to assess the distributed amino
acid residues using Procheck (https://servicesn.mbi.ucla.edu/
PROCHECK/). After docking, the pose scoring minimum binding
energy was chosen to visualize the ligand–protein interaction using
Discovery Studio 2017. All the docking results were compared
with the known topoisomerase II inhibitor, i.e., etoposide.

Figure 2. Brine shrimp mortality by various fractions of P. ovata.
Table 1. Evaluation of P. ovata extract and fractions in the
BSL bioassay
Test agent

LC50 (µg/ml)

P. ovata alcoholic extract

58.411 ± 3.33

Fraction 1

261.57 ± 2.14

Fraction 2

163.92 ± 3.73

Fraction 3

30.47 ± 1.66

Fraction 4

429.94 ± 3.27

Statistical analysis
Data were expressed as mean ± SD using GraphPad
Prism version 5.0. The IC50 was calculated using a linear
regression model.

Figure 3. Cell growth inhibition of Fraction 3 of P. ovata in different cell lines.
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most cytotoxicity was observed towards the A-549 cell line
compared to the others displaying IC50= 84.76 ± 1.47µg/ml. The
least cytotoxicity was noted in the MCF-7 cell line, whereas no
cytotoxicity was observed in the normal cell line L6. Table 2
shows the IC50 of a fraction rich in alkaloids in multiple cell lines.

Molecular docking
In the homology modeled protein, the residues in most
favored, allowed, and generously allowed regions were 81.5%,
14.2%, and 2.7%, respectively (Figure 4). The docking study
predicted trilobine to possess the highest binding affinity (−11.2

Table 2. Evaluation of cytotoxicity using the MTT assay.
Test agent

IC50 (µg/ml)
A-549

MCF-7

HT-29

HepG2

L-6

Fraction rich in alkaloids

84.76±1.47

333.7±4.23

91.12±2.17

625.10±2.73

>1000

Paclitaxel

7.43±0.33

10.52±

12.67±1.29

15.81±2.26

323±2.73

Figure 4. Ramachandran plot of homology modeled topoisomerase II.
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kcal/mol) compared to others. However, no hydrogen bond
interactions were found with the amino acids of topoisomerase
II. Although reticuline was predicted to have binding energy −7.2
kcal/mol, it was found to be interactive with two amino acids, i.e.,
GLU1494 and MET1500. Table 3 shows the binding affinity of
each ligand molecule with topoisomerase II. Figure 5 shows the
interaction of liriodenine, pachygonine, norjuziphine, trilobine,
nortrilobin, coreximine, isoboldine, reticuline, and etoposide with
topoisomerase II.
DISCUSSION
The BSL bioassay, a general test for screening bioactive
compounds, was used in this study to identify the potential
cytotoxic constituents in P. ovata. According to several reports,
the BSL test predicts cytotoxicity and has been successfully
Table 3. Binding affinity of ligand with Topoisomerase II.
Binding affinity
(kcal/mol)

Number of hydrogen
bonds

Liriodenine

−9.3

–

–

Norjuziphine

−7.6

1

MET1500

Pachygonine

−8.4

1

LYS512

Reticuline

−7.2

2

GLU1494, MET1500

Trilobine

−11.2

–

–

Coreximine

−4.58

2

GLY 474, LYS480

Isoboldine

−4.94

1

TYR 481

Nortrilobine

−4.42

–

–

Etoposidea

−9.2

3

HIS605, ASN508,
GLN517

Ligand

Hydrogen bond
residues
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utilized in the bioassay-guided fractionation of active cytotoxic
and antitumor agents (Arullappan et al., 2015; Zhanga et al.,
2015). The reports suggest a significant correlation between the
brine shrimp assay and in vitro inhibition of human tumor cell
lines (Anderson et al., 1991).
In this study, the fraction rich in alkaloids showed the
highest mortality of the brine shrimp nauplii compared to the other
three fractions, LC50 = 30.47 ± 1.66 µg/ml, which is considered
as cytotoxic as explained by Pimentel Montanher et al. (2002).
Hence, the alkaloid fraction was further evaluated for its in vitro
cytotoxicity using multiple human tumor cell lines using the MTT
assay. Although there have not been notable reports regarding the
cytotoxicity of P. ovata, there are, however, studies reporting the
antioxidant (Amalarasi and Jothi, 2019) and anti-inflammatory
(Marahel and Sharanaiah, 2016) activities of P. ovata extracts, both
of which have a close association with the pathogenesis of cancer
(Yoshikawa and Naito, 2002; Rayburn et al., 2009). In accordance,
a noteworthy cytotoxic effect of the alkaloid rich fraction was
observed in this study. The highest cytotoxicity (IC50 = 84.76 ±
1.47 µg/ml) was noted against A-549 (human lung cancer) cell
line. Moreover, worth noticing was that the fraction was relatively
nontoxic toward the L-6 cell line indicating biocompatibility with
the normal cell line. The preliminary screening of hydroalcoholic
extract/fraction (s) in BSL bioassay was found to be effective
in identifying potentially toxic fractions containing alkaloids,
which further displayed significant cytotoxicity in vitro, and thus
confirming its productive use in our study.
P. ovata, which is a member of the Menispermaceae
family, is reported to constitute benzylisoquinoline alkaloids
(El-Kawi et al., 1984). This study also identifies alkaloids from

Known molecule as topoisomerase inhibitor.

a

Figure 5. Interaction of (a) liriodenine, (b) pachygonine, (c) norjuziphine, (d) trilobine, (e) nortrilobin, (f)
coreximine, (g) isoboldine, (h) reticuline, and (i) etoposide with topoisomerase II.
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P. ovata which could be a relatively promising group of natural
products as a source of new anticancer agents. Hence, in silico
docking studies were carried out on previously reported alkaloids
(liriodenine, trilobine, pachygonine, coreximine, reticuline,
isoboldine, norjuziphine, and nortrilobine) against Topoisomerase
II. Topoisomerase II is an enzyme involved in DNA replication.
Topoisomerase II is radically upregulated in cancer cells due to
rapid cell division and growth (Nainwal et al., 2014). Topo II is a
potential target in the designing of newer anticancer agents (Heck
et al., 1986). In this study, alkaloids from P. ovata were found
to interact with topoisomerase II, suggesting their involvement in
cancer management.
It was reported that the stability of the ligand–protein
complex depends on the binding energy as well as hydrogen bond
interactions. In this study, although trilobine was found to have
the highest binding affinity with topoisomerase II, the complex
may not be stable since it could not form any hydrogen bond
interactions with any amino acid of protein molecules. Although
reticuline was predicted to have binding energy −7.2 kcal/mol, it
was found to be interactive with a protein molecule. Reticuline has
previously shown in vitro cytotoxic activity in human tumor cell
lines such as P-388, KB16, and A549 (Chen et al., 1997; Suresh
et al., 2012), demonstrating its future scope in cancer research.
Further, cancer is a polygenic condition, in which
multiple proteins are involved in its pathogenesis (Bredberg,
2011). The fraction rich in alkaloids could modulate the multiple
proteins and pathways which can be accessed through the gene-set
enrichment analysis (Khanal and Patil, 2019; Khanal and Patil,
2020) and network pharmacology (Khanal et al., 2019c) which is
also a future scope of the present study.
CONCLUSION
This study revealed potential cytotoxic alkaloids from
P. ovata. Further, the docking study predicted the binding ability
of alkaloids from P. ovata with topoisomerase II; however, further
investigations need to be carried out to validate the findings and
the use of alkaloids from P. ovata leads to cancer treatment.
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ABSTRACT
The aim of the present study was to evaluate the diuretic and saluretic potential of
four fractions of Cyclea peltata root extract in rats. The diuretic effect was
evaluated using the Lipschitz model in rats. The four fractions petroleum ether
fraction (1 mg/kg p.o), methanol fraction (6 mg/kg p.o), dichloromethane fraction
(6 mg/kg p.o) and aqueous fraction (60 mg/kg p.o) were administered to the rats.
The groups were compared with standard group that received Furosemide (20
mg/kg p.o). The urinary output of each group was recorded every hour for 5 hours
and urine and serum and samples were analysed for Na+, K+ and Cl- ions.
Alkaloidal rich dichloromethane fraction significantly increased the urine output
and excretion of Na+ and Cl- ions in the urine and reduced Na+ levels significantly
in serum. Insignificant reduction in K + ions was seen in serum. The results provide
an evidence for the potentially favourable effects of alkaloidal fraction of C.
peltata root extract as diuretic and saluretic with a possible potassium sparing
property.

INTRODUCTION
Abnormalities often develop in fluid
volume and electrolyte composition and can
cause conditions that are clinically important.
Diuretics belong to a class of drugs which
increase the rate of urine flow and help to
adjust the volume and composition of fluids in
the body by promoting loss of ions and water. [1]
Cardiovascular diseases (CVD) represent an
increasing cause of mortality globally and
developing countries like India are also
struggling to manage its impact. Diuretics find
use in treatment of Congestive Heart Failure

(CHF) and are effective in relieving symptoms,
reducing the intracardiac pressure and
improving the cardiac performance. [2] The
World Health Organization (WHO) has
reported that raised blood pressure is estimated
to cause around 7.5 million deaths worldwide
and accounts for 12.8% of total of all deaths.[3]
Diuretics are one of the drugs used as first line
treatment in hypertension. These drugs are also
often indicated in the treatment of other
conditions such as liver cirrhosis, nephritic
syndrome, urinary stones and urinary tract
infections (UTI). Such wide application has
made them the most frequently prescribed
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drugs in medicine. However, there are certain
limitations in the use of existing diuretics such
as electrolyte imbalance, metabolic alterations
and hypovolemia.[4] The rising incidence of
such disorders associated to electrolyte
imbalance and oedema has necessitated the
development of effective treatment strategies
with minimal systemic adverse effects. The
health benefits of herbs and botanicals have
increased the popularity of traditional and
folklore medicines. There are a number of
medicinal plants in the Indian system of
medicine, which have been employed as drugs
possessing diuretic activity and are considered
as mild and nontoxic.[5] Cyclea peltata Hook. f.
& Thoms
(Menispermaceae),
commonly
known as Patha, is a slender twinning shrub
that often climbs tall trees. It is claimed to
possess anti-inflammatory and diuretic
property.[6] The roots of C. peltata are useful in
conditions such as painful swellings, cardiac
disorders and in the management of urinary
stones.[7] Our previous study has shown that the
alcoholic extracts of C. peltata roots have
effective diuretic activity in rats. [8] In view of
this information, the present study was
undertaken to evaluate 4 fractions of ethanolic
extract of C. peltata root viz. Petroleum ether
fraction, methanol fraction, dichloromethane
fraction and aqueous fraction for their diuretic
activity in rats.
MATERIALS AND METHODS
Chemicals and Kits: The chemicals and
solvents used were of Analytical Grade. The
kits for the estimation of Na, K and Cl ions
used were from CHEMPAK, Reckon
Diagnostics P. Ltd. Furosemide (Lasix®, Sanofi
Aventis Pharmaceuticals, India) was purchased
from the hospital pharmacy.
Collection and authentication of plant
material:
The roots of C. peltata were collected
in the month of August and September, from
the wild along the Chorla Ghats, Karnataka.
The plant was authenticated by Taxonomist,
Dr. Harsha Hegde (Scientist ‘D’) at Regional
Medical Research Centre, Belagavi. The
herbarium was deposited in RMRC with
Accession number RMRC-1274.
Preparation of plant extract: The roots were
washed under running water and dried under
shade. The dried roots were pulverized to

coarse powder, and subjected to cold
maceration using 70% v/v ethanol for 24 hours.
The marc was dried and then subjected to
soxhlet extraction using ethanol (95% v/v) as
solvent. The macerate and percolate were then
combined and concentrated using rotary
evaporator (Buchi). The residue obtained was
further subjected to fractionation.[9]
Preparation of fractions of plant extract:
The fractionation of ethanolic extract
was carried out according to the generic
scheme described by Cos et al. [9] with minor
modifications (Figure 1). The four fractions
obtained were methanol, petroleum ether,
dichloromethane and water. The solvent free
fractions were obtained using rotary evaporator
then packed in air tight containers and stored at
4°C in refrigerator till further use for
experimental purpose.
Preliminary Phytochemical screening: The
extract and fractions were subjected to
phytochemical screening for the presence of
various phytochemical constituents.[10]
Animal selection: Healthy male Wistar Albino
rats weighing 150-250 g were procured from
Shri. Venkateshwara Enterprises, Bangalore.
They were housed in clean and transparent
polypropylene cage in a group of six per cage
and were maintained under 12/12 hr natural
light-dark cycle
at
25±2°C
ambient
temperature, 45-55 % relative humidity. They
were allowed to acclimatize one week before
the experiment. The rats were allowed free
access to standard pellet and water ad libitum.
The study was reviewed and approved by the
Institutional Animal Ethics Committee,
KLEU’s College of Pharmacy, Belagavi
(1027/a/07/CPCSEA; 06/09/2014). All the
experimental procedures were carried out in
accordance with Committee for the purpose of
Control and Supervision of Experiments on
Animals (CPCSEA).
Selection of dose: According to Acute Oral
Toxicity studies previously reported, LD50 of
Cyclea peltata alcoholic extract was found to
be greater than 2000 mg/kg. Significant
diuretic activity of the extract was seen at a
dose of 200mg/kg. In the present study, doses
were calculated based on the extractive value
of each fraction which corresponds to 200
mg/Kg of extract. The doses equivalent to
200mg/kg BW of main extract were thus
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selected for each fraction: Methanol fraction as
1mg/kg bw, petroleum ether fraction as 6mg/kg
bw, dichloromethane fraction as 6mg/kg bw
and water fraction as 60mg/kg bw.[8]
Evaluation of diuretic activity: The Lipschitz
model was employed for the evaluation of
diuretic and saluretic activity in rats.[11] The
overnight fasted animals were placed
individually in metabolic cages with free access
to water for 5 hours during the test period. The
animals were divided into the 6 groups
consisting of 6 animals each.
Group I; (control); received normal saline 20
ml/kg
Group II; (Furosemide); received Furosemide
20 mg/kg
Group III; received Methanol Fraction 1
mg/kg
Group IV; received Petroleum Ether Fraction 6
mg/kg
Group V; received Dichloromethane Fraction 6
mg/kg
Group VI; received Aqueous Fraction 60
mg/kg.
Collection and analysis of urine and serum:
The urine volume was measured every hour for
5 hours and the total volume after 5 hours of
study was measured. The urine and serum
samples were used to analyse Na +, K+ and Clions concentrations using diagnostic kits. The
diuretic action and diuretic activity were
calculated by the following equations:

𝑑𝑖𝑢𝑟𝑒𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑔𝑟𝑜𝑢𝑝
𝑑𝑖𝑟𝑒𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑢𝑟𝑜𝑠𝑒𝑚𝑖𝑑𝑒 𝑔𝑟𝑜𝑢𝑝

Tri-Terpenoids, alkaloids, flavonoids, tannins,
saponins, waxes and lipids. Phytochemical
evaluation of methanol Fraction showed
presence of sterols and triterpenoids, petroleum
ether fraction showed presence of wax and
lipids, dichlormethane fraction showed
presence of alkaloids and aqueous fraction
showed presence of tannins, flavonoids and
saponins.
Evaluation of diuretic activity: The standard
Furosemide (Group II) showed significant
(p<0.001), increase in the cumulative urine
volume compared to the control group after 5
hours. Among the four fractions, the
dichloromethane fraction (Group V) showed
highly significant (p<0.001) increase in the
cumulative urine volume compared to control
(Group I) after 5 hours of administration. The
diuretic action and diuretic activity of standard
Furosemide group was higher compared to the
control group. The dichloromethane fraction
(Group V) also showed increased diuretic
action compared to that of control group. The
comparative diuretic activity was also
significantly higher than the control (Group I).
The results have been displayed in Table 1. The
standard Furosemide (Group II) showed
significant increase in urine volume after 1
hour of administration of drug. The urine
volume significantly increased up to 3 hours of
the study period compared to control (Group I).
The dichloromethane fraction (Group V) also
showed significant increase in urine volume
after 1 hour of administration and significantly
increased up to 3 hours of study period. The
change in the urine volume was observed after
every hour and the difference in urine volume
between test and control groups were
calculated after each hour. Furosemide (Group
II) and the dichloromethane fraction (Group V)
showed steady increase in diuresis (Figure 2).

Statistical analysis: All data are expressed as
Mean ± SEM. The data were analysed using
one way ANOVA followed by Post-hoc test
using Graphpad prism software (Version 5.01)
The values were considered significant when
p<0.001.
RESULTS AND DISCUSSION
Phytochemical evaluation of extract and
fractions: Phytochemical evaluation of extract
and fractions showed presence of Sterols and

Evaluation of Saluretic activity: The
concentrations of Na+, K+ and Cl- ions were
significantly greater in the urine of Furosemide
group (Group II) compared to control (Group
I). The dichloromethane fraction (Group V)
showed significantly greater Na+, K+ and Clion concentrations in the urine compared to
control group. The Na+/K+ ratio in case of
Furosemide (Group II) and dichloromethane
fraction (Group V) groups was significantly

𝐷𝑖𝑢𝑟𝑒𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑜𝑛 =
𝑢𝑟𝑖𝑛𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑔𝑟𝑜𝑢𝑝
𝑢𝑟𝑖𝑛𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑜𝑢𝑝
𝐷𝑖𝑢𝑟𝑒𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
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higher (p<0.05) and (p<0.05) respectively
compared to control (Group I). The ratio of
dichloromethane fraction (Group V) was
significantly higher than the Furosemide group
(Group II). The other fractions did not show
any significant increase in the Na+/K+ ratio.
Summary of results has been displayed in
Table 2. A significant decrease in the Na+, K +
and Cl- ion concentrations was seen in the
serum of the Furosemide group (Group II)
compared to control (Group I). The
dichloromethane fraction (Group V) showed
significant decrease in the Na+ and Cl- ion
concentration in serum compared to control
(Group I). The results have been displayed in
Table 3. Several medicinal plants are
traditionally being used in case of swellings
and as diuretics. In the Indian traditional
system of medicine, the root of C. peltata has
been claimed to have diuretic property and are
found to be rich in saponins, alkaloids and
flavonoids.[6] Previously, the ethanolic extract
of C. peltata root extract has shown significant
diuretic activity in rats.[7] In the present study,
the four fractions of ethanolic extract of
C.peltata root were evaluated for diuretic
activity and the pharmacological response was
compared with that produced by furosemide, a
widely used diuretic in clinical practice. The
renal system that is responsible for the
production, storage and elimination of urine out
of the body, plays an important role in
regulating extracellular fluid volume by
adjusting the electrolyte and water excretion.
Disturbance in this filtration system may result
in edema and electrolyte imbalance giving rise
to various conditions.[12] The renal water
reabsorption is driven by the active transport of
Na+. Thus, Na+ and water movements are
strongly linked. Any treatment affecting the
renal Na+ transport will also affect the water
reabsorption. Diuretics act by increasing the
urine volume (water excretion) and a net loss of
solutes (i.e. electrolytes) in the urine. Thus they
not only promote the loss of water but also
cause a net loss of electrolytes, mainly Na +
ions thereby exerting a saluretic effect.[1,4] In
treatment of conditions such as hypertension,
maintaining electrolyte balance plays an
important role. In the present study, the
concentration of electrolytes in urine were
analysed and among the fractions, the

dichloromethane fraction showed significant
increase in Na+ and Cl- ions in urine, indicating
increased excretion of these ions in the urine
and thus increased saluretic effect, similar to
that seen in the Furosemide group. However,
the excretion of K+ ions in urine was found to
be less than that of Furosemide. The Na+/K+
ratio was significantly greater than Furosemide
which may indicate a potassium sparing
effect.[13]
Moreover,
the
electrolyte
concentrations in the serum were significantly
reduced
by
Furosemide,
but
the
dichloromethane fraction significantly reduced
only Na+ and Cl- ion concentrations in the
serum with insignificant reduction in the K+ ion
concentration in serum. This may further
suggest a potassium sparing action. The
Furosemide group, showed significant increase
in the urine volume and showed rapid and
considerable diuresis in the first hour of
administration. The duration of action was for a
period of 3 hours. Among the four fractions,
the
dichloromethane
fraction
showed
significant increase in urine volume and
diuretic activity. The effect was rapid and urine
output was stimulated up to 3 hours of the
study period, similar to that observed in case of
Furosemide group. Based on the pattern of
excretion of electrolytes in the urine and the
time course of diuresis, the saluretic action of
the dichloromethane fraction was found to be
similar to Furosemide, which acts on the
Na+/K+/2Cl- transporter system in the loop of
Henle.[14] However, a potassium sparing action
was also observed, suggesting more than one
mechanism of action probably due to the
presence of different potent phytoconstituents
in the fraction. Upon phytochemical screening
of the fractions, dichloromethane fraction
(Group V) was found to contain alkaloids.
C.peltata has been reported to contain various
bisbenzylisoquinoline alkaloids such as
cycleapeltine,
cycleadrine,
cycleacurine,
[15]
cycleanorine. Several studies have suggested
that Dopamine acting via D-2 receptors may
act as an inhibitory modulator of aldosterone
secretion and doperminergic receptor agonists
may contribute to natriuretic effects.[16]
Bisbenzylisoquinoline alkaloids of reticulinetype have been reported to display selectivity
towards
D2
receptors.[17]
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Table 1: effect of various fractions of C. peltata root extract on cumulative urine volume and
diuretic activity
Cumulative
Urine volume (ml)
urine
Groups
volume
1hr
2hrs
3hrs
4hrs
5hrs
after 5hrs
(ml)
Control
0.28± 0.07
0.98±0.13
1.33±0.17
1.40±0.14
0.68±0.19
4.68± 0.14
3.87±0.18* 6.10±0.37 3.22±0.53*
16.08±
Furosemide 1.8±0.16 **
1.43±0.34
*
**
*
0.63**
Petroleum
0.82±0.0.2
ether
0.57±0.06*
0.93±0.07 2.27±0.21* 1.73±0.23
6.08± 0.30*
0
fraction
Methanol
0.37±0.042
0.73±0.08
1.30±0.14
1.48±0.16
1.53±0.36
5.32± 0.29
fraction
Dichloro
1.55±0.16
2.73±0.14* 3.97±0.33*
9.68±
methane
1.03±0.48
0.38±0.09
**
*
*
0.46**
fraction
Aqueous
0.33±0.07
1.07±0.16
1.55±0.20
1.83±0.48
0.90±0.36
5.68± 0.31
fraction

Diuretic
action

Table 2: Effect of various fractions of C. peltata root extract on concentration of electrolytes in
urine
Groups
Na+ (mmol/lt) K+ (mmol/lt)
Cl- (mmol/lt)
Na+/K+
Control (20ml/kg p.o)

89.19±3.80

55.53±1.13

67.71±4.51

1.543±0.05

Furosemide (20mg/kg
i.p)
Petroleum ether fraction
(1mg/kg p.o)
Methanol fraction
(6mg/kg p.o)

137.70±3.68*
*

85.57±2.40**

94.23±2.37**

1.712±0.02

104.3±1.22*

64.90±1.86*

69.19±2.83

1.607±0.04

89.98±7.03

59.74±1.80

65.26±2.23

1.513±0.14

Dichloromethane fraction
(6mg/kg p.o)

129.6±2.63**

67.28±2.04**

83.53±2.20**

1.932±0.08

Aqueous fraction
(60mg/kg p.o)

80.43±0.66

52.24±2.29

68.73±2.97

1.55±0.07

Table 3: Effect of various fractions of C. peltata root extract on concentration of electrolytes in
serum
Groups
Na+ (mmol/lt)
K+ (mmol/lt)
Cl- (mmol/lt)
Control (20ml/kg p.o)
139.1±0.80
5.875±0.035
133.0±0.91
Furosemide (20mg/kg
116.5±0.60**
4.785±0.15**
117.6±1.06**
i.p)
Petroleum ether fraction
135.9±0.72*
5.69±0.07
128.6±±0.83*
(1 mg/kg p.o)
Methanol fraction
136.7±1.17
5.675±0.11
132.4±1.02**
(6mg/kg p.o)
Dichloromethane
121.6±0.43**
5.798±0.11
126.8±2.10
fraction (6mg/kg p.o)
Aqueous fraction
137.8±0.76
5.675±0.084
130.2±1.19
(60mg/kg p.o)
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Figure 1: Scheme of extraction and fractionation

Figure 2: Time course of diuresis of various fractions of C.peltata root extract
Table and figure titles and legends:
Table 1: effect of various fractions of C. peltata root extract on cumulative urine volume and diuretic
activity
For statistical verification the comparison was made between control vs fractions, Values are expressed as
mean± SEM, n=6, *p <0.05, **p <0.001.
Table 2: Effect of various fractions of C. peltata root extract on concentration of electrolytes in urine
Na+ is sodium ion, K+ is potassium ion, Cl- is chloride ion. Na+/K+ is the sodium-potassium ion ratio. For
statistical verification the comparison was made between control vs fractions, Values are expressed as
mean± SEM, n=6, P values: *p <0.05, **p <0.001.
Table 3: Effect of various fractions of c. peltata root extract on concentration of electrolytes in serum
Na+ is sodium ion, K+ is potassium ion, Cl- is chloride ion. Na+/K+ is the sodium-potassium ion ratio. For
statistical verification the comparison was made between control vs fractions, Values are expressed as
mean± SEM, n=6, *p <0.05, **p <0.001.
Figure 1: Scheme of extraction and fractionation
Figure 2: Time course of diuresis of various fractions of C. peltata root extract
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Benzylisoquinoline type of alkaloids were
found to possess potent diuretic activity,
exerting effect by binding to Adenosine A1
receptors.[18] The smooth muscles of the urinary
bladder have specific properties that make it
compliant and help in voiding through
muscarinic receptors.[19] Bisbenzylisoquinoline
alkaloids are also reported to cause smooth
muscle relaxation by interacting with
adrenergic and muscarinic receptors.[20]
Cycleanine has been reported to cause smooth
muscle relaxation by acting as a potent vascular
selective Ca-antagonist.[21] Spasmolytic effect
of a bisbenzylisoquinoline alkaloid from C.
sympodialis has been reported in smooth
muscles of guinea pigs.[22] Thus, the diuretic
and saluretic activity with a notable potassium
sparing potential of the alkaloidal fraction
observed may be possibly mediated through
one or more of the above mentioned
mechanisms due to presence of potent alkaloids
which need to be further explored. It is well
reported that plant extract /fraction(s) are
composed with multiple phytoconstituents
which can interact with multiple protein
molecules via the gene-set enrichment analysis
[23,24], network pharmacology [25,26] and
molecular docking analysis[27-29]. Further,
study can be still investigated for multicomponent-multi protein evaluation for the
potential lead hit for diuretic activity.
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ABSTRACT
Objectives: The systematic screening of Tectona grandis bark with the purpose of discovering
new bioactive compounds as a hepatoprotective agent and to establish the scientific basis for
the therapeutic actions of traditional plant medicines. Methods: Tectona grandis bark ethenolic
extract was studied for the hepatoprotective activity against CCl4 induced liver injury in rats.
Serum enzymes level, total bilirubin and histopathological study of liver were performed. This
extract’s DPPH radical scavenging potential was also studied. Results: Oral administration of
ethenolic extract of Tectona grandis bark (200 mg/kg) exhibited significant reduction (p<0.05) in
CCl4-induced increased levels of SGPT, SGOT, ALP and bilirubin (Total) concentration. Treatment
with Liv 52 syrup also reversed the hepatotoxicity significantly (p<0.05). Histopathological
studies also provided supportive evidence for biochemical analysis. This extract also showed
better activity in quenching DPPH radical. Conclusion: Tectona grandis bark ethenolic extract
shown to have hepatoprotective and antioxidant action due to presence of quinones and
tannin like phytoconstituents.
Key Words: Tectona grandis, Hepatotoxicity, Antioxidant, CCL4 induced hepatopathy,
Histopathology, Quinones.

INTRODUCTION
Liver plays a pivotal role in metabolism, secretion
and storage. Any injury to liver can result in
many disorders ranging from transient elevation
in liver enzymes to life threatening liver cirrhosis
and hepatic failure. The common causative agents
of liver injuries are toxic chemicals (e.g. CCl4,
aflatoxin etc.), therapeutic drugs (e.g., antibiotics,
anti-tubercular drugs etc), alcohol and microbial
agents (e.g. hepatitis virus, leptospira, malarial
parasites).1
The role of free radical reactions in disease pathology
is well established. It suggests that these reactions
are necessary for normal metabolism but can be
detrimental to health as well including outcome of
various diseases like diabetes, immunosupression,
neurodegenerative diseases and others.2 Free
radicals lead to cellular necrosis, which is implicated
in some membrane pathophysiological conditions,
including atherosclerosis, rheumatoid arthritis as
well as toxicity of many xenobiotics.3
Liver diseases remain a serious health problem. It
is well known that free radicals cause cell damage
through mechanisms of covalent binding and
lipid peroxidation with subsequent tissue injury.
Antioxidant agents of natural origin have attracted
special interest because they can protect human
body from free radicals.4 Numerous medicinal
plants and their formulations are used for liver
disorders in ethnomedical practices as well as in
traditional systems of medicine in India.5 Many
plant species have been utilized as traditional
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medicines but it is necessary to establish the scientific
basis for the therapeutic actions of traditional plant
medicines as these may serve as the source for the
development of more effective drugs.
Tectona grandis Linn (Verbenaceae) tree commonly
known as Sagvan tree, found throughout the India.
It is a huge tree, bark ash colored. The wood has a
characteristic aromatic odor. The roots are useful in
anuria. The bark is useful in bronchitis, hyperacidity,
diabetes, leprosy and skin diseases. The flowers are
useful in leprosy, skin diseases, burning sensation
and diabetes. Leaves are useful in inflammation,
leprosy, in skin diseases6 wound healing7, diabetes.8,9
The Ethenolic extract of this plant is used in the
treatment of anemia.10
The literature screened in the process of the proposed
work indicates that the selected plant contain
classes of chemical constituents which have shown
antioxidant activity. Literature survey revealed that
Tectona grandis bark ethenolic extract has no scientific
claims for hepatoprotective and antioxidant activity.
Phytochemical and pharmacological investigations
of this plant may yield useful information and
material for better management for preventing the
production of the free radicals and diabetes.

MATERIALS AND METHODS
Animals
Healthy adult male wistar albino rats weighing
between 170-200 gm were used for the
Hepatoprotective studies, whereas wistar albino rats
of either sex were used for determination of acute
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toxicity study. The animals were housed in groups of 5 per cage with
free access to commercial rat pallet diet (Lipton India ltd., Mumbai,
India) and water ad libitum. The animal room was maintained at
25°C ± 2°C with timed lighting on from 6 am to 6 pm and relative air
humidity of 30 to 60%. The Institutional Animal Ethics Committee
(CPCSEA/1/15/2007) approved the study.

Chemicals
All chemicals and solvents used were of analytical grade from Merck
Ltd., Mumbai, India and Sigma Aldrich Co., USA. Liv 52 syrup was
obtained from Himalaya Drug Company, India.

Collection of plant material
The bark of Tectona grandis Linn was collected from local areas of
Kolhapur (Maharashtra) & Belgaum (Karnataka) India. The specimen
was authentificated from Dr.S.R.Yadav, Prof., Dept. of Botany, Shivaji
University, Kolhapur (Maharashtra) India. The voucher specimen
(AMCOP/Pharm/07/19) was retained in the Herbarium of Department
of Pharmacognosy, Ashokrao Mane College of Pharmacy, Peth Vadgaon
(Maharashtra) India.

Preparation of plant extracts
The collected plant material was washed thoroughly in water, chopped,
shade dried at room temperature, reduced to a coarse powder in
a mechanical grinder and passed through a 40 # sieve for desired
particle size. The powder obtained was subjected for the extraction,
with 95% ethanol in a soxhlet apparatus. The extract was concentrated
under reduced pressure and dried. The yield of Tectona grandis bark
ethenolic extract was 4.3 % (w/w). The obtained extract was stored in a
refrigerator at 2-8°c until usage.

Preliminary phytochemical investigations

for estimation of biochemical parameters such as SGPT, SGOT, ALP &
Total Bilirubin. Liver was excised, quickly fixed in 10% formalin and
then fixed in bovine solution and further histopathological study was
done for observation of architectural changes.14

In-vitro antioxidant –DPPH free radical scavenging
activity15
The free radical scavenging activity of Tectona grandis bark ethenolic
extract was measured by 1, 1-diphenyl-2-picryl-hydrazyl (DPPH). For
DPPH assay, the method of Blois was adopted. The capacity of Tectona
grandis bark ethenolic solvent extract to scavenge the lipid-soluble
DPPH radical was monitored at an absorbance of 517 nm. Ethenolic
bark extract (1 ml) of Tectona grandis, at different concentration was
allowed to react with DPPH. Thirty minutes later, the absorbance
was measured at 517 nm. The percentage inhibition of absorbance
was calculated for each concentration relative to a blank absorbance
using the spectrophotometer. The DPPH scavenging capacity of the
extracts is compared with that of BHT (Butylated hydroxytolune).
Lower absorbance of the reaction mixture indicates higher free radical
scavenging activity. All determinations are carried out at least three
times, and in triplicate. IC50 value in the tested compound is, the
concentration required to scavenge 50% DPPH free radical. Percentage
inhibition was calculated as DPPH radical scavenging activity.
DPPH radical Scavenging effect (%) = (Abs control – Abs sample) /
(Abs control) × 100
Where, Abs control is the absorbance of initial conc. of DPPH radical;
Abs sample is the absorbance of DPPH radical + sample Extract /
standard.

Statistical analysis

Preliminary phytochemical investigation revealed the presence of
Lapachol-a naphthaquinone (root)11, naptho and anthraquinone
derivatives (heart wood)12, terpenoids and tannins (Leaves) in Tectona
grandis plant.

Values are presented as mean ± S.E.M. Statistical difference between
treatments and the controls were tested by one-way analysis of variance
(ANOVA), followed by Dunnett’s multiple comparison test using the
“Stat” statistics computer program. A difference in the mean values of
P<0.05 was considered to be statistically significant.

Experimental design

RESULTS

Screening of Tectona grandis bark ethenolic extract for Hepatoprotective
and antioxidant action was done in rats.

Acute toxicity study

Acute toxicity study
Determination of LD50 for extracts is done by OECD guidelines for
fixing the dose for biological evaluation. The animals were fasted
overnight prior to the experiment and maintained under standard
conditions. The LD50 of the extract as per OECD guidelines 2001, falls
under 5mg, 50 mg, 300 mg and 2000 mg/kg bw with no signs of acute
toxicity at respective doses. The biological evaluation of extract is
carried out at 1/10 doses of LD50.13

Hepatoprotective activity
Hepatoprotective activity was carried out by using albino rats. The
animals were divided into four groups of six rats in each. 1% Gum
acacia suspension was given to groups I & II as a vehicle for 10 days by
oral route. Liv. 52 administered as a standard drug to group III at a dose
of 1ml /kg by oral route up to 10 days and IVth group received Tectona
grandis bark ethenolic extract (200 mg/kg by oral route up to 10 days).
Except group I (control group), all remaining groups were received
Carbon tetrachloride at a dose of 0.7ml/kg, on 3, 6 & 10th day by
intraperitoneal route. On 10 th day, 1 hr after last dose of Carbon
tetrachloride, animals were sacrificed by cervical dislocation & the
blood was collected from the carotid artery, serum is separated & used
Pharmacognosy Journal, Vol 12, Issue 3, May-June, 2020

Acute toxicity study revealed no mortality or any toxic reactions with
oral administration of ethenolic extract of bark of Tectona grandis even
at the highest dose (2000 mg/kg). The biological evaluation of extract is
carried out at 1/10 doses of LD50.13

Hepatoprotective activity study
Rats subjected to CCl4 only, developed significant hepatocellular
damage as evident from significant increase in serum activities of
GPT, GOT, ALP and Total bilirubin concentration as compared to
normal control group, which has been used as reliable marker of
hepatotoxicity. Oral administration of ethenolic extract of Tectona
grandis bark (200 mg/kg, p.o) exhibited significant reduction (p<0.05)
in CCl4-induced increase in levels of GPT, GOT, ALP and bilirubin
(Total) concentration. Treatment with Liv 52 syrup also reversed the
hepatotoxicity significantly (p<0.05) (Table 1).

Histopathological studies
Histopathological studies also provided supportive evidence for
biochemical analysis (Figure 1). Histology of the liver section of
normal control animals showed normal hepatic cells with well
preserved cytoplasm, prominent nucleus and nucleolus and well
brought out central vein (A). The liver sections of CCl4-intoxicated rats
showed massive fatty changes, necrosis, hemorrhagic foci in hepatic
599
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Table 1: Effect of Tectona grandis bark ethenolic extract on the Serum enzymes and total Bilirubin in CCl4-induced hepatotoxic rats after 10 days of
treatment.
Exp. Group
(n= 6)
I
II
III
IV

SGPT
(U/L)

SGOT
(U/L)

ALP
(U/L)

TOTAL BILIRUBIN
(mg/dl)

131.0 ± 20.5*

86.00 ± 17.1**

161.0 ± 15.2**

0.700 ± 0.07**

217.0 ± 28.7
140.0 ± 19.1*

340.0 ± 21.0
182.0 ± 5.1**

385.0 ± 27.3
219.0 ± 12.2**

2.123 ± 0.1
0.800 ± 0.1**

160.0 ± 7.4*

173.0 ± 34.4**

323.3 ± 24.5*

0.900 ± 0.1**

Treatment
Normal control
(1% gum acacia)
CCl4 control
LIV 52 syrup
Tectona grandis bark ethenolic
extract (200 mg/kg)

*P < 0.05 & **P < 0.01 Significant
compared to CCl4 control,
n= no of animals in each group

(A)

(C)

(B)

(D)

Figure 1: Histological morphology of rat livers after 10 days of treatment with
ethenolic extract of Tectona grandis bark. (A) Normal control rats showed well
preserved cytoplasm, prominent nucleus and nucleolus and well brought out
central vein while (B) CCl4-intoxicated rats showed massive fatty changes, necrosis,
hemorrhagic foci in hepatic parenchyma, ballooning degeneration and broad
infiltration of the lymphocytes and the loss of cellular boundaries. Liver tissue
of CCl4-intoxicated rats treated with (C) Liv 52 syrup (1 ml/kg) and (D) ethenolic
extract of Tectona grandis bark (200 mg/kg) showed normal lobular pattern
with a mild degree of fatty change, necrosis and lymphocyte infiltration almost
comparable to the normal control.

parenchyma, ballooning degeneration and broad infiltration of the
lymphocytes and the loss of cellular boundaries (B). The histological
architecture of liver sections of rats treated with ethenolic extract of
Tectona grandis bark (200 mg/kg) and standard Liv 52 syrup (1 ml /
kg) showed normal lobular pattern with a mild degree of fatty change,
necrosis and lymphocyte infiltration almost comparable to the normal
control (C and D).

the Tectona grandis bark ethenolic extract in a concentration dependent
manner in this DPPH assay (Table 2).The ethenolic extract of bark of
Tectona grandis showed DPPH radical scavenging activity with an IC50
value of 211 μg /ml when compared with Standard BHT (Butylated
hydroxytolune) IC50 value of 107 μg /ml.

In-vitro antioxidant –DPPH free radical scavenging
activity

Herbal medicines provide rational means for the treatment of many
diseases that are obstinate and incurable in other systems of medicine.
These are gaining popularity because of several advantages such as
often fewer side effects, better patient tolerance, relatively less expensive
and acceptance due to long history of use. Plants are often less prone to
the emergence of drug resistance.

Several concentrations ranging from 10-1000 μg /ml of the ethenolic
extract of bark of Tectona grandis tested for their antioxidant activity by
DPPH model. It has been observed that free radicals were scavenged by
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Table 2: DPPH scavenging activity of Ethenolic extract of Tectona grandis bark.
Concentration
(µg /ml)
10
50
100
250
500
1000
IC 50

DPPH scavenging (% inhibition)
Ethenolic Tectona grandis bark extract BHT (Butylated hydroxytolune)
7.95
20.07
20.01
38.17
33.93
47.71
52.68
90.25
60.83
97.21
79.52
95.22
238µg /ml
107 µg /ml

Data represents mean ± S.E.M. of triplicate analysis.

The 1, 1-diphenyl -2-picryl hydrazyl (DPPH) radical was widely used
as the model system to investigate the scavenging activities of several
natural compounds. Plants provide a rich source of antioxidants,
which include tochopherols, Vit.C, phenolic compounds, carotenoids16,
flavonoids, terpenoids, anthraquinones, steroids, strychnine and
eugenol alkaloids.17 From the present results, it may be postulated
that Tectona grandis bark ethenolic extract reduces the radical to
corresponding hydrazine when it reacts with hydrogen donors in
antioxidant principals, so it can be concluded that the Tectona grandis
bark ethenolic extract has potent in vitro antioxidant potential which is
attributed due to the presence of quinones, terpenoids and tannins like
constituents present therein.
Damage of liver cell is reflected by an increase in the levels of
hepatospecific enzymes; these are cytoplasmic and are released in to
circulation after cellular damage. In this study significant increase in
the total bilirubin content and in the SGOT, SGPT and ALP activities
in the CCl4 treated group could be taken as an index of liver damage.
Treatment with Tectona grandis bark ethenolic extract inhibited CCl4
induced increase in total bilirubin and SGOT, SGPT and ALP activities
as compared with CCl4 treated group (Figure 1).18
The mechanism of hepatic damage by CCl4 is well documented. CCl4
is metabolized by CYP 450 enzyme system to trichlormethyl radical
(CCl3). This in turn reacts with molecular oxygen and gets converted
to trichloromethyl peroxy radical. This radical forms covalent bonds
with sulfhydryl group of several membrane molecules like GSH leading
to their depletion and causes lipid peroxidation. The lipid peroxidation
initiates a cascade of reactions leading to tissue necrosis.19
Amino transferases are present in high concentration in liver, an
important class of enzymes linking carbohydrate and amino acid
metabolism. Alanine amino transferase and aspartate amino transferase
are well known diagnostic indicators of liver disease. In cases of liver
damage with hepatocellular lesions and parenchymal cell necrosis,
these marker enzymes are released from the damaged tissues into the
blood stream. Alkaline phosphatase is a membrane bound enzyme and
its elevations in plasma indicate membrane disruption in the organ.
Alkaline phosphatases, although not a liver specific enzymes, the liver
is the major source of this enzyme. The level of this enzyme increases in
cholestasis. Hepatotoxicity is characterized by cirrhotic liver condition
which in turn increased the bilirubin release.20
Ethenolic extract of Tectona grandis bark has significantly scavenged
reactive oxygen species as indicated in Table 2. Similarly the test extract
significantly reduced the elevated serum biochemical markers of hepatic
injury (Table 1). It is apparent from the present results that the antioxidant
property of ethenolic extract of Tectona grandis bark prevented the
formation of trichloromethyl peroxy radical thereby reducing tissue
damage. This is further confirmed by the histopathological study.
Therefore, the hepatoprotective activity of ethenolic extract of Tectona
grandis bark may be due to its antioxidant potential. Since there are
reports that the plants containing quinones possess antioxidant
Pharmacognosy Journal, Vol 12, Issue 3, May-June, 2020

properties so this hepatoprotective and antioxidant properties of the
test plant may be attributed to the presence quinines.21
From these results it may be concluded that the Tectona grandis bark
ethenolic extract shown to have hepatoprotective and antioxidant
action. It is conceivable that antioxidant/ free radical scavenging activity
of Tectona grandis bark ethenolic extract is one of the mechanism
associated with hepatoprotective effect. The other mechanism is
presence of quinones and tannins in ethenolic extracts of Tectona
grandis bark significantly reduced the activities of SGPT, SGOT, ALP
and Total Bilirubin enzymes as compared to that of toxicant rats.
However, the extract should further be subjected to bioactivity-guided
drug discovery to isolate the lead compound responsible for antidiabetic
activity and possible mechanisms(s) of action.
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a b s t r a c t
A new, extended coumarin scaffold was successfully explored for the construction of effective bacterial infection inhibitors. A reliable methodology for the synthesis of Dihydropyridine 4 and triazolo[1,5-a]pyridine 6 analogues in a three-component Michael type
addition reaction was adopted and afforded excellent yields. All the structures have been
established by spectral analysis. The evaluation of the antimicrobial proﬁle against Gram
positive, Gram negative bacterial stains and fungal stains revealed that the title compounds
are highly potent. The antimicrobial proﬁle suggests that the compounds are selective and
highly active against S. aureus and E. coli stains. Similarly, all the compounds are highly
promising and potent against A. ﬂavus fungal stain. Additionally, these scaffolds exhibited
good anti-inﬂammatory activity in comparison with standard Aceclofenac.
© 2020 Published by Elsevier B.V.

1. Rationale
Steep rise in invasive fungal infections (IFI) mainly from the ESKAPE bacteria [1] (Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) are believed
to involve in multiple nosocomial infections across the world as they are broadly resistant to existing antibiotics [2, 3]. The
usages of antibiotics on a large scale along with their misapplication have led to the emergence of resistant pathogenic
bacteria [4, 5]. Both, these re-emergent strains which have increased the global mortality rate to be a growing concern. The
global reduction in antibiotics production open a new era where other potent candidates should be found to ﬁght against
bacteria [6-8]. As a result, novel bacterial therapies inhibiting adverse effects are being increasingly explored [9, 10].
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Speciﬁcation table
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Compounds
Data category
Data acquisition format
Data type
Procedure

Organic Chemistry,
1,6-Diamino-dihydropyridine and Triazolo[1,5-a]pyridine
Spectral
NMR, IR, Mass spectra.
Analyzed
1. A series of 1,6-diamino-dihydropyridino-coumarins(4) can be synthesized by adding an equimolar quantities of
substituted 2-((2-oxo-2H-chromen-4-yl)methylene)malononitrile(2)2-cyanoacetohydrazide (3) and catalytic
amount of N,N-dimethylaminopyridine in ethanol, was added and stirred for an appropriate time at room
temperature. After the completion of reaction solid separated was ﬁltered and repeatedly washed with water,
then recrystallized from methanol to afford pure product. 2. A series of
phenyl-[1,2,4]triazolo[1,5-a]pyridino-coumarins (6) can be synthesized by adding an equimolar amounts of
substituted 2-((2-oxo-2H-chromen-4-yl)methylene)malononitrile(2)and N’- (2- cyanoacetyl)benzohydrazide (5)
and catalytic amount of triethylamine (TEA) in ethanol was added and reﬂuxed for an appropriate time. After
completion of the reaction the reaction mixture was cooled and poured into ice water. The solid obtained was
ﬁltered and recrystallized from methanol to obtain the pure product.

Coumarins are low molecular weight heterocyclic compounds with antimicrobial activity against various bacteria, virus
and fungi [11,12]. These derivatives are currently being investigated as potential sources of novel therapeutic antimicrobial
agents, because of their broad-spectrum activity and low susceptibility in developing resistance [13]. Meanwhile, nitrogencontaining heterocycles attached to coumarin moieties have received a great amount of attention due to their role as pharmacophores of considerable historical importance [14, 15].
While, coumarin derivatives and [1,2,4]triazolo[1,5-a]pyridines are found regularly in medicinal chemistry [16, 17].
Coumarin moiety is vital part of a large number of medicinal compounds and natural biological products [18]. Notably,
coumarin with 1,2,4-triazolines and 1,2,4-triazoles represent an important structural units that exhibit anticancer [19] and
anticonvulsant properties which exist in numerous biologically active compounds [20].
Although, various methods have reported concerning the synthesis of [1,2,4]triazolo[1,5-a]pyridine derivatives, few literature [21, 22] have been published by varying the building blocks, allowing access to a large number of multi-functionalized
derivatives. Our ongoing research program aimed at the development of newer synthetic methodologies concerning the
use of 4-formylcouamrin derivatives as widely used heterocyclic compounds inspired us to synthesize 1,6-diamino-4coumarin-dihydropyridine. In this communication, we have been reporting here the synthesis of said compounds by three
component condensation of coumarin aldehydes, 2-cyanoacetohydrazide and malononitrile under alkaline medium. The
synthesized compounds have been screened for their antibacterial, antifungal and anti-inﬂammatory activities.
2. Procedure
2.1. Materials and method
All the chemicals were purchased from the commercial source and used without further puriﬁcation unless otherwise
stated. The progression of the reactions was monitored by thin-layer chromatography (TLC) on precoated aluminium sheets
(SiGel 60 F254, Merck) and visualized using UV light at 254 nm and KMnO4 staining or iodine vapour and also the purity of
the compound was checked by TLC. The melting points were determined by the open capillary method and are uncorrected.
The IR spectra were recorded on a Nicolet 5700 FT-IR spectrometer in KBr disc method and mass spectra were recorded
using Shimadzu GCMSQP2010S. All 1 H-NMR and 13 C-NMR spectra were recorded on the Agilent VNMRS 400 MHz spectrometer at 25 °C with TMS and solvent signals being allotted as internal standards. Chemical shifts are reported in ppm
(δ ).
2.2. Synthesis
2.2.1. Representative procedure for the synthesis of 1,6-diamino-dihydropyridino-coumarins 4(a-e)
To suspension containing equimolar quantities of substituted 2-((2-oxo-2H-chromen-4-yl)methylene)malononitrile 2
(1 mmol) (obtained via reaction between 4-formyl coumarin 1 and malononitrile under basic conditions at room temperature) and 2-cyanoacetohydrazide 3 (1 mmol) in ethanol (30 mL), catalytic amount of N,N-dimethylaminopyridine (DMAP)
was added and stirred for an appropriate time at room temperature. After the completion of reaction solid separated was
ﬁltered and repeatedly washed with water, then recrystallize from methanol to afford pure product 4(a-e).
2.2.2. Representative procedure for the synthesis of phenyl-[1,2,4]triazolo[1,5-a]pyridino-coumarins 6(a-e)
Method A: To a suspension containing equimolar amounts of substituted 2-((2-oxo-2H-chromen-4yl)methylene)malononitrile 2 (1 mmol) and N’-(2-cyanoacetyl)benzohydrazide 5 (1 mmol) in ethanol (30 mL) catalytic
amount of triethylamine (TEA) was added and reﬂuxed for an appropriate time. After completion of the reaction the
reaction mixture was cooled and poured into ice water. The solid obtained was ﬁltered and recrystallized from methanol to
obtain the pure product 6(a-e).
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Method B: A suspension containing equimolar amounts compound 4 (1 mmol) and benzoyl chloride (1 mmol) in dry
DMF (20 mL) was heated under reﬂux for 8 h, cooled and poured onto ice. The solid obtained was ﬁltered and recrystallized
from methanol to obtain the pure product 6(a-e).
2.3. Biological evaluation
2.3.1. Antibacterial screening
The susceptibility of the test organisms to synthetic compounds were assessed using broth dilution assay, as minimum
inhibitory concentrations (MIC) Triplicates were performed for each of the standard strains.
2.3.1.1. Culture media: brain heart infusion (BHI) broth test organisms. Four microorganisms were selected for the study: S.
aureus microbial type culture collection MTCC 12598, E. faecalis MTCC 35550, E. coli MTCC 443 and P. aeruginosa MTCC
25668. All microorganisms were previously sub cultured in appropriate media and under gaseous conditions to conﬁrm
their purity at 35 °C for 48 h prior to testing of the vehicles.
2.3.1.2. Inoculum preparation. The growth method or the log phase method was performed as follows. At least three to ﬁve
well isolated colonies of the same morphological type were selected from an agar culture plate. Top of each colony was
scooped with a loop, and the growth was transferred into a tube containing 4-5 mL of BHI broth. The broth culture was
incubated at 35 °C for 2–6 h until it achieved the turbidity of the 0.5 McFarland standard. The turbidity of actively growing
broth culture was adjusted with broth to obtain a ﬁnal turbidity optically comparable to that of the 0.5 McFarland standard,
done visually by comparing the inoculum tube and the standard against a white card with contrasting black lines.
2.3.1.3. Broth dilution method. A total of 10 tubes were taken and nine dilutions of the vehicle were done with BHI for MIC.
In the initial tube, only 200 mL of vehicle was added. For further dilutions, 200 mL of BHI broth was added to the next
nine tubes separately. In the second tube, 200 mL of vehicle was added which already contained 200 mL of BHI broth. This
was considered as 10 dilution. From the 10 diluted tube, 200 mL was transferred to the second tube to make 10 dilution.
The serial dilution was repeated up to 10 dilution for each vehicle. From the maintained stock cultures of the required
microorganisms, 5 mL was taken and added to 2 mL of BHI broth. In each serially diluted tube, 200 mL of the above culture
suspension was added. The last tube contained only the media and the culture suspension, i.e. the negative control. The
tubes were kept for incubation for 24 h at 37 °C in bacteriological incubator and observed for turbidity.
2.3.2. Anti-inﬂammatory activity
2.3.2.1. Egg albumin denaturation method. The mixture (5 mL) consisted of 0.2 mL of egg albumin (from fresh hen’s egg),
2.8 mL of phosphate buffered saline (PBS, pH 6.4) and 2 mL of varying concentrations of coumarin heterocyclic compounds
so that ﬁnal concentrations become 31.25, 62.5, 125, 250, 50 0, 10 0 0 μg/mL and similar volume of double-distilled water
served as control. Then the mixtures were incubated at (37 ± 2)°C in an incubator (Bio-technics, India) for 15 min and then
heated at 70 °C for 5 min. After cooling, their absorbance was measured at 660 nm (SHIMADZU, UV-1800 Spectrophotometer) by using vehicle as blank. Aceclofenac sodium at the ﬁnal concentration of (31.25, 62.5, 125, 250, 500, 1000 μg/mL)
was used as reference drug and treated similarly for determination of absorbance. The percentage inhibition of protein denaturation was calculated by using the following formula

%Inhibition = 100x(Absofcontrol − Absofsample )/Absofcontrol
3. Data, value and validation
3.1. Chemistry
The work outlined in this paper deals our efforts on antibacterial, antifungal and anti-inﬂammatory drug discovery.
We have designed a rational approach for the discovery of new inhibitors having chemo type featuring of 1,6-diaminodihydropyridine (Scheme 1) and phenyl-[1,2,4]triazolo[1,5-a]pyridine (Scheme 2) core at C4 position of coumarins using catalytic amount of base.
The synthetic sequence of reactions leading to the title compound 4 (a-e) was initiated with the preparation of coumarinmethylene malononitriles 2(a-e) [23] as a alkene intermediate which is formed through a Knoevenagel reaction between
4-formylcoumarins [24] 1 and malononitrile. Further, 1,6-diamino-dihydropyridino-coumarins 4(a-e) were achieved by the
reaction of intermediate 2 and 2-cyanoacetohydrazide 3 in the presence of catalytic amount of DMAP in excellent yields.
A series of synthesized compounds 4(a-e) are given in Fig. 1. The plausible mechanism pathway of the later products 4(ae) assumed to proceed via Michael type addition of 2-cyanoacetohydrazide 3 with the Knoevenagel condensed product 2,
followed by intra-molecular cyclization to give ﬁnal products with excellent yield (Table 1).
The literature revels that phenyl-[1,2,4]triazolo[1,5-a]pyridino derivatives have wide range of applications in pharmaceutical area; therefore in this context we thought of synthesizing coumarin based phenyl-[1,2,4]triazolo[1,5-a]pyridines 6 by
utilizing poly-functional compound 4.

4
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Scheme 1. Synthesis of 1,6-diamino-dihydropyridine coumarin derivatives 4(a-e).

Scheme 2. (a) Synthesis of phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e) through method A. (b) Synthesis of phenyl-[1,2,4]triazolo[1,5-a]pyridinecoumarins 6(a-e) through method B.
Table 1
Synthesis of 1,6-diamino-dihydropyridino and phenyl-[1,2,4]triazolo[1,5-a]pyridino-coumarins 4(ae) and 6(a-e)
Product Code

R

Solvent

4a
4b
4c
4d
4e
Product Code

6-CH3
6-OCH3
6-Cl
7-CH3
7,8-Benzo
R

EtOH
DMAP
EtOH
DMAP
EtOH
DMAP
EtOH
DMAP
EtOH
DMAP
Method A
Solvent
Base
EtOH
TEA
EtOH
TEA
EtOH
TEA
EtOH
TEA
EtOH
TEA

6a
6b
6c
6d
6e

6-CH3
6-OCH3
6-Cl
7-CH3
7,8-Benzo

Base

Yield (%)
86
84
81
88
82
Yield (%)
76
73
69
74
68

Method B
Solvent
Base
DMF
DMF
DMF
DMF
DMF
-

Yield (%)
73
74
69
72
68
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Fig. 1. Structures of the all the synthesized 1,6-diamino-dihydropyridino-coumarins 4(a-e).

The sequence of reaction as shown in Schemes 2a and b, the construction of the title compound 6 is achieved via a two
methods: Method A involves starting from compound 2 in the presence of TEA as a catalyst. Wherein, Method B starting
from compound 4 and benzoyl chloride in N,N-dimethylformamide (DMF) without catalyst. In both the methods obtained
products are identical with excellent yields (Table-1).
Scheme 3 shows the plausible mechanism for Method A, where the mechanistic pathway of the Method A product
6(a-e) assumed to proceed via a preliminary formation of the intermediates III from the Michael type addition of N’-(2cyanoacetyl)benzohydrazide 5 [25] with the Knoevenagel condensed product 2, followed by intra-molecular cyclization to
give a non-aromatized product IV. Then intermediate IV consequently aromatized to form next intermediate V, further this
intermediate V undergoes intramolecular cyclization with an elimination of water molecule to give the desired product 6
with excellent yield (Table 1). In case of Method B, the mechanistic pathway assumed to proceed through an initial acetylation of 1,6-diamino-dihydropyridino-coumarin 4 with benzoyl chloride to give an intermediate V. Later this undergoes
intramolecular cyclization followed by an elimination of water molecule to give the title product 6. All the synthesized
phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e) are listed in Fig. 2.
The chemical structure of newly synthesized compounds 4(a-e) and 6(a-e) were established by spectral analysis. The IR
spectrum of 4d showed absorption bands at 3439–3275 cm−1 due to -NH2 groups. Intense bands at 2242 and 2209 cm−1
due to nitriles. The two intense stretching bands at 1717 and 1632 cm−1 are due to lactone and amide carbonyl respectively.
In GC-MS spectrum [M]+ peak of the compound 4d observed at m/z 333. Further, the desired product was conﬁrmed by
1 H-NMR. The 1 H-NMR of compound 4d, the D O exchangeable singlet at δ 8.69 ppm corresponded to the N –NH and
2
1
2
one more D2 O exchangeable C6 -NH2 peak resonated as a singlet at δ 5.68 ppm respectively. The two doublets resonated at
7.52 ppm (J = 8 Hz) and δ 7.42 ppm (J = 8.4 Hz) are due to C5 -H and C6-H of coumarin respectively. The C8 -H of coumarin
resonated as a singlet at δ 7.31 ppm. The C3 -H of coumarin resonated as a singlet at δ 6.75 ppm, and C7 -CH3 of coumarin
resonated as a singlet at δ 2.32 ppm.
The IR spectrum of 6d showed absorption band at 3438 cm−1 due to -NH group. Intense band at 2218 cm−1 due to
nitriles. The two intense stretching bands at 1717 and 1649 cm−1 are due to lactone and amide carbonyl respectively. In
GC-MS spectrum [M]+ peak of the compound 6d observed at m/z 419. Further, the desired product was conﬁrmed by 1 HNMR. The 1 H-NMR of compound 6d, the aromatic protons of phenyl ring resonated as a triplet and multiplets at δ 8.16 and
7.48 ppm respectively. The D2 O exchangeable singlet at δ 7.36 ppm corresponded to the -NH proton of triazole ring. The two
doublets resonated at δ 7.35 ppm (J = 7.6 Hz) δ 7.15 ppm (J = 8.4 Hz) are due to C5 -H and C6 -H of coumarin respectively.
The C8 -H of coumarin resonated as a singlet at δ 7.10 ppm. Two singlets resonated at δ 6.68 ppm and δ 2.41 ppm are due
to C3 -H and C7 -CH3 of coumarin respectively.
3.2. Data
3.2.1. 1,6-Diamino-4-(6-methyl-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4a)
White solid; Yield: 86 %; M.P.: 258-260°C; IR (KBr) ν cm−1 : 3459-3321 (-NH2 ), 2221 (-CN), 1711 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.67 (s, 2H, N1 -NH2 ), 7.34 (s, 1H, C5 -H of coumarin), 7.29 (d, 1H, J = 8.4 Hz, C7 -H of
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Scheme 3. Plausible mechanism for the synthesis of derivatives phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e) through method A.

Fig. 2. Structures of the all the synthesized phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e)
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coumarin), 7.14 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.70 (s, 1H, C3 -H of coumarin), 5.67 (s, 2H, C6 -NH2 ), 2.34 (s, 3H,
CH3 of C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 159.43, 159.34, 157.18, 153.38, 151.91, 149.55, 135.38,
134.74, 125.88, 117.35, 116.37, 116.04, 115.86, 114.94, 86.51, 74.47, 20.69; GC-MS (m/z): 333 (M+ ); Anal. Calcd. for C17 H11 N5 O3
(%): Calcd.: C, 61.26; H, 3.33; N, 21.01. Found: C, 61.23; H, 3.35; N, 21.03.
3.2.2. 1,6-Diamino-4-(6-methoxy-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4b)
White solid; Yield: 84 %; M.P.: 242-244°C; IR (KBr) ν cm−1 : 3454-3320 (-NH2 ), 2222 (-CN), 1709 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.66 (s, 2H, N1 -NH2 ), 7.31 (d, 1H, J = 8.0 Hz, C8 -H of coumarin), 7.18 (d, 1H, J = 8.0 Hz,
C7 -H of coumarin), 7.12 (s, 1H, C5 -H of coumarin), 6.62 (s, 1H, C3 -H of coumarin), 5.67 (s, 2H, C6 -NH2 ), 3.08 (s, 3H, -OCH3 of
C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 159.88, 159.45, 157.34, 153.38, 151.91, 149.55, 135.76, 134.68,
125.11, 117.03, 116.46, 116.29, 115.37, 114.98, 86.59, 74.40, 53.68; GC-MS (m/z): 349 (M+ ); Anal. Calcd. for C17 H11 N5 O4 (%):
Calcd.: C, 58.45; H, 3.17; N, 20.05. Found: C, 58.46; H, 3.18; N, 20.04.
3.2.3. 1,6-Diamino-4-(6-chloro-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4c)
White solid; Yield: 81 %; M.P.: 262–264 °C; IR (KBr) ν cm−1 : 3459-3321 (-NH2 ), 2221 (-CN), 1711 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.67 (s, 2H, N1 -NH2 ), 7.34 (s, 1H, C5 -H of coumarin), 7.29 (d, 1H, J = 8.4 Hz, C7 -H of
coumarin), 7.14 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.70 (s, 1H, C3 -H of coumarin), 5.69 (s, 2H, C6 -NH2 ); 13 C-NMR (100
MHz, DMSO-d6 , TMS) δ ppm: 160.14, 159.78, 157.26, 153.83, 151.92, 149.77, 135.32, 134.86, 125.71, 117.50, 116.43, 116.44,
115.82, 114.90, 86.01, 74.65; GC-MS (m/z): 353 (M+ ); Anal. Calcd. for C24 H13 N5 O3 (%): Calcd.: C, 54.33; H, 2.28; N, 19.80.
Found: C, 54.35; H, 2.29; N, 19.83.
3.2.4. 1,6-Diamino-4-(7-methyl-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4d)
White solid; Yield: 88 %; M.P.: 253–255 °C; IR (KBr) ν cm−1 : 3451–3339 (-NH2 ), 2222 (-CN), 1708 (C=O of ester); 1 HNMR (400 MHz, DMSO-d6 , TMS) δ ppm: 8.69 (s, 2H, N1 -NH2 ), 7.52 (d, 1H, J = 8 Hz, C5 -H of coumarin), 7.42 (d, 1H, J = 8.4
Hz, C6 -H of coumarin), 7.31 (s, 1H, C8 -H of coumarin), 6.75 (s, 1H, C3 -H of coumarin), 5.68 (s, 2H, C6 -NH2 ), 2.32 (s, 3H, CH3
of C7 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 159.42, 159.30, 157.17, 153.33, 151.94, 149.58, 135.34, 134.71,
125.81, 117.35, 116.32, 116.02, 115.81, 114.93, 86.50, 74.43, 20.68; GC-MS (m/z): 333 (M+ ); Anal. Calcd. for C17 H11 N5 O3 (%):
Calcd.: C, 61.26; H, 3.33; N, 21.01. Found: C, 61.24; H, 3.34; N, 21.04.
3.2.5. 1,6-Diamino-2-oxo-4-{2-oxo-2H-benzo[h]chromen-4-yl}-1,2-dihydropyridine-3,5-dicarbonitrile (4e)
White solid; Yield: 82 %; M.P.: 287–289 °C; IR (KBr) ν cm−1 : 3412-3353 (-NH2 ), 2221 (-CN), 1714 (C=O of ester); 1 HNMR (400 MHz, DMSO-d6 , TMS) δ ppm: 8.65 (s, 2H, N1 -NH2 ), 8.33 (d, J = 8.0 Hz, 1H, C10 -H of coumarin), 8.01 (dd, 1H,
J = 8.0 and 2.8 Hz, C7 -H of coumarin), 7.88 (d, 1H, J = 8.8 Hz, C9 -H of coumarin), 7.74 (m, 3H, C5 -H, C6 -H and C8 -H of
coumarin), 6.79 (s, 1H, C3 -H of coumarin), 5.69 (s, 2H, C6 -NH2 ); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 170.11, 160.47,
160.26, 159.89, 154.82, 137.96, 134.18, 127.58, 126.86, 126.61, 126.03, 124.97, 122.64, 121.75, 121.13, 115.63, 115.58, 104.80,
99.72, 66.36; GC-MS (m/z): 369 (M+ ); Anal. Calcd. for C20 H11 N5 O3 (%): Calcd.: C, 65.04; H, 3.00; N, 18.96. Found: C, 65.06;
H, 3.02; N, 18.95.
3.2.6. 3,5-Dihydro-7-(6-methyl-2-oxo-2H-chromen-4-yl)-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6a)
White solid; Yield: 73 %; M.P.: 275–277 °C; IR (KBr) ν cm−1 : 3292 (-NH), 2222 (-CN), 1714 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.17 (m, 2H, Ar-H), 7.47 (m, 3H, Ar-H), 7.38 (s, 1H, NH of triazole), 7.30 (s, 1H, C5 -H
of coumarin), 7.28 (d, 1H, J = 8 Hz, C7 -H of coumarin), 7.10 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.74 (s, 1H, C3 -H of
coumarin), 2.37 (s, 3H, CH3 of C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.52, 164.01, 160.53, 160.84,
153.47, 150.32, 138.44, 137.75, 130.82, 128.95, 128.57, 126.51, 126.70, 125.88, 124.93, 120.73, 115.49, 104.48, 99.87, 84.47,
24.21; GC-MS (m/z): 419 (M+ ); Anal. Calcd. for C24 H13 N5 O3 (%): Calcd.: C, 68.73; H, 3.12; N, 16.70. Found: C, 68.74; H, 3.14;
N, 16.69.
3.2.7. 3,5-Dihydro-7-(6-methoxy-2-oxo-2H-chromen-4-yl)-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6b)
White solid; Yield: 74 %; M.P.: 264–266 °C; IR (KBr) ν cm−1 : 3324 (-NH), 2221 (-CN), 1715 (C=O of ester); 1 H-NMR (400
MHz, DMSO-d6 , TMS) δ ppm: 8.19 (m, 2H, Ar-H), 7.49 (m, 3H, Ar-H), 7.37 (s, 1H, NH of triazole), 7.29 (d, 1H, J = 8.4 Hz,
C8 -H of coumarin), 7.17 (d, 1H, J = 8 Hz, C7 -H of coumarin), 7.11 (s, 1H, C5 -H of coumarin), 6.66 (s, 1H, C3 -H of coumarin),
3.09 (s, 3H, -OCH3 of C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.44, 164.23, 160.74, 160.56, 153.25,
150.76, 138.83, 137.75, 132.47, 129.57, 128.67, 126.12, 126.01, 125.56, 124.53, 120.49, 115.87, 104.2, 99.17, 84.55, 55.92; GC-MS
(m/z): 435 (M+ ); Anal. Calcd. for C24 H13 N5 O4 (%): Calcd.: C, 66.21; H, 3.01; N, 16.09. Found: C, 66.24; H, 3.02; N, 16.06.
3.2.8. 7-(6-Chloro-2-oxo-2H-chromen-4-yl)-3,5-dihydro-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6c)
White solid; Yield: 69 %; M.P.: 257–259 °C; IR (KBr) ν cm−1 : 3284 (-NH), 2221(-CN), 1716 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.15 (m, 2H, Ar-H), 7.45 (m, 3H, Ar-H), 7.36 (s, 1H, NH of triazole), 7.34 (s, 1H, C5 -H
of coumarin), 7.29 (d, 1H, J = 8 Hz, C7 -H of coumarin), 7.14 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.77 (s, 1H, C3 -H of
coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.58, 164.42, 160.24, 160.37, 153.62, 150.87, 138.56, 137.48, 130.11,
128.93, 128.73, 126.86, 126.51, 125.24, 124.46, 120.69, 115.12, 104.38, 99.64, 84.88; GC-MS (m/z): 439 (M+ ); Anal. Calcd. for
C23 H10 ClN5 O3 (%): Calcd.: C, 62.81; H, 2.29; N, 15.92. Found: C, 62.84; H, 2.31; N, 15.90.
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Table 2
In vitro antibacterial activity (MIC) of compounds 4(a-e) and 6(a-e)
Product
Code
4a
4b
4c
4d
4e
6a
6b
6c
6d
6e
Ciproﬂoxacin

R
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo

Minimum inhibitory concentrations (MIC) (μg/mL)
S. aureus
E. faecalis
E. coli
P. auregenosa
3.12
12.50
3.12
12.50
25.00
12.50
3.12
0.78
3.12
3.12
6.25

3.12
6.25
3.12
1.56
3.12
6.25
6.25
6.25
12.5
12.5
3.12

6.25
6.25
25.0
6.25
3.12
6.25
12.5
12.5
12.5
6.25
12.5

6.25
12.5
25.0
0.78
12.5
6.25
6.25
25.0
6.25
25.0
12.5

3.2.9. 3,5-Dihydro-7-(7-methyl-2-oxo-2H-chromen-4-yl)-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6d)
White solid; Yield: 72 %; M.P.: 281–283 °C; IR (KBr) ν cm−1 : 3290 (-NH), 2221 (-CN), 1712 (C=O of ester); 1 H-NMR (400
MHz, DMSO-d6 , TMS) δ ppm: 8.16 (m, 2H, Ar-H), 7.48 (m, 3H, Ar-H), 7.36 (s, 1H, NH of triazole), 7.35 (d, 1H, J = 7.6 Hz,
C5 -H of coumarin), 7.15 (d, 1H, J = 8.4 Hz, C6 -H of coumarin), 7.10 (s, 1H, C8 -H of coumarin), 6.75 (s, 1H, C3 -H of coumarin),
2.41 (s, 3H, CH3 of C7 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 170.52, 164.00, 160.51, 160.94, 153.27,
150.11, 138.06, 137.53, 130.28, 128.92, 128.75, 126.15, 126.07, 125.86, 124.39, 120.37, 115.94, 104.84, 99.78, 84.74, 24.31; GCMS (m/z): 419 (M+ ); Anal. Calcd. for C24 H13 N5 O3 (%): Calcd.: C, 68.73; H, 3.12; N, 16.70. Found: C, 68.74; H, 3.14; N, 16.69.
3.2.10. 3,5-Dihydro-5-oxo-7-(2-oxo-2H-benzo[h]chromen-4-yl)-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6e)
White solid; Yield: 68 %; M.P.: 270–272 °C; IR (KBr) ν cm−1 : 3290 (-NH), 2221 (-CN), 1712 (C=O of ester); 1 H-NMR (400
MHz, DMSO-d6 , TMS) δ ppm: 8.19 (m, 2H, Ar-H), 7.49 (m, 3H, Ar-H), 7.37 (s, 1H, NH of triazole), 8.36 (d, J = 8.4 Hz, 1H,
C10 -H of coumarin), 8.03 (dd, 1H, J= 4.4 and 2.8 Hz, C7 -H of coumarin), 7.85 (d, 1H, J = 8.8 Hz, C9 -H of coumarin), 7.72 (m,
3H, C5 -H, C6 -H and C8 -H of coumarin), 6.81 (s, 1H, C3 -H of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.88,
164.21, 160.94, 160.52, 154.83, 153.23, 137.67, 134.13, 130.26, 128.91, 128.74, 127.58, 126.87, 126.69, 126.11, 126.02, 124.83,
122.67, 121.74, 121.16, 115.99, 104.87, 99.70, 84.23; GC-MS (m/z): 455 (M+ ); Anal. Calcd. for C27 H13 N5 O3 (%): Calcd.: C, 71.21;
H, 2.88; N, 15.83. Found: C, 71.24; H, 2.82; N, 15.79.
3.3. Pharmacological screening
3.3.1. In vitro antibacterial screening
For a more comprehensive analysis of the results, we grouped all the compounds into two series: (A) that includes
1,6-diamino-dihydropyridino-coumarins 4(a-e), (B) that comprises phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e). All
these were evaluated for their in vitro antibacterial studies against Staphylococcus aureus, Enterococcus faecalis, Escherichia
coli and Pseudomonas aeruginosa by broth micro dilution method [26].
Table 2 revealed that some of the title compounds exhibited excellent antibacterial activity against S. aureus and E. faecalis (gram +ve), E. coli and P. aeruginosa (gram -ve). The minimum inhibitory concentrations (MIC) for the title compounds
were observed in the range of 0.78–3.12 μg/mL. Inclusions such as -CH3 (4a) and (6d), -Cl (4c), (6c), -OCH3 (6b) and -benzo
(6e) substitution on coumarin exhibited excellent activity against S. aureus. The eﬃcacy of substituent at C6 position decreased in the order of -Cl of 6c > -CH3 of 4a ≈ -OCH3 of 6b against S. aureus. Moreover, -Cl substitution at the C6 position
of coumarin triazolo[1,5-a]pyridines 6c enhanced the activity by sevenfold as compared to the standard ciproﬂoxacin.
While, inclusion at C7 and C8 position of coumarin by -CH3 of 4d exhibited good activity against E. faecalis. Interestingly,
all most half of the title compounds showed enhanced activity against E. coli and P. aeruginosa as compared to the standard
Ciproﬂoxacin. The eﬃcacy of substituents at C6 , C7 and C8 position decreased in the order of -benzo (4e) ≈ -OCH3 (4a) ≈
-CH3 (6a) against E. coli and -CH3 (4d) > -CH3 (4a), (6a) ≈ -OCH3 (6b) against P. aeruginosa. Fig. 3 shows the graphical
representation of minimum inhibitory concentrations (MIC) (μg/mL) of all the compounds against tested bacterial stains.
3.3.2. In vitro antifungal screening
The 1,6-diamino-dihydropyridino-coumarins, 4(a-e) and phenyl-triazolo[1,5-a]pyridino-coumarins 6(a-e) were evaluated
for their in vitro antifungal studies against Candida albicans, Aspergillus ﬂavus and Aspergillus fumigatus by broth micro
dilution method [26].
Table 3 revealed that some of the title compounds exhibited excellent antifungal activity against C. albicans, A. ﬂavus
and A. fumigatus. The minimum inhibitory concentrations (MIC) for some of the title compounds are observed in the range
of 1.56–6.25 μg/mL.
Inclusion of the -CH3 substitution on coumarin 4d exhibited excellent activity against C. albicans. While, in case of
A. ﬂavus, most of the synthesized compounds proved its excellency over the standard Fluconozole. Series 6(a-e) showed
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Fig. 3. Graphical representation of in vitro antibacterial activity (MIC) of compounds 4(a-e) and 6(a-e).

Table 3
In vitro antifungal activity (MIC) of compounds 4(a-e) and 6(a-e)
Product
Code
4a
4b
4c
4d
4e
6a
6b
6c
6d
6e
Fluconozole

R
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo

Minimum inhibitory concentrations (MIC) (μg/mL)
C. albicans
A. ﬂavus
A. fumigates
12.5
6.25
3.12
1.56
3.12
12.5
6.25
12.5
6.25
6.25
3.12

6.25
6.25
25.0
6.25
3.12
3.12
12.5
0.78
25.0
6.25
12.5

12.5
12.5
25.0
6.25
12.5
12.5
12.5
3.12
12.5
1.56
6.25

promising activity compared to 4(a-e). Here we can clearly observe that the activity against A. ﬂavus is mainly due to the
type of the ring formed at the C4 of coumarin along with that of the substitution pattern on the coumarin ring. While the
eﬃcacy of substituent at C6 position decreased in the order of –Cl (6c) > -CH3 (6a) ≈ -benzo (4e) > -OCH3 (4b) ≈ -CH3
(4d) against A. ﬂavus. The substitution of -benzo (6e) and -Cl (6c) exhibited good activity against A. fumigatus. Fig. 4 shows
the graphical representation of minimum inhibitory concentrations (MIC) (μg/mL) of all the compounds against C. albicans,
A. ﬂavus and A. fumigatus.

3.3.3. Anti-inﬂammatory study
3.3.3.1. Egg albumin denaturation method. All the synthesized compounds were subjected to anti-inﬂammatory effect against
denaturation of hen’s egg albumin method [27] at the concentration (31.25–10 0 0 μg/mL) with standard aceclofenac drug
(31.25–10 0 0 μg/mL). The outcome of anti-inﬂammatory screening of compounds 4(a-e) and 6(a-e) by using egg albumin
denaturation method are summarized in Table 4.
The percentage inhibition of all the synthesized compounds showed (Fig. 5) remarkable increased activity against the denaturation of protein. In the case of compounds 4(a-e) only two compounds 4b and 4c exhibited excellent inhibition of heat
induced protein denaturation compared to standard aceclofenac drug (5.32%). Whereas, in case of compounds 6(a-e), compounds 6a, 6c and 6d showed good anti-inﬂammatory activity against the denaturation of protein method and remaining
compounds showed less activity.
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Fig. 4. Graphical representation of in vitro antifungal activity (MIC) of compounds 4(a-e) and 6(a-e).
Table 4
In vitro anti-inﬂammatory activity in protein denaturation method of compounds 4(a-e) and 6(a-e)
Product Code

% Inhibition of egg albumin in 31.25 μg/mL

Product Code

% Inhibition of egg albumin in 31.25 μg/mL

Control
4a
4b
4c
4d
4e
Aceclofenac

4.14
6.12
5.23
2.16
3.14
5.32

Control
6a
6b
6c
6d
6e
Aceclofenac

5.13
3.13
5.12
6.12
4.23
5.32

Fig. 5. Graphical representation of % Inhibition of egg albumin in 31.25 μg/mL for compounds 4(a-e) and 6(a-e).
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4. Conclusions
In summary, we have designed, synthesized and characterized a series of new 1,6-diamino-dihydropyridine and phenyl[1,2,4]triazolo[1,5-a]pyridine core at C4 position of coumarins using catalytic amount of base. The reaction has various advantages including superior synthetic eﬃciency, easy handling, high reactivity and easy workup procedures with good yield
as well as purity. In vitro antibacterial and antifungal activity assays revealed the signiﬁcant MIC values between 0.78–
6.25 μg/mL, indicating that 1,6-diamino-dihydropyridine and phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 4 and 6 are a
prime candidate for further development for a new class of antimicrobial agent. The anti-inﬂammatory activity by hen’s egg
albumin method showed an excellent result.
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Abstract
Background The present study aimed to evaluate in vitro α-amylase and α-glucosidase inhibitory activity of various extracts of
Cassia glauca, predict the binding affinity of multiple phytoconstituents with both enzymes via in silico molecular docking and
identify the probably modulated pathways by the lead hit.
Methods Different extracts of Cassia glauca i.e. acetone, ethanol, and aqueous extracts were evaluated for α-amylase and αglucosidase inhibitory activity using in vitro method in which starch and 4-Nitrophenyl β-D-glucopyranoside were used as
substrate respectively. Similarly, the docking study was performed using autodock4 to predict the binding affinity of
phytoconstituents with α-amylase and α-glucosidase. After docking, ten different poses were obtained for the ligand molecule.
Among them, the pose of ligand molecule with the lowest binding energy was visualized in Discovery Studio 2019.
Results and conclusion Among the multiple extracts, the aqueous extract showed the highest α-amylase (IC50:652.10 ± 20.09)
and α-glucosidase (IC50:482.46 ± 8.70) inhibitory activity. Similarly, cassiaoccidentalin B was predicted to have the highest
binding affinity with both enzymes. The potency of aqueous extract to inhibit α-amylase and α-glucosidase could be due to
multiple water-soluble compounds like saponins, flavonoids, and glycosides.
Keywords Cassia glauca . Cassiaoccidentalin B . Docking . In vitro anti-diabetic activity

Introduction
Diabetes mellitus is a metabolic disorder due to impaired metabolism of carbohydrate, protein, and fat which is characterized by hyperglycemia; mainly due to impaired insulin production or action or combination of both. Type 2 diabetes
mellitus is a polygenic condition and is the imbalance between
sugar intake/metabolism and insulin function [1]. Further, the
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choice of current therapeutic agents for type 2 diabetes
mellitus like biguanides, sulfonylureas, meglitinides,
thiazolidinediones, dipeptidyl peptidase IV inhibitors, and αglucosidase inhibitors also possess the multiple side effects
over long term use [2].
Over this, gut enzymes primarily, α-amylase and αglucosidase also play an important role in the conversion of
polysaccharides into monosaccharides. Although, the multiple
molecules are identified to inhibit these enzymes they are also
associated with numerous side effects i.e. hepatotoxicity and
nephrotoxicity [3]. Hence, it is essential to identify the new
therapeutic agent in the management of diabetes mellitus including gut enzymes inhibitors with higher therapeutic value
and minimal side effects.
Traditional folk medicines can be alternative medicines in
the management of endocrinal disorders including diabetes
mellitus. Multiple investigations have been made for the utilization of traditional folk medicines and their beneficial effects [4]. Likewise, investigations have been made to report
the anti-diabetic action of natural products based formulations
in experimentally induced diabetes in animal models [5, 6].
Among them, Cassia glauca belonging to the Fabaceae is
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identified to have multiple medicinal values including
in managing diabetes mellitus [7]. Although numerous investigations have been made for Cassia glauca against diabetes
mellitus [7, 8]; minimal data is available to inhibit α-amylase
and α-glucosidase enzyme to manage postprandial hyperglycemia. Further, there are limited reports available to predict
the binding affinity of multiple phytoconstituents from Cassia
glauca with these two enzymes. Hence, the present study aims
to investigate the α-glucosidase and α-amylase inhibitory activity of different extracts of Cassia glauca and predict the
binding affinity of multiple phytoconstituents for both
enzymes.

Medical Research- National Institute of Traditional
Medicine (ICMR-NITM), Belagavi and the herbarium was
deposited for the same (accession number: RMRC-1328).
The collected barks were shade dried, turned to a coarse powder and three extracts were prepared i.e. soxhlet extraction
using 95% v/v, maceration (macerated using distilled water
with suitable care to avoid fungal contamination for seven
days) and acetone (soxhlet). After, extraction, the filtrate was
collected, concentrated under a rotary evaporator at low temperature and lyophilized. The yield was 18% w/w, 27% w/w,
and 12% w/w for ethanol, aqueous and acetone respectively.
After extraction the extracts were stored in −20 °C freezer for
future use.

Materials and methods

α-amylase inhibitory activity

Chemicals

α-amylase inhibitory activity of different extracts was performed as explained by the previous method [9]. Multiple
samples of 20 μl extracts (200, 400, 600, 800, and
1000 μg/ml) or acarbose (10, 20, 40, 80, 160, and 320) was
incubated with 10 μl α-amylase (2 U/ml) for 20 min at 37 °C
followed by adding of 1%w/v starch further incubated to
30 min. Then 100 μl of DNS reagent was added and boiled
for 10 min. Then the absorbance was measured at 540 nm in
the multi-plate reader. Measurement was also taken for controls without containing test samples for each test. All the
experiments were performed in triplicates. IC50 was measured
using the following formula.

α-amylase, α-glucosidase, 4-Nitrophenyl β-D-glucopyranoside
(p-NPG) and dinitro salicylic acid (DNS) were purchased from
Sigma-Aldrich. Sodium carbonate, sodium dihydrogen phosphate, disodium hydrogen phosphate were purchased from HiMedia, Mumbai.

Plant collection and extraction
Cassia glauca was collected from local areas of Belagavi and
was authenticated by a botanist at the Indian Council of
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Fig. 1 a α-glucosidase and b α-amylase inhibitory activity of Cassia
glauca bark extracts

α-glucosidase inhibitory activity of different extracts was performed as explained by the previous method [9]. Briefly, 20 μl
of extracts (200, 400, 600, 800, and 1000 μg/ml) and acarbose
(10, 20, 40, 80, 160, and 320) were incubated with 10 μl αglucosidase (1 U/ml), at 37 °C for 15 min followed by addition of 20 μl P-NPG (5 mM) to incubate at 37 °C for 20 min.
Then, 50 μl Na2CO3 was added and the absorbance was measured at 405 nm using the multi-plate reader. Controls were
taken without test samples and all the experiments were performed in triplicates. The percent inhibition of enzyme was
measured using the following formula.
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All the in vitro tests were performed in triplicates and values
were expressed in mean ± SD and IC50 was calculated using
GraphPad Prism 5 version 5.01 (Graph pad software, Inc., La
Jolla, CA, USA.) statistical software.

α-amylase

Statistical analysis

α-glucosidase

SMILES of cassiaoccidentalin B was queried in DIGEP-Pred
(http://www.way2drug.com/GE/) at the probable activity (Pa)
> 0.5 to identify the probably regulated protein/genes. The
identified targets were queried in STRING (https://string-db.
org/) to evaluate the protein-protein interaction and the pathways were identified concerning the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway. The network was
constructed among the proteins, compounds, and pathways
using Cytoscape version 3.5.1 (https://cytoscape.org/).

Ligand

Enrichment and network analysis

Table 2

Phytoconstituents present in Cassia glauca were identified
from published literature and multiple open-source databases.
All the compounds were downloaded from the PubChem
(https://pubchem.ncbi.nlm.nih.gov/) database in .sdf format
and converted into .pdb format using Discovery studio 2019
and minimized using uff forcefield. α-amylase protein (PDB:
5VA9) was retrieved from Research Collaboratory for
Structural Bioinformatics (RCSB) protein bank. The αglucosidase protein was modeled using a query sequence (accession number: ABI53718.1) and PDB: 5KZW in Modeller
9.10. The hetero-atoms and water molecules present in the
proteins were removed using Discovery studio 2019.
Docking was carried using autodock4.0. After docking the
pose scoring lowest binding energy was chosen to visualize
ligand-protein interaction using Discovery studio 2019.
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ARG303, ASP356, HIS305,
GLU233, ASP197
SER289, ARG421
HIS299, ASP197, THR163, ASP356
ASP300, GLN63
–
GLN63
THR163
HIS201, ASP197
GLU233, TRP59, ASP300, HIS305
HIS305, GLN63, GLU233
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Results
α-amylase and α-glucosidase inhibitory activity
Among the three extracts, the aqueous extract showed the
highest α-amylase inhibitory activity (IC50:652.10 ± 20.09)
and α-glucosidase inhibitory activity (IC50:482.46 ± 8.70).
The inhibitory activity of each extract at individual concentrations is summarized in Fig. 1. Similarly, Table 1 summarized
the IC50 of each tested extracts.

ALA93 amino acid residues. Although kaempferol 3-βgentiobioside scored −9 kcal/mol binding energy, it shared the
highest number of hydrogen bond interaction with ASP91,
LYS96, TRP126, and ILE98. Similarly, cassiaoccidentalin B
was predicted to have the highest binding affinity (−9.2 kcal/
mol) with α-amylase by via six hydrogen bond interactions with
HIS299, ASP197, THR163, and ASP356. Table 2 summarizes
the binding affinity of each compound with α-amylase and αglucosidase along with their hydrogen bond interactions.
Figure 2 represents the best pose interaction of cassiaoccidentalin
B with α-amylase and α-glucosidase.

In silico molecular docking
Enrichment and network analysis
Docking study showed cassiaoccidentalin B to possess the
highest binding affinity with α-glucosidase (−9.4 kcal/mol) with
four hydrogen bond interactions with VAL544, TYR543, and

Cassiaoccidentalin B was predicted to downregulate CHEK1
and MMP7 and upregulate PLAU, TNFRSF1A, PLAT,

Fig. 2 Interaction of cassiaoccidentalin B with (a) α-amylase and b α-glucosidase
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TIMP1, NPPB, CBR1, SMN2, TP73, and AR. Similarly,
KEGG identified modulation of complement and coagulation
cascades, fluid shear stress and atherosclerosis, NF-kappa B
signaling pathway, p53 signaling pathway, prostate cancer
and transcriptional misregulation in cancer pathways.
Among them, the p53 signaling pathway was identified to
be involved in the pathogenesis of diabetes mellitus
concerning the KEGG database. The interaction of
cassiaoccidentalin B with proteins and regulated pathways is
represented in Fig. 3.

Discussion
The present study was aimed to investigate the α-amylase and
α-glucosidase inhibitory activity of different extracts of
Cassia glauca via in vitro methods. Further, we also predicted
the binding affinity of multiple phytoconstituents from the
Cassia glauca with both enzymes using in silico molecular
docking studies.
Currently, multiple herbal medicinal formulations/plants are
also used to manage various metabolic disorders including diabetes mellitus. The ethnopharmacological study reports more
than 1200 plants for anti-diabetic activity which are being utilized in the management of diabetes mellitus reflecting the importance of traditional folk medicines [10]. Among them, many
plants are also α-amylase and α-glucosidase inhibitors.
Enzymes α-amylase and α-glucosidase are responsible for
postprandial hyperglycemia via the cleavage of 1,4-glycosidic
Fig. 3 Network interaction of
Cassiaoccidentalin B with targets
and respective pathways

linkages converting the polysaccharides into mono-saccharides
[11, 12]. The present study identifies the multiple extracts; primarily aqueous extracts to inhibit α-glucosidase and α-amylase
enzyme which could be due to the presence of multiple watersoluble phytoconstituents including flavonoids and glycosides.
In silico molecular docking utilizes the computational tools
which are robust and are helpful to predict the binding affinity
of multiple phytoconstituents with respective targets [13–15].
Further, it helps to identify the lead hit molecule which can be
further investigated via experimental studies. The previous
study also identifies the lead phytoconstituents from various
plants as potential lead molecules in multiple diseases via the
utilization of in silico tools [16–19]. In the present study, we
docked eleven different phytoconstituents which were retrieved from the open-source database and published literature. Among them, cassiaoccidentalin B was predicted to possess the highest binding affinity with both enzymes which can
be further investigated for gut enzyme inhibitory activities.
Further, the potency of aqueous extract to inhibit αglucosidase and α-amylase inhibitory activity could be due
to cassiaoccidentalin B and related compounds that need to
be further investigated.
The previous report suggests that α-glucosidase inhibitors
from natural sources may not be limited within the gastrointestinal tract but may get absorbed into the systemic circulation and modulate the multiple proteins involved in the progression of diabetes pathogenesis [19]. Although the present
study reports the α-glucosidase inhibitory activity of Cassia
glauca, the phytoconstituents from extract may get absorbed
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from the intestine and modulate other metabolic pathways
involved in the diabetes mellitus which needs to be further
investigated via network pharmacology approach [20].
Since cassiaoccidentalin B was predicted to have the
highest binding affinity over both enzymes, we investigated
its probable ability to modulate other proteins and pathways;
identified one of the pathways to be involved in the pathogenesis of diabetes mellitus i.e. p53 signaling pathway which is
involved in maintaining the pancreatic β- cell mass [21] and is
also responsible in regulating glycolysis, gluconeogenesis,
pentose phosphate pathway, and autophagy which are the
main contributors in the diabetes mellitus [22]. In the present
study, we identified one of the probable lead molecules to
inhibit α-glucosidase enzyme i.e. cassiaoccidentalin B to
modulate the p53 signaling pathway in diabetes mellitus.
However, plant extracts compose the multiple
phytoconstituents which can interact with multiple protein
molecules to regulate the numerous protein molecules; can
be evaluated via the network pharmacology approach as described previously [20, 23]; can help to propose the probable
molecular mechanism of anti-diabetic action of aqueous extract of Cassia glauca.

Conclusion
The α-amylase and α-glucosidase inhibitory activity of
Cassia glauca extracts; primarily aqueous extract could be
due to the presence of cassiaoccidentalin B which needs to
confirm via experimental protocols. Although the study identified the lead hit i.e. cassiaoccidentalin B as α-glucosidase
and α-amylase inhibitor and aqueous extract as a potential
inhibitor of both enzymes; the mode of inhibition needs to
be still investigated which is the future scope of the study.
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Abstract
The aim of the present research work is to determine the physicochemical, phytochemical and drug likeness profile of selected
phytoconstituents present in Capsicum annuum Linn and to evaluate the antioxidant activity of ethanolic fruit extract. Drug
likeness profile of Quercetin, Luteolin, Beta Carotene, Ascorbic acid, Vitamin A, Vitamin B1, Vitamin B2, Vitamin B3,
Vitamin B5, Vitamin B6, Vitamin E and Vitamin K were determined by using online server of Molsoft. Physicochemical
properties of powdered material were determined as per standard procedure. Extraction of phytoconstituents from fruits were
carried out first with cold maceration (70% v/v ethanol) and then by hot Soxhlet extraction (95% v/v ethanol). Qualitative
chemical tests were performed for the detection of primary and secondary metabolites and antioxidant activity was evaluated
by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) method using Quercetin as standard. Results of the study reported the drug likeness
profile of phytoconstituents. All the parameters of physicochemical properties were within the acceptance range. Ethanolic
extract showed the presence of Alkaloids, Carbohydrates, Glycosides, Saponins, Flavonoids and Tannins. The mean
percentage inhibition of DPPH was found to be 247.07% and 363.3% respectively for extract and standard. The IC50 values of
extract and standard were found to be 1.26µg/ml and 1.11µg/ml respectively.
Keywords: drug likeness profile, antioxidant activity, quercetin, soxhlet extraction, IC50
1. Introduction
In recent days Medicinal plants are in demand and their
acceptance is increasing because plants play an important
role in ecosystems. Herbs have been considered by human
beings since ancient times and these have been used in
oldest sciences of various countries such as Egypt, China,
Greece, and India. The parts of medicinal plants that may be
used are different types of seeds, root, leaf, fruit, flowers or
even the whole plant. The active compounds in most parts
of the medicinal plants have direct or indirect therapeutic
effects and are used as medicinal agents [1]. Phytochemicals
have been considered to be of important nutritional
compounds to prevent chronic diseases [2].
The Lipinskies rule of five is also known as Pfizer's rule of
five or the rule of five (RO5) which is useful for defining
the drug like properties of molecules. In the drug discovery
field, the rule of five predicts that poor absorption is more
likely when there are more than ten H-bond acceptors, five
H-bond donors, molecular weight is more than 500, and the
calculated Log P is more than five [3]. The rule is important
to keep in mind during drug discovery when a
pharmacologically active lead molecule optimization to
increase the activity. The drug candidates which obey to the
RO5 tend to have lower attrition rates during clinical
trials and hence have an increased chance of reaching the
market. Knowledge about the drug like properties of
molecules plays an important role in the drug discovery [4, 5].
Antioxidants are the molecules that prevent oxidative
damage by inhibitingfree radicals which are responsible for
producing various disorders in humans like arthritis,
ischemia atherosclerosis, and reperfusion injury of many
tissues, central nervous system injury, gastritis, cancer and

AIDS. Many synthetic antioxidants cause serious health
effects. Recently there is increased demand of interest in the
therapeutic potentials of medicinal plants as antioxidants. It
has reported that the antioxidant activity of plants might be
due to their phenolic compounds. Many plant species have
been investigated in the search for novel antioxidants but
generally there is still a demand to find more information
concerning the antioxidant potential of plant species [6].
Recently, fruits and vegetables have been recognized as
natural sources of various bioactive compounds. The main
phytochemicals present in the fruits and vegetables are
flavonoids, anthocyanins, vitamin c, vitamin E, phenolic
compounds,
dietary
fibres,
and
carotenoids.
Epidemiological studies showed that antioxidant compounds
present in the fruits and vegetables can terminate free
radical chain reaction. Therefore, it can prevent diseases
such as cardiovascular, disease, cancer, diabetes mellitus
and liver disorder [7]. One of such vegetable where variety of
antioxidants were found is the Capsicum annuum Linn.
belonging to Solanaceae family and have selected for the
present investigation (Figure 1)

Fig 1: Fruits of Capsicum annum Linn
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The fruits are rich in lipids, carbohydrates, fibers, mineral
salts, Vitamin A, B1, B2, B3, B5, B6, C, E and vitamin K,
carotenoids, luteolin, Quercetin and beta carotene. Presence
of wide range of phytochemicals present in it they are
reported to have diverse biological activity. Due to presence
of more phenolic content they exhibit good antioxidant
activity [8].
In the present study we have selected few important
phytocompounds from fruits and its drug like properties
have been determined and reported along with its
antioxidant activity of ethanolic fruits extract. The study
also reported the physicochemical and phytochemical
properties of fruits.
2. Materials and Methods
2.1 Chemicals and Reagents
All the chemicals and reagents used for study were pure and
AR grade and they were collected from store room of
KLE’s College of Pharmacy, Belagavi. Ethanol for
extraction was purchased from Merk.
2.2 Instruments and Apparatus
Hot air oven was used to dry the fruits of capsicum annum,
Calibrated weighing balance was used to weigh the crude
powder and extract, Muffle furnace was used to carry out
the ash value of powdered drug, Soxhlet extractor was used
to carry out the extraction, Rota evaporator was used to
concentrate the extract.
2.3 Determination of Drug Like Profile of Selected
Phytoconstituents
Online web server MolSoft was used for prediction of druglikeness properties of Quercetin, Luteolin, Beta Carotene,
Ascorbic acid, Vitamin A, Vitamin B1, Vitamin B2,
Vitamin B3, Vitamin B5, Vitamin B6, Vitamin E, Vitamin
K. Drug-like properties were calculated based on the
Lipinski rule of five. The Canonical simplified molecular
line-entry systems (SMILES) were taken from PubChem
and subjected to MolSoft web server to determine drug-like
profile of molecules [9].
2.4 Collection of plant material
Capsicum annuum Linn. Fruits were collected from the
Kallol village of Chikodi Taluk, Belagavi and the plant
specimen was subjected for authenticationin Regional
Medical Research Centre, Belagavi.
2.5 Drying of fruits and preparation of coarse powder
After authentication crude drug was shade dried and grinded
to get coarse powder. Powdered material of fruit was stored
in well closed container and protected from light and used
for further studies.
2.6 Determination of physical constants of powdered
material
Physical constants such as ash values, loss on drying and
extractive values of powdered fruit material were performed
asper standard procedures [10].
2.6.1. Determination of Ash Values
The total ash, acid insoluble ash and water-soluble ash
values were determined for air-dried samples as per the
standard procedures. In order to determine total ash value
about 2 gm of powdered drug was weighed accurately into a
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tared silica crucible and incinerated at 450° C in muffle
furnace until free from carbon. The crucible was cooled and
weighed. Percentage of total ash was calculated with
reference to air-dried substance. In order to determine the
acid insoluble ash value ash obtained from total ash was
boiled with 25 ml of 2 N HCl for few minutes and filtered
through an ashless filter paper. The filter paper was
transferred into a tared silica crucible and incinerated at
450°C in muffle furnace until free from carbon. The
crucible was cooled and weighed. Percentage of acid
insoluble ash was calculated with reference to air-dried
substance. In order to determine the water-soluble ash value
ash obtained from total ash was boiled with 25 ml of
distilled water for few minutes and filtered through an
ashless filter paper. The filter paper was transferred into a
tared silica crucible and incinerated at 450°C in muffle
furnace until free from carbon. The crucible was cooled and
weighed.
2.6.2. Determination of Loss on drying
The percentages of active chemical constituents in crude
drugs are given in terms of air-dried drugs. Hence the
moisture content of a drug was determined. In order to
determine loss on drying 2 gm of powdered drug was
transferred into a Petri dish and the contents were
distributed evenly and initial weight was taken. The sample
was heated at 1050C in an oven and weighed. This
procedure was repeated until a constant weight was
obtained. The moisture content of the sample was calculated
with reference to air-dried drug using the following formula.
2.6.3. Determination of Extractive Values
This parameter determines the amount of soluble matter
present in the plant. Water, alcohol and ether soluble
extractive values were determined as per standard
procedure. In order to determine water soluble extractive
value 5 g of the crude powder was taken into a conical flask
and 100 ml of water was added. This mixture was stirred
gently and warmed in a water bath for 30 minutes. The
solution was shaken gently at intervals. Then the solution
was taken from the water bath and cooled and filtered
through a cotton plug. 25 ml of the filtrate was taken and
evaporated to dryness. The residue was weighed. Same way
in order to determine the alcohol soluble extractives, 5 g of
the crude powder was taken in a stoppered flask and 100 ml
of ethanol was added. It was shaken continuously for 4 hr
on a magnetic stirrer. Then it was filtered by rapidly taking
precautions against loss of the solvent. 25 ml of filtrate was
evaporated to dryness in a tarred flat-bottomed petri dish,
dried at 105°C and weighed. The percentage of ethanol
soluble extractive was calculated with reference to air-dried
drug. In order to determine the ether soluble extractive, 5 g
of the crude powder was taken in a stoppered flask and100
ml of ether was added. It was shaken continuously for 4 hr
on a magnetic stirrer. Then it was filtered by rapidly taking
precautions against loss of the solvent. 25 ml of filtrate was
evaporated to dryness in a tarred flat-bottomed petri dish,
dried at 105°C and weighed. The percentage of ethanol
soluble extractive was calculated with reference to air-dried
drug.
2.7 Preparation of plant extract
50 gm of powder was subjected to maceration with ethanol
(70% v/v) for 24 hrs. The marc was then subjected to
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Soxhlet extraction with ethanol (95% v/v). Both the extracts
were combined and solvent was evaporated in Rota
evaporator at 400C. Extract was dried and kept in well
closed container and protected from light and used for
further study [11].

soluble ash and acid insoluble ash values of powdered
material was found to be 9.48%, 0.58% and 7.63%
respectively. Alcohol, water and ether soluble extractive
values of powdered material were found to be 17.8%, 7.2%
and 1.1% respectively. Loss on drying value was found to
be 7.55%.

2.8 Qualitative chemical tests
Ethanolic extract was subjected for various phytochemical
tests for the detection of alkaloids, glycosides, tannins,
flavonoids, steroids, triterpenoids, and saponins. All the
tests were performed as per standard procedures [12].
2.9 Evaluation of antioxidant potentials
In this study the antioxidant properties of crude ethanolic
extract of Capsicum annuum was detected by using DPPH
(1,1-diphenyl -2-picrylhydrazyl) radical scavenging assay.
This method is based on reduction reaction of alcoholic
DPPH with hydrogen donating molecule of antioxidant
sample and shows strong absorption band at 517 nm and
appears as deep violet colour. The remaining DPPH
molecule after certain time, corresponds the radical
scavenging activity of antioxidant sample [13].
3. Results and Discussion
3.1.
Drug
Likeness
Properties
of
Selected
Phytoconstituents
The drug like properties and score of Quercetin, Luteolin,
Beta Carotene, Ascorbic acid, Vitamin A, Vitamin B1,
Vitamin B2, Vitamin B3, Vitamin B5, Vitamin B6, Vitamin
E and Vitamin K were presented in Table 1.
Table 1: Drug likeness profile of selected phytoconstituents
Sr. Compound
Molecular
Log
HBA HBD
Weight (g/mol)
No
Name
p
1
2
3
4
5
6
7
8
9
10
11
12

Quercetin
luteolin,
Beta Carotene
Ascorbic acid
Vitamin A,
Vitamin B1
Vitamin B2
Vitamin B3
Vitamin B5
Vitamin B6
Vitamin E
Vitamin K

302.23
286.05
536.44
176.03
286.23
300.08
376.14
123.03
219.11
169.07
430.38
450.35

7
6
0
6
1
4
8
3
5
4
2
2

5 2.11
4 2.78
0 13.93
4 1.59
1 6.09
3 0.66
5 1.50
1 0.51
4 1.75
3 0.50
1 10.08
0 10.74

Drug
Likeness
Score
0.93
0.38
0.64
0.74
0.73
0.84
0.62
0.30
0.62
0.71
0.48
0.93

Table 2: Physicochemical parameters of Capsicum annuum
powder
Parameters
Total ash
Watersoluble ash
Acid insoluble ash
Alcohol soluble extractive value
Watersoluble extractive value
Ether soluble extractive value
Loss on drying

3.4. Description of Capsicum annuum fruit extract
Extraction was carried out by maceration and soxhlet
extraction method. Extract obtained was concentrated using
Rota evaporator and observed for its color, consistency and
% yield. The ethanolic extract was found exist in reddish
brown colour solid. The percentage yield of extract was
found to be 39.61%.
3.5. Preliminary phytochemical investigation
In order to detect the presence of various phytochemicals
group in ethanolic extract it was subjected to qualitative
chemical test. The results of qualitative test showed the
presence of carbohydrates, glycosides, alkaloids, saponins,
tannins, and flavonoids. The results of investigation were
presented in Table 3.
Table 3: Phytochemical investigation data by qualitative analysis
Sr. No. Phytoconstituents
.

1

2

3

4

In the present study fruits of Capsicum annuum Linn. Were
evaluated for it’s physicochemical, phytochemical and
antioxidant aspects which revealed the following data.
3.2. Collection and authentication of Capsicum annuum
Linn. Plant
The crude drug collected was authenticated by Dr. Harsha
Hegde Scientist from RMRC Belagavi. It was identified and
stored with specimen of HerbariumNo. RMRC-976.The
powdered material of fruits were subjected for
physicochemical, phytochemical and antioxidant evaluation.
3.3. Physical constants
Various physiochemical parameters were evaluated for
Capsicum annuum dried powder as per standard procedures
and results were tabulated in Table 2. Total ash, water

Values (%W/W)
9.48
0.58
7.63
17.8
7.2
1.1
7.55

5
6
7
8

Name of the test
Results
Mayer’s test
+Ve
Test for Alkaloids
Wagner’stest
+Ve
Dragendorf’stest
+Ve
Molisch’s test
+Ve
Benedict’s test
+Ve
Test for Carbohydrates
Fehling’stest
+Ve
Barford’s test
+Ve
Modified Borntrager’s +Ve
Test for Glycosides
Legal’sTest
+Ve
Balget Test
+Ve
Millon’stest
-Ve
Test for Proteins
Biurettest
-Ve
And Amino acids
Ninhydrintest
-Ve
Test for saponins
Foam test
+Ve
Test for flavonoids
Shinoda test
+Ve
Test for Tannins
FeCl3 test
+Ve
Test for Steroids
Salkowski test
-Ve

3.6. Antioxidant potentials of ethanolic extract
The anti-oxidant evaluation of ethanolic extract of fruit was
reported in Table 4 and also outcome of the results were
showed in Figure 2, 3, 4 and 5. The mean % inhibition of 5
µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml and 25 µg/ml of
ethanolic extract were found to be 38.23%, 41.17%,45.32%,
54.12% and 68.23% respectively. The % inhibition
produced by standard concentrations of 5 µg/ml, 10 µg/ml,
15 µg/ml, 20 µg/ml and 25 µg/ml were given as 45.31%,
61.57%, 73.15%, 87.16% and 96.11%respectively. The IC
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values of standard and extract was found to be 1.111 and
1.268 µg/ml respectively.
50

Table 4: Antioxidant profile of standard and ethanolic extract
Sr. Concentration % Inhibition of
No.
(µg/ml)
standard
1
5
45.31
2
10
61.57
3
15
73.15
4
20
87.16
5
25
96.11
Mean
363.3
IC50 Values
1.111

%Inhibition of Crude
extract
38.23
41.17
45.32
54.12
68.23
247.07
1.268

Fig 2: % DPPH Inhibition by Standard

Fig 3: % DPPH Inhibition by Extract

Fig 4: Mean % DPPH Inhibition by Standard and Extract

Fig 5: IC 50 Values of Standard and Extract

4. Conclusion
The present research work concludes that selected
phytoconstituents from fruits of Capsicum annuum Linn.
Showed the good drug likeness score. The ethanolic extract
of fruit showed the presence of alkaloids, carbohydrates,
glycosides, saponins, flavonoids and tannins. The ethanolic
crude extract showed the good antioxidant activity which is
compared with standard Quercetin and in future there is
need to carry out fractionation and to identify the active
fractions.
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Zebrafish shares common metabolic
pathways with mammalian olanzapineinduced obesity
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Abstract
Background: Olanzapine is one of the most prescribed antipsychotic agents in the pharmacotherapy of psychiatric illness;
however, it is associated with multiple side effects primarily obesity. Multiple investigations have been made to model the
olanzapine-induced obesity in rodent models which was found to be dose-dependent, gender-dependent, and speciesdependent. Danio rerio is a choice of an animal model to understand the pathogenesis of multiple diseases. The present
study dealt to understand the olanzapine-associated obesity in zebrafish using in silico and wet-lab experimental protocols
by performing gene set enrichment analysis, phylogeny comparison of receptors, and assessing the effect of olanzapine on
metabolic rate, lipid metabolism, body weight, and food intake in zebrafish.
Results: The metabolic pathway was predicted to be majorly modulated by olanzapine in human, rat, mouse, and zebrafish.
A clade of receptors of rat, mouse, and human receptor for feeding and satiety center was found similar to zebrafish. The
decrease in lipid metabolism was observed in zebrafish larvae if exposed to olanzapine solution. Similarly, there was a
significant decrease in metabolic rate in 200 μM and 400 μM concentration of olanzapine.
Conclusion: Enrichment analysis predicted the probable modulation of metabolic pathways in zebrafish if exposed to
olanzapine. Further, olanzapine was identified to play a prime role in decreasing lipid metabolism and metabolic rate and
increasing food intake and weight gain in zebrafish which suggests the validation of this model for olanzapine-induced
obesity.
Keywords: Danio rerio, Lipid metabolism, Metabolic rate, Olanzapine-induced obesity, Zebrafish

Background
The current pharmacotherapy of psychiatric illness
utilizes many atypical antipsychotic molecules in which
olanzapine reserve its own importance in the major
portion of prescription due to its high efficacy. However,
the molecule is associated with multiple side effects, i.e.
diabetes, dyslipidemia, and cardiovascular system (CVS)
complications including obesity [1–3]. Many, attempts
have been made to understand the mechanism for
olanzapine-induced weight gain in various rodent models.
However, the effects of olanzapine observed in rodent
* Correspondence: pukarkhanal58@gmail.com; bmpatil59@hotmail.com
1
Department of Pharmacology and Toxicology, KLE College of Pharmacy, KLE
Academy of Higher Education and Research (KAHER), Belagavi 590010, India
Full list of author information is available at the end of the article

models were gender-dependent, dose-dependent, and
duration-dependent [4–8] reflecting the lack of an adequate model to represent the pathogenesis of olanzapineinduced obesity. Further, rodent models conserve the
property of being unwieldy, expensive, and are allied with
ethical issues for their utilization in research. This limitation kindled us to identify a new simple and alternative
animal model for olanzapine-induced obesity.
Danio rerio, commonly identified as zebrafish, is an
alternative animal model that has been extensively
utilized in biomedical research [9] due to its similarity in
physiological and metabolic pathways with Homo
sapiens and other rodent animal models. Further, it has
got popularity in lipid research, mainly for lipoprotein
metabolism, lipid absorption and deposition, hepatic
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permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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steatosis, obesity, diabetes, and other metabolic disorders
[10]. Further, these vertebrates are also reported to share
parallel pathophysiological pathways to mammals for
diet-induced obesity [11]. These reports kindled us to investigate if olanzapine-induced abnormalities primarily
lipid metabolism, metabolic rate, food intake, and weight
gain can be expressed in zebrafish or not. To fulfill this
hypothesis, we utilized the cheminformatics tools to predict the olanzapine-induced gene expression profile in
Homo sapiens, Rattus norvegicus, Mus musculus, and
Danio rerio, similarity index of the receptors available in
the feeding, and satiety center. Further, the effect of
olanzapine on lipid metabolism, metabolic rate, food intake, and weight gain was evaluated via experimental
protocols.

Methods
Olanzapine-induced gene expression and gene set
enrichment analysis

Canonical SMILES of olanzapine was retrieved from the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and
queried for the probable mRNA-based gene expression using
DIGEP-Pred [12]. All the expressed genes with probable activity (Pa) greater than probable inactivity (Pi) were queried
in STRING [13] database to evaluate the protein-protein
interaction for Homo sapiens, Rattus norvegicus, Mus musculus, and Danio rerio with reference to Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway (https://www.genome.jp/kegg/pathway.html) database.
Phylogenetic comparison of olanzapine-modulated
receptors

Proteins modulated by the olanzapine were identified
from BindingDB [14] which works based on the
principle “similar compounds tend to bind the same
proteins” by querying canonical SMILES. The amino
acid sequences of protein molecules for Homo sapiens,
Rattus norvegicus, Mus musculus, and Danio rerio were
retrieved from the NCBI database (https://www.ncbi.
nlm.nih.gov/). The accession number of protein molecules subjected to phylogenic comparisons is summarized in Table 1. Amino acid sequences were aligned
using multiple sequence alignment, and the phylogenic
tree was constructed using the UPGMA clustering
method. The bootstrap score was used to assess the
similarity score between the protein molecules.
Ethical approval and housing of zebrafish

The experiment was performed after receiving ethical
clearance from the IAEC, accession number KLECOP/
CPCSEAReg.No.221/PO/Re/S/2000/CPCSEA Res.25-09/
09/2017. Adult wild zebrafish of 2.5–3.5 cm were purchased from Fish-O-fish aquarium, Nehru Nagar Kurla
(E) Mumbai and were housed under 14:10 light/dark
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photoperiod in a re-circulating aqueous system (water
temperature 26 ± 1 °C, dissolved oxygen (measured
using dissolved oxygen kit, HighMedia) > 4 mg/L, conductivity 500–650 μS cm−1 (maintained using Red Sea
Salt), pH 6.8–7.4, and total dissolved salt (TDS) 250 to
325 ppm) and fed with dry flakes (once) and brine
shrimps (twice) daily. Ten percent of total system water
was replaced with new RO-purified water to maintain
the water condition.
Breeding and maintenance of fertilized embryos

Adult zebrafish were allowed to mate in the ratio of 2:3.
Initially, before the beginning of the dark photoperiod,
the animals were separated and mixed together just before the beginning of light photoperiod, and fishes are
allowed to mate. After 30 to 45 min, the embryos were
collected, washed, and maintained in embryo medium
(HBSS Sigma). The fish were returned to their cages
allowing a week of resting period before two successive
breedings. Embryos were washed at 6 and 24 hpf to remove the coagulated embryos; a percentage of coagulated embryos and hatched larvae were recorded at 24
and 72 h, respectively.
Selection of dose

OECD 236 guidelines were followed to perform the fish
embryonic toxicity (FET) which identified lethal concentration (LC50:64 μM) and maximum non-lethal concentration
(MNLC:50 μM) of olanzapine in 72 hpf larvae. Hence, five
different concentrations of olanzapine in geometric series
were chosen to evaluate the effect of olanzapine on lipid
metabolism and metabolic rate. Further, metabolic rate
was evaluated in a broader range of drug concentrations,
i.e. below and above the MNLC since the change in metabolic rate was not observed in lower concentrations.
Effect of olanzapine on lipid metabolism in zebrafish
larvae

The effect of olanzapine on lipid metabolism was
assessed in 72 hpf larvae [15]. Zebrafish larvae were
exposed to multiple concentrations of olanzapine for 24
h at 28 °C. After 24 h, larvae were fixed in 4% paraformaldehyde, and Oil Red O (ORO) imaging procedure
was performed under a dissecting stereoscopic microscope (Olympus Co., Tokyo, Japan). ORO was then
quantified to determine the accumulation of lipids in
different parts of larvae. The amount of lipid was quantified using the Fiji (Image J) software under red, green,
and blue channels.
Effect of olanzapine in metabolic rate in zebrafish larvae

Whole-body metabolic rate assay [16] was performed to
evaluate the effect of olanzapine on metabolic rate with
minor modifications. Briefly, 72 hpf zebrafish larvae were
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Table 1 Accession number of proteins retrieved from NCBI
Receptor

Accession number of receptor molecule of organisms
Homo sapiens

Rattus norvegicus

Mus musculus

Danio rerio

5-HT 2A

AAB31320.1

NP058950.1

NP766400.1

XP689300.7

5-HT2C

AAB40898.1

NP036897.2

NP032338.3

ABP04055.1

α-2A

AAK51162.1

NP036871.3

NP03144304

NP997520.3

α-2C

NP_000674.2

NP612515.1

NP031444.2

NP997522.1

D4

NP_000788.2

AAA18588.1

AAC52190.1

NP001012638.2

D2

AAC78779.1

NP036679.1

NP034207.2

NP898891.1

D3

AAB08750.1

AAA41076.1

NP031903.1

AAN87173.1

SERT

P31645.1

NP037166.2

NP034614.2

NP001170930.1

NTS1

AAR07901.1

NP001102437.1

EDL07336.1

XP021329279.1

H1

NP_001091683.1

NP058714.1

NP001304053.1

NP001036196.1

M1

NP_000729.2

NP542951.1

NP001106167.1

XP001334664.4

M2

NP_001006633.1

NP112278.1

NP987076.2

NP840086.1

5-HT 1A

NP_000515.2

NP036717.1

NP032334.2

NP001116793.1

5-HT 7

AAH47526.1

NP075227.1

CAQ76702.1

XP003199632.2

α-1A

AAA35496.1

AAA63477.1

AAC02658.1

XP001922013.3

5-HT 6

AAA92622.1

NP077341.2

NP067333.1

XP009295353.1

D1

AAB26273.1

AAA70428.1

NP001278730.1

ACI42369.1

exposed to five different concentrations (200 μM,
100 μM, 50 μM, 25 μM, and 12.5 μM) of olanzapine and
assay buffer (0.01% w/v of phenol red in sodium bicarbonate solution at pH 8.0 and conductivity 350 μM) in
96-well microtiter plate, and absorbance was recorded
for 180 min at 570 nm at 10 min interval. The amount of
acid produced over a period of time was quantified by
using a linear regression curve.
Effect of olanzapine in food intake and weight gain

Bodyweight was recorded at the interval of 3 days, and
food intake (daily) for 21 days using thirty adult female
zebrafish weighting 229 ± 20 mg. The study design included five groups, each containing six zebrafish in each:
Group 1, exposed to system water; Group 2, to 0.001%
DMSO in system water; Group 3, exposed to 16.66 μM
olanzapine; Group 4, exposed to 5 μM olanzapine; and
Group 5, exposed to 0.5 μM olanzapine. After the completion of the study, all adult zebrafish were allowed to
rehabilitate separately with the adequate conditions and
not utilized for any other experiments.
Statistical analysis

Results were expressed as mean ± SEM. The significant difference among data was determined using
one-way ANOVA followed by the Tukey test using
the GraphPad Prism software version 5.0. The difference between mean was considered significant if p
value < 0.05. The network of gene-pathway

interaction was interpreated by edge count. The similarity index between proteins was compared via the
bootstrap score using MEGA7.

Results
Olanzapine-induced gene expression and gene set
enrichment analysis

Based on mRNA-based prediction, forty-five genes were
predicted to be expressed; among them, twenty were
downregulated and twenty-five were upregulated. Gene
set enrichment predicted forty-five proteins to be modulated in Homo sapiens, forty-three in Rattus norvegicus
and Mus musculus, and thirty-nine in Danio rerio. Similarly, SERPINA3 and C10ORF118 were not detected in
Rattus norvegicus and Mus musculus and EVI2B,
FNDC4, SERPINA3, CYP2E1, LST1, and NR1H2 in Danio rerio. Further, KEGG pathway analysis identified
eight pathways to be modulated in Homo sapiens, nine
in Rattus norvegicus, eight in Mus musculus, and three
in Danio rerio. Among all, the metabolic pathway was
common and was majorly modulated in all species.
Figure 1 summarizes the detail pathway-gene interaction, and Table 2 summarizes the gene set enrichment
of individual pathways of each species.
Phylogenetic comparison of olanzapine-modulated
receptors

Among Rattus norvegicus, Mus musculus, and Danio
rerio, receptors of Rattus norvegicus and Mus musculus
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Fig. 1 Olanzapine-induced gene-pathway interaction a Homo sapiens, b Rattus norvegicus, c Mus musculus, and d Danio rerio

were more similar to Homo sapiens compared to Danio
rerio. However, M2, 5HT-1A, and alpha 1A receptors of
Rattus norvegicus were more similar to Homo sapiens
compared to Mus musculus. The phylogenic representation including a bootstrap score of the Danio rerio
branch with a clade of Homo sapiens, Rattus norvergicus,
and Mus musculus is presented in Fig. 2.
Effect of olanzapine on lipid metabolism

In 50 μM olanzapine, the natural death of larvae
occurred at 192 h of exposure (Fig. 3). Fish embryonic
toxicity (FET) also reflected 50 μM olanzapine as a maximum non-lethal concentration. Hence, multiple concentrations of olanzapine, i.e.50 μM, 25 μM, 12.5 μM,
6.25 μM, and 3.125 μM, were chosen to expose 72 hpf
larvae. Accumulation of lipid increased significantly from
lowest concentration (3.125 μM, p < 0.05) to the highest
concentration (50 μM, p < 0.001) (Fig. 4) which was
quantified by integrated optical density (IOD) of stain;
represents the total amount of lipid present in the whole
body of larvae.

Effect of olanzapine on metabolic rate in zebrafish larvae

Empirical titration was performed by adding a known
amount of acid (H+) in each well of 96-well microtiter plates and titrated with 50 μl assay buffer (0.01%
w/v phenol red). The linear equation y = − 0.3342x +
2.3768 was obtained with R2 value of 0.997. Larvae
exposed to the range of concentrations of olanzapine
modulating lipid metabolism, body weight, and food
intake had no significant effect to change the metabolic rate. However, exposure of larvae at higher concentration, i.e., 200 μM and 400 μM of olanzapine,
showed a significant change in acid production at different time intervals (Fig. 5). Toxicity of phenol red
was evaluated by exposing 72 hpf zebrafish larvae to
buffer at pH 8.0 containing phenol red (0.01% w/v).
Death of larvae in assay buffer began after the 4th day
of exposure. However, log-rank (Mantel-Cox) test
showed in significant difference in death in assay buffer compared to system water suggesting that phenol
red did not cause any toxic effect during the
experiment (Fig. 6).
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Table 2 Olanzapine-induced gene set enrichment analysis in Homo sapiens, Rattus norvegicus, Mus musculus, and Danio rerio
Organism

Pathway

Description

Gene
count

Genes

False discovery
rate

Homo
sapiens

hsa04975

Fat digestion and
absorption

2

FABP1, BCA1

0.0428

hsa04931

Insulin resistance

3

SLC2A1,SLC2A4, NR1H2

0.0428

hsa04920

Adipocytokine signaling
pathway

3

SLC2A1,SLC2A4, ADIPOQ

0.0428

hsa04152

AMPK signaling pathway

3

SLC2A4, ADIPOQ, HMGCR

0.0428

hsa01100

Metabolic pathways

9

ALDH18A1, DHFR, H6PD, LSS, SC5D, HMGCS1, CYP2E1,
HMGCR, ASAH1

0.0428

hsa00900

Terpenoid backbone
biosynthesis

2

HMGCS1, HMGCR

0.0428

hsa00100

Steroid biosynthesis

2

LSS, SC5D

0.0428

hsa04930

Type II diabetes mellitus

2

SLC2A4, ADIPOQ

0.0482

rno04920

Adipocytokine signaling
pathway

3

Adipoq, Slc2a4

0.0222

rno04931

Insulin resistance

3

Slc2a4, Nr1h2

0.0242

rno04152

AMPK signaling pathway

3

Adipoq, Slc2a4

0.0242

rno01100

Metabolic pathways

8

Cyp2e1, Hmgcr, Sc5d, Hmgcs1, Lss, H6pd, Dhfr, Asah1

0.0242

rno00900

Terpenoid backbone
biosynthesis

2

Hmgcr, Hmgcs1

0.0242

rno00100

Steroid biosynthesis

2

Sc5d, Lss

0.0242

rno04975

Fat digestion and
absorption

2

Fabp1, Abca1

0.0251

rno04930

Type II diabetes mellitus

2

Adipoq, Slc2a4

0.0315

rno04510

Focal adhesion

Rattus
norvegicus

3

Vtn, Tnc

0.0428

Mus musculus mmu04975 Fat digestion and
absorption

2

Abca1, Fabp1

0.0283

mmu04931 Insulin resistance

3

Nr1h2, Slc2a4, lc2a1

0.0283

mmu04920 Adipocytokine signaling
pathway

3

Adipoq, Slc2a4, Slc2a1

0.0283

mmu04152 AMPK signaling pathway

3

Adipoq, Slc2a4, Hmgcr

0.0283

mmu01100 Metabolic pathways

9

Asah1, Cyp2e1, H6pd, Hmgcr, Dhfr, Aldh18a1, Hmgcs1,
Lss, Sc5d

0.0283

mmu00900 Terpenoid backbone
biosynthesis

2

Hmgcs1, Hmgcr

0.0283

mmu00100 Steroid biosynthesis

2

Sc5d, Lss

0.0283

Danio rerio

mmu04930 Type II diabetes mellitus

2

Adipoq, Slc2a4

0.0374

dre00100

Steroid biosynthesis

2

sc5d, lss

0.0114

dre01100

Metabolic pathways

7

sc5d, hmgcs1, lss, h6pd, dhfr, aldh18a1, asah1a

0.0320

dre04510

Focal adhesion

3

fynb, tnc, rapgef1b

0.0453

Effect of olanzapine on food intake and weight gain

Hyperphagia was observed from the 7th day and continued till the 20th day in adult zebrafish exposed to
0.5 μM olanzapine. Similarly, zebrafish exposed to
0.5 μM showed a significant increase in weight gain
on the 12th day and continued until the 20th day
(Fig. 7).

Discussion
The present study dealt to investigate whether
olanzapine-induced metabolic changes can be demonstrated in zebrafish or not which can be further
employed as an alternative experimental model. Before
the performance of wet-lab experiments, we predicted
the olanzapine-induced gene expression in four
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Fig. 2 Phylogeny comparison of receptors present in feeding and satiety center. The number at branching point refers to bootstrap score based
on 500 replicates

different species. Interestingly, we identified a metabolic pathway to be common in all, modulating the
highest number of gene sets. Further, a clade of proteins involved in feeding and satiety center of Danio
rerio, Rattus norvegicus, and Mus musculus was found
to be similar with Homo sapiens. This reflected that the
receptors present in hunger and satiety center
are closely related among four different species; suggested the feeding behavior of Danio rerio could be
similar to Homo sapiens, Rattus norvegicus, and Mus
musculus. These two observations further kindled us to
evaluate the effect of olanzapine in lipid metabolism,
metabolic rate, food intake, and weight gain in zebrafish
larvae.
Literature reflects that olanzapine-induced obesity is
associated with hyperphagia [17] leading to weight
gain. This hypothesis of olanzapine-induced obesity
has been successively demonstrated in rodent models
[4–8]. In the present study, exposure of adult zebrafish in olanzapine showed an increase in food intake

and weight gain in 0.5 μM concentration. Hence, the
study was further designed to understand the effect of
olanzapine on lipid metabolism in zebrafish larvae.
Further, a correlation has been made between
olanzapine-induced obesity and anomalous metabolism
of the lipids [18, 19]. An elevated level of free fatty acids,
TGs, total cholesterol, LDL, and low level of HDL have
been reported in olanzapine-induced obesity directing
towards dyslipidemia and its associated complications
[20, 21]. Clinical case for dyslipidemia condition has
been reported in the patients under the pharmacotherapy of olanzapine which is additionally demonstrated in
the rodent models by numerous investigators [4–8].
Similarly, in the current study, exposure of 72 hpf larvae
in the solution of olanzapine for 24 h showed a decrease
in lipid metabolism which was confirmed via the Oil
Red O staining technique. This altered lipid metabolism
in olanzapine-exposed larvae reflects “dwindle lipid metabolism” as one of the important reasons for
olanzapine-induced obesity.
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Fig. 3 Survival curve (Kaplan-Meier curve) of larvae exposed to olanzapine. nC, negative control, sC, solvent control. Total number of larvae
exposed to each concentration (n) = 6

The decrease in lipid metabolism is linked with repression in energy expenditure [22] which occurs due
to variation in basal metabolic rate [23–25]. This
variation of basal metabolic rate is closely related to abnormal metabolism of lipids [26]. Total respiratory
compliance is decreased in the obese population compared to the normal population. This reduction in total
respiratory compliance is due to increased pulmonary
blood volume, decrease in chest wall, and accumulation
of fat in and around the ribs, diaphragm, and abdomen.
Interestingly, this observation was also recorded in the
present study during the assessment of lipid metabolism in zebrafish larvae. Reduction in total respiratory
compliance causes an increase in respiratory resistance
[26–28] and high anaerobic respiration [26, 29] leading
to lactic acidosis reflecting the decreased metabolic
rate. Metabolic rate was assessed in zebrafish larvae by
utilizing an anaerobic system which is based on the
principle of accumulation of lactic and carbonic acid
[16]. Larvae exposed to olanzapine showed increased
acid production (H+) leading to a decrease in basal
metabolic rate.
Further, it has been predicted that a single compound
can bind/modulate multiple proteins and regulate pathways associated with them [30, 31]. So, there is a possibility that olanzapine can also bind or regulate multiple
proteins/pathways related to the homeostasis of appetite
and energy expenditure. Hence, further investigation
needs to assess the role of olanzapine-modulated

proteins/pathways in the development and progression
of obesity and other side effects.

Conclusion
The gene-set enrichment analysis identified five common genes which are also expressed in human and
rodents. However, the role of each gene, i.e. h6pd, dhfr,
aldh18a1, asah1a, and hmgcs1, needs to be extensively
investigated for olanzapine-induced metabolic abnormalities in zebrafish and other rodent models. However, this
predication helped us to identify olanzapine-induced
metabolic abnormalities, i.e., decreased lipid metabolism
and metabolic rate and increased food intake and body
weight. Limiting to the present study, change in the
metabolic rate occurred in the toxic concentration of
olanzapine, i.e. 400 μM and 200 μM making suspicious
for change in metabolic rate due to energy expenditure.
Further, approaches should be framed to evaluate
biochemical parameters and assess gene expression
profiles related to olanzapine-induced obesity in zebrafish using well-designed wet-lab protocols to confirm
the current findings.
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Supplementary information accompanies this paper at https://doi.org/10.
1186/s43094-020-00049-7.
Additional file 1. ARRIVER1
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Fig. 4 Effect of olanzapine (50 μM, 25 μM, 12.5 μM, 6.25, and 3.125 μM) in lipid metabolism in zebrafish larvae. Zebrafish at 72 hpf were exposed
to C1, system water; C2, 0.0001% v/v DMSO; T1, 3.125 μM; T2, 6.25 μM; T3, 12.5 μM; T4, 25 μM, and T5, 50 μM of olanzapine. Lipids of zebrafish gut
and vasculature increased with increase in the concentration of olanzapine. Scale 100 μm. Number of larvae in each groups (n) = 10. All the data
are expressed in mean ± SEM. *p < 0.05, **p < 0.01 compared to solvent control

Fig. 5 Effect of olanzapine (400 μM and 200 μM) on metabolic rate. Data are shown in 30 min interval. All the data are expressed in mean ± SEM.
Number of larvae in each group (n) = 8. *p < 0.05, **p < 0.001 significantly different versus solvent group
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Fig. 6 Survival curve of larvae exposed to buffer in the presence and absence of phenol red. PR, phenol red

Fig. 7 Effect of olanzapine on a food intake and b body weight. All the data are expressed in mean ± SEM. Number of adult zebrafish in each
group (n) = 6. *p < 0.05, **p < 0.001 significantly different versus solvent group

Khanal et al. Future Journal of Pharmaceutical Sciences

(2020) 6:36

Abbreviations
ANOVA: Analysis of variance; CVS: Cardiovascular system; FET: Fish embryonic
toxicity; HDL: High-density lipoprotein; IAEC: Institutional Animal Ethics
Committee; KEGG: Kyoto Encyclopedia of Genes and Genomes;
MNLC: Maximum non-lethal concentration; NCBI: National Center for
Biotechnology Information; OECD: Organisation for Economic Co-operation
and Development; ORO: Oil Red O; Pa: Probable activity; Pi: Probable
inactivity; SMILES: Simplified molecular-input line-entry system; TDS: Total
dissolved salt; UPGMA: Unweighted pair group method with arithmetic
mean
Acknowledgements
The authors are thankful to Apotex Research Private Limited for providing
the gift sample of olanzapine, KLE College of Pharmacy for financing the
study as intramural research, and ICMR-NITM Belagavi for providing the necessary facilities throughout the study.

Page 10 of 11

5.

6.

7.

8.

9.
Authors’ contributions
PK contributed in experimental design for in silico study, performed the wetlab experiment, and drafted the manuscript. BMP introduced a concept for
utilizing zebrafish in olanzapine-induced obesity in zebrafish and reviewed
the manuscript. BSU provided the necessary facilities for the experimental
work, trained PK in develpoing the skills in zebrafish experiments and contributed in drafting the manuscript. All authors read and approved the final
manuscript.
Funding
This work has not received any funding from any National and International
agencies.

10.

11.

12.

Availability of data and materials
The data for this work are available with Pukar Khanal upon request.
13.
Ethics approval and consent to participate
The experiment was performed after receiving ethical clearance from
Institutional Animal Ethical Committee (IAEC) at KLE College of Pharmacy,
Belagavi, KAHER, Belagavi accession number KLECOP/CPCSEA-Reg. No.221/
PO/Re/S/2000/CPCSEA Res.25-09/09/2017.

14.

Consent for publication
Not applicable.
15.
Competing interests
The authors declared no conflict of interest.
16.
Author details
1
Department of Pharmacology and Toxicology, KLE College of Pharmacy, KLE
Academy of Higher Education and Research (KAHER), Belagavi 590010, India.
2
Division of Pharmacology and Toxicology, Indian Council of Medical
Research-National Institute of Traditional Medicine (ICMR-NITM), Belagavi
590010, India.

17.

18.
Received: 11 November 2019 Accepted: 30 June 2020
19.
References
1. Lord CC, Wyler SC, Wan R, Castorena CM, Ahmed N, Mathew D, Lee S, Liu C,
Elmquist JK (2017) The atypical antipsychotic olanzapine causes weight gain
by targeting serotonin receptor 2C. J Clin Invest 127(9):3402–3406. https://
doi.org/10.1172/JCI93362
2. Redinger RN (2007) The pathophysiology of obesity and its clinical
manifestations. Gastroenterol Hepatol 3(11):856. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3104148/pdf/GH-03-856.pdf
3. Cooper GD, Pickavance LC, Wilding JP, Halford JC, Goudie AJ (2005) A
parametric analysis of olanzapine-induced weight gain in female rats.
Psychopharmacology (Berl) 181(1):80–89 https://doi.org/10.1007/s00213005-2224-4
4. Shah R, Subhan F, Ali G, Ullah I, Ullah S, Shahid M, Ahmad N, Fawad K
(2016) Olanzapine induced biochemical and histopathological changes after
its chronic administration in rats. Saudi Pharm J 24(6):698–704. https://doi.
org/10.1016/j.jsps.2015.06.006

20.

21.
22.

23.

Pouzet B, Mow T, Kreilgaard M, Velschow S (2003) Chronic treatment with
antipsychotics in rats as a model for antipsychotic-induced weight gain in
human. Pharmacol Biochem Behav 75(1):133–140. https://doi.org/10.1016/
s0091-3057(03)00042-x
Choi S, DiSilvio B, Unangst J, Fernstrom JD (2007) Effect of chronic infusion of
olanzapine and clozapine on food intake and body weight gain in male and
female rats. Life Sci 81(12):1024–1030. https://doi.org/10.1016/j.lfs.2007.08.009
Davey KJ, O’Mahony SM, Schellekens H, O’Sullivan O, Bienenstock J, Cotter
PD, Dinan TG, Cryan JF (2012) Gender-dependent consequences of chronic
olanzapine in the rat: effects on body weight, inflammatory, metabolic and
microbiota parameters. Psychopharmacology (Berl) 221(1):155–169. https://
doi.org/10.1007/s00213-011-2555-2
Albaugh VL, Henry CR, Bello NT, Hajnal A, Lynch SL, Halle B, Lynch CJ (2006)
Hormonal and metabolic effects of olanzapine and clozapine related to
body weight in rodents. Obesity (Silver Spring) 14(1):36–51. https://doi.org/
10.1038/oby.2006.6
Brittijn SA, Duivesteijn SJ, Belmamoune M, Bertens LF, Bitter W, Debruijn JD,
Champagne DL, Cuppen E, Flik G, Vandenbroucke-Grauls CM, Janssen RA
(2009) Zebrafish development and regeneration: new tools for biomedical
research. Int J Dev Biol 53(5-6):835–850. https://doi.org/10.1387/ijdb.
082615sb
Hölttä-Vuori M, Salo VT, Nyberg L, Brackmann C, Enejder A, Panula P, Ikonen
E (2010) Zebrafish: gaining popularity in lipid research. Biochem J 429(2):
235–242. https://doi.org/10.1042/BJ20100293
Oka T, Nishimura Y, Zang L, Hirano M, Shimada Y, Wang Z, Umemoto
N, Kuroyanagi J, Nishimura N, Tanaka T (2010) Diet-induced obesity in
zebrafish shares common pathophysiological pathways with mammalian
obesity. BMC Physiol 10(1):21 https://doi.org/10.1186/1472-6793-10-21
Lagunin A, Ivanov S, Rudik A, Filimonov D, Poroikov V (2013) DIGEP-Pred:
web service for in silico prediction of drug-induced gene expression profiles
based on structural formula. Bioinformatics 29(16):2062–2063. https://doi.
org/10.1093/bioinformatics/btt322
Szklarczyk D, Morris JH, Cook H, Kuhn M, Wyder S, Simonovic M, Santos A,
Doncheva NT, Roth A, Bork P, Jensen LJ, von Mering C (2017) The STRING
database in 2017: quality-controlled protein-protein association networks,
made broadly accessible. Nucleic Acids Res 45(Database issue):D362–D368.
https://doi.org/10.1093/nar/gkw937
Liu T, Lin Y, Wen X, Jorissen RN, Gilson MK (2007) BindingDB: a webaccessible database of experimentally determined protein-ligand binding
affinities. Nucleic Acids Res 35(Database issue)::198-201. https://doi.org/10.
1093/nar/gkl999
Ho JC, Hsiao CD, Kawakami K, William KF (2016) Triclosan (TCS) exposure
impairs lipid metabolism in zebrafish embryos. Aquat Toxicol 173:29–35.
https://doi.org/10.1016/j.aquatox.2016.01.001
Makky K, Duvnjak P, Pramanik K, Ramchandran R, Mayer AN (2008) A wholeanimal microplate assay for metabolic rate using zebrafish. J Biomol Screen
13(10):960–967. https://doi.org/10.1177/1087057108326080
Mathews J, Newcomer JW, Mathews JR, Fales CL, Pierce KJ, Akers BK, Marcu
I, Barch DM (2012) Neural correlates of weight gain with olanzapine. Arch
Gen Psychiatry 69(12):1226–12237. https://doi.org/10.1001/
archgenpsychiatry.2012.934
Parekh S, Anania FA (2007) Abnormal lipid and glucose metabolism in
obesity: implications for nonalcoholic fatty liver disease. Gastroenterology
132(6):2191–2207. https://doi.org/10.1053/j.gastro.2007.03.055
Consitt LA, Bell JA, Houmard JA (2009) Intramuscular lipid metabolism,
insulin action, and obesity. IUBMB life 61(1):47–55. https://doi.org/10.1002/
iub.142
Ni Y, Zhao L, Yu H, Ma X, Bao Y, Rajani C, Loo LW, Shvetsov YB, Yu H, Chen
T, Zhang Y (2015) Circulating unsaturated fatty acids delineate the
metabolic status of obese individuals. EBioMedicine 2(10):1513–1522.
https://doi.org/10.1016/j.ebiom.2015.09.004
Ebbert JO, Jensen MD (2013) Fat depots, free fatty acids, and dyslipidemia.
Nutrients 5(2):498–508. https://doi.org/10.3390/nu5020498
Choi MS, Kim YJ, Kwon EY, Ryoo JY, Kim SR, Jung UJ (2015) High-fat diet
decreases energy expenditure and expression of genes controlling lipid
metabolism, mitochondrial function and skeletal system development in
the adipose tissue, along with increased expression of extracellular matrix
remodelling-and inflammation-related genes. Br J Nutr 113(6):867–877.
https://doi.org/10.1017/S0007114515000100
Wone BW, Donovan ER, Cushman JC, Hayes JP (2013) Metabolic rates
associated with membrane fatty acids in mice selected for increased

Khanal et al. Future Journal of Pharmaceutical Sciences

24.

25.
26.
27.

28.

29.

30.

31.

(2020) 6:36

maximal metabolic rate. Comp Biochem Physiol A Mol Integr Physiol 165(1):
70–78. https://doi.org/10.1016/j.cbpa.2013.02.010
Heindel JJ, Blumberg B, Cave M, Machtinger R, Mantovani A, Mendez MA,
Nadal A, Palanza P, Panzica G, Sargis R, Vandenberg LN (2017) Metabolism
disrupting chemicals and metabolic disorders. Reprod Toxicol 68:3–33.
https://doi.org/10.1016/j.reprotox.2016.10.001
Weber JM (2011) Metabolic fuels: regulating fluxes to select mix. J Exp Biol
214(Pt 2):286–294. https://doi.org/10.1242/jeb.047050
Parameswaran K, Todd DC, Soth M (2006) Altered respiratory physiology in
obesity. Can Respir J 13(4):203–210. https://doi.org/10.1155/2006/834786
Melo LC, Silva MA, Calles AC (2014) Obesity and lung function: a systematic
review. Einstein (Sao Paulo) 12(1):120–125 https://doi.org/10.1590/S167945082014RW2691
Porhomayon J, Papadakos P, Singh A, Nader ND (2011) Alteration in
respiratory physiology in obesity for anesthesia-critical care physician. HSR
Proc Intensive Care Cardiovasc Anesth 3(2):109–118 https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3484623/pdf/hsrp-03-109.pdf
Salome CM, King GG, Berend N (2009) Physiology of obesity and effects on
lung function. J Appl Physiol 108:206–211. https://doi.org/10.1152/
japplphysiol.00694.2009
Khanal P (2019) Patil BM. Gene set enrichment analysis of alpha-glucosidase
inhibitors from Ficus benghalensis Asian Pac J Trop Biomed 9:263–270.
https://doi.org/10.4103/2221-1691.260399
Khanal P, Patil BM, Mandar BK, Dey YN, Duyu T (2019) Network
pharmacology-based assessment to elucidate the molecular mechanism of
anti-diabetic action of Tinospora cordifolia. Clin Phytosci 5:35. https://doi.
org/10.1186/s40816-019-0131-1

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Journal of Diabetes & Metabolic Disorders
https://doi.org/10.1007/s40200-020-00554-9

RESEARCH ARTICLE

Gene ontology enrichment analysis of α-amylase inhibitors
from Duranta repens in diabetes mellitus
Pukar Khanal 1 & B. M. Patil 1
Received: 1 April 2020 / Revised: 5 May 2020 / Accepted: 21 May 2020
# Springer Nature Switzerland AG 2020

Abstract
Background Although α-amylase is the choice of target to manage postprandial hyperglycemia, inhibitors of this enzyme may
get absorbed into the systemic circulation and modulate proteins involved in the pathogenesis of diabetes mellitus. Hence, the
present study aimed to identify α-amylase inhibitors from Duranta repens via in silico and in vitro and predict their role in the
modulation of multiple pathways involved in diabetes mellitus.
Methods α-amylase inhibitory activity of hydroalcoholic extract/fractions (s) and pure compounds from D. repens was performed using in vitro enzyme inhibitory assay. Multiple open-source databases and published literature were used to retrieve
reported phytoconstituents present in D. repens and their targets. The network was constructed between α-amylase inhibitors,
modulated proteins, and expressed pathways. Further, hit molecules were also confirmed for their potency to inhibit α-amylase
using in silico molecular docking and in vitro enzyme inhibitory assay. The glucose uptake assay was performed to assess the
effect of hydrolcoholic extract/fraction(s) using rat hemidiaphragm.
Results Fraction rich in flavonoids showed the highest α-amylase inhibitory activity with a IC50 of 644.29 ± 4.36 µg/ml compared to other fractions. PI3K-Akt signaling pathway and p53 signaling pathway were predicted to be primarily modulated in the
compound-protein-pathway network. Similarly, scutellarein was predicted as lead hit based on α-amylase inhibitory action,
binding affinity, and regulated pathways. Further, α-amylase inhibitors were also predicted to modulate the pathways involved in
diabetes complications like AGE-RAGE and FoxO signaling pathway. Fraction rich in flavonoids showed the highest glucose
uptake in rat hemidiaphragm with an effective concentration of 534.73 ± 0.79 µg/ml.
Conclusions The α-amylase inhibitors from D. repens may not be limited within the gastrointestinal tract to inhibit α-amylase but
may get absorbed into the systemic circulation and modulate multiple pathways involved in the pathogenesis of diabetes mellitus
to produce synergistic/additive effect.
Keywords α-amylase . Duranta repens . Naringenin . Network pharmacology . Scutellarein

Introduction
Pancreatic α-amylase catalyzes the hydrolysis of starch into
smaller oligosaccharides (maltose, sucrose, etc.) and multiple
α-(l-6 and 1–4) oligoglucans [1]; further hydrolyzed by α-
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glucosidase to convert into glucose for its systemic absorption; contributes in post-prandial hyperglycemia [2]. Hence,
deceleration of starch digestion by inhibiting α-amylase can
be considered as a key step to manage postprandial hyperglycemia [3]. Although molecules like acarbose, miglitol, and
voglibose are clinically approved molecules to inhibit αamylase and α-glucosidase, these agents are limited due to
multiple side effects i.e. bloating, flatulence abdominal discomfort, and diarrhea; not recommended in diabetic complications [4]. Further, the current pharmacotherapy of Type 2
diabetes mellitus (T2DM) utilizes synthetic oral
hypoglycaemic agents which are single target molecules [5];
however, T2DM is a polygenic condition in which multiple
proteins are involved to shape complex network among them
by regulating multiple pathways [6]. Hence, a modified
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approach is needed to manage T2DM; molecules can be designed to inhibit specific enzymes like α-glucosidase, α-amylase, DPP4, and PTPN1B but also regulate other proteins that
contribute to diabetes pathogenesis. However, this approach
could be more convenient if these groups of molecules are from
traditional folk medicines as these agents exert a synergistic/
additive effect by targeting multiple proteins rather than single
[7].
D. repens (Verbenaceae), commonly identified as “Golden
Dewdrop” composes the plethora amount of multiple
phytoconstituents like flavonoids, alkaloids, polyphenols, and
saponins [8] which have been reported to contribute in lowering
the elevated blood glucose level in multiple experimental diabetic models [9–12]. Further, these groups of phytoconstituents
are also α-amylase inhibitors [13] that may contribute to
manage postprandial hyperglycemia. Similarly, previous reports have also identified few molecules from D. repens to
manage postprandial hyperglycemia [14, 15]. Additionally,
D. repens is also reported for its free radical scavenging capacity [8] which could be beneficial in plummeting oxidative stress
in diabetes mellitus (DM). However, the present literature lacks
the potency of D. repens to inhibit α-amylase followed by
probable modulation of multiple pathways if they are absorbed
from the intestine.
Hence, the study aimed to investigate the hydroalcoholic
extract/fraction(s) of D. repens to inhibit α-amylase followed
by gene-set enrichment analysis and network pharmacology
in respect of multiple pathways involved in diabetes mellitus.

Materials and methods
Software, database, and chemicals used
Database: ChEBI (https://www.ebi.ac.uk/chebi/), PCIDB
(https://www.genome.jp/db/pcidb), PubMed (https://pubmed.
ncbi.nlm.nih.gov/), DIGEP-Pred (http://www.way2drug.com/
GE/), STRING (https://string-db.org/), PubChem (https://
pubchem.ncbi.nlm.nih.gov/), PASS (http://www.
pharmaexpert.ru/passonline/), KEGG (https://www.genome.
jp/kegg/), RCSB (https://www.rcsb.org/); Software:
Openbabel, autodock4, Discovery Studio 2019, chemsketch
(https://www.acdlabs.com/resources/freeware/chemsketch/)
Cytoscape 3.5.1; Chemicals: α-amylase, acarbose, naringenin,
scutellarein, kusaginin (Sigma-Aldrich). Rest of the chemicals
was of analytical grade.

Plant collection, authentication, and extract/fraction
preparation
The whole plant of wild-grown D. repens was collected from
local areas of Belagavi and authenticated at ICMR-NITM;
herbarium was deposited (accession number: 1406) for the

same for future reference. The plant was washed, dried, and
the coarse powder was extracted and fractionated as explained
by Cos et al [16] with minor modifications using multiple
solvents i.e. methanol, acetone, dichloromethane, petroleum
ether, and 5% citric acid (Fig. 1).

In vitro α-amylase inhibitory activity
In vitro α-amylase inhibitory activity was performed as explained by Telagari & Hullatti [2]. Multiple concentrations of
hydroalcoholic extract/fractions and pure compounds i.e.
naringenin, scutellarein, and kusaginin were tested to evaluate
α-amylase inhibitory activity; compared with acarbose using
1% soluble starch as a substrate. All experiments were performed in triplicates and percentage inhibition was calculated
using the following formula


As
inhibitory activityð%Þ ¼ 1−
 100
Ac
where “Ac” and “As” are the absorbance of control and sample
respectively.

Mining of α-amylase inhibitors
Reported bioactives from D. repens were mined using opensource databases i.e. PCIDB and ChEBI and published
literature (PubMed). Canonical SMILES for each compound
was retrieved from PubChem database or drawn in
chemsketch and applicable files were created using
Discovery Studio 2019 [17] as required. Inhibitors of αamylase were identified using regression models using the
Prediction of Activity Spectra for Substance (PASS) [18] at
a probable activity(Pa) > probable inactivity (Pi).

Gene expression and enrichment analysis
Compounds were queried for regulated proteins using
DIGEP-Pred; includes proteins-based training set (consists
of 1357 up- and 1204 down-regulated genes) [19] at Pa >
0.5 by each compound and their interaction was assessed
using STRING [20]. Finally, the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway database was used to
identify pathways related to diabetes/diabetic complications.

Network construction and analysis
Network representing the interaction of phytoconstituentsproteins-pathways was constructed using Cytoscape [21] and
the network was analyzed using the “network analyzer” tool
based on node size and count representing the edge count as
“low values to small size” and “low values to bright colors”
respectively.
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Fig. 1 Extraction and
fractionation of hydroalcoholic
extract of Duranta repens

In silico molecular docking

Glucose uptake assay using the rat hemidiaphragm

Ligand molecules as α-amylase inhibitors; predicted from
PASS were minimized using mmff94 forcefield [22] and converted using .pdbqt format. The α-amylase crystallographic
moiety was retrieved from RCSB protein data bank (PDB:
5VA9) which was in a complex with water molecules; removed
using Discovery Studio 2019 to avoid docking interference and
saved in .pdb format. Autodock4.0 [23] was used to dock ligand molecules with α-amylase to obtain ten different poses;
pose scoring minimum binding energy was chosen to visualize
ligand-protein interaction using Discovery Studio 2019.

Efficacy of glucose uptake in rat hemidiaphragm by
hydroalcoholic extract/fraction(s) was estimated in the presence of insulin as explained by the previous method [24] with
minor modifications after receiving approval from
Institutional Animal Ethics Committee (IAEC) at KLE
College of Pharmacy, Belagavi; resolution no. KLECOP/
CPCSEA-Reg, No.221/Po/Re/S/2000/CPCSEA,Res.28 − 12/
10/2019. Briefly, albino Wistar rats were fasted overnight
and sacrificed with an overdose of anesthetic ether.
Diaphragms were dissected out quickly with minimal trauma
and divided it into two halves. The hemidiaphragm were
placed in test tubes and incubated for 30 min at 37 °C in an
atmosphere of 100% oxygen with shaking at 140 cycles/min;
multiple concentrations of hydroalcoholic extract/fraction(s)

Table 1 α-amylase inhibitory activity of hydroalcoholic extract/
fractions and hit molecules
Test agents

Phytoconstituents

IC50 (µg/ml)

Hydroalcoholic extract

Flavonoids, Saponins,
Alkaloids, Polyphenols,
Triterpenes, Steroids
Fraction rich in Flavonoids
Fraction rich in Saponins
Fraction rich in Alkaloids
Fraction rich in Polyphenols
Fraction rich in Steroids
Hit molecule
Hit molecule
Hit molecule
Gold standard

704.99 ± 8.96

Fraction 1
Fraction 2
Fraction 3
Fraction 4
Fraction 5
Kusaginin
Scutellarein
Naringenin
Acarbose

644.29 ± 4.36
709.61 ± 5.93
703.85 ± 8.92
658.77 ± 3.13
726.55 ± 6.70
250.90 ± 4.26
326.80 ± 1.29
256.30 ± 3.25
71.28 ± 0.45

All data are represented in Mean ± SD, IC50: Inhibitory Concentration 50

Fig. 2 α-amylase inhibitory activity of hydroalcoholic extract/fractions,
kusaginin, scutellarin, naringenin, and acarbose
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Table 2

Hit molecules as α-amylase inhibitors from D. repens

Phytoconstituents

Compound type

Kusaginin

Hydroxycinnamic
derivative
Scoparone
Coumarins
3,7,4’-Trihydroxy-3’-(8’’-acetoxy-7’’-methyloctyl)-5,6-dimethoxyflavone Flavonoid
7-O-alpha-D-glucopyranosyl-3,5-dihydroxy-3’(4’’-acetoxyl-3’’-methylbutyl)-6,4’-dimethoxyflavone
Scutellarein
Naringenin
Durantoside III
Durantoside I
Durantoside II
(E)-cinnamic acid
(E)-p-methoxycinnamic acid
β-sitosterol glucoside
Myristoleic acid

Probability
score to
inhibit αamylase

Count of regulated proteins

Pa

Downregulated Upregulated

Pi

0.589 0.003

1

8

0.180 0.067
0.142 0.096

8
1

9
4

Flavonoid

0.175 0.070

2

4

Flavone
Flavonoid
Iridoid glycosides
Iridoid glycosides
Iridoid glycosides
Organic compound
Organic compound
Phytosterol
Tetradecenoic acid

0.154
0.147
0.142
0.191
0.129
0.441
0.294
0.123
0.513

0.085 13
0.092 8
0.096 1
0.061 1
0.111 1
0.011 10
0.031 8
0.119 3
0.005 11

16
12
3
3
3
17
14
8
15

Pa :Probable activity, Pi: Probable inactivity

were used to evaluate the efficacy for glucose uptake in the
presence of insulin (1 mL of 0.25 IU/mL solution).
Experiments were performed in triplicates and effective concentration (EC50) was calculated using the following formula.


As
efficacy for glucose uptakeð%Þ ¼ 1−
 100
Ac
where “Ac” and “As” are the absorbance of the control (sampled at 0 min) and test (sampled at 30 min) respectively.

Statistical analysis
Data obtained from wet-lab experiments were analyzed using
a linear regression curve and inhibitory concentrations were
compared using one-way ANOVA followed by post hoc test
wherever applicable. Similarly, curve fitting in the network
was performed using linear and logarithmic values wherever
applicable.

Results
In vitro α-amylase inhibitory activity
Among five different fractions, fraction rich in flavonoids
showed the highest α-amylase inhibitory activity
(IC50:644.29 ± 4.36 µg/ml). Table 1; Fig. 2 summarize the

inhibitory concentration and percentage inhibitory activity of
hydroalcoholic extract/fraction(s)/hit molecules respectively.

Mining of bioactive and identification of α-amylase
inhibitors
A total of 51 different phytoconstituents were identified from
the whole plant of D. repens; 13 were predicted to inhibit αamylase with multiple phytochemistry i.e. flavonoids, coumarins, glycosides, steroids, and organic compounds. The Pa/Pi
score of each compound to inhibit α-amylase along with their
type is summarized in Table 2.

Gene expression profiles, enrichment, and network
analysis
Among 13 bioactive molecules, scutellarein was predicted to
regulate the highest number of proteins; 16 were downregulated and 13 were upregulated. The count of regulated proteins
by each molecule is summarized in Table 2. However, enrichment analysis identified only 7 molecules i.e. (E)-cinnamic
acid, (E)-p-methoxycinnamic acid, β-sitosterol glucoside,
myristoleic acid, naringenin, scoparone, and scutellarein to
regulate multiple pathways involved in diabetes and its complications. Among them, (E)-cinnamic acid, (E)-pmethoxycinnamic acid, β-sitosterol glucoside, myristoleic acid was chiefly involved in the regulation of the PI3K-Akt
signaling pathway. Similarly, naringenin, scoparone, and
scutellarein were predicted to regulate the p53 signaling
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Table 3

Enrichment analysis of α-amylase inhibitors from D. repens

α-amylase inhibitors

#term ID

term description

Observed/
background
gene count

false
discovery
rate

matching proteins in network
(labels)

(E)-cinnamic acid

hsa04115
hsa04933*

p53 signaling pathway
AGE-RAGE signaling pathway
in diabetic complications
PI3K-Akt signaling pathway
HIF-1 signaling pathway
Cell cycle
FoxO signaling pathway
p53 signaling pathway
AGE-RAGE signaling pathway
in diabetic complications
PI3K-Akt signaling pathway
HIF-1 signaling pathway
Cell cycle
FoxO signaling pathway
p53 signaling pathway

3/68
3/98

0.00220
0.00370

CASP8, CCND2, MDM2
CCL2, COL1A1, MMP2

4/348
2/98
2/123
2/130
3/68
3/98

0.01040
0.03340
0.04280
0.04600
0.00220
0.00370

CCND2, COL1A1, FLT1, MDM2
FLT1, HMOX1
CCND2, MDM2
CCND2, MDM2
CASP8, CCND2, MDM2
CCL2, COL1A1, MMP2

4/348
2/98
2/123
2/130
2/68

0.01040
0.03340
0.04280
0.04600
0.02770

CCND2,COL1A1, FLT1, MDM2
FLT1, HMOX1
CCND2, MDM2
CCND2, MDM2
CHEK1, MDM2

2/130
2/123
2/116
2/263

0.03070
0.03070
0.03070
0.03810

CAT, MDM2
CHEK1, MDM2
AR, PGR
CCL2, TNFRSF1A

5/98

3.40E-05

hsa04151

FoxO signaling pathway
Cell cycle
Oocyte meiosis
Cytokine-cytokine receptor
interaction
AGE-RAGE signaling pathway in
diabetic complications
PI3K-Akt signaling pathway

5/348

0.00300

hsa04066
hsa03320
hsa04211*
hsa04972
hsa04068*
hsa04066*
hsa04115
hsa04114
hsa04068*
hsa04310
hsa04066
hsa04115
hsa04310
hsa04115

HIF-1 signaling pathway
PPAR signaling pathway
Longevity regulating pathway
Pancreatic secretion
FoxO signaling pathway
HIF-1 signaling pathway
p53 signaling pathway
Oocyte meiosis
FoxO signaling pathway
Wnt signaling pathway
HIF-1 signaling pathway
p53 signaling pathway
Wnt signaling pathway
p53 signaling pathway

3/98
2/72
2/88
2/95
2/130
3/98
2/68
2/116
2/130
2/143
3/98
2/68
2/143
4/68

0.00620
0.02360
0.02970
0.03060
0.04640
0.00230
0.01620
0.02530
0.02920
0.02980
0.00170
0.01430
0.03360
9.07E-05

CCL2, COL1A1, MMP2,
PRKCA, RAC1
COL1A1, GH1, MDM2,
PRKCA,RAC1
GAPDH, PRKCA, TIMP1
ADIPOQ, PPARA
ADIPOQ, CAT
PRKCA, RAC1
CAT, MDM2
HMOX1, NOS2, TIMP1
CASP8, MDM2
AR, PGR
CAT, MDM2
CTNNB1, MMP7
HMOX1, NOS2, TIMP1
CASP8, CHEK1
CTNNB1, MMP7
CASP8, MDM2, TP53I3, TP73

hsa04066
hsa04068*
hsa04213

HIF-1 signaling pathway
FoxO signaling pathway
Longevity regulating
pathway - multiple species
Longevity regulating pathway

4/98
3/130
2/61

0.00029
0.01110
0.02570

EGLN1, HMOX1, NOS2, TIMP1
CAT, MDM2, SIRT1
CAT, SIRT1

2/88

0.03930

CAT, SIRT1

(E)-p-methoxycinnamic
acid

hsa04151
hsa04066
hsa04110
hsa04068*
hsa04115
hsa04933*

β-sitosterol glucoside

hsa04151
hsa04066
hsa04110
hsa04068*
hsa04115
hsa04068*
hsa04110
hsa04114
hsa04060

Myristoleic acid

Naringenin

Scoparone

Scutellarein

hsa04933*

hsa04211*

*pathways involved in diabetic complications

pathway (Table 3). However, the combined effect of 7 αamylase inhibitors reflected the HIF-1 signaling pathway to
be primarily modulated; represented in Fig. 3. Further, gene
GO analysis of modulated proteins for biological process,

cellular component, and molecular function is represented in
Fig. 4. Similarly, the line was fitted for the topological coefficient (y = 0.549-0.027x, R-square 0.545), node degree distribution (y = 8.706-0.662x, R-square 0.269), between
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Fig. 3 Interaction of
phytoconstituents between
phytoconstituents, their targets,
and modulated pathways

centralities (y = 0.002x2.103, R-square 0.753), closeness
centralities (y = 0.271x0.164, R-square 0.667) and neighborhood connectivity distribution (y = 10.399-0.532x, Rsquare 0.746) for compounds-proteins-pathways network; represented in Fig. 5. Similarly, the relation between shared neighbors vs. frequency and frequency vs.
path length is represented in Fig. 6.

In silico molecular docking
Molecular docking identified top 5 hit bioactives as α-amylase
inhibitors i.e. β-sitosterol glucoside (-9.4 kcal/mol), naringenin
(-8.8 kcal/mol), 7-O-α-D-glucopyranosyl-3,5-dihydroxy3’-(4’’-acetoxyl-3’’-methylbutyl)-6,4’-dimethoxyflavone (-8.9
kcal/mol), kusaginin (-8.7 kcal/mol), and scutellarein (-8.7
kcal/mol) from D. repens. Among them, kusaginin was identified to possess the highest number of hydrogen bond interactions with α-amylase via ASN298, GLU233, ASP300, TRP59,
ASP356, and GLU63. The binding energy, number of hydrogen bond interactions, and residues of each phytoconstituent
with α-amylase are summarized in Table 4. Similarly, the interaction of naringenin, kusaginin, and scutellarein with αamylase is represented in Fig. 7.

Glucose uptake assay using rat hemidiaphragm
Fraction rich in flavonoids from D. repens showed the highest
efficacy for uptake glucose in the presence of insulin (EC50:

534.73 ± 0.79 µg/ml). Table 5 summarizes the EC50 of
each fraction and hydroalcoholic extract for glucose uptake
in rat hemidiaphragm.

Discussion
The conventional drug invention/identification utilizes the
concept of “lock and key” and “one gene-one disease drug
track” by targeting the single protein [25] which has failed
many times in multiple polygenic conditions like DM.
Consequently, the practice of identifying new drug molecules
for pharmacotherapy of multiple diseases, chiefly polygenic
conditions like T2DM needs to be modified in such a way that
the compound could target multiple proteins involved in disease pathogenesis in a synergistic mechanism. For this purpose, phytoconstituents from folk medicines can be utilized as
they possess minimal side effects; can be evaluated by constructing “in house libraries” and matching with drug-like
substances. Previous studies also identified few lead molecules to regulate multiple proteins and pathways via gene-set
enrichment analysis [26] and network pharmacology [25, 27].
Further, Gene Ontology enrichment analysis (GO enrichment
analysis) helps to perform the enrichment analysis of gene sets
to identify GO terms that are under- or over-represented by
using annotations of testable gene sets which may have an
association with disease phenotypes. The analysis of gene
set in enrichment analysis depends upon the background
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8

6

4
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nitrogen compound metabolic process (GO:0006807)
organic substance metabolic process (GO:0071704)
cellular process (GO:0009987)
cellular response to stimulus (GO:0051716)
cellular metabolic process (GO:0044237)
primary metabolic process (GO:0044238)
regulation of cellular process (GO:0050794)
positive regulation of cellular process (GO:0048522)
negative regulation of biological process (GO:0048519)
developmental process (GO:0032502)
regulation of nitrogen compound metabolic process (GO:0051171)
regulation of primary metabolic process (GO:0080090)
regulation of macromolecule metabolic process (GO:0060255)
regulation of cellular metabolic process (GO:0031323)
multicellular organismal process (GO:0032501)
macromolecule metabolic process (GO:0043170)
response to chemical (GO:0042221)
cellular component organization (GO:0016043)
organonitrogen compound metabolic process (GO:1901564)
cellular macromolecule metabolic process (GO:0044260)
cytoplasmic part (GO:0044444)
Cytosol (GO:0005829)
intracellular membrane-bounded organelle (GO:0043231)
intracellular organelle lumen (GO:0070013)
intracellular organelle part (GO:0044446)
Nucleus (GO:0005634)
nuclear lumen (GO:0031981)
intracellular non-membrane-bounded organelle (GO:0043232)
Nucleoplasm (GO:0005654)
whole membrane (GO:0098805)
Chromatin (GO:0000785)
Mitochondrion (GO:0005739)
nuclear chromosome (GO:0000228)
organelle envelope (GO:0031967)
membrane raft (GO:0045121)
nuclear chromatin (GO:0000790)
nuclear euchromatin (GO:0005719)
peroxisomal matrix (GO:0005782)
Caveola (GO:0005901)
mitochondrial outer membrane (GO:0005741)
Binding (GO:0005488)
protein binding (GO:0005515)
ion binding (GO:0043167)
enzyme binding (GO:0019899)
metal ion binding (GO:0046872)
heterocyclic compound binding (GO:1901363)
organic cyclic compound binding (GO:0097159)
catalytic activity (GO:0003824)
signaling receptor binding (GO:0005102)
identical protein binding (GO:0042802)
cofactor binding (GO:0048037)
protein domain specific binding (GO:0019904)
transition metal ion binding (GO:0046914)
protein dimerization activity (GO:0046983)
catalytic activity, acting on a protein (GO:0140096)
small molecule binding (GO:0036094)
anion binding (GO:0043168)
coenzyme binding (GO:0050662)
oxidoreductase activity (GO:0016491)
zinc ion binding (GO:0008270)
DNA-binding transcription factor activity (GO:0003700)

0

Fig. 4 Gene GO analysis of modulated proteins for biological process, cellular component and molecular function

frequency; represents the gene annotated in the background
set and sample frequency; represents genes annotated in the
input list [28]. Hence, the present study also investigated
hydroalcoholic extract and multiple fractions(s) rich in polyphenols, alkaloids, saponins, steroids, and flavonoids for αamylase inhibitory activity followed by identification of hit
molecules and their gene-set enrichment analysis. Further,
hit molecules i.e. kusaginin, scutellarein, and naringenin were
also investigated individually to assess their α-amylase inhibitory activity.
Fraction rich in flavonoids from D. repens was found to
possess higher α-amylase inhibitory activity compared to other fractions conceivably due to higher binding affinity with an
enzyme. Although polyphenols, alkaloids, saponins, and steroids rich fractions were identified to inhibit α-amylase, our
cheminformatic investigation failed to spot lead enzyme inhibitors from these groups of phytoconstituents which needs
to be further investigated. Further based on molecular docking
and gene-set enrichment analysis we attempted to identify hits

as α-amylase inhibitors. This approach was investigated based
on probable activity to inhibit α-amylase, the binding affinity
of phytoconstituents with an enzyme and modulated proteins
and pathways. Based on the above parameters, scutellarein
was predicted as a lead molecule to inhibit α-amylase which
was confirmed via in vitro methods.
PI3K/Akt signaling pathway acts as a stabilizer to maintain
the normal homeostatic condition and its abnormalities may
lead to an eruption of a polygenic condition like diabetes and
obesity [29]; was regulated by three phytoconstituents i.e.
myristoleic acid, (E)-p-methoxycinnamic acid, and (E)cinnamic acid. Since T2DM is a polygenic condition [6] and
its pathogenesis includes insulin resistance and gradual damage in pancreatic β-cells, there is altered signaling in adipose
tissue and skeletal muscle (inhibition of glucose uptake), pancreas (damage to β-cells), liver (increase in gluconeogenesis)
and brain (progression of Type III DM) [30]. Hence, modulation of this pathway could be beneficial in managing T2DM as
it regulates the insulin signaling pathway, enhances glucose
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Fig. 5 Relation of a between centralities vs. number of neighbors, b
closeness centralities vs. number of neighbours c average network
centralities vs. number of neighbours d number of nodes vs. degree, e

number of nodes vs. stress centrality, and f topological coefficient vs.
number of neighbours in the constructed network

uptake, maintains glucose homeostasis, and promotes insulin
action [31]. However, the p53 signaling pathway was predicted to be commonly modulated by all phytoconstituents. The
p53 signaling pathway is well recorded to repress GLUT1 and
GLUT4 (decreases glucose influx), downregulates peroxisome proliferator-activated receptor-γ coactivator 1α, and as
insulin receptor promoter. Further, it also inhibits glycolysis
by inhibiting phosphoglycerate mutase, hexokinase 1 and 2,
and glucose-6-phosphate isomerase; also concerned with an
undemonstrative rate for glycogen synthesis [32].
Additionally, the p53 signaling pathway also maintains pancreatic β-cell mass. Further, this pathway also regulates mitochondrial metabolism of pyruvate; also inhibits embryonic
malformation in diabetic conditions [26].

A single compound can modulate multiple proteins and
pathways [25, 26, 33, 34], and it is to be understood that the
mode of activity represented by a compound may not be similar compared to a group of alike compounds. For example, in
the present study, PI3K/Akt signaling pathway was primarily
modulated by three major constituents i.e. myristoleic acid,
(E)-p-methoxycinnamic acid, (E)-cinnamic acid and also possess the binding affinity with α-amylase. However, combined
network interaction of all α-amylase inhibitors, regulated, and
pathways reflect the expression of the p53 signaling pathway.
This suggests the choice of suitable molecules to target the
specific protein followed by the regulation of multiple proteins involved in particular pathogenesis rather than a single
hit molecule.
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Fig. 6 Relation of a number of
shared neighbours with frequency
and b frequency with path length
respectively

approach. The identified lead hits and their combination may
fulfill this aspect by modulating the AGE-RAGE signaling
pathway (diabetic neuropathy, nephropathy, and retinopathy)
[38], FoxO signaling pathway (diabetic nephropathy) [39],
and Longevity regulating pathway (diabetic nephropathy)
[40].

Management of diabetes complications is one of the challenging aspects of diabetic patients [35]. Additionally, some
clinically approved anti-diabetic agents are also suspected as
hepatotoxic, nephrotoxic, and are contraindicated in pregnancy [35–37]. Hence, along with the pharmacotherapy of
T2DM, focus over diabetic complications could be a smarter
Table 4

Binding affinity and number of hydrogen bonds/residues of each ligand with α-amylase

Ligand

Binding energy Number of
Hydrogen bond residues
(kcal/mol)
hydrogen bonds

(E)-cinnamic acid
(E)-p-methoxycinnamic acid
3, 7, 4’-Trihydroxy-3’-(8’’-acetoxy-7’’-methyloctyl)-5,
6 dimethoxyflavone
7-O-α-D-glucopyranosyl-3,
5-dihydroxy-3’-(4’’-acetoxyl-3’’-methylbutyl)-6,
4’-dimethoxyflavone
Durantoside III

-6.3
-6.6
-8.3

2
1
4

TRP59, GLN63
GLN63
ARG10, ASP402, ARG421, SER289

-8.9

2

HIS305, ASP300

-8.3

6

ASP356, HIS305, ASP300, THR163

Durantoside II
Durantoside I
Myristoleic acid
Naringenin
Scoparone
Scutellarein
β-sitosterol glucoside
Kusaginin

-8.3
-8.5
-5.3
-8.8
-6.3
-8.7
-9.4
-8.7

5
4
2
2
2
2
6

GLY403, SER289, GLY334, ARG252
ARG195, ASP300, GLU233, TYR151
GLN63
GLN63, HIS299
HIS299, GLN63
ASP356, ASP353
ASN298, GLU233, ASP300, TRP59, ASP356, GLU63
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Fig. 7 Interaction of a kusaginin b naringenin and c scutellarein with α-amylase

Table 5 EC50 of hydroalcoholic
extract/fraction(s) of D. repens for
glucose uptake in rat
hemidiaphragm

Test agents

Phytoconstituents

EC50 (µg/ml)

Hydroalcoholic
extract
Fraction 1
Fraction 2
Fraction 3
Fraction 4
Fraction 5
Metformin

Flavonoids, Saponins, Alkaloids, Polyphenols, Triterpenes,
Steroids
Fraction rich in Flavonoids
Fraction rich in Saponins
Fraction rich in Alkaloids
Fraction rich in Polyphenols
Fraction rich in Steroids
Gold standard

723.46 ± 6.49

All data are represented in Mean ± SD, EC50: Effective concentration 50

534.73 ± 0.79
603.99 ± 2.92
642.74 ± 5.14
559.16 ± 8.12
765.37 ± 13.44
169.38 ± 2.44

J Diabetes Metab Disord

Hit molecules obtained from docking analysis, gene set enrichment analysis, and network pharmacology approaches were
further confirmed for their α-amylase inhibitory activity. This
helped to identify kusaginin as a potent α-amylase inhibitor as
predicted by PASS and docking hit compared to scutellarein and
naringenin. Unfortunately, this inhibitor failed to modulate pathways involved in DM. Although scutellarein was predicted for
higher Pa to inhibit α-amylase and equivalent binding energy to
naringenin, the IC50 was significantly higher (p < 0.001) compared to kusaginin and naringenin. These observations reflect the
combination of phytoconstituents should be carried for further
investigation instead of a single lead hit.
In the present network, multiple parameters have been utilized to assess the constructed phytoconstituent-proteinpathway network. The closeness of each node to other nodes
within the whole network is explained by “closeness
centralities” to assess the superior broadcaster in the whole
network [41]. Network analysis identified the closeness centralities of nodes were dependent on neighbors by 83.4%.
Similarly, “between centralities” identifies the node to act as
a bridge between other nodes i.e. reflects the shortest path to
connect one node to another node by counting the fall of one
node over other and helps to identify the flow around the
system [41] which was found to be 75.3%. The involvement
of one node to another node is explained by the “topological
coefficient”; assigns zero to the nodes having no or one neighbor [42]. The topological coefficient of the constructed network was explained by neighbors at 54.5%. Similarly, “neighborhood connectivity” distribution explains the average connectivity of all nodes with their neighbors [42] which was
defined by neighbors at 74.6%. “Node degree distribution”
explains the relationship between in-degree and out-degree
node distribution [42]; was explained by their degrees at
26.9%. Similarly, “stress centrality” measures the relation of
“n” number of nodes with stress “s” for multiple values by
grouping the values into bins as {{0}}; [1, 10); [10, 100);....
and assessing stress values to grow exponentially which was
explained by stress centralities at 8.9%.
The high expression of the p53 signaling pathway could play
a prime role in the long term progression of T2DM pathogenesis
due to the downregulation of GLUT1 and GLUT4 gene expression. [43] Since GLUT4 plays an important role in the glucose
uptake to the skeletal muscle [44], the involvement of the p53
signaling pathway may alter this mechanism and could be the
outcome of insulin-resistant in T2DM. Further, GLUT1 has an
association with TGF-β to contribute to diabetic nephropathy
[45]. Likewise, the p53 pathway also acts as a negative regulator
of glycolysis and a positive regulator of gluconeogenesis [46].
Glucose uptake assay by rat hemidiaphragm helps to understand
the peripheral glucose uptake [24] which is also disturbed by the
p53 signaling pathway. In the present study, we identified the
fraction rich in flavonoids to possess α-amylase inhibitory activity as well as efficacy to enhance the glucose uptake to the rat

hemidiaphragm which could be due to the combined action of
modulated proteins i.e. MDM2, CASP8, CCND2, CHEK1,
TP53I3, and TP73 of p53 signaling pathway by naringenin,
scoparone, scutellarein, (E)-cinnamic acid, (E)-pmethoxycinnamic acid, and β-sitosterol glucoside. Further,
among three hit α-amylase inhibitors i.e. kusaginin, scutellarein,
and naringenin, two were flavonoids that could have contributed
a major role in this process.

Conclusions
The present study dealt to identify the potential α-amylase inhibitors from D. repens and predict the probably modulated
proteins/pathways by them. Likewise, the study also reflected
the management of a polygenic condition like DM could be
possible if multiple proteins are targeted to produce a
synergistic/additive effect. To assess the potency of the modulation of the p53 signaling pathway we utilized ex vivo experiment for glucose uptake assay which identified the flavonoids
to have a major contribution. Further, these agents need to be
tested to assess their role in maintaining pancreatic β-cell mass
in experimental models which is the future scope of the present
study. Limiting to the present study, the enrichment analysis of
modulated proteins is based on the database query and computer simulations which need to be further validated by experimental procedures.
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Abstract
Anthraquinone derivatives are identified for their immune-boosting, anti-inflammatory, and anti-viral efficacy. Hence, the present study aimed to investigate the reported anthraquinone derivatives as immune booster molecules in COVID-19 infection
and evaluate their binding affinity with three reported targets of novel coronavirus i.e. 3C-like protease, papain-like protease,
and spike protein. The reported anthraquinone derivatives were retrieved from an open-source database and filtered based on
a positive druglikeness score. Compounds with positive druglikeness scores were predicted for their targets using DIGEPPred and the interaction among modulated proteins was evaluated using STRING. Further, the associated pathways were
recorded concerning the Kyoto Encyclopedia of Genes and Genomes pathway database. Finally, the docking was performed
using autodock4 to identify the binding efficacy of anthraquinone derivatives with 3C-like protease, papain-like protease, and
spike protein. After docking the pose of ligand scoring minimum binding energy was chosen to visualize the ligand–protein
interaction. Among 101 bioactives, 36 scored positive druglikeness score and regulated multiple pathways concerned with
immune modulation and (non-) infectious diseases. Similarly, docking study revealed torososide B to possess the highest
binding affinity with papain-like protease and 3C-like protease and 1,3,6-trihydroxy-2-methyl-9,10-anthraquinone-3-O-(6′O-acetyl)-β-d-xylopyranosyl-(1 → 2)-β-d-glucopyranoside with spike protein.
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1 Introduction
Presently, CoV Disease (COVID-19) has lead to millions of
death throughout the world beginning from the December of
2019 [1]. Further, the risk of getting affected with COVID19 is supplemented in subjects with lower immunity primarily special subjects like pediatrics/geriatrics and the patients
suffering from infectious and non-infectious diseases [2].
Although approaches are being made to prevent this virus
to get spread via social distancing and so on, boosting of
immunity in subjects could play an important role in inhibiting the transmission of the virus and its invasion into the
body. Although investigations are undergoing to develop
the vaccine against COVID-19, it may still take time as the
drug discovery process is much complicated. Hence, it is
important to identify any alternative approach as prophylaxis against COVID-19 which can be implemented via the
utilization of immune boosters from natural sources. Three
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targets of novel coronavirus i.e. 3C-like protease (3CLpro),
papain-like protease (PLpro), and spike protein [3–6] are
being targeted by multiple investigators to identify the new
hit molecule for the management of COVID-19. Further,
inflammation and cell necrosis are contributing factors in
worsening the COVID-19 pathogenesis which suggests identifying the molecule with anti-viral, anti-inflammatory and
immune-boosting properties.
Anthroquinolines are the group of compounds from multiple folk medicines like Senna species which are utilized
in Ayurvedic system of medicines and Traditional Chinese Medicines for the management of various infectious
and non-infectious diseases [7, 8]. Further, anthraquinone
derivatives are also reported for anti-viral property [9], antiinflammatory efficacy [10], and as immune booster [11].
Hence, in the COVID-19 infection, it may be beneficial if the
bioactives are identified with an immune boost, anti-inflammatory, and anti-viral properties which can be demonstrated

Anthraquinone Derivatives as an Immune Booster

via the concept of network pharmacology or polypharmacological approach. Hence, based on the above theme, of
anti-viral/anti-inflammatory/immune boosting reports of
anthraquinones we attempted to screen the multiple anthraquinone derivatives as an immune booster and anti-viral
efficacy using in silico molecular docking and other system
biology tools.

2 Materials and methods
2.1 Bioactives and their Druglikeness Score
The reported phytoconstituents under the phytochemistry
of anthraquinone were retrieved from available literature/
Chemical Entities of Biological Interest (ChEBI) records
(https://www.ebi.ac.uk/chebi/). All the compounds were
then predicted for the druglikeness score by querying the
SMILES of each molecule in MolSoft (https://molsoft.com/
mprop/).

2.2 Target Prediction and their Enrichment Analysis
to Assess Immune‑boosting Efficacy
Anthraquinone derivatives with positive druglikeness scores
were queried in DIGEP-Pred [12] to identify “Proteins
based targets” (up-regulated/downregulated proteins) at
the probable activity of 0.5. The list of regulated proteins
was queried in STRING [13] to identify the biological process, cellular function, and molecular processes of combined
gene-set. Further, the probably modulated pathways were
also identified concerning the Kyoto Encyclopedia of Genes
and Genomes database. Network among the bioactives, their
targets, and modulated pathways was constructed using the
Cytoscape [14] version 3.5.1. Any duplicates interconnection of two nodes was eliminated to avoid the appearance
of a false hit. The whole network was analyzed using the
“network analyzer” tool based on node size and count representing the edge count as “low values to small size” and
“low values to bright colors” respectively as explained previously [15].

2.3 Prediction of Probable Anti‑viral Activity
Anti-viral activity of each compound was predicted by
querying the SMILES in Prediction of Activity Spectra for
Substances [16] at the pharmacological activity (Pa) > pharmacological inactivity (Pi) and retrieving the probable
biological spectrum for keyword “anti-viral”. Records
were queried for their probable pharmacological spectrum
against multiple viruses like Adenovirus, Cytomegalovirus (CMV), Hepatitis B, Hepatitis C, Hepatitis, Herpes,

Human immunodeficiency virus (HIV), Influenza A, Influenza, Parainfluenza, Picornavirus, Poxvirus, Rhinovirus, and
Trachoma.

2.4 In Silico Molecular Docking
2.4.1 Preparation of Ligand Molecules
All the 3D. sdf format of ligand molecules with positive
drug-likeness scores was retrieved from PubChem database
(https: //pubche m.ncbi.nlm.nih.gov/) or structures were
drawn in ChemSketch (https://www.acdlabs.com/resources/
freeware/chemsketch/) as applicable. The ligand molecules
were converted into.pdb format using Discovery studio 2019
[17]. All the bioactives were minimized using MMFF94
forcefield [18] using conjugate gradients as an optimization
algorithm. After the minimization of energy, all ligand molecules were converted into.pdbqt format.
2.4.2 Preparation of Macromolecules
Three target proteins of COVID-19 i.e. 3clpro (PDB: 6LU7),
PLpro (PDB: 4M0W), and spike proteins (homology modeled target, accession number: AVP78042.1 as query
sequence and PDB: 6VSB as a template using SWISSMODEL [19]) were selected. The retrieved proteins from
Research Collaboratory for Structural Bioinformatics database were in complex with other heteroatoms which were
removed using Discovery studio 2019 and saved in.pdb
format.
2.4.3 Ligand–protein Docking
The ligand molecules were docked with protein molecules
using autodock4 [20] by setting 8 exhaustiveness as default
to obtain 10 different poses of ligand molecules. After docking the pose of ligand scoring lowest binding energy was
selected to visualize the ligand–protein interaction in Discovery Studio 2019 as explained previously [21, 22].

3 Results
3.1 Bioactives and their Druglikeness Score
The complete datasheet of 101 compounds including their
name, ChEBI ID, molecular formula/weight, and synonym
including phytochemistry for the retrieved compounds were
summarized (Table S1). Among 101 different compounds,
36 were identified with positive druglikeness scores. Among
them, laccaic acid A scored highest druglikeness score i.e.
0.85 with molecular weight 537.09, 12 hydrogen bond
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acceptor, 8 hydrogen bond donors, and 2.88 MolLogP. The
details of the druglikeness score of each compound are summarized in Table 1.

3.2 Target Prediction and their Enrichment Analysis
to Assess Immune‑Boosting Efficacy
Among the compounds with positive druglikeness score,
anthragallol was predicted to modulate the highest number of genes i.e. 25. Similarly, human carbonyl reductase
1 (CBR1) was targeted by the highest number of bioactives i.e. 33. Further, the enrichment analysis identified the
modulation of 54 different pathways in which pathways
in cancer was majorly modulated by regulating 12 genes
(AR, CASP8, CDK4, CTNNB1, EPAS1, HMOX1, KLK3,
MMP2, NFE2L2, NOS2, RAC1, and RARA) under the
background of 515 proteins at the false discovery rate of
7.71E−08. Table 2 summarizes the gene enrichment analysis
of the modulated gene set along with modulated pathways
with their respective gene codes. The protein–protein interaction of modulated proteins is presented in Fig. 1. Similarly,
the combined bioactives-proteins-pathways also reflected the
anthrogallol to target the highest number of proteins. Likewise, TNFRSF1A and pathways in cancer were majorly targeted/modulated protein and pathways respectively (Fig. 2).

3.3 Prediction of Probable Anti‑viral Activity
The anthraquinones were found to be anti-viral agents
against adenovirus, CMV, hepatitis B and C, hepatitis, herpes, HIV, influenza A, influenza, parainfluenza, picornavirus, poxvirus, rhinovirus, and trachoma. Among them, the
majority of the compounds were active against herpes virus
i.e. 13.28%. The overall activity of compounds against multiple viruses is summarized in Fig. 3.

3.4 In Silico Molecular Docking
Torososide B was predicted to have the highest binding
affinity (− 8.7 kcal/mol) with PLpro with 9 hydrogen bond
interactions via THR302, ASP303, TYR274, TYR265,
ARG167, TYR269, ASP165. Further, Torososide B was
predicted to possess the highest binding affinity (− 9.3 kcal/
mol) with 3CLpro with 14 hydrogen bond interactions
with LEU287, TYR237, THR199, ARG131, LYS137,
LYS5, GLU290, ILE281, LEU282, and PHE3. Similarly,
1,3,6-trihydroxy-2-methyl-9,10-anthraquinone-3-O-(6′-Oacetyl)-β-d-xylopyranosyl-(1– > 2)-β-d-glucopyranoside was
predicted to possess the highest binding affinity (− 8.7 kcal/
mol) with spike protein with the highest number of hydrogen bond interactions i.e. 6 with ASP820, ILE816, ASP815,
GLN825, and MET703. The binding affinity of each compound with individual targets with the number of hydrogen
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bond interactions and residues is summarized in Table S2.
The interaction of Torososide B with PLpro and 3CLpro
and 1,3,6-trihydroxy-2-methyl-9,10-anthraquinone-3-O-(6′O-acetyl)-β-d-xylopyranosyl-(1– > 2)-β-d-glucopyranoside
with spike protein is presented in Fig. 4.

4 Discussion
During the COVID-19 infection, severe necrosis and inflammation lead to defects in the supply of necessary nutrients
and oxygen into the cells which are more terrible in the subjects with compromised immunity. Hence, in the present
study, we investigated multiple anthraquinone derivatives
from various traditional medicines to act against COVID19 targets i.e. 3CLpro, PLpro, and spike protein, and their
combined immune-boosting efficacy. Initially, we calculated the druglikeness score of each molecule based on the
“Lipinksi’s Rule of Five” [23] as the majority of the plantbased medicines are utilized via the oral route which identified 36 different compounds with positive druglikeness score
and considered to get absorbed orally (Table 1) which were
contemplated for further study.
The conventional drug discovery process utilizes the
concept of “single drug-single protein-single disease” [24]
which may not be applicable in the management of infectious diseases. This is due to the affinity of the pathogens
(viruses/bacteria) to affect the multiple homeostatic functions of protein molecules. It means multiple proteins from
the pathogens are involved to generate this effect. Hence, this
can be managed via the utilization of modified drug development process “multi compound-multi protein-disease”
interaction in which multiple bioactives regulate multiple
proteins [25] which can also be taken as a basic key of boosting the immune system. Hence, in the present study, the
combined synergistic phenomena of anthraquinones were
investigated rather than a single bioactive molecule to identify multiple pathways that are directly or indirectly involved
in the immune system.
Gene set enrichment analysis identified multiple pathways
like p53 signaling pathway [26], PI3K-Akt signaling pathway [27], Rap1 signaling pathway [28], NF-kappa B signaling pathway [29] which are directly involved in the boosting the immune system. Similarly, some other pathways like
pathways in cancer, PPAR signaling pathway, colorectal
cancer, chemical carcinogenesis, estrogen signaling pathway
were also identified which reflects the potency of anthraquinones to be beneficial in the subjects which are suffering
from these pathways associated diseases like cancer. Further,
pathways like p53 signaling pathways, PI3K-Akt, Wnt signaling pathways are also associated with diseases like diabetes and obesity where the immune system is compromised.
Hence, regulation of these pathways could be beneficial in
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Table 1  Druglikeness of anthraquinone derivatives with positive score
Bioactives

Molecular formula Molecular weight NHBA NHBD MolLogP MolPSA (A2) MolVol (A3) DLS

Versicolorone tricyclic form
(1′S,5′S)-5′-hydroxyaverantin
(1′S,5′R)-5′-hydroxyaverantin
chrysophanol 8-O-β-d-glucoside
1,3,6-trihydroxy-2-methyl-9,10anthraquinone-3-O-(6′-O-acetyl)α-l-rhamnopyranosyl-(1- > 2)-β-dglucopyranoside
1,3,6-trihydroxy-2-methyl-9,10anthraquinone-3-O-(6′-O-acetyl)β-d-glucopyranoside
1,3,6-trihydroxy-2-methyl9,10-anthraquinone-3-O-α-lrhamnopyranosyl-(1- > 2)-β-dglucopyranoside
1,3,6-trihydroxy-2-methyl-9,10anthraquinone-3-O-(6′-O-acetyl)β-d-xylopyranosyl-(1- > 2)-β-dglucopyranoside
1,3,6-trihydroxy-2-methyl-9,10anthraquinone-3-O-(3′-O-acetyl)α-l-rhamnopyranosyl-(1- > 2)-β-dglucopyranoside
1-hydroxy-2-(β-d-glucosyloxy)-9,10anthraquinone
(2S)-versicolorone
(S)-5′-oxoaverantin
BDA-366
Emodin 8-glucoside
Anthragallol
Nogalonic acid
Mitoxantrone
Torososide B
Versicolorone
4′-O-demethylknipholone-4′-O-β-dglucopyranoside
Aklanonic acid
Kermesic acid
Gaboroquinone A
Variecolorquinone A
Laccaic acid A
Laccaic acid B
Laccaic acid C
Carminic acid
Ekatetrone
4-bromo-1-hydroxyanthraquinone2-carboxylic acid
Scutianthraquinone A
Scutianthraquinone B
Scutianthraquinone C
1,3,6-trihydroxy-2-hydroxymethyl9,10-anthraquinone-3-O-(6′-Oacetyl)-β-d-glucopyranoside

C20H18O8
C20H20O8
C20H20O8
C21H20O9
C29H32O15

386.1
388.12
388.12
416.11
620.17

8
8
8
9
15

5
6
6
5
7

1.67
1.9
1.9
1.11
1.46

122.82
125
125
122.67
189.78

375.84
371.14
371.14
379.02
556.02

0.09
0.17
0.17
0.45
0.6

C23H22O11

474.12

11

5

2.07

143.34

436.83

0.45

C27H30O14

578.16

14

8

0.85

185.66

510.27

0.5

C28H30O15

606.16

15

7

1.01

190.6

540.52

0.69

C29H32O15

620.17

15

7

1.42

190.3

556.1

0.76

C20H18O9

402.1

9

5

1.1

121.6

358.41

0.04

C20H18O8
C20H18O8
C24H29N3O4
C21H20O10
C21H20O10
C20H14O8
C22H28N4O6
C40H52O25
C20H16O7
C29H26O13

386.1
386.1
423.22
432.11
432.11
382.07
444.2
932.28
368.09
582.14

8
8
5
10
10
8
8
25
7
13

5
5
3
6
6
3
8
14
3
8

1.67
1.77
2.54
0.61
0.61
2.33
-0.55
-4.46
2.68
1.91

122.82
121.86
74.7
140.29
140.29
113.17
135.33
320.41
97.9
184.8

375.84
374.32
440.1
389.71
389.71
370.61
432.17
789.36
364.43
529.73

0.09
0.16
0.09
0.74
0.74
0.44
0.53
0.63
0.14
0.61

C21H16O8
C16H10O8
C24H18O9
C20H18O9
C26H19NO12
C24H16O12
C25H17NO13
C22H20O13
C19H13NO7
C15H7BrO5

396.08
330.04
450.1
402.1
537.09
496.06
539.07
492.09
367.07
345.95

8
8
9
9
12
12
14
13
7
5

3
5
5
4
8
8
10
9
4
2

2.83
2.1
3.35
1.36
2.88
3.19
0.68
0.62
2.12
4.39

112.59
119.71
130.76
121.77
186.68
178.91
211.46
189.58
112.76
70.07

389.73
304.77
428.49
383.49
496.66
446.68
476.5
434.4
348.31
269.12

0.51
0.06
0.27
0.71
0.85
0.65
0.68
0.77
0.5
0.24

C39H32O13
C38H30O13
C34H24O12
C23H22O12

708.18
694.17
624.13
490.11

13
13
12
12

4
4
5
6

7.75
7.41
5.88
0.93

165.64
165.64
161.07
160.45

711.03
693.71
618.22
445.01

0.45
0.26
0.31
0.41
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Table 1  (continued)
Bioactives

Molecular formula Molecular weight NHBA NHBD MolLogP MolPSA (A2) MolVol (A3) DLS

Rubianthraquinone
5-hydroxyanthraquinone-1,3-dicarboxylic acid

C16H12O5
C16H8O7

284.07
312.03

5
7

2
3

3.26
3.47

68.06
99.54

281.86
281.87

0.07
0.28

DLS Druglikeness Score NHBA Number of Hydrogen Bond Acceptor NHBD Number of Hydrogen Bond Donor

managing the diseases from which they are suffering, and
boosting the immune system will also act as prophylaxis
against COVID-19. Additionally, the enrichment analysis
also identified the modulation of multiple pathways that are
associated with a pathogenic infection like viral myocarditis
and tuberculosis which reflects the potency of anthraquinone
derivatives to manage the infectious diseases. Further, herbal
medicines rich in anthraquinones also possess the anti-viral
potency against various viruses. Hence, we attempted to
identify the probable anti-viral activity of the anthraquinones with positive druglikeness score which identified their
efficacy against multiple viruses like the rhino, influenza,
herpes trachoma, pox, and CMV.
3CLpro alters the ubiquitin system to incorporate the
viral polypeptides and deregulates the homeostatic task
of functional proteins [30] which was majorly targeted
by torososide B. Further, PLpro alters the function of
protein phosphatase 1A and protein phosphatase 1B into
the replicase proteins to adjust viral life cycle [31] which
was majorly inhibited by torososide B. Similarly, spike
protein utilizes angiotensin-converting enzyme 2 (ACE-2)
as a receptor to enter inside the host cell [32, 33] which
was chiefly regulated by modulated by 1,3,6-trihydroxy2-methyl-9,10-anthraquinone-3-O-(6′-O-acetyl)-β- d xylopyranosyl-(1→ 2)-β-d-glucopyranoside. These results
reflect the probability of the anthraquinone derivatives to
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act as the anti-viral against COVID-19. However, as the time
proceeds, it is to be understood that the binding affinity of
probable lead hit molecules may get altered due to mutation
in the possible protein targets and the inhibitory function
may not occur as predicted.

5 Conclusion
The present study utilized in silico molecular docking tools
to identify the binding affinity of previously recorded anthraquinones derivatives against 3clpro, PLpro, and spike
protein which identified Torososide B and 1,3,6-trihydroxy2-methyl-9,10-anthraquinone-3-O-(6′-O-acetyl)-β- d xylopyranosyl-(1→ 2)-β-d-glucopyranoside as a lead hits.
Similarly, the combined synergies of the network identified the modulation of multiple pathways involved in the
immune system like p53, chemokine, and PI3K-Akt signaling pathways. Additionally, anthraquinone derivatives were
also identified as the modulators of the disease pathways
where the immune system is compromised like diabetes and
obesity. All these results suggest the probable therapeutic
option of the utilization of anthraquinones as an immune
booster and anti-viral against novel coronavirus by acting
on the three targets as investigated. However, the present
findings are only based on the computer simulations which
need to be further validated using well designed experimental protocols.

Anthraquinone Derivatives as an Immune Booster
Table 2  Enrichment analysis of modulated proteins by the reported anthraquinone derivatives
Observed
gene
count

Background
gene count

False discovery rate Matching proteins in network

12

515

7.71E−08

hsa05418 Fluid shear stress and atherosclerosis

7

133

1.18E−06

hsa05167 Kaposi’s sarcoma-associated herpesvirus infection
hsa05215 Prostate cancer
hsa05014 Amyotrophic lateral sclerosis (ALS)
hsa04932 Non-alcoholic fatty liver disease
(NAFLD)
hsa05202 Transcriptional misregulation in cancer
hsa04066 HIF-1 signaling pathway
hsa00380 Tryptophan metabolism
hsa04915 Estrogen signaling pathway
hsa05416 Viral myocarditis
hsa00980 Metabolism of xenobiotics by
cytochrome P450
hsa04115 p53 signaling pathway
hsa04920 Adipocytokine signaling pathway
hsa05152 Tuberculosis
hsa05225 Hepatocellular carcinoma
hsa05203 Viral carcinogenesis
hsa05204 Chemical carcinogenesis
hsa05205 Proteoglycans in cancer
hsa04933 AGE-RAGE signaling pathway in diabetic complications
hsa04620 Toll-like receptor signaling pathway
hsa05142 Chagas disease (American trypanosomiasis)
hsa05145 Toxoplasmosis
hsa04670 Leukocyte transendothelial migration
hsa05166 HTLV-I infection
hsa04215 Apoptosis—multiple species
hsa04216 Ferroptosis
hsa04310 Wnt signaling pathway
hsa05219 Bladder cancer
hsa05224 Breast cancer
hsa05165 Human papillomavirus infection
hsa00480 Glutathione metabolism
hsa04978 Mineral absorption
hsa04151 PI3K-Akt signaling pathway
hsa00140 Steroid hormone biosynthesis
hsa00590 Arachidonic acid metabolism
hsa00830 Retinol metabolism
hsa04024 cAMP signaling pathway
hsa04510 Focal adhesion
hsa04015 Rap1 signaling pathway
hsa05211 Renal cell carcinoma
hsa01524 Platinum drug resistance

6

183

0.00012

5
4
5

97
50
149

0.00012
0.00015
0.00044

5
4
3
4
3
3

169
98
40
133
56
70

0.00068
0.0012
0.0017
0.003
0.0037
0.0053

AR, CASP8, CDK4, CTNNB1, EPAS1,
HMOX1, KLK3, MMP2, NFE2L2,
NOS2, RAC1, RARA
CTNNB1, HMOX1, MMP2, NFE2L2,
PLAT, RAC1, TNFRSF1A
CASP8, CD86, CDK4, CTNNB1, RAC1,
TNFRSF1A
AR, CTNNB1, KLK3, PLAT, PLAU
CAT, GPX1, RAC1, TNFRSF1A
ADIPOQ, CASP8, PPARA, RAC1,
TNFRSF1A
CD86, FLT1, PLAT, PLAU, RARA
FLT1, HMOX1, NOS2, TIMP1
CAT, CYP1A1, CYP1A2
FKBP5, MMP2, PGR, RARA
CASP8, CD86, RAC1
CBR1, CYP1A1, CYP1A2

3
3
4
4
4
3
4
3

68
69
172
163
183
76
195
98

0.0053
0.0053
0.0053
0.0053
0.0056
0.0056
0.0065
0.0097

CASP8, CDK4, CHEK1
ADIPOQ, PPARA, TNFRSF1A
CASP8, NOS2, TNFRSF1A, VDR
CDK4, CTNNB1, HMOX1, NFE2L2
CASP8, CDK4, CHEK1, RAC1
CBR1, CYP1A1,CYP1A2
CTNNB1, MMP2, PLAU, RAC1
CDK4, MMP2, RAC1

3
3

102
101

0.01
0.01

CASP8, CD86, RAC1
CASP8, NOS2, TNFRSF1A

3
3
4
2
2
3
2
3
4
2
2
4
2
2
2
3
3
3
2
2

109
112
250
31
40
143
41
147
317
50
51
348
58
61
62
195
197
203
68
70

0.0113
0.0117
0.0121
0.0131
0.0204
0.0204
0.0204
0.0204
0.0226
0.0261
0.0263
0.0285
0.0316
0.0337
0.0338
0.0339
0.034
0.0359
0.0363
0.0374

CASP8, NOS2, TNFRSF1A
CTNNB1, MMP2, RAC1
CDK4, CHEK1, CTNNB1, TNFRSF1A
CASP8, TNFRSF1A
GSS, HMOX1
CTNNB1, MMP7, RAC1
CDK4, MMP2
CDK4, CTNNB1, PGR
CASP8, CDK4, CTNNB1, TNFRSF1A
GPX1, GSS
HMOX1, VDR
CDK4, FLT1, GH1, RAC1
CYP1A1, CYP1A2
CBR1, GPX1
CYP1A1, CYP1A2
PPARA, RAC1, TNNI3
CTNNB1, FLT1, RAC1
CTNNB1, FLT1, RAC1
EPAS1, RAC1
CASP8, TOP2A

Term ID

Term description

hsa05200 Pathways in cancer
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Table 2  (continued)
Term ID

Term description

hsa04520
hsa03320
hsa05100
hsa05212
hsa04610
hsa04146
hsa05132
hsa05210
hsa05323
hsa04211
hsa05222
hsa04064

Adherens junction
PPAR signaling pathway
Bacterial invasion of epithelial cells
Pancreatic cancer
Complement and coagulation cascades
Peroxisome
Salmonella infection
Colorectal cancer
Rheumatoid arthritis
Longevity regulating pathway
Small cell lung cancer
NF-kappa B signaling pathway

Observed
gene
count

Fig. 1  Protein–protein interaction of regulated proteins
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2
2
2
2
2
2
2
2
2
2
2
2

Background
gene count
71
72
72
74
78
81
84
85
84
88
92
93

False discovery rate Matching proteins in network

0.0375
0.0376
0.0376
0.0379
0.0409
0.0429
0.045
0.045
0.045
0.0462
0.0492
0.0493

CTNNB1, RAC1
ADIPOQ, PPARA
CTNNB1, RAC1
CDK4, RAC1
PLAT, PLAU
CAT, NOS2
NOS2, RAC1
CTNNB1, RAC1
CD86, FLT1
ADIPOQ, CAT
CDK4, NOS2
PLAU, TNFRSF1A

Fig. 2  Network interaction of anthraquinone derivatives with their
proteins and regulated pathways

Anthraquinone Derivatives as an Immune Booster

Antiviral
Antiviral (Adenovirus)
Antiviral (CMV)
Antiviral (Hepatitis B)
Antiviral (Hepatitis C)

Keywords

Antiviral (Hepatitis)
Antiviral (Herpes)
Antiviral (HIV)
Antiviral (Influenza A)
Antiviral (Influenza)
Antiviral (Parainfluenza)
Antiviral (Picornavirus)
Antiviral (Poxvirus)
Antiviral (Rhinovirus)
Antiviral (Trachoma)
0

5

10

15

Percentage
Fig. 3  Predicted anti-viral activity of anthraquinone derivatives against multiple viruses
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Essential oils are secondary metabolites contains a complex mixture of terpenes with a diverse array of chemical structures, play a crucial role in the
management of complex diseases like cancer via synergistic and antagonism
effect. Ylang Ylang essential oil (YYEO) extracted from the lowers of Cananga
odorata is renowned for its fragrance, contained more than 150 essential
components within it, and utilized in various diseases and cosmetics. Traditionally YYEO is being used as an aphrodisiac, anxiolytics, antihypertensive,
antiseptic, in food and beverages as a fragrance agent. Due to the presence
of a complex mixture of essential components in YYEO, we aimed the current study to assess the anticancer potential against Ehrlich Ascites Carcinoma
(EAC) bearing mice. In vitro antioxidant, tumour growth, body weight, biochemical, haematological, and serum estimation was evaluated with subsequent histopathology of the liver. 5- Fluorouracil (5- FU) was used as a standard drug. YYEO showed potent antioxidant activity by DPPH assay. YYEO
signi icantly reversed the Hb, lymphocytes, WBC, and RBC numbers in the
treated group compared with the disease control group. YYEO administration
has restored the imbalanced levels of antioxidant biomarkers such as MDA,
GSH, and SOD activity. YYEO reversed the histopathology of the liver altered
by the EAC in mice. In conclusion, a complex mixture of terpenes contained
in YYEO could be the potent anticancer therapy in the future. Further studies
are needed to identify the active principles and the mechanism involved in this
anti-tumour activity.
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INTRODUCTION
Cancer is one of the leading cause of the mortality worldwide responsible for an estimated 9.6 million deaths. In 2018 WHO reported that deaths
due to cancer worldwide are continued to rise to
over 11 million by 2030 (Bray et al., 2018). Cancer develops in the cells that contain unrepaired
damaged DNA which grow, divide and abnormally
invade other parts of the body, instead of selfdestruction through programmed cell death (Hanahan and Weinberg, 2011). To date, the management of this condition has been limited to the
© International Journal of Research in Pharmaceutical Sciences
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use of single and / or co-administered chemotherapy, radiation, and surgery (Islam et al., 2014).
Although these options are evolving with higher survival rates, patients are undergoing a lot of strain
with long term side effects. This has necessitated
to deploy novel cost-effective treatments involving
minimal human suffering (American Cancer Society, 2007). Herbal medicines including essential oils
have received considerable attention in recent years
as there is increasing realization that these remedies can impact the progression of carcinoma and its
treatment can aid in reestablishing balanced body
systems (Rajapoor et al., 2007; Takeoka and Dao,
2003). Also these medications are easily available
and cost-effective. Essential oils contain a multicomponent system mainly terpenes. These essential oils being secondary metabolites of the plant
have antimutagenic, antiproliferative, antioxidant,
and detoxifying properties (Blowman et al., 2018).

MATERIALS AND METHODS

Ylang Ylang (Cananga odorata), which belongs to
the Annonaceae family, is a traditional plant and
is cultivated in Asian regions such as the Philippines, Indonesia, Malaysia and Madagascar. Ylang
Ylang essential oil (YYEO), derived from the lowers of Cananga odorata, recently introduced in countries such as China, Africa, India, America, etc., is
well known for its aroma (Mazari, 2020). There are
about 161 bioactive phytoconstituents reported in
Ylang Ylang oil including Linalool, Geranyl acetate,
Germacrene-D, β -caryophyllene, Benzyl acetate,
Geraniol, Meethyl benzoate, Germenyl acetate, Farnasene & Benzyl benzoate and so on. It also contains monoterpine hydrogen, which contains oxygen, monoterpenes, sesquiterpenes, benzonaid and
phenol. monoterpene hydrocarbons containing oxygen, monoterpenes, sesquiterpenes, benzonaid and
phenols (Brokl et al., 2013). Traditionally YYEO
is employed as aphrodisiac (Kodithala and Murali,
2018), anxiolytics (Zhang et al., 2016), antihypertensive (Jung et al., 2013), antiseptic (Caacbay and
Jacinto, 2009), in food and beverages as a fragrance
agent (Burdock and Carabin, 2008). Cananga odorata extract was proven to have a cytotoxic effect
against hepatocellular carcinoma cancer cell lines,
HepG2, and Hep2.2.15 Tan et al. (2015) and antiin lammatory effect (Maniyar and CH, 2015). The
cytotoxic oxoaporphine alkaloid liriodenine, isolated from Cananga odorata, was found to be a
potent inhibitor of topoisomerase II both in vitro
and in vivo (Woo et al., 1997). However, there
are no scienti ic reports on the anti-cancer activity
of Ylang Ylang essential oil on EAC tumor-bearing
mice. Therefore, the current study was conducted
to investigate the anticancer potential of Ylang Ylang
essential oil in EAC tumor-bearing mice.

In vitro antioxidant activity of YYEO

Procurement of YYEO
Ylang Ylang essential oil was procured from Allin
Exporters, B-75, Sector- 6, Noida, Uttar Pradesh–
201301, India.

Figure 1: DPPH scavenging activity of the YYEO
and ascorbic acid

The in vitro antioxidant assay was performed by
the DPPH radical scavenging assay method (Noreen
et al., 2017; Caacbay and Jacinto, 2009). Brie ly, 3.6
ml of a methanolic solution of DPPH (0.004% w/v)
was mixed with 0.4ml solution of different concentration (50- 800 µg/ml) of YYEO. After incubating at
37ºC for 40-45min absorbance was read at 517nm
using a spectrophotometer. Ascorbic acid was used
as standard. The inhibition curve was plotted and
IC50 calculated.

Figure 2: Effect of YYEO on body weight
Experimental animals
Balb/c female mice (20- 30g) were procured from In
Vivo Bio Sciences, Bengaluru. All mice were kept in
clean cages for acclimatization under standard husbandry conditions (22-280 C) and relative humidity
was maintained at 65±10% for a 12hr light-dark
cycle with food and water ad libitum. The experimental protocol was reviewed and experimental
animals were approved by IAEC, KLE College of
Pharmacy, Belagavi (IAEC Reg No. 221/
Po/Re/S/2000/ CPCSEA) and the experiment was
carried out in accordance with the CPCSEA guidelines.
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Figure 3: Effect of YYEO on vital organ weight

Figure 4: Effect of YYEO on tumour volume and weight
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Figure 5: Effect of YYEO on serum biomarkers

Figure 6: Effect of YYEO on haematological parameter
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Figure 7: Effect of YYEO on antioxidant biomarkers

Figure 8: Effect of YYEO on liver
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Acute toxicity studies

ume (TV) is quanti ied by collecting ascetic luid
Ylang Ylang Essential oil was found to be safe and from the peritoneal cavity.
showed no mortality amongst the treated animals at Serum estimation
a dose of 2000mg/kg for 14 days (Naik and Rasal,
At the end of the study, blood was collected via retro2019).
orbital route and centrifuged at 3000rpm for 10 min
Dose selection
to separate serum for the estimation of antioxidant
Based on the LD50 obtained from the acute toxic- enzyme mechanism such as Aspartate aminotransity study, doses of 200, 400, 800 mg/kg were cho- ferase (AST), Alanine aminotransferase (ALT), Lacsen to evaluate the therapeutic effect. Furthermore, tate Dehydrogenase (LDH), Triglycerides, and Total
YYEO is an oil, the dose of YYEO (mg) has been con- Protein using standard ERBA and UNICHEM kit proverted to ml in accordance with the speci ic gravity tocols.
of YYEO. As the quantity was not measurable, the oil Hematological parameters
was diluted through emulsion with Tween 20 as an
emulsi ier in the ratio 2: 2: 1, Ylang Ylang oil: Water: Blood was collected from retro-orbital route to
determine the level of WBC, RBC, Haemoglobin, lymTween 20.
phocytes.
Ehrlich ascites carcinoma
Biochemical estimation
The mice with Ascitic Carcinoma (Donor) were
taken after 15 days of tumor inoculation. The ascitic The liver tissue was collected from the animal
luid was withdrawn using a 24-gauge needle into a and homogenated to determine the in vivo antioxisterilized syringe and tested for microbial contami- dant levels of Lipid Peroxidation (LPO), Glutathione
nation. The ascetic luid was appropriately diluted (GSH), and Superoxide Dismutase (SOD). All the estiin normal saline to obtain a concentration of 106 mations were carried out by the method (Chancell/ml of tumor suspension and was administered drashekhar et al., 2013).
intraperitoneally (0.1ml x 106 cells/ml) to induce a Histopathology
tumor (Gupta et al., 2004).
At the end of the study, animals were euthanized
Experimental design
and the liver was collected and stored in 10% neuAnimals were divided into six groups of six mice in tral buffered formalin for further evaluation. The
each. Except for the Normal group, all other groups liver tissues were stained with hematoxylin-eosin
were inoculated with EAC. Further, treatment with and tissue lesions were evaluated using an elecYYEO was started after 24 hours of inoculation for tronic microscope at ×40 magni ication.
14 days.
Statistical analysis
Group I: Normal group

All values are expressed as Mean ± SEM. ANOVA
Group II: EAC cell line (0.1ml x 106 / ml) (Disease followed by a Tukey’s multiple comparison test
using GraphPad Prism 5.0. The degree of freedom of
Control (DC))
6
Group III: EAC cell line (0.1ml x 10 / ml) + 5- Fluo- 5% with a con idence interval of 95% was applied
for all the tests.; *p<0.05, **p<0.01 and***p<0.001
rouracil (20 mg/kg i.p.)
compared to Normal group; ^p<0.05, ^^p<0.01
Group IV: EAC cell line (0.1ml x 106 / ml) + YYEO and^^^p<0.001 compared to Disease control,
(200 mg/kg p.o.)
#p<0.05, ##p<0.01 and ###p<0.001 compared
Group V: EAC cell line (0.1ml x 106 / ml) + YYEO (400 to 5- FU treated group, @p<0.05, @@p<0.01 and
@@@p<0.001 compared to 200mg/kg, $p<0.05,
mg/kg p.o.)
6
Group VI: EAC cell line (0.1ml x 10 / ml) + YYEO $$p<0.01 and $$$p<0.001 compared to 400 mg/kg.
(800 mg/kg p.o.)
Body weight and vital organ weight
The change in body weight (BW) was recorded once
every 3 days. At the end of the study, all the animals
were decapitated and the weight of the vital body
organ was recorded.

RESULTS
In vitro antioxidant activity
DPPH scavenging activity of the YYEO and ascorbic
acid was found to be dose-de pendent as shown in
Figure 1. 800µg/ml concentration of YYEO showed

Tumor volume and tumor weight

the highest DPPH scavenging property i.e. 85.6%
Tumor weight (TW) was determined by collecting compared to other concentration of YYEO. Similarly,
ascetic luid after sacri icing the animal. Tumor vol- ascorbic acid has a percentage inhibition of 90.4%.
© International Journal of Research in Pharmaceutical Sciences

5757

Ajay P Malgi, Int. J. Res. Pharm. Sci., 2020, 11(4), 5752-5762

Table 1: Effect of YYEO on body weight
Disease Control

Body Weight (gm)
EAC + 5- FU
EAC+ 200
mg/kg

±

23.68 ± 1.27

23.48 ± 0.70

±

24.83 ± 1.18

±

29.18 ± 1.09

±

32.33 ± 0.96

±

35.16 ± 1.46

±

37.45 ± 0.72

22.90
**
22.41
***
22.00
***
21.61
***
21.11
***

Days
Normal
0
3
6
9
12
14

22.53
0.82
23.03
0.81
23.26
0.59
23.88
0.96
24.06
0.70
24.66
0.67

± 0.75
± 0.40
± 0.49
± 0.49
± 0.24

23.23
0.76
25.46
0.86
27.41
0.87 **
29.26
0.92 ***
32.10
1.05 ***
33.81
0.70 ***

±
±
±
±
±
±

EAC+ 400
mg/kg
24.01
0.93
26.28
0.90 *
26.95
0.48 ***
27.25
0.96 ***
28.03
0.83 ***
29.01
1.29 ***

EAC+
800mg/kg

±

23.86 ± 0.77

±

25.23 ± 0.70

±

25.81
***
26.45
***
27.03
***
26.68
***

±
±
±

± 0.73
± 1.21
± 1.23
± 1.67

Table 2: Effect of YYEO on organ weight

Normal
Disease Control
EAC + 5- FU
EAC + 200mg/kg
EAC + 400mg/kg
EAC + 800mg/kg

Organ Weight (gm)
Kidney

Liver

Heart

1.18 ± 0.11
1.77 ± 0.55
*** ^^^
1.123 ± 0.007
^^^
1.57 ± 0.01
*** ^^^
1.483 ± 0.009 ***
^^^
1.30 ± 0.02
* ^^^

0.158 ± 0.004
0.221 ± 0.006
***
0.160 ± 0.003
^^^
0.208 ± 0.006
***
0.201 ± 0.006
***
0.191 ± 0.004
** ^^

Table 3: Effect of YYEO on tumor volume and weight
Group
Tumor Volume (ml)
Normal
Disease Control
EAC + 5- FU
EAC + 200 mg/kg
EAC + 400 mg/kg
EAC + 800mg/kg

5758

0
5.56 ± 0.16
***
1.92 ± 0.08
*** ^^^
4.06 ± 0.19
*** ^^^ ###
3.26 ± 0.24
*** ^^^ ### @
2.41 ± 0.16
*** ^^^ @@@ $

0.28 ± 0.01
0.53 ± 0.02
***
0.31 ± 0.02
^^^
0.49 ± 0.02
***
0.43 ± 0.02
*** ^
0.41 ± 0.01
** ^^

Lungs
0.228 ± 0.006
0.348 ± 0.009
***
0.248 ± 0.003
^^^
0.33 ± 0.01
***
0.30 ± 0.007
*** ^^
0.28 ± 0.005
*** ^^^

Tumor Weight (gm)
0
5.917 ± 0.12
***
2.20 ± 0.09
*** ^^^
4.30 ± 0.20
*** ^^^ ###
3.60 ± 0.23
*** ^^^ ### @
2.75 ± 0.13
*** ^^^ @@@ $$
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Table 4: Effect of YYEO on serum parameters
Normal

Disease
trol

Con-

Serum markers
EAC + 5- FU
EAC +
200 mg/kg

AST

52.67
2.18

±

123.5 ± 4.11
***

61.33 ± 2.04
^^^

98.17 ± 2.05
^^^ ###

ALT

42.17
1.86

±

88.83 ± 1.79
***

49.83 ± 1.07
^^^

74.83 ± 1.75
^^^ ###

LDH

495.7
8.37

±

2205 ± 73.0
***

614.2 ± 11.18
^^^

1611 ± 32.55

TG

76.33
2.17

±

146.8 ± 3.02
***

90.83 ± 1.49
^^^

^^^ ###
129.7 ± 3.85
^^ ###

TP

7.40 ± 0.33

3.85 ± 0.29
***

6.90 ± 0.22
^^^

5.03 ± 0.22
###

EAC +
400 mg/kg

EAC +
800mg/kg

79.50
±
2.12
^^^
### @@@
64.33
±
1.94
^^^
### @@
1263
±
23.28 ^^^
### @@@
114.2
±
3.18
^^^
### @@
5.70 ± 0.24
^^^

70.17 ± 1.55
^^^ @@@

Table 5: Effect of YYEO on haematological parameters
Haematological parameters
Normal
Disease Control
EAC + 5- EAC + 200 EAC + 400
FU
mg/kg
mg/kg
WBC
(cells/
mm3)
RBC
(cells/
mm3)
Haemoglobin

7.42
0.59

±

20.54 ± 0.57 ***

9.89
0.45

±

5.00 ± 0.38
***

14.73 ±
0.57

7.58 ± 0.41
***

(g %)
Lymphocytes 84.33 ±
2.88
(%)

32.50 ± 1.66 ***

11.40
0.64
^^^
10.66
0.45
^^^
12.60
0.48
^^^
78.50
1.85
^^^

±

GSH 20.58 ±
0.44
SOD 40.52 ±
1.00

27.78 ±
0.42
***
6.38 ±
0.39
***
18.77 ±
0.45
***

11.45 ±
0.41
^^^
16.15 ±
0.43
^^^
33.62 ±
0.59
^^^

994.3 ± 12.61
^^^ ### $$$
103.5 ± 2.64
^^^@@@
6.23 ± 0.19
^^^ @

EAC
+
800mg/kg

17.03
±
0.77
^^ ###
6.92 ± 0.99
##

15.34
±
0.58
^^^
##
7.50 ± 0.80
#

13.38 ± 0.48
^^^ @@

±

8.98 ± 0.70
*** ##

9.90 ± 0.67
*** #

11.47 ± 0.70
** ^^

±

42.17
2.49
###

±

59.33
±
3.01
^^^
###
@@@

69.67 ± 2.45
^^^ @@@

±

Table 6: Effect of YYEO on antioxidant parameters
Antioxidant parameter
Normal
Disease
EAC+5- FU EAC+
EAC+
Control
200mg/kg
400 mg/kg
LPO 7.25 ±
0.48

58.83 ± 2.27
^^^ # @@@

8.76 ± 0.34
^^

EAC+
800mg/kg

20.35 ± 0.28
^^^ ###

17.28 ± 0.31
^^^ ###@@@

14.42 ± 0.26
### @@@ $$δ

9.33 ± 0.27
^^^ ###

11.78 ± 0.48
### @@

13.08 ± 0.38
### @@@

22.83 ± 0.50
^^^ ###

26.18 ± 0.43
### @@

29.68 ± 0.44
### $$
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The IC50 value of ascorbic acid and YYEO was found
to be 151.84 µg/ml and 223.90 µg/ml respectively.
The scavenging effect of DPPH is plotted in a graph
with Absorbance vs. Concentration of oil (Figure 1).
Body weight
Tumor development was observed from day 6 and
at the end of the study about 52% increase in body
weight was observed in Disease control (DC) (37.45
± 0.72g) compared to Normal group (NG) (24.66 ±
0.67g). However, a signi icant (p<0.001) change in
BW was observed in 800mg/kg YYEO treated group
(26.68±1.67g) compared to DC group. Similarly,
BW of 33.81±0.70 and 29.01±1.29g was observed
in 200 and 400mg/kg in EAC bearing YYEO treated
animals. We examined that, administration of YYEO
from day 1 to day 14 showed signi icant change compared to DC group which indicates YYEO potency on
inhibiting tumor growth. The change BW among the
groups are shown in (Figure 2) and change in BW
from day 1 to day 14 are shown in Table 1.

ease control. Also 5-FU showed decrease in AST
level when compared with DC. (Table 4) (Figure 5).
Inoculation of EAC drastically increased the level of
ALT, LDH and Triglycerides in DC group as compared
to NG (p <0.001). Administration of YYEO at different doses (200 mg/kg, 400 mg/kg, 800 mg/kg)
signi icantly decreased (p <0.001) ALT, LDH and
Triglycerides levels when compared to DC group
(Table 4) (Figure 5).
The level of total protein in the DC group 3.85 ± 0.29
gm% signi icantly decreased (p <0.001) in comparison with NG i.e. 7.40 ± 0.33 gm%. The 5- FU group,
6.90 ± 0.22 gm% also showed signi icant increase (p
<0.001) when compared to DC group. After administration of YYEO at different doses (400 mg/kg, 800
mg/kg) the level of total protein was signi icantly
increased (p <0.001) to 5.70 ± 0.24 gm% and 6.
23 ± 0.19 gm% respectively when compared to DC
group (Table 4) (Figure 5).
Haematological parameter

Organ weight

It was found that all hematological parameters of
mice with tumors on day 14 signi icantly altered
from NG (Table 5) (Figure 6). In malignancy, there
was a decrease in the level of Hb, RBC and Lymphocytes, which was accompanied by an increase
in WBC. At the same time interval YYEO (400 and
800 mg/kg p.o.) treatment signi icantly changed
these altered parameters (p <0.001) to almost norTumor volume and tumor weight
mal in dose dependent manner. The 5-FU group also
Mice inoculated with EAC showed a signi icant showed altered parameters (p <0.001) when comincrease in tumor volume (p <0.001) compared to pared to NG and DC.
the NG until end of the study. The TV and TW
of DC group was found to be 5.56 ± 0.16ml and Biochemical parameter
5.91 ± 0.12g respectively whereas EAC bearing mice The levels of LPO in liver tissue was signi icantly (p
treated with YYEO signi icantly reduced to 4.06 ± <0.001) increased to 27.78 ± 0.42 in DC group as
0.19ml and 4.30 ± 0.20g in 200mg / kg, 3.26 ± 0.24 compared to NG i.e 7.25 ± 0.48. In 5- FU group,
ml and 3.60 ± 0.23g in 400 mg / kg, 2.41 ± 0.16 ml decreased level of LPO was observed when comand 2.75 ± 0.13g in 800 mg / kg. Whereas in EAC pared to DC group (p <0.001). After the adminisbearing mice treated with 5- FU treated group was tration of treatment doses (200 mg/kg, 400 mg/kg,
found to be 1.92 ± 0.08 ml and 2.20 ± 0.09 g. Com- 800 mg/kg) to EAC bearing mice the level of LPO was
pared to the 200 mg / kg group, the 400 mg / kg i.e. reduced by 20.35 ± 0.28, 17.28 ± 0.31, 14.42 ± 0.26
3.26 ± 0.24 ml and 3.60 ± 0.23g and 800 mg / kg respectively as compared to DC group (p <0.001)
i.e. 2.41 ± 0.16 ml and 2.75 ± 0.13g groups showed (Table 6) (Figure 7).
a signi icant reduction in TV and TW. (Table 3) (Fig- EAC inoculation signi icantly decreased (p <0.001)
ure 4).
the level of GSH in liver tissue of DC group by 6.38
Increase in vital organ weight (Liver, Heart, Kidney,
and Lungs) were observed in DC group. However,
treatment with YYEO signi icantly reduced organ
weight on day 14. The effect of 200, 400, and
800mg/kg dose of YYEO on EAC bearing mice organs
were shown in Figure 3 and Table 2.

Serum markers estimation

± 0.39 when compared to NG i.e. 20.58 ± 0.44.
On comparison with DC, the administration of 5-FU
group i.e.16.15 ± 0.43 and different doses of YYEO
(200 mg/kg, 400 mg/kg, 800 mg/kg) showed significant increase (p <0.001) in GSH level by 9.33 ± 0.27,
11.78 ± 0.48, 13.08 ± 0.38 respectively (Table 6)
(Figure 7).

The level of AST were signi icantly increased (p
<0.001), by) in EAC bearing DC group to 123.5 ±
4.11 U/L when compared to the NG i.e. 52.67 ± 2.18
U/L. After administration of YYEO at different doses
(200 mg/kg, 400 mg/kg, 800 mg/kg) to EAC bearing mice the levels of AST was signi icantly reduced
(p <0.001) to 98.17 ± 2.05 U/L, 79.50 ± 2.12 U/L, The level of SOD in the liver of DC group decreased
70.17 ± 1.55 U/L respectively as compared to dis- (p <0.001) in comparison with NG. After administra5760
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tion of 5- FU and YYEO at doses of 200 mg/kg, 400
mg/kg and 800 mg/kg, increased levels of SOD as
compared to that of disease control were observed
(p <0.001) (Table 6) (Figure 7).
Histopathology
It has been observed that hepatocellular architecture damaged with neoplastic lesions and modi ied
hepatocytes have developed with more than one
nucleus and of a hyperchromatic nature. Lymphocyte invasion and marked central vein enlargement
were found in the DC group. Slight hepatocellular
architecture damaged with neoplastic lesions was
observed in groups of 200 mg/kg and 400 mg/kg.
Inversion of this damage observed in the 5- Fluorouracil and 800 mg/kg group (Figure 8).
DISCUSSION
The current study utilized the in vivo cancer models
to assess the anticancer potential of YYEO against
EAC bearing mice. Initially, we treated with YYEO
at doses of 200 mg/kg, 400 mg/kg and 800 mg/kg
to the EAC bearing mice and 5-Fluorouracil was
used as an internal standard. YYEO at doses of
200 mg/kg, 400 mg/kg and 800 mg/kg signi icantly reduced Tumor volume and Tumor weight at
the inal level of the study. The standard drug 5Fluorouracil showed a signi icant result compared
with YYEO treated groups and was more effective.
The antioxidant potency of the YYEO was evaluated by DPPH, the effects were compared against the
ascorbic acid. The result revealed that the effect of
both YYEO and ascorbic acid was dose dependent
i.e. as the concentration increases, the inhibitory
potency also increased.

causes myelosuppression and anemia during malignant growth. Anemia occurs in mice with a tumor
mainly due to a decrease in the Red Blood Cell or
Hb level and may reoccur due to iron insuf iciency
or myelopathy (Ve and Re, 1958). Treatment with
the YYEO roughly normalized WBC, Red Blood Cells,
Hb, and Lymphocytes. This re lected the drug activity of the hematological variables. LPO is a process
associated with free radicals in biological systems
that can occur under enzymatic control (Fenninger
and Mider, 1954). Malondialdehyde (MDA) being
the end product of LPO, was found to be higher in the
DC group than in treated groups. Due to the excessive oxidative stress, GSH levels were decreased in
the DC group but in the treatment group, GSH levels were increased to normal levels, which may be
due to decreased proliferation of the cells (Arrick
and Nathan, 1984). Similarly, Tumor growth is
recorded due to blockade of SOD (Sun et al., 1989).
The treated group showcased an enhanced level of
SOD re lecting the restoration of natural antioxidant
enzymes.
CONCLUSIONS
In conclusion, the treatment of YYEO was effective
in inhibiting the tumor growth in EAC treated mice
model. Further studies are needed to characterize
the active principle and to elucidate mechanism of
action involved in anti-tumor activity.
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Original Article

Contribution of Community Pharmacy in Treating Tuberculosis:
A Pharmacy Centric Study from Belagavi District
Abstract
Introduction: Tuberculosis (TB) is an important global health problem, which is aimed to be eradicated
by 2025 from India. Community pharmacists play a significant role in treating and eradication of TB.
This study aimed to understand the contribution of community pharmacy and their potential role in
RNTCP (Revised National TB Control Programme) functioning. Materials and Methods: The study
was conducted at Belagavi, Karnataka, India on 312 community pharmacies. A structured interview
form was used to assess several factors such as education, knowledge, anti-TB drug dispensing patterns,
willingness to be trained, and become a DOTS (Directly Observed Treatment Short course) provider.
Results: On an overall scale, we found that the majority of licensed community pharmacy was managed
by D. Pharm holders with a limited knowledge of TB. It was also noted that there was a lack of willingness
to be rigorously trained for updating their knowledge, although they were interested in being trained for
being recognized as a DOTS center. Conclusion: There is a strong need for strengthening community
pharmacy services in tune with RNTCP to achieve better efficiency in treating and eradication of TB.
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(KAHER), Belagavi, Karnataka,
India

Keywords: Community pharmacy, DOTS, RNTCP, tuberculosis

Introduction
Tuberculosis (TB) caused by Mycobacterium
tuberculosis is one of the leading global focus
of infectious disease.[1] As per the statistics by
the World Health Organization in the year 2017,
the incidence of TB was approximately 10
million people with a mortality of 1.6 million.
India accounts for 27% of the incidence and
29% of the mortality. The Government of India
(GOI) has attempted to control TB for the past
five decades with significant advances.[2] More
recently, GOI has declared TB as one of the
infections of national interest and planned to
eliminate TB before 2025.[3]
There are several factors that play a potential
role in control and elimination of TB. This
includes but not limited to factors such as
quality of socioeconomic status, primary
health care, cooperative efforts by national
programs, public awareness, support from
the pharmaceutical industry, and funding
for research. RNTCP (Revised National TB
Control Programme), which is the national
program of India, aimed at controlling and
elimination of TB was reported to be not fully
effective.[4] In this view, public awareness
and role of pharmacy has been suggested to
This is an open access journal, and articles are distributed under
the terms of the Creative Commons Attribution-NonCommercialShareAlike 4.0 License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as appropriate
credit is given and the new creations are licensed under the
identical terms.
For reprints contact: reprints@medknow.com

be highly important in controlling TB over a
long term.[5-11]
India has an estimated 850,000 retail drug
outlets. Through a public–private partnership
with various entities, approximately 9% of the
outlets (n = 75,000) in 12 selected districts
across four states of India were engaged over
a 4-year period and accounted for nearly onethird of India’s 1.2 billion people and one-third
of its smear-positive TB cases.[12,13]
As in a majority of scenarios, pharmacies serve
as the first and sometimes as the sole point of
contact for TB cases, it is important to understand
the knowledge and capabilities of pharmacy
especially in rural areas. With this view, we
initiated this study with the primary objective
of evaluating standard pharmacy practices,
knowledge, and availability of anti-TB drugs
used for DOTS (Directly Observed Treatment
Short course) in TB patients and engaging
community pharmacists to understand their
relevance in fulfilling the RNTCP objectives.
Currently not much-implemented pharmacy
curriculum related to TB continuing pharmacy
education (CPE) in India.
The rationale behind this study is to analyze
how many community pharmacies dispensing
anti-TB drugs, to assess knowledge of TB, to
assess dispensing pattern of anti-TB drugs,
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whether community pharmacist upgrade their knowledge by
CPE, and to recognize DOTS center.

Materials and Methods
Study setting and participants
The study was implemented in Belagavi, Karnataka, India
with a population of approximately 5 lakh residents. The
study population encompassed registered pharmacies, with
the availability of anti-TB drugs and consenting to be part of
RNTCP. A total of 350 pharmaceutical outlets were identified,
of which 312 pharmacies were community pharmacies. A brief
schematic summary of the overall methodology of the study
is represented in Figure 1. At each pharmacy, an assigned
interviewer explained the study to the pharmacy worker. At
each pharmacy, an assigned interviewer explained the study
to the community pharmacist. A structured questionnaire was
used for assessment which was designed based on a previous
pilot study. The questionnaire was answered independently by
the practicing community pharmacist.
Questionnaire design
Community pharmacy details include name of the pharmacy,
address of the pharmacy, details of qualified pharmacists,
qualification of community pharmacists, dispensing of antiTB drugs, are community pharmacists interested in CPE?, the
knowledge of community pharmacists like know about TB, is
TB is a communicable disease?, symptoms of TB, planning to
keep anti-TB drugs, how the anti-TB drugs are dispensed like
through government physician prescription, private physician
prescription, or both, or don’t know?, and are community
pharmacists interested to become DOTS provider?.
Ethical statement
The study was approved by the KLE University ethics committee
through letter number KAHER/Ethics/2019-19/D-129. An
informed consent from the pharmacy worker was obtained to
be included in the study.
Data collection and analysis
The data collected were based on a previously agreed data
points by the authors of this study. This included demographics,
accessibility of the pharmacy for anti-TB drugs, university
certification, knowledge on TB, interest in being educated
about TB, and willingness to be part of RNTCP. All the data
obtained were tabulated using Microsoft Excel and percentage
of distribution of various data points was performed for all the
data collected (Microsoft Corporation, California). Descriptive
statistical analysis was performed using R Statistics package
3.5.3 (The R Project for Statistical Computing).

Master’s degrees. On interview, 46.4% expressed an interest
in being educated on pharmacy practices. 53.5% of the
practitioners showed a negative interest in being educated
and updated citing lack of time. On specifically questioning
about knowledge on TB, a majority of the practitioner (>99%)
indicated that they had a working knowledge of TB. However,
only 87.8% of the workers knew about symptoms of TB, 10.2%
had a partial understanding, and 1.9% of them were unaware
of the symptoms [Figure 2].
In India, community pharmacists require revision and update
knowledge of TB and anti-TB drugs, for example, get
introduced to global and Indian TB scenario, understand basics
of TB and drug-resistant TB, understand the principles and
strategy of RNTCP and DOTS, understand role of pharmacist
in generating community awareness on TB, identification,
and referral of TB suspects, DOT provision, recording and
reporting, and rational use of anti-TB drugs.
A total of 87 community pharmacies had working dispensable
stock of first-line anti-TB drugs. Among the pharmacy counters
that did not possess a dispensable stock of first-line antiTB drugs (n = 225), 52.88% of the community pharmacist
indicated that they are interested in storing anti-TB drugs in
the future. Further, all the community pharmacist dispensing
anti-TB drugs knew that TB was a communicable disease and
88.5% of them had a knowledge on TB clinical symptoms. We
observed that there was no statistically significant difference in
this knowledge between the community pharmacist currently
dispensing anti-TB drugs and nondispensing anti-TB drugs
(χ2 = 0.053; P = 0.97) [Figure 3]. Further, of the 87 community
pharmacy which dispensed anti-TB drugs only one pharmacy
was part of RNTCP and kept records of the patient. For all other
counters, there was no record of TB patients or follow-up data.
Among the 87 community pharmacies dispensing anti-TB
drugs (T. AKuriT-4 and T. AKuriT-3), 33 pharmacies declared
they dispense drugs based on a valid prescription and two
pharmacies indicated dispensing anti-TB drugs irrespective of
prescription. The remaining 52 pharmacies did not indicate any
information [Figure 4]. Further, 24/87 (27.58%) community
pharmacies dispensing anti-TB drugs indicated an interest in

Total Number of Pharmacies identified in Belagavi District
(n= 350)
Hospital associated
pharmacies
(n= 38)
Total number of Community Pharmacies (n=312)

Results
A total of 312 were community pharmacies were surveyed
for this study. The pharmacy practitioners were educated in
pharmacy practice with 95.8% of them holding a diploma
degree, 3.84% with Bachelor’s degrees, and 0.32% with
2

Community Pharmacies
dispensing anti-TB drugs
(n=87)

Community Pharmacies
not dispensing anti-TB drugs
(n=225)

Figure 1: A brief schematic summary of the overall methodology of the study
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In India, practicing pharmacists are required to hold a
minimum of a diploma degree and possess basic clinical and
pharmaceutical understanding. In our study, a majority of the
community pharmacist possessed a D. Pharm (Diploma in
Pharmacy), followed by B. Pharm (Bachelor of Pharmacy)
degree and M. Pharm (Master of Pharmacy) degree. It has
been previously noted that most diploma holders have a
minimal working clinical knowledge and rarely undergo
additional training.[13] In concurrence, we find that there is
an overwhelmingly inadequate training in pharmacy practice
which potentially hinders combating TB at a community level.
Similar findings have also been reported by Ou et al.[16] This
lacunae in training has a higher impact as less than 50% of

being part of a recognized DOTS center. Similarly, 60/225
(26.66%) community pharmacies not storing or dispensing
anti-TB drugs indicated an interest in being part of a recognized
DOTS center [Figure 5].

Discussion
TB is primarily a respiratory infection which could be clinically
treated using anti-TB drugs.[14] Despite being a significant
public health problem, a substantial population are not aware
of TB and display non-compliance to therapy.[7] Hence, the role
of community pharmacies is indispensable in educating the
patients about TB.[15] However, the effectiveness of community
pharmacies in acting against TB has not been well documented.
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Figure 2: (A) Education qualification. (B) Interested on continuing pharmacy education. (C) Knowledge on tuberculosis
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Actively dispensing
Anti-TB drugs
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Figure 3: (A) Actively dispensing anti-TB drugs. (B) Pharmacies planning to keep anti-TB drugs in future

Journal of Reports in Pharmaceutical Sciences | Volume XX | Issue XX | Month-Month 2020

3

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Rangaswamy and Ganachari: Role of community pharmacies in tuberculosis control

52

Number of Pharmacies

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Based on prescription
24

8
2

1
Private

Govt

Both

Any

Unknown

Figure 4: Dispensing anti-TB drugs based on prescription
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Figure 5: Dispensing anti-TB drugs and interested to become DOTS provider

the total community pharmacist expressed any interest in
being trained and further educated. In this study, a lack of
willingness to be educated was primarily cited due to a lack of
time during business hours which could also be indirectly due
to any positive incentives to be trained. Though we have not
thoroughly investigated the breadth of practicing pharmacist’s
knowledge with reference to the TB, there was a working
knowledge of transmission of disease. Nevertheless, there
was a lack of understanding of TB symptomatology in the
practitioners, even with those who were routinely dispensing
anti-TB drugs. This indicates that there is a significant
need to improvise training and knowledge of TB as noted
previously.[17,18]
Retail pharmacies form a significant component of the
RNTCP.[19] Accounting for the significant contribution offered
by the privately owned pharmacies, RNTCP aims to involve
them through public–private mix (PPM) strategy.[19] In context,
we observed that only 27.8% of the pharmacies dispensed
anti-TB drugs with only one among them as a recognized as
RNTCP store. Further, we cannot assess the quality of practice
as there were no well-documented records of anti-TB drug
dispensing statistics, follow-up or patient records. Hence,
the possible potential effect of PPM strategy could not be
realized.
4

In a study reported by Konduri et al.,[20] the authors reported a
detailed analysis indicating that though community pharmacies
are an important component of TB health-care program, they
have not been used, trained, and empowered as a primary
point of contact. This was reflected in our study, showing that
there was only one pharmacy involved with RNTCP, though a
significant interest was shown by many more outlets in being
a part of RNTCP by involving as a DOTS provider.
As already noted, the privately owned pharmacies function
as first point of contact for several symptomatic patients
with respiratory illness, to seek medical care and purchase
medicines over the counter. Though theoretically, the role of
pharmacists is to direct such cases to a qualified clinician,
and not provide over the counter antibiotics such practice is
violated in the field due to its negative effects on the business.
In context, we noted that two community pharmacists agreed to
providing over the counter anti-TB medication. Further, 60% of
the pharmacies did not declare if they dispense anti-TB drugs
based on physician prescription, which is most likely to be the
case. This was probably not declared owing to the knowledge
that such practice is not allowed, though the pharmacy still
continues to do so to avoid loss of profit in the business.

Conclusion
The community pharmacists through the PPM strategy form
an integral part of the RNTCP. Though they form an important
and in a few instances the only point of contact for several TB
cases, their potential has not been fully used. It is also identified
that there is a lack of sufficient training and knowledge in the
awareness about TB. We identify there is a significant need to
educate and enable more community pharmacists’ and enroll
them as DOTS providers which may significantly enhance the
TB control programs in the country.
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Paediatric Focused Triggering Tool (PFTT) To Assess
the Harm and its Utilization to Minimize the Levels of
Harm among Children at a Tertiary Care Hospital
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Department of Pharmacy Practice, KLE College of Pharmacy, KLE Academy for Higher Education and Research (KAHER), Belagavi,
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ABSTRACT
Objectives: Very few paediatric trigger tools have been developed to assess harm in
children. Hence, a Paediatric-focused trigger tool has been developed, assess its utility
to measure the levels of harm, categorize and minimize them further. Methodology:
The final 40 trigger tool developed by modifying IHI-GTT adult care, was prospectively
tested for structural review of records (n=520) of paediatric population of a tertiary care
hospital for incidence of adverse events (AE’s) with associated harm and categorized
using modified NCCMERP (National Coordinating Council for Medication Error Reporting
and Prevention) index from E-I. Results: Among 292 male and 228 female children,
the incidence of AEs was 35%, more in the category of 1-5 years of age with harm
assessment events. Out of 182 AEs identified, 107(58.80%) were found to be of
E-category, 43(23.62%) were of category F, 22(12.08%) with category G, 9(4.95%)
with category H and 1(0.55%) was category I. Two third of the paediatric population
of category E and F (82.4%) had temporary harm and remaining (17.6%) were of nonpreventable harm, category G-I. One example of AE identified with harm was, decrease
in 25% in Haemoglobin or Haematocrit and number of blood transfusions. Further action
was taken to strictly monitor and minimize further harm. Conclusion: The present study
highlights on the harm assessment among the paediatric population with the help of
developed Paediatric-Focused Trigger Tool (PFTT) modified by using IHI-GTT adult trigger
tool. This helps paediatric set ups to assess its usefulness and further develop strategies
to mitigate the harm.
Key words: Paediatric, Trigger tool, AEs, NCCMERP Index, Harm.

INTRODUCTION
To achieve better patient care among
children, efforts are being made to minimize
the substantiated harm in the children
which may be iatrogenic in nature. The
efforts towards the same can allow for
improvement in paediatric patient care and
institutional healthcare policy. One such
effort from the ‘Institute for Healthcare
Improvement’s Global Trigger Tool (IHIGTT), has become standard practice to
identify and measure rates of AEs.1-3
Patient harm over the period and its
assessment in an accurate way remains as a
challenge for most of the organizations.
Only 2% to 8% of all harms has been

detected through voluntary reporting,
which is the common method of detection
of harm detection in most of the hospitals.
Different studies showed that prevalence of
adverse events (AEs) in hospitalised adult
population range from 2.9% to 16.6%.4,5
Hence, concurrent use of complementary
methods are used instead of the single
voluntary method and has proved to be
beneficial for the detection of adverse
events.1,6-11 One such method known as
‘Trigger tool (TT)’ methodology, is considered
to be the best single tool at present time.
Also, it is one of the reliable and sensitive
tools for detecting the adverse event related
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harm more accurately over the time by customising
to different settings. The landmark Harvard Medical
Practice Study has used screening method for reviewing
charts to detect harm efficiently.12
The idea of a ‘trigger’ (clue) to detect adverse events
in the patient’s medical records was introduced by Jick
in the year 19743,13,14 and manual record review using
the triggers was initially developed by IHI in 1999 to
identify adverse medication events. A ‘trigger’ is “an
existence of, or signal in the patient medical records
that may indicate an AE and serve as a clue or a hint
indicating reviewers towards thorough investigation of
the records, they focus on patient harm, not errors’.15,16
Once the harm is identified, causes and contributing
factors should be assessed, then solutions to be found
to increase the safety of care (WHO 2014b).17
The present study, using the developed paediatricfocused trigger tool (PFTT) at the paediatric setting,
is a potential approach to measure the level of harm,
assigning category and mitigate them in the paediatric
population of a tertiary care teaching hospital.
MATERIALS AND METHODS
Setting

There was a need for determining the utility of IHI-GTT
adult care in paediatric set up of different age groups
at the institutions level of a large tertiary care hospital.
After obtaining institutional Ethics Committee
approval, a paediatric focused triggering tool (PFTT)
was applied in different settings of the paediatric
population to, delete triggers not positively predicting
the adverse events and add more relevant triggers.
Primary focus of this study was to examine the extent of
harm through developed PFTT and secondly, to assess
the usefulness of the different triggers, which includes the
utility of individual triggers in identifying the harm.
Five trigger tools were identified from different literature
search engines for IHI-GTT adult care tool, some
triggers were added and modified with duplicate triggers
eliminated. Adopting the modified Delphi process,
the tool with 61 triggers was modified to a final tool
with 40 triggers. It was prospectively tested for a structural
review of records (SRR). To achieve validation, 20
charts every month were randomly selected across five
age groups. 520 charts were reviewed by two internal
primary reviewers (Clinical Pharmacists) with knowledge
of and trained for identifying AE’s and one external
reviewer (Clinician/Physician) with knowledge of and
expatriation in the similar field. The prevalence of
triggers and positive charts with AEs were recorded,
820

charts with AEs identified by Pharmacists and
validated physicians were determined for positive
predictive value.
Patient chart review of random Samples

Developed final trigger tool (40 final trigger list selected
from the retrospective chart review process, carried out
in stage I process of the study by modifying an adult
version of IHI GTT) was used to assess the charts or
records. The developed PFTT contains five groupings
of modules or triggers. Five of the modules are
developed to indicate for prevalence of adverse events
that commonly appear in a paediatric patients; the five
modules are:
• Care
• Medication
• Surgical
• Emergency and
•
Laboratory
The Sampling process of the Patient Records/
charts

A prospective random sample of 520 records (by
computerized randomization method) were selected
to identify adverse events Assessed for harm from the
patients of paediatric department of a tertiary care
hospital each month. Every 10th admission/discharge
record was selected for reliability.
Events Review and assessment by the Reviewers

•
•

Harm assessment
Severity Reviewed

The review team consisted of 03 people

1)
Two
primary
record
reviewers
with
pharmacotherapeutic background and knowledge about
the contents of the assessment
2) A physician who authenticates or further validates the
agreement of the two primary record reviewers.
Assigning category of ‘harm’

As per the “National Coordinating Council for
Medication Error Reporting and Prevention (NCC
MERP)”, harm was categorised and actions were taken
to minimize it.
Definition of Harm

“Temporary or permanent impairment of the physical,
emotional, or psychological function or structure of
the body and/or pain requiring intervention” as per
the NCC MERP definition.18 Accordingly, the PFTT
(Paediatric focused triggering tool) eliminates the first

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 3 | Jul-Sep, 2020

Salimath, et al.: Utilization of a Paediatric Focused Trigger Tool (PFTT) to Assess and Minimize Levels of Harm among Children

Table 1: Demographic details.
Age(Days/year)

Gender(N=520)

Incidence
of Adverse
events(AE’s),
n=182

Male

Female

No.s

%

0-28 days

65

54

28

15

29-365 days

74

49

42

24

366 days to 5 years

67

58

54

30

5-12 years

49

38

35

19

12-18 years

37

29

23

12

Total

292

228

182

100%

Figure 1: Prospective chart review of 520 paediatric case
studies.3

four categories of NCC MERP index as they consider
the errors that do not cause harm. The present PFTT
includes categories- E, F, G, H and I of the index as
these categories consider the errors that cause harm.
RESULTS
Application of 40-Final Paediatric trigger tool with 5
modules developed using IHI-GTT to monthly random
samples of 520 hospitalized paediatric patient was
prospectively reviewed in the present study. Initial trigger
tool with 61 triggers tools has been modified to final
trigger tool of 40 Figure 1. Demographic characteristics
of prospective chart review of patients (N=520) was
carried out with respect to frequency of Adverse
Events (AE’s) and harm, where 292 children were male
and 228 were female. The incidence of adverse events
was 35% and more among category of 1-5 years of
age (Table 1 and Graph 1 respectively). Total number
of AE’s and their incidence with respect to 5 modules
were 448 triggers and mean rate of triggers per patient
was 0.86. AEs per 100 patient-days were 35% and 61.65
AEs per 1000 patient-days and two of the modules, care
(42.86%) and medication (36.81%) had the maximum
of harm events (Table 2). Out of 182 AEs identified,
107(58.80%) were found to be of E-category, 43(23.62%)
were category F, 22(12.08%) with category G, 9(4.95%)
with category H and 1(0.55%) was category I. (Table 3
and Graph 2). Two third of the paediatric population of
category E and F (82.4%) had temporary harm (resulted
in the intervention involving the treatment or initial/
prolonged hospitalization and has caused temporary
harm) and remaining (17.6%) were of non-preventable
harm, category G-I (An error occurred that lead to the
permanent patient harm, injury to the body organs or
death). Minimizing the harm have also been highlighted
in the present study (Table 4).

Graph 1: Incidence of adverse events in paediatric population
of 520 patient charts reviewed prospectively.

Graph 2: NCC MERP Harm Review (in %).

DISCUSSION
Using the validated Paediatric focused trigger tool
(PFTT) in the present study, incidence, types and
severity of harm among children admitted to academic
paediatric department of a tertiary care hospital was
assessed. Incidence of 182 of harm, with 65 harm
events per 1000 patient days and 35 harm events per
100 patient charts were in comparison with the study
conducted by Kirkendall et al. where harm rate was
36.7 harm events per 100 patients and 76.3 per 1000
patient-days.3 Also, harm rate of 40 harm events per 100
patients and 54.9 per 1000 patient-days were identified
in the study conducted by stockwell et al.5 Some other
studies with higher harm rate within the paediatric
intensive care population were of 26.1% to 62%.1,2,19,20
The results projected in the present and other studies
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Table 2: Triggers with respect to no adverse events with severity of harm.
Sl.no

Modules

Trigger names

No. of
AE’s

No .of
Triggers

AE %
of PPV
triggers

1. Care Module

Severity of harm as per
NCCMERP[E-I]
E

F

G

H

I

1

PC1

Transfusion/ use of blood products

08

16

50

05

02

01

0

0

2

PC2

Code/arrest/rapid response team

02

09

33

0

00

01

01

0

3

PC3

Positive blood culture

05

11

45

04

01

0

0

0

4

PC4

x-ray or Doppler studies for emboli or
deep vein thrombosis

04

10

36

04

0

0

0

0

5

PC5

Sudden Decrease in 25% in
haemoglobin or hematocrit value

08

16

50

05

01

02

0

0

6

PC6

Patient fall

03

10

30

02

01

0

0

0

7

PC7

Readmission within 30 days

11

19

59

06

02

02

01

0

8

PC8

Health care associated infection of any
kind

06

10

60

02

01

01

02

0

9

PC9

Transfer to a higher level of care

04

10

40

02

01

01

0

0

10

PC10

Any procedure complication

02

06

33

02

0

0

0

0

11

PC11

Pain

05

11

45

05

0

0

0

0

12

PC12

Apgar score < 7

04

09

44

02

01

01

0

0

13

PC13

Abnormal body temperature

06

13

46

04

02

0

0

0

14

PC14

Loss of weight

03

10

30

03

00

0

0

0

15

PC15

Urinary retention

03

10

30

02

01

0

0

0

16

PC16

Fluid overload (pulmonary oedema)

04

09

44

03

0

0

01

0

78

177

44

51

13

09

05

0

Total of all Care module:16
2. Medication (M)
17

PM1

INR >6/PTT >100 s

01

03

33

00

01

0

0

0

18

PM2

Glucose<50 mg/dL

04

08

50

02

02

0

0

0

19

PM3

Rise in BUN/ serum creatinine >2 times
of the normal.

07

12

58

02

02

02

01

0

20

PM4

Vitamin K administration

02

14

14

01

01

0

0

0

21

PM5

Diphenhydramine use

11

22

50

08

02

01

0

0

22

PM6

Antiemetic use

06

12

50

04

02

0

0

0

23

PM7

Over sedation/ hypotension

02

08

25

01

01

0

0

0

24

PM8

Abrupt medication stop

11

21

52

09

01

01

0

0

25

PM9

Use of stool softener / constipation

12

26

46

07

02

02

01

0

26

PM10

Increased Glucose or administration of
300 or 500 mg/ml of glucose

08

17

33

04

02

01

01

0

27

PM11

Antidote administration

03

07

42

02

01

0

0

0

67

148

45

40

17

07

03

0

Total of all medication module:11
3. Surgical (S) module
28

PS1

Intubation/re-intubation/bi level positive
airway pressure in PACU

03

08

27

01

00

02

0

0

29

PS2

Mechanical ventilation>24 h
postoperatively

02

08

33

0

01

01

0

0

30

PS3

Intraoperative epinephrine/
norepinephrine.

02

03

14

02

00

0

0

0

31

PS4

Any operative complication

01

06

33

0

0

0

0

01

07

25

20

03

01

02

0

0

06

30

0

01

0

0

0

Total of all Surgical module:04

4. Emergency Module(Perinatal+ intensive are merged)
32

822

PE1

Readmission to ED within 48 h

01
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Table 2: Cont'd.
Sl.no

Modules

Trigger names

No. of
AE’s

No .of
Triggers

AE %
of PPV
triggers

33

PE2

Pneumonia onset

03

06

17

01

01

01

0

0

04

12

23

01

02

01

0

0

Total of all Emergency Module:02

Severity of harm as per
NCCMERP[E-I]

5. Laboratory module
34

PL1

Platelet count<50,000

04

15

27

02

01

00

01

0

35

PL2

Extreme hyper bilirubinaemia

06

16

38

02

03

01

0

0

36

PL3

Neutropenia and antibiotic treatment

03

09

33

0

02

01

0

0

37

PL4

Abnormal liver enzymes

05

11

45

04

01

00

0

0

38

PL5

Sodium: 120 mmol/l >Na >150 mmol/l

03

09

33

01

01

01

0

0

39

PL6

Potassium: 3.0 mmol/l >K >6.0 mmol/l

03

07

42

02

01

00

0

0

40

PL7

Leucopenia
Age<1 month WBC<5000/mm3 (5x109/l)
Age 1-23 months WBC<4000/mm3
(4x109/l)
Age 2-18 years WBC<3000/mm3
(3.03109/l)

02

06

33

01

01

0

0

0

Total of all laboratory Module:07

26

73

36

12

10

03

01

01

Overall total

182

448

41

107

43

22

09

01

Table 3: Classiﬁcation of harm using the National Coordinating Council for Medication Error Reporting and
Prevention (NCC-MERP) scale.
NCC MERP
Scale

Definition of category of harm

NCC MERP
harm rate

Category- E

An error occurred that resulted in the treatment or intervention and lead to temporary harm

107

Category- F

An error occurred that resulted in the initial or prolonged hospitalization but lead to temporary harm

43

Category- G

An error occurred that resulted in the permanent patient harm like injury to the organs

22

Category- H

An error occurred that lead to a near death event (e.g severe cutaneous reactions, cardiac arrest)

09

Category - I

An error occurred that lead to patient death

01

Total

182

Table 4: Few Examples of the adverse events caused harm and its minimization.
Sl.
No.

Adverse events

Harm

Preventability/
Non- preventability (E-I)

Harm and its minimization

1.

Insertion of nasogastric
feeding tube

Lead to temporary
harm

E (Preventable)

Required intervention and medication
management

2.

Decrease in 25% of
Haemoglobin

Lead to temporary
harm

E (Preventable)

Required intervention and transfusion of
blood.

3.

Transfer to an intensive
level of care

Lead to permanent
harm

F (Non-Preventable)

Emergency care and strict monitoring
was done

4.

Heparin use

Bleeding

E (Preventable)

Vit. K was administered and INR
monitored

5.

Amoxycillin+ Clavulinic acid

Diarrhoea /Vomiting

E (Preventable)

Use of anti-diarrhoeal medication.

6.

Insulin dose

Hypoglycemia

E (Preventable)

Dose titrated and Hypoglycemia was
addressed

7.

Sodium valproate

Steven’s Jhonson
syndrome

H (Non-preventable)

Drug was stopped, Intensive supportive
care treatment was started

8.

Influenza Vaccine

Anaphylactic shock

H (Non-preventable)

Intensive supportive care treatment was
started
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reflected that, academic teaching hospitals or institutions
probably represent higher rate of harm in paediatric
patient due to diversity of population and disease
severity. This was in contrast with the another study by
Solevag et al. where, 21 harm events per 1000 patient
days and 6 harm events per 100 patient consultations
were found, the reason being 3 months short duration
of study.21
Majority of the paediatric population of category E
and F (82.4%) had temporary harm (required treatment
or intervention and lead to temporary harm) whereas
and remaining (17.6%) had non-preventable harm
(permanent harm) in the present study. This was in
similar with other studies like Takata et al.22 where, it
was reported that 97% of AEs discovered were of
category E, with the remainders in the category
F. Kirkendall et al. study represents 76% of AEs of
category E, 22% were category F and 2% were category
H. where majority (92.3%) represented temporary
harm while severe harm was rare of 7.8% of the harm
identified.2

ABBREVIATIONS
AE: Adverse events; PPV: Positive predictive Value;
NCCMERP: National Coordinating Council for
Medication Error Reporting and Prevention; PC:
Paediatric Care; PM: Paediatric Medication; PS:
Paediatric Surgery; PE: Paediatric Emergency; PL:
Paediatric Laboratory; APGAR: Appearance, Pulse,
Grimace, Activity and Respiration; WBC: White blood
cells; ED: Emergency Department; PTT: Partial
Thromboplastin Time; BUN: Blood Urea Nitrogen;
PACU: Post Anaesthesia Care Unit.
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PICTORIAL ABSTRACT

SUMMARY

•

•

Patient safety among the children still remains
to be a concern, especially in the developing
countries as data necessary to asses harm is still
lacking.
Hence, it becomes a prerequisite to generate ideas
and plans to improve the safety by developing
strategies to assess and mitigate the harm in the
paediatric population.
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ABSTRACT
Background: The current situation of pandemic is unusual and rare. Understanding common public mindset
towards the COVID-19 pandemic is essential. Hence, this study aimed to understand the people’s thinking,
apprehension, and reaction towards the pandemic.
Method: A Google survey form (26-item questionnaire) was created and shared through social media to
include as many participants as possible. The questionnaire consists of questions regarding general identity
(socio-demographic factors), emotional and physical health, empathy, economic impact, feelings towards
measures taken by the Government, daily routine as well as their thoughts on this pandemic. Summary statistics
(mean, median, mode) were used to represent the data based on their characteristics of data.
Results: The response rate is 36 % (288) out of which majority were female (62.5%). 182 (62.8%) respondents
followed the guidelines recommended by WHO. Around 73% of participants donated to either charity/trust or
personally to known needy persons. Many people are using social media (n=170) more than ever before and the
least number of people were praying (n=2). During lockdown most of the participants (n=156) were
working/studying from home.
Conclusion: The ordinary citizen has painted a rather grim picture of the current crisis and has become
mentally depressed due to the global situation, extreme health concerns, and loss of job or income
opportunities. This will lead to an increasing number of self-harm incidents and also suicides as the person might
feel overwhelmed, hence to prevent and mitigate this the Psychiatry Health Services must be available, reach
out to people and reassure them.
Keywords: COVID-19, perception, public opinion, case study.
INTRODUCTION
On 31st December 2019, WHO was informed of
a novel respiratory disease with pneumonia and
SARS-like symptoms originating from a local
seafood market in the area of Wuhan City, Hubei
Province, China (WHO, 2020; Hamid S et al.,
2020). Back then, noone thought that it would
become a global health emergency situation and
bring Earth to a screeching halt and on its knees
just due to a novel strain of coronavirus.
Coronavirus is one of the major pathogen which
primarily targets the human respiratory system
(Lake MA, 2020). Previous outbreaks of
coronaviruses include the severe acute respiratory
syndrome (SARS)-CoV and the Middle East
respiratory syndrome (MERS)-CoV both have been
previously recognized as agents of a great public
health threat (Rothan HA et al., 2020). On 11th
February 2020, WHO announced “COVID-19” as
the name of the disease and “SARS-CoV-2” as the

name of the novel virus responsible for the disease
(WHO, 2020). Various research groups across the
globe have ascertained independently and
identified SARS‐CoV‐2 as belonging to the family
of β‐coronaviruses with genetic sequencing almost
similar to that of virus found in bats (Wang, Y. et
al., 2020; Pascarella G. et al., 2020). This has
given an indication that the virus origin and host
are bats. It is also entirely possible that these
organisms are also the carriers of the disease and
may have inevitably transferred it to humans
(Pascarella G. et al., 2020). It must also be noted
that since this is an emerging situation newer
information is found out every day and is informed
as soon as possible to the scientific and medical
community at large (Khader Y et al., 2020). There
is a need for research on how the life of ordinary
citizens have been affected due to this pandemic
and their perception and their opinion as well.
Public’s feeling with regards to the pandemic itself
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and their reactions to the situation is important as
it will help the scientific community in future to
better control and mitigate any outbreak of a
disease as this is the first time in centuries that a
novel infection has spread across the planet so
rapidly. Hence, this study aims to investigate and
study the perception and attitudes of the common
population towards the pandemic itself and the
measures taken by the various governments
across the globe taken to protect their citizens from
the novel infection. It also aims to establish the
mindset of common people as they continue to
fear not just the disease but also the aftermath with
a cautious hope in their minds and hearts for a
future post-pandemic.
METHODS
A 26-item questionnaire was prepared by using
Google form and validated before administration.
The questionnaire was disseminated to the 5
individuals (different backgrounds) to identify the
barriers in an understanding questionnaire before
the survey. The survey was conducted from 6th
April 2020 to 05th May 2020 through the means of

Google Form which was shared through social
media (Facebook, Instagram and Whatsapp) and
also through friends and family.
The questionnaire consists of questions regarding
general identity (socio-demographic factors),
emotional and physical health, empathy,
economic impact, feelings towards measures
taken by the Government, daily routine as well as
their thoughts on this pandemic.
This study is exempted from the Institutional
Human Ethics Committee. However, consent was
taken online in a survey form from the participants
before answering the survey questionnaire.
Data Analysis
The data was analyzed by using summary statistics
like mean, median, and frequency in terms of
number or percentage. Appropriate graphs and
figures were drawn as per requirement.
RESULTS
The survey link was sent to approx. 800 individuals
out of which 288 responded, equating to a
response rate of 36%.

Table 1: Socio-demographic distribution of the participants
Variable
Gender

Age Group (In Years)

Occupation

Category
Female
Male
11 to 20
21 to 30
31 to 40
41 to 50
51 to 60
> 61
Student
Private Sector
Health Sector
Government Service
Home Maker
Business Owner
Self Employed
Professor
Journalist

Among respondents, the majority were female
(62.5%) than male (37.5%) in the age group
between 21 - 30 years (42.3%). Details of
socio-demographic details are given in table 1.

Individuals (%)
180 (62.5)
108 (37.5)
82 (28.4)
122 (42.3)
48 (16.6)
24 (8.3)
10 (3.5)
2 (0.69)
162 (56.2)
38 (13.1)
22 (7.63)
22 (7.63)
16 (5.5)
8 (2.7)
10 (3.47)
8 (2.7)
2 (0.69)

With respect to domicile, most of the respondents
were from India (172) and then followed by Qatar
(112) as shown in figure 1.
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Fig.1: Domicile Status of participants
182 (62.8%) respondents completely followed the
guidelines recommended by WHO and 240

(83.4%) respondents do not feel safe to go in
public places as shown in table 2.

Table 2: Public Opinion on W.H.O. recommendations and feelings of Safety
Variable
Recommendations
W.H.O.

by

Feeling of safety in
public Spaces

Category
Completely followed the guidelines
Follow as much as possible
Do not follow at all
Do not feel safe & only go if absolutely necessary
Feel secure without any precaution

Asking people about their health if and whether
they are able to prioritize exercise or not, their
responses have been reflected in Figure 2. 42% of

Response No (%)
182 (63.1)
102 (35.4)
4 (1.3)
240 (83.23)
48 (16.6)

the participants don’t exercise at all during the
lockdown. The common types of exercise
performed were meditation and yoga.

Fig.2: Routine of exercise
Most of the respondents were neutral (19.03%), then frustrated (15.67%), scared (18.66%) during the
COVID-19 pandemic situation (table 3).
Table 3: Emotional Well-being of people
Emotion
Scared
Frustrated
Neutral
Happy
Excited
Moody
Sad
Anxious
Mixed Emotions
Empathy
Bored

Response (%)
100 (18.66)
84 (15.67)
102 (19.03)
16 (2.99)
4 (0.75)
52 (9.70)
72 (13.43)
76 (14.18)
16 (2.99)
2 (0.37)
12 (2.24)
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However, for purchasing the goods 70.1 % of the
respondents used to purchase themselves as

depicted in table 4.

Table 4: Purchasing Habits of the People
Variable
Personally purchased essentials
Asked someone else to purchase for them
Ordered through delivery service
Family members purchased the essentials
Regarding job opportunity in common 122
respondents thinks that they might not get a job

Number of Response (%)
202 (70.1)
54 (18.8)
34 (11.8)
22 (7.6)
whereas 84 respondents think that they may not
get a dream salary after getting job (table 5).

Table 5: Opinion and Speculation about Job Opportunity for all types of Jobs seekers
Opinion regarding the job opportunity for job seeker
Might not get a dream job or salary
Should Not be a Problem
Might not get Dream Salary
Don’t know anything about Job Opportunity
Might not get a job itself
Total
The pandemic has resulted not only in the daily
wage workers to run out of earnings and savings
but also tightened the wallets of those who are well
of, as everyone around the globe has felt the

No. of individual agreeing
10
62
84
10
122
288

economic strains. Around 73% of participants
donated to either charity/trust or personally to
known needy persons. This has been reflected in
Figure 3.

Fig.3: Donation of the participants
A tiny fraction (n=4) still remains who report to
their worksite daily as they form part of essential
services that are allowed to work from the
workplace while as most of the participants

(n=156) were working/studying from home. The
detailed bar graph of how people spend their time
daily has been shown in Figure 4.

Fig.4: Daily routine activities of participants during lockdown
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Though it may seem that people are engaging
their time fruitfully, many people are using social
media (n=170) more than ever before and the
least number of people were praying (n=2). A

detailed
graph
of
recreational
activities
undertaken by participants in a day has been
represented in Figure 5.

Fig.5: Recreational activities during lockdown
Ever since the pandemic has occurred, there has
been a noticeable change in the prices of all items.
When asked regarding this aspect, 14% or 41
individuals agreed with the hike, 34% or 98
people reluctantly agreed to the price hike citing
problems in the supply chain while 45% or 130
persons disagreed with a hike in the prices with 5%
or 15 participants vehemently arguing that those
who do not have financial stability might not
survive this crisis.
In general opinion, most of the participants
applaud medical staff for their relentless efforts
and highlighted the fact that false interpretation of
COVID-19 information leads to a negative impact
on society. It was also pointed out that the
Government has to be better equipped to face not
only natural but also health disasters.
DISCUSSION
This survey describes the perception, attitude, and
practices of the participants during lockdown
which was arisen due to the novel pandemic. The
participants have a rather accurate and grim
picture of the condition.
Kaushik S et al., observed in their study that many
people still broke the lockdown rules to travel. This
has caused the virus to spread rapidly causing
great difficulty to other residents staying near the
homes of the travelers as the areas were marked
as containment zone (Kaushik S. et al., 2020). In
contrast, most of the participants are involved in
home activities during lockdown rather than
traveling in our study.
Zhong BL et al. noted in their study that the vast
majority of the participants had not left their
homes and wore masks when going out in case of

absolute necessity. There was still a small portion
of the participants who had visited crowded places
(3.6%) and had not worn masks when leaving
home (Zhong BL et al., 2020). It was observed that
most young population would move about without
taking any precautions and were predominantly
male. A similar scenario has been observed in
our study but the common populace would not
leave their homes at all except for the cases of
obtaining essentials like food and medicine.
People would mostly adhere to the required
precautions barring very few individuals who don’t
observe any precautions as they do not fear the
outbreak but no correlation could be found with
respect to age, gender, or any other factor.
In the study conducted by Kochhar AS et al., there
was a comprehensive in-depth study regarding the
aspects of health including mental health and
other facets of human needs like social interaction,
feeling of isolation, impression regarding the
current pandemic, recreational activities, financial
situation, sleeping pattern, dietary changes,
alcohol, and drug abuse etc (Kochhar AS et al.,
2020). In the study, the participants have said that
the economic future is very uncertain and also
expressed the same regarding the job/income
opportunities which are similar to the response
found in our study. According to the report, the
emotional state of the population is very weak
which is consistent with the findings in our survey.
In an in-depth study conducted by Constandt B et
al. regarding exercise routine in adults in the
country of Belgium (Constandt B et al., 2020). It
was found that most people surveyed around 80%
exercised with some regularity in their own
homes/residential premises. But in our study, only
around 60% said they exercise, this is a sharp
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difference and the population has to be
encouraged further to exercise to maintain their
health.
A study similar to ours was conducted in Italy by
Motta Zanin G et al. regarding the opinion of
people about the government measures taken to
combat the COVID19 pandemic (Motta Zanin G
et al., 2020). The views of the interviewed Italian
population are almost identical to the opinions of
our participants with the opinion firmly divided
into three categories i.e. enough measures were
taken, more stringent action is required (majority
agreed) and that the measures are not enough
(minority). We also observed that in both the
studies people vehemently agreed on the same
opinion which is that media whether it be news or
social media platforms can play a huge role in
keeping people calm by providing them with
correct and factual data without any bias or
misinformation. This enables them to be prepared
better and follows the rules and guidelines laid
down by the government as they clearly
understand why it is required and how it can be
done which in turn lowers anxiety and helps keep
a positive picture.
Despite all of this, the first line responders i.e. the
healthcare workers along with the rest of the
hospital staff are performing their job admirably
with great dedication and zeal as they serve
humanity. Even the pharmaceutical and scientific
research community are working relentlessly to
bring about medicine and vaccines to treat and
prevent the disease. These statements were agreed
upon by the participants from our study (Voora L et
al., 2020).
For the public, the concerns are about health and
financial stability and for health care workers
stress rightly so because though the health is at the
forefront of the situation due to the various
lockdowns and restriction, there is an increasing
situation of financial instability for society at large
(Aryal S, 2020). To solve this, the lockdown eases
down but this presents a huge risk of spread of the
disease or the so-called “second wave of the
pandemic” as people move about freely.
CONCLUSION
This health emergency has revealed several weak
points in our present health care system and also
in the disaster management system. It is, therefore,
recommended that in case of future outbreaks of a
disease, the events surrounding the COVID-19
pandemic to be remembered and studied
intensively to control any disease at the origin itself.
Based on the undertones of resentment due to
measures taken, people are being mentally
depressed and negative hence, further research
can be directed to highlight this issue.
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ABSTRACTS:
Introduction: Acrodermatitis Continua of Hallapeau (ACH) is a rare chronic inflammatory disease condition
characterized by the sterile pustular eruption of fingers, toes, and nails. There is very less evidence on standard
treatment of ACH, but it can be managed with conventional anti-psoriatic therapy as well as newer agents like
the biological products.
Case presentation: a 69 years old female patient admitted to female skin ward unit B with a known case of
Acrodermatitis Continua of Hallapeau and on treatment since last five months, the patient was maintaining
well with tablet Acitretin 25mg, due to the financial problem she was unable to continue medication as per the
advice of a physician and discontinued the therapy after 40 days. The ACH condition relapsed more
aggressively, resulting in the hospitalization of the patient.
Treatments: The patient was treated with conventional anti-psoriatic therapy, systemic and topical
antibiotics, emollients, antiallergic, antipyretic, calcium and vitamin D3 supplements, and saline compression
during the rehospitalization.
Conclusion: Safe, effective, and low-cost therapy can prevent the incidence of relapse. Hence, adequate
counseling from a clinical pharmacist can help in speedy recovery and prevention of hospitalization.
Keywords: Conventional anti-psoriatic therapy, Pustules, counseling, patient education, low-cost therapy,
medication adherence
INTRODUCTION:
Acrodermatitis Continua of Hallapeau is a rare
chronic
inflammatory
disease
condition
characterized by the sterile pustular eruption of
fingers, toes, and nails (Crowly EL et al., 2019),
tender pustules with erythema present over the
tips of digits, higher the incidence of occurrence
on finger than the toe (Benjegerdes KE et al.,
2016). The eruption has mainly resulted after
trauma in a localized area or infection (Bachelez
H, 2018). These dermatological conditions can
be observed as an adverse drug reaction in some
patients. Hence careful diagnosis should be made
by the physician (Voora L et al., 2019). ACH is
most common in females than males and the risk
of disease increases with increase with age and
more common in the middle age group (Korman
AM., 2018). There are very few studies for ACH,
thus lacking the standard guidelines for the
treatment. Conventionally, ACH can be treated
with topical and systemic anti-psoriatic,

phototherapy, and newer various biologics agents
(Crowly EL et al., 2019). Achieving medication
adherence is always challenging in ACH
management due to the high cost involved in the
therapy. Drug related problems are also one
among the major factors for poor medication
adherence (Roy DA et al., 2020). Hence, this
paper reported the consequence of poor
medication adherence.
CASE PRESENTATION
a 69 years old female patient admitted to female
skin ward unit B on 03-06-2020, with a known
case of Acrodermatitis Continua of Hallapeau.
She was on the treatment for a period of five
months, the patient was prescribed with tablet
acitretin 25mg for a duration of six months, but
the patient discontinued the therapy in 40 days,
due to the financial constraints. Now patient
presented with complaints of pain over the legs
from five days which is insidious in onset,
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gradually progressive over five days pain –
moderate to severe, difficulty in walking present
associated with low-grade fever continuous type,
and no history of previous trauma but associated
with the history of red raised skin lesion over right
leg since 15 years, recently had become more
painful with pus formation. She attained
menopause more than 30 years back. All the
systemic and vitals examinations were in the
normal range.
Laboratory examination
All the routine laboratory parameters were
normal.
On examination of skin and appendages
Skins: single erythematous plaque central crests
with surrounding pustules positive plaque
measuring 3x3cm, Hairs: normal, Nails: normal,
Genital: normal, Buccal: normal.
TREATMENT:
After admission to the hospital, the patient was
treated with injection amoxicillin + clavulanic acid
1.2g IV two times per day for ten days, injection
pantoprazole 40mg PO two times per day for ten
days, tablet paracetamol 250mg PO two times
per day for ten days for, silver sulphadiazine
cream topical on the affected area of digits two
times in a day for ten days, tablet acitretin 25mg
PO once in a day from the third day and
continued, injection chlorpheniramine maleate
4mg IM once in a day for last four days, emollient
calamine lotion topically from last four days,
calcium + vitamin D3 500mg PO once in a day
for 15 days and suggested saline and limb
elevation from the day of admission to the eighth
day. During hospitalization, the patient was
treated with antimicrobial to treat infection and
prevent nosocomial infection and also intervened
with topical antimicrobial SSD cream which was
used to treat and prevent infection to the pustules
(lesions) superficially, antipyretic was prescribed
to treat fever, tablet acitretin which is conventional
anti-psoriatic therapy was started to suppress the
immune-mediated injury and improve the
therapeutic outcome. Calcium and vitamin D3
supplement was prescribed which helps to replace
the old cell with new cell and also prevent
premature cell aging, anti-allergy medication
Chlorphiniramine was prescribed to prevent the
irritation on the lesions sites, emollient Calamine
lotion prescribed to prevent lesions from dry and
reduces the irritation, saline compression of high
concentrate normal saline of or table salt high
concentrate solution was suggested for giving
rapidity to the wound healing, and leg elevation
was suggested to reduces the fluid accumulation

in the leg of the sore region and drainage the
tension and prevent edema.
DISCUSSION
This is the case of ACH, which was well managed
by systemic acitretin from a period of five months.
Acitretin is a conventional anti-psoriatic
medication belonging to the retinoid derivatives
of vitamin A. the literature reveal that ACH is a
chronic medical condition and its treatmentrelated outcomes are slower and nonspontaneous form so difficult in obtaining the
patient adherence towards the medication
(Korman AM et al., 2018 and Smith MP et al.,
2019) and our patients are one of the live
pictures of the non-medication adherence due to
low economic status she was unable to afford the
cost of medication, and the cost of acitretin in the
present pharmaceutical market of India is 591055 INR per capsule (1mg.com). Nonmedication adherence leads to the progression of
the disease and leads to the worsening condition
of patients, which again increases the economic
burden as well. The progression of disease affects
the day to day activities and may lead to the
serious physical and mental issues (Aryal S et al.,
2019). The clinical pharmacists can vital role in
educating the patients about the benefit of
medication adherence and consequences of nonmedication adherence and simultaneously can
reduce the economic burden by recommending
the less costly drug and also can improve the
economic burden and improve health-related
outcomes of patients (Voora L et al., 2020). The
drugs with maximum safety and efficacy with
minimum cost ultimately leads to better
tolerability, medication adherence and better
therapeutic outcome (Rawal KB et al., 2020). One
can overcome these barriers of poor medication
adherence and drug related problem by
educating the patient and implementing the
bagging system (Chand S et al., 2019).
CONCLUSION
This is the case that was well managed by retinoid
derivative acitretin, but the patient was unable to
bear the cost of drugs and discontinued the
therapy. The patient therapy can be substituted by
the non costlier conventional anti-psoriatic
therapy or which can be available from a
governmental hospital free of cost. The effective
intervention of clinical pharmacists in educating
the patients about the role of the therapy despite
the cost incurred in it can help in better patient
outcomes and minimize the incidence of
hospitalization.
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ABSTRACT
Background: Epilepsy is a Neuro-degenerative disorder characterized predominantly by recurrent and
unpredictable seizures and discharges from the cortical cells of the brain. Long term therapy is required for
treatment of epilepsy. The non-adherence is the serious concerned in cases of all patients.
Objectives: To compare and assess the medication adherence of antiepileptic drugs on paediatric patients at
different point interval.
Methodology: The prospective, randomized study has been conducted in out-patient department of
Paediatric at tertiary care hospital of Belagavi district, Karnataka, for 12 months including 1 follow-up of 6
month interval. The patients newly diagnosed with epilepsy of either sex aged between 1 to 18 years with
signed with assent and consent were collected.
Result: 103 epileptic patients were screened for the study. In that, 65 patients were found to fit for study
criteria. Randomized into 2 groups control n= 24 and Intervention = 41. There was no significant difference
(p=0.903) observed in gender distribution among both groups, similar findings p=0.116 was found in age
distribution. Medication adherence observed among both the groups at baseline level were no significant
difference (p=0.718) was observed in control group (6.92±1.01) and in interventional group (6.78±1.03), highly
significant improvement p= 0.0001*** observed in interventional group (3.61±1.49) instead of control group
(5.38±1.23).
Conclusion: Clinical pharmacist assists in recommended antiepileptic medication use process by counselling
which will increase medication adherence, reduces risk of seizure and enhance quality of life.
Keywords: Medication Adherence, Paediatrics, Anti-epileptic agents, Epilepsy, Clinical Pharmacist,
Pharmaceutical care.
INTRODUCTION
Epilepsy is a neurological disorder characterized
by recurrent and unpredictable seizures and
increased neuronal discharges from the cortical
cells of the brain (Fisher et al, 2005; Shorvon S D,
2011). Over 50 million people have epilepsy
worldwide (WHO Report, 2005). It is estimated
that developing countries have higher prevalence
i.e. 80% of the disease (WHO Report, 2005).
Paediatrics age group are in high risk of
developing it(Carter et al, 2012).
Prevalence rate of epilepsy varies between 4.157.03 per 1000 population in India. Majority of
the population with epilepsy were diagnosed and
were treated by non-specialists at different health
care levels. It proves sub-optimistic management
of epilepsy in such situations. Moreover, it was felt
that there remains considerable scope for the

development of better epilepsy services in
developing countries like India. In the current
study, clinical pharmacist made an attempt to
promote clinical pharmacy services through
rational drug therapy by assessing the current
pattern of prescription in the country based on the
age,
mono/polytherapy,
use
of
newer
antiepileptic drugs (AED`s) and combination use
of benzodiazepines along with AED`s. It helps in
ensuring the rational use of medication and
improves patient compliance with medication.
Due to cultural attitude, poor health care system,
lack of prioritization, economic problem etc most
of the patient in developing countries are not
getting appropriate treatment. Thereby, Clinical
Pharmacist in hospitals can initiate changes to
drug therapy for patient (Mubai et al, 2019).
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Adherence to antiepileptic drugs can be improved
by pharmacist services such as patient
counselling, self-recording of medication intake,
use of various medication container, and
reminders (telephonic, e-mail) to collect
medications and to visit clinics. Management to
promote rational drug use. Hence, our study was
designed to analyse the prescribing pattern and
rationality in prescriptions according to national
and international guidelines in tertiary care
teaching hospital of India. Various factors
affecting adherence to antiepileptic drugs has
been documented by several studies (Rose et al,
2014). The knowledge of the disease itself also
motivates patients to adhere with the medication
prescribed (Rose et al, 2014).
Many studies on medication adherence have
used Morisky
8-item
scale,
Adherence
Assessment tool for assessment which is
designed and validated and can be modified to
record information from the patients on the rate
of adherence (Yang C et al; 2020). Depending
on the scores resulting after calculation
adherence is measured, in which score more
than 2 is considered as low adherence, 1-2 is
considered as medium adherence and 0 as high
adherence (Morisky et al; 1986).
Because of long term therapy and unwanted
effects of most of the drugs compliance is a major
problem. Compliance behaviour depends on
many factors like clinical situation, nature of
illness, and the treatment. Complexity of
therapeutic regimen, increased number of
behavioural changes is associated with noncompliance. Patients unknowingly fail to adhere
through misunderstanding, forgetfulness, or
uncertainty about physician recommendations, or
intentionally due to their own expectations,
adverse effects, and lifestyle choice (Joanne et al,
2007; Getachew H et al, 2014).
Low adherence levels reported with non-adherent
patients which are more likely to have seizures

and contributes to the increase number of
admissions and healthcare costs. Adherence
means how patient medication taking behaviours
respond
to
health
professionals'
recommendations. It shows increase in patient
involvement in treatment for the patient ((Joanne
et al, 2007; Getachew H et al, 2014; Chand S et
al, 2019; Voora et al., 2020)
Discontinuation of antiepileptic drugs in early
stage it can prevent unnecessarily long term
treatment, or it may be increase the risk of
epilepsy (Inn-Chi et al. 2017). Hence, this study is
aimed to compare and assess the medication
adherence of antiepileptic drugs on paediatric
population at different time interval.
METHODOLOGY
Subjects and Methods:
Ethical Consideration: Approval of the study has
been obtained from institutional ethics committee
of KLE Academy of Higher education and
Research (KLE Deemed to be university) (IEC:
KAHER/Ethic/2018-19/D-126) the study related
information like selection criteria of the patients,
participant enrolment process, study period,
outcome of the study have been provided to the
IEC with through the hard copy of protocol and
oral presentation.
Study design, recruitment process: The study
was carried out at paediatric out-patient
Neurology department, tertiary care hospital. The
study was randomized and prospective study for
the duration of 6 months with one follow-up
interval.
Total of 103 patients are screened out of which
65 patients were randomised depending on
inclusion and exclusion criteria. The selected
patient lies in age between 1 to 18 years were of
either gender and were diagnosed with the
epilepsy. Patients with other co-morbid conditions
were excluded from the study.
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Fig.1: Schematic Diagram for study procedure
Study procedure:
Patient those who were satisfied the above
mentioned study criteria and taken their informed
consent of the patients before initiating the study,
were enrolled and randomized into control
interventional group and control group. The
randomization of the patients has been done by
simple randomization process. Interventional
group received the patient counselling and
providing
patient
information
leaflet,
pharmaceutical care. For control group as usual
treatment (standard treatment).
Data collection: The study related data
(demographic details, background information
adherence towards the medication) was collected:
baseline level (0 day), follow-up 01 (6 month), at
the last of follow-up the collected data was
segregated and analysis was done to assess the
study outcome.
Morisky-8
Medication
Adherence
Questionnaire (MMAS-8)8: MMAS-8 is 8 item
questionnaires to assess the medication
adherence for the epileptic patients. The response
choice of item is 1 to 7 is on Yes and No and the
8th item is on a scale. The scoring of item scoring
A=0, B-E=1 the total range of scoring is 0 to 8.

Score is more than 2 indicates low adherence, 1
or 2 medium adherence and 0 indicates high
adherence (Morisky et al; 1986).
Data Analysis
The data of the current study was entered and
analysed using IBM SPSS Statistics Version-20
(IBM
Corporation,
United
State).
The
demographic and clinical variables of the groups
were summarized by using descriptive statistics
(mean, standard deviation, frequency) and
compared with the chi-square test. Before
analysing the medication adherence we applied
Kolmogorov Simonov test for the analysis of
normal distribution. As per the test we found no
normal distribution. Hence, we applied non
parametric test. For comparison between two
groups we applied Mann-Whitney U Test.
RESULTS
In this study total of 103 epileptic patients were
screened among them total of 65 patients fulfilled
the study criteria and further randomized into the
control group (n=24) and Interventional group
(n=41) via simple randomization method after
getting assent and consent from the parents as
well as patients. In the study, 40 (61.54%)
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patients were male whereas 25 (38.46%) were
female and those are further divided into control
and intervention group as shown in table 1. No

statistically significant difference (p=0.903)
observed for gender distribution among groups.

Table 1: Gender Distribution
Gender
Male (%)
Control
15 (23.08)
Interventional 25 (38.46)
Total
40 (61.54)

Pearson chi2 Values P-value
Female (%)
9 (13.85)
16 (24.62) 0.015
25 (38.46)

We observed qualification of the parents of the
patients which will interfere with the adherence.
Primary education was highest (n=10) followed
by secondary education (n=8) whereas in
Interventional group parents with Primary

0.903

education were n=16 followed by secondary
education were n=14. There was no statistically
significant difference (p=0.740) observed in
Parent qualification among both the groups as
shown in table 2.

Table 2: Parent Qualification

Control
Interventional
Total

Parents Qualification
Illiterate Primary Secondary
2
10
8
4
16
14
6
26
22

Graduation
3
7
10

In this we have observed that, the control group
were having n=10 patient were having
occupation as Farmers and followed by
Government employ and private sector employ
were n=5 and in Interventional group we found

Post-Graduation
1
0
1

Pearson
Chi2

P Value

1.977

0.740

that Business occupation was higher (n=17)
followed by Private sector employ n=12 (table 3).
There was no statistically significant difference
(p=0.056) observed in Parent occupation among
the groups.

Table 3: Parents Occupation

Control
Interventional
Total

Occupation
Private Employ
Sector
5
12
17

Government
Employ Sector
5
3
8

With respect to the income, family who were
having higher monthly income which is in the
range between Rs. 11000 to Rs. 20000 in control
and intervention group were n=15 and n=18

Farmer

Business

10
9
19

4
17
21

Pearson
Chi2

P Value

7.553

0.056*

respectively as depicted in table 4. There was no
statistically significant difference (p=0.134) has
been observed among both of groups in monthly
income of family.

Table 4: Monthly income of family

Control
Interventional

Monthly Income of Family in Rupees (Rs)
Less
Than Rs.11000- Rs.21000Rs.10000
20000
30000
2
15
4
9
18
11

Rs.3100040000
3
1

Rs.4100050000
0
2

Total

11

4

2

33

15

The control group were having most patients in
the age group between 1-5 year (n=8) then
followed by 10-15 years (n=7) and in the
intervention group 21 patients were in the age
group between 1-5 year followed by 11 patients

Pearson
Chi2

P Value

7.029

0.134

in 5-10 years age group. There was no
statistically significant difference (p=0.116)
between intervention and control group in age
distribution (table 5).
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Table 5: Age Distribution

Control
Interventional
Total

Age Group (In Years)
1-5 (%)
5-10 (%)
8
5
21
11
29
16

10-15 (%)
7
8
15

In this study, total Antiepileptic drugs prescribed
were 103 in both the groups. The highest
prescribed antiepileptic drugs were sodium
valproate (32.52%) and second highest Vitamin
D3 Clobazam (11.4%) followed by Respiridone
9.8%, Levetiracetam (8.95%) less prescribed
drugs were Multivitamins 4.90%, Lamotrizine
4.90%, Lacosamide 3.92%, Phenytoin (3.92%).
oxcarbazepine 2.94%, carbamazepine 1.96%,
zonisamide
0.98%,
ethosuximide
0.98%,
Atomexetine
0.98%,
Topiramate
0.98%,
Medication Adherence improved after counselling

15-18 (%)
4
1
5

Pearson
Chi2

P Value

5.902

0.116

and by provision of patient information leaflet
and other Pharmaceutical care services.
The medication adherence of the antiepileptic
patients were assessed at baseline level and
follow-up (once in 6 months).
Using Mann
Whitney U tests, at baseline level we did not find
any significant difference (U=466.50, Z=-0.36,
p=0.718) among control and intervention group
whereas during follow-up (after 6 months)
significant statistical difference (U=144.0, Z=4.829, p=0.0001*) was observed among control
and intervention group for medication adherence
as shown in table 6.

Table 6: Comparison of medication adherence in between control and interventional group at
different point interval through Mann-Whitney U Test
Groups

N (%)

Mean±SD

Mean Rank

U-Value

Z-Value

Control
Interventional
Total

24 (36.92)
41 (63.08)
65 (100)

6.92±1.01
6.78±1.03

34.06
32.38

466.500

-.361

0.718

Control
Follow-up 1
Interventional
score
Total

24 (36.92)
41 (63.08)
65 (100)

5.38±1.23
3.61±1.49

47.50
24.51

144.000

-4.829

0.0001***

Time point
Baseline
score

At the baseline level all the 65 patients of both
groups met with low medication adherence. After
intervention (after 6 months) in interventional
group, 3.08% (n=2) patients were having high

p-Value

adherence and 12.31% (n=8) patients with
medium adherence and 47.69% (n=31) having
low adherence which is far better than control
group (table 7).

Table 7: Comparison of medication adherence at different category
Group
Control

Interventional

Medication Adherence
High
Medium
Low
High
Medium
Low

Total
DISCUSSION
Due to the cultural attitude, poor health care
system, lack of prioritization, economic problems
etc, 90% of patients in developing countries with
epilepsy are not getting appropriate therapy
(Mubai M A et al, 2019). We also found a similar
problem in our Paediatric unit. Hence, in the
same instance we directed our study, and we
found significant improvement in the Intervention

Baseline N (%)
0 (0)
0 (0)
24 (36.92)
0 (0)
0 (0)
41 (63.08)
65 (100)

Follow up N (%)
0 (0)
1 (1.54)
23 (35.38)
2 (3.08)
8 (12.31)
31 (47.69)
65 (100)

group (p=0.0001***) when compared with
control group. The obtained finding illustrated
that clinical pharmacist approach on medication
adherence improvement is positive with the
paediatric population.
Kholoud Z. Qoul et.al., determined the
adherence to anti-epileptic therapy in paediatric
clinic in Queen Rania Children Hospital (QRCH);
and distinguish variables in the effect of

1081| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2

Shashikala Wali et al / Evaluation of antiepileptic medication adherence among paediatric epileptic
patients: a randomized prospective study in a teaching hospital
adherence. Medicine adherence was evaluated
dependent on self-reporting survey using 8Morisky Medication Adherence Scale. The study
resulted more number of patients (79.5 %)
showed adherence, while 20.5% patients don't
show adherence to their antiepileptic drug. The
main three explanations behind non-adherence
are: negligence to take the medications (52.2%),
symptoms due to medicines (33.8%), and being
improvement and free from seizure (30.4%) for a
period. The least appraised purpose behind nonadherence is identified with refusal to take
medicine (13.1%) (Kholoud Z et al, 2015).
In the current study, total 65 patients were
enrolled, out of which randomized and divided in
two groups, namely control group and
interventional group. Intervention group have low
medication adherence on antiepileptic drugs at
baseline compared with the follow-up once in 6
months, whereas control group shows 4.16%
patient met with medium adherence and nil in
High adherence, followed by low adherence
95.83%. However, in interventional group 4.87%
patients met with high adherence and 19.51%
patients with medium adherence and 75.60% met
with low adherence which is consistent with our
study. In this study, both the groups were included
control group were having 24 patients out of
group Male patients were 60.52% and Female
patients
were
observed
that
39.45%.
monotherapy as well as combination therapy also
prescribed
Out of total 103 prescribed
antiepileptic drugs, the Maximum prescribed
antiepileptic drugs were sodium valproate
(32.52%) followed by Vitamin D3, Clobazam
(11.4%)
followed
by
Respiridone
9.8%,
Levetiracetam
(8.95%) respectively, whereas
Minimum prescribed drugs were Multivitamins
4.90%,
Lamotrizine
4.90%,
Lacosamide
3.92%,Phenytoin (3.92%). oxcarbazepine 2.94%,
carbamazepine
1.96%,zonisamide
0.98%,
ethosuximide
0.98%,
Atomexetine
0.98%,
Topiramate 0.98% respectively, Prescription were
depends upon lesser side effects and status of
epilepsy. Medication Adherence was shown to be
improved after counselling and providing the
patient information leaflet and
other
Pharmaceutical care services. Thus pattern
utilisation and understanding the medication
usage in correlation with clinical pharmacists
showed better therapeutic outcome.
A cross-sectional study conducted by Gurumurthy
R et al. to evaluate the pattern and extent of AED
adherence among PWE and to identify the factors
that influence adherence which was assessed
using the 4-item Morisky Medication Adherence
Scale and analyzed the association between
different variables and AED adherence using

Univariate analysis with chi-square test. The result
shown that a majority of patients have optimal
rates of AED adherence and forgetfulness
constitutes the primary reason for non-adherence
among PWE (Gurumurthy R et al, 2017).
CONCLUSION
This study concluded pharmacist intervention is
effective in increasing the adherence among
paediatric patients with epilepsy. Significance of
adhering with the prescribed medication can
improves the disease status, symptoms, shortens
the duration of hospitalisation, avoid episode of
adverse events and improves life style. Hence,
clinical pharmacist role is important for
prevention of non-adherence as well as
minimizing the risk of seizure and to promote
quality of life in order to achieve pre-defined
therapeutic outcomes. As this study has only one
follow-up, further studies can be directed by
taking more sample size to see long term effect of
pharmacist
intervention
on
medication
adherence.
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ABSTRACT
The present study was conducted to develop a paediatric focused trigger tool by retrospective structured chart
review [PFTT-RSCR] by modifying ‘Institute for Healthcare Improvement’s Global Trigger Tool’ [IHI-GTT] adult
version. It is useful for the effective assessment of adverse event prevalence in hospitalised children at a tertiary
care set-up. The trigger tool was developed in the paediatric population in two stages using literature search by
Delphi panel review, consisting of Clinical Pharmacy researcher and/or reviewers (PRR’s-Reviewer panel I & II) and
physician as peer reviewer (PPR’s-Reviewer panel III). Triggers were added or deleted with respect to positive
predictive value of a trigger towards the development of tool for the assessment of adverse events upon consensus
of reviewers. Among 2500 patient charts screened, Out of 520 randomly selected sample, 352 completed charts
were reviewed retrospectively. AE’S were found to be 124 with 437 Triggers with Positive Predictive Value (PPV)
of 28 % in the final trigger list of 40 in 05 modules, 81 were with 1 adverse event and 35 were with more than one.
Sixty-six of (66) the patients records (23.23%) had at least 1 adverse event during their hospitalization, and at least
26 (9.15%) had more than 1 event Pediatric-Focused Trigger Tool (PFTT) with well-defined triggers by expert
review from clinical and research area along with broader literature review, will help to assess the adverse events
in a more reliable manner upon validation in the Indian health set-up.
Keywords: Adverse events, Review panel, Pediatric-Focused Trigger Tool, Positive Predictive Value
INTRODUCTION
Efforts with conventional methods to detect adverse
events in hospitalised patients have primarily
focused in the past on voluntary reporting to track
errors. The use of the „Institute for Healthcare
Improvement‟s Global Trigger Tool [IHI-GTT]‟, is as
a method to find rate of adverse events (AE‟s) in
hospital/health organisation as the „signalling
system with „triggers‟ as the flagships‟ (Griffin, F.A
et . al., 2009). It differs from previous reviewing
methods of medical record reviews, which have
been used mainly with the objective for research
purposes. The Institute has emphasized that public
health researchers have established that, only 10 to
20 percent of errors are ever reported and, of
those, 90 to 95 percent cause no harm to patients
(Chapman S.M.et. al., 2014). The World Health
Organization (WHO) Collaborating Centre for
International Drug Monitoring defines an adverse
drug event as follows: “Noxious and unintended
and occurs at doses used in man for prophylaxis,
diagnosis, therapy, or modification of physiologic
functions” (Griffin, F.A et.al., 2009; WHO

Publication 1984). A trigger is defined as an
"occurrence, prompt, or flag found on review of the
medical record that triggers further investigation to
determine the presence or absence of an adverse
event" (Maltow, A.G. et.al., 2012). Functioning of
trigger tools, act as a vigilant system to analyse the
rate of harm occurring in the organisations involved
in patient safety towards the presence of a potential
AE, so that it can be mitigated.
Prevalence of AE‟s in hospitalized patients is found
to be 10 times more (Classen, D.C et.al., 2011)
and found to be 28.5% of the patients had at least
one AE when identified through IHI-GT (Kirkendall,
et.al.,2012). Hence then, efforts are being made to
develop pediatric focused trigger tool that would
perform optimally, as prevalence of AE‟s in
pediatric population differ, in comparison to adults
and can help to measure harm efficiently. Recently,
such studies in developed countries have been
conducted to substantiate the purpose but very few
studies from the developing countries have been
conducted and published. In a developing country
like India, focus has been shifted towards quality
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care and to achieve it through different goals and
some drastic reforms by Health and ministry
department of India by implementing national
health policies (National Health Policy, 2017, PvPI
programme of India). The initiative has begun in
patient care through development of quality data
from evidence based studies. Hospitals and policy
makers play an important role in prioritizing such
safety improvement activities and track them over
the time. Also, there needs to be continuous
improvement in development of manuals with
predefined triggers.
The primary objective of the present study was to
develop a pediatric focused trigger tool (PFTT)
through retrospective chart review to identify and
assess the prevalence of adverse events through
frequency and positive predictive value of indicating
triggers in the paediatric set up of a tertiary care
hospital setting.
MATERIALS AND METHODS
Two stage review process
I] Development of PFTT applying IHI-GTT adult
focused triggering tool: The present study was
carried out in a pediatric set-up of a tertiary care
teaching hospital of southern India, after obtaining
the Institutional Ethics committee approval.
Stage I: The different trigger tools were identified
from literature search using PubMed, Cochrane and
other search engines using the key words like
adverse
events,
triggering
tool,
IHI-GTT,
medical/structured record review, pediatric, harm
etc. More than fifteen different record review tools
were identified, ten of the tools were identified with
respect to use in pediatric set-up. Finally, the study
has used adult IHI-GTT version for identifying AE‟s
which also measures harm over the time. The study
panel in developing tool consisted of Clinical
Pharmacy researcher, and/or reviewers (CPR‟sReviewer panel I & II) and Final physician peer
reviewer (FPR‟s-Reviewer panel III). The version was
added or modified with the review panel team
recommendations and final trigger list of N=40,
was developed and was retrospectively tested for
structural review of records (SRR). The triggers were
evaluated based on the clinical relevance and
positive predictive value (PPV). The review team
members were from different expertise and made
themselves familiar with GTT method and who were
interested in quality development process.

Stage ll: A] Review process: Identifying and
measuring AE‟s by,
a) Two internal primary reviewers (Pharmacist as
researcher and/reviewers-PRR‟s) with knowledge
of, and trained for identifying AE‟s;
b) One external reviewer (Physician/Clinician as
peer reviewer- PPR) with knowledge of, and
expertization in the similar field
B] Sampling of medical records of patients
a) A random (Each record of patients with equal
chance of being selected by reviewer) sample of
20 records were obtained from the medical
record department of a tertiary care hospital for
each month. Every 10th admission/discharge
record was selected for reliability.
b) Medical records were reviewed with emphasis
on,
i) Discharge notes-Quick review to identify for
occurrence of any AE‟s
ii) Laboratory reports-for identifying any triggers for
AE‟s in laboratory reports
iii) Physician/prescriber‟s orders/medication orders
iv) Nursing records
v) Any other multi-disciplinary/progress notes
Positive predictive value (PPV) of the every trigger
was counted as the “number of times a specific
trigger identifies an AE, divided by the total number
of times the trigger was found”. A trigger occurring
and counted several times in a single patient was
counted as one trigger event identifying an AE
positively; for example, any reduction of 25 percent
or greater in hemoglobin (Hg) in grams or
hematocrit (Hct) investigated, occurring repeatedly
in a short period of time such as 72 hours or less
was counted as 1 trigger. „Positive predictive values
(PPV)‟ would be high in some, due to additional
identification by both Pharmacy reviewers and peer
view of physician.
Inclusion and exclusion criteria‟s of the chart review
were,
 Closed (with discharged summary) and
completed records
 Inpatients with length of stay at least 24 hours
with admission card bearing IPD number
 Patients of male and female gender with age
of 18 years or less.
 Psychiatric and rehabilitation inpatients were
excluded.
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Fig.1: Diagrammatic representation of development process of a paediatric focused trigger tool.
TT=Trigger tool PRR’s=Pharmacy researcher and /reviewers PPR=Physician as peer reviewer.
RESULTS AND DISCUSSION
Initial trigger tool with 61 triggers was modified to
the final trigger tool with 40 triggers after the first,
second and third review by Delphi review panel.
The modules of Care, Medication, Surgical and
Emergency care (where perinatal and intensive
modules were merged), were retained, and one
module was included: Laboratory module. Criteria‟s
of screening from all other trigger tools (TTs) were
matched against this list, duplicate triggers were
removed, and additional triggers recommended
from the reviewers were added by the consensus.
After the first review by Delphi review panel I structured review of charts/records (SRR/SCR) was
carried out, a total of four items were deleted from
care module (C3, C8, C10, and C12), and four
items from medication module (M1, M2, M8, and
M9), six items were deleted from surgery module
(S1, S2, S3, S5, S6, S9 and S10) and three items
from emergency module (E2, E4 and E5) were
deleted (Table 1). After the second review by Delphi
panel, six items (CA1, CA2, CA3, CA4, CA5 and
CA6) from care module and two items from
medication module (MA7 and MA8) were added
(Table 2). The final trigger list consisted of 40 items
and were categorized into five modules namely,
care module (16), Medication module (11), surgical
module (04), Emergency module (02) and a new
module with (07) items (LA9, LA10, LA11, LA12,

LA13, LA14 and LA15) was added after third review
after screening of patient charts using trigger tools.
A total sample of 352 randomised charts were
reviewed retrospectively for identifying the adverse
events with the presence of triggers over a period of
12 months [Table no.1 and graph no.1]. AE‟S were
found to be 124 with 437 Triggers with PPV of 28 %
using the final trigger list of 40. Adverse events
found per 100 admissions were 35.8 was and
70.19 adverse events per 1000 patient-days. Out of
116 patient records, 81 were with 1 adverse event
and 35 were with more than one adverse events.
„Care module‟
Out of the 15 items in care module, 11 items were
identified more than five times in the reviewed case
records. Adverse events like Transfusion/use of
blood products were triggered 26 times, followed
by, Decrease in haemoglobin or haematocrit 22
times, re-admission within 30 days is 19 times, were
more frequent. Four items like acute dialysis,
pressure ulcers, patient fall with restraint use and inhouse stroke readmission were not identified in the
patient charts.
„Medication module‟
Out of 14 items in medical care module, 10 items
were identified more than five times in the reviewed
case records. Use of Diphenhydramine trigger was
found to be 28 times, abrupt medication stop was
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identified for 19 times and antiemetic use 16 times.
Out of the total triggers, 05 triggers were not
identified in the records review.
„Surgical module‟
Out of the 10 items in surgical care module, 5 items
were identified more than 5 times in the reviewed
case records. Mechanical ventilation>24 h
postoperatively was identified 13 times followed by
the Mechanical ventilation>24 h postoperatively (8
times), occurrence of any operative complications (6
times), 02 items were not identified with any triggers
in the surgery records review.
„Emergency module‟
Out of the 05 items in Emergency module, 02 items
were identified more than 5 times in the reviewed
case records. Readmission to ED within 48 h was
identified 06 times followed by the Pneumonia onset
was 06 times. 03 triggers of the total were not
identified in the records review.
„Laboratory module‟
A new module-Laboratory was added with 07 items
after third review after screening of patient charts
using trigger tools. In the final trigger module 85
triggers were identified with 21 adverse events.
Among 2500 paediatric patient charts screened,
520 patient charts were selected randomly, out of
them, 352 completed patient charts were reviewed
retrospectively, 182 children were male and 170
children were female. The incidences of adverse
events were more among the male paediatric
patients, in the category of 1-5 years of age and in
the medication module.
The present study of PFTT (Pediatric focused trigger
tool) is one of its kind in India, developed to identify
the prevalence of adverse events in pediatric
population by modifying the adult IHI-GTT tool, on
the basis of previous studies using same tool to
review records with triggers or flagships for the
mentioned population. The GTT method has proven
to be a valid, reliable, easily adopted, and
promising method with the adequate training
process conducted (Chapman, S.M. et. al., 2015,
Classen, D.C et. al., 2011, Nassesns, G.M. et.al.,
2017, stockwell, D.C. et. al., 2015, Unbeck, M.
et.al., 2014). Briefly, TT modules were identified
through a broader study of literature review and
thorough
discussion,
communications
were
developed to modify adult version IHI-GTT (exists
with six TT modules) to the current paediatric study
setting.
Delphi technique is a reliable and consistent
method used for development of a trigger tool. This

method allows for more focused review bridging the
way between reviewers to build up the expert
opinion at consensus. Delphi method is „more
objective rather than subjective” to build up
consistency and process of compliance (Hasson, F.
et. al., 2000, Rajesh, V. et. al., 2013, stockwell,
D.C. et. al., 2015). In the present study, the
methodology of Delphi technique was helpful for
developing final version of the trigger tool with
consensus among the review panel members. Using
this process, the reference group (consisting of
Clinical
Pharmacy
researcher/reviewer
and
physician as peer reviewer) had to add, change,
and remove triggers and also, trigger definitions
and descriptions with relevant pediatric reference
values. This first review step lead to a pediatric
trigger tool (PFTT) of 61 trigger events in four
modules
(Care,
Surgical,
Medication
and
Emergency Department modules) followed by 40
trigger events with five modules after the second
and third review process, same like three review
process in the other study (Kaafarani, H.M.A. et.al.,
2010). The final PFTT is inclusive of AEs in different
types of pediatric care. Hence, the study includes a
wide range of well-defined triggers developed with
the help of expertise from clinical and research area
in reviewing records along with broader literature
review, with the aim of validating these in a
pediatric patient sample.
In this study, it was found that there is prevalence of
AE‟s in one third of the patients with the range of
AE‟s from 0-8. In total, 437 triggers were identified
with 1.24 triggers per patient, and percentage
overall PPV (Positive Predictive Value) is of 28%,
which is same as in comparison with the other study
(Unbeck, M. et.al. 2014). The PPV of triggers
ranged from 13% to 55% and is in similar with the
results of other studies in different settings and
patient populations (Nassens, G.M. et. al., 2017,
Franklin B.D. et. al., 2010, & Solevag, A.L.,
et.al.2014). In the current study, 126 adverse events
have been found with rates of 35.8 adverse events
per 100 admissions and 69.08 adverse events per
1000 patient-days were calculated, which were
found to be very much in similar with (Griffin, F.A.
et.al., 2009 and Kirkendall, E.S. et.al., 2012) but,
less in comparison with IHI-GTT adult benchmark.
Sixty-six of (66) the patients records (23.23%) had at
least 1 adverse event during their hospitalization,
and at least 26 (9.15%) had more than 1 event
identiﬁed, in similar with the findings from other
study (Kirkendall, E.S. et. al., 2012), a stable review
team is, likely, a contributing factor in providing
consistent and reliable outcome measures.
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Table 1: Retrospective review of 352 patient charts for identifying Incidence of Adverse events (AE’s)
among paediatric population using, developed
Age(Days/year)
0-28 days
29-365 days
366 days to 5 years
5-12 years
12-18 years
Total

Gender(N=352)
Male
Female
52
44
41
37
39
48
30
23
20
18
182
170

Incidence of Adverse events(AE‟s) n=126
No.s
Percentage
23
19
29
22
36
29
26
21
11
9
124
100%

Fig.2: Distribution of AE’s and triggers over the period
Table 2: Modification of Initial trigger tool (61 triggers) with Prevalence of adverse events and sorted
according to their PPV in the different modules.
Sl.no

Modules

Trigger names

No .of
AE‟s

No
.of
Triggers

AE % with PPV
triggers

2.1.Care Module
1.
C1
2.
C2
3.
C3 (#1)
4.
C4
5.
C5

$

Transfusion or use of blood products
11
26
42
Code/arrest/rapid response team
01
04
25
Acute dialysis
00
00
00
Positive blood culture
04
12
33
x-ray or Doppler studies for emboli or 01
06
17
deep vein thrombosis
C6
Decrease in 25% in hemoglobin or 08
21
36
haematocrit value
C7
Patient fall
01
03
33
C8 (#2)
Pressure ulcers
00
00
00
C9
Readmission within 30 d
08
19
55
C10 (#3)
Patient fall and Restraint use
00
01
00
C11
Health care-associated infection of 02
08
30
any kind
C12 (#4)
In-hospital stroke
00
00
00
C13
Transfer to a higher level of care
04
11
41
C14
Any procedure complication
01
06
33
*C15: Other(New care module trigger names added are mentioned in new list)
CA1
Pain
04
12
33

$
$

CA2
CA3

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Apgar < 7
Abnormal body temperature

02
03

08
11

25
27
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$
CA4
Loss of weight
$
CA5
Urinary retention
$
CA6
Fluid overload (pulmonary oedema)
Total of all Care module:15

2.2 Medication Module (M)
Sl.no
Modules
Trigger names

03
03
02
58

12
07
06
173

50
36
50
34

No .of
AE‟s
00
00
01

No
.of
Triggers
03
01
02

AE % with PPV
triggers
00
00
50

1.
2.
3.

M1 (#5)
M2 (#6)
M3

Clostridium difficile-positive culture
Partial thromboplastin time>100 s
International normalized ratio>6

4.
5.

M4
M5

Glucose<50 mg/dL
Rising blood urea nitrogen or serum
creatinine>2 times baseline

05
04

16
15

31
27

M6
Vitamin K administration
M7
Benadryl (diphenhydramine) use
M8 (#7)
Romazicon (flumazenil) use
M9 (#8)
Narcan (naloxone) use
M10
Antiemetic use
M11
Over sedation/hypotension
M12
Abrupt medication stop
M13
Other (Medication Module Triggers)
*M14:Others (New medication trigger names are
MA7
Glucose or administration of 300
mg/ml or 500 mg/ml glucose
MA8
Antidote administration

02
11
00
00
06
02
07

14
28
00
00
16
10
19

14
36
00
00
38
20
37

6.
7.
8.
9.
10.
11.
12.
13.
14.
$
$

Total of all medication module:14

mentioned in the new list)
03
09
33
01

06

17

51

139

37

2.3. Surgical (S) module
Sl.no
Modules
Trigger names
1.
2.
3.
4.

S1 (#9)
S2 (#10)
S3 (#11)
S4

5.

S5 (#12)

6.

S6

7.

S7

8.
S8 (#13)
9.
S09 (#14)
10. S10
Total of all Surgical

Return to surgery
Change in procedure
Admission to ICU postoperatively
Intubation/re-intubation/bi level positive
airway pressure in post anaesthesia care
unit
x-ray intra operatively or in post
anaesthesia care unit
Mechanical
ventilation>24
h
postoperatively
Intraoperative
epinephrine/norepinephrine,
naloxone/flumazenil
Postoperative troponin level 1.5 ng/mL
Injury, repair, or removal of organ
Any operative complication
module:10

No .of
AE‟s
00
00
00
02

No .of
Triggers
01
02
04
08

AE % with PPV
triggers
00
00
00
25

00

01

00

01

08

13

01

06

17

00
00
01
05

00
00
03
33

00
00
33
15
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2.4. Emergency Module
Sl.no
Modules
Trigger names
1.
E1
Readmission to ED within 48 h
2.
E2 (#15)
Time in ED>6h
3.
E3
Pneumonia onset
4.
E4 (#16)
Readmission to ICU
5.
E5 (#17)
In unit procedure
Total of all Emergency Module:05

No .of
AE‟s
01
00
01
01
00
03

No
.of
Triggers
06
01
06
03
00
16

AE % with PPV
triggers
17
00
17
00
00
19

2.5. Others: New trigger names are mentioned (included in the Final trigger tool list
module)
No
Modules Trigger names
No .of No .of
AE‟s
Triggers
$
LA9
Platelet count<50,000
04
21
$
LA10
Extreme hyper bilirubinemia
04
20
$
LA11
Neutropenia and antibiotic treatment
02
09
$
LA12
Abnormal liver enzymes
03
18
$
LA13
Sodium: 120 mmol/l>Na>150 mmol
03
09
$
LA14
Potassium: 3.0 mmol/l>K >6.0 mmol/l
03
07
$
LA15
Leukopenia
02
06
3
9
Age<1 month: WBC<5000/mm (5x10 /l)
Age 1-23 months: WBC<4000/mm3 (4x109/l)
Age 2-18 years: WBC<3000/mm3 (3.03109/l)
Total of laboratory module:07
Overall total of all modules:51 (61 triggers)

21
138

85
446

as laboratory
AE % with
PPV triggers
19
20
22
17
33
42
33

25
31

Note: $ - Indicates addition of triggers found to be appropriate depending upon PPV%
# - Indicates deletion of triggers found to be inappropriate depending upon PPV%
* - Indicates deletion of triggers found to be inappropriately explained
Table 3: List of inappropriate triggers (20) deleted depending on low %PPV after II and III stage review
process.
Sl.no.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Module no.
C3 (#1)
C8 (#2)
C10 (#3)
C12 (#4)
M1 (#5)
M2 (#6)
M8 (#7)
M9 (#8)
S1 (#9)
S2 (#10)
S3 (#11)
S5 (#12)

13.
14.
15.
16.
17.
18.
19.
20.

S6 (#13)
S9 (#14)
S10 (#15)
E2 (#16)
E4 (#17)
E5 (#18)
*C15
*M13

Deleted trigger name
Acute dialysis
Pressure ulcers
Patient fall and Restraint use
In-hospital stroke
Clostridium difficile-positive culture
Partial thromboplastin time>100 s
Romazicon (flumazenil) use
Narcan (naloxone) use
Return to surgery
Change in procedure
Admission to ICU postoperatively
x-ray intra operatively or in post anaesthesia
care unit
Intraoperative or postoperative death
Postoperative troponin level 1.5 ng/mL
Injury, repair, or removal of organ
Time in ED>6h
Readmission to ICU
In unit procedure
Other (Not predefined)
Other (Not predefined)

Stage of review*
II
II
III
II
II
II
II
III
II
III
II
II
II
II
II
II
II
II
II
II

1393| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2

Geetanjali S et al/“Development of A Pediatric Focused Trigger Tool to Assess the Prevalence of Adverse
Events at A Hospital Setting: A Retrospective Structured Chart Review” [PFTT-RSCR]
Table 4: List of appropriate triggers (15) added depending on high %PPV after II and III stage review
process
Sl.no.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Module
no.
CA1
CA2
CA3
CA4
CA5
CA6
MA7
MA8
LA9
LA10
LA11
LA12
LA13
LA14
LA15

Deleted trigger name

Stage of review*

Pain
III
Apgar < 7
II
Abnormal body temperature
II
Loss of weight
II
Urinary retention
II
Fluid overload (pulmonary oedema)
III
Glucose or administration of 300 mg/ml or 500 mg/ml glucose
II
Antidote administration
II
Platelet count<50,000
III
Extreme hyper bilirubinemia
III
Neutropenia and antibiotic treatment
III
Abnormal liver enzymes
III
Sodium: 120 mmol/l>Na>150 mmol
III
Potassium: 3.0 mmol/l>K >6.0 mmol/l
III
Leukopenia
III
Age<1 month: WBC<5000/mm3 (5x109/l)
Age 1-23 months: WBC<4000/mm3 (4x109/l)
Age 2-18 years: WBC<3000/mm3 (3.03109/l)
Stage II and III: Reviewed by PRR (Pharmacy researcher and/reviewer) + PPR (Physician as Peer
Reviewer).
Table 5: 40-Final Paediatric trigger tool list with PPV (Positive Predictive Value) after review process.
(Salimath, G.S. et. al., 2020)
Sl.no

Modules

5.1. Care Module
1.
PC1
2.
PC2
3.
PC3
4.
PC4

Trigger names

Transfusion or use of blood products
Code/arrest/rapid response team
Positive blood culture
x-ray or Doppler studies for emboli or
deep vein thrombosis
5.
PC5
Decrease in 25% in hemoglobin or
haematocrit value
6.
PC6
Patient fall
7.
PC7
Readmission within 30 d
8.
PC8
Health care-associated infection of any
kind
9.
PC9
Transfer to a higher level of care
10. PC10
Any procedure complication
11. PC11
Pain
12. PC12
Apgar < 7
13. PC13
Abnormal body temperature
14. PC14
Loss of weight
15. PC15
Urinary retention
16. PC16
Fluid overload (pulmonary oedema)
Total of all Care module:16

No .of
AE‟s

No
.of
Triggers

AE % with PPV
triggers

11
01
04
01

26
04
12
06

42
25
33
17

08

21

36

01
07
02

03
19
08

33
37
25

04
01
02
02
03
03
01
02
51

11
06
12
08
11
12
07
06
172

36
17
17
25
27
25
14
33
30
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5.2. Medication (M)
Sl.no
Modules
Trigger names

No .of
AE‟s

No
.of
Triggers

AE % with
PPV triggers

1.

PM1

International normalized ratio>6 OR
Partial thromboplastin time >100 s

01

02

50

2.
3.

PM2
PM3

Glucose<50 mg/dL
Rising blood urea nitrogen or serum
creatinine>2 times baseline

05
04

16
15

31
27

4.
5.
6.
7.
8.
9.
10.

PM4
PM5
PM6
PM7
PM8
PM9
PM10

Vitamin K administration
Diphenhydramine use
Antiemetic use
Over sedation/hypotension
Abrupt medication stop
Use of stool softener / constipation
Glucose or administration of 300
mg/ml or 500 mg/ml glucose
11. PM11
Antidote administration
Total of all medication module:11

02
11
06
02
07
03
03

14
28
16
10
19
08
09

14
36
38
20
37
38
33

01
45

06
143

17
31

5.3. Surgical (S) module
Sl.no Modules Trigger names

No .of
AE‟s

No
.of
Triggers

AE % with
PPV triggers

Intubation/re-intubation/bi level positive
airway pressure in post anesthesia care unit

02

08

25

2. PS2
Mechanical ventilation>24 h postoperatively
3. PS3
Intraoperative epinephrine /norepinephrine.
4. PS4
Any operative complication
Total of all Surgical module:04

01
01
01
05

08
03
06
25

13
33
17
20

1.

PS1

5.4. Emergency Module(Perinatal+ intensive are merged)
Sl.no
Modules
Trigger names
1.
PE1
Readmission to ED within 48 h
2.
PE2
Pneumonia onset
Total of all Emergency Module:02

No .of
AE‟s
01
01
02

5.5 Laboratory module
Sl.no
Modules Trigger names
1.
2.
3.
4.
5.
6.
7.

PL1
PL2
PL3
PL4
PL5
PL6
PL7

Platelet count<50,000
Extreme hyper bilirubinemia
Neutropenia and antibiotic treatment
Abnormal liver enzymes
Sodium: 120 mmol/l>Na>150mmol
Potassium: 3.0 mmol/l>K >6.0 mmol /l
Leukopenia:
Age<1 month: WBC<5000/mm3 (5x109/l)
Age 1-23 months: WBC< 4000 /mm3
(4x109/l)
Age 2-18years:WBC<3000/mm3 (3.03109/l)
Total of all laboratory Module:07
Overall total:40

No
.of
Triggers
06
06
12

AE % with PPV
triggers
17
17
17

No .of
AE‟s
04
04
02
03
03
03
02

No .of
Triggers
21
20
09
18
09
07
06

AE % with
PPV triggers
19
20
22
17
33
42
33

21
124

85
437

25
28

1395| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2

Geetanjali S et al/“Development of A Pediatric Focused Trigger Tool to Assess the Prevalence of Adverse
Events at A Hospital Setting: A Retrospective Structured Chart Review” [PFTT-RSCR]
Table 6: Comparison of Prevalence and Rate of AEs in paediatric population at different hospital
settings using the IHI-GTT tool.
Study groups

Study settings

AE per 100
admissions

AE per 1000
admissions

Present study*

1 Tertiary care hospital,
India
3
Hospitals
in
Minnesota, Arizona and
Florida
6 US hospitals

35.8

69.08

Nassens, J.M. et.
al., (2017)
Stockwell, D.C.
et. al., (2015)
Unbeck,
M.
et.al., 2014
Chapman,
S.M.et.al.,
(2014)
Matlow, et. al.,
(2012)
Kirkendall,
et.
al., (2012)
Matlow, et. al.,
(2011)
Takata, G.S. et.
al., (2008)

40

54.9

%
of
admissions
with an AE
23.0

AE
%
with PPV

27.0

2.6-80

24.3

1 Sweden University
hospital
25 UK hospitals

34.0

22 Canadian hospitals

9.2

1 US hospital

28.0

22.9

14.2

36.7

76.3

6 Canadian hospitals

25.8
15.1

11.1

CONCLUSION
Development of this paediatric focused trigger tool
(PFTT) at a large tertiary care setting was carried out
by using IHI-GTT in the paediatric inpatient
population. This resulted in data that represents the
prevalence of AE‟s in more than one third of the
patients with the help of defined triggers. The
application of this tool will enhance more reliability
and has to be monitored for its implication from
time to time as per changes in guidelines or patient
care requirements. This tool can help the health
care organisations to enhance patient care by
addressing the prevalence rate of adverse events
over the time in the health care system and develop
the strategies to minimise the errors in the
paediatric set up.
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them according to their PPV
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stage
review process
TT=Trigger tool
PRR‟s=Pharmacy researcher and /reviewers
PPR=Physician as peer
reviewer
7. Table no. 04: List of appropriate triggers added depending on high %PPV after II and III
stage review process.
1397| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2

Geetanjali S et al/“Development of A Pediatric Focused Trigger Tool to Assess the Prevalence of Adverse
Events at A Hospital Setting: A Retrospective Structured Chart Review” [PFTT-RSCR]
A= stands for addition of trigger, for eg., CA1 is to know that first care trigger is added.
8. Table no.3: 40-Final Paediatric trigger tool list with PPV (Positive Predictive Value) PC stands for Paediatric
Care
PM stands for Paediatric Medication
PS stands for Paediatric Surgery
PE stands for Paediatric Emergency
PL stands for Paediatric Laboratory
9. Table no. 06: Comparison of Prevalence and Rate of AEs in paediatric population at present setting and
other hospital settings using the IHI-GTT tool.
GRAPHICAL ABSTRACT

1398| International Journal of Pharmaceutical Research | Jul - Dec 2020 | Vol 12 | Supplementary Issue 2

J Young Pharm, 2020; 12(3) : 285-287.

Case Report

A multifaceted peer reviewed journal in the field of Pharmacy
www.jyoungpharm.org | www.phcog.net

Chronic Consumption of Alcohol-induced Multiple Organ
Dysfunction Syndromes with the Involvement of Five Organ
Damages: A Fatal Case Report
Niharika P1, Sujit Kumar Sah2,*, Mansura Begum1, KG Alekhya1, Ramesh Bhandari3

Department of Pharmacy Practice TVM College of Pharmacy, Ballari, Karnataka, INDIA.
Department of Pharmacy Practice, JSS College of Pharmacy, JSS AHER, SS Nagar, Mysuru, Karnataka, INDIA.
3
Department of Pharmacy Practice KLE College of Pharmacy, KAHER, Belagavi, INDIA.
1
2

ABSTRACT
Multiple organ dysfunction syndromes are defined as damage to one or
more organs and failure of homeostasis between anti-inflammatory and
pro-inflammatory reactions. This leads the precipitation and activation of
inflammatory cytokines and damages tissues results in MODs. The risk
factors includes acute severe pancreatitis, sepsis, shock, stroke and alcohol
consumption. These multivariable risk factors may precipitate MOD. We
presented 25 years of male patients presented with MOD with a history
of excess alcohol consumption and associated acute severe pancreatitis,
sepsis and renal failure. The laboratory parameters reveal elevated WBC,
neutrophil, bilirubin, AST, ALT, serum amylase and lipase, renal function
tests and a significant reduction in lymphocytes and platelets counts.
Patients died after the 16th day of treatment due to multiple organ failures.
Our study concluded that chronic excessive alcohol consumption may lead

to MODS and even rarely death.
Key words: Multiple Organ Dysfunction Syndromes (MODS), Multiple
Organ Failure, Acute Severe Pancreatitis, Excess Alcohol Consumption,
Fetal Case Report.
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INTRODUCTION
Multiple organ dysfunction syndromes (MODS), even known as
multiple system organ failures are characterized as mild to severe or
permanent damage of two or more organs rapidly. MODS caused due
disruption in the normal function of the organs leads to difficulty or loss
in Maintenance of body or organ homeostasis, particularly in a critically
ill patient without medical intervention. The incidence rate of MODS
is high and varies according to the severity of illness. Comparatively,
the incidence rate was higher in the intensive care unit (ICU) among
adult patients ranging from 11-14% and the major cause of death about
80% of ICU patients with increased morbidity and mortality.1,2 The
major pathophysiology to induced MODS explains the dysregulation of
immune response prone to causes failure to maintain the homeostasis
of the organ and leads to activation of anti-inflammatory and proinflammatory reactions release cytopathogenic cytokines. These activate
massive systemic inflammatory responses that lead to rapid damage
of the organs due to ischemia/reperfusion of tissue, hypermetabolism,
promote infections, pancreatitis, hepatic gastric impairment.2-4 The
major predisposing factors of MODS included Chronic illness, trauma,
stroke, sepsis; severe viral, bacterial and fungal infection, excessive
alcohol consumption, drug abuse, inadequate resuscitation and tissue
hypoperfusion.2,3 Chronically, excessive alcohol consumption damages
the various organ systems, mostly to the liver, lungs and gastrointestinal
tract.5 As alcohol metabolized by hepatic cells with the help of two major
alcohol oxidation enzymes (alcohol dehydrogenize and CYP2E1) but
excess alcohol consumption may disrupt with enzymatic function and
caused liver damage along with other organs. This may act as a major
factor to initiate the progressive damage of other organs. Hence, we are
presenting a fatal case of excessive alcohol consumption (history of 2

years of chronic consumption) induced multiple organ dysfunction
syndromes with the involvement of five organ damages.

CASE PRESENTATION
A young age 25-year male patient presented with a current history of
fever, vomiting and abdominal pain form the past 4 days. He was an
unknown history of any chronic illness included diabetes, hypertension,
hepatitis, pancreatitis and multiorgan dysfunction syndrome. The
patient interview reveals that he has a history of chronic excessive alcohol
consumption with the minimal frequency of smoking from the past 2
years. On general examination as shown in Table 1: his blood pressure and
body temperature were elevated markedly but mild depression in SPo2.
On the abdomen examination, tenderness of the umbilical region was
observed but other abdominal parameters were normal. As laboratory
parameters are shown in Table 2: initially random blood sugar, neutrophil
count, serum amylase, serum lipase, urea and serum creatinine were
markedly elevated but haemoglobin, lymphocyte, red blood cells and
platelet counts parameters shows minimal declination. An ultrasound of
abdomen and pelvis with contrast was performed, showing bulky altered
attention in the region of the pancreatic head, diffused hypodense liver
parenchyma, bilateral pleural effusion and mild ascites. On differential
diagnosis, the initial impression was severe acute pancreatitis with acute
kidney disease. On further investigation on the 4th day of symptomatic
treatment, the liver function test was done and found nine-fold elevation
in bilirubin. Similarly, the renal parameters including urea and creatinine
progressively elevated. So, as medical care team interventions, dialysis was
done. As days passed, the laboratory parameters including RBS, WBC,
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Table 1: Details on day-wise vital signs.
Vital signs

Number of days
1

2

3

4

5

6

10

14

PR (bpm)

86

88

90

92

92

92

88

90

16

BP (mmHg)

140/90

140/80

150/100

140/80

130/80

140/90

140/90

140/100

160/100

Temperature (oF)

102

101

101

99

-

102

-

101

101

SPO2 (%)

86

86

-

92

92

88

-

84

84

Table 2: Details on day-wise laboratory parameters.
Laboratory
parameters

Number of days
1

2

3

4

RBS

775

238

224

Hb

12.8

-

-

WBC

8400

-

N

74

References

563

635

100-140mg/dl

10.5

10.2

13-18 g/dl

21400

24700

4-11x109/L

93

-

98

40-70%

6

10

-

306

315

535

-

10.6

-

9.8

-

-

16800

15000

19700

-

-

-

85

-

14

L

10

-

-

-

14

-

7

-

-

20-40%

RBC

3.95

-

-

-

3.30

-

3.09

-

3.02

4.5-5.5X 1012 /L

PCV

35.8

-

-

-

31.6

-

29.4

28.7

27.09

40-45%

Platelets

1.29

-

-

-

1.99

1.04

62,000

48,000

36,000

150-450 X 109/L

Total Bilirubin

-

-

-

9.1

-

18.2

-

22.6

28.2

0.0-1.2 mg/dl

Direct bilirubin

-

-

-

4.5

-

10.2

-

12.9

16.5

0-0.4 mg/dl

AST

-

-

-

120

-

357

-

57

123

Upto 40 U/L

ALT

-

-

-

84.5

-

170

--

58

110

Upto 40 U/L

Serum Amylase

688

-

-

-

-

93.7

-

-

436.7

20-28 IU/L

Serum Lipase

336

-

-

-

-

68.5

-

-

128.1

13-60 IU/L

Potassium

-

7.6

-

7.5

-

6.3

-

5.6

-

3.5-5.5 mmol/L

Urea

94

169

163

212

-

119.7

-

238

292

15-45 mg/dl

Serum Cr.

4.5

9.1

7.6

9

-

8.5

-

7

13

0.9-1.4mg/dl

PCV, platelets, bilirubin, AST, ALT, serum amylase and lipase, Urea and
serum creatinine normal level not able to achieve. The symptoms and
laboratory parameters worsen with day increased patient new conditions
including systemic sepsis, liver impairment, pancreatitis, kidney failure
and breathlessness added. Hence, the final diagnosis made was alcoholinduced multiple organ dysfunction syndromes with the involvement
of five organ system damage (Blood, liver, pancreas, kidney and lungs).
The symptomatic treatment provided to the presenting condition
included IV fluids, methylamine, tramadol, insulin, pantoprazole,
ceftriaxone, metronidazole, azithromycin, nebulization, acetaminophen,
calcium gluconate, pipercillin+tozabactum, prednisolone and dialysis.
Unfortunately, on 16th-day patients died due to respiratory failure. CPR
was performed to patients but still, he didn’t respond and confirmed as
a patient died.

DISCUSSION
Multiple organ dysfunction syndromes may occur due to predisposition
if several factors. One of the major risk factors includes pancreatitis and
the incidence rate of severe acute pancreatitis induced multiorgan failure
ranging from 28 to 76% and the mortality rate 28-69%. Wig Jai Dev et al.
conducted a retrospective study to correlate, the organ damage associated
with severe acute pancreatitis. As a result, it was found that out of 161
286

16

5

patients, 84 (52.2%) patients developed organ failure having a single
organ (48.8%), double organ (33.3%) and triple organ (17.9%) damages
were observed. Among them, respiratory, renal failure and cardiac
failure were most commonly absorbed but fails established a significant
association between pancreatitis and organ failure (P=0.109). The most
common cause of severe acute toxicity was alcohol consumption.6
Similarly, in our studies, we found the patient was associated with severe
acute pancreatitis with highly elevated serum amylase and lipase level
with a history of excessive alcohol consumptions. The chronic pattern of
alcohol consumption ranging from 60 to 80 g of alcohol per day for 10-15
years may have a chance to develop clinically significant pancreatitis. But
in our patients, pancreatitis was developed within 6 years of excessive
alcohol consumptions. As excess alcohol consumption enhances
inflammation, fibrosis and calcium deposition in the pancreas may also
poor digestion, disrupt hormone production and regulation. This may
lead to weight loss, diabetes mellitus and steatorrhea. In this patient,
we found patients with uncontrolled glucose levels and unexplained
abdominal pain, which may be due to pancreatitis and alcohol
consumptions.7 Similarly, in our case study, we found patients were
associated with severe acute pancreatitis with a history of excess alcohol
consumption. Excess alcohol consumption also induced inflammation
and cause damage at the cellular level. This leads to activation and deficit
immune system along with a decline in lymphocytes. This enhances
Journal of Young Pharmacists, Vol 12, Issue 3, Jul-Sep, 2020
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the chances of bacterial and viral infection and may lead to sepsis.
Similarly, in our study, we found decreased lymphocyte count and the
patient presented with sepsis.8 Sepsis is also a major cause of multiorgan
failure in patients with multiorgan failure. Vincent JL et al. conducted
a retrospective study to look is severe sepsis can worsen the multiple
organ failure. As a result, they included 4,459 patients with severe sepsis
in the study. Among them, 1,201 (27.0%) died and 43.1% reason for
death was sepsis-associated multiple organ failure. Similarly, in our case,
maybe unknown infection may be the reason for the progression of
multiple organ damage and death.9 The sepsis associated with infection
of pancreatitis enhances complications and organ failures.10 In our study,
patient’s white blood cells and neutrophils increased with the hospital
stay and on 17th-day patients got a septic shock, heart failure and kidney
failure. This leads to the patient’s collapse on the 17th day of treatment.

CONCLUSION
Hence, we conclude that the pattern of excessive alcohol consumption
may lead to acute severe pancreatitis and this causes multiple organ
failures with various complications like sepsis, diabetes, gastric problems
and even death.
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ABSTRACT
Gentamicin is a class of broad spectrum fluoroquinolone antibiotic used as antibacterial agent and its antibacterial effect found to
be enhance in presence of Curcumin. In the present research attempt has been to develop new analytical method for determination
of Gentamicin and Curcumin in its bulk powder. UV-Visible Spectrophotometric method was developed by utilizing solvent system
composed of water. Gentamicin and Curcumin showed maximum absorbance wavelength at 207 nm and 421 nm respectively. The
method was optimized and validated in terms of specificity, selectivity, linear range, precision, robustness, ruggedness,
reproducibility and solutions stability as per ICH guidelines. Analytes showed linear response between the concentration ranges of
2-10µg/mL for Gentamicin and 4-24 µg/mL for Curcumin. Method was found to be precise, robust, rugged and reproducible with
%RSD values less than 2%. Hence newly developed, optimized and validated UV-Spectrophotometric method was found to be
simple, selective, specific, linear, precise, robust, rugged, reproducible and economical and can be used for simultaneous
determination of Gentamicin and Curcumin in bulk drug combination.
Keywords: Antibacterial, Gentamicin, Curcumin, Spectrophotometric, Stability.

INTRODUCTION

G

2015).This promotes us to carry out the research on
development and validation of suitable analytical method
for determination of Gentamicin and Curcumin in bulk
drug combination. As in future there is need to develop
and optimize a formulation containing both Gentamicin
and Curcumin for their synergistic antibacterial effect and
to analyze the drug contents in the formulation4.

Gentamicin is not a single drug but in fact a mixture of
number of minor components and three major
components, gentamicin C1, C1a and C2. It is hydrophilic
in nature and is distributed to body water. Moreover it is
excreted as the same drug by kidneys, by glomerular
filtration. In old age drug interaction due to increasing
prevalence of polypharmacy, decreasing renal efficiency
and reduced lean body weight are the major factors that
may affect the pharmacokinetic of gentamicin2.

Literature survey reviewed that Gentamicin were
analyzed by UV-spectrophotometric5, HPLC6methods also
few UV-spectrophotometric7, RP-HPLC8methods, also
HPTLC9 methods reported for analysis of Curcumin in
single and combination with other drugs in various
pharmaceuticals and Ayurvedic dosage forms. But no
analytical method was reported for simultaneous
determination of Gentamicin and Curcumin. Hence in the
present research work an attempt has been made to
apply suitable validated analytical method for
simultaneous determination of both analytes in bulk
combination.

entamicin is a broad spectrum amino glycoside
type antibiotic that is isolated from
Micromonispora purpurea. Gentamicin kills
bacteria by damaging the plasma membrane and binding
to the 16s ribosomal RNA, leading to the inhibition of
microbial protein synthesis. It is effective against wide
spectrum of gram positive and gram negative bacteria 1.

Curcumin chemically, (1E, 6E)-1,7-Bis(4-hydroxy-3methoxyphenyl)hepta-1,6-diene-3,5-dioneis
major
natural polyphenolic pigment present in the turmeric root
(Curcuma Longa. Family, Zingiberacea) and used as spice,
cosmetics and also as Indian traditional medicine.
Biologically it has potent activities which include
anticancer, anti-inflammatory and anti-amyloidal
activities3.
Synergistic antibacterial activities of Curcumin with
antibiotic Gentamicin against Staphylococcus aureus have
been reported by Teaw SY and Ali SA in their research
work and they have concluded that Curcumin enhances
the antibacterial effect of Gentamicin (Teaw SY et al.,

MATERIALS AND METHODS
Drug samples
Gentamicin having potency of 99.98% with batch No.
180411043 was obtained as gift sample from Shree
Anand Life Sciences Ltd. Belagavi and Curcumin having
potency 95% with batch no. RD/18398 was obtained from
natural remedies, Bengaluru.
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Reagents and chemicals

Precision

All the chemicals and reagents used for the experiment
were pure and analytical grade and obtained from the
store house of KLE College of Pharmacy, Belagavi.

UV-Spectrophotometer of Shimadzu make and 1800
model having UV probe software were used for analysis.

Six replicates of solution containing Gentamicin and
Curcumin were prepared and absorbance of each solution
was measured at 207 nm and 421 nm respectively. On
same day at different time intervals and on different days
to obtained system precision, intraday precision and
interday precision data and absorbance were measured
and % RSD was calculated.

Method Development

Precision at LOQ level

Development of UV Spectrophotometric method was
started with the selection of solvent system and
determination of maximum wavelength of absorption of
UV light. Solubility of Gentamicin and Curcumin was
checked in various solvents by performing practically and
also through the literature survey. Literature survey
revealed that Gentamicin is soluble in water and
Curcumin is soluble in methanol. In order to select single
solvent system few trials were carried out in different
solvents. Finally mixture of solvents containing Water was
used and solutions containing both analytes were
scanned between range of 800-200 nm and UV spectrum
was obtained in single and combination. Gentamicin and
Curcumin showed maximum absorbance wavelength of
207 nm and 421 nm respectively.

The precision at LOQ concentration of each analyte were
performed. Six replicates of each analyte were prepared
from standard stock solution at their LOQ concentration
and absorbance of each was measured and %RSD
calculated.

Instruments and apparatus

Method Validation
In order to prove the suitability of method, optimized
method parameters were validated as per ICH guidelines
(ICH guidance Q2A; Q2B) 10-11:
Specificity and selectivity
Solutions containing Gentamicin and Curcumin were
scanned between the range of 800-200 nm and spectrum
was obtained and also spectrum of blank solvent was
obtained and compared for any interference at maximum
wavelength of absorbance of analytes by solvent.
Linear range response
10 mg of Gentamicin and Curcumin was weighed
separately and transferred into 100 mL of volumetric
flask. Curcumin was dissolved in methanol and
Gentamicin was dissolved in water as first stock. Second
serial dilutions were made with water for both Curcumin
and Gentamicin as for Curcumin (4-24 μg/ml) and
Gentamicin (2-12 μg/ml). The resulted solutions were
prepared in triplicates and absorbance’s was measured at
207 nm and 421 nm respectively for Gentamicin and
Curcumin analytes.
Detection and Quantification limit of analytes
Limit of detection and quantification was calculated by
using statistical calculations using following formulas.

Ruggedness and Reproducibility
In order to prove ruggedness and reproducibility of
method six replicates of solutions containing both
analytes were prepared and absorbance’s of each
replicate solutions were measured by different analyst
and also by using different instruments and %RSD was
calculated for absorbance’s obtained.
Solution and standard stock solution stability
In order to obtained the stability of solvent and stock
solutions, fresh stock was prepared and dilutions were
made using fresh solvent and absorbance’s of each
dilutions containing both analytes were compared with
that of old stock dilutions and % RSD for absorbance’s
was calculated.
RESULTS AND DISCUSSION
Development
For the simultaneous estimation of Gentamicin and
Curcumin the basic criterion is that, both analytes should
be soluble in only single solvent system as we are
analyzing both analytes simultaneously. Hence it was the
most critical step in the method. Many trials were made
and finally we have concluded that both analytes are
soluble in water and hence it was chosen as the solvent.
Detection wavelength for both analytes was obtained by
scanning analytes solution in spectrophotometer.
Spectrum showed the maximum absorbance’s at 207 nm
and 421 nm respectively for Gentamicin and Curcumin.
Developed method parameters are presented in Table 1.
Table 1: Developed method parameters
Sr. No.

Parameters

Specifications

1

Analytes

Gentamicin and Curcumin

2

Solvent

Water

3

Max of Gentamicin

207 nm

4

Max of Curcumin

421 nm
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Validation
Specificity and selectivity
Solvent spectrum obtained showed no interference of
absorbance at maximum wavelengths of Gentamicin and
Curcumin and both analytes selectively showed maximum
wavelength at 207 nm and 421 nm respectively. Hence
method was found to be specific and selective. UV
spectrum of Gentamicin and Curcumin was showed in Fig.
1. and Fig. 2 respectively. UV-Spectrum of both analytes
in combination was showed in Fig. 3. stability of 5 days
(Table 7,8).
Figure 3: UV-Visible Spectrum of Gentamicin and
Curcumin
Linearity and Range
Standard calibration curve was plotted using
concentration vs absorbance’s obtained by each linear
dilution of both analytes. Each concentration showed
linear absorbance’s range between the concentration
range of 4-24µg/mL for cucumin and 2-12 µg/mL for
gentamicin with regression equation of 0.9998 and
0.9998 for Gentamicin and Curcumin respectively.
Linearity range data was presented in Table 2, overlay
spectrum of linearity of Gentamicin and Curcumin was
showed in Fig. 4and standard calibration curve was
presented in Fig.5 and Fig.6.

Figure 1: UV-Spectrum of Gentamicin

Detection and Quantification limit of analytes
LOD values of Gentamicin and Curcumin was found to be
0.39 µg/mL and 0.38 µg/mL. LOQ of values of Gentamicin
and Curcumin was found to be1.18 µg/mL and 1.16
µg/mL.
Precision
Method was found to be precise as the %RSD calculated
for six replicates solution of both analytes at each
precision level was found to be less than 2% and data
were presented in Table 3, 4 and 5.
Figure 2: UV-Visible Spectrum of curcumin
Table 2: Linearity and range data of Gentamicin and Curcumin
Sr. No.

Concentration
Gentamicin

Absorbance’s of
Gentamicin (207 nm)

Concentration
Curcumin

Absorbance’s of Curcumin
(421 nm)

1

2 µg/mL

0.151

4 µg/mL

0.134

2

4 µg/mL

0.273

8 µg/mL

0.253

3

6 µg/mL

0.399

12 µg/mL

0.392

4

8µg/mL

0.534

16 µg/mL

0.547

5

10 µg/mL

0.662

20 µg/mL

0.81

r²

0.9998

r²

0.9998

% Curve fitting

99.98%

% Curve fitting

99.98%

LOD

0.39 µg/mL

LOD

0.38µg/mL

LOQ

1.18 µg/mL

LOQ

1.16 µg/mL
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Linearity of Curcumin

Area Response

0.8
y = 0.0431x
R² = 0.9998

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

Figure 4: Linearity overlay spectrum of Gentamicin and
Curcumin
Linearity of Gentamycin
0.8

Area Response

4

6

8

10

12

Concentration (µg/ml)

Figure 6: Standard calibration plot of curcuma
Table 3: System precision data of Gentamicin and
Curcumin

y = 0.0431x
R² = 0.9998

0.7

2

0.5

Gentamicin
(Conc)

Curcumin
(Conc)

Gentamicin
(Abs)

Curcumin
(Abs)

0.4

12µg/mL

6µg/mL

0.350

0.468

0.3

12µg/mL

6µg/mL

0.341

0.460

0.2

12µg/mL

6µg/mL

0.357

0.480

12µg/mL

6µg/mL

0.348

0.468

12µg/mL

6µg/mL

0.340

0.465

12µg/mL

6µg/mL

0.349

0.462

1.81%

1.51%

0.6

0.1
0
0

2

4

6

8

10

12

Concentration (µg/ml)

%RSD

Figure 5: Standard calibration plot of Gentamicin

Table 4: Intraday Precision data of Gentamicin and Curcumin
Gentamicin
morning
0.508

Curcumin
afternoon
0.620

Gentamicin
afternoon
0.487

Curcumin
Evening

8μg

Cucumin
Morning
0.659

0.619

Gentamicin
Evening
0.443

16μg
16μg

8μg
8μg

0.664
0.677

0.517
0.507

0.626
0.636

0.475
0.490

0.605
0.630

0.445
0.429

16μg
16μg
16μg

8μg
8μg
8μg

0.645
0.658
0.679

0.509
0.525
0.531

0.635
0.621
0.607

0.498
0.492
0.495

0.633
0.626
0.634

0.447
0.453
0.441

1.92

1.94

1.73

1.65

1.76

1.81

Conc
(Gent)

Conc
(Cur)

16μg

% RSD

Table 5: Interday precision data of Gentamicin and curcumin
Precision
Conc.(Gen)
12 µg/mL

Conc(Cur)
6 µg/mL

Interday-1
Gentamicin
0.394

Curcumin
0.494

12 µg/mL
12 µg/mL

6 µg/mL
6 µg/mL

0.397
0.399

0.497
0.497

0.367
0.358

0.478
0.482

0.329
0.330

0.425
0.444

12 µg/mL
12 µg/mL
12 µg/mL

6 µg/mL
6 µg/mL
6 µg/mL

0.390
0.389
0.398

0.480
0.486
0.490

0.351
0.362
0.368

0.492
0.477
0.480

0.339
0.342
0.332

0.445
0.446
0.444

1.07%

1.37%

1.73%

1.89%

1.55%

1.95%

%RSD

Ruggedness and Reproducibility
% RSD values obtained for each analytes was found to be
less than 2% which indicates method was found to be
rugged and reproducible as %RSD obtained for

Interday-2
Gentamicin
Curcumin
0.360
0.464

Interday-3
Gentamicin
Curcumin
0.336
0.449

absorbance’s of each replicate of solutions was within the
acceptance by change in the analyst and instrument
(Table 6).
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Table 6: Ruggedness data of Gentamicin and curcumin
Ruggedness
Conc.(Gen)
Conc.(Cur)
12 µg/mL
6 µg/mL

By change in analyst
Gentamicin
Curcumin
0.355
0.467

Change in the instrument
Gentamicin
Curcumin
0.278
0.453

12 µg/mL
12 µg/mL
12 µg/mL

6 µg/mL
6 µg/mL
6 µg/mL

0.353
0.350
0.354

0.477
0.479
0.473

0.276
0.274
0.286

0.467
0.449
0.452

12 µg/mL
12 µg/mL

6 µg/mL
6 µg/mL

0.342
0.345

0.463
0.482

0.280
0.273

0.472
0.458

1.51%

1.54%

1.71%

1.99%

% RSD

Solution and standard stock solution stability
%RSD for absorbance’s obtained by fresh and old
dilutions containing Gentamicin and Curcumin was found
to be within the acceptance and data obtained showed

the standard stock solution and solvent system showed
stability of three days. Data of solution stability were
presented in Table 7.

Table 7: solution stability data of Gentamicin and curcumin
Concentration
6 µg/mL

Gentamicin
Fresh Solution
0.350

Old solution
0.340

Concentration
12 μg/ml

Curcumin
Fresh solution
0.446

Old solution
0.446

6 µg/mL
6 µg/mL

0.357
0.345

0.348
0.345

12 μg/ml
12 μg/ml

0.450
0.459

0.450
0.459

% RSD

1.24%

CONCLUSION
The present research concluded that, newly developed
Spectrophotometric technique was found to be simple,
specific, selective, linear, precise, robust, rugged and
reproducible for the simultaneous determination of
Gentamicin and Curcumin in its bulk powder
combination.
Acknowledgment: The authors are thankful to Principal
Dr. BM Patil and Vice Principal Dr. MB Patil, KLE College of
Pharmacy, Belagavi for providing necessary facility,
support and guidance to carry out present research work.
REFERENCES
1. Laki M. Determination of Gentamicin Released from
Orthopedic Carrier System by a Novel HPLC Method. Journal
of chromatographic science, 49(3), 2011 Mar 1, 177-81.
2. Naveed S. Simple UV spectrophotometric assay of new
formulation gentamycin. J App Pharm, 6(4), 2014, 407-10
3. Latha TSS, Thambiduraj M, Selvamani P. Formulation and
evaluation of Curcumin loaded magnetic nanoparticles for
cancer therapy. International Journal of Pharmaceutical
Science and Research, 3(5), 2012, 1393-1400.
4. Teaw SY, Ali SA. Synergistic antibacterial activity of Curcumin
with antibiotics against staphylococcus aureus. Pakistan
Journal of Pharm Science, 28(6), 2015, 2109-2114.

% RSD

1.24%

5. Laki M. Determination of Gentamicin Released from
Orthopedic Carrier System by a Novel HPLC Method. Journal
of chromatographic science, 49(3), 2011 Mar 1, 177-81.
6. Naveed S. Simple UV Spectrophotometric assay of new
formulation gentamycin. J App Pharm, 6(4), 2014, 407-10.
7. Ismail AF, Mohamed F, Rosli LM, Shafri MA, Haris MS, Adina
AB. Spectrophotometric determination of gentamicin loaded
PLGA microparticles and method validation via ninhydringentamicin complex as a rapid quantification approach.
Journal of Applied Pharmaceutical Science, 6(01), 2016 Jan,
007-14.
8. Joseph A, Rustum A. Development and validation of a RPHPLC method for the determination of gentamicin sulfate
and its related substances in a pharmaceutical cream using a
short pentafluorophenyl column and a charged aerosol
detector. Journal of pharmaceutical and biomedical analysis,
51(3), 2010 Feb 5, 521-31.
9. Bhogte CP, Patravale VB, Devarajan PV. Fluorodensitometric
evaluation of gentamicin from plasma and urine by highperformance thin-layer chromatography. Journal of
Chromatography B: Biomedical Sciences and Applications,
694(2), 1997 Jul 4, 443-7.
10. ICH guidance, validation of analytical method: definition and
terminology. International Conference on Harmonization,
Q2A: Geneva.
11. ICH guidance, validation of analytical procedures:
methodology. International Conference on Harmonization,
Q2B: Geneva.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net
©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

113

Journal of Applied Pharmaceutical Science Vol. 10(08), pp 131-138, August, 2020
Available online at http://www.japsonline.com
DOI: 10.7324/JAPS.2020.10815
ISSN 2231-3354

Simultaneous detection and quantification of bronchodilators in
pure form and from in-vitro drug release of a novel combinational
formulation
Sheena M. Raj1,2, Vilas G. Jamakandi1,2*, Sunil S. Jalalpure3, Pradeepkumar M. Ronad1,2
KLE College of Pharmacy Hubballi, a constituent unit of KAHER, Belagavi, India.
K.L.E Academy of Higher Education and Research, Belagavi, India.
3
KLE College of Pharmacy, Dr. Prabhakar Kore Basic Science Research Centre, KLE Academy of Higher Education Research, Belagavi, India.
1
2

ARTICLE INFO

ABSTRACT

Received on: 09/03/2020
Accepted on: 04/06/2020
Available online: 05/08/2020

The analytical method was developed and validated for the quantification of salbutamol sulfate (SS) and ipratropium
bromide (IPB) in accordance with the International Council for Harmonization guidelines in its pure form. The
chromatographic partition was completed utilizing a blend of acetonitrile:phosphate buffer (30:70 v/v) with the pH
scale adjusted to 3.0 using o-phosphoric acid at a flow rate of 1 ml/minute in Luna C-18(2)(150 × 4.6 mm i.d., 5 μm)
column. The wavelength for detection was fixed at 212 nm. The SS and IPB showed a standard linearity curve in the
range of 2–12 µg/ml, with retention time at 2.4 and 3.8 minutes, respectively. The developed method was reported to
be specific, linear (r2 ≥ 0.999), precise at intraday and interday levels (% relative standard deviation < 2.0%), accurate
(% recovery: 96.02%–103.62%), and robust. The limit of detection and limit of quantification for SS was found to be
0.42 and 1.26 µg/ml, while that of IPB was 0.44 and 1.34 µg/ml, respectively. Additionally, the developed method was
effectively applied in quantifying SS and IPB from its pure, commercial, and in-house prepared transdermal system to
understanding the in-vitro drug release pattern from patches.

Key words:
RP-HPLC, salbutamol,
ipratropium, method
development, validation,
ICH guidelines.

INTRODUCTION
Salbutamol sulfate (SS), chemically known as (RS)-1(4-hydroxy-3-hydroxy-methyl phenyl)-2-(tert-butylamino)ethanol
sulfate, is formulated as a 1:1 sulfate salt. It is the most extensively
used sympathomimetic, indicating prominent bronchodilator and less
cardiovascular impacts. It mitigates the congestion related to asthma,
chronic obstructive pulmonary disease (COPD), and other forms of
allergic airways disease (The Merk Index, 2006). The medication
is additionally utilized for the anticipation of premature labor and
exercise-evoked bronchospasm. Pharmacological action is a result of
adenylyl cyclase stimulation, thus increasing the intracellular cyclicadenosine monophosphate levels, promoting relaxation of the smooth
muscles of bronchi and the uterus (Springhouse, 2008 ).
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The drug is official in European Pharmacopoeia, British
Pharmacopoeia, and Indian Pharmacopoeia. Different methods
of detection of SS have been accounted for, either alone or in
combination with other drugs, using chromatographic analytical
techniques, like high-performance liquid chromatography (Walode
et al., 2013), liquid chromatography–tandem mass spectrometry
(Zhou et al., 2015), gas chromatography (Srichana et al., 1998),
and by other nonchromatographic procedures (Basavaiah et al.,
2006; Basavaiah et al., 2007). Various other principles for its
detection are also reported (Muralidharan and Kumar, 2012)
Ipratropium bromide (IPB) is a congener of atropine
obtained by treating atropine with isopropyl bromide, chemically
described as 8-azoniabicyclo [3.2.1] octane, 3-(3-hydroxy-1-oxo2-phenylpropoxy)-8-methyl 8-(1-methyl ethyl) bromide (Abdine
et al., 2003a). It was designed as an orally active, exceptionally
polar drug which inadequately infiltrates the blood–brain barrier,
thus preventing central side effects, while the sole significant side
effect is dry mouth, at dosages higher than the therapeutic dose.
IPB is a white to off-white crystalline substance freely soluble in

© 2020 Sheena M. Raj et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License
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water and methanol, sparingly soluble in ethanol, and insoluble
in lipophilic solvents (Abdine et al., 2003b). The drug is used
by inhalation, in the treatment of COPD and allergic rhinitis. It
blocks all subtypes of muscarinic receptors, resulting in a decrease
in the formation of cyclic guanosine monophosphate (c-GMP)
that effectively averts the increase in intracellular concentration
of calcium, thereby improving the contractility of smooth muscles
and restraining mucus secretion (Mario et al., 2012).
IPB is devoid of structural conjugation (Abdine et al.,
2003c); therefore, no analytical methods have been reported by the
conventional UV method. The official methods for estimating IPB
were the titrimetric method with silver nitrate for the assay of pure
substance; BP (1998) used an high performance liquid chromatography
(HPLC) method for the assay in pressurized inhalation, while the
European, Japanese and American pharmacopoeia described other
official methods. Hassan (2000) extended the application of derivative
spectroscopy for its estimation. HPLC techniques were reported to
quantify IPB in aerosol, liquid for nebulization (Nayak et al., 1992),
and its related substances (Simms et al., 1998). Other methods
reported are a radioreceptor assay method (Ensing et al., 1988) and
a nonaqueous titration method. The detailed spectrophotometric
methods depended on the oxidation of IPB with alkaline KMnO4 and
complexation with iodine and bromocresol green (Hassan, 2000).
Not many methods have been accounted for in the
simultaneous estimation of SS and IPB by HPLC. Most of the
reported methods for their quantification depicted limitations
(Jyothi et al., 2012; Kasawar and Farooqui, 2010; Nagaraju and
Appaji, 2014; Vankudoth et al., 2013).
These bronchodilators are usually available in the market,
either as pressured metered-dose inhalers, dry powder inhalers, soft
mist inhalers, or as nebulization solutions. Challenges experienced
by incorrect inhaler device usage bringing about befuddled COPD
patients prompts suboptimal drug administration, thus rendering
poor adherence to medical care (Braido et al., 2016). The alarming
rise in mortality and morbidity is caused by the progressive
nonreversible disease COPD and the potential drawbacks of the
inhaler therapy used in the management of COPD; the economic
burden experienced by patients due to hospitalization and
exacerbation (Kallaru et al., 2015) happening due to nonadherence
of therapy can be resolved by application of the novel drug delivery
systems, such as the transdermal drug delivery system which offers
numerous advantages, such as increased bioavailability, decreased
frequency of dosing, capacity to entrap both hydrophilic and
lipophilic compounds, reduced toxicity, and easy termination of
medication by removal of the formulation (Ali et al., 2015).
Precise evaluation of the drugs trapped in the matrix
is vital, since it is the integral factor that can be related to its
therapeutic effectiveness. Hence, we felt the requirement to
develop a validated analytical method for the estimation of SS and
IPB and to quantify the in-vitro drug release from the in-house
manufactured transdermal patch.
EXPERIMENTAL STUDY
Materials
HPLC grade acetonitrile and methanol were obtained
from Fisher Scientific (Mumbai, India), IPB (CAS No-18559-94-

9) was acquired from Vamsi Laboratories, Sholapur, India, and SS
(CAS No-60205-81-4) was gifted by Elegant Drugs, India, and
was used as supplied. Evonik Degussa India Pvt. Ltd., Mumbai,
was benevolent enough to gift samples of Eudragit Polymer
Eudragit RL 100 (RLPO) and Eudragit RSPO. The plasticizer
triethyl citrate and mercury were bought from S.D. Fine Chemicals
Ltd., Mumbai. Different reagents used were of analytical quality.
METHODS
Instrumentation
The chromatographic framework comprised the
Shimadzu Prominence HPLC system (Kyoto, Japan) equipped
with a pump (LC-20AD), photo diode array detector (SPDM20A), an online degasser (DGU-20A5), an autosampler (SIL20AC HT), a rheodyne injection valve with a 20-μl loop and a
column oven (CTO-10ASVP). Data acquisition was rendered
using the Shimadzu LC software solution (version 1.25).
Chromatographic conditions
A Luna C18(2) column (150 × 4.6 mm i.d., 5-μm particle
size; Phenomenex, CA, USA) fitted with a security guard column
(C18 ODS; 4 × 3.0 mm i.d.; Phenomenex, CA, USA) was utilized
for the chromatographic separation of SS and IPB. The mobile
phase injected at a flow rate of 1 ml/minute involved a blend
of acetonitrile:phosphate buffer (pH adjusted to 3.0 ± 0.5 with
o-phosphoric acid) in 30:70 v/v ratio. The column temperature
was 30°C and the detection wavelength was 212 nm. The mobile
phase was filtered and degassed prior to use. The chromatographic
run injecting 10-μl volume was stopped at the end of 6 minutes.
Before the injection of standards and samples, the column was
equilibrized with the mobile phase for 60 minutes. Stock solutions
of 1,000 µg/ml of SS and IPB were prepared using the mobile
phase and necessary dilutions were made to acquire concentrations
of 2–12 µg/ml.
Validation studies
The developed HPLC method was validated in accordance
with the guidelines of the International Council for Harmonization
(ICH) (International Conference On Harmonization, 2005) for
various parameters, such as the system suitability, precision,
linearity, accuracy, specificity, robustness, limit of quantification
(LOQ) and detection (LOD). System suitability tests were carried
out by injecting six replicates of standard SS and IPB solutions and
determining the tailing factor, number of theoretical plates, and
percentage of relative standard deviation (%RSD) of retention time
and peak area. Linearity was measured by using the least squares
regression model to assess the slope, y-intercept, and correlation
coefficient. The calibration curves were obtained from various SS
and IPB concentrations ranging from 2 to 12 µg/ml and were tested in
triplicates. Precision was evaluated by determining the repeatability
of three different standard solutions for six times on the same day
(intraday) and examining the same three standard arrangements
three times on three successive days (interday). Accuracy was tested
at three diverse concentration levels by spiking the pre-analyzed
commercially available samples with known concentrations of SS
and IPB and later deciding the %RSD. Specificity was studied by
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checking the blank patches chromatograms amid in-vitro release to
check for potential interference by the excipients added. The LOD
and LOQ values were decided numerically based on the standard
deviation of the response and the slope. They were expressed as
LOQ=3.3 σ÷S and LOQ=10σ÷S. The robustness of the developed
reverse phase high performance liquid chromatography (RP-HPLC)
method was evaluated by deliberate changes to the optimized
chromatographic conditions based on the %RSD values of the
system suitability parameters, such as change of ± 0.2 ml/minutes,
± 2%, ±5°C, and ± 2 nm in the flow rate, mobile phase composition,
column temperature, and wavelength, respectively.
Fabrication of patches
Four films coded F1, F2, F3, and F4 were prepared
according to the composition stated in Table 6, by dissolving the
drugs to the previously prepared methanolic polymeric solution
comprising plasticizer, sonicated to remove entrapped air bubbles,
and the final mixture was made to 10 ml. Drug-loaded polymer
solutions were casted onto a flat-bottomed Anumbra petri
dish using mercury as a substrate and dried overnight at room
temperature (Parhi and Suresh, 2016).
Formulation considerations

for 24 hours at room temperature, till the complete dissolution of
the drugs. After prior filtration, 0.5 ml drug aliquots was pipetted
out into vials containing 1.5 ml of mobile phase, and each film
formulation was tested in triplicate and the results are expressed
as the mean and standard deviation in Table 6 (Vijaya et al., 2012).
In-vitro drug release studies
A Franz diffusion system having six vertical 12.5-ml
capacity receptor cells with an effective diffusion area of 1.77 cm2
and a PermeGear diffusion system (Perme Gear, Inc. Hellertown,
PA) filled with phosphate buffer pH 7.4 were used as the diffusion
medium. A magnetic stirrer bar of 10 × 2.5 mm served for the
continuously stirring the receptor solution maintained at 37°C
± 0.5°C. The dialysis membrane of pore size 0.45 μ, soaked in
phosphate buffer overnight, was mounted between the donor and
receptor compartments so that it just touched the receptor fluid’s
surface. The prepared transdermal film was placed on the dialysis
membrane and covered with aluminum foil, 0.5 ml sample aliquots
diluted to 2 ml was withdrawn every 2 hours (for 24 hours), and
the released drug was quantified by detecting using the HPLC at
212 nm. The drug release rate is estimated and shown in Figure 3
and 4.

The total dose (Eriksen and Robinson, 2006) for oncedaily controlled-release formulation of SS and IPB was calculated
using the available pharmacokinetic data as per Robinson
Eriksen’s equation. The loading dose for incorporation into the
formulation was calculated considering the radius 4.4 cm of the
Anumbra molds (Parhi and Suresh, 2016).

Analysis of commercial formulations

In-mano evaluation

RESULTS AND DISCUSSION

The prepared films were graded either as transparent
or translucent based on the opacity of the film, their texture was
given two grades (smooth/rough), and finally, the nature of the
film was noted as either flexible or brittle. The patches which could
withstand in-mano stress to maintain its structural integrity and the
film which could be rolled and folded were termed as tensile and
pliable, respectively (Ham et al., 2013). A study of tack properties
enabled us to understand the adhesive nature of the film. It was
studied a week after the preparation of the transdermal patches,
by pressing the thumb lightly on a patch for about 5 seconds and
then quickly withdrawing. The folding endurance was measured
manually by subjecting a small strip of the film (2 cm × 2 cm) to
repeated folds in the same place. The number of times the film was
folded without developing visible cracks or breaking was noted
(Shailesh et al., 2011).

Analytical method development

Surface pH
The surface pH of the patches was determined by
Bottenberg et al.’s method and reported in Table 6. The surface
pH of a 1-cm2 patch, previously soaked in 0.5 ml double-distilled
water for 1 hour, was noted by bringing a glass electrode close
to the surface of the patch and permitting it to equilibrate for 1
minute (Bharkatiya et al., 2010).
Drug content
Patches of 1-cm2 area, placed in tubes containing 10-ml
mobile phase, were shaken with the help of a rotary flask shaker
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The application of the method in estimating drug content
from marketed formulation was tested by appropriate dilution
of capsules and the results are shown in Table 4. The typical
chromatograms of a pure, commercial formulation and in-vitro
release pattern are shown in Figure 2.

Absence of conventional method
The concern in evaluating the stated drugs simultaneously
by the simple analytical technique UV–visible spectrophotometry
was confirmed by the trials of the simultaneous equation method
and the derivative spectroscopic method. The low absorbing
nature of IPB and almost similar zero-crossing points made their
simultaneous estimation tedious. Subsequently, our aim was to
build another method of analysis for the estimation of these drugs.
Optimization of chromatographic conditions
The RP-HPLC method was optimized by changing
different parameters, such as mobile phase composition, flow
rate, detection wavelength, and column oven temperature, with
the true objective to acquire sharp and symmetrical peaks with
excellent baseline separation. The Luna C18(2) column (150 × 4.6
mm i.d., 5 μm) was used as the stationary phase and the detection
wavelength was fixed at 212 nm due to enhanced sensitivity.
No drug elution was observed during the trials comprising
methanol–water, methanol–acetonitrile, methanol–potassium and
dihydrogen phosphate buffer in various proportions, but when
methanol is replaced by acetonitrile, peaks with shorter retention
time were eluted. Therefore, further trials were carried out by
altering the proportions of acetonitrile and buffer. The ACN:PBS
(30:70 v/v) ratio was finalized and gave well-resolved peaks
with no significant improvement in peak shape by additional
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trials. Mobile phase was also considered as a diluent to avoid
disturbances in the baseline. The temperature was set at 30°C and
the flow rate at 1.0 ml/minute, thus resulting in a well-resolved
peak with better shape, shorter retention time, and lesser tailing
factor.
METHOD VALIDATION
Analytical method validation is carried out to guarantee
that the developed method is reliable and adequate for its intended
purpose. The proposed method was validated in accordance with
the ICH guidelines by reviewing parameters of system suitability,
specificity, linearity, accuracy, precision, LOD, LOQ, and
robustness.
System suitability
System suitability test guarantees that the set
chromatographic conditions ensure proper separation, and the
parameters are abridged and presented in Table 1. The high
number of theoretical plates (n > 2,000) exhibited good column
efficiency and the tailing factor values (T<2) indicated good peak
symmetry. The %RSD of the retention time and peak area was
within 1%, indicating the chromatographic setup’s reproducibility
and repeatability (%RSD<1). The resolution (Rs) of 4.8 between
SS and IPB indicated a high degree of peak separation (Rs>2.0).
All tested parameters for further validation and sample analysis
were within acceptable limits, suggesting the suitability of the
chromatographic arrangement.
Specificity
The retention times of SS and IPB were 2.4 and 3.8
minutes, respectively. No peaks were eluted when the mobile
phase alone or blank patches were exposed to similar experimental
conditions as that of drug-loaded films, while the drug-loaded
patches and the commercial formulations showed distinct peaks
as that of pure drugs, thus indicating no interference from the
formulation ingredients. Chromatograms depicting specificity is
shown in Figure 1.

Linearity, detection, and quantification limits
The calibration curves of SS and IPB were linear over
the tested concentration range of 2–12 μg/ml and the coefficient
of correlation for both bronchodilators was higher than 0.999,
proposing an excellent correlation and good linearity for the
method developed is presented in Table 1. The LOD values were
found to be 0.42 µg/ml for SS and 0.44 µg/ml for IPB, while the
LOQ values were found to be 1.26 µg/ml for SS and 1.34 µg/ml
for IPB, indicating a sufficiently sensitive method to determine the
drug even from low permeable matrix systems.
Precision
Intraday and interday precision results are expressed in
%RSD in Table 2 and in both cases were found to be below 2%,
demonstrating that the developed method is precise.
Accuracy
Table 3 summarizes the mean %recoveries, indicating
the low variability and closeness between experimental and true
values.
Robustness
Table 5 depicts the robustness data with %RSD values
(<1) and system suitability parameters (theoretical plate, n >
2,000; tailing factor, T<2). The parameter tested was found to
be satisfactory, and hence confirms that the developed method is
robust.
Characterization of transdermal systems and applicability of
HPLC method
Consideration of formulation parameters
SS of 5 mg and IPB of 1 mg per patch were found as the
optimum dose. Our aim was to prepare an 8-cm2 patch while the
area of the anumbra plate was found to be 60.7904 cm2. Hence,
the amount of the drug required was approximately 40 mg of SS
and 8 mg of IPB.

Table 1. System suitability parameters of SS and ipratropium bromide (8 µg/ml).
Parameters

SS

Ipratropium Bromide

Retention time (tR, minute)

2.4

3.8

–

%RSD of retention Time

0.12

0.13

< 1 for n ≥ 5

124,264

63,606

–

0.26

0.53

< 1 for n ≥ 5
> 2,000

Peak area
%RSD of peak area

Acceptance criteria

4,264.48

9,569.40

Tailing factor (T)

1.39

1.27

≤ 2.0

Resolution (Rs)

–

4.837

NLT 2.5

Theoretical plates (N)

y = 15,770.75x−1,158.12

y = 8,029.595x−921.333

–

Limit of detection µg/ml

0.42

0.44

–

Limit of quantitation µg/ml

1.26

1.34

–

Calibration range µg/ml

02–12

02–12

–

Correlation coefficient (r2)

0.999

0.999

–

Regression equation
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Figure 1. Typical chromatogram showing blank mobile phase (d) and release from the blank patch (e).
Table 2. Precision data of SS and ipratropium bromide.

Conc.
(μg/ml)

SS

Ipratropium bromide

Interday (n = 3)

Intraday(n = 6)

Analyte

Conc.
(μg/ml)

2

Day 1

Day 2

Day 3

PA

%RSD

PA

%RSD

PA

%RSD

PA

%RSD

30,968

0.255955

31,604

0.218396

31,245.67

1.829866

31,009.67

0.319765

6

94,398

0.554327

93,926

0.420062

94,117

0.718306

94,220.67

0.745611

12

19,1275.3

0.267783

19,1470.7

0.564672

19,2074.7

0.712153

19,1177.7

0.225127

2

14,700.67

0.141298

14,748

1.870703

14,735.33

0.955133

14,697.33

0.184628

6

47,156

0.187892

46,126

0.147613

46,045.67

0.235777

47,164.33

0.226473

12

96,716.33

0.317762

97,859.67

1.844633

96,199.67

0.603476

96,586.33

0.445445

RSD = relative standard deviation; n = number of replicates.

Table 3. Recovery studies of SS and ipratropium bromide.
Compound contents
(μg/ml)

Quantity
added (μg)

Theoretical
amount (μg)

Recovered
amount (μg)

50%

5

2.5

7.5

7.85

103.62 ± 1.74

100%

5

5

10

10.53

100.41 ± 1.42

150%

5

7.5

12.5

12.52

99.3 ± 1.31

50%

2

1

3

3.14

96.02 ± 1.05

100%

2

2

4

4.10

99.70 ± 1.34

150%

2

3

5

5.25

99.13 ± 1.42

Recovery study

SS

Ipratropium Bromide

n = 3.

a

a

Recovery
(%)
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In-mano evaluation

Surface pH

All formulations appeared to be as transparent, flexible,
tensile, pliable, and have a smooth texture. All the stated
characteristics were more vivid with the increasing content of RL.
Hence, the developed films are said to possess the prerequisites for
an optimized patch. The tackiness of the films was in the following
order F1>F2>F3>F4. This pattern can be correlated with the direct
proportionality between tackiness and RS content. The effect
of the plasticizer, polymer, and solvent is ruled out, since these
factors were unaltered in these formulations. The films exhibited
no signs of folds even after 100 folds, specifying the ability of the
films to be unaffected when it experiences the natural fold of the
skin.

The surface pH of all the formulations is presented in
Table 6, and the results indicate the compatibility of the prepared
patch with the skin.

Table 4. Assay of commercial formulation containing SS and ipratropium bromide.
Commercial formulation

% Puritya

SS

102.25 ± 0.17

IPB

104.2 ± 1.56

Drug content
Drug content analysis was carried out for all the
prepared transdermal systems and the results displayed in Table 6
show good uniformity and a higher degree of reproducibility with
a low standard deviation. The drug content from the marketed
formulation is presented in Table 4.
In-vitro drug release studies
The developed RP-HPLC method was also extended to
quantify the drug release pattern of the in-house manufactured
patches and the in-vitro release profile of SS and IPB from
formulations is graphically shown in Figures 3 and 4,
respectively.

n = 3.

a

Table 5. Robustness data of salbutamol sulphate and ipratropium bromide.
Observations
Parameters

%RSD of retention time

Modification

Column temperature °C

Mobile phase composition
(ACN:Buffer)

Wavelength nm

Theoretical plate(N)

Tailing factor (T)

IPB

SB

IPB

SB

IPB

SB

IPB

0.153744

0.533008

0.10548

0.13263

3,885.746

11,489.77

1.105667

1.239333

1.0 optimized

0.116279

0.127666

0.257016

0.530828

3,996.13

9,569.404

1.3905

1.266833

1.2

0.225168

0.11759

0.178951

0.112505

3,239.593

8,379.211

1.3

1.27675

35

0.073887

0.156074

0.138592

0.107405

3,610.267

10,095.05

1.284

1.26625

30 optimized

0.116279

0.127666

0.257016

0.530828

3,996.13

9,569.404

1.3905

1.266833

25

0.11972

0.065159

0.082622

0.104448

4,026.188

9,645.283

1.44025

1.2575

28:72

0.10427

0.114792

0.134354

0.104293

3,633.512

9,947.064

1.15525

1.231

30:70 optimized

0.116279

0.127666

0.257016

0.530828

3,996.13

9,569.404

1.3905

1.266833

32:68

0.053491

0.027318

0.286341

0.352809

4,130.206

9,604.47

1.4385

1.27225

210

0.297142

0.314428

0.62525

0.890202

3,771.245

8,705.013

1.245667

1.282333

212 optimized

0.116279

0.127666

0.257016

0.530828

3,996.13

9,569.404

1.3905

1.266833

214

0.246143

0.325508

0.703474

0.28485

4,128.632

8,647.875

1.255667

1.277333

0.8
Flow rate ml/minute

%RSD of peak area

SB

Table 6. Evaluation of the films incorporating SS and ipratropium bromide
F.Code

SS

IPB

RL

RS

Plasticizer

Solvent

Surface pH

F1

40

8

1

4

TEC

Methanol

F2

″

″

2

3

″

″

F3

″

″

3

2

″

F4

″

″

4

1

″

Drug content
SS

IPB

6.58 ± 0.18

11.88 ± 0.42

2.18 ± 0.13

6.80 ± 0.14

11.78 ± 0.48

2.23 ± 0.17

″

6.50 ± 0.20

11.65 ± 0.17

2.26 ± 0.20

″

6.67 ± 0.15

11.95 ± 0.40

2.26 ± 0.17

*Salbutamol Sulfate (SS) and Ipratropium Bromide (IPB) in mg; Eudragit RLPO (RL); Eudragit RSPO (RS); Triethyl citrate (TEC).
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Figure 2. Typical chromatogram showing the peaks of salbuatmol sulfate and ipratropium bromide. (a: pure drugs; b: commercial samples c: release from patch).

Figure 3. Graph depicting the in vitro release studies of salbutamol sulphate
from formulations and F1–F4 transdermal patches using a dialysis membrane.

Figure 4. Graph depicting the in-vitro release studies of ipratropium bromide
from formulations and F1–F4 transdermal patches using a dialysis membrane.
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CONCLUSION
In conclusion, the strategically developed, ICH-validated
RP-HPLC method for successful quantification of SS and IPB
content in pure and marketed formulation is hereby stated. The
validation parameters are in accordance with the ICH guidelines.
This method adequately helps to quantify drugs released from
in-house manufactured transdermal patches at regular intervals
and was found to be more economical, namely factors showing
decreased elution time (6 minutes), flow rate (1 ml/minute), and
consumption of costly solvents.
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ABSTRACT: Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related death worldwide. The destructive nature of the disease
makes it diﬃcult for clinicians to manage the condition. Hence, there is an
urgent need to ﬁnd new alternatives for HCC, as the role of conventional
cytotoxic drugs has reached a plateau to control HCC associated mortality.
Antioxidant compounds of plant origin with potential anti-tumor eﬀect have
been recognized as alternate modes in cancer treatment and chemoprevention. Resveratrol (RS) is a model natural nonﬂavonoid drug known for
its anti-cancer activity. However, its clinical application is limited due to its
poor bioavailability. The current research work aims to formulate, optimize,
and characterize RS loaded cationic liposomes (RLs) for speciﬁc delivery in
HCC. The optimized liposomes formulation (RL5) was spherical with a
vesicle size (VS) of 145.78 ± 9.9 nm, ζ potential (ZP) of 38.03 ± 9.12 mV,
and encapsulation eﬃciency (EE) of 78.14 ± 8.04%. In vitro cytotoxicity studies in HepG2 cells demonstrated an improved anticancer activity of RL5 in comparison with free RS. These outcomes were supported by a cell uptake study in HepG2 cells, in which
RL5 exhibited a higher uptake than free RS. Furthermore, confocal images of HepG2 cells after 3 and 5 h of incubation showed
higher internalization of coumarin 6 (C6) loaded liposomes (CL) as compared to those of the free C6. Pharmacokinetic and
pharmacodynamic (prophylactic and therapeutic treatment modalities) studies were performed in N-nitrosodiethylamine (NDEAcarcinogen) induced HCC in rats. Pharmacokinetic evaluation of RL5 demonstrated increased localization of RS in cancerous liver
tissues by 3.2- and 2.2-fold increase in AUC and Cmax, respectively, when compared to those of the free RS group. A
pharmacodynamic investigation revealed a signiﬁcant reduction in hepatocyte nodules in RL5 treated animals when compared to
those of free RS. Further, on treatment with RL5, HCC-bearing rats showed a signiﬁcant decrease in the liver marker enzymes
(alanine transaminase, alkaline phosphatase, aspartate transaminase, total bilirubin levels, γ-glutamyl transpeptidase, and αfetoprotein), in comparison with that of the disease control group. Our ﬁndings were supported by histopathological analysis, and we
were ﬁrst to demonstrate that NDEA induced detrimental eﬀect on rat livers was successfully reversed with the treatment of RL5
formulation. These results implied that delivery of RS loaded cationic liposomes substantially controlled the severity of HCC and
that they can be considered as a promising nanocarrier in the management of HCC.
KEYWORDS: Resveratrol, cationic liposomes, biocompatibility, hepatocellular carcinoma, pharmacokinetics, pharmacodynamics
skin, and endocrine disorders.2 Furthermore, these conventional approaches have not been successful in reducing the
overall mortality rate. Currently, sorafenib (Nexavar) is the
only USFDA approved drug for systemic administration in the
management of advanced HCC. Active eﬀorts have been made
in the past to develop similar therapies, with some of the
ongoing phases III trials focused on shedding light on cancer
therapy with better outcomes and minimal/no side eﬀects.3

1. INTRODUCTION
Noncommunicable diseases (NCD) are one of the signiﬁcant
causes of mortality in the 21st century, in which cancer stands
on top of the list, reducing the life expectancy to signiﬁcant
levels worldwide. As per the GLOBOCAN 2018 report, cancer
accounts for 20.3, 14.4, 57.3, and 7.3% mortality rates in
Europe, USA, Asia, and Africa, respectively.1 Hepatocellular
carcinoma (HCC) is the fourth-leading cause of cancer-related
deaths, which has led to a total of 841 080 new cases and
781 631 deaths in the year 2018 worldwide. Hence, there is an
alarming need to improve novel drug delivery strategies in
HCC.1
Currently, HCC is treated with invasive surgical and
chemotherapeutical approaches, which often lead to serious
side eﬀects such as hand−foot syndrome and gastrointestinal,
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Figure 1. Depicting the mechanism of accumulation/targeting of cationic liposomes in the liver cancer. (A) Enhanced permeability and retention
eﬀect (EPR) in which the RLs with appropriate sizes (<200 nm) extravasate through large fenestrations between the tumor blood capillary
endothelium (leaky endothelium) and enters the interstitial space. The gaps between the cancer endothelial cells are in the range 100−780 nm as
opposed to those of a healthy endothelium, which are 5−10 nm. (B) Targeting of RLs based on the electrostatic interaction between anionic liver
cells and cationic liposomes. In the plasma membrane of normal healthy cells, lipids are asymmetrically distributed across the inner and outer
leaﬂets, with phosphatidylserine (PS) being the most abundant anionic phospholipid located predominantly on the inner leaﬂet. Due to the
activation of the scramblase enzyme or oxidative stress in the tumor microenvironment, the symmetry of plasma membrane is lost, resulting in the
exposure of PS on the surface, which is a unique feature of cancerous cells. RS loaded cationic liposomes are an easy way to target the anionic
moiety of plasma membrane due to electrostatic interaction between them.

and low biological half-life (30−45 min).12,13 Among several
nanoparticles (poly-lactic-co-glycolic acid,14,15 gold,16,17 silver,18 liposomes,19 etc.) approaches, liposomes are the most
successfully nanoscale formulations used to deliver therapeutic
drugs and imaging agents. Encapsulating drugs in lipids oﬀers
structural properties similar to the natural cellular biomembrane, which provides several advantages including biocompatibility, higher stability, sustained release of the drug,
biodegradability, safety, and industrial scalability.20−22 Though
there are reports for the use of RS loaded liposomes (RLs) in
cancers such as cervical cancer,23 skin cancer,24−26 glioblastoma,27 breast cancer,28 and prostate cancer,29 the eﬃcacy of RL
was never assessed for its use in the treatment of HCC. In
HCC, the physiological changes in the surface properties of
liver tissue generate large fenestration in the endothelium and
anionic charge due to exposed phosphatidylserine (PS). These
anionic moieties are exposed to the outer surface, which makes
it an easy target to attract cationic liposomes for active
targeting of liposomes. A schematic diagram depicting the
probable targeting mechanism is shown in Figure 1.30,31
With this background, the present study aimed to
encapsulate RS in a unique blend of a lipid and cationic
charge generator for the formulation of cationic liposomes for
selective delivery in HCC. The performance of optimized RL5
was evaluated with in vitro cytotoxicity assay, cellular uptake, in
vitro cytocompatibility, in vivo pharmacokinetic proﬁle, and
pharmacodynamic study in NDEA induced HCC-bearing rats.

In the human body, the liver is the main detoxifying organ
responsible for eliminating the metabolic byproducts/toxins to
achieve homeostasis. However, the liver is susceptible to the
accumulation of reactive oxidative species (ROS) due to
imbalance between pro-oxidant and antioxidant compounds.
Scientiﬁc literature suggests that there is a signiﬁcant
correlation between the increased levels of oxidative stress
generated by these reactive oxygen species (ROS) and the
severity of chronic liver diseases. It should be noted that HCC
occurs in the background of chronic liver disease, making it
often diﬃcult to diagnosis at an initial stage.4
Antioxidant compounds of plant origin with potential antitumor eﬀects have been recognized as alternate modes in
cancer chemoprevention. Diﬀerent phytochemicals, including
nutrients and dietary agents, have been found to be eﬀective
against numerous types of cancers. Among the various
available groups of natural products and plant metabolites,
resveratrol (RS), a phytoalexin (plant antibiotic and antioxidant) found in peanuts, grapes, pines, berries, and various
herbs such as Polygonum cuspidatum and Vitis vinifera L., plays
an essential role as an antioxidant,5 anti-tumor,6 anti-aging,7
anti-diabetic,8 anti-inﬂammatory,9 cardioprotective,10 and antiobesity.11
Looking toward the potential beneﬁts of RS, its use in
prophylaxis and therapeutics would be of great importance in
the treatment of HCC. However, the use of free RS in the
treatment of human cancer possesses certain limitations owing
to the rapid metabolism and swift elimination from systemic
circulation, resulting in low bioavailability (<1% oral viability)
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Table 1. Independent and Dependent Variables Used in the 32 Factorial Design Approach for Optimizing Liposomal
Formulationa
levels
Independent variables

−1

0

+1

Dependent variables

molar ratio of SL/Chol
concentration of SL and Chol (mg) based on molar ratio
concentration of SA (mg)

6:2
343:57
2.5

7:2
350:50
5.0

8:2
357:43
7.5

vesicle size (VS), ζ potential (ZP), and encapsulation eﬃciency (EE)

a
Concentrations of all the excipients are mentioned for the ﬁnal batch of 20 mL with 20 mg of resveratrol (RS). SL, soya lecithin; Chol, cholesterol;
SA, stearyl amine.

was analyzed by using a transmission electron microscope (TEM;
Philips CM12 Electron Microscope). For TEM analysis, the aqueous
dispersion of RL5 was stained with 1% phosphotungustic acid
(sequential two-droplet method) and was visualized under TEM. For
Fourier transform infrared spectroscopy (FT-IR, Shimadzu), each
chemical components of the formulation and lyophilized RL were
analyzed using a KBr pellet technique. For diﬀerential scanning
colorimetry (DSC) studies, dried samples of raw material and
optimized RLs were analyzed by using a DSC 823 instrument
(Mettler Toledo,). Brieﬂy, each sample (4−5 mg) was weighed,
compressed into an aluminum pan, and scanned in the temperature
range from 50 to 300 °C at a heating rate of 10 °C/min.
2.4. Estimation of Entrapment Eﬃciency (EE) and Drug
Loading (DL). The EE of RLs was determined using an indirect
method,34 which involves measuring the amount of free drug available
in nano dispersion. RL dispersion was centrifuged (Kubota 6500) at
2000 rpm (using rotor model AG-1212) at 4 °C for 10 min, and the
supernatant was then separated. The pellet of the unentrapped drug
(free drug) was determined by using a reverse-phase HPLC
method.13 The EE and DL35 were calculated by the formulas
shown below.

2. MATERIALS AND METHODS
2.1. Materials. RS (>98%) was supplied by M/s Sami
Laboratories (Bangalore, India). Lipoid S100 soyalecithin (N94%
phosphatidylcholine, SL) was provided by Lipoid GmbH, Ludwigshafen, Germany. Cholesterol (Chol) was purchased from Loba
Chemie Pvt. Ltd., Mumbai, India. HPLC-grade acetonitrile was
purchased from M/s Merck, Mumbai, India, and N-nitrosodiethylamine (NDEA-N0258), coumarin6 (442631), and stearylamine (SA74750) were purchased from Sigma-Aldrich, Bangalore, India. Serum
aspartate amino transferase (AST), serum alanine transaminase
(ALT), alkaline phosphatase (ALP), total bilirubin (TB), total
protein (TP), and γ-glutamyl transpeptidase (GGT) kits were
purchased from ERBA Diagnostics Mannheim GmbH, Bangalore
India. Rat α-fetoprotein (AFP) ELISA kit was purchased from QayeeBiotechnology Co., Ltd., New Delhi, India. HepG2 cell lines and
normal mouse ﬁbroblasts were obtained from the National Centre of
Cell Sciences, Pune, India. Fetal bovine serum (FBS), Pen-Strep (a
mixture of streptomycin and penicillin), and Dulbecco's modiﬁed
eagle medium (DMEM) were procured from HiMedia Laboratories
Pvt. Ltd., Bangalore, India.
2.2. Preparation of Resveratrol Entrapped Cationic Liposomes. On the basis of preliminary studies, a 32 factorial approach
(Design Expert Software (version 7, State-Ease Inc.) was used to
optimize the RLs, in which the molar ratios of soya lecithin/
cholesterol (SL/Chol) and SA were selected as independent variables.
The mean vesicle size (VS), ζ potential (ZP), and encapsulation
eﬃciency (EE) were selected as dependent variables (Table 1). The
generated polynomial equation was used for the evaluation of the
response,
Y = b0 + b1X1 + b2X 2 + b12X1X 2 + b11X12 + b22X 2 2

percent EE =

(WT − WF)
× 100
WT

(2)

percent DL =

WR
× 100
WL

(3)

where WT is the weight of RS used for liposome formation, WFis the
weight of unencapsulated RS, WR is the weight of RS in liposomes,
and WL is the total weight of lipid and RS added in formulation.
2.5. In Vitro Drug Release and Release Kinetic Studies of RL.
In vitro release of RS from liposomes was performed by ready-to-use
dialysis tubes (Spectrum Laboratories, Rancho Dominguez, CA)
having a MWCO of 12 400 Da, a pore size of <10 nm, and 10 cm
length with a membrane diameter of 10 mm with a seal at one end
and attached to a ﬂoatable cap. Release studies were performed in
phosphate buﬀer saline (PBS) (pH 7.4- simulated blood pH) and PBS
(pH 5.5- simulated tumor micro environment pH), both containing
0.1% v/v polyethylene glycol (PEG-400) to solubilize the released RS.
Brieﬂy, RL5 (5 mL equivalent to 4 mg RS) was transferred to dialysis
bag, which was immersed into a 200 mL bottle containing 100 mL of
PBS (pH 5.5 and 7.4). Bottles were placed on a magnetic stirrer preequilibrated at 37 ± 0.5 °C with a stirring speed of 100 rpm. At
speciﬁc time intervals, the aliquots (0.5 mL) were withdrawn and
replaced with an equal amount of fresh PBS. All aliquots were ﬁltered
by using a 0.45 μm syringe ﬁlter, and the amount of RS released was
analyzed by HPLC.36,37 In order to understand the drug release
mechanism of optimized formulation (RL5), diﬀerent kinetics models
such as zero order, ﬁrst order, Higuchi model, Korsmeyer -Peppas
model, and Hixson Crowell model were evaluated. The best model
was evaluated on the basis of the maximum value of the correlation
coeﬃcient (R2).36
2.6. Stability Studies of RL. RL5 dispersion and lyophilized
formulations were stored at 4 °C over a period of 3 months for
stability studies. Both RL5 dispersion and lyophilized form were
evaluated for VS, ZP, and EE for conﬁrmation of stability.33,38 After 3
months, the dispersion was centrifuged for 10 min at 2000 rpm and
the supernatant liposomes were evaluated for the entrapped RS.

(1)

RLs were prepared by a thin ﬁlm hydration method, as described
by Bangham et al. in 1965.32 Brieﬂy, RS (20 mg), SA, SL, and Chol
were solubilized in the mixture of organic solvent chloroform and
methanol (2:1 v/v). The organic solvent was evaporated on rotavapor
R-210 under reduced pressure (vacuum pump, V-700 Buchi) for 1 h
at 40 °C to obtain a thin ﬁlm. The ﬁlm was then treated with a stream
of nitrogen gas and kept in a vacuum overnight to remove any ﬁnal
traces of solvents. The lipid ﬁlm was hydrated at 40 °C with 20 mL of
phosphate buﬀer (pH 6.4) to aid in the formation of liposomes.
Formulated RLs were sonicated for 2 min on an ice bath using a high
intensity probe ultrasonic generator (Rivotek) with a probe diameter
of 15 mm (15 s on/oﬀ pulse). Following sonication, the resulting
liposome dispersion was centrifuged (Kubota 6500) at 2000 rpm at 4
°C for 10 min to separate the undissolved RS. RLs were then ﬁltered
ﬁve times using syringe ﬁlters (0.44 and 0.22 μm) successively to yield
monodispersed RLs. Finally, cryoprotectant (mannitol 5% w/v) was
added to RL dispersion and lyophilized (CHRIST Alpha 1−2 LD
plus) for further studies. For lyophilization, the RL dispersion was
frozen at −80 °C for 24 h, followed by freeze-drying for 48 h. The
lyophilizer was set with −55 °C as the condenser temperature and
0.023 mbar as the vacuum pressure. The lyophilized formulation was
evaluated for the appearance of the cake, reconstitution time, ZP, VS,
and EE.33
2.3. Characterization of Liposomes. Dynamic light scattering
(zetasizer Nano-ZS90, Malvern Instruments) was used to measure
VS, PDI, and ZP of all RL formulations, and the surface morphology
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Table 2. Experimental Groups Used in the Study to Evaluate the Eﬀect of Prophylactic and Therapeutic Treatment in HCC
Induced Ratsa
Group I (normal group)
Group II (disease control)
Group III received RS
Group IV received RL5

Group V received RS
Group VI received RL5

rats fed with standard diet and were administered with vehicle (a mixture of 1% DMSO and 1% Tween 80 in PBS) twice a week.
NDEA (carcinogen) intragastric administration until the 12th week
prophylactic treatment
NDEA administration until 12th week + simultaneous intraperitoneal dosing of RS (20 mg/kg body weight/twice a week)
NDEA administration until 12th week + simultaneous intraperitoneal dosing of RL5 (equivalent to RS 20 mg/kg body weight/twice
a week)
therapeutic treatment
NDEA administration until 12th week + intraperitoneal dosing of RS (20 mg/kg body weight/twice a week) starting from 9th week
NDEA administration until 12th week + intraperitoneal dosing of RL5 (equivalent to RS 20 mg/kg body weight/twice a week)
starting from 9th week

a

Note: RS, resveratrol; RL5, optimized RS loaded liposomes; NDEA, N-nitrosodiethylamine.

Liposomes were dissolved in chloroform and methanol mixture to
solubilize the lipids and RS. The solution was then diluted with
acetonitrile (a component of HPLC solvent system), followed by
centrifugation and ﬁltration by using syringe ﬁlter (0.45 μm) for
HPLC analysis.
2.7. In Vitro Biocompatibility Studies. 2.7.1. Blood Compatibility (Hemolysis Assay). The blood biocompatibility of RL5 was
conﬁrmed by an erythrocyte lysis test.39 Fresh blood was collected
into the heparinized tubes from rats and centrifuged at 2500 rpm for
10 min at 4 °C for separation of red blood cells. The pellet was
washed thrice with PBS and then ﬁnally resuspended in PBS and used
for hemolysis assay. An equal volume (1 mL) of erythrocyte
suspension and liposomal dispersion was mixed and incubated for 1
h at 37 °C under constant shaking. After 1 h, the mixture was
subjected to centrifugation and the supernatant was analyzed at 540
nm for percent hemolysis using an UV−vis spectrophotometer (UV1800 Shimadzu Corporation, Kyoto, Japan). The separated supernatant from the centrifuged blood sample was considered as blank and
supernatant derived from the blood sample treated with 1% Triton w/
v (hemolytic agent) was taken as the positive control. The
experiments were performed in triplicates, and the percent hemolysis
was calculated by using formula shown below:
percent hemolysis =

TA − BA
× 100
PCA − BA

of the incubation period, percent cell viability was estimated by MTT
assay method.
2.9. Quantitative and Qualitative Cell Uptake Assay. For
qualitative cell uptake analysis, coumarin 6 (C6) was used as a model
ﬂuorescent dye to evaluate the extent of cellular uptake of liposomes.
HepG2 cells were seeded in 6-well culture plates (50 000/well) and
were incubated overnight for the attachment of the cells. The eﬃcacy
of cellular uptake as a function of RL5 was evaluated by in vitro
incubation of HepG2 cells with free C6 and C6 loaded liposomes
(CLs) (equivalent to 1 μg/mL C6) for 3 and 5 h.42 The free C6
solution was prepared by solubilizing in 0.1% DMSO to yield a ﬁnal
concentration of 1 μg/mL.43 CLs were prepared by following the
method mentioned in section 2.2 and replacing RS with C6. After the
given time of incubation of C6 and CL, the medium was aspirated and
cells were washed with PBS ﬁve times, ﬁxed with 4% paraformaldehyde (Merck), and were observed under a confocal laser scanning
microscope (CLSM) (Olympus FV1000). For quantitative cell uptake
analysis, HepG2 cells were treated with RS and RL5 (equivalent to 10
μg/mL RS) and further incubated for 3 and 5 h to determine cell
uptake over time. Media was removed, and cells were washed thrice
with PBS and then lysed with 0.1% Triton X-100. Lysed cells were
then extracted with ACN for the complete dissolution of internalized
RS. Finally, the cell lysate was centrifuged at 10 000 rpm for 10 min
and supernatant was analyzed by HPLC.42
2.10. In Vivo Organ Toxicity Studies. Biochemical parameters
of hepatic and renal functions such as alanine transaminase (ALT),
aspartate transaminase (AST), blood urea nitrogen (BUN), and
creatinine were assessed by commercially available diagnostic kits
(Erba Diagnostics, Inc.). Organs such as liver, kidney, and spleen
tissues of rats were stained with hematoxylin and eosin (H&E) for
histopathological assessments.
2.11. Pharmacokinetic Study and Hepatic Accumulation of
RS by HPLC. Animal studies were approved by the Institutional
Animal Ethical Committee (KLECOP/IAEC/Res.22-10/10/2015),
KLE College of Pharmacy, Belagavi, India. Studies involving animals
were conducted in strict accordance with Animal Research: Reporting
of In Vivo Experiments (ARRIVE) guidelines.44 For in vivo
pharmacokinetic study, male Wistar albino rats (200 ± 20 g) were
obtained from our institution’s animal housing facility and were
housed in cages at room temperature 25 ± 2 °C and relative humidity
of 50−60% under a 12 h light/dark cycle. Rats were fed with a pellet
diet (VRK Nutritional Solutions, Pune, Maharashtra, India), with
water, ad libitum for 1 week before experiments. NDEA was used to
induce HCC in 6−7 week old healthy male rats. NDEA solution
reconstituted in saline was administered intragastrically at a dose of 10
mg/kg body weight with the frequency of 5 times a week for 12
weeks.45 HCC induced animals were randomly divided in two groups
(n = 3 for each time point) and were administered with 20 mg/kg
body weight of RS and equivalent RL5. Free RS was solubilized in a
mixture of 1% DMSO and 1% Tween-80 solution in phosphate buﬀer
saline (PBS).46 On the basis of the permissible limit (less than 10
mL) for intraperitoneal injection,47 the injection volume was kept
around 1 mL considering the weight of the rats. Experimental rats
were anaesthetized, and blood samples (1 mL) were collected in

(4)

where TA is test absorbance, BA is blank absorbance, and PCA is
positive control absorbance.
2.7.2. Cytocompatibility Assay. The cytocompatible behavior of
RS and RL5 was assessed using standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. Brieﬂy, normal
mouse ﬁbroblasts (L929) cell lines were grown in a mixture of
Dulbecco’s modiﬁed eagle medium (DMEM), fetal bovine serum
(FBS, 10%), and Pen-Step antibiotics (1%) in a CO2 incubator
(Eppendorf, New Brunswick, Galaxy 170R) at 37 °C with 95%
humidity. Seeding of L929 cell lines at the densities of 1 × 104 cells/
well in the 96 well plate was carried out, and the plates were incubated
for 24 h in a CO2 incubator to allow for cell adhesion. The media was
discarded and swapped with fresh media with varying concentrations
of RS and RL5 (250, 125, 62.5, 31.25, 15.63, and 7.81 μg/mL), and
the control wells were treated with equivalent volumes of media
without any test compound, followed by incubation for a period of 24
h. After the completion of the incubation period, the media in each
well was discarded and wells were gently washed with PBS. Cells were
then treated with 100 μL of MTT solution (0.5 mg/mL in phosphate
buﬀer saline), and the plate was incubated at 37 °C for 4 h. After 4 h,
the supernatant was discarded and DMSO (100 μL) was added to
each well to dissolve formed formazan crystals and analyzed by plate
reader (Lisa plus) to calculate the percent cell viability.40,41
2.8. In Vitro Cytotoxicity Assay. The cytotoxicity of RS and RL5
against HepG2 cell lines was performed as per the procedure
mentioned in section 2.7.2. HepG2 cell lines were incubated with RS
and RL5 of varying concentrations (250, 125, 62.5, 31.25, 15.63, and
7.81 μg/mL) equivalent to free RS for 24 and 48 h. After completion
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Table 3. Observed Responses from 32 Factorial Design of Resveratrol Loaded Liposomesa
independent variable
formulation code

A

B

RL1
RL2
RL3
RL4
RL5
RL6
RL7
RL8
RL9

−1
−1
−1
0
0
0
1
1
1

−1
0
1
−1
0
1
−1
0
1

dependent variable
EE (%)
49.26
62.57
58.91
62.76
78.14
65.31
63.65
70.74
65.85

VS (nm)

± 9.72
± 7.45
± 7.06
± 6.17
± 8.04
± 5.59
± 4.63
± 5.99
± 7.54

153.33
140.30
134.73
176.43
145.78
138.18
187.54
152.46
148.91

± 7.50
± 10.16
± 5.09
± 7.16
± 9.9
± 12.35
± 7.29
± 7.52
± 7.27

ZP (mV)
07.57
25.98
29.26
15.88
38.03
62.58
11.73
35.00
56.43

± 3.66
± 5.82
± 7.40
± 4.27
± 9.12
± 4.13
± 2.58
± 7.04
± 9.14

DL (%)
2.38
2.99
2.80
3.02
3.71
3.10
3.06
3.33
3.12

± 0.45
± 0.34
± 0.32
± 0.28
± 0.36
± 0.26
± 0.21
± 0.25
± 0.34

Note: (A) molar ratio of SL/Chol, (B) concentration of SA (mg). Each value represents the mean ± SD, n = 3. The composition of each batch is
given in Table 1. The optimized values are represented in bold.

a

EE = 75.09 + 4.92A + 2.40B − 1.86AB − 6.91A2 − 9.53B2

heparinized tubes via cardiac puncture at 15, 30, 60, and 120 min and
sacriﬁced by cervical dislocation. Major organs such as heart, spleen,
liver, lung, and kidney were excised, washed twice with ringer’s
solution, and immediately frozen until analysis. Isolated organs were
weighed, minced thoroughly, and homogenized (RQT-127AD, Remi
Elektrotechnik Ltd., Vasai, India) in 50% aqueous acetonitrile.
Homogenized samples were centrifuged (12 000 rpm for 12 min),
and the supernatant was preserved at −20 °C for further analysis. For
estimation of RS in rat plasma, blood samples were centrifuged at
4000 rpm for 10 min at 4 °C for plasma separation and were
preserved at −20 °C for further sample analysis. RS from frozen
isolated organs and plasma were estimated by using a modiﬁed HPLC
method.48 Separated biological samples from both tissue homogenate
and plasma (150 μL) were vortex-mixed with 150 μL of ACN for
deproteinization, followed by centrifugation at 12 000 rpm for 12 min.
Supernatants were separated, ﬁltered through 0.22 μm membrane
ﬁlter (Millipore), and ﬁnally analyzed by the HPLC system. The
pharmacokinetic investigation was performed by one compartmental
model using Kinetica software (Thermo-Scientiﬁc) to estimate the
parameters such as area under curve (AUC), peak plasma
concentration (Cmax), half-life (t1/2), and mean residence time
(MRT).49
2.12. Pharmacodynamics Activity: Prophylactic and Therapeutic Anti-Cancer Activity. The experimental animals were
divided into six groups (Table 2) with six animals in each group.
Group 2 (NDEA induced HCC rats: disease control) consisted of two
more rats to ensure the successful generation of HCC at the end of
the ninth week of the experiment. At the 13th week, rats in each
group were sacriﬁced and liver specimens were removed and weighed.
Plasma was collected from the blood by centrifugation at 4000 rpm
for 10 min at 4 °C for biochemical estimation of alanine transaminase
(ALT), alkaline phosphatase (ALP), aspartate transaminase (AST),
total bilirubin levels, γ-glutamyl transpeptidase (GGT), and αfetoprotein (AFP). After dissection, the liver was isolated and the
tumor nodules were counted and stored in buﬀered formalin for
histopathological examination.

(5)

The positive sign indicates that EE is directly proportional to
both the independent variables. The literature reveals that the
increase in the concentration of SL subsequently increases EE,
the reason for which could be attributed to the fact that
lipophilic drugs like RS tend to easily dissolve in lipid resulting
in a higher EE.50 SA at the same time alters the membrane
permeability or the electric charge density, resulting in
enhanced EE of the liposomes.51
VS = 145.46 + 10.25A − 15.32B − 6.40AB − 0.38A2
+ 9.92B2

(6)

where the positive sign indicates that VS is directly
proportional to A (molar ratio of SL/Chol) and the negative
sign indicates inversely proportional to B (concentration of
SA). The reduction in the VS could be due to the ability of SA
to generate a net positive charge on the surface of RLs. An
increase in the surface charge increases the intervesicular
Brownian moment, keeping the particles stable. It also avoids
the ripening of vesicles over time, which could be a key reason
for a smaller VS.52,53 The equation further advocates that VS
was directly proportional to the concentration of SL, for which
the reason could be attributed to the propensity of SL
molecules to coalescence, leading to an increase in VS.54
Hence, an optimum concentration of SL and SA is a prime
requirement to obtain stable monodisperse nanoliposomes.
ZP = 38.53 + 5.36A + 20.41B + 3.40AB − 9.84A2
+ 1.05B2

(7)

All the formulations were analyzed for ZP as a part of the
formulation development process. ZP is a useful tool to
indicate the vesicle surface charge, which is used to predict the
stability of colloidal dispersion. In general, ZP is the balance
between the surface positive and negative charges and is
directly proportional to the magnitude of the potential.55 On
the basis of the result, the positive sign indicates that the ZP is
directly proportional to A and B. Our experiments were
supported by the literature, which states that an increase in the
concentration of SA consequently increases the ZP. In the
present investigation, the ZP in all the formulations was
maintained on the positive side, owing to the charge imparted
by SA. Cationic lipid SA is an amphiphilic molecule, which has
a lipophilic region (hydrocarbon chain) and a hydrophilic

3. RESULT AND DISCUSSION
3.1. Formulation and Optimization of RS Loaded
Cationic Liposomes. Physicochemical properties and
stability are the key factors to be considered while developing
a new drug delivery system in all the formulation stage,
especially those proposed for parenteral administration. In the
present investigation, the RLs obtained from the 32 factorial
design conﬁrmed that the independent variables such as (A)
the molar ratio of SL/Chol and (B) the concentration of SA
had a signiﬁcant eﬀect on dependent variables such as EE, VS,
and ZP (Table 3). The quadratic equation generated from
Design-Expert Software (Stat-Ease Inc., Minneapolis, MN) for
EE is
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Figure 2. 2D contour and 3D response plots (design expert software) for (A and B) entrapment eﬃciency, (C and D) vesicle size, and (E and F) ζ
potential, respectively. The 32 level factorial design demonstrated the signiﬁcant inﬂuence of lipid and cholesterol molar ratio and stearyl amine
concentration on ζ potential, vesicle size, and encapsulation eﬃciency. SL, soya lecithin; Chol, cholesterol; SA, stearyl amine.

Figure 3. (A) Percent entrapment eﬃciency of RL1−RL9 by varying the ratio of SL/Chol. On the basis of the design of experiments, RL5
formulation was selected, owing to its highest EE for further in vitro cell uptake and animal study. (B) Graph showing the hydrodynamic diameters
of RL1−RL9 in deionized water at pH 7.0. The ﬁgure shows that all formulations were in the range 134.73 ± 5.09−187.54 ± 7.29 nm, from which
the optimized formulation RL5 was found to be 145.78 ± 9.9 nm in diameter. (C) Bar graph showing the ζ potential of RL1−RL9 in deionized
water at pH 7.0. All formulations were in the range 7.57 ± 3.66−62.58 ± 4.13 mV, from which the optimized formulation RL5 was found to be
38.03 ± 9.12 mV, representing a stable RL dispersion. (D) Surface morphology of RL5 was conﬁrmed and determined by TEM, which clearly
showed spherical morphology with uniform size distribution. (E) DSC thermogram of RS, exhibiting a sharp endotherm at 256.45 °C, indicating its
melting point, and conforming its crystalline nature, whereas SA, Chol, mannitol, and soya lecithin exhibited sharp endotherm peaks at 52, 149,
166.0, and 20.5 °C, respectively, corresponding to their melting points. The endotherm peak almost disappeared in the thermogram of RL5,
suggesting that RS was entrapped in liposomes. RL5 shows clear peak of mannitol at 166.0 °C, which corresponds to crystallized mannitol. (F) In
vitro drug release of RS from RL5 at pH 5.5 and 7.4 showed a faster release trend pH 5.5 when compared to pH 7.4. SL, soya lecithin; Chol,
cholesterol; SA, stearyl amine, RL, resveratrol loaded cationic liposomes.

4974

https://dx.doi.org/10.1021/acsbiomaterials.0c00429
ACS Biomater. Sci. Eng. 2020, 6, 4969−4984

ACS Biomaterials Science & Engineering

pubs.acs.org/journal/abseba

Article

Figure 4. (A) FT-IR spectrum of RS, which revealed the intense absorption band of phenolic hydroxyl group at 3288 cm−1, benzene ring
absorption peaks of CC at 1606 cm−1, and medium absorption peak at 1514 cm−1. (B) FT-IR spectrum of SL (LIPOID S100), in which
characteristic peaks at 2954 cm−1 (hydroxyl stretching), 2900 and 2856 cm−1 (CH stretching of long fatty acid chain), 1739 cm−1 (carbonyl
stretching of the fatty acid ester), 1246 cm−1 (PO stretching band), 1097 cm−1 (POC stretching), and 972 cm−1 (N+(CH3)3 stretching
were observed. (C) FT-IR spectrum of Chol displayed a characteristic band between 2866−2931 cm−1 representing asymmetric and symmetric
stretching vibrations of CH2 and CH3 groups and a broad and intense band nearly at 3377.36 cm−1 due to OH stretching. The additional bands
at 1463 and 1375 cm−1 is due to asymmetric stretching vibrations and bending vibration of CH2 and CH3 groups. (D) FT-IR spectrum of SA
showed peaks at 2916 and 2850 cm−1, owing to CH stretching, and 1463 cm−1, owing to NH bending. Further, a sharp peak at 1315
cm−1 could be attributed to CN stretching and a peak at 721 cm−1 represents NH wagging vibration. (E) FT-IR spectra of mannitol showed
a broad characteristic peak at 3280 cm−1 assigned to the hydroxyl group. (F) FT-IR spectra of lyophilized RL5 showed characteristics peaks of
mannitol, Chol, and SA but did not show any characteristics peaks of RS, which indicates the complete entrapment of RS inside the liposomes.

region comprising a positively charged polar amine group. The
previous reported literature by Casals et al., clearly shows that
SA is asymmetrically distributed in the lipid bilayer, which was
predominantly on the outer surface as compared to the inner
core. A high positive ζ potential value of the formulated
liposomes conﬁrms that a signiﬁcant SA is available on the
outer surface, imparting the cationic charge on the liposomes.56,57 The application of ANOVA (Table S1) on the
outcomes conﬁrms the signiﬁcance of the model from F and P
values. The surface response curve and contour plots (Figure
2) reveal the eﬀect of SL and SA on EE, VS, and ZP. The
evaluation of liposomes suggested that RL5 demonstrated
desirable properties, i.e., more than 78% EE, ZP of 38 mV, and

the VS of less than 150 nm when compared with other
formulations. Finally, the optimized liposomes RL5 were
lyophilized by using cryoprotectant mannitol. The lyophilized
RL5 cake was found to be intact and ﬂuﬀy in nature with a
reconstitution time less than 35 s.
3.1.1. Evaluation of Optimized Liposomes Formulation.
VS, ZP, PDI, and EE of optimized liposomal formulation RL5
were found to be 145.78 ± 9.9 nm, 38.03 ± 9.12 mV, 0.359 ±
0.03, and 78.14 ± 8.04% (Figure 3A−C) respectively. Results
revealed that VS, EE, and ZP values of liposomes were directly
related to the concentration of SL and SA used in the
formulation. The morphological examination of liposomes
evaluated by TEM clearly showed a spherical morphology with
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Table 4. Stability Studies of Optimized Liposomes RL5a
parameter →

ζ potential (mV)

vesicle size (nm)

EE (%)

storage condition ↓

initial

after 3 months

initial

after 3 months

initial

after 3 months

RL5, liquid dispersion at 4 °C
RL5, lyophilized at 4 °C

142.17 ± 6.20
143.76 ± 4.77

149.14 ± 12.62
147.80 ± 10.30

37.3 ± 4.53
36.66 ± 2.65

34.43 ± 4.80
35.03 ± 3.27

76.57 ± 2.51
76.44 ± 2.27

72.77 ± 3.05
75.36 ± 0.929

The data is expressed as mean ± SD (n = 3). The data were evaluated by Student’s paired t-test, which showed no signiﬁcant diﬀerence.

a

behavior of vesicles formulated by diﬀerent sets of lipids
(DPPC (16 carbon containing lipid; 1,2-dipalmitoyl-snglycero-3-phosphocholine,) and DSPA (18 carbon containing;
1,2-distearoyl-sn-glycero-3-phosphate, sodium salt) lipids,
DPPC and DPPA lipids, and DSPC and DSPA lipids) in
diﬀerent pH. Vesicles prepared with diﬀerent chain lengths
(DPPC and DSPA) showed an increased membrane
permeability and higher release of encapsulated calcein at a
lower pH when compared to the vesicles prepared by lipids
with same chain length (DPPC−DPPA and DSPC−DSPA).59
The drug release mechanism can be deﬁned as the way of the
release of payload from the nanocarrier. It is dependent of the
nature of the polymer/lipid used in the formulation and the
release conditions, which can follow several mechanisms such
as dissolution, diﬀusion, swelling, erosion, and degradation.36
To examine the release mechanism of RS from the RL5, ﬁve
kinetic models were applied to ﬁt the release data. On the basis
of the analysis (Figure S1A−E), the Hixson−Crowell model
showed the highest R2 value for RL5 at pH 5.5 (R2 value:
0.937) and 7.4 (R2 value: 0.971). Hence, the release of RS
from RL5 follows the Hixson−Crowell model, which occurs
through surface dissolution and is dependent on the surface
area and the diameter of vesicle.60,61
3.3. Stability Studies. Physical stability of liposomes is
indirectly proportional to the vesicle size and directly
proportional to the ζ potential of the dispersion. Aggregation
of vesicles, which represents poor stability, could be observed
during formulation processing and/or upon storage. The
increase in the diameter of liposomes results in a rapid uptake
by the reticuloendothelial system with subsequent clearance,
resulting in a short half-life. Therefore, preparing stable
liposomes with small and uniform size distribution is the
most signiﬁcant aspect in drug product development. Table 4
represents the storage stability studies conducted for optimized
RL5 after storage at 4 °C for 3 months in both dispersion and
lyophilized forms (reconstituted with water). After 3 months of
storage at 4 °C, there was no signiﬁcant diﬀerence in the VS,
ZP, and EE, which indicates a desirable stability of the
formulation.
3.4. In Vitro Biocompatibility Studies. 3.4.1. Blood
Compatibility (Hemolysis Assay) Studies. Outlining the
mechanism of liposomal interaction with red blood cells
(RBCs) is an important step toward establishing the
plausibility of using liposomes as delivery tools for biomedical
applications. Formulations are expected to be inert and
biocompatible with cells, blood, and blood components. In
the present investigation, RL5 formulation (equivalent to 20
mg/mL RS) and free RS (20 mg/mL) were evaluated for
hemolysis as compared to positive control (1% w/v Triton in
PBS) and negative control (0.1% v/v DMSO in PBS), as
depicted in Figure S2. Percent hemolysis values below 10%
were considered to be nonhemolytic.62 It was observed that
formulated cationic RL5 caused 1.88% hemolysis, which is
under the permissible limit (less than 10% lysis). Hemolysis
assay suggests that the concentration of SA used in the

an uniform size distribution (Figure 3D) of vesicles. The
reason for the formation of spherical morphology could be due
to the hydrophobic nature of the lipids, which, when exposed
to an aqueous environment, led to the spontaneous formation
of closed bilayers, exposing the polar hydrophilic layer to the
outer surface of liposomes. The shape and surface morphology
of the liposomes was found to be smooth with no vesicular
aggregation, which indicates the stability of the prepared
liposomes.
DSC thermograms of RS, SL, SA, Chol, mannitol, and
freeze-dried RL5 are shown in Figure 3E. The DSC
thermogram of RS exhibited a sharp endotherm at 256.45
°C, which indicates the crystalline state of RS and conﬁrms its
melting point. The melting peak almost disappeared in the
thermogram of RL5, suggesting that RS was entrapped in
liposomes and the formulation changed from the crystalline
state to the amorphous state. The DSC of pure SL exhibited
endothermic peaks at 20.5 °C, indicating the transition
temperature (Tm), which served as the basis for optimizing
the temperature required for the ﬁlm formulation of lipids.
Further, SA and Chol thermograms showed strong endotherms
at 52 and 149 °C, corresponding to their melting points,
respectively, conﬁrming their purity. These peaks were
however not observed in the thermograms of RL5, which
signiﬁes the interaction between RS and other lipid
components of the bilayer. RL5, however, shows a clear peak
of mannitol at 166.0 °C, which was used as a cryoprotectant
for lyophilization.
FT-IR spectroscopic studies were performed to analyze the
drug and polymer/excipients interaction. The FT-IR spectra of
lyophilized RL showed characteristics peak of mannitol but did
not show any characteristics peaks of RS, which indicates the
complete entrapment of RS inside the liposomes (Figure 4).
The clear peak of amine groups at 1450 cm−1 in the FT-IR
spectra of lyophilized RL5 could be attributed to the coating of
SA onto the liposomes.
3.2. In Vitro Release Study of RL5. In vitro drug release
proﬁles of RS from RL5 at pH 5.5 and 7.4 were obtained by
plotting the graph of cumulative percentage of the drug
released over time (Figure 3F). During the release study, 0.1%
(v/v) of PEG was added in release medium PBS (pH 5.5 and
7.4) to solubilize the released RS. Initially, a burst release
phase, releasing approximately 30% of resveratrol in both pH
medium was observed in the ﬁrst 2 h, followed by sustained
and complete drug release in 48 h. No signiﬁcant diﬀerence
was found for the release of RS from RLs over the entire study
period. A comparative faster release of RS at pH 5.5 (tumor
microenvironment) could be due to use of heterogeneous
lipids (SL and SA) used in the formulation of liposomes. SL
(Lipoid S 100: lipid mixture)58 and SA have an 18 carbon
chain as their backbone. Liposomes prepared with heterogeneous lipids when exposed to a decreased pH lead to an
increase in the membrane permeability and ultimately released
the payloads. Our results are in corroboration with the studies
performed by Karve et al., wherein they assessed the release
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Figure 5. (I)(A) Cytocompatibility of RS and RL5 determined by evaluating the cytotoxicity against normal mouse ﬁbroblast cell lines (L929)
using colorimetric MTT assay. RS and RL5 were found to be biocompatible at the concentration range 7.812−250 μg/mL. (B and C) Graph
showing cytotoxicity studies of BL, RS, and RL5 on HepG2 cell lines over a period of 24 and 48 h, and cell viability was estimated by MTT assay at
diﬀerent drug concentrations. BL were found to be biocompatible and showed no signiﬁcant cytotoxicity against HepG2, whereas RS and RL5
showed dose- and time-dependent changes in which RL5 demonstrated a signiﬁcantly higher cytotoxicity against HepG2 compared to that of RS.
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Figure 5. continued
The half-maximal inhibitory concentration (IC50) values of RS after 24 and 48 h of incubation were 84.49 and 68.23 μg/mL and for RL5 were
63.65 and 42.26 μg/mL, respectively. (D) Bar graph showing quantitative cell internalization of RS and RL5 in HepG2 cancer cells, which were
evaluated at 3 and 5 h time points by HPLC. The time-dependent cellular uptake showed augmented cellular internalization of RL5 as compared to
RS throughout the incubation time (p < 0.05). Results demonstrated 54.16 ± 9.61 and 74.98 ± 6.33% cellular internalization after 5 h of incubation
with RS and RL5, respectively. (II) Qualitative cell uptake study of C6 and CL showing time-dependent cellular uptake, wherein a higher uptake of
CL by HepG2 was observed as compared to that free C6 at 3 (A−D and I−L) and 5 h (E−H and M−P). Scale bar is 50 μm.

± 6.33% cellular internalization of RS and RL5, respectively
(Figure 5ID). By intending to evaluate the cellular internalization of developed liposomes, we developed CL and
evaluated it using CSLM. C6 is a derivative of coumarin and
is obtained from the plant origin. Owing to its ﬂuorescent and
lipophilic nature, it is used as a model ﬂuorescent agent to
qualitatively check the internalization of developed liposomes
via ﬂuorescence in both in vitro or in vivo experimental
systems.68 In our research investigation, CLSM results conﬁrm
that the HepG2 cells demonstrated a higher uptake of CL as
compared to free C6, which was evident from confocal images
of cells after 3 and 5 h of incubation (Figure 5IIL,P). An
intense green ﬂuorescence of CL was observed around the
nucleus within the cytoplasm of HepG2 cells, whereas free C6
demonstrated a weak ﬂuorescence signal (Figure 5IIC,G).
Upon incubation of CL with HepG2 cells, the increased
ﬂuorescence intensity in the HepG2 cell membrane could be
due to the accumulation of CL into the lysosomal compartment along with diﬀusion into the cytoplasm. Similar results
were demonstrated by Parvathaneni et al., in which free C6
showed a reduced cell internalization than its corresponding
CL.69 This diﬀerence could be attributed to the relatively
enhanced lipophilic nature of CL than C6. Out of the several
reasons, lipophilic nature, solubility of test compound, and the
time of incubation with cells are the key factors determining
the uptake of the compound by cells. The literature suggests
that C6, when suspended in aqueous media, is known to have a
lesser uptake when compared with that of C6 solubilized in
DMSO. This means that solubility of the compound is directly
proportional to the cell uptake.70,71
Cationic nanoparticles with a net positive surface charge
emerge as a promising option owing to their very strong
cellular interaction and desirable cellular uptake.30 As
explained above, apart from PS on the surface of cancerous
cells, it also contains strong negatively charged elements such
as chorionic gonadotropin, sialic acid, and anionic residues of
RNA as compared to normal cell surfaces.72,73 On the basis of
this fundamental electrostatic interaction, cationic liposomes
have a high tendency to accumulate in cancer cells through
endocytosis.72
3.7. In Vivo Toxicity Studies. The toxicity proﬁling of RS
and RL5 were carried out using diﬀerent toxicity markers.
BUN, and plasma creatinine levels were determined for
evaluating nephrotoxicity, while plasma ALT and AST levels
were determined for evaluating the hepatotoxicity. Untreated
animals served as the control for the comparison. As shown in
Figure S3I, animals treated with RS and RL5 did not induce
toxicity in the liver, spleen, and kidneys. The biochemical
evaluation was further corroborated with histopathological
examinations, suggesting a nontoxic behavior of free RS and
RL5. Histological sections of liver, kidney, and spleen (Figure
S3II) demonstrated normal parenchymal cell physiology,
indicating no signs of inﬂammation and necrosis.

formulation of RL5 is blood biocompatible and can be used for
in vivo administration.
3.4.2. Cytocompatibility Assay. Cytocompatibility is the
key parameter to be assessed for any bionanomaterial proposed
for in vivo drug delivery system. In the present investigation,
the cytocompatibility of RS and RL5 was evaluated against
primary mouse ﬁbroblast culture (L929) using colorimetric
MTT assay. Cytotoxicity of samples was compared with
control (untreated) cells that were considered as 100% viable
(Figure 5IA). Fibroblast cells were treated with RS and RL5 at
varying concentrations of 250, 125, 62.5, 31.25, 15.62, and
7.812 μg/mL and were evaluated for cell viability after 24 h.
Both RS and RLs showed no signiﬁcant diﬀerence in cell
viability, which conﬁrms its cytocompatibility.
3.5. Cytotoxicity Assay. Cytotoxicity studies of blank
liposomes, free RS, and RL5 were tested on a HepG2 cell line
over a period of 24 and 48 h using MTT viability assay at
diﬀerent drug concentrations (Figure 5IB,C). The halfmaximal inhibitory concentration (IC50) was calculated by
using Graph Pad Prism version 7.0, which signiﬁes a
quantitative measure of the concentration of a drug required
to inhibit a given biological process by half. Blank liposomes
were found to be biocompatible and showed no signiﬁcant
cytotoxicity against HepG2 when compared to control. RS and
RL5 showed dose- and time-dependent changes in which RL5
demonstrated a signiﬁcantly higher cytotoxicity against HepG2
when compared to RS. The IC50 of RS and RL after 24 h of
exposure were found to be 84.49 and 63.65 μg/mL,
respectively. After 48 h of incubation, the IC50 values of RS
and RL were 68.23 and 42.26 μg/mL, respectively. Our results
are in corroboration with the studies performed by Su et al.,
which showed that the IC50 values of free RS were around
68.4 and 34.2 μg/mL after 48 and 72 h, respectively.63 The
reason for improved activity and lower IC50 of RL5 in
comparison to those of RS could be because of the enhanced
uptake of liposomes and improved solubility of RS in
nanoliposomes formulation.64 Further, the negative charge
on hepatocytes is more likely to attract positively charged
liposomes, which increases the cell uptake of nanovesicles.65,66
Similar outcomes were reported by De et al., wherein they
developed SA based camptothecin loaded cationic liposomes.
They reported that camptothecin loaded cationic liposomes
demonstrated a manifold enhancement in the anti-cancer
therapeutic eﬃcacy both in vivo and in vitro in comparison with
free camptothecin. This enhanced anti-cancer eﬀect of
liposomes was due to the attraction between the SA containing
cationic liposomes toward the exposed PS group present on
liver cancer cells.67
3.6. Qualitative and Quantitative Cell Uptake Assay.
Cellular uptake eﬃciency was evaluated quantitatively by
HPLC and qualitatively by CLSM. The cellular uptake showed
an enhanced cellular internalization of RL5 as compared to
that of RS throughout the incubation time (P < 0.01). HPLC
analysis of cell extract after 5 h showed 54.16 ± 9.61 and 74.98
4978

https://dx.doi.org/10.1021/acsbiomaterials.0c00429
ACS Biomater. Sci. Eng. 2020, 6, 4969−4984

ACS Biomaterials Science & Engineering

pubs.acs.org/journal/abseba

Article

Table 5. Pharmacokinetic Parameters of RS and RL5 in Rat Plasma and Organs Following ip Administration
parameters
blood
liver
spleen
lung
heart
kidney

RL5
RS
RL5
RS
RL5
RS
RL5
RS
RL5
RS
RL5
RS

Cmax

AUCtotal (μg/mL·min)

T1/2 (min)

MRT (min)

2.15
1.74
3.51
1.50
2.83
2.50
0.49
1.10
0.39
0.22
2.34
2.82

225.98
125.06
223.54
69.85
74.32
113.15
10.56
19.66
19.01
23.40
63.53
132.25

56.24
48.86
35.75
37.36
18.92
18.65

95.70
83.58
72.16
58.29
40.99
38.66

33.09
65.40
29.30
26.25

56.00
102.00
39.70
45.07

3.8. In Vivo Pharmacokinetic and Tissue Distribution.
Liposome drug delivery systems (DDS) are excellent
candidates to circumvent the limitations of free RS. An
assessment of pharmacokinetic proﬁle of RL5 in comparison
with that of free RS was performed by using standard
protocols. Results of the pharmacokinetic evaluation of RL5
after intraperitoneal injection in Wistar rats are shown in Table
5. The higher concentration of RS from RL5 in the plasma and
liver was achieved when compared to the animal group, which
received free RS. The increase in the plasma concentration of
RS in animals treated with RL5 could be due to opsonization
and macrophage uptake of liposomes.30 Furthermore, the
positive charge on liposome slows down the absorption rate
due to the electrostatic interaction between the positively
charged liposomes and the negatively charged peritoneal
mesothelium surface. The slow absorption is further prolonged
due to the low uptake of positive liposomes by peritoneal
macrophages.74 Vesicle size is known as one of the critical
parameters that impact the absorption, retention, and
lymphatic uptake of liposomes following intraperitoneal
injection.75 Hirano and Hunt et al. explained that the stability
of liposomes is important for the delivery of intact liposomes
after intraperitoneal injection. Poor stability of large liposomes
leads to fusion of liposomes and subsequent undesirable
leakage of payload in the peritoneal cavity.76 Lee et al. and
Dadashzadeh et al. also suggested that there is a possibility of
aggregation of cationic liposomes after intraperitoneal injection
due to an increase in vesicle size. Hence, size is considered as
an important factor for the eﬃcient delivery of liposomes
through intraperitoneal injection.75,77 In terms of distribution,
cationic liposomes were concentrated maximum in the liver,
followed by the spleen (Cmax 2.83 μg/mL, half-life of 30 min)
as compared to other organs. This diﬀerence in the distribution
could be attributed to the EPR eﬀect and/or electrostatic
interaction, as explained in Figure 1.65,67 Electrostatic
interaction between the positively charged liposomes and
negatively charged hepatocellular cancer cells makes the drug
delivery system a potential way of targeting anti-cancer drugs
to liver cancer. In a healthy condition, the liver comprises PS,
which is positioned internally (unexposed) in healthy liver
tissue and is mediated by a membrane protein or ATPdependent transporter, amino phospholipid translocase.78,79
This symmetry of PS phospholipid is lost in cancer tissues
because of decreased functional activity of enzyme-translocase
and/or oxidative stress in the tumor microenvironment or
activation of the scramblase enzyme. The loss of symmetry
thus exposes the PS on the surface of cancer tissue, which is a

salient feature of cancerous cells speciﬁcally endothelial cells
(ECs).31,80 The exposure of PS on the surface of cells, known
as the death knell, generates a negative charge on liver cancer
tissue.67,81 Pharmacokinetic evaluation, therefore, serves as
clear indicative of this mechanism, explaining the use of
cationic liposomes as a potential targeting approach to the
hepatocellular carcinoma.82−84
3.9. Anti-Cancer Eﬃciency of RS and RL5 in the
Experimentally Induced Animal Model. Prophylactic and
therapeutic anti-cancer properties of RL5 were assessed in
NDEA induced HCC rats. The morphologies of liver,
histopathology, relative body/liver weight ratio, tumor nodules,
and liver enzyme levels (alanine transaminase (ALT), alkaline
phosphatase (ALP), aspartate transaminase (AST), total
bilirubin levels, γ-glutamyl transpeptidase (GGT) and αfetoprotein (AFP)) were assessed in all groups to compare the
eﬃciency of RL5 with free RS. At the end of ninth week of the
experiment, two rats from the disease control group were
dissected and liver samples were examined through histopathology to conﬁrm successful induction of cancer in the liver.
The morphology of liver specimens was analyzed after 12
weeks of the experimental period for all the groups (Figure 6
IA−F). The administration of RS and RL5 to HCC-bearing
rats (Groups III−VI) showed very few hepatic nodules (Figure
6IIIB), as compared to the disease control group. The
preventive and therapeutic RL5 treated rats (Groups IV and
VI) showed a marked suppression in tumor development with
signiﬁcant changes in liver morphology, as compared to the
disease control group.
Histological examination revealed that administration of
NDEA induced granular cytoplasm with a condensed nucleus
with the presence of Councilman bodies, mononuclear
inﬂammatory cells, Kupﬀer cell hyperplasia, and neoplastic
lesion (Figure 6 IIB−E). In both prophylactic and therapeutic
treatment groups, the administration of RS and RL5 showed
that RL5 was better than free RS in the prevention of damage
and reduced the number of neoplastic lesions (Figure 6IIF−I).
RS is known to prevent the progression of cancer by targeting
multiple cellular targets aﬀecting the cellular proliferation and
growth: apoptosis, inﬂammation, invasion, angiogenesis, and
metastasis. Bishayee et al. demonstrated that RS inhibits
hepatic carcinogen-activating enzymes such as cytochrome
P450 1A1(CYP1A1) and CYP3A/2 in vitro and in vivo.85
Similar observations were reported by Dhir et al. and
Rajasekaran et al. which showed that RS signiﬁcantly decrease
the number of nodules and progression of cancer in NDEA
induced HCC in rodents.86,87 NDEA administration to rats
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Figure 6. (I) Representative images of rat’s livers: (A) normal group liver tissue appears normal with no macroscopically detectable pathological
changes. (B) Disease control group liver tissues demonstrated signiﬁcant changes in terms of color, consistency, and the surface texture. Tissue
appeared pale pink in color with increased size and corrugated surface with multiple macroscopic nodules (yellow arrows). (C) Prophylactic RS
treated group demonstrated very few nodules (yellow arrows) and lesions. (D) Prophylactic RL5 treated group in rats showed marked reduction in
the number of nodules and damaged caused by NDEA. (E and F) Therapeutic RS and RL5 treated groups in rats showed reduction in the number
of nodules. (II) Histopathological images of rat’s livers: (A) Normal group showed normal hepatic lobule between the central vein and normal
peripheral interlobular septum with the portal area comprising a portal vein, hepatic arteries bile ducts, and lymphatic vessels. (B−E) Disease
control group showed injuries mainly as enlarged hepatocytes with granular cytoplasm with condensed nucleus (ballooning degeneration) with the
presence of Councilman body (red arrows) and inﬁltration by mononuclear inﬂammatory cells (black arrows), kupﬀer cell hyperplasia (blue
arrows), and neoplastic lesion, which is multicentric in origin (green arrows), was seen. (F) Prophylactic RS treated group showed neoplastic
lesions with inﬂammatory cells, revealing the moderate improvement over the NDEA treated animals. (G) Prophylactic RL5 treated group showed
hepatocyte maintaining normal architecture. (H) Therapeutic RS treated group showed neoplastic lesions. (I) Therapeutic RL5 treated group
showed inﬂammatory cells in portal tract with moderate improvement over those of the disease control group. (III) (A) Liver/body weight ratio
signiﬁcant reduction in the liver/body weight ratio after administration of RS and RL5 as compared to disease control group. (B) Number of
nodules on liver in each group; prophylactic and therapeutic RLs treated groups showed a signiﬁcantly (P < 0.001) less number of nodules. (C−H)
Enzyme estimations: the activities of serum alanine transaminase (ALT), alkaline phosphatase (ALP), aspartate transaminase (AST), total bilirubin
levels, γ-glutamyl transpeptidase (GGT), and α-fetoprotein (AFP) were measured to assess the degree of hepatic cell damage. The data were shown
as mean ± SD of six animals and statistically analyzed by one way ANOVA. Statistical signiﬁcance was considered at #P < 0.001 when compared
with the normal group; ***P < 0.001, **P < 0.01, *P < 0.05, and ns: no signiﬁcance when compared with the disease control group.

liver damage is shown in Figure 6IIIH. Comparative AFP levels
estimation of HCC induced rats treated with RS and RL5
clearly shows that RL5 treated rats had lower AFP levels than
rats treated with free RS. Preventive and therapeutic treatment
with RS and RL5 showed a signiﬁcant decrease (P < 0.001) in
AFP levels compared to those of disease control rats.
Overall, the cell uptake studies described above clearly
support the idea that cationic liposomes have an inherent
inclination toward PS groups present on the cancer cells, which
was evident by higher internalization of RL5 than RS. These
outcomes represent a novel strategy to target cancerous cells
and can be used as an eﬀective platform for the delivery of
drugs and biological molecules for the treatment of HCC. The
outcomes corroborate with the in vivo results discussed above,

lead to a marked elevation in levels of serum AST, ALT, ALP
total bilirubin, and GGT levels, as shown in Figure 6IIIC−G,
which is an indication of hepatocellular damage. Metabolism of
NDEA in the liver causes damage to liver cells due to
generation of reactive oxygen species (ROS). This process
triggers uncontrolled proliferation of hepatocyte, ultimately
leading to the generation of HCC.88,89 RL5 treatment to HCCbearing rats showed a signiﬁcant decrease in the activities of
AST, ALT, ALP, and GGT as compared to the disease control
group.
Serum α fetoprotein (AFP) is considered as one of the key
marker enzymes that is reported to increase in several diseases/
disorders including hepatocellular carcinoma.88 The eﬀect of
RS and RL5 on α-fetoprotein protein levels in NDEA induced
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which not only shows improvement in the therapeutic
eﬃciency of the optimized RL5 compared to free RS but
also conﬁrms the biocompatible nature of the liposomes.
Looking forward, it would be worth performing an experiment
in combination with sorafenib (USFDA approved drug) to
evaluate the eﬀect of combination therapy.
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4. CONCLUSION
In spite of its well-known application in cancer therapeutics,
the use of RS is limited due to its physiological properties such
as poor bioavailability and low half-life. Liposomes are one of
the potential formulation systems approved by the FDA for
application in cancer therapeutics. In the present investigation,
we attempted to improve the bioavailability and the kinetic
proﬁle of RS by using cationic liposomes as a carrier for HCC.
Optimized RL5 with a SL/Chol ratio of 7:2 and SA (5 mg)
demonstrated desirable VS (145.78 ± 9.9 nm), ZP (38.03 ±
9.12 mV), and EE (78.14 ± 8.04%) values. The in vitro
biocompatible nature of RLs was conﬁrmed by the absence of
cytotoxicity against ﬁbroblast (L929) cell lines and blood
erythrocytes. In vitro cell culture assay showed an enhanced
uptake of RL5 in HepG2 cells, resulting in enhanced tumor cell
killing ability when compared to free RS. This could be due to
the high aﬃnity of positively charged liposomes toward the
negative charge of phosphatidylserine exposed on cancer cells.
In vivo pharmacokinetic and pharmacodynamic studies
revealed selective accumulation of RLs in liver cancer tissue,
which demonstrated both chemopreventive and therapeutic
eﬀects on NDEA initiated HCC. Taken together, RS loaded
cationic liposomes delivery system has a promising potential
for the treatment of HCC and may provide a platform to
enhance the delivery of small molecule anti-cancer drugs.
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a b s t r a c t
Tuberculosis (TB) and Cancer remains a global public health problem in recent years. There is an urgent
need for the screening of new bioactive molecules with new targets and with a different mechanism of
action. Among heterocyclic compounds, compounds with Quinoline core gained much importance in
medicinal chemistry. Quinoline hydrazone scaffold plays an important role in anti-tuberculosis and anticancer drug development as their derivatives have shown outstanding results. This broad spectrum of
biological and biochemical activities has been further assisted by the synthetic flexibility of quinoline,
which permits the invention of a large number of structurally varied hydrazone derivatives and their
metal complexes. In order to pave the way for future advanced research, there is a need to collect and
analyze the latest information available so far in this promising area. In this review, we have compiled
and discussed the published reports specifically on anti-tuberculosis and anticancer potential of quinoline hydrazone derivatives. It is hoped that this review will be helpful for researchers in developing a
new view in the search for rational designs of more active and less toxic quinoline-based anti-TB and
anticancer drugs.
Ó 2017 Beni-Suef University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Tuberculosis (TB) is a sort of lung infection, which is mainly
caused by Mycobacterium tuberculosis (MTB). Some other species of
bacteria causing tuberculosis include M. africanum, M. pinnipedii,
M. bovis, M. canettii, M. microti and M. caprae (Brooks et al., 2009;
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Grange, 2009). Along with the HIV infection, TB is nowadays one of
the biggest risks to the human beings. It is believed to be one of
the most infectious and fatal diseases and is a major threat to public
health. There has been a continuous rise in new TB cases mostly in
developing countries (Dye et al., 1999). The TB situation may become
even worse with the appearance of multi-drug resistant (MDR-TB)
and the extensively drug resistant (XDR-TB) strains. In 1882, Robert
Koch achieved the isolation of the bacteria responsible for TB and
received Noble Prize for this finding (Nobel Foundation, 1905).
According to the WHO (World Health Organization) more than

http://dx.doi.org/10.1016/j.bjbas.2017.07.005
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75% of tuberculosis patients belong to economically productive age,
which brings about a tremendously affecting economic and social
crisis (Okada and Kobayashi, 2007; Global tuberculosis report,
2012). Though the six to nine month multidrug protocol employed
currently in the treatment of TB is extremely effective with drugsusceptible TB, the non-compliance of economically poor patients
promote the growth of drug resistance (Ginsberg and Spigelman,
2007). Even though the existing method of treatment is highly effective against tuberculosis, the side effects, the long duration of treatment and the potential for drug-drug interactions are issues that
highlight the requirement of new anti-TB drugs (Dye and
Williams, 2010; Burman, 2010). Besides, MTB is resistant to some
of the first and second line drugs (LoBue, 2009). Hence, some efficient new drugs and advanced strategies are necessary to treat
tuberculosis (Zhang et al., 2006; Brown and Wright, 2005).
Quinoline hydrazones bear polar and nonpolar properties
together, this makes them suitable for permeation to the bacterial
cell. This finding indicates that these type of compounds enhanced
the amphiphilic properties and solubility and hence, the penetration of hydrazones into the cell wall of the M. tuberculosis, which
translated into better activity. According to one more probable
mechanism, quinolone hydrazones might be interacting with the
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DNA gyrase enzyme, which is necessary for DNA multiplication
step. The DNA gyrase is inhibited by metal complexes, which alters
the multiplication of bacterial cells, eventually resulting in death of
the bacteria.
The cancer includes series of malignant diseases that may affect
different parts of the body. These malignant diseases are distinguished by a fast and uncontrolled formation of abnormal cells,
which may accumulate together to form a tumor or propagate
throughout the body, beginning abnormal growth at other sites.
If this process is not controlled, it may lead to the death of the
patient. Anticancer agents can be classified with respect to their
mechanism of action, such as DNA-interactive agents, hormones,
antitubulin agents, monoclonal antibodies, antimetabolites, molecular targeting agents and other biological agents (Thurston, 2007).
In recent years, many attempts have been made to the synthesis of
potent anticancer drugs. However, a large number of chemical
alternatives of known class of cancer chemotherapeutic agents
has been synthesized but has not been successful due to more side
effects. anti-cancer drugs kill cancer cells by stopping its growth or
its multiplication at some point in their life cycles. Radiation therapy is also employed in the treatment of cancer. The ionizing radiations in radiation therapy are used to destroy cancerous cells or

Fig. 1. Clinically used drugs containing quinoline motif.
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the genetic material which restrict the growth of these cells. A successful anticancer drug is expected to kill or inhibit the growth of
cancer cells without affecting the normal cells. Since such an ideal
condition is difficult to attain, synthesis or modifications of known
drugs is continued and it is an important aspect of ongoing
research. Now a days there is a sustained need for new prototype,
new templates to develop and design novel structures as potential
chemotherapeutic agents for the treatment of cancer.
It is well known that heterocyclic compounds play an important
role in developing a new class of structural entities for pharmaceutical applications. Among the heterocyclic compounds quinoline
and its derivatives are pharmacologically important because of
their wide spectrum of biological activities (Prescott et al., 2007).
Recently, quinoline derivatives have attracted an enormous attention from chemists as well as biologists as it is an important key
building component for many naturally occurring bioactive compounds; especially quinoline alkaloids which are found in many
different plants including Rutaceae, Fumariaceae, Berberidaceae
and Papavaraceae (Srivastava et al., 2005; Canel et al., 2000; Du,
2003; Byler et al., 2009). The quinoline derivatives belong to a significant class of bioactive molecules in the field of drugs and pharmaceuticals. They display significant activity against numerous
viruses and bacterias including antimalarial (LaMontagne et al.,
1982; Nasveld and Kitchener, 2005), antibiotic (Mahamoud et al.,
2006; Eswaran et al., 2009; Mandewale et al., 2011), anticancer
(Denny et al., 2006), anti-inflammatory (Leatham et al., 1983), antihypertensive (Muruganantham et al., 2004), tyrokinase PDGF-RTK
inhibition (Maguire et al., 1994) and anti-HIV (Wilson et al., 1992;
Strekowski et al., 1991) properties. One of the quinoline derivatives, Quinine (1) (Fig. 1), shows antimalarial, antipyretic, antiinflammatory and analgesic properties. Another important quinoline derivative Chloroquine (2) (Fig. 1) demonstrates antimalarial
activity. Amodiaquine (3) (Fig. 1) is also a quinoline derivative used
as anti-inflammatory and antimalarial agent. The Saquinavir (5)
(Fig. 1) (anti-retroviral drug) and Camptothecin (4) (Fig. 1) (DNA

enzyme topoisomerase I), are used in the pharmacological field.
This broad spectrum of biological activities has been further facilitated by the synthetic flexibility of quinoline, which permits synthesis of a large number of structurally assorted derivatives. The
quinoline ring has been believed as a pharmacophore for the
design of new anti-TB agents. The Ciprofloxacin (6) (Fig. 1) and
Moxifloxacin (7) (Fig. 2) are promising agents for the treatment
of TB having quinoline moiety (Ginsburg et al., 2003). Quinolinebased compound Mefloquine (10) (Fig. 1) is known for potent
anti-tubercular activity (Jayaprakash et al., 2006; Bermudez et al.,
1999, 2003, 2004) and its analogs (8, 9) (Fig. 1) have exhibited
moderate to submicromolar anti-TB activity (Mao et al., 2007;
Andries et al., 2005). Tibotec Medicinal Compound TMC207 (11)
(Fig. 1) has emerged as a lead molecule in the development of
new anti-TB agent and currently this compound is approved by
US-FDA on 28th December 2012. It is also known as Bedaquiline.
It is first new drug for TB in more than forty years. It is on World
health organization’s list of essential medicins. The mechanistic
study revealed that oligomeric (F-ATPase) and proteolipid (VATPase) subunit of ATP synthase of MTB is the target of this compound. TMC207 is effective for resistant and non-resistant strains
of MTB at MIC 0.03 mg/mL. The results of its clinical trials show
that TMC207 may shorten the treatment of TB and be effective in
its treatment (Koul et al., 2007; Rustomjee et al., 2008).
Topotecan (12) (Fig. 1) is a chemotherapeutic agent that acts as a
topoisomerase inhibitor. Topotecan has the same mechanism of
action as irinotecan and is supposed to affect during the S phase
of DNA synthesis. It is also used to treat a small cell lung cancer.
Topotecan is also employed in the treatment of cancer of the cervix,
which cannot be treated with surgery or radiation therapy. Irinotecan (13) (Fig. 1) is an antineoplastic enzyme inhibitor mainly used
in the treatment of colorectal cancer because it is believed that it
inhibits topoisomerase-I. It is used for the treatment of metastatic
colorectal cancer as well as extensive small cell lung cancer. Irinotecan is currently under clinical trials for the treatment of metastatic

Fig. 2. Structural requirement around quinoline nucleus for an anti-TB and anticancer activity.
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or recurrent cervical cancer. Therefore, the syntheses of quinoline
and its derivatives have received an increasing consideration by
synthetic organic chemists and biologists.
In this review, we have tried to highlight the most significant
examples of quinoline hydrazone derivatives which exhibit antituberculosis and anticancer activity. It also draws attention to different approaches that will help the researchers in designing and
synthesis of future generation prospective compounds for antituberculosis and anticancer activity.
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2. Quinoline: structural requirements for antituberculosis and
anticancer activity
From the recent literature reports, it is observed that the quinoline ring substituted at all positions with different substituents has
produced effective anti-TB and anticancer activity. However, the
unsubstituted R4-position of the quinoline enhances the anti-TB
activities. The nitrogen of quinoline ring may be unsubstituted or
substituents may differ from alkyl and aryl groups. Similarly, the

Fig. 3. Quinoline hydrazones as anti-tuberculosis agents.
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R1-position may be substituted with alkyl or bulky aromatic
groups and demonstrates a good anti-TB activity. The substituents
at R2 or R3-position of the Quinoline ranging from functional
groups like halogens, alkene linker, hydrazones, and amide derivatives to heteroaryl groups are favorable for the activity. The R5 or
R6-position of the quinoline may be unsubstituted or substituents
may vary from functional groups like halogens, nitro, amino, 5nitrofuran, dialkylamino, 4-fluorophenoxy, dimethylamino groups
and quinoline with at-CF3 at R7 position, shows good anti-TB activity (Fig. 2).
The unsubstituted R4 and R5-position of the quinoline enhance
the better anticancer activity. Similarly, the R1-position may be
unsubstituted or substituted with heterocyclic aromatic groups
and demonstrates a good activity. The R2 or R3-position of the
quinoline may be unsubstituted or substituted with secondary
amino, alkyl or hydrazone group. The R6 or R7-position of the
quinoline may be unsubstituted or substituted with halogen like
Br and quinoline ring unsubstituted at R7 position facilitates good
anticancer activity (Fig. 2).

3. Biologically active scaffolds in relevance to quinoline
hydrazones as anti-TB agents
Several authors have reviewed a broad spectrum of pharmacological activities demonstrated by quinoline and its derivatives
(Marella et al., 2013; Keri and Patil, 2014; Afzal et al., 2015). A series of biologically important quinolinyl hydrazone derivatives were
synthesized by Andre et al. (Candea et al., 2009) and evaluated for
their in vitro anti-tuberculosis activity. The test compounds (14–
17) (Fig. 3) were non-cytotoxic and displayed a significant Minimum Inhibitory Concentration (MIC) activity (2.50 lg/mL), which
was compared with Ethambutol and Rifampicin with MIC
3.12 lg/mL and 2.00 lg/mL respectively.

New series of fluorine-containing quinoline hydrazone derivatives were prepared. The newly synthesized compounds (18–23)
(Fig. 3) were screened for their in vitro antituberculosis activity.
Preliminary results indicated that the quinoline hydrazone derivatives demonstrated very good antituberculosis activities with MIC
6.25 lM against Mycobacterium tuberculosis H37Rv and MDR-TB
(Eswaran et al., 2010a,b).
The quinoline hydrazone derivatives (24–30) (Fig. 3) were synthesized and screened for their in vitro anti-TB activity against various strains of Mycobacterium. The occurrence of quinoline
hydrazones moiety has tremendously enhanced the TB activity.
The test compounds showed better anti-tuberculosis potency than
rifampin and isoniazid (Eswaran et al., 2010a,b). Compounds (31–
33) (Fig. 4) showed significant activity against the MDR-TB strain
at 6.25 lg/mL. The activities of these compounds could be attributed to the quinoline hydrazone motif (Thomas et al., 2011). New
fluorine substituted hydrazones (34–37) (Fig. 4) were prepared
and assessed for their anti-tuberculosis potency (Vavríkova et al.,
2011). In addition to this, we have synthesized a new series of fluorine bearing quinoline hydrazone derivatives and their Zn (II)
complexes. All the compounds were tested for anti-tubercular
activities against M. tuberculosis H37 RV strain. The copper complexes of compounds (38, 39) (Fig. 4) displayed 100% inhibitory
activity at a concentration of 6.25 lg/mL, against Mycobacterium
tuberculosis. Similarly zinc complex of compound (40) (Fig. 4)
shows MIC at 12.5 lg/mL (Mandewale et al., 2015a,b,c, 2016a,b).
4. Anticancer potential of bioactive quinoline hydrazones
Several new Platinum (II) complexes of the novel quinoline
hydrazone obtained from quinoline-4-carboxaldehyde (41)
(Fig. 5) as carrier ligands, have been prepared and characterized
(Chackal et al., 2004). These synthesized platinum complexes were
assessed for their cytotoxicity on Human promyelocytic Leukemia

Fig. 4. Anti-tuberculosis agents containing quinoline hydrazones motif.
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Fig. 5. Anti-cancer agents containing quinoline hydrazone moiety.

cells (HL-60). Preliminary results indicated that these complexes
are comparatively more cytotoxic and performed like Cisplatin.
Liu et al. (Liu et al., 2009) synthesized and spectroscopically characterized the novel quinoline hydrazones (42, 43) (Fig. 5) and their Cu
(II) complexes. The advanced techniques like Fluorescence spectroscopy, viscosity measurement and electronic absorption spectroscopy were employed to explore the interaction of the two Cu
(II) complexes with calf thymus DNA (CT-DNA). The experimental
observations indicated that the Cu (II) complexes could powerfully
bind to CT-DNA via an intercalation mechanism. Gligorijevic et al.
synthesized and characterized some new complexes of Pt (II) and
Pd (II) with 2-quinolinecarboxaldehyde selenosemicarbazone

(Gligorijevic et al., 2009). The cytotoxic activity of the new Zn (II),
Pt (II) and Pd (II) compounds was evaluated against human cancer
cell lines such as breast cancer cells (MDA-361), human melanoma
cells (FemX) and human cervix carcinoma cells (HeLa). Complexes
of ligand (44) (Fig. 5) possess a strong dose-dependent cytotoxic
activity is comparable with Cisplatin. Szumilak et al. (Szumilak
et al., 2010) depicted the preparation of new quinoline hydrazone
derivatives. Their antituberculosis activity was evaluated against
melanoma cell line A375. The quinoline diamides were more potent
than cinnoline ones. The DNA interactions of the new complexes
were examined by viscosity, emission and absorption studies. The
new complexes show very good antioxidant activity against DPPH
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radical. The cytotoxicity of the new Co (III) complexes was assessed.
The complex of compound (45) (Fig. 5) was identified as strong
cytotoxic agents against lung cancer cell line A549. Serda et al. prepared a series of novel quinoline hydrazones and screened as potent
anti-cancer agents (Serda et al., 2012). The quinoline derivatives
were screened for cancer and non-neoplastic cells, including the
normal human dermal fibroblast (NHDF), HCT116 colon cancer cell
lines and human SKNMC neuroepithelioma cells by standard methods to evaluate anti-proliferative activity. The antiproliferative
activity and iron chelation efficacy of several of these agents, in particular, compound (46) (Fig. 5) indicates that further investigation
of this class of compounds is definitely worthwhile. Ghorab et al.
reported the synthesis of some novel quinoline derivatives bearing
a quinoline hydrazone motif (Ghorab et al., 2009). These hydrazones act as CA inhibitors, which may play a role in their anticancer
activity. They evaluated some quinoline hydrazone derivatives for
their in vitro anti-cancer activity against MCF7 (breast cancer cell
line. Preliminary results show that compounds (47) (Fig. 5) having
tetrahydroquinoline moiety was more potent. Ghorab et al.
described the synthesis fluorine substituted quinoline hydrazone
derivatives (Ghorab et al., 2011). All the compounds were assessed
for their in vitro anticancer activity against (MCF7) human breast
cancer cell line. The compound (48) (Fig. 5) (IC50 67.3 mM) exhibited better potency than the reference drug Doxorubicin. Makawana et al. recently reported a compound (49) (Fig. 5), which
showed efficient EGFR inhibitor activity (Makawana et al., 2014).
Adsule et al. synthesized and characterized novel Cu (II) complexes
of quinoline hydroxime derivatives (Adsule et al., 2006). All the
complexes were screened for anticancer activity against various
prostate cancer cell lines such as PC-3 and LNCaP. The quinoline
thiosemicarbazone (50) (Fig. 5) was the most active against cancer
cell line PC-3 and LNCaP cells, which was compared to clioquinol
and pyrrolidine dithiocarbamate (IC50 of 10 and 20 mM). Chen
et al. synthesized novel quinoline hydrazone derivatives and
screened against the cancer cell lines (NCI 60) (Chen et al., 2005).
The compound (51) (Fig. 5) showed potent inhibitory activities on
cell lines UO-31, UACC-257, and UACC-62. The similar cytotoxicity
activity was observed for compound (52) (Fig. 5). Chen et al.
reported the synthesis of new quinoline hydrazone derivatives
and screened against cell line SF-268, NCI-H460, and MCF7 (Chen
et al., 2006). The quinoline hydrazone derivative (53–56) (Fig. 5)
showed good anticancer activity. Creaven et al. prepared Cu (II)
complexes of quinoline hydrazone derivatives and assessed for
anticancer activity against Hep-G2 cell line (Creaven et al., 2010).
The cytotoxicity of Cu (II) complex of Schiff base ligand (57)
(Fig. 4) (IC50 17.90 ± 3.75 mM) was comparable to that of Cisplatin
(IC50 15.00 ± 2.65 mM). Montenegro et al. reported 7chloroqunoline hydrazone (58) (Fig. 5) exhibiting an outstanding
cytotoxic activity and was found to be potent against all cancer cell
lines particularly against MDAMB-435 (melanoma cells)
(Montenegro et al., 2012). Several quinoline hydrazone derivatives
with different side chains at the 8th position of the quinoline ring
were synthesized by Arafa et al. and screened for their anticancer
activity against the cell line HT29 and MDA-MB (Arafa et al.,
2013). The most active derivative in this study against both tested
cell lines was the quinoline hydrazone (59) (Fig. 5) with IC50 of
4.7 and 4.6 mM against HT29 and MDA-MB 231, respectively. The
new copper (II) complexes of quinoline hydrazone derivatives have
been synthesized (Raja et al., 2012). The DNA binding properties of
the free ligand and two Cu (II) complexes were studied. The Cu (II)
complex of compound (60) (Fig. 5) shows considerable cytotoxic
activity against cancer cell lines HeLa, HEp-2 and Hep G2. These
findings are important for exploring the DNA and protein interaction, cytotoxic and antioxidative potency of the metal complexes
containing quinoline hydrazone.

5. Conclusion
The present review is expected to highlight the potential of
quinoline hydrazone derivatives as a template for the development
of anti-TB and anticancer agents having a diverse mechanism of
action. However, the biological activity of this class of compounds
needs more investigation. Although the research on this subject is
incipient, a number of reports disclosing the effects of the quinoline hydrazones on the pathogens of clinical interest have recently
been increasing. It can be concluded that with proper designing
and SAR studies of known quinoline hydrazone derivatives,
prospective compounds can be designed for anti-tuberculosis and
anticancer activity.
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Summary
Background > The majority of the patients remain unaware of the disposal of unused and outdated

medicines.
Objective > This study was conducted to assess the disposal practice of unused and outdated
medicines among undergraduate paramedical students in Butwal (Nepal), and to assess the
impact of pharmacist's intervention.
Methodology > A multi-stage random sampling technique was done and an interventional study
was conducted in undergraduate paramedical students through a self-administered questionnaire
regarding knowledge and drug disposal practice. The pre- and post-test analyses were done using
the Statistical Package for Social Science (SPSS version 22), and the results were compared.
Results and discussion > A total of 150 valid and complete responses were received, in which
43.3% male and 56.7% female participated. Among the disposal practice of unused medicines,
33.3% gave to their friends or relatives, whereas about 28.0% percent of the respondents kept
unused till expiry, and for the disposal practice of expired medicines 32.7% disposed of the expired
medicines through flush whereas 32.0% threw away in household garbage. After the intervention,
46% returned unused medicine to medical stores, whereas about 20.0% of the respondents kept
unused medicines at home until it is expired. In total, 44.0% returned unused medicine to medical
stores. A total of 35.3% disposed of expired medicines through flush recklessly.
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Conclusion > Mc Nemar's test was implied for the comparison of pre- and post-intervention study,
which showed a 31% improvement in proper disposal practice of unused and expired medicines
after an intervention. Thus, the intervention resulted in positive change in the disposal practice of
unused and expired medicine among the respondents.

Mots clés
Pratique d'élimination
Médicament périmé
Éducation
Médicament non utilisé
Recyclage

Résumé
Pratique d'élimination des médicaments périmés et inutilisés chez les étudiants
paramédicaux de premier cycle – l'intervention d'un pharmacien
Contexte > La majorité des patients ne sont pas informés des modalités d'élimination des
médicaments inutilisés et/ou périmés.
Objectif > Cette étude a été menée pour évaluer la pratique d'élimination des médicaments non
utilisés et périmés parmi les étudiants paramédicaux de premier cycle à Butwal (Népal), et pour
évaluer l'impact de l'intervention éducative du pharmacien.
Méthodologie > Une technique d'échantillonnage aléatoire en plusieurs étapes a été réalisée et
une étude interventionnelle a été menée auprès d'étudiants paramédicaux de premier cycle au
moyen d'un questionnaire concernant les connaissances et les pratiques d'élimination des
médicaments. Les analyses pré- et post-interventionnelles ont été effectuées à l'aide du progiciel
statistique pour les sciences sociales (SPSS version 22) et les résultats ont été comparés.
Résultats et discussion > Au total, 150 réponses valides et complètes ont été reçues, auxquelles
43,3 % d'hommes et 56,7 % de femmes ont participé. Parmi les pratiques d'élimination des
médicaments inutilisés, 33,3 % des répondeurs donnent des médicaments à leurs amis ou à leurs
proches, tandis qu'environ 28,0 % pour cent des répondants les conservent jusqu'à leur expiration. Pour la pratique d'élimination des médicaments périmés, 32,7 % ont éliminé les médicaments périmés dans les toilettes alors que 32,0 % les ont jetés dans les ordures ménagères. Après
l'intervention, 46 % ont rendu les médicaments inutilisés dans les pharmacies, tandis qu'environ
20,0 % des répondants ont conservé les médicaments inutilisés à la maison jusqu'à leur
expiration. Au total, 44,0 % ont jeté les médicaments périmés dans une ﬁlière de recyclage,
tandis que 35,3 % ont éliminé les médicaments périmés dans les toilettes.
Conclusion > Le test de Mc Nemar était implicite pour la comparaison des études pré- et postintervention qui ont montré une amélioration de 31 % des bonnes pratiques d'élimination des
médicaments inutilisés et périmés après une intervention. Ainsi, l'intervention a entraîné un
changement positif dans la pratique d'élimination des médicaments inutilisés et périmés parmi
les répondants.

Introduction
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The increasing burden of chronic disease is a real health challenge for medical science. Environmental pollution is one of the
major causes of such health illnesses [1]. Pharmaceuticals are
emerging in logarithmic fashion to cater to the need for treating
ailments. The pharmaceuticals, meant for treating such disease
condition itself, are contributing to inducing several health
hazards [2]. Health is a dynamic state; people may suffer from
the disease at any age. Hence, medicines became an integral
part of quality life [3]. The majority of drug users are not aware
of the proper disposal of outdated and unused/leftover pharmaceuticals. In the current time, improper disposal of this
outdated and unused medication became a huge global concern. It is well accepted that medicines are inevitable tools to

improve the quality of life and adopt symptom-free conditions.
However, various chemical properties, structural complexity,
lack of degradability, and emission of several pollutant gases
in the environment are threats to the well-being of living beings
[4,5]. Medicines are consumed widely all across the globe with
the intention to prevent the disease, cure disease or to ease the
symptoms. But the leftover and expired medicines are rarely
disposed of safely. Not only in the common population but the
knowledge regarding the safe practice of unused drug disposal
was poor among students, employers and healthcare professionals [6,7]. Several studies conducted across the globe
reported that there are poor and unsatisfactory drug disposal
processes and Nepal is not an exception [8]. Hence, this study
aims to assess the disposal practice of unused and expired
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Methodology
Research design and area
This was a prospective observational study conducted for seven
months (June 2018–January 2019). This study was done in the
Butwal sub-metropolitan city of Rupandehi district in the south
of Nepal.
Sample size
The calculation of the number of students need for the survey is
calculated. This was around 150 students.
Sampling technique
A multistage random sampling technique was used in the study.
All the students of the selected colleges were eligible for the
survey according to inclusion criteria.
Study procedure
Ethical approval was obtained from the Institution review board
(Ref No: 43-075-076). The data was collected after taking
volunteer informed consent from the students as per the Helsinki declaration; they were directly interviewed using a validated and structured questionnaire. The information regarding
demographics and disposable practice were recorded using the
pre-designed questionnaire. The practices like flushing in the
sink or toilet, giving to friends and relatives, storing till expiry,
throwing in the garbage were noted as improper disposal
practices. The drug returning to the pharmacy and hospital were
considered as the proper disposal practices. Pharmacist intervention was conducted for a week. The intervention involved
counseling about drug procurement and disposal practice. The
importance of checking the drug expiry was also pointed out.
The leaflet was also distributed for knowledge and reference.
The core intervention was carried out by a short presentation
session as well as interaction with the students on their views
towards the drug disposal practice. The guidelines defined by
the WHO towards the drug disposal of unwanted/unused and
expired medicines were summarized highlighting on the
mechanical, physical and chemical drug disposal at home (small
scale disposal) and industry (large scale disposal). The feasible
way of drug disposal that is best suited was summarized. The
hazards of drug disposal haphazardly to the trash and the
reckless flushing to the sink and toilet at home were also
highlighted. The precautions regarding the irrational give away
of unused medicines to the friends and relatives were also
discussed and its consequences were explained thoroughly.
The major intention of the intervention was to minimize the
environmental and health-related hazards that are accompanied after improper disposal of unused and expired medicines at
home and neighborhood and generate awareness on the rational drug procurement, use and majorly the drug disposal knowledge and practice [9–11]. The post-intervention data were
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recorded. The filled questionnaires were checked at the field
level for identifying incomplete data and errors. Necessary
changes were made by respondents in the data collection sheet
(as required) for complete and correct data. The collected data
was entered in the Statistical Package for Social Sciences (SPSS
Version 22.00) for statistical analysis. The descriptive results,
including frequency, percentage, mean and standard deviation
were used to express data for all variables. Associations
between variables were analyzed using Mc Nemar's test. A
P-value of < 0.05 was considered as statistically significant
throughout the study.
Risks and confidentiality
There was no risk to study subjects during the entire study. Coding
was applied for strict confidentiality and retrieved/collected from
the participants was only used for research purposes.

Results
A total of 150 students were enrolled in the study for one
month.

Socio-demographic characteristics of the study
population
Socio-demographic characteristics of the respondents, such as
age, sex, and marital status, were studied. Out of a total of
150 respondents, 43.3% were male and 56.7% were female.
Among the studied population, 10.7% were age group 14–18
whereas 89.3% were above 18 years, and 86% were single,
whereas 12% were married while 2% were secondary in marital
status. The details are shown in table I.

Way of procuring medicines
Among 150 respondents, 36% of respondents purchased medicines on prescription, whereas 28% of respondents purchased
over the counter and 19.3% of respondents received medicines
from friends. About 32% of respondents procured NSAIDs category while 24% of the respondents used antibiotics, whereas
14% of the respondents purchased anti-hypertensive while the
least respondents (9.3%) preferred the antidiabetic class of
medicine. The majority of the respondents (86.7%) checked
the expiry date of the medicines before purchasing. In contrast,
the minority of (13.3%) of the respondents did not check the
expiry date of the medicine before purchasing. The details are
summarized in table II.

Pre-test regarding the disposal practice of unused
and expired medicines
Disposal practice of the respondents such as the quantity of
medicine, practice related to unused medicines are described.
Out of 150 respondents, the majority of the respondents (98%)
reported that some amount of medicines remained unused or
leftovers at their home, whereas minimal respondents (2%)
reported that no medicines remained left over at their home. All
the details data and the self-administered questionnaire are
illustrated in table III.
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TABLE I

TABLE III

Socio-demographic characteristics.

Pre-test regarding drug disposal practice.

Caractéristiques socio-démographiques.

Pré-test concernant les pratiques d'élimination des médicaments.

Socio-demographic variable

Pre-test

Total number (n = 150)
Frequencies (n)

Percentage (%)

Male

65

43.3

Female

85

56.7

Sex

No

Age Group
14–18

16

10.7

Above 18

134

89.3

Marital Status
Single

129

86

Married

18

12

Secondary

3

2

TABLE II
Ways of procuring medicines.
Moyen de se procurer les médicaments.
Medicine procurement

Frequencies (n)

Percentage (%)

Purchase on prescription

54

36

Purchase over counter

43

28.67

Ways of procuring medicines

Receive by friend/colleague

29

19.3

Advice of relatives/friends

24

16

48

32

Class of medicines
NSAIDs
Antibiotics

37

24

Anti-hypertensive

21

14

Antidiabetic

14

9.3

Other

30

20

Yes

130

86.7

No

20

13.3

Checking expiry dates

Post-test regarding the disposal practice of unused
and expired medicines
Disposal practice of the respondents such as expiry dates, the
quantity of medicine, practice related to unused medicines was
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The number of medicines purchased
unused at home
Yes
What do you do with unused
medicines?
Throw away in the garbage

Total number (n = 150)
Frequencies
(n)

Percentage
(%)

147

98

3

2

25

16.7

Donate to hospital

7

4.7

Give to friends or relatives

50

33.3

Return to the medical store

20

13.3

Keep at home until expired

42

28.0

6

4.0

Flush unused medicines in sink or
toilet
What do you do with expired
medicines?
Throw away in household garbage

48

32.0

Flush expired

49

32.7

Give to friends or relatives

5

3.3

Return to the medical store

20

13.3

Don't know

28

18.7

Who is responsible to create awareness
for the proper disposal of unused and
expired medicines?
Government

38

25.3

Pharmaceutical companies

46

30.7

Public

32

21.3

Pharmacist

34

22.7

Improper disposal of unused and
expired medicines affecting the
environment and health
Yes

97

64.7

No

18

12.0

Don't know

35

23.3

described. Out of 150 respondents, the majority of the respondents (100%) reported that some amount of medicines remained
unused or leftover at their home. Regarding disposal practice of
unused medicines out of 150 respondents, majority of the
respondents (46%) returned medicine to a medical store,
whereas about 20.0% percent of the respondents kept unused
medicines at home until it is expired while few respondents
(16%) gave medicines to friends or relatives whereas (4.0%) of
the respondents flushed unused medicines in sink or toilet while
the minority of the respondents (3.0%) donated to the hospital.
Detailed information is given in table IV.
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TABLE IV

TABLE VA

Post-test regarding the disposal practice.

Mc Nemar test for pre- and post-intervention study.

Post-test concernant la pratique d'élimination.

Test de Mc Nemar pour l'étude pré- et post-intervention.

Post-test

Mc Nemar
frequency table

Total number (n = 150)
Frequencies (n) Percentage (%)

The number of medicines purchased
unused at home

Original article

Outdated and unused medicines disposal practice among the undergraduate paramedical students – a
pharmacist's intervention

Total number
(pre- and post-, n = 300)
Frequencies (n)

Percentage (%)

Improper disposal

253

84.33

Proper disposal

47

15.67

300

100.0

Improper disposal

160

53.33

Proper disposal

140

46.67

300

100.0

Pre-test

Yes

150

100

No

0

0

Total

What do you do with unused
medicines?

Post-test

Throw away in the garbage

15

10.0

Donate to hospital

5

3.3

Give to friends or relatives

24

16.0

Return to the medical store

69

46.0

Keep at home until expired

31

20.0

Flush in sink or toilet

6

4.0

What do you do with expired
medicines?

Total

TABLE VB
Pre-test and post-test cross tabulation.

Throw away in household garbage

17

11.3

Flush in toilet or sink

53

35.3

Give to friends or relatives

8

5.3

Return to the medical store

66

44.0

Don't know

6

4.0

Who is responsible to create
awareness for the proper disposal of
unused and expired medicines?

Tableau croisé pré-test et post-test.
Total

Post-Test
Improper

Proper

253

160

93

% within pre-test

100%

63.24%

36.76%

% within post-test

84.33%

53.33%%

31%

47

0

47

Pre-test
Improper
Count

Government

51

34.0

Pharmaceutical companies

57

38.0

Public

10

6.7

Count

Pharmacist

32

21.3

% within pre-test

100%

0.0%

100%

% within post-test

15.67%

0.0%

15.67%

300

160

140

% within pre-test

100%

53.33%

46.67%

% within post-test

n = 300 (100.0%)

n = 160

n = 140

Improper disposal of unused and
expired medicines affecting the
environment and health

Total
140

93.3

No

7

4.7

Don't know

3

2.0

Mc Nemar test for pre- and post-intervention study
Mc Nemar test was conducted in a total of 300 responses by
combining unused medicine (n = 150) and expired medicine
(n = 150) responses to compare the disposal practice before and

Count

after the intervention. In the frequency table (table Va, table Vb,
table Vc), the improper disposal frequency score was 253 before
intervention which decreased to 160 post-intervention. Similarly, the proper disposal frequency score increased from 47 to
140 after intervention which depicts an increment of 31% in
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Proper
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TABLE VC
2

Chi tests.
Tests Chi2.
Value

0.0001a

Mc Nemar test
Number of valid cases
a

Exact sig. (2-sided)

300

The binomial distribution used.

proper disposal practice of unused and expired medicines followed by an intervention. There was a significant difference in
the scores after the intervention (P < 0.05).
Since the Mc Nemar test statistics and the cross-tabulation data
revealed a significant positive change in the drug disposal
practice among the respondents followed by intervention, we
can summarize that intervention brings about a positive change
in the disposal practice.

Discussion
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An intervention study was carried out in two selected undergraduate colleges of Butwal sub-metropolitan in Rupandehi.
Many undergraduate paramedical students were not aware
of the proper disposal practice of unused and expired medicine,
which may have a bad impact on human and environmental
health. The majority of respondents purchased medicines on
prescription, a fewer number of respondents purchased over the
counter, but 19.3% of respondents received medicines from
friends. This may be because of inadequate knowledge regarding drug procurement and not visiting the hospital until any
serious health issue arose. Among all the categories, NSAIDs
were the most preferred class of medicine and antidiabetic was
the least popular class of medicines this might be due to quick
and prompt availability of NSAIDs over the counter without any
prescription. In contrast, rest categories of medicines require a
proper prescription from the doctor. The majority of the respondents checked the expiry date of the medicines before purchasing, whereas very few of the respondents did not check the
expiry date of the medicine before purchasing this may be due
to growing awareness among undergraduate paramedical students related drug expiry through the internet, school education, health education and social media. An interventional study
conducted for the assessment of the disposal technique of
unused and expired medicines in New York [12]; respondents
frequently flushed medications down the toilet or incorrectly
dumped medications in the trash only a few had received
previous advice on safe medication disposal. Post-education
survey results indicated that 80.1% of respondents were willing
to change their disposal methods, which was quite similar to the
current study [13]. A similar scenario, found in a study among

240 undergraduate pharmacy students of the University of Jos,
showed that common reasons given by respondents for having
medicines in their rooms were that they were keeping leftover
medicines for emergency or use in an event of similar illness and
shockingly more than half respondents (72.2%) of the study
reported disposing of their unused medicines in a trash can/
dustbin [13,14]. So, with the consultation to the results, the
mindset of the undergraduate students is also the same regarding the unused medicine disposal practice in Rupandehi.
Before the intervention, regarding the disposal practice of
unused medicines majority of the respondents gave to their
friends or relatives, whereas about a quarter of the respondents
kept unused medicines at home until it is expired and then
discarded medicines in household garbage, and flushed the
unused medicines in sink or toilet. This might be due to insufficient knowledge regarding drug misuse and drug abuse, negligence by the students and lack of suitable advice of a pharmacist
or medical practitioner. In the practice of drug disposal, the
maximum number of the respondents disposed of expired
medicines through a flush and an almost equal number of
respondents threw away in household garbage while very
few respondents. Disposing in flush was the major activity of
the respondents which is not a rational practice. As a consequence, the sewage system and water pollution may bring harm
to aquatic life. This major activity was practiced due to inadequate knowledge of health and environmental hazards due to
rudimentary drug disposal in the water system in the long run.
The stock of the drugs for emergency conditions was the common reason given by students for having unused and leftover
medicines in their rooms. Some of the students donate unused
medicine to friends with the advent of similar illnesses unaware
of the drug overdose, sub-therapeutic dose, misuse and dependence. This common practice was on OTC drugs as per the
information of the respondents [15–17].
The post-test was done after the intervention carried out to the
students by the pharmacist. Regarding the disposal practice of
unused medicines, the majority of the respondents returned the
medicines to medical stores whereas about a quarter of the
respondents kept unused medicines at home until it is expired
while few respondents gave medicines to friends or relatives.
The majority of the respondents returned unused medicines to
medical stores; this might be due to awareness related to
returning unused medicines through intervention or counseling.
The return-back of the unused medicines benefits the consumer
by getting the cashback worth of returned medicines. This
reason may also be that the drug take-back program by the
pharmacy seems much more encouraging after the intervention. Regarding the drug disposal practice of expired medicines,
a maximum number of the respondents threw away expired
medicines in the garbage with proper disposal skills after intervention which is a great improvement from a number of initial
respondents throwing expired medicines haphazardly before
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the intervention. Some of the respondents still disposed of the
expired medicines in trash bins and flushed recklessly. The
reason may be the laziness, carelessness, negligence and irresponsible attitude about the environmental hazards that are not
visible in the short run. There was a slight improvement in the
medicine take-back program which may be a positive impact of
an intervention, while very few respondents (5.3%) gave it to
their friends or relatives while [18,19].
While comparing the data from pre- and post-intervention study,
the Mc Nemar test for testing the significance of the study and
cross-tabulation was done, and frequencies were analyzed by
combining both unused and expired medicine disposal practice
scores. The result showed a positive change in the disposal
practice of unused and expired medicines among the
respondents.

Conclusion
The intervention was effective in improving the disposal practice
of unused and expired medicines by 31% among the paramedical undergraduate students of Butwal. Thus, we can conclude
that a series of awareness generating campaigns and more
interventional studies should be carried out for the proper
disposal of expired medicines to bring more positive changes
among the public. Hence, this study suggested the advantages

of intervention by the pharmacist in improving the knowledge
and its implementation regarding drug disposal practice of
unused and expired medicines.
This study highlighted the importance of the intervention to
bring significant change in the disposal practice of unused and
expired medicines and provides the baseline for the investigators willing to conduct additional research regarding the disposal
practice of unused and expired medicines shortly.
the authors declare that the work described has not involved
experimentation on humans or animals.
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Abstract
Background Traditionally, Ficus benghalensis L. is used to treat metabolic disorders and is also recorded in the Ayurvedic
pharmacopeia of India. The present study aimed to evaluate the anti-diabetic property of hydroalcoholic extract/fraction(s) of
F. benghalensis L. bark via in silico, in vitro, and ex vivo approach.
Methods Enzyme inhibitory activity, glucose uptake in rat hemidiaphragm, and glucose permeability, and adsorption assays
were performed using in vitro and ex vivo methods as applicable. Further, the PASS was used to identify the probable lead
enzyme inhibitors. The presence of predicted enzyme inhibitors was confirmed via the LC-MS. Similarly, the docking of ligands
with respective targets was performed using autodock4.0.
Results Flavonoids rich fraction possessed the highest α-amylase, and α-glucosidase inhibitory activity followed by maximum
efficacy for glucose uptake in rat hemidiaphragm. Similarly, the hydroalcoholic extract showed the highest efficacy to inhibit
glucose diffusion. Likewise, 3,4-dihydroxybenzoic acid was predicted for the highest pharmacological activity for α-amylase,
ursolic acid for PTP1B, and apigenin for α-glucosidase inhibition respectively. The LC-MS analysis also identified the presence
of the above hit molecules in the hydroalcoholic extract.
Conclusion The analogs of 3,4-dihydroxybenzoic acid, apigenin, and ursolic acid could be the choice of lead hits as the αamylase, α-glucosidase, and PTP1B inhibitors respectively. Additionally, the majority of secondary metabolites from the
hydroalcoholic extract of F. benghalensis may be involved in enhancing the glucose uptake to support the process of
glycogenesis.
Keywords Apigenin . Diabetes mellitus . Ficus benghalensis . Postprandial hyperglycemia
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Introduction
Diabetes mellitus is the altered endocrine dysfunction in
which either pancreas fails to secrete the insulin due to deficiency in the β-cell mass (Type 1 Diabetes Mellitus) or altered
insulin sensitivity (Type 2 Diabetes Mellitus) [1].
Presently, the major portion of prescription for the pharmacotherapy of type 2 diabetes mellitus includes multiple synthetic
oral hypoglycaemic agents that are oft affiliated with diverse
side effects [2] reflecting the necessity of identifying the newfangled salutary agent to cope diabetes mellitus.
Traditional medicines are one of the imperative
sources to spot novel salutary agents to cope with multiple diseases [3]. Apart from it, the traditional plantbased medicines are composed of multiple secondary
metabolites that act over manifold targets and may add
a beneficial effect to manage polygenic conditions [4]
like diabetes or obesity. Furthermore, folk medicines
are comparatively safe in human consumption compared
to synthetic oral hypoglycaemic agents. Additionally, the
WHO has also recommended identifying new antidiabetic agents from traditional medicinal plants [5].
Ficus benghalensis L. is a traditional medicine that is
recorded in the Ayurvedic Pharmacopeia of India in the
management of multiple endocrine disorders including
diabetes mellitus [6]. Further, F. benghalensis bark has
been reported as the composition of multiple secondary
metabolites like flavonoids, polyphenols, steroids, and
triterpenes which are well recognized for their antidiabetic efficacy [7]. The previous report also suggests
the anti-diabetic efficacy of the F. benghalensis bark in
experimental animal models [8].
Pancreatic α-amylase catalyzes starch into α-(l-6 and
1–4) oligoglucans and other mini oligosaccharides (maltose and sucrose) [9]; are further hydrolyzed by αglucosidase into monosaccharides like glucose or fructose [10] which gets absorbed into the systemic circulation and contributes in post-prandial hyperglycemia.
Inhibition of these two enzymes is a well-accepted approach to manage post-prandial hyperglycemia via which
one of the clinically approved anti-diabetic agents i.e.
acarbose was established. Further, PTP1B is well acknowledged for its downregulatory task of insulin signaling and sensitivity [11] and maintaining pancreatic β-cell
mass [12]. A previous study identified a few bioactives
from F. benghalensis to inhibit α-glucosidase in the gastrointestinal tract and also regulate multiple proteins associated with insulin sensitivity and glucose uptake [13].
However, the effect of hydroalcoholic extract of
F. benghalensis and its fraction (rich in particular phytochemistry) has not been investigated for its potency to
enhance the glucose uptake and minimize the glucose
diffusion process. Hence, the present study aimed to

investigate the efficacy of hydroalcoholic extract/fraction(s) of F. benghalensis to inhibit α-amylase, α-glucosidase, and PTP1B and enhance the glucose uptake, glucose adsorption, and glucose diffusion process. Further,
the study also attempted to identify a few lead hits as the
enzyme inhibitors via cheminformatic tools.

Materials and methods
Chemicals, software, and database
Chemicals: α-amylase, α-glucosidase, acarbose, p-NPG,
starch (Sigma-Aldrich). Rest of the chemicals was of analytical grade Database: ChEBI (https://www.ebi.ac.uk/chebi/),
PubMed (https://pubmed.ncbi.nlm.nih.gov/), DIGEP-Pred
(http://www.way2drug.com/GE/), STRING (https://stringdb.org/), PubChem (https://pubchem.ncbi.nlm.nih.gov/),
PASS (http://www.pharmaexpert.ru/passonline/), KEGG
(https://www.genome.jp/kegg/), RCSB (https://www.rcsb.
org/); PROCHECK (https://servicesn.mbi.ucla.edu/
PROCHECK/) Software: autodock4 (http://autodock.
scripps.edu/), Discovery Studio 2019 (Dassault Systèmes
BIOVIA 2019).

Plant collection, extraction, and fractionation
The bark of F. benghalensis was collected from Belagavi,
India (16°08′37.1”N 74°38′51.4″E), authenticated at ICMRNITM, and herbarium was deposited for the same; accession
number RMRC-1405. The freshly collected barks were
washed, shade dried, and turned into coarse power. The coarse
powder was then extracted and fractionated to obtain the fraction(s) rich in flavonoids, steroids, alkaloids, and polyphenol
as explained by Khanal et al. [14] and stored in the airtight
container, protecting from light at freezing temperature till
further use.

LC-MS profile of the hydroalcoholic extract
The following conditions were maintained in running the sample on LC-MS 2010A (Shimadzu Japan). The C18 column was
used as a stationary phase and 90:10 v/v ratio of methanol:
water was used (flow rate of 200 μL min−1) as the mobile
phase. The sample was dissolved in the mobile phase and
injected (volume 5 μl) and absorbance was recorded at
254 nm. The electrospray ionization peaks were used to identify the compounds present in the sample.

In vitro α-glucosidase inhibitory activity
α-glucosidase inhibitory activity was performed as explained
by Telagari & Hullatti [10] with minor modifications. Briefly,
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six working solutions of test samples (100-1000 μg/ml, 0.05
ml) and acarbose (20–120 μg/ml, 0.05 ml) were preincubated (25 °C for 10 min) with α-glucosidase (1 U/ml,
0.1 ml). After pre-incubation, p-NPG (0.05 ml) was
added and incubated at 37 °C for 20 min followed by
the addition of sodium bicarbonate (0.1 M, 2 ml) and
stirred. The whole reaction mixture was filtered and the
absorbance was recorded at 405 nm. An experiment was
performed in triplicates and percentage inhibition was
calculated using the following formula

140 cycles/min. Experiments were performed in triplicates.
After 30 min, the effectiveness of the sample to enhance glucose uptake was calculated as
% glucose uptake = (1 − As/Ac) X 100
“Ac” and “As” represent the absorbance of control and
test respectively.

Glucose adsorption assay
Inhibitory activity (%) = (1 − As/Ac) X 100
“Ac” and “As” are the absorbance of control and sample
respectively.

In vitro α-amylase inhibitory activity
In vitro α-amylase, inhibitory activity was performed as
explained by Telagari & Hullatti [10] with minor modifications. Briefly, multiple concentrations of test samples (100–1000 μg/ml, 0.25 ml) were pre-incubated at
25 °C with α-amylase (0.5 mg/ml, 0.25 ml) for 5 min
followed by the addition of 20 μl of 1% soluble starch
and incubated at 37 °C for 30 min. After 30 min, DNS
reagent (0.5 ml) was added and the mixture was boiled
for 10 min. The mixture was then cooled and 5 ml
distilled water was added in each tube; filtered and the
absorbance was recorded at 540 nm. All experiments
were performed in triplicates and percentage inhibition
was calculated using the following formula
Inhibitory activity (%) = (1 − As/Ac) X 100
“Ac” and “As” are the absorbance of control and sample
respectively.

Glucose uptake by isolated rat hemidiaphragm
This experiment was performed after receiving ethical clearance from the IAEC at KLE College of Pharmacy Belagavi
(resolution no. KLECOP/CPCSEA-Reg,No.221/Po/Re/S/
2000/CPCSEA,Res.28–12/10/2019). Glucose uptake by rat
hemidiaphragm was performed by the method described by
Chattopadhyay et al. [15] with minor modifications. Briefly,
albino Wistar rats were fasted overnight and sacrificed with an
overdose of anesthetic ether. Diaphragms were dissected out
quickly with minimal trauma and divided into two halves. The
rat hemidiaphragm were placed in test tubes and incubated
with the sample or without a sample (control) for 30 min in
the presence of insulin at 37 °C under aeration with shaking at

The glucose adsorption capacity of the extract/fraction(s)
was performed as explained by Ou et al. [16] with minor
modifications. Briefly (15.625–500 mg/ml) of extract/
fraction(s) was added to glucose solution (100 mM)
and the mixture was stirred and incubated for 6 h at
37 °C. After incubation, the mixture was centrifuged
and glucose content was determined in the supernatant
by using a glucose peroxidase diagnostic kit. Percentage
of the glucose bound to the sample was calcuated as
% of glucose bound to sample = (1 − As/Ac) X 100
“Ac” and “As” represent the absorbance of control and
test respectively.

Glucose permeability assay
This experiment was also performed after receiving ethical clearance from the IAEC at KLE College of
Pharmacy, Belagavi (resolution no. KLECOP/CPCSEAReg,No.221/Po/Re/S/2000/CPCSEA,Res.28–12/10/2019).
The inhibition of glucose permeation was performed as
explained by Gallagher et al. [17] with minor modification using the instrument (Fig. 1) explained by Dixit
et al. [18]. Briefly, glucose, Tyrode’s solution, and 1
mL extract/fraction(s) (160 mg/mL) were introduced into
rat jejunum (5 cm), and the appearance of glucose in
the external solution was measured at 30, 60, 90, 120,
150, and 180 min. The AUC for the glucose was calculated by the trapezoidal rule.

In silico identification of enzyme inhibitors and their
biological spectrum
The inhibitors of α-amylase, α-glucosidase, and PTP1B from
F. benghalensis were identified by querying the SMILES of
secondary metabolites (retrieved from ChEBI) in PASS [19]
at Pa > Pi. However, the biological spectrum of hit enzyme
inhibitors was predicted by more than 90% cut-off using
PASS.
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Fig. 1 Instrument used in glucose
permeability assay

The prediction in PASS was based on an algorithm with
multilevel neighborhoods of atoms descriptors of the substance [19]. The probability (Pr) for each activity (j) was calculated as
Pr j ¼ ð1 þ ðS j−S0jÞ=ð1−s js0 jÞÞ=2
where,
S j ¼ Sin ðu j=mÞ; s0j ¼ Sin ðu0j=mÞ
uj ¼ Σi ArcSinfrið2pij−1Þg;
u0 j ¼ Σi ArcSin frið2pj−1Þg;
where.
m: descriptors counts of the compound to be predicted; ri = ni/(ni + 0.5/m): regulating factor; pj = nj/n:
priori probability estimate for activity j; pij = nij/ni:
conditional probability estimate for activity j for descriptor i; n: compounds count in the training set; ni:
compounds count with descriptor i; nj: compounds
number revealing activity j; nij: compounds count with
descriptor i and revealing activity j.

In silico molecular docking
Ligand preparation
The predicted enzyme inhibitors were retrieved (3D .sdf) from
the PubChem and converted into .pdb using Discovery studio.
Ligands were minimized using mmff94 forcefield [20] and
converted into .pdbqt format.

Homology modeling and target preparation
The 3D crystallographic proteins of α-amylase (PDB:
4W93) and PTP1B (PDB: 1NNY) with complete amino
acid residues were retrieved from the RCSB protein data
bank. However, a crystallographic protein with complete
amino acid residues for α-glucosidase was not available.
Hence, SWISS-MODEL [21] was used for α-glucosidase
homology modeling (query sequence accession number
ABI53718.1 and PDB: 5KZW). The pre-complex water
and hetero-atoms from retrieved macromolecules were removed using the Discovery studio to avoid docking interference. The distribution of amino acids of each protein
was visualized in the Ramachandran Plot using
PROCHECK to foresee amino acid residues allocation in
most favoured regions, additional allowed regions, generously allowed regions, and disallowed regions.

Ligand-protein docking
Ligands were docked with macromolecules using
Lamarckian genetic algorithm via autodock4 [22] at center (x,y,z: 1.98, −24.74, −22.79) and size (x,y,z: 82.71,
77.71, 81.32) for α-glucosidase, center (x,y,z: −8.02,
21.29, −19.01) and size (x,y,z: 56.45, 72.56, 54.37) for
α-amylase and center (x,y,z: 37.30, 30.96, 33.49) and size
(x,y,z: 53.47, 63.12, 48.17) for PTP1B at exhaustiveness
8. After the blind docking, ligands were re-docked at the
localized sites of respective targets. Ten different poses of
ligands were obtained in which the pose with the least
binding energy (kcal/mol) was preferred to visualize
ligand-protein interaction in the Discovery studio.
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Results

Table 1 α-glucosidase and α-amylase inhibitory activity of
hydroalcoholic extract/fraction(s) of Ficus benghalensis

LC-MS profile of the hydroalcoholic extract

Test samples

IC50 (µg/ml)
α-glucosidase

α-amylase

The LC-MS analysis was performed to confirm the presence
of secondary metabolites as enzyme inhibitors which were
identified via in silico approach. LC-MS analysis identified
3′, 4′, 5, 7-tetrahydroxy-3-methoxyflavone(1), 3,4dihydroxybenzoic acid(2), 3-O-trans-p-coumaroyltormentic
acid(3), 4-methoxybenzoic acid(4), alpinumisoflavone(5),
amyrin(6), apigenin(7), cyclomorusin A(8), daucosterol(9),
isoderrone(10), isowighteone (11), kaempferol(12), lupeol acetate(13), mucusisoflavone A(14), mucusisoflavone B(15),
mucusisoflavone C(16), psoralen(17), ursolic acid(18) and
wighteone(19) in the extract of F. benghalensis bark (Fig.
S1). The 2D structure of bioactives with their molecular formula and weight is represented in Fig. 2.

summarized in Table 1. The percentage inhibition of individual concentration is represented in Fig. 3.

In vitro enzyme inhibitory activity

Glucose uptake assay in rat hemidiaphragm

Fraction rich in flavonoids from F. benghalensis showed the
highest α-amylase (IC 50 : 388.39 ± 1.94 μg/ml) and αglucosidase (IC50: 316.97 ± 5.03 μg/ml) inhibitory activity.
The inhibitory constant of a fraction rich in polyphenols, alkaloids, steroids, flavonoids, and the hydroalcoholic extract is

Fraction rich in flavonoids from F. benghalensis showed the
highest efficacy to enhance glucose uptake i.e. EC50 335.71 ±
10.15 μg/ml in the presence of insulin. Table 2 summarizes
the effective concentration of fractions rich in flavonoids, alkaloids, polyphenols, steroids, and hydroalcoholic extract.

a

b
3', 4', 5, 7-tetrahydroxy-3methoxyflavone
MF: C28H32O16
MW: 624.5g/mol

f

g

k

IC50: Inhibitory Concentration 50

4-methoxybenzoic acid
MF: C8H8O3
MW: 152.15g/mol

j

n

Isoderrone
MF: C20H16O5
MW: 336.3g/mol

o

Mucusisoflavone A
MF: C40H32O10
MW: 672.7g/mol

Lupeol acetate
MF: C32H52O2
MW: 468.8g/mol

r

Alpinumisoflavone
MF: C20H16O5
MW: 336.3g/mol

Daucosterol
MF: C35H60O6
MW: 576.8g/mol

Cyclomorusin A
MF: C25H22O6
MW: 418.4g/mol

Kaempferol
MF: C15H10O6
MW: 286.24g/mol

e

i

m

q

s

Psoralen
MF: C11H6O3
MW: 186.16g/mol
Mucusisoflavone C
MF: C40H34O10
MW: 674.7g/mol

388.39 ± 1.94
657.23 ± 8.29
621.97 ± 9.55
855.68 ± 4.70
71.28 ± 0.45

d

h

l

p

745.44 ± 8.08

316.97 ± 5.03
443.24 ± 5.99
511.0 ± 5.85
519.76 ± 8.97
78.43 ± 0.86

3-O-trans-p-coumaroyltormentic
acid
MF: C39H54O7
MW: 634.8g/mol

Apigenin
MF: C15H10O5
MW: 270.24g/mol

Isowighteone
MF: C20H18O5
MW: 338.4g/mol

552.33 ± 2.96

Fraction rich in flavonoids
Fraction rich in polyphenols
Fraction rich in alkaloids
Fraction rich in steroids
Acarbose

c

3, 4-dihydroxybenzoic acid
MF: C7H6O4
MW: 154.12g/mol

Amyrin
MF: C30H50O
MW: 426.7g/mol

Hydroalcoholic extract

Ursolic acid
MF: C30H48O3
MW: 456.7g/mol

Wighteone
MF: C20H18O5
MW: 338.4g/mol

Fig. 2 Bioactives identified from F. benghalensis bark by LC-MS. MF: Molecular formula, MW: Molecular Weight

Mucusisoflavone B
MF: C40H32O10
MW: 672.7g/mol
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Fig. 3 a α-amylase, and b α-glucosidase inhibitory activity of hydroalcoholic extract/fractions of F. benghalensis

Glucose adsorption assay
Hydroalcoholic extract of F. benghalensis showed the highest
glucose adsorptive efficacy i.e. AC50 84.44 ± 1.65 μg/ml
compared to fractions rich in steroids, saponins, flavonoids,
polyphenols, and alkaloids. Table 3 summarizes the glucose
adsorption capacity of each test agent.

Glucose permeability assay
The AUC for diffused glucose from rat jejunum in the presence of the hydroalcoholic extract of F. benghalensis was
significantly lower (p < 0.05, 0.01) compared to other fractions. Fig. 4 represents the AUC of the diffused glucose in
the presence or absence of test agents’ from F. benghalensis
bark.

In silico identification of enzyme inhibitors and their
biological spectrum
Seven different metabolites i.e. daucosterol, psoralen, 3,4dihydroxybenzoic acid, kaempferol, 4-methoxybenzoic acid,
apigenin, benjaminamide were predicted as the α-amylase
Table 2 Effective concentration (EC50) of hydroalcoholic extract/
fraction(s) of Ficus benghalensis for glucose uptake in rat hemidiaphragm

inhibitors in which 3,4-dihydroxybenzoic acid was predicted
for highest pharmacological activity which was further predicted as chlordecone reductase inhibitor (Pa: 0.963).
Likewise, ursolic acid was predicted for the highest pharmacological activity as a PTP1B inhibitor with promising pharmacological activity as an insulin promoter (Pa: 0.970).
Further, apigenin was predicted for the highest pharmacological activity as an α-glucosidase inhibitor and chlordecone
reductase inhibitor (Pa: 0.973). The hit biological activities
for these compounds are summarized in Table 4. Similarly,
identified enzyme inhibitors and their pharmacological activity and inactivity are represented in Fig. 5.

In silico molecular docking
The homology modeling showed the superimposition of template and protein model reflecting the addition of missing
amino acid residues for α-glucosidase. Residues in most favored, additional allowed, and generously allowed regions
were 671 (91.3%), 63 (8.6%), and 1 (0.1%) respectively for
α-glucosidase. Residues in most favoured and additional
allowed regions for α-amylase were 387 (92.1%) and 33
(7.9%) respectively. Similarly, residues in most favoured,
Table 3 Glucose adsorptivity of hydroalcoholic extract/fraction(s) of
Ficus benghalensis bark

Test Agents

EC50 (µg/ml)

Test agents

AC50 (µg/ml)

Fraction rich in flavonoids
Fraction rich in polyphenols
Hydroalcoholic extract
Fraction rich in alkaloids
Fraction rich in steroids
Metformin

335.71
499.20
692.87
682.16
641.76
169.38

Hydroalcoholic extract
Fraction rich in steroids
Fraction rich in polyphenols
Fraction rich in flavonoids
Fraction rich in alkaloids
Cellulose

84.44 ± 1.65
142.35 ± 4.53
165.47 ± 13.59
283.77 ± 3.81
248.45 ± 12.31
76.25 ± 0.67

EC50: Effective concentration 50

±
±
±
±
±
±

10.15
2.75
3.33
3.71
2.63
2.44

AC50: Absorptive Concentration 50
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Fig. 4 Area under the curve of
total glucose diffused over
180 min. Data are expressed in
mean ± SD (n = 3). Data were
analyzed by one-way ANOVA
followed by Tukey’s Test for
Post-Hoc analysis

additional allowed, and generously allowed region was 227
(89.0%), 27 (10.6%), and 1 (0.4%) respectively for PTP1B
(Fig. 6).
Daucosterol was predicted to possess the highest binding
affinity (−9.3 kcal/mol) with α-amylase; however, there were
no hydrogen bond interactions. Similarly, kaempferol
(−8.4 kcal/mol) and apigenin (−8.5 kcal/mol) showed a similar binding affinity with α-amylase with 3 and 2 hydrogen
bond interactions respectively (Table 5). Both compounds
interacted with amino acid GLU233 from the active site of
α-amylase. Mucusisoflavone A was predicted to have the
highest binding affinity with α-glucosidase via 3 hydrogen
bond interactions with TYR360 and GLU866. In contrast,

3,4-dihydroxybenzoic acid was predicted to bind αglucosidase with −6.2 kcal/mol with seven hydrogen bond
interactions via GLN118, ALA93, ASP91, CYS127,
TRP126, and ILE98 (Table 6). Among 17 different
phytoconstituents, 3-O-trans-p-coumaroyltormentic acid was
predicted to possess the highest binding affinity with PTP1B
via two hydrogen bonds with ALA217 and GLY183. Further,
mucusisoflavone A interacted with PTP1B protein via five
hydrogen bonds with ARG221, GLY183, LYS116,
GLY220, and GLN266 in which one interaction was with
the amino acid from the active site i.e. ARG221 (Table 7).
The interaction of bioactives with the highest binding affinity
and hydrogen bond interactions with respective enzymes is
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Table 4

Probable biological activities of lead hits

Phytoconstituents
3,4-dihydroxybenzoic acid

ursolic acid

apigenin

Biological spectrum
Chlordecone reductase inhibitor
Dehydro-L-gulonate decarboxylase inhibitor
Arylacetonitrilase inhibitor
Glutathione thiolesterase inhibitor
Alkane 1-monooxygenase inhibitor
Testosterone 17-β-dehydrogenase (NADP+)
inhibitor
Insulin promoter
Hepatoprotectant

Pa
0.963
0.959
0.957
0.954
0.952
0.952

Pi
0.002
0.001
0.002
0.001
0.001
0.003

0.970
0.961

0.001
0.001

Chlordecone reductase inhibitor
Membrane integrity agonist
HIF1A expression inhibitor

0.973
0.967
0.963

0.001
0.002
0.003

represented in Fig. 7. Similarly, the interaction of each bioactive with the respective protein is presented in the supplementary material.

Discussion
Identification of lead hit molecules from traditional folk medicines in the management of multiple complex diseases is a
well-accepted approach that can be performed via the experimental screening of medicinal plants followed by computational prediction. Hence, in the present study, we investigated
the hydroalcoholic extract/fraction(s) of F. benghalensis bark
as α-amylase and α-glucosidase inhibitors via in silico and
in vitro techniques. Further, the hydroalcoholic extract/fraction(s) were evaluated for their efficacy to enhance glucose
uptake into the muscle (glucose uptake assay), inhibit glucose
absorption from the gastrointestinal tract (glucose permeability assay), and their efficacy to adsorb glucose on their surface.
Additionally, the study also confirmed the presence of secondary metabolites from F. benghalensis bark which were predicted as the enzyme inhibitors using LC-MS. Two enzymes
i.e. α-amylase and α-glucosidase in the intestinal border linings are involved in the cleavage of 1,4 glycosidic linkage of
polysaccharides and convert them into monosaccharides contributing to postprandial hyperglycemia [10]. In the present
study, we identified 18 different phytoconstituents to possess

the biological spectrum as α-glucosidase and 7 compounds as
α-amylase inhibitors. Among them, apigenin (MF: C15H10O5;
MW: 270.24 g/mol) and kaempferol (MF: C15H10O6; MW:
286.24 g/mol) were predicted to possess the highest pharmacological activity to inhibit the α-glucosidase enzyme.
Likewise, the PTP1B is involved in the downregulation of
insulin secretion [23] inhibition of glucose uptake in skeletal
muscles [24]. Similarly, in the present study, the efficacy of
the fraction rich in flavonoid to enhance the glucose uptake
was also observed. Further, the hydroalcoholic extract was
more effective in adsorbing the glucose on their surface and
limited the crossing of free glucose levels from the gastrointestinal tract. As well, daucosterol (MF: C35H60O6; MW:
576.8 g/mol), mucusisoflavone A (MF: C40H32O10; MW:
672.7 g/mol) and ursolic acid (MF: C 30 H 48 O 3 ; MW:
456.7 g/mol) and 3-O-trans-p-coumaroyltormentic acid (MF:
C39H54O7; MW: 634.8 g/mol) were predicted to possess a
highest binding affinity with α-amylase, α-glucosidase, and
PTP1B respectively.
In LC-MS analysis, although three peaks i.e. 109, 444, and
533 were reflected, bioactives of F. benghalensis from the
ChEBI database with identical molecular weights were not
identified. This could be due to two main reasons, either the
database has not recorded the secondary metabolites from
F. benghalensis with molecular weight 109, 444, and 533 or
these could be the metabolites’ peak of a corresponding higher
molecular weight compound; for example peak 553 could be
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Fig. 5 a identified enzyme inhibitors from PASS b Pharmacological activity and inactivity of bioactives for each enzyme inhibition. I: compares activity
within the enzyme inhibitors and II: compares the activity across the enzyme inhibitors

due to the cumulative metabolites of fragmented bioactives
with 533+ molecular weights and the same could be for
109 and 444. Since the data recorded by ChEBI from traditional medicines were considered as the standard source
of bioactives, we define the above peaks as the secondary
fragments of the higher molecular weight compounds of
109, 444, and 533.
In one of the previous studies, we identified three
phytoconstituents from F. benghalensis as α-glucosidase
inhibitors [13] using BindingDB [25] based on the principle “similar compounds tend to bind the same proteins”.
However, in the present study, the PASS predicted 18 different compounds as α-glucosidase inhibitors. This variation in the number of identified inhibitors could be due to
the different algorithms of training sets; BindingDB functions over the similarity index of the predeposited compound and PASS functions over the pharmacological activity over the training sets. Due to these variabilities, we
performed in silico molecular docking to confirm the findings of both the cheminformatic database. On assessing the
pharmacological activity of α- glucosidase inhibition,
docking results of apigenin and kaempferol were quite
similar compared to mucusisoflavone A which also scored
the highest binding affinity via molecular docking. Further,
we attempted to identify the α-amylase inhibitors using

BindingDB based on an earlier protocol [13] which failed
to point a molecule as its inhibitor. Although daucosterol
scored highest binding affinity with an α-amylase enzyme,
the minute pharmacological activity score was predicted
which could be the outcome of zero hydrogen bond interaction. However, one of the previous studies isolated
daucosterol from Swertia longifoliaṣ and reported it to be
a potent molecule as an α-amylase inhibitor [26].
Similarly, Dehghan et al. isolated and characterized
daucosterol from the roots of Rheum turkestanicum and
reported its α-amylase inhibitory activity similar to the
acarbose [27]. These results suggest the probable role of
daucosterol in the inhibition of α-amylase in the present
study. Although 3-O-trans-p-coumaroyltormentic acid was
predicted to possess the highest binding affinity with
PTP1B, the pharmacological activity for PTP1B inhibition
was comparatively low compared to ursolic acid which
was utilized as the PTP1B inhibitor as reported previously
[23]. However, the inhibitory activity of PTP1B by 3-Otrans-p-coumaroyltormentic acid needs to be further confirmed via the in vitro technique to compare its inhibitory
concentration with ursolic acid.
Previously, the efficacy of flavonoids to inhibit α-amylase,
α-glucosidase, and PTP1B has been reported [28, 29].
Similarly, in the present study, we identified the majority of
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a

b

c

Fig. 6 Active site and Ramchandran Plot of (a) α-amylase and (b) α-glucosidase (Red represents the template and green represents the model) and (c)
PTP1B

the bioactives from F. benghalensis to inhibit these enzymes
in which apigenin and kaempferol (flavonoids category) were
common. Further, another class of phytochemistry i.e.
triterpenoids is also well acknowledged in the inhibition of
α-amylase, α- glycosidase [30], and PTP1B [31]. Likewise,
in the present study, we identified three terpenoids i.e. ursolic
acid, lupeol acetate, and amyrin to contribute to inhibit αglucosidase and PTP1B.
Most of the dietary fibers have an affinity to adsorb glucose
on their surface; one of the beneficial effects to inhibit the
absorption of glucose from the gastrointestinal tract [16].

Table 5

Hence, to assess this hypothesis, we tested the effect of
hydroalcoholic extract/fractions of F. benghalensis on glucose
adsorptive and glucose diffusion; identified the
hydroalcoholic extract to be more effective in this mechanism.
The main reason for this observation could be due to the
presence of dietary fibers present in the hydroalcoholic extract
but not in the other fractions. Further, the reason for the inhibition of glucose transport from rat jejunum could be due to
the inhibition of GLUT transporters in rat jejunum. However,
our prediction of the biological spectrum for this transporter
failed to identify any hit molecule which needs to be further

Binding energy of bioactives with α-amylase

Ligand

Binding Affinity (Kcal/mol)

Number of hydrogen bonds

Hydrogen bond residues

3, 4-dihydroxybenzoic acid
4-methoxybenzoic acid
Apigenin
Daucosterol
Kaempferol
Psoralen

−5.5
−5.6
−8.5
−9.3
−8.4
−6.7

4
2
2
–
3
1

ARG398, ASP402, SER289
ARG195, ASP197
GLN63, GLU233
–
TYR62, GLN63, GLU233
GLN63
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Table 6

Binding affinity of bioactives with α-glucosidase

Ligand

Binding Affinity
(kcal/mol)

Number of hydrogen
bonds

Hydrogen bond residues

3′, 4′, 5, 7-tetrahydroxy-3-methoxyflavone
3, 4-dihydroxybenzoic acid
4-methoxybenzoic acid
Apigenin

−7.7
−6.2
−5.7
−7.4

3
7
1
3

GLN118, GLN121
GLN118, ALA93, ASP91, CYS127, TRP126, ILE98
GLN118
TRP126, ILE98, GLN118

Daucosterol
Isoderrone
Isowighteone
Kaempferol
Psoralen
Wighteone
Amyrin
Cyclomorusin A
Lupeol acetate
Mucusisoflavone A
Mucusisoflavone B
Mucusisoflavone C
Ursolic acid

−8.6
−8.9
−8.2
−7.3
−7.2
−8.1
−9.6
−8.8
−8.2
−10.8
−9.8
−9.3
−9.5

2
1
2
3
2
2
–
3
2
3
2
1
1

PRO541, GLY550
TYR543
ARG585, VAL358
TRP126, GLN118
GLY123, GLN118
VAL544, ASP91
–
TYR543, PRO94, GLN118
GLU866, VAL867
TYR360, GLU866
PRO94, ALA93
TYR360
GLY123

Conclusion

investigated. One of the limitations of the present study is that
our findings are only based on the in silico, in vitro and ex vivo
approaches which need to be further confirmed via the in vivo
animal study. Further, identification of PTP1B inhibitors was
based on computer simulations that needs to be further confirmed via in vitro enzyme inhibitory assay.
Table 7

The present study evaluated the hydroalcoholic extract/fraction(s) of F. benghalensis bark for the inhibition of α-amylase, α-glucosidase, and PTP1B which could contribute to the
management of diabetes mellitus. Further, fraction rich in

Binding energy of bioactives with PTP1B

Ligand

Binding Affinity
(kcal/mol)

Number of hydrogen
bonds

Hydrogen bond residues

3′, 4′, 5, 7-tetrahydroxy-3-methoxyflavone
3, 4-dihydroxybenzoic acid
3-O-trans-p-coumaroyltormentic acid
4-methoxybenzoic acid
Alpinumisoflavone
Apigenin
Isoderrone
Isowighteone
Kaempferol

−7
−5.2
−8.7
−5.1
−7.7
−7.8
−7.9
−7.6
−7.7

5
2
2
2
1
2
2
2
2

ARG221, GLN266, ASP48
SER50, LYS36
ALA217, GLY183
SER205, VAL211
SER80
ARG221, ASP48
ARG221, SER216
SER80, SER205
GLU115, ASP48

Psoralen
Wighteone
Amyrin
Cyclomorusin A
Lupeol acetate
Mucusisoflavone A
Mucusisoflavone C
Ursolic acid

−6.1
−7.7
−8.3
−8.1
−8.3
−8.3
−8.6
−8.7

–
1
1
3
1
5
3
3

–
ARG221
CYS215
TRP179, GLN266, ARG221
ASN162
ARG221, GLY183, LYS116, GLY220, GLN266
ASP181, PRO180, GLN266
ARG221, GLN266, ASP48
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d
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f

Fig. 7 Interaction of (a) apigenin, (b) kaempferol acid with (1) α-amylase, (c) Mucusisoflavone A and (d) 3, 4-dihydroxybenzoic acid with (2) αglucosidase and (e) 3-O-trans-p-coumaroyltormentic acid (f) Mucusisoflavone A with (3) PTP1B

flavonoids was identified to possess the highest α-amylase
and α-glucosidase inhibitory activity and also enhanced the
glucose uptake in rat hemidiaphragm. Furthermore, the
hydroalcoholic extract was identified to reduce the glucose
absorption from the intestinal lining.
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Abstract
Azo dyes, in spite of being additives, are indeed an integral constituent of consumer goods with bio-therapeutic values. The
addition of dyes is for consumer compliance which lends a sense of pleasing aesthetics to the consumption ready product, “a kind
of placebo effect”. Consequently, imperative need of the hour is felt to quantify such azo dyes due to complications like skin
allergic reactions, genotoxicity, and ADHD symptoms leading to carcinogenicity in the long run, by apt analytical technique. In
the proposed research, a pivotal USP-HPTLC compliant, validated, digitized method with multiple wavelength detection using
TLC silica gel 60 F254 aluminum plates is developed. Mobile phase comprising of n-butanol–isopropanol–25% ammonia (GR
grade)–water (65:20:10:5, v/v) has been put to task and subjected to spectro-densitometric scan for their simultaneous screening
and quantification. Validation was done as per ICH and US FDA guidelines incorporating the latest 21 CFR approved, digital
image CAMAG visionCATS software. The results revealed that the proposed method was highly sensitive with good linear
relationship R = 99.999% and RSD of 0.456%. Thus, the method may be employed as standard quality control tool in consumer
goods for characterization of azo dyes, which are still in the spectrum of doubt especially given the opaque data that surfaces on
their safety profiles.
Keywords Azo dyes . Consumer goods . USP-HPTLC . ICH . 21 CFR
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1 Introduction
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Food pigments are the additives applied in forms of colors or
pure substances in synthetic or natural form employed for their
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application in various pharmaceutical formulations, food, and
related matrices of diverse categories [1]. Among the synthetic
food dyes, the most crucial ones are the water-soluble azo dyes.
These water-soluble azo dyes are often categorized into mono, di-,
and sulfonyl azo derivatives in consideration to pharmaceutical
and food industry and their quality control and assurance [2–4].
Also, the azo dyes with triphenylmethane, indigoid as well as
xanthene derivatives are the most often used for application in
consumer goods industry due to their bright shades compensating
complete or partial color loss of final formulations, particularly,
syrups, capsules and tablets, energy drinks with consumer compliance perspective, high stability of withstanding fluctuating temperatures, and pressure conditions as well as their acceptable hues and
desired tonicity. However, such artificial dyes with diazo groups
(N=N group), when exposed to extreme conditions like pH, extreme humidity, and temperatures, may undergo cleavage under
alkaline conditions giving rise to toxic derivatives like aniline, 4aminoazobenzene, benzidine, 2,4-xylidine, o-toluidine, 2,6-xylidine, and 2-chloroaniline [5]. These amines are forbidden by the
European Union, the European Food Safety Authority (EFSA),
the Food Safety and Standards Authority of India (FSSAI), and the
German legislation on azo dyes since July 28, 1994, for their
application in any consumer goods that are prone to come in direct
contact with humans, by oral or dermal route. The azo amines
have been the center of criticism in in cases related to allergic
reactions, GIT obstructions, and pulmonary and abnormal, attention behavioral syndromes and disorders (ADHD) leading to hypersensitivity. Azo dyes like patent blue V, azorubine, and
tartrazine, which are the most common and widely used artificial
dyes in pharmaceutical formulation and various food matrices, are
prohibited in countries which are known to be pharmaceutical
hubs, particularly the USA and Japan [6–9]. In addition, the
European Union (EU) through directive 94/36/EC has restricted
the use of synthetic dyes in foods [10]. Despite increasing consciousness of negative effects and their impact on human lifestyle,
the most widely used azo dyes, like tartrazine, azorubine, ponceau
4R, patent blue V, indigo carmine, and carmosine, are significantly
consumed in high amounts due to their market value and public
demand. Also, some hazardous organic and industrial of leather
and textile dyes like Sudan are also found to be contaminated and/
or adulterated, which are proven carcinogens, with well-known
genotoxic activities [11–13].
Most of the countries globally have regulated the use of widely
used azo dyes in pharmaceutical applications and in various food
matrices. Safety profiles and toxic components have been repeatedly determined and evaluated by the World Health Organization
(WHO) and the Food and Agricultural Organization (FAO) [14,
15]. Globally, on a recent note, newer acceptable daily intake
(ADI) values have been regulated with scope of major revisions
[9, 16–20]. The reason behind wide acceptability and utility of
synthetic dyes is their intensity, easy availability, and stability at
high temperature/pH; however, the safety profile is still doubtful,
as they accommodate almost around 10% of toxic impurities like

primary azo amines which are forbidden for detection at trace
levels in consumer goods, everywhere in the world. [5].
Several analysis techniques have been carried out for estimation of artificial sulphonyl dyes using gradient high-performance
liquid chromatography (HPLC) [21–24], coupled with ion exchange using aminopropyl columns. Some methods have been
reported with application of ion-pair chromatography using
HPLC with diode-array detector (DAD) [20, 25–29] coupled
with mass spectrometry (MS) [30, 31].
Planar chromatographic approaches despite their applications
in planar separation sciences have vast educational potential not
only for demonstration but also for qualitative and quantitative
estimations [32, 33]. However, HPLC methods, in comparison,
have difficulties in applications of non-polar adsorption, with
poor peak shape and resolution, with slight changes in mobile
phase compositions [34]. Also, matrix effect in HPLC and other
related techniques is prominent which is not the case with highperformance thin-layer chromatography (HPTLC) technique
[35]. In addition to complex sample preparation and sample
pre-treatment, the running costs per sample of HPLC and related
hyphenated techniques are not only tedious but also complex and
costly, whereas the sample pre-treatment and sample preparation
are negligible in HPTLC proving it to be highly cost-effective,
simple, rapid and equivalently sensitive, and application-specific
in parallel to other chromatographic methodologies.
Most of the techniques in addition to their slight modification
are used in monographs in regard to dietary supplements, and
related categories have been documented by the United States
Pharmacopeia and the European Pharmacopoeia.
Considering the above facts, in today’s scenario with trend of
sophistication and hyphenation of cutting-edge analytical tools
leading to fast analysis, major concern is to design a chromatographic method which would serve industry compliance that
meets GMP and GLP requirements for quality control, as ecofriendly method, with lower volume consumption of organic
solvents, minimal sample pre-treatment and sample preparation,
negligible matrix effect, greater sensitivity and selectivity and
specificity, providing rapid reproducible results [36–38]. The
present research work proposes a novel HPTLC method for the
rapid screening and quantification of frequently used watersoluble pigments in pharmaceutical syrups prescribed on routine
basis, in accordance with underlying principles of green chemistry by and large minimizing running costs, analysis time, and as
the best alternative with highly convincing visual confirmation
using 21 CFR approved visionCATS, a digital image software.

2 Experimental
2.1 Chemicals and reagents
Water-soluble, sulphonyl azo dyes, often employed in pharmaceutical industries, higher purity grade equivalent to 95%,
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were procured as gift samples from Neelikon Food Dyes Pvt.
Ltd. (Mumbai, India). The dyes used were tartrazine (E-102),
ponceau 4R (E-124), and brilliant blue (E-133). All other
chemicals were purchased from Merck (Darmstadt,
Germany), of analytical grade. Strength of standard reference
solution of dyes was 100 ppm prepared using 2 parts of water
and 8 parts of methanol.

up using water–methanol mixture (1:1). The tubes were then
subjected to centrifugation, with serial dilution using methanol
to obtain a concentration of 20 mg/mL, and these were kept in
lukewarm water (60 °C) for better dissolution of dye in sample
to be applied on glass plate. E-102, E-124, and E-133 azo dyes
were recovered by treatment with 10 mL of NH3 (2 M) followed by heating for 10 min at 90–100 °C.

2.2 Apparatus and software

2.4 Analytical procedures

The research work was carried out using the HPTLC system of
CAMAG (Muttenz, Switzerland). All HPTLC interpretations
using chromatograms obtained were performed with the help
of CAMAG visionCATS software, version 2.5. The instrumentation involved semi-automatic applicator CAMAG
Linomat V, CAMAG densitometric scanner IV, equipped with
deuterium, mercury, and tungsten lamp for single, multiple
wavelength and florescence scan with spectral imaging facility.
Cellulose-coated glass-backed HPTLC plates imbibed with
gypsum florescent binder, Whatman paper for thin-layer chromatography (1 Chr Whatman paper, thickness, 0.18 mm UK)
were used as spotting surfaces/stationary phase for investigation of selected pharmaceuticals for matching and quantifying
color employed in addition to formulations for consumer compliance. Graduated test tubes with 20 mL mark were used for
sample preparation and serial dilutions. Methanol, n-propanol,
25% ammonia (GR grade, Merck, Germany), and water were
purchased from Sigma Aldrich (Mumbai, India).
Adobe Photoshop, Paint 3D, and Corel Paint Shop Pro were
used for saving images and required calculations, respectively.

Serial dilutions of reference standards of azo dyes were performed to obtain the desired stock solution of 100 ppm, with
de-ionized water from Merck water filtration unit and methanol (1:1). The application of the selected test samples was
applied on HPTLC glass-backed plate using CAMAG
Linomat V applicator followed by manual drying using dryer
and further dried on CAMAG Plate Heater III at 75 °C, respectively, for 5 min. The elution was performed using the
optimized solvent system after a series of trial experiments
that it gave the best separation of E-102, E-124, and E-133
azo dyes from selected consumer dyes. This procedure was
performed using CAMAG visionCATS software version 2.5.

2.3 Preparation of test sample solutions
The proposed USP compliant HPTLC method was employed
for the simultaneous identification and quantification of
tartrazine (E-102), ponceau 4R (E-124), and brilliant blue
(E-133), as they are the most commonly used synthetic azo
dyes in consumer goods (pharmaceuticals syrups and energy
health sports drinks), as single colorants or as combination
with other permitted binary mixtures of dyes in frequently
prescribed formulations. A standardized (HPTLC) procedure
was performed in commercial pharmaceutical dosage forms in
accordance with the USP protocol. In this method, chromatograms were developed with concurrent elution of selected consumer goods and reference standard of the dyes, using stationary phase as HPTLC silica gel plates. The test samples and
reference standards of E-102, E-124, and E-133 azo dyes were
applied using CAMAG Linomat V applicator using Hamilton
syringe (Bonaduz, Switzerland; 100 μL). Consumer goods
(pharmaceuticals, energy drinks, sugar confectionaries), particularly were purchased from the local market of Belgaum,
Karnataka, India. Accurately weighed 20 g from all the test
samples were transferred to flask, and the volume was made

2.5 Optimized HPTLC conditions/parameters
The aforementioned developed method was validated as
per USP protocol and ICH guidelines with test samples
of interest against E-102, E-124, and E-133 azo dyes reference standard (100 ppm). Measurement of maximum absorbance was done at multiple wavelengths. Development
was done using optimized mobile phase after a series of
trial with various compositions of a mixture of polar and
non-polar solvents comprising of n-butanol–isopropanol–
25% ammonia (GR grade)–water (65:20:10:5, v/v), followed by tank saturation using saturation pad from Whatman
(1 Chr Whatman paper of thickness 0.18 mm) using
CAMAG twin-trough chambers. The distance traveled by
E-102, E-124, and E-133 azo dyes in formulation and that
of reference was measured using CAMAG visionCATS
software. The resolved plate was then dried on CAMAG
HPTLC Plate Heater III for evaporation of water and other
solvent residue from test sample and uniform drying of
plate. The relative humidity maintained was 55 ± 5 RH,
with room temperature of 22 °C. The retention factor of
reference standard tartrazine (E-102), ponceau 4R (E-124)
and brilliant blue FCF (E-133) was found to coincide with
that of band in test samples of consumer goods with hepatoprotective and bronchodilator activity and in that of energy health drinks. No significant interactions were found
between azo dyes and test samples. The reference standard
of all azo dyes showed good linear values ranging from
200 ng/band to 1 μg/band with regression analysis of R =
99.999%, with %RSD of 0.456%.
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3 Results and discussion
3.1 Optimization of USP-HPTLC method developed
for test sample and reference application

respectively. The absorption maxima values obtained were
considered for further interpretation. The lambda max for each
of E-102, E-124, and E-133 azo dyes is 420 nm, 335 nm, and
410 nm, respectively (Fig. 2).

3.1.1 Optimization of solvent system/mobile phase
After a series of permutations and combinations of solvent systems, the mobile phase comprising of n-butanol–isopropanol–
25% ammonia (GR grade)–water (65:20:10:5, v/v) gave the best
elution and resolution with compact bands for E-102, E-124, and
E-133 in consumer goods the RF values of which are given in
Fig. 1.
3.1.2 Preparation of analytical reference standards of azo
dyes
Aliquots of 50 g of azo dyes, E-102, E-124, and E-133 were
obtained from Neelikon Food Dyes Pvt. Ltd., with ISO
9001:2008, FSSC 22000, GMP certification with color index
numbers (CI: 19140, CI: 42090 and CI: 16255), along with their
respective certificates of analysis obtained as a gift sample. An
amount of 20 mg of each azo dye was accurately weighed with
the instructions as per COA and material safety data sheet
(MSDS) and transferred to 20-mL stoppered flask. To this, an
amount of 10 mL of distilled water was added, and the final
volume was made up using 10 mL methanol to obtain a solution
of 1 mg mL−1, 1000 ppm.
3.1.3 Wavelength determination
The standard solutions of tartrazine (E-102), ponceau 4R
(E-124), and brilliant blue FCF (E-133) were subjected to
spectro-densitometric scanning in the range of 190–540 nm
against water as a blank. The absorption maxima of each azo
dye were recorded with the help of deuterium (D2), ultraviolet
(UV region), and tungsten (W) lamps (visible region),
Fig. 1 Developed HPTLC plate
image at white light with sample
(S) and reference (R) with their
respective RF values

3.1.4 Validation of azo dyes in analytical standard against test
sample
Linearity The optimized spots were applied in form of bands
using CAMAG TLC applicator Linomat V, at dosage speed of
150 nL. The optimized volume was selected on the basis of
the repeatability of results and determination efficiency. The
results demonstrated that by relative and calculative rise in
volumes of sample from 2 μL to 14 μL, analytical signals
increased with constant intervals (Table 1). With the increase
in concentration levels of linearity, reproducibility also
ameliorated.
Recovery (accuracy/repeatability) Accuracy/recovery was not
carried out as there was no information on the good’s label,
providing any quantity for cross-check of dye content in the
selected consumer goods.
Specificity This parameter was performed to get an idea of
whether a deliberate change in the composition and proportion
of the mobile phase used affects RF (retardation factor) of test
samples. No significant changes were observed in the RF
values of any of the selected azo dyes.
Robustness/ruggedness The robustness is a measure of its
capacity to remain unaffected by small but deliberate variations in method parameters and provides an indication of its
reliability during normal usage. Varying the mobile phase and
determining the effect (if any) on the results of the method, an
effort was made to evaluate the robustness. No significant
change was found in RF after slight modifications in sample
preparation, solvent composition, bands alignments,
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Fig. 2 Spectral pattern of E-102,
E-124, and E-133 azo dyes
exhibiting respective absorption
maxima

separation, evaluation, and solvent front. Thus, the method
developed and validated was found to be robust.

3.2 Optimization of drying time of spots
In the proposed work, drying time was defined using
CAMAG TLC Plate Heater III, which produced a constant
signal for each spot. Uniform heating, around all the four
corner edges, was observed. The drying time was studied between 0 to 60 min. The results obtained indicated that with
increase in drying time, analytical signals fluctuated until the
10th min after which they remained constant.
3.2.1 Effect of surrounding light
To examine the effect of light on signals obtained, two 10 ×
10 cm TLC aluminum-backed plates were applied under similar conditions. For drying these application bands, one plate
was exposed to surrounding light, whereas the other was subjected to a darkroom. The observations determined that the
drying condition has no effect on analytical signals. Thus,
Table 1 Linearity results of E-102, E-124, and E-133 azo dyes in selected consumer goods
Calibration results for selected azo dyes
Dyes

LOD

%CV/%RSD

R%

E-102
E-124
E-133

200 μg

0.63%
0.41%
0.33%

99.9902
99.9955
99.9964

Quantified values
μg/mL
63.63
1.556
142.1

the consecutive parameters and application program were carried out under normal room conditions of temperature and
pressure with relative humidity being calculated using humidity sensor as 55 ± 5.

3.3 Quantitative features of the developed HPTLC
method
The sensitivity of measurement of selected azo dyes by use of
the proposed method was estimated in terms of limit of detection (LOD) and limit of quantification (LOQ). In general,
LOD is considered as the lowest limit of detection or concentration of analyte in a sample that is detectable but not necessarily quantifiable under stated conditions of the method developed. LOQ is the limit of quantification of an analyte that is
determined with reliable and acceptable recovery and precision under stated conditions of the method. LOD and LOQ
were determined by standard deviation method. The LOD and
LOQ for analytical standard of E-102, E-124, and E-133 azo
dyes were 142.1 μg/mL, 63.63 μg/mL, and 1.556 μg/mL,
respectively (Table 2).
The advantages offered by the proposed validated USPHPTLC compliant method for the simultaneous identification
and quantification of azo dyes in selected consumer goods
were industrial acceptability in frugal protocol and rapid analysis, with high degree of selectivity, specificity, and sensitivity. The results indicated wide linear ranges are possible, with
good and excellent regression value (R = 99.999%), with coefficient of variance of 0.456% for selected azo dyes and selected consumer goods applied as test sample. Repeatability of
the HPTLC method was checked by applying optimized six
similar volumes of analytical standard (6 μL) six times. The
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Table 2 RF values of E-102, E-124, and E-133 azo dyes in selected
consumer goods
Substance

RF

RF window

Min. signal

E-102 (tartrazine)
E-124 (ponceau 4R)
E133 (brilliant blue FCF)

0.160
0.188
0.360

0.048
0.010
0.038

0.050
0.050
0.050

relative standard deviations were observed in the range of
0.33–0.63%.

3.4 Study of the interference
The interference of selected references of azo dyes over the
test samples and other azo permitted dyes was investigated
using analytical standard solutions consisting of two dyes in
binary mixture. The maximum tolerable error limit was fixed
at 5% in reflectance mode. The results revealed that the interference of azo dye increases with its increase in molar absorptivity of interfering permitted artificial azo dye and spectral
overlapping of dyes.

3.4.1 Quantification of permitted synthetic azo dye in test
sample
E-102, E-124, and E-133 are the dyes which are most frequently used in various consumer goods, prominently found
in pharmaceutical syrups of antipyretic (e.g., Paracip syrup),
hepatoprotective (Liv 52), and related cough-cold formulations (amoxicillin syrup) as well as other related pharmaceuticals and food matrices. The solutions of test sample of interest and those of analytical reference standard of azo dyes were
prepared as mentioned earlier in “Section 3.1”. The azo dyes
were then screened, identified, and quantified simultaneously
using the developed validated USP-HPTLC compliant
method.

3.4.2 System suitability testing
This parameter was performed to confirm whether USPHPTLC method is apt for the selected azo dyes and consumer
good sample. The spectral analysis, 3D chromatograms
displayed and calibration levels along with stable retention
factor (RF) in spite of slight modifications in the mobile phase
clearly stated that the proposed HPTLC method complies with
USP protocol. The RF values of E-102 and E-124 exhibited
near 0.160 and 0.188 which were well resolved justifying
system suitability (Fig. 3).

Fig. 3 Chromatograms of selected azo dyes

4 Conclusion
The perspective of a USP compliant HPTLC method is to
develop a protocol for routine quality control analysis of
the estimation of azo dyes employed for application in
any consumer goods. The emphasis of the protocol proposed is that the developed method must be frugal, ecofriendly with minimal solvent consumption along with
high precision and reproducible results. The virtual data
obtained in image format, by use of 21 CFR compliant
software, enables easy and rapid interpretation of chromatograms with distinctly eluted retention factors (RF).
The concurrent identification and quantification of selected azo dyes in the consumer goods specifically pertaining
to human consumption like food and related matrices,
pharmaceuticals, and energy drinks serve as added advantage of HPTLC technique. The remarkable convincing
chromatograms in form of images on stationary phase to
the analyst as well as the onlookers enable easy reading of
stationary phase for comparison and confirmation of samples and reference standards proving HPTLC to be highly
specific. The optimized USP-HPTLC protocol compliant
method assists in keeping a stringent check on the perceived limits with those specified by the FDA. The values
of calibration ranges for analyte, with regression value of
R = 99.999% and suitable precision also highlight the sensitivity of HPTLC which is often a major concern. In this
digitized imaging method, the costs of equipment and
software are found noticeably economic when compared
with actual running and maintenance costs required in
other sophisticated chromatographic or spectroscopic
analyses, as well as requiring simple operating conditions
like negligible sample treatment which is not observed in
the case of HPLC and gas chromatography.
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ABSTRACT
Background: Flurbiprofen is prescribed for the symptomatic management of arthritis. Its
oral administration leads to gastrointestinal damage and it has a short elimination halflife requiring multiple dosing. Transdermal drug delivery of flurbiprofen is an alternative
route to bypass the stratum corneum layer of the skin. Nano-vesicular carriers can be
used to overcome this problem as it increases the permeability and skin deposition of
the drug and reduces dosing frequency. Materials and Methods: Flurbiprofen loaded
Transethosomes has been formulated by Thin-film hydration using Span 80 and Tween
80 as edge activators, Soyaphosphotidylcholine and varying percentage of ethanol. The
vesicles were further characterized to study the effect of the type and concentration
of edge activator and ethanol percentage on various parameters such as, particles
size, polydispersity index, deformability index, entrapment efficiency and in-vitro drug
release. A formulation having the least particle size, highest deformability index and
best ex-vivo profile was optimized. The optimized formulation was dispersed in a gelling
agent and evaluated for pH, drug content and compared with marketed formulation
for ex-vivo permeation and skin deposition. Formulation containing Tween 80 in the
ratio of 95:05 (Soyaphosphotidylcholine: Edge Activator) and having the highest ethanol
percentage was optimized. Results and Discussion: On comparison with the marketed
gel it was revealed that the optimized gel formulation containing higher concentration
of Tween 80 had better ex-vivo profile and skin deposition. Conclusion: The formulated
transethosomes may serve as potential carrier for effective management of arthritis.
Key words: Flurbiprofen, Transethosomes, Thin film hydration method, Edge activator,
Soyaphosphotidylcholine.
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INTRODUCTION
NSAID drugs like Flurbiprofen are
prescribed for symptomatic management
of arthritis owing to their higher efficacy
and patient preference. Flurbiprofen is
commercially available in the form of
tablets, sustained release capsules, gels,
ointments and creams. Oral administration
of flurbiprofen for the treatment of arthritis
leads to gastrointestinal damage due to
inhibition of prostaglandin production
and direct contact of the drug with the
gastrointestinal mucosa. Further, the
drug has short elimination half-life which
requires multiple dosing.1,2 In the case of
gels, drug levels after topical administration
954

of NSAIDs are much lower than those
achieved with oral administration of the
same drug.3 This is because the intercellular
lipid barrier in the stratum corneum layer
of the skin acts as an impediment to the
penetration of the drugs through the skin
into the deeper layers. Transdermal drug
delivery systems deliver the drugs through
the skin into the deeper layers of the skin
(cutaneous delivery) or into the bloodstream
(percutaneous delivery) at a predetermined
controlled rate with very little inter and intra
patient variability.4 These systems allow
continual introduction of drugs with short
biological half- lives to the distant skin layers.
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However, many transdermal systems fail to pass through
the rigid skin layers. These vesicles enhance transdermal
delivery by integrating the benefits of both ethosomes
and transferosomes for transdermal delivery of the drug
through the skin as they contain both, an edge activator/
permeation enhancer and ethanol in their formula.
Drug loaded nano vesicular systems and proved that
transethosomes were superior to other vesicles due to
improved stability and elasticity.5,6
In the present study, an attempt has been made to
encapsulate Flurbiprofen in transethosomes to increase
permeability, to reduce dose of the drug and to increase
skin deposition. The optimized formulation was
compared with the marketed formulation by conducting
ex vivo permeation and in vitro skin deposition studies to
establish which formulation has better permeability and
deposition.
MATERIALS AND METHODS
Materials

Flurbiprofen was purchased from Yarrow Chem
Pharmaceuticals
Pvt.
Ltd.,
Mumbai,
India.
Phosphotidylcholine-50 (Soyaphosphotidylcholine) was
purchased from Lipidome Lifesciences, Ahmedabad,
India. Tween 80 and Ethanol were obtained from S.D.
Fine Chem Ltd., Mumbai, India. Span 80 and Carbopol
940 were purchased from HiMedia Laboratories Pvt.
Ltd., Mumbai, India.
Methods

reduced pressure by rotating the flask at 60°C for 60
min at 90 rpm using rotary evaporator until a thin film
was formed on the edges of the flask. The film was
allowed to dry overnight in a desiccator for 24 h. Next
day, the film was hydrated with Phosphate Buffer Saline
(PBS of pH 7.4) and ethanol using rotary evaporator at
room temperature. After this, the solution was kept at
room temperature for 2 h for allowing the vesicles to
swell. Further vesicle size reduction was carried out by
sonicating the resulting vesicles by using probe sonicator.
The formulations were refrigerated at 4°C till further
analysis. The Flurbiprofen loaded transethosomal
suspension (FLU-TELS) formulations with varying
ratios of SPC, EA and varying concentration of ethanol,
Tween 80 and Span 80 are shown in Table 1.
Flurbiprofen Loaded Transethosomal Gel (FLU
TELs Gel)

In the preliminary studies, the gel base was prepared by
soaking 0.5%, 1% and 2% of Carbopol 940 in PBS of pH
overnight. Thereafter, 0.02% methyl and 0.01% propyl
parabens were dissolved in 1% propylene glycol and
then incorporated in the gel base. Triethanolamine was
added drop-wise for neutralization of the prepared gel
base till pH 7.0 reached. The optimized transethosomal
formulation was dispersed in 0.5%, 1% and 2% of the
gel base to obtain a total drug concentration of 0.5%
w/w. On visual observation, the best consistency was
observed with 2% Carbopol 940 which was further used
for the preparation of FLU-TELS gel.8
Evaluation of FLU-TELSParticle Size and
Polydispersity Index

Formulation of Flurbiprofen Loaded
Transethosomal Suspension (FLU-TELS)

Flurbiprofen was encapsulated in transethosomes by
thin film hydration method described by Refai et al. using
different ratios of Soyaphosphotidylcholine (SPC): edge
activator (EA) and varying percentage of ethanol.7 Drug,
SPC and EA were taken in a round bottom flask and
dissolved in a 2:1 organic solvent mixture of chloroform:
methanol. The organic solvent was evaporated under

Dynamic Light Scattering (DLS), (Nanotrac Particle
Size Analyzer) was used to determine the particle size
and polydispersity index (PDI) of FLU-TELS.
Entrapment Efficiency

Entrapment efficiency for all the formulations was
determined by using ultracentrifugation method.
About 2 ml of the formulations were subjected to

Table 1: Formulation of Flurbiprofen Loaded Transethosomal Suspension.
Ingredients

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

Drug (mg)

50

50

50

50

50

50

50

50

50

50

50

50

Lipid/
Surfactant Ratio

95:05

95:05

95:05

85:15

85:15

85:15

95:05

95:05

95:05

85:15

85:15

85:15

Lipid (mg)

950

950

950

850

850

850

950

950

950

850

850

850

Span 80 (mg)

50

50

50

150

150

150

--

--

--

--

--

--

Tween 80 (mg)

--

--

--

--

--

--

50

50

50

150

150

150

Ethanol (ml)

40

30

20

40

30

20

40

30

20

40

30

20

Phosphate Buffer
Saline (ml)

60

70

80

60

70

80

60

70

80

60

70

80
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ultracentrifugation to separate the unentrapped
drug from the dispersion by using an Ultracentrifuge
(Sorval MX 150, Thermo Scientific Ultracentrifuge,
US) at 15,000 rpm for 60 min at a temperature of 4°C.
The supernatant containing free drug and pellets of
transethosomes were obtained. Transethosomal pellets
were washed with PBS of pH 7.4 for removal of the
unentrapped drug by centrifugation. The combined
supernatant was diluted with PBS of pH 7.4 and
quantified spectrophotometrically at 247.0 nm by UV
spectrophotometer (Shimadzu -1800, Japan).9
Entrapment Efficiency = (A1 – A2)*100/A1
A1- Amount of flurbiprofen added initially, A2Amount of flurbiprofen determined in the filtrate by
spectrophotometry, A1-A2 -Represents the amount of
flurbiprofen entrapped in the formulation.
Deformability Index

The FLU-TELS were allowed to extrude for 5 min
through a 50 nm pore size sandwich nylon filter by
applying a constant pressure of 0.5 MPa.10 The following
equation was used for calculating the deformability
index of the vesicles:
rv 2
DI = J r
p
D.I. = Deformability Index, J= rate of penetration
through a membrane filter (the weight of suspension
extruded in 5 min), r v = vesicle size (after extrusion), rp
= pore size of membrane.

(-)

In vitro Drug Release

The in-vitro drug release study was conducted in PBS
of pH 7.4 using Franz diffusion cells (PermeGear,
Inc., PA, USA) with an effective surface area of 1.77
cm2. Dialysis membrane (HiMedia Laboratories Pvt
Ltd) having a molecular weight cut off 12,000–14,000
Daltons was used as the diffusion barrier between
the donor and receptor compartments. The receptor
compartment was filled with 12 ml of PBS of pH 7.4
and maintained at a temperature of 37 ± 0.2°C with
a stirring speed of 100±4 rpm. The membrane was
affixed between the donor and receptor compartments
and 1 ml of the FLU-TELS equivalent to 5 mg of the
drug was placed in the donor compartment over the
dialysis membrane. Aliquots were withdrawn at 1, 2,
3, 4, 6, 8, 10, 12 and 24 h followed by replacing the
fresh buffer medium in the receptor compartment to
maintain sink conditions. The samples were analysed at
247.0 nm by UV spectrophotometer after dilution with
PBS of pH 7.4 to quantify the cumulative drug release
through FLU-TELS.11
956

Zeta Potential Analysis

The zeta potential of the optimised FLU-TELS was
determined with Malvern Zetasizer at a fixed angle
of 90° at 25°C using Millipore water as a dispersing
medium.12
Morphology Studies
Electron Microscopy

Twenty microliters of the optimized formulation was
pipetted out with a micropipette and diluted up to 1 ml.
A small drop of this solution containing transethosomal
vesicles was placed on a glass slide, covered with a
cover slip and observed under Trinocular electron
microscope.
Scanning Electron Microscopy (SEM)

The dried FLU-TELS of the optimized formulation
were fixed on a SEM-stub. This was followed by coating
of the sample with a thin layer of gold under vacuum by
Sputter Coater JFC-1600 (JEOL, Japan). The samples
were run and observed with the help of JSM-6360LV
Scanning Electron Microscope (JEOL, Japan) at an
accelerated voltage of 10 kV.13
Transmission Electron Microscopy (TEM)

The optimized formulation was sonicated and placed
on a copper grid. Images were captured with the help
of Digital Micrograph and Soft imaging software for
analysis and particle sizing.
Stability Studies

Short term stability studies were conducted according
to ICH GCP guidelines to establish the stability of the
optimised TELs. The formulation was stored in glass
vials in a humidity control oven at 25±2°C/65±5% RH
and refrigerated at 4±2°C/65±5% RH. The sample was
withdrawn at intervals of 30, 60 and 90 days for analysis
of particle size and % entrapment efficiency.14
Evaluation of FLU TELs Gel Determination of pH

The pH of FLU-TELS gel formulation was determined
by adding 0.5 g of the gel in 20 ml of double distilled
water followed by stirring for 30 min using a magnetic
stirrer. The pH was measured by immersing the probe
of the pH meter into the dispersed gel, the pH was
determined by reading on the digital display.8
Drug Content

The drug content of the gel formulation was determined
by taking 1 g of the gel in 100 ml of clean volumetric
flask followed by making up the volume with methanol.
The solution was stirred for 2 h using a magnetic stirrer
and allowed to stand for 24 h. Subsequently, the solution

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 4 | Oct-Dec, 2020

Gadad, et al.: Flurbiprofen Transethosomes for Improved Transdermal Delivery

was filtered and analysed by UV spectrophotometer at
247 nm.15
Ex vivo Permeation Study

Porcine ear pinna skin was used for carrying out
the experiment. The skin was purchased from local
slaughter house and prepared according to the method
described by Garg et al. This study was carried out by
affixing porcine ear pinna skin between the donor and
receptor compartment of the Franz Diffusion cells.
1 g of the FLU-TELS gel corresponding to 5 mg of
the drug was placed in the donor compartment. The
procedure followed for this experiment is similar to the
one described for in-vitro drug release study. Aliquots
were collected and analysed by UV spectrophotometer
at λmax 247 nm.6
Amount of permeated drug
Jmax =
Time X effective area of skin
Skin Deposition Study

The porcine ear pinna skin mounted on Franz diffusion
cell was carefully removed after 24 hr and washed
with PBS of pH 7.4 for 5 times to remove the excess

Figure 1: FTIR spectrum of the drug and the different
polymers.

drug from the skin. Tissue suspension was prepared
by homogenising the cut skin pieces with methanol
followed by centrifugation. The supernatant was filtered
with the help of 0.45 µm syringe filter and further
diluted for analysis by UV spectrophotometer at 247
nm.16
Stability Studies

The FLU-TELS gel formulation was stored in glass
vials in a humidity control oven at 25±2° C/65±5%
RH and refrigerated at 4±2°C/65±5% RH. The sample
was withdrawn at intervals of 30, 60 and 90 days for
visual analysis and drug content.14
RESULTS AND DISCUSSION
The Transethosomal formulations (F-1 to F-12) were
successfully prepared by varying the ratio of EA
and SPC and using different percentage of ethanol.
Subsequently, all the formulations were subjected to
various physicochemical evaluations. The formulation
which showed the least particle size, highest
deformability index, sufficient entrapment efficiency
and best in-vitro drug release profile was optimized
for further studies. The optimized formulation was
dispersed in a gelling agent and further evaluated for
pH, drug content, ex vivo studies and skin deposition.

Figure 2: SEM and TEM images of the FLU-TELS of the
optimized formulation (F10).
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Evaluation of FLU TELS

Entrapment Efficiency

FTIR

Formulation F-1 containing Span 80 as the EA and
40% ethanol showed the highest entrapment efficiency
of 76.0±0.53. Moreover, the entrapment efficiency
decreased in formulations containing Span 80 (F-1
to F-6) with decrease in EA, however a reverse trend
was observed for formulations containing Tween 80
(Table 2). This is because Span 80 having a lower HLB
value of 4.3 can entrap more amount of hydrophobic
Flurbiprofen in contrast to Tween 80 having a HLB
value of 15. Ethanol had a positive effect on the
entrapment of all formulations irrespective of surfactant
type which may be attributed to the solubilization of
Flurbiprofen by ethanol.21,22

Characteristic IR peaks were detected at 1697.27 cm,
(C=O stretch), 1216.25 cm (aromatic C-F stretch),
-CH3 stretch (1378.80 cm band) and 957.46 cm (OH
out of plane deformation band) in the spectrum of
pure Flurbiprofen. These peaks were also found in
combination spectrums with some or no difference
which depicts compatibility of the drug with excipients
(Figure 1).
SEM and TEM

The vesicles appeared as smooth spherical shaped
discrete particles. Whereas, in TEM it was observed that
the vesicles were irregular spherical shaped in the nanoscale range of 500-100 nm. As shown in (Figure 2a and
2b).
Mean Particle Size Determination

The mean particle size for formulations containing
Span 80 (F-1 to F-6) as the EA ranged from
152.06±5.10 to 215.2±0.53 nm, however the mean
particle size for formulations containing Tween
80 as EA (F-7 to F-12) ranged between 107.7±0.43
to 186.2±1.06 nm. The particle size decreased with
increase in EA concentration in case of formulations
containing Tween 80; however, a reverse correlation
was observed when Span 80 was used as the EA.
This can be attributed to the solubilizing property of
Tween 80 which leads to decrease in particle size with
increasing concentration.17
An inverse relationship was observed between the
mean particle size and increase in ethanol concentration
(up to 40%) in all formulations. Formulations (F-1, F-4,
F-7 and F-10) containing 40% ethanol content showed
less particle size than those containing 30% (F-2, F-5,
F-8 and F-11) and 20% ethanol (F-3, F-6, F-9 and
F-12). Thus, it can be concluded that the particle size
decreases with increase in ethanol concentration and
vice versa (Table 2). According to previously reported
studies, increase in ethanol concentration decreases size
of the particles due to interpenetration of the ethanol
hydrocarbon chain leading to reduce in size of the
particles because of decrease in the thickness of the
vesicular membrane.18-20

Deformability Index

The deformability index was observed for all the
formulation batches. As shown in (Figure 3). The
deformability index ranged from 0.55±0.17 to
Table 2: Evaluation of Flurbiprofen Loaded
Transethosomal Suspension.
Formulation
Code

Particle
Size (nm)

Polydispersity
Index (Mw)

% Entrapment
Efficiency

F-1

152.06±0.81

0.417±0.23

76.0±0.53

F-2

171.63±0.47

0.246±0.07

73.30±0.90

F-3

197.13±0.85

0.313±0.13

67.19±0.24

F-4

184.00±0.71

0.252±0.12

63.07±0.71

F-5

195.30±0.91

0.464±0.18

59.26±0.20

F-6

215.20±0.53

0.260±0.55

54.46±0.38

F-7

134.86±0.16

0.266±0.11

52.27±0.14

F-8

142.06±0.61

0.306±0.21

50.46±0.49

F-9

186.20±0.66

0.375±0.74

48.57±0.38

F-10

107.70±0.43

0.271±0.11

71.90±0.29

F-11

114.80±0.57

0.223±0.11

68.49±0.17

F-12

124.30±0.43

0.259±0.07

64.53±0.51

Polydispersity Index

Polydispersity index value of all formulations (F-1 to
F-12) varied in the range of 0.223±0.011 to 0.464±0.18
which indicated mono-dispersed particle distribution
(Table 2).
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Figure 3: The Deformability Index of the formulation batches.
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11.69±0.82 with highest elasticity index observed for
F-10 (optimized batch). Transethosomes containing
Tween 80 had higher deformability index than
formulations containing Span 80 because Tween 80
provides highly malleable characteristics to the vesicles
and has less bulky chains than Span 80.23 In addition,
optimum ethanol concentration (40%) provided
elastic properties to the vesicles which enhanced the
passage of vesicles through the pores of the nylon
filter on application of 0.5 MPa pressure.24 Thus, F-10
containing the highest ethanol percentage and Tween
80 concentration showed the maximum deformability
in comparison to other formulations.
In-vitro Drug Release

FLU-TELS formulations (F-1 to F-12) was found to
be in the range of 41.25±0.60% to 69.18±0.07% with
F-3 showing the least amount of drug released and
F-10 showing the maximum amount of drug released
after 24 h. The release was found to be affected by EA
type, ratio and ethanol concentration. All formulations
containing 40% ethanol showed better release profile.
F-10 containing the highest amount of Tween 80 and
highest percentage of ethanol (40%) showed the best
release profile (69.18±0.07) in comparison to other
formulations. This is because Tween 80 provides elastic
characters to the vesicles by destabilizing the lipid
bilayers without impacting the integrity of the vesicles.
SPC also enhances the release of vesicles. Lastly, ethanol
acts in a synergic manner to enhance the elasticity
and decreases the particle size of the vesicles thereby
leading to ease in penetration of vesicles through the
dialysis membrane. Furthermore, a burst release was
observed in the initial 6 hr due to the surface-adsorbed
drug followed by sustained release in the next 24 hr.
The figures for graphical comparison of the percentage
cumulative drug release with Span 80 as EA (F-1 to F-6)
and percentage cumulative drug release with Tween 80
as EA (F-7 to F-12) are depicted in Figure 4a and Figure
4b respectively. Formulation F-10 was selected for
further studies as the optimized formulation because
it had the least particle size, highest deformability,
acceptable entrapment efficiency and best drug release
profile.

Morphological Characterization

When observed under an electron microscope, the
FLU-TELS of the F-10 formulation appeared as
nearly spherical bilayered vesicles. On SEM analysis,
the vesicles appeared as smooth spherical shaped
discrete particles. However, the vesicles were irregular
spherical shaped in the nano-scale range of 500-100 nm
when analysed with the help of Transmission Electron
Microscope.
Selection of Optimized Formulation

Based on the evaluation parameters F-10 was selected
as the optimized formulation because it had the
least particle size, highest deformability, acceptable
entrapment efficiency and best drug release profile.
Formulation F10 was taken for incorporating into the
gel for topical preparation.
Evaluation of FLU TELs Gel

Optimized F-10 FLU-TELS formulation was used to
prepare transethosomal Gel and the gel was evaluated for
content determination, pH study, viscosity, spreadibility,
ex vivo permeation studies and skin deposition study

Figure 4a: Dissolution Profile of Formulation batch F-1 to F-6
in PBS pH 7.4.

Zeta Potential

The zeta potential of the optimized formulation F-10
was found to be -30.09±0.46 mV which indicates stable
formulation. The optimized FLU-TELS was dispersed
in 2% Carbopol 940. The optimized gel formulation
was yellowish white in colour which showed good
consistency on visual observation.

Figure 4b: Dissolution Profile of Formulation batch F-7 to
F-12 in PBS pH 7.4.
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which is shown in Table 3. The drug content for
the optimized transethosomal gel was found to be
98.23±0.87. The pH of the optimized formulation was
indicating skin-compatibility and viscosity was depicting
Non-Newtonian plastic flow without thixotropic
characteristics. The spreadibility shows that the gel is of
semi-fluid nature.
Ex-vivo permeation Studies

For the ex vivo Permeation Studies comparison between
marketed gel cream, Hydroethanolic solution and
F-10 TELs gel, Marketed gel, Hydroethanolic solution
at the end of 24 h was found to be 26.06±0.83 μg
h-1cm-2, 14.29±0.12 μg h-1cm-2 and 39.11±0.04 μg
h-1cm-2 respectively which demonstrates that TELs
gel have better ex vivo permeation than the other two
because of the integrating effect of phospholipid and
EA (Tween 80) which provide tactile characteristics
to the vesicles easing penetration. Moreover, ethanol
as a permeation enhancer eases increasing inter and
intracellular permeability of vesicles across the Stratum
corneum layer.
Skin Deposition Studies

The deposition of flurbiprofen from TELs gel
on porcine pinna skin (Figure 5) was found to be
19.45±0.76% which was 2.16 folds higher than
marketed formulation (8.97±0.41%) and 3.76 folds
Table 3: Evaluation of Flurbiprofen Loaded
Transethosomal Gel.
Evaluation Parameters

Results

Drug Content

98.23±0.87 %

pH

6.61±0.18

Viscosity

492.76 ± 0.15 cps

Spreadibility

2.03±0.15

Ex vivo permeation studies

26.06±0.83μg h-1cm-2

higher than Hydroethanolic solution (5.17±0.33%).
Thus, it can be concluded that the formulated TELs gel
has better skin deposition as it contains EA, SPC and
ethanol which synergically aid in skin permeation and
deposition of drug.
Stability study

The stability study was conducted on both optimized
FLU-TELS and FLU-TELS gel formulation. In case
of FLU-TELS, it was observed that there was no any
significant change in particle size and entrapment
efficiency, thus the formulation was found stable in both
conditions of room temperature and refrigerator. In case
of FLU-TELS gel there was no any significant change
in appearance and drug content was observed, thus the
formulation was found stable at room temperature.
CONCLUSION
In the present study, it was demonstrated that
transethosomes consisting of the highest percentage
of ethanol (up to 40%) and maximum concentration of
Tween 80 as the EA had the lowest particle size, highest
elasticity and the best drug release profile than other
formulations containing lower ethanol percentage or
Span 80 as an EA. Besides, the optimised formulation
dispersed in Carbopol 940 showed better skin
deposition and ex-vivo permeation than the marketed
formulation and Hydroethanolic solution. Thus,
from the results it can be concluded that FLU-TELS
gel containing the highest percentage of ethanol and
highest concentration of Tween 80 could be a potential
carrier for the dermal delivery of the hydrophobic drug,
Flurbiprofen.
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SUMMARY
•
•
•
•

•
•

TELS suspensions were formulated by thin film hydration method using different ratios of
SPC:EA with varying percentage of ethanol.
It was found that EA type, ratio and ethanol concentration had an impact on particle size,
deformability, entrapment efficiency and in-vitro drug release.
F-10 containing the highest concentration of Tween 80 and maximum percentage of ethanol
(up to 40%) showed the least particle size, acceptable entrapment efficiency, maximum
deformability and the highest in-vitro drug release.
The optimised F-10 formulation was incorporated into the gel base (2% Carbopol). The
pH was compatible with the skin pH, spreadability depicted the nature of the gel to be
semi-fluid and viscosity studies indicated non-Newtonian plastic flow with no thixotropic
characteristics.
On comparison with the marketed cream gel and hydroethanolic solution (30%), TELs gel
showed the best ex-vivo profile and the maximum skin deposition.
In a nutshell, flurbiprofen loaded transethosomal gel can be formulated for the treatment of
arthritis, as the gel has good ex-vivo permeation, skin-deposition and reduced dose.
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Abstract:Background: Linagliptin (LNG) is an oral hypoglycemic agent that acts by inhibiting the enzyme
dipeptidyl peptidase - 4 (DPP-4) and reduces blood sugar levels in type-II diabetic patients. To date, the
literature presents few analytical methods for the determination of LNG. However, no reversed phase-high
performance liquid chromatography (RP-HPLC) method has been reported for the determination of LNG in
nanotransfersomes and in vitro skin permeation samples.

Objective: The present study involves the development and validation of RP-HPLC method to quantify LNG in
both nanotransfersomes and in vitro skin permeation and deposition samples.
Methods: The chromatographic analysis was performed on Luna C18 (2) column (250 x 4.6 mm, 5μm particle
size) with a mobile phase consisting of a mixture of methanol: 0.2% orthophosphoric acid (50:50, v/v) at a flow
rate of 1.0 mL/min, detection wavelength of 227 nm, and column temperature of 40 °C.
Results: The method was found to be specific, linear (r2 ≥ 0.999; 2-12 μg/mL), precise at both intra and interday levels (percentage relative standard deviation; % RSD < 2.00), accurate (percentage recovery 100.21103.83%), and robust. The detection and quantification limits were 0.27 and 0.82 μg/mL, respectively. The
mean % entrapment efficiency and the cumulative amount of LNG permeated across the rat skin from different
transfersomal formulations ranged between 40.78 ± 2.54 % to 52.26 ± 2.15 % and 79.54 ± 16.67 to 200.74 ±
35.13 μg/cm2 respectively.
Conclusion: The method was successfully applied to determine the entrapment efficiency, in vitro skin
permeation and deposition behavior of LNG-nanotransfersomes.
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ABSTRACT: Privileged structures have been widely used as an effective
template in medicinal chemistry for drug discovery. Chalcone is a common
simple scaffold found in many naturally occurring compounds. Chalcones,
considered as the precursors of flavonoids and isoflavonoids, are abundant in
edible plants. Chalcone metal complexes and their derivatives have been
known over the past fifty years. Copper is an essential element, and hence it
is used to synthesize metal complexes. Copper possesses a broad spectrum of
activity and a higher DNA binding ability when compared to platinum drugs.
The metal-based drugs may range from natural products to artificial organic
molecules. Their exceptional magnetic optical radioactive are used in many
non-invasive methods like magnetic resonance imaging (MRI), position
emission tomography (PET), optical imaging. Copper-based metal
complexes have been studied extensively towards DNA interaction aspects.
The binding ability of the complexes has been explored based on the results
of DNA binding studies assessed by different spectroscopic techniques like
UV absorption titration. Thus, we are reporting DNA interaction studies
using UV spectroscopic titrations of the copper complex based on
heterocyclic chalcones to signify it as an efficient interacting agent.

INTRODUCTION: Natural sources always led to
the discovery and invention of new chemical
entities as potent drugs. Chalcones are one of the
major classes of naturally occurring compounds
found as petal pigments and also in hearth wood,
leaf, bark, roots, fruits of various trees and plants 1.
They are among the most suitable plant pigments
which produce yellow, red or blue pigmentation in
petals 2. Chalcones, have a common chemical
moiety of 1,3-diaryl-2-propen-1-one which is also
called as chalconoid belonging to flavonoid family.
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Chemically, chalcones consist of two aromatic ring
systems linked with a three-carbon α,β- unsaturated
carbonyl system, i.e., ketone 3. A huge number of
synthetic routes have been set forth for the
synthesis of chalcones, the most prototypical and
accepted being the Claisen–Schmidt condensation
in an acidic or a basic media under homogeneous
conditions 4. Chalcones and their derivatives have a
huge importance in medicinal chemistry, displaying
a wide range of important pharmacological
activities such as antiviral 5, antimicrobial 6,
antihyperglycemic 7, antiulcer 8, analgesic 9,
antimalarial 10 activities.
Metals have an acclaimed a vital place in medicinal
chemistry 11. Therapeutic properties and applications of metals can be traced back to almost 500
years. Group 3-12 of the periodic table are known
as transition metals because they fill the d subshell
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(ultimate region), leaving 4s subshell incompletely
filled (penultimate region). This property of
transition metals resulted in the foundation of
coordination complexes. Metal complex or
coordination compound is a structure consisting of
a central metal ion or atom, which is known as
coordination center, which is bonded or surrounded
by ions or molecules known as ligands. Chalcones
are effective metal ion chelators and hence can
easily form metal-coordinated compounds. The
chalcones act as bidentate ligand and coordinating
through deprotonated oxygen and ketonic oxygen
atoms.
Copper is an essential trace element in chemistry.
Several metal complexes are in clinical use
(cisplatin being most successful) for the treatment
of several diseases, and many are being currently
tested in preclinical and clinical studies. Copper is
an essential trace element in redox chemistry,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

development, and growth. The major function of
copper molecules involves oxidation-reduction
reactions in which they react directly with
molecular oxygen to form free radicals. More
recently, mixtures of copper chelators with copper
salts have been reported as efficient apoptosis
inducers and proteasome inhibitors as a potential
antitumor agent.
DNA is the prime target for the development of
novel drugs, and hence, DNA binding studies using
spectroscopic techniques have been in the limelight
in recent years. Studies indicate that transition
metal complexes bind covalently with DNA by
intercalation, groove binding, and external
electrostatic binding. Among several types of
transition metal complexes, copper has a better
property for the hydrolysis of DNA because of its
Lewis acid properties 12.

FIG. 1: BIOLOGICAL ACTIVITIES OF CHALCONES

MATERIALS AND METHODS:
Synthesis of Parent Ligand {L}:
(E)-1-(furan-3-yl)-3-(4-methoxyphenyl)prop-2en-1-one:
Anisaldehyde
and
2-acetylfuran
dissolved in methanol was stirred at room
temperature till mixture gets dissolved. The

solution of KOH was added to the above mixture
and refluxed at 0-5 °C for 82 h. The residue
obtained is washed with cold water. The brown
colored crystals were obtained and recrystallized
using chilled ethanol.

SCHEME 1: SYNTHESIS OF LIGAND L. 1a: NaOH, EtOH, 100-140°C; 1b: KOH, MeOH, 0-5°C ; 1c: KOH, MeOH , rt.
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Synthesis of Parent Ligand {L-1}:
(E)-3-(2-hydroxyphenyl)-1-(pyridine-3-yl)prop2-en-1-one: The mixture of salicyaldehyde (0.1M)
in ethanolic solution and 2-acetylpyridine (0.1M) in

E-ISSN: 0975-8232; P-ISSN: 2320-5148

KOH was refluxed for 96 h. The brownish colored
precipitate obtained was filtered and washed with
cold water.

SCHEME 2: SYNTHESIS OF LIGAND L-1. 1a: NaOH, EtOH, 100-140°C; 1b: KOH, MeOH, 0-5°C; 1c: KOH, MeOH, rt

Synthesis of Metal Complex MEC-I: Molecular
formula:
[C29H29CuO7],
Molecular
mass:
553.08g/mol. 2 mmol of ligand solution in
methanol was stirred with 1mmol of methanolic

solution of copper acetate for 72 h at room
temperature. The pale yellow colored crystals were
obtained and washed with chilled ethanol.

SCHEME 3: SYNTHESIS OF METAL COMPLEX MEC-I

Synthesis of Metal Complex MEC-II: Molecular
formula
[C30H30CuNO6],
Molecular
mass
564.11g/mol, Mixture of methanolic solution of
1mmol ligand and 1mmol of L-1 is added to a

methanolic solution of copper acetate solution and
stirred on a magnetic stirrer and refluxed for 18
hours at room temperature.

SCHEME 4: SYNTHESIS OF METAL COMPLEX MEC-II

Preparation of Complex Solution MEC I: Metal
complex MEC I is very soluble in ethanol. Hence
the stock solution of 1mM (100ml) was prepared in
ethanol by dissolving 0.55g of MEC I in 100ml of
ethanol.

Preparation of DNA Solution: The DNA solution
was prepared in distilled water (pH=7) of
concentration 1mg/ml. The sodium salt of DNA
was extracted from Salmon milt. (HIMEDIA®
RM511-5G).

Preparation of Complex Solution MEC II: Metal
complex MEC II is very soluble in ethanol. Hence
the stock solution of 1mM (100ml) was prepared in
ethanol by dissolving 0.56g of MEC II in 100ml of
ethanol.

DNA Binding Studies by UV Spectroscopy: UV
absorption titration was carried out by keeping the
complex concentration at 40µM. complex solution
was prepared in ethanol. Titration was carried out
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by monitoring ligand-based transition of the
complex along with 10µM increments of DNA.
RESULTS AND DISCUSSION:
DNA Interaction Studies of MEC I:
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The present study aimed to investigate the reported bioactives from Plectranthus amboinicus as the inhibitor of
novel coronavirus (COVID-19) targets, i.e., 3CLpro, PLpro, and spike protein, via in silico molecular docking and
other computational approaches. The recorded bioactives were evaluated for their druglikeness characteristics using
MolSoft based on the Rule of Five and the probable targets of each compound were identified using DIGEP-Pred. The
bioactives were docked against 3CLPro, PLpro, and spike protein using AutoDock 4.0. In addition, the enrichment
analysis of regulated proteins was carried out using STRING. Plectranthol B scored the highest druglikeness score.
Additionally, Plectranthol A and B were predicted as the lead hits based on the molecular docking study. Similarly,
the combined synergy of the bioactives identified the modulation of SUMOylation of intracellular receptors and the
nuclear receptor transcription pathway. Furthermore, the study revealed the utilization of the system biology approach
to identify the lead molecules from P. amboinicus against COVID-19 management from the traditional medicinal
system.

Key words:
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INTRODUCTION
Recently, the novel coronavirus (COVID-19) has led to
millions of deaths throughout the world (WHO, 2019b). Multiple
preventive approaches have been suggested to avoid the infection
of COVID-19, like social distancing, regular cleaning the hands
with sanitizer, using masks to cover mouth and nose in a crowd,
and regular health check-ups (WHO, 2019a). Furthermore,
investigations are ongoing in order to identify new drug molecules
in the management of COVID-19, which may still take time as
the drug development process is quite complicated and is timeconsuming. Hence, it is necessary to identify alternative sources
against COVID-19 that can be processed via traditional data
mining.
Plectranthus amboinicus is a Mexican mint that
belongs to the family Lamiaceae and has been reported for
its multiple pharmacological activities, including anti-viral

activities (Arumugam et al., 2016). Further, multiple extracts
of P. amboinicus have been investigated against herpes and
HIV (Arumugam et al., 2016). Likewise, P. amboinicus is also
used to manage respiratory problems and is also a potent antiinflammatory agent (Arumugam et al., 2016; Gurgel et al., 2009)
that possesses anti-inflammatory activity in virus-infected tissues.
The literature studies suggest the necessity of investigating P.
amboinicus against COVID-19 as this infection is associated with
respiratory problems and inflammation.
Hence, the present study utilized in silico tools to
investigate the reported bioactives from P. amboinicus against
three reported targets of COVID-19, i.e., PLpro, 3clpro, and spike
protein, followed by the effect of bioactives on probably regulated
pathways using the Gene ontology (GO) analysis of possibly
modulated protein-based targets.
MATERIALS AND METHODS
Compounds and their targets
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Phytoconstituents present in P. amboinicus were
retrieved from the ChEBI database (https://www.ebi.ac.uk/chebi/)
along with their simplified molecular-input line-entry system
(SMILES). The 2D structure of retrieved compounds is shown
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in Figure 1. The 3D structures of each compound were obtained
from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/)
in a .sdf format and converted into a .pdb format using Discovery
Studio 2019 (Dassault Systèmes BIOVIA, 2019). The proteinbased target of each compound was retrieved from DIGEP-Pred
(Lagunin et al., 2013) at the cutoff value of 0.7 probable activity.

2003)] were obtained from the RCSB database which was in
a complex with other heteromolecules. These heteromolecules
were removed and saved in .pdb files using Discovery Studio
2019 and then converted into a .pdbqt format as a macromolecule
for docking.

Druglikeness score of compounds

Molecular docking was carried out using AutoDock 4
(Morris et al., 2009). After docking, 10 different ligand poses were
obtained. The ligand pose scoring the lowest binding energy (kcal/
mol) was chosen to visualize the ligand–protein interaction using
Discovery Studio 2019.

The druglikeness score of each bioactives was predicted
using MolSoft (https://molsoft.com/mprop/) which was based on
molecular weight, the number of hydrogen bond donors/acceptors,
and MolLogP as explained by Lipinksi’s Rule of Five (Lipinski,
2004).
In silico molecular docking
Ligand preparation
The .sdf 3D files of the ligand were converted into .pdb
files using Discovery Studio 2019 (Dassault Systèmes BIOVIA,
2019). The energy of individual molecules was minimized using
Merck Molecular Force Field 94 (mmff94) (Halgren, 1996) and
then converted into a .pdbqt format.
Macromolecule preparation
The 3D structures of 3CLpro (PDB: 6LU7), PLpro
(PDB: 4M0W), and spike proteins [homology modeled target,
accession number: AVP78042.1 as query sequence, and PDB:
6VSB as a template using the Swiss Model (Schwede et al.,

Molecular docking

Enrichment analysis
The combined list of modulated genes was queried in
STRING (Szklarczyk et al., 2019) and the modulated pathways
were identified by checking the Reactome database (www.
reactome.org). The interaction of bioactives, their targets, and
respective pathways were constructed using Cytoscape (Shannon
et al., 2003). The node size and the map were used to analyze the
network interaction using a network analyzer.
RESULTS
Compounds and their targets
Five different bioactives, i.e., 11, 20-dihydroxysugiol,
11-hydroxysugiol, plectranthol A, plectranthol B, and
abietatriene, were recorded as major bioactives in the ChEBI

Figure 1. 2D structure of (a) 11,20-dihydroxysugiol, (b) 11-hydroxysugiol, (c) plectranthol A, (d) plectranthol B, and (e) abietatriene.
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database for the keyword “P. amboinicus”. These molecules
were identified to downregulate multiple proteins, i.e., vitamin
D3 receptor (VDR) was downregulated by all compounds,
retinoic acid receptor alpha (RARα) by plectranthol B and CD83
by abietatriene.
Druglikeness score of compounds
Plectranthol B was predicted to possess the highest
druglikeness score, i.e., 1.47, with a molecular weight of 536.28,
the number of hydrogen bond acceptors (7) and donors (3),
and MolLogP of 7.18. The details of each compound for their
druglikeness score are summarized in Table 1.
In silico molecular docking
The molecular docking process identified plectranthol
A and plectranthol B to possess the highest binding affinities,
i.e., −7.9 kcal/mol with PLpro, with an equal number of
hydrogen bond interactions. Although plectranthol B showed
the highest binding affinity (−8.9 kcal/mol) with 3CLpro,
plectranthol A shared the highest number of hydrogen bond
interactions, i.e., eight with 3CLpro. Similarly, plectranthol A
was predicted to possess the highest binding affinity (−8.4 kcal/
mol) and hydrogen bond interactions with spike protein. The
binding affinity of an individual ligand with each compound is
summarized in Table 2–4. The 3D interactions of each ligand
molecule with each PLpro, 3CLpro, and spike protein are shown
in Figures 2–4 respectively.
Enrichment analysis
The combined GO analysis of modulated targets
identified two pathways to be majorly regulated with special
reference to the Reactome pathway database, i.e., SUMOylation
of intracellular receptors (HSA-4090294) and nuclear receptor
transcription pathway (HSA-383280): modulated RARα and
VDR. The interaction of each bioactive with its targets and
modulated protein is shown in Figure 5.
DISCUSSION
This study aimed to investigate the bioactives from P.
amboinicus against the three targets of COVID-19, i.e., PLpro,
3CLpro, and spike protein, and their possible role in modulating
multiple pathways. Furthermore, this study also calculated
the probable druggability characteristics based on the Rule
of five. Traditional medicines possess an important role in the
management of infectious (Pinn, 2001) and non-infectious

diseases (Duyu et al., 2020; Hughes et al., 2015; Khanal and
Patil, 2019; Khanal and Patil, 2020a, 2020b; Patil et al., 2019;
Rodrigues et al., 2020a, 2020b). Multiple approaches have been
made to investigate the bioactives from traditional medicines
using in silico approaches which often help to identify the
probable lead hit molecules (Duyu et al., 2020; Khanal et al.,
2019a, 2019b, 2019c; Patil et al., 2019; Rodrigues et al., 2020a,
2020b; Ternikar et al., 2020). Nonetheless, approaches have
been made to investigate the probable anti-viral agents against
COVID-19 using molecular docking, network pharmacology,
and enrichment analysis (Balkrishna et al., 2020; Khanal et al.,
2020a, 2020b, 2020c). Hence, in the present study, we aimed to
investigate the bioactives of P. amboinicus against COVID-19.
Initially, the bioactives of P. amboinicus were retrieved
from the ChEBI database and their proteins and targets were
predicted, which were further queried in STRING; they also
identified the SUMOylation of intracellular receptors (HSA4090294) and nuclear receptor transcription pathway (HSA383280) as modulated pathways. The previous report identified
the involvement of viral infections with the SUMOylation of IRF3
and IRF7, leading to the downregulation of type I Interferon gene
expression (Kubota et al., 2008). In the present study, the combined
action of 11,20-dihydroxysugiol, 11-hydroxysugiol, plectranthol
A, plectranthol B, and abietatriene was identified to regulate the
SUMOylation of intracellular receptors by modulating RARα
and VDR. Furthermore, the controversial reports with vitamin
D and associated genes in viral infection (Lee, 2020) need to be
investigated.
In the present study, all the bioactives were identified
to downregulate RARα, except abietatriene. However, previous
reports reflect the inhibition of retinoid-associated receptors
that may lead to prone viral infections (Song et al., 2018).
Furthermore, a previous study reflects the anti-viral potency
of P. amboinicus (Arumugam et al., 2016); however, anti-viral
efficacy of individual bioactives needs to be still investigated.
Table 2. Binding energy with PLpro (PDB: 4M0W).
Binding energy
(Kcal/mol)

Number of
hydrogen bonds

−6.8

2

TYR265, GLU168

−7

1

TYR274

Plectranthol A

−7.9

2

GLU204, ARG167

Plectranthol B

−7.9

2

ARG167, THR171

Abietatriene

−7.3

–

–

Ligand
11,20-dihydroxysugiol
11-hydroxysugiol

Hydrogen bond
residues

Table 1. Druglikeness score of bioactives from P. amboinicus.
Phytoconstituents
Plectranthol A

MolLogS

Molecular
formula

Molecular
weight

Number of
HBA

Number of
HBD

MolLogP
Log (moles/l)

mg/l

MolPSA
(A2)

MolVol
(A3)

Druglikeness
score

C27H30O6

450.20

6

4

5.99

−5.52

1.37

84.99

491.44

1.11

Plectranthol B

C32H40O7

536.28

7

3

7.18

−5.84

0.77

89.74

598.82

1.47

11,20-dihydroxysugiol

C20H28O4

332.20

4

3

4.11

−4.2

20.83

61.40

373.53

0.42

11-hydroxysugiol

C20H28O3

316.20

3

2

5.19

−4.8

4.97

44.29

368.61

0.13

C20H30

270.23

0

0

6.52

−6.16

0.19

0.00

337.73

−0.12

Abietatriene
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Table 3. Binding energy with 3CLpro (PDB: 6LU7).
Ligand

Binding energy(Kcal/mol)

Number of hydrogen bonds

11,20-dihydroxysugiol

−6.6

2

Hydrogen bond residues
GLU14, GLY120

11-hydroxysugiol

−6.7

2

LEU271, LEU287

Plectranthol A

−8.7

8

GLY143, SER144, HIS163, THR25, THR45, THR24

Plectranthol B

−8.9

3

PHE294, ARG105, GLN107

Abietatriene

−7.3

–

–

Table 4. Binding energy with spike protein.
Binding energy (Kcal/mol)

Number of hydrogen bonds

11,20-dihydroxysugiol

Ligand

−7.1

2

Hydrogen bond residues
GLN825

11-hydroxysugiol

−7.1

2

TRP609

Plectranthol_A

−8.4

5

LYS807, CYS812, PHE805, ASP802, ALA803

Plectranthol_B

−8.3

3

ASN932, PHE805, CYS812

Abietatriene

−7.6

–

–

Figure 2. Interaction of (a) 11,20-dihydroxysugiol, (b) 11-hydroxysugiol, (c) plectranthol A, (d) plectranthol B, and (e) abietatriene with PLpro (PDB: 4M0W).
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Figure 3. Interaction of (a) 11,20-dihydroxysugiol, (b) 11-hydroxysugiol, (c) plectranthol A, (d) plectranthol B, and (e) abietatriene with 3CLpro (PDB: 6LU7).

This result reflects the controversial investigation of lead
bioactives against viral infection treatment from P. amboinicus.
The outcome of this controversial result could be due to two
main reasons. Firstly, the secondary metabolites from P.
amboinicus are not sufficient enough to regulate the multiple
genes/targets. Secondly, the cutoff point of target prediction
could be high against the viral infection as the study is set at a
minimum 70% similarity index.
Additionally, 3CLpro, PLpro, and spike protein are
involved in the manipulation of the ubiquitin system, processing
of pp1a and pp1ab into the replicase proteins, and utilization
angiotensin-converting enzyme 2 as a receptor to enter inside
the cell (Bhoj and Chen, 2009; Li et al., 2003; Lindner et al.,
2005). Based on the binding affinity of bioactives from P.
amboinicus against these three bioactives, we identified all the
phytoconstituents to act over those proteins, except abietatriene
as it did not possess any hydrogen bond interactions compared
to the rest of the molecules. This reflects the abietatriene3CLpro/PLpro/spike protein complex as unstable compared to
other bioactives in the biological system. In the docking studies,
the highest binding affinity (−7.9 kcal/mol) of plectranthol A

and B was predicted with PLpro via the two hydrogen bond
interactions, i.e., -OH...GLU204, =O...ARG167 for plectranthol
A and -OH...ARG167, -O...THR171 for plectranthol B.
Likewise, plectranthol B (−8.9 kcal/mol) was predicted to have
the interaction with 3CLpro via =O...PHE294, -OH...ARG105,
and -O...GLN107. Furthermore, plectranthol A (−8.4 kcal/mol)
was predicted to have the highest binding affinity with spike
protein by interacting with -O...LYS807, -OH...CYS812, -O...
PHE805, -OH...ASP802, and -O...ALA803. The compound
abietatriene had no any hydrogen bond interactions with PLpro,
3CLpro, and spike protein which could be due to the absence of
a functional group in the molecules.
The calculation of the druglikeness score helps to
understand the oral bioavailability of drug-like compounds if
administered orally. This theory was proposed by Lipinksi, which
is based on molecular weight, number of hydrogen bond donors,
number of hydrogen bond acceptors, and LogP value of the
compounds (Lipinski, 2004). Furthermore, P. amboinicus belongs
to the traditional medicine system and is consumed orally. Hence,
we attempted to investigate the ChEBI-recorded bioactives for
druglikeness score in which 80% of bioactives secured positive
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Figure 4. Interaction of (a) 11,20-dihydroxysugiol, (b) 11-hydroxysugiol, (c) plectranthol A, (d) plectranthol B, and (e) abietatriene with Spike protein.

Figure 5. Network interactions of bioactives with respected proteins and modulated pathways.

095

096

Maste and Saxena / Journal of Applied Pharmaceutical Science 10 (12); 2020: 090-097

druglikeness scores, reflecting their probability to get absorbed in
the gastrointestinal tract.
CONCLUSION
The present study investigated the reported bioactives
in the ChEBI database against three targets of COVID-19 using
in silico molecular docking and system biology approach which
identified plectranthol A and B as lead hits. However, the findings
of the presents are based on computer simulations which need to
be further investigated via experimental studies.
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Abstract
In the present research work an attempt has been made to compile the drug likeness profile of selected phytoconstituents
present in fruits of Embelica officinalis Gaertn and to comparatively investigate in-vitro antioxidant activity of various fruit
extracts. Online web server MolSoft and mol inspiration were used for prediction of drug-likeness properties of selected
phytocompounds. Extraction of phytochemicals from fruits of Embelica officinalis Gaertn was carried out by maceration
process using water, ethanol and methanol as solvents. All the extracts were investigated for the presence several
phytochemicals using qualitative chemical test. Antioxidant activity of aqueous, ethanolic and methanolic extract was
performed by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) method using Quercetin as standard. Results of present investigation
showed the drug like score of selected Phytoconstituents. Aqueous, ethanolic and methanolic extracts of fruit yields variety of
phytochemicals and have potent antioxidant activity. Ethanolic extract found to show better activity that aqueous and
methanolic extract.
Keywords: antioxidant activity, quercetin, drug likeness, Molsoft, phytocompounds
Introduction
Plants are the great source of sophisticated natural products
and play important role in the new drug development [1-4]
which were evaluated via in silico molecular docking, in
vitro enzyme inhibitory assay and enrichment analysis. In
worldwide approximately 80% of world peoples are using
traditional medicine for their primary health care [5-6].
Emblica officinalis Gaertn (Amla) family Euphorbiaceae is
a prestigious herb used to prepare Ayurvedic medicines
because of its miraculous actions and used as Rasayan as
mentioned in Charak Samhita [7]. Amla is supposed to
rejuvenate all the organ systems of the body, provide
strength and wellness. It keeps us away from all the diseases
by boosting our immune system [8, 9].
Chemically the fruits of Amla found to possess wide range
of phytochemicals. They are rich in tannins, emblicanin A
and B, which have antioxidant properties. Emblicanin A on
hydrolysis gives gallic acid, ellagic acid and glucose
whereas Emblicanin B on hydrolysis gives ellagic acid and
glucose. They are also found to possess carbohydrates, fats,
proteins, amino acids, minerals, ascorbic acid, β-carotene,
chebulagic acid, chebulaginic acid, chebulic acid, chebulinic
acid, corilagic acid, corilagin, ellagic acid, emblicol,
flavonoids, gallic acid, myristic acid, niacin, phyllantidine,
phyllantine, phyllemblic acid, phyllemblin, phyllemblinic
11, 12]
acid, quercetin, riboflavin, rutin and terchebin. [10,
.
Fruits have many traditional and biological effects. Fresh
fruits are found to show refrigerant, diuretic, and laxative,
carminative and stomachic activities. Dried fruit is sour and
astringent. Amla fruit paste is main ingredient of
Chyawanprash, a popular Ayurvedic tonic. Amla is known
as Amritphale in Sanskrit, which literally means the fruit of

heaven or nectar fruit and is the richest source of Vitamin C
and hence it have great antioxidant activities [13-21].
Solvents play an important role in the extraction process, as
different solvents have ability to extract different
constituents from crude drug. Various studies have been
reported on antioxidant activities of fruits of Embelica
officinalis Gaertn. But no comparative antioxidant activity
evaluation studies have been reported. Hence in the present
research an attempt has been made to investigate antioxidant activity of fruit extracts of Embelica officinalis
Gaertn using different solvents.
The Lipinskies rule of five found to be as useful in defining
the drug like properties of molecules. The rule of five
criteria was originally proposed by Lipinski and coworkers.
In the drug discovery field, the rule of five predicts that poor
absorption is more likely when there are more than ten Hbond acceptors, five H-bond donors, molecular weight is
more than 500, and the calculated Log P is more than five
[22]
.
Lipinski's rule of five is also known as Pfizer's rule of
five or the rule of five (RO5). R05 is a rule of thumb to
evaluate drug likeness or determine a molecule with a
certain biological activities. The rule is important to keep in
mind during drug discovery when a pharmacologically
active lead structure is optimized step-wise to increase the
activity and selectivity of the compound as well as to ensure
drug-like physicochemical properties are maintained as
described by Lipinski's rule. Candidate drugs that conform
to the RO5 tend to have lower attrition rates during clinical
trials and hence have an increased chance of reaching the
market [23, 24]. Knowledge about the drug like properties of
molecules plays an important role in the drug discovery. In
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the present study we have selected few important
phytocompounds from fruits and its drug like properties
have been determined and reported along with its
antioxidant profile.
Materials and methods
Instruments and apparatus
Shimadzu UV Spectrophotometer (UV-1800) was used to
record the absorbance samples prepared for in-vitro
antioxidant activity. Hot air oven was used to dry the crude
drug and extracts. Calibrated weighing balance was used in
the study for weighing of crude drugs and extracts.
Solvents and reagents
All the solvents and reagents used for the study were pure
and obtained from store house of KLE College of
Pharmacy, Belagavi. Distilled water was collected from
distillation unit from department of Pharmacognosy.
Ethanol and methanol were of Merck Ltd. All the test
reagents used for phytochemical analysis were prepared
freshly and used from department of Pharmacognosy.
Software
Molsoft and mol inspiration were used to determine the drug
likeness profile of phytochemicals. For recording of
absorbance of samples UV probe software in UVSpectrophotometer was used.
Determination of Drug Like Properties of Selected
Phytoconstituents
Online web server MolSoft was used for prediction of druglikeness properties of Quercetin, Kaempferol, Emblicanin
A, Emblicanin B, Phyllantidine, Chebulagic acid,
Chebulinic acid, Puniglucanin, Vitamins C, Phyllanemblinin
A, Ellagic acid, Hexahydroxydiphenic acid, Methyl gallate,
Luteolin-7o-neohesperidoside and Corilagin. Drug-like
properties were calculated based on the Lipinski rule of five
[25]
. The Canonical simplified molecular line-entry systems
(SMILES) were retrieved from PubChem and submitted as
input to mol inspiration and MolSoft web server to predict
drug-like properties of compounds [26].
Collection of plant materials, authentication
The dried fruits of Embelica officinalis Gaertn were
obtained from KLE Ayurveda Pharmacy, Belagavi. Dried
fruits were grounded to get course powder. The powdered
material was subjected to cold extraction (maceration) with
water, ethanol and methanol.
Phytochemical extraction
Extraction of powdered material was carried out by using
maceration process. Distilled water, ethanol and methanol
were used as solvents for extraction. 10 gm of powdered
material was extracted with 100 ml of distilled water,
ethanol and methanol seperately. The content was shaken
continuously during maceration period. After the period of
maceration contents were filtered through muslin cloth and
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filtrate were evaporated to get thick and concentrated
residue.
Phytochemical investigation
The qualitative tests were performed for detecting the
presence of different phytoconstituents groups in the extract.
Chemical test for alkaloids, glycosides, flavonoids,
saponins, phenolic, tannins, terpeniods were performed as
per standard procedures.
Evaluation of in-vitro antioxidant activity
The antioxidant activity of fruit extracts of Embelica
officinalis Gaertn was evaluated against 2, 2-diphenyl-1picrylhydrazyl (DPPH) radical by measuring the absorbance
at 518 nm using UV-Visible spectrophotometer. For the
reference we have followed the method as mentioned in
previously published work [27].
Preparation of working stock solution of extract
100 mg of aqueous, ethanolic and methanolic extract were
weighed accurately and transferred into 100 mL volumetric
flask seperately. Small amount of DMSO was added into
each and volume was made up to the mark using analytical
grade methanol. From the resulting stock solution different
concentration ranging from 100 μg/mL, 200 μg/mL, 300
μg/mL, 400 μg/mL and 500 μg/mL of respective extracts
were prepared.
Preparation of standard stock solution
10 mg of standard Quercetin was weighed and accurately
transferred into 100 mL volumetric flask. Volume was made
up to the mark using methanol. From this stock further
dilution were made to prepare working standards.
Preparation of dilutions for antioxidant activity
1 mL from each extract and 3 mL of methanol were mixed
by 0.5 mL of 1.0 mM DPPH in methanol. 1 mL of working
standard solution of Quercetin was mixed with 3mL of
methanol and 0.5 mL of 1.0mM DPPH solution. 3 mL of
methanol and 0.5 mL of DPPH was mixed and used as
blank solution. All the prepared dilutions were allowed to
react at room temperature for 30 minutes. All the samples
were prepared in triplicate for each analysis and the mean
value of absorbance was obtained. Extract concentration
providing 50% inhibition (IC50) was calculated from the plot
of inhibition percentage against extract concentration.
Results and Discussion
Drug Likeness Properties of Selected Phytoconstituents
The drug like properties and score of Quercetin,
Kaempferol, Emblicanin A, Emblicanin B, Phyllantidine,
Chebulagic acid, Chebulinic acid, Puniglucanin, Vitamins
C, Phyllanemblinin A, Ellagic acid, Hexahydroxydiphenic
acid, Methyl gallate, Luteolin-7o-neohesperidoside and
Corilagin were presented in Table 1. Log P value play an
important role in the absorption of drug.
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Table 1: Drug Likeness Properties and Score of Selected Phytoconstituents
Sr. No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Compound Name
Quercetin
Kaempferol
Emblicanin A
Emblicanin B
Phyllintidine
Chebulagic acid
Chebulinic acid
Puniglucanin
Vitamins C
Phyllanemblinin A
Ellagic acid
Hexahydroxydiphenic acid
Methyl gallate
Luteolin-7o-neohesperidoside
Corilagin

Molecular Weight
302.23 g/mol
286.24g/mol
782.5 g/mol
780.5 g/mol
233.26g/mol
954.7g/mol
956.7 g/mol
802.6 g/mol
176.12 g/mol
970.7 g/mol
302.19 g/mol
338.22 g/mol
184.15 g/mol
594.5 g/mol
634.5 g/mol

HBA
7
6
22
22
4
13
27
23
6
28
8
10
5
12
18

HBD
5
4
12
12
0
27
13
14
4
14
4
8
3
9
11

Log p
2.11
1.61
-1.27
2.41
1.85
0.22
-1.69
-1.29
-2.4
-3.64
1.02
0.56
0.9
-1.35
-2.2

Drug Likeness Score
0.93
0.5
-0.05
-0.87
-1.03
0.58
0.84
0.4
0.84
0.55
-0.98
-0.34
-0.49
1.04
0.83

extraction of powdered material was carried out by
maceration process. The extracts were concentrated dried
and stored in well closed container for further studies. The
colour, amount of extract obtained and percentage yield of
extracts were presented in Table 2.

Extraction of powdered drug
The dried fruits of Embelica officinalis Gaertn were
obtained from KLE Ayurveda Pharmacy, Belagavi also
authenticated with CRF code CRF/Auth/2019/200. The
crude drug were powdered and subjected for extraction. The

Table 2: Physical characteristics and % yield of Fruit Extracts of Embelica officinalis
Type of Extract
Aqueous Extract
Ethanolic Extract
Methanolic extract

Colour of extract
Brownish green
Reddish brown
Reddish brown

State
Solid
Semi-solid
Semi-solid

Phytochemical analysis
Qualitative chemical tests were performed individually for
the detection of each extract. The phytochemical

Amount of Extract
1.5 gm
1.2 gm
0.8 gm

% Yield
15%
12%
08%

composition of plant extract using different solvents showed
their presence ion respective extract. The results were
presented in Table 3.

Table 3: Phytochemical Screening of Fruit Extracts of Embelica officinalis Gaertn
Sr. No.
1
2
3
4
5
6
7
8
9

Phytoconstituents
Carbohydrates
Proteins
Glycosides
Steroids
Tannins
Alkaloids
Triterpenoids
Saponins
Flavonoids

Aqueous Extract
+ ve
+Ve
-Ve
-Ve
-ve
-ve
-Ve
-Ve
+ ve

Evaluation of antioxidant activity of extract
The anti-oxidant profiles of aqueous, ethanolic and
methanolic extracts were reported in Table 4 and also
outcome of the results were showed in Figure 1, 2 and 3.
The mean % inhibition of aqueous, ethanolic and
methanolic extract was found to be 52.81%, 67.22%,
38.41% respectively. IC50 values calculated for aqueous,

Ethanolic Extract
-Ve
+Ve
-Ve
-Ve
+ve
+ve
-Ve
-Ve
+ve

Methanolic Extract
-Ve
+Ve
-Ve
-Ve
-ve
+ve
-Ve
-Ve
-ve

ethanolic and methanolic extract were 233.15 μg/mL,
127.75 μg/mL, 419.33 μg/mL respectively. The value of
standard Quercetin was found to be 30.08 μg/ IC50 mL. The
results of antioxidant activity showed that ethanolic extract
showed better antioxidant activity with IC50 Value 127.75
μg/mL with compared to aqueous and methanolic extract.

Table 4: Antioxidant Profile of Fruit Extracts of Embelica officinalis Gaertn
Sr. No.
1
2
3
4

Type of Extracts
Aqueous extract
Ethanolic extract
Methanolic extract
Quercetin

Concentration
100 - 500 μg/mL
100 - 500 μg/mL
100 - 500 μg/mL
10-50 μg/mL

Mean % Inhibition
52.81%
67.22%
38.41%
82.43%

IC50 Values
233.15 μg/mL
127.75 μg/mL
419.33 μg/mL
30.08 μg/mL
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percentage inhibition

100

Aqueous
Ethanol

80

Methanol

60

Quercetin

40
20
0
0.5

1.0

1.5

2.0

2.5

3.0

Log concentration (g/m l)
Test agents

IC50 (µg/ml)

Aqueous

233.15

Ethanol

127.75

Methanol

419.33

Quercetin

30.08

Fig 1: IC50 Values of Aqueous, Ethanolic and Methanolic Fruit Extracts
1.

2.

3.

Fig 2: Mean % Inhibition of Fruit Extracts of Embelica Officinalis
Gaertn

4.

5.

6.

7.

Fig 3: IC50 Values of Fruit Extracts of Embelica Officinalis Gaertn

8.
Conclusion
The present investigation concluded that ethanolic fruit
extract of Embelica officinalis Gaertn was found to show
good antioxidant activity as compared to aqueous and
methanolic extracts. In future there is a need to carry out the
fractionation of ethanolic extract and evaluation of its
antioxidant activity.
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Abstract
This paper aimed to elucidate the effect of Erythrina variegata L. bark on scopolamine-induced memory impairment in rats
and to decipher the molecular mechanism of phytoconstituents via the utilization of gene set enrichment analysis, network
pharmacology coupled with in silico docking study. First, three models i.e. Morris Water Maze (MWM), Elevated Plus
Maze (EPM), and Passive Avoidance Paradigm (PA) were utilized to elucidate the memory function. Second, the level of
biomarkers i.e. acetylcholinesterase enzyme, reduced glutathione, and lipid peroxidation level were measured in brain tissues. Third, the key bioactive phytoconstituents targeting potential protein targets and pathways were identified through gene
set enrichment analysis and network pharmacology. Lastly, the interaction between bioactive phytoconstituents with their
respective targets was confirmed by molecular docking analysis. The MWM, EPM, and PA activity showed, scopolamine
administration increased Escape Latency Time (ELT), Transfer Latency (TL), and Step Through Latency (STL) respectively
on day 0th, 7th, 14th, and 21st, whereas treatment with E. variegata extract significantly reverse the ELT, TL and STL activity. The decreased level of Acetylcholinesterase (AChE) and MDA level in treated animals reflected the enhanced memory
and was found to be comparable withclinically proven drug i.e. donepezil. Sixty compounds were identified in EV bark,
among which twenty-two compounds are predicted to modulate potential targets involved in AD and considered potentially
bioactive. Further, the docking study revealed, Alpinumisoflavone, Auriculatin, Osajin, and Scandenone to have the highest
binding affinity with Tau protein, Whereas Donepezil and Glucoerysodine with acetylcholinesterase enzyme.
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Introduction
Alzheimer’s disease (AD) is a chronic neurodegenerative
disease represents the most common form of dementia,
characterized by a progressive decline in memory (Palle
and Neerati 2017; Tung et al. 2017). The complete cause
of AD remains unknown due to its heterogeneity, mainly
caused by aging in concert with an interaction of both
environmental and genetic factors. AD brain is characterized by the impairment of central cholinergic system function and cerebral oxidative stress (Blennow et al. 2006;
Korczyn and Vakhapova 2007; Bachurin et al. 2017).
Worldwide, people with dementia are approximately 47
million, 5.5 million are in the US and it is the 6th leading
cause of death in the US (Ulep et al. 2017). The current
therapeutic agents in the management of mild to moderate
dementia associated with AD lose their effectiveness as the
disease progresses (Mayo clinic 2018) and also associated
with multiple side effects (Ali et al. 2015). However, herbs
and natural products have received considerable attention
for the management of complex diseases due to the presence of numerous bioactive phytoconstituents and possess
diverse therapeutic potential with fewer side effects (Khanal and Patil 2020a). The pharmacological mechanisms
of herbs with multiple phyto constituents and targets are
challenging to determine experimentally. The current drug
discovery utilized the approach of a single drug can target numerous protein molecules and lock and key model
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to understand the ligand-target interaction in various
polygenic pathogenesis. The trend in the drug discovery
utilized gene set enrichment analysis and network pharmacology approach for achieving a holistic view of and
comprehensive and systematic insight into the mechanisms
of multi-ingredient medicine. Nowadays, these approaches
are applied in folk medicines for uncovering the molecular
mechanism of multi-component drugs to target numerous
proteins and to cause a therapeutic synergistic effect (Ding
et al. 2019) which are effective in both infectious (Khanal
et al. 2020) and non-infectious diseases(Duyu et al. 2020;
Khanal and Patil 2020a, b).
Erythrina genus belongs to one of the largest botanical
family ‘Fabaceae’. The genus Erythrina is represented by
about 290 species. The species from the Fabaceae family yields valuable medicinal drugs, oil-producing plants,
insecticides, and species with numerous biological activities (de Araújo-Júnior et al. 2012). Erythrina variegata L.
is a thorny deciduous tree originally from India to Malaysia. Its bark extract was characterized by the abundance of
erythrinan alkaloids i.e. erysotine, erythratidineabyssinone
V, erycrystagallin and 4′-hydroxy6,3′,5′-triprenylisofl
avonone, erythrinin B, genistein, laburnetin, erysopine,
erysovine, erythratidine, erysotrine, erysodine, erythrodiol, etc. and flavonoids, polyphenolserythrinins A, B,
C, alpinumisoflavone, osajin, etc. (Lim 2014). Erythrine
byproducts (alkaloids) from Erythrine species are reported
for the moderate inhibition of Acetylcholinesterase
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(Majinda 2018) and management of neurodegenerative
disorders (Hussain et al. 2018; Chu et al. 2019).
However, there are no scientific reports to show the
molecular mechanism of Erythrina variegata L. bark on
memory improvement via the utilization of in vivo, in vitro,
and in silico methods. Hence the current study aims to elucidate the memory improvement activity ofErythrina variegata L. bark.

Materials used in the current study
Chemicals
Scopolamine HBr (Vital Laboratories Pvt. Ltd, Gujarat),
Donepezil (Apotex pharmaceuticals, Bangalore), Acetylthiocholine iodide (Sigma USA), DTNB (Sigma USA), Distilled water was used wherever mentioned, Double distilled
ethanol is used for extraction.

Instruments and equipment’s
Elisa plate reader (Thermo Scientific multiskan GO version
1.00.40), Centrifuge (Remi), Elevated Plus maze, Morris
Water Maze, Electronic weighing balance, Rotary evaporator, Refrigerator, and many more.

Plant material
The fresh areal part of Erythrina variegata was collected
from Belagavi, Karnataka, India, in the month of September/2018 and authenticated at ICMR-National Institute of
Traditional Medicine, Belagavi. The herbarium was prepared and stored for further reference (Accession Number:
1404). The fresh bark was washed under running water to
remove adhered dust material, shade dried, crushed into the
coarse powder, and subjected for the maceration using 70%
v/v ethanol for seven days with occasional shaking. After
seven days, the mixture was filtered and concentrated using
a rotary evaporator under reduced pressure. The extract was
stored in an airtight light resistance glass container for further use.
Table 1  Experimental study
design

Animals
Male Wistar rats (180 ± 20 g) were procured from In vivo
Biosciences, Bangalore. Animals were divided into seven
groups (n = 6) and housed in a clean transparent polypropylene cage and maintained under 12 h light–dark cycle at
23 ± 2 °C. Relative humidity was maintained at 45–55%.
The study protocol was reviewed and approved by the Institutional Animal Ethical Committee, KLE College of Pharmacy, Belagavi, and Resolution No. KLECOP/CPCSEAReg. No. 221/Po/Re/S/2000/CPCSEA, Res. 25–13/10/2018.
The animal experiments were carried out in accordance with
the CPCSEA guidelines.

Experimental study design
Male Wistar rats were divided into 6 groups (Table 1). The
dose of E. variegata is selected based on acute toxicity study
and was reported to be 3000 mg/kg (Shah et al. 2017). All
the animals were subjected to exteroceptive behavioral
models of memory using elevated plus maze (Bhuvanendran et al. 2018), Passive avoidance paradigm (Uddin et al.
2016), Morris water maze (Ishola et al. 2018), and reading
were taken as acquisition trial (before the study starts) and
on 0th (before treatment and after inducing), 7th, 14th and
21st day (Fig. 1). At the end of the experiment, animals are
euthanized by an overdose of chloroform, brains were isolated and the cerebral cortex, hippocampus acetylcholinesterase enzyme activity and lipid peroxidation, glutathione
level in the brain were measured.

In vivo screening models for memory
improvement (Exteroceptive behavioural
models)
Elevated plus maze (EPM)
EPM consists of two open arms crossed over two closed of
dimensions (50 × 10 cm). These four arms were connected
using a central square (10 × 10 cm). During the assessment
of memory via EPM, rats were individually placed at one

Animal groups (n = 6)

Treatment

Control
NC
PC
EV 300
EV 600
EV 1200

Received normal food and water
Received Scopolamine Hydrobromide (3 mg/kg i.p) for 7 days
Disease induced + Donepezil HCl. (3 mg/kg p.o.) for 21 days
Disease induced + Received Extract (300 mg/kg p.o.) for 21 days
Disease induced + Received Extract (600 mg/kg p.o.) for 21 days
Disease induced + Received Extract (1200 mg/kg p.o.) for 21 days

NC negative control, PC positive control, EV Erythrina variegata
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Fig. 1  Effect of Erythrina variegata on memory impairment using a
Morris Water Maze b Elevated Plus Maze c Passive Avoidance paradigm. All the data were analysed by one way ANOVA followed by
Tukey’s Multiple Comparison Test and expressed in Mean ± SEM.
**P < 0.01, ***P < 0.001 compared to Control group; #P < 0.05,

##P < 0.01, ###P < 0.001 compared to NC; @P < 0.05, @@P < 0.01,
@@@P < 0.001 compared to PC; %%P < 0.01, %%%P < 0.001 compared to EV 300, ≪ P < 0.01, ≪< P < 0.001 compared to EV 600 on
0th, 7th, 14th and 21st day

end of the open arm facing away from the central stage (platform) and the time taken for the rat to move from open to
closed arm (Initial Transfer latency, ITL) was recorded using
a stopwatch. The animals were allowed to explore the maze
for 90 s. When the animal did not enter the closed arms
within 90 s, the animal was directed on the back into one of
the closed arm and transfer latency was given as 90 s. Later
the rat was allowed to explore the maze for 30 s to become
familiar with the maze and then returned to its cage (Bhuvanendran et al. 2018).

directed to the stage (platform) and was permitted to stay
on it for 10 s (Ishola et al. 2018).

Morris water maze
MWM consist of a large circular water tank having a size
of 110 cm diameter and 60 cm height. It is made of black
opaque polyvinyl chloride or hardboard coated with fiberglass or resin with a white surface and filled with water
(26 ± 2 °C) to a depth of 30 cm. the floor of the circular
tank is marked off into 4 equal quadrants and was designed
as North, East, West, and South. In all trials, 2 cm below
the surface of the water, a black round platform of diameter
10 cm was placed in a constant position. The cut off time
given to individual rat is 60 s. The time taken for the rat to
locate the escape platform was noted. If the rat is unable
to find/locate the platform within the cut off time, it was
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Passive avoidance test (PA)
PA apparatus consisting of one light compartment and one
dark compartment connected by a 9 cm door in the middle
part. The floor of the dark compartment consists of a metal
grid and connected to a shock generator, able to generate a
shock in the range of 0.4 mA. The animal is kept in the light
chamber and time (period) taken by the rat to move from
the light chamber to the dark chamber will be recorded as
Transfer Latency. Every test consists of two trials (a) acquisition trial and (b) retention trial. For the acquisition trial, an
individual rat was placed in the light compartment, as soon
as the rat entered into the dark compartment, an electrical
shock of 0.4 mA was applied for 3 s, the latency time, once
the rat had entered the dark chamber, was recorded as Escape
Latency (EL). After 24 h of acquisition trial, a retention trial
was conducted, where no shock was given/applied when the
rat comes into the dark chamber and retention latency was
recorded by the time taken the rat to re-enter into the dark
chamber. Animals which didn’t enter the dark compartment
even after 180 s were removed from the apparatus (Uddin
et al. 2016).

Experimental validation and network pharmacology evaluation to decipher the mechanism of…

Biochemical estimation
Cerebral cortex and hippocampus acetylcholinesterase
(AChE) enzyme estimation
The AChE enzyme estimation was performed by the method
described by Ellman et al. (1961). Animals were decapitated, brains were removed quickly, and placed in ice-cold
saline. The cerebral cortex and Hippocampus were isolated, weighed, and homogenized in 0.1 M (pH 8) Phosphate buffer. 0.4 ml of the homogenate is added to a test
tube containing 2.6 ml of phosphate buffer (0.1 M, pH 8) and
100 µl of DTNB (10 mM) reagent. To this mixture added
20 µl of acetylthiocholine iodide (0.075 M) solution and
the absorbance was noted at 412 nm for 3 min, change in
absorbance per min was calculated. The rate of moles of
substrate hydrolyzed per min per gram of tissue is calculated
by the equation R = 5.74 × 10−4(ΔA/Co). Where, R = Rate,
in moles of substrate hydrolyzed per min per gram of tissue;
ΔA = change in absorbance per min; Co = original concentration of tissue (mg/ml).

Estimation of lipid peroxidation in rat brain
The amount of TBARS present in the brain was measured
by the method of Ohkawa et al. (1979) and Ramakrishnan
(2015). Briefly, 0.2 ml of a homogenate of the whole brain,
0.2 ml of Sodium dodecyl sulphate (8.1% w/v), 1.5 ml of
20% acetic acid, and 1.5 ml of thiobarbituric acid (0.8%,
aqueous solution) was added. The volume was made up to
4 ml with distilled water and heated in a water bath for 1 h.
After cooling, 1 ml of distilled water was added followed by
a 5 ml mixture of pyridine: n-butanol (1:15 v/v); shaken vigorously, centrifuged at 4000 rpm for 10 min and absorbance
of the organic layer was noted at 532 nm. The thiobarbituric
acid reactive substances (TBARS) level was expressed as
nanomoles of malondialdehyde/mg of protein in the brain
homogenate. Malondialdehyde (MDA) = n moles formed per
mg of protein in the body. The concentration of MDA is
calculated by C = A×(V/E) × P. Where, C = Concentration of
MDA/mg; A = Absorbance at 535 nm; V = Volume of solution; E = Extinction coefficient (1.56 × 105 m/cm); P = mg of
protein per g of tissue. All values were expressed in nM of
MDA/mg of protein.

Estimation of reduced glutathione
Glutathione level was measured by the method of Ellman
et al. (1959). To the 0.25 ml of brain homogenate, added
2.5 ml of sodium phosphate buffer was added followed by
50 µl of Ellman’s reagent (pH 7.0). The mixture was mixed
well and incubated at 23 ± 2 °C, absorbance was noted at
412 nm within 15 min using a UV spectrophotometer. GSH

level wascalculated using the formula C0 = A/€ × D and
expressed in µmoles/mg of tissue. Where C0 is original concentration; A is Absorbance at 412 nm; € is molar extinction
coefficient i.e. 13,600/M/cm; D is the dilution factor.

Histopathological study
At the end of the study, animals were euthanized and brains
were collected and stored in 10% neutral buffered formalin for further evaluation. The brains were stained with
hematoxylin–eosin and the hippocampal and cerebral cortex lesions were evaluated using an electronic microscope
at × 40 magnification.

Bioactive phytoconstituents from E. variegata L.
and drug‑likeness property
The bioactive phytoconstituents from E. variegataL. were
listed from the Phytochemical Interactions DB (https: //www.
genome.jp/db/pcidb), Chemical Entities of Biological Interest (https://www.ebi.ac.uk/chebi/), Dr. Duke’s Phytochemical and Ethnobotanical Databases, and public repositories
using a keyword Erythrina variegata and Erythrina indica.
Canonical smiles of each compound were collected from the
PubChem (Kim et al. 2016) and the drug-likeness property
was predicted using the MolSoft online server (https: //molso
ft.com/mprop/). Compounds having positive drug-likeness
scores were predicted for their possible human biological
protein targets using SwissTargetPredictionwith reference
to the already existeddrug molecules(Gfeller et al. 2014).
Gene ID of all the proteins was retrieved from the UniProt.
The potential protein targets involved in AD were identified
and retrieved from the Therapeutic Target Database (Chen
et al. 2002).

Network analysis
STRING 11.0v (Szklarczyk et al. 2019) was used to understand the protein–protein interactions by a submitted set
of Gene IDs, and the Kyoto Encyclopedia of Genes and
Genomes pathway (KEGG pathway) database (Kanehisa
and Goto 2000) was used to findthe pathways involved in
the pathogenesis of AD. Cytoscape (Shannon et al. 2003)
version 3.6.1 was used to construct the network between
phytoconstituents, protein targets, and pathways. To analyze
the network, the edge count was applied to the node and
edges (Khanal et al. 2020).

Docking studies
PubChem chemical database was used to retrieve the 3D
structure of phytoconstituents and the energywas minimized
using Marvin Sketch by applying the mmff 94 force field
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(Halgren and Merck 1996). The protein molecules, AChE
and MAPT x-ray crystallographic protein structure having
PDB ID 4PQE and 1J1C respectively were downloaded from
the RCSB PDB (https://www.rcsb.org/). The quality of the
protein was checked using PROCHECK (Laskowski et al.
1993) and ERRAT (https://servicesn.mbi.ucla.edu/ERRAT
) online servers. Molecular docking was carried using AutoDock4.0 (Morris et al. 2009) in PyRx 0.8 (https: //pyrx.sourc
efoge.io) platform to identify probable binding affinity. The
ligand–protein interaction was visualized using Discovery
Studio Visualizer 2019v (Biovia 2019).

Statistical analysis
Results were expressed as Mean ± SEM. The difference
among the mean was evaluated using one-way ANOVA followed by Tukey’s Multiple Comparison Test, using GraphPad Prism version 5.0.

Results and discussion
Morris water maze task
The Escape Latency Time (ELT) during acquisition in the
NC group was significantly increased on 0th (before the
treatment with Donepezil and Erythrina variegata exact)
day. The EV 600 and 1200 mg/kg treated groups showed a
significant decrease in the ELT on day 7th, 14th, and 21st
compared with the negative controlgroup. Whereas Donepezil 3 mg and EV 300 mg/kg showed significant decreased
ELT on day 14th and 21st but not 7th day on compared with
the negative control group. On looking to the dose-dependent activity, EV 600 and 1200 mg/kg showed a significant
change in ELT from day 7th to 21st compared to Donepezil
3 mg/kg and EV 300 mg/kg (Fig. 1a).

Donepezil 3 mg, EV 300 mg, EV 600 mg, and 1200 mg/kg
showed a significant increase in STL on 21st day on compared with NC group (Fig. 1c).

Effect of E. variegatahydroalcoholic extract on AChE
level in rat hippocampus and cerebral cortex
The negative control group showed a significant increase
in AChE enzyme activity compared with the control group.
However, treatment with Donepezil 3 mg and EV 300, 600,
1200 mg/kg showed a significant dose-dependent decrease
in AChE enzyme activity compared to the negative controlgroup (Fig. 2a and b).

Effect of E. variegatahydroalcoholicextract
on reduced GSH level
The negative control group showed a remarkable reduction
in the GSH level compared to control group animals. Treatment with Donepezil 3 mg/kg showed a significant increase
in the reduced GSH level, whereas treatment with EV 300,
600 and 1200 mg/kg group didn’t show any significant
increase in the reduced GSH level (Fig. 2c).

Effect of E. variegatahydroalcoholicextract on MDA
level
The scopolamine treated rats showed a significant increase
in the MDA level compared to the control group. Treatment
with Donepezil 3 mg/kg, EV 300, EV 600 and EV 1200 mg/
kg showed a dose-dependent decrease in the MDA level
compared to the negative control group (Fig. 2d).

Elevated Plus Maze task

Histopathological investigation

The Transfer Latency(TL) of the negative control group
during acquisition was significantly increased on the 0th
day compared to the control group. Treatment with Donepezil 3mg and EV 300 mg/kg groups showed a significant
decrease in TL on day 7th, 14th and 21st whereas, EV 600
and 1200 mg/kg showed a significant decrease in TL on
14th and 21st day compared with the negative control group
(Fig. 1b).

The histology of the scopolamine treated group indicated
severe cerebral congestion, cerebral odema, moderate
meningeal congestion, neuronal eosinophilia, and mild
neuronal micro vacuolization, neuronal nuclear pyknosis, neuronal karyorrhexis, neutrophilic infiltration, RBC
extravasation, macrophage influx, vascular proliferation,
and reactive gliosis. However, control, positive control and
treatment groups showed mild cerebral congestion, cerebral
odema, meningeal congestion, and neuronal eosinophilia and
no changes are observed in neuronal micro vacuolization,
neuronal nuclear pyknosis, neuronal karyorrhexis, neutrophilic infiltration, RBC extravasation, macrophage influx,
vascular proliferation, and reactive gliosis. The histopathological reports are shown in Table 2 and Fig. 3.

Passive avoidance task
The Step Through Latency (STL) of the negative control
group during acquisition was significantly decreased on
the 0th day compared to the control group. Treatment with
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Fig. 2  Estimation of (a) AChE enzyme activity in rat hippocampus b
AChE enzyme activity in rat cerebral cortex c Reduced glutathione
level in rat whole brain d Malondialdehyde level in rat whole brain.
Mean ± SEM: (n = 6): analysed by one way ANOVA followed by

Table 2  Histopathological
investigation of rat brain

Tukey’s Multiple Comparison Test whereas **P < 0.01, ***P < 0.001
Compared to Control; #P < 0.05, ##P < 0.01, ###P < 0.001 Compared
to NC, @P < 0.05, @@P < 0.01, @@@P < 0.001 Compared to PC,
%P < 0.05, %%P < 0.01 Compared to EV 300

Microscopy

Control

NC

PC

EV 300

EV 600

EV 1200

PREV

Cerebral Congestion
Cerebral Odema
Neuronal Microvacuolisation
Meningeal Congestion
Neuronal Eosinophilia
Neuronal Nuclear Pyknosis
Neuronal Karyorrhexis
Neutrophilic Infiltration
RBC Extravasation
Macrophage Influx
Vascular Proliferation
Reactive Gliosis

+
+
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–
–
–
–
–
–

+++
+++
++
+
+
+
+
+
+
+
+
+

+
–
+
–
–
–
–
–
–
–
–
–

+
+
++
–
+
–
–
–
–
–
–
–

+
–
–
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–
–
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–
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+
–
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–
–
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–
–
–
–

+
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–
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–
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–

−Nil; + Mild; ++ Moderate; +++ Severe
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Fig. 3  Histopathological investigation of rat brain (Hippocampus × 440 magnification and
Cortex × 40 magnification)

Bioactive phytoconstituents from E. variegata L.
and drug‑likeness property
Sixty bioactive compounds were identified in EV bark,
among which twenty-two compounds were predicted to have
positive drug-likeness scores and predicted to modulate six
potential protein targets involved in AD i.e. MAPT, ACHE,
BACE1, BACE2, CHRM1, and DRD2. Further, these compounds were considered potentially bioactive, identified as
alkaloids and flavonoids compounds to show the synergistic
effect (Table 3).
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Network analysis
The peer interpretation of enrichment analysis from the
STRING database and KEGG pathway showed four possible pathways that are directly associated with AD. Among
four pathways, Alzheimer’s pathway (hsa 05010) scored
the lowest false discovery rate with the highest edge count
within the network. The network analysis revealed, among
six proteins MAPT and ACHE protein identified as enriched
protein targets modulated by the nineteen and six bioactive
phytoconstituents (Tables 4 and 5; Fig. 4).

Experimental validation and network pharmacology evaluation to decipher the mechanism of…
Table 3  Druglikeness property
of phytoconstituents from EV

Compounds

Pubchem ID

MF

MW
< 500

HBD
<5

HBA
< 10

LogP
<5

DLS

68-Diprenylgenistein
Alpinumisoflavone
Auriculatin
Bidwillol A
Coccuvine
Erysophorine
Erysotine
Erystagallin A
Erysubin F
Erythratidine
Erythrinin A
Erythrinin C
Eryvarin B
Eryvarin C
Euchrenone B10
Genistein
Glucoerysodine
Isobavachin
Laburnetin
Osajin
Scandenone
Wighteone
Donepezil*

480,783
5,490,139
5,358,847
10,042,759
3,085,221
101,277,326
101,663,503
10,410,005
12,051,847
442,220
10,381,321
44,257,283
101,010,400
15,546,807
402,594
5,280,961
44,570,487
193,679
15,237,156
95,168
5,379,679
5,281,814
3152

C25H26O5
C20H16O5
C25H24O6
C21H22O4
C17H19NO2
C32H38N3 O4
C18H23NO4
C26H30O5
C25H26O4
C19H25NO4
C20H16O4
C20H18O6
C25H28O5
C20H20O4
C25H26O6
C15H10O5
C24H31NO8
C20H20O4
C20H18O6
C25H24O5
C25H24O5
C20H18O5
C24H29NO3

406.18
336.34
420.16
338.15
269.14
528.29
317.38
422.21
390.18
331.41
320.1
354.11
408.19
324.14
422.47
270.24
461.2
324.14
354.35
404.16
404.46
338.35
379.21

3
2
3
2
1
1
2
2
2
1
1
3
2
2
3
3
4
2
4
2
2
3
0

5
5
6
4
3
5
5
5
4
5
4
6
5
4
6
5
9
4
6
5
5
5
4

6.17
4.06
5.4
5.19
1.43
2.84
0.78
6.07
6.67
1.13
4.56
3.43
5.07
4.28
5.16
2.72
− 1.35
4.4
3.49
5.78
5.78
4.45
4.46

0.69
0.4
0.9
0.33
0.13
0.72
0.21
0.06
0.34
0.04
0.45
0.81
1.09
0.24
1.14
0.71
0.5
0.81
1.09
0.68
0.68
1.23
1.56

MF molecular formula, MW molecular weight, LogP Partion coefficient water/oil, HBD hydrogen bond
donor, HBA hydrogen bond acceptor
*Standard drug

Ligand–Protein docking studies
The docking study was performed to check the affinity on
bioactive compounds with MAPT and ACHE protein molecules. Docking study revealed that Alpinumisoflavone,
Auricularin, Eryvarin B, and Scandenonescored highest
binding affinity with MAPT i.e. − 8.8, − 8.9, − 8.8, and
− 8.9 kcal/mol respectively. Among these, Alpinumisoflavone scored the highest hydrogen bond interaction i.e. five
HBI with MAPT protein (Table 5). Donepezil, a clinically
proven ACHE inhibitor, and Glucoerysodine scored highest
binding affinity with ACHE i.e. − 8.5 and − 8.0 respectively.
Donepezil scored one HBI, whereas, Glucoerysodine score
three HBI with AChE which suggests havingthe best fit and
potent inhibitory activity (Table 6).

Discussion
The primary central goal in neuroscience is the advancement of pharmacologically successful medicines
which ease the neurodegenerative issues (Gribkoff and

Kaczmarek 2017). The high event of dementia, in AD,
in the old individuals gives solid inspiration to look
and build up the new substances with the possibility to
invert the deficit in short and long term memory. Currently, no acceptable/satisfactory therapeutic regimens
and diagnostic measures available to cure/prevent the
impairment of memory (Bennett et al. 2007). Primarily,
the basal forebrain cholinergic neurotransmission is a predominantly affected system in the AD. Loss of cholinergic
neurotransmission due to the degeneration of cholinergic
neurons is the indication for the reduced level of ACh in
the cerebrum, which leads to the impairment of learning
and memory function (Ferreira-Vieira et al. 2016). Scopolamine inhibits ACh receptors and is associated with
impairment of cognitive function. Administration of scopolamine impairs learning and memory in MWM, EPM,
PA and it reduces the ACh level and increases the AChE
enzyme activity in the cerebrum (Jung et al. 2016; Kim
et al. 2018). In the current study, the administration of
scopolamine to the rats showed the impaired learning and
memory of the tasks involved in the MWM, EPM, PA,
followed by increased AChE enzyme activity and reduced
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Table 4  Gene set enrichment analysis of proteins modulated by phytoconstituents from EV
Compounds

KEGG ID

Pathway description

Gene count

FDR

Matching protein

6,8-Diprenylgenistein
Alpinumisoflavone
Auriculatin
Bidwillol A
Coccuvine

hsa05010
hsa05010
hsa05010
hsa05010
hsa05010
hsa04024
hsa04725
hsa04080
hsa04725
hsa05010
hsa04725
hsa05010
hsa05010
hsa04725
hsa05010
hsa05010
hsa05010
hsa05010
hsa05010
hsa05010
hsa04725
hsa04024
hsa04080
hsa05010
hsa05010
hsa05010
hsa05010
hsa05010

Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
cAMP signaling pathway
Cholinergic synapse
Neuroactive ligand-receptor interaction
Cholinergic synapse
Alzheimer’s disease
Cholinergic synapse
Alzheimer’s disease
Alzheimer’s disease
Cholinergic synapse
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Cholinergic synapse
cAMP signaling pathway
Neuroactive ligand-receptor interaction
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease
Alzheimer’s disease

1
1
3
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
3
1
3
3
1

0.0004
0.0004
0.0004
0.0004
0.0004
0.0123
0.0061
0.0176
0.0061
0.0004
0.0061
0.0004
0.0004
0.0061
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0061
0.0123
0.0176
0.0004
0.0004
0.0004
0.0004
0.0004

MAPT
MAPT
MAPT, BACE1, BACE2
MAPT
MAPT
DRD2
ACHE
DRD2
ACHE
MAPT
ACHE
BACE1, BACE2
MAPT
ACHE
MAPT
MAPT
MAPT
MAPT
MAPT
MAPT
ACHE
DRD2, CHRM1
DRD2, CHRM1
MAPT, BACE1, BACE2
MAPT
MAPT, BACE1, BACE2
MAPT, BACE1, BACE2
MAPT

Erysophorine
Erysotine
Erystagallin A
Erysubin F
Erythratidine
Erythrinin A
Erythrinin C
Eryvarin B
Eryvarin C
Euchrenone B10
Genistein
Glucoerysodine

Isobavachin
Laburnetin
Osajin
Scandenone
Wighteone
FDR false discovery rate

antioxidant defense mechanism i.e. decreased reduced glutathione level and increased MDA level in the rat brain.
The current pharmacotherapy of Alzheimer’s Disease
includes the extreme utilization of conventional Acetylcholinesterase inhibitors i.e. Donepezil, Rivastigmine, etc.
which are evident to cause a verity of adverse effect and also
lose the effect as the disease progress (Mayo clinic 2018).
Medicinal plants are widely utilized for the treatment of various ailments because of the presence of numerous bioactive
compounds that act as natural antioxidants, free radical scavengers and have diverse pharmacological activities. The utility of herbs has gained much attention in research because
they have fewer side effects, causes the holistic effect, ease
of availability and economically persistent as compared to
synthetic drugs.
The memory-improving activity of E. variegata against
scopolamine-induced memory impairment in rats was examined utilizing the MWM, EPM, PA and by assessing the
biochemical from the cerebrum. The spatial memory was
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tested utilizing Morris water Maze. The scopolamine treated
rats showed a significant increase in ELT, whereas chronic
administration (21 days) of Donepezil and E. variegata indicated a critical decline in ELT. The outcomes propose that
the administration of E. variegata changes the motor performance of rats. The transfer latency was evaluated using
EPM. The scopolamine treated rats indicated a significant
increase in TL i.e. time required for the rat to go into the
closed arm. However, chronic administration (21 days) of
Donepezil and E. variegata indicated a critical decrease in
TL. The passive avoidance paradigm test is mainly used to
assess 3 phases of memory, to be specific memory retention,
learning procurement and recovery process. PA test demonstrates the important role of the central cholinergic neuronal
system in learning and memory. In our investigation, scopolamine diminished the STL of the retention trial, However, chronic administration E. variegata prolonged the STL
diminished by scopolamine treatment, which demonstrates
the defensive impact of the E. variegata on psychological
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Table 5  Microtubule associated
tau protein binding affinity of
compounds from EV

Compounds

BE (kcal/mol)

No. of HBI

Residues in HBI

6, 8-Diprenylgenistein
Alpinumisoflavone
Auriculatin
Bidwillol A
Coccuvine
Erysotine
Erysubin F
Erythrinin A
Erythrinin C
Eryvarin B
Eryvarin C
Euchrenone B10
Genistein
Isobavachin
Laburnetin
Osajin
Scandenone
Wighteone

− 8.3
− 8.8
− 8.9
− 7.6
− 7.3
− 7.1
− 8.5
− 8.6
− 8.4
− 8.8
− 8.6
− 8.2
− 7.6
− 8.5
− 7.7
− 8.1
− 8.9
− 7.6

1
5
2
1
0
2
1
3
1
0
1
1
2
2
1
0
2
5

VAL 135
GLN 185, ASN 186, CYS 199, ASP 133, VAL 135
LYS 85, VAL 135
SER 66
–
ASN 186, ASP 200
ASP 200
ASP 133, VAL 135, CYS 199
CYS 199
–
VAL 135
ARG 141
VAL 348, ARG 383
LYS 85, VAL 135
VAL 135
–
ASP 133, VAL 135
VAL 135, GLY 185, ASN 186, CYS 199, ASP 200

BE binding energy, HBI hydrogen bond interaction

Fig. 4  Network representation of phytoconstituents, protein targets and pathways. Round shape represents phytoconstituents, square shape represents protein targets, and down arrow represents pathways

condition in securing and maintenance of learning and memory. These outcomes recommend that the memory improving activity of E. variegata against scopolamine-induced
memory impairment.
The cholinergic function, reduced glutathione level and
lipid peroxidation of the brain were evaluated to elucidate
the memory improvement mechanism of E. variegata. ACh,

a neurotransmitter involved in memory improvement, the
concentration of ACh is reduced in AD due to rapid hydrolysis by AChE enzyme activity (Bartus et al. 1982). In the
present study, the In-vitro hippocampus and cerebral cortex AChE inhibitory role of E. variegata was performed,
the resulting outcome showed the dose-dependent significant decline in AChE enzyme activity compared to the
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Table 6  Acetylcholinesterase
binding affinity of compounds
from EV in comparison with
Donepezil

Compounds

BE (kcal/mol)

No. of HBI

Residues in HBI

Coccuvine
Erysophorine
Erysotine
Erythratidine
Glucoerysodine
Donepezil*

− 7.2
− 7.2
− 7.7
− 7.4
− 8.0
− 8.5

0
2
1
0
3
1

–
GLU 313, HIS 405
PHE 295
–
ARG 296, GLN 413, ASN 533
TYR124

BE binding energy, HBI hydrogen bond interaction
*Standard drug

scopolamine treated group. Chronic administration of E.
variegata 1200 mg/kg showed a significant decline in the
AChE enzyme activity compared with the Donepezil 3 mg/
kg group and E. variegata 300, 600 mg/kg groups, which
suggests that as E. variegata dose increases, AChE inhibitory activity increases. The histopathological investigation
of the cerebrum in the control group didn’t indicate remarkable change, while animals treated with scopolamine showed
a remarkable change in cerebrum histopathology. However,
treatment with Donepezil and E. variegata indicated normal
histopathology of cerebrum i.e. Donepezil and E. variegata
reverses the damage induced by scopolamine.
The current study utilized gene set enrichment analysis,
network pharmacology and in silico docking study to elucidate the underlying molecular mechanism of EV bark for
the management of AD. Previously the concept of network
pharmacology has been utilized to understand the interactions of multiple bioactives with their probably regulated targets and associated pathways (Duyu et al. 2020; Khanal and
Patil 2020a, b). First, we identified phytocompounds having the positive drug-likeness property, further, we utilized
the “similar compounds target similar proteins” principle to
know the possible protein targets for each phytoconstituents
with respect to the known compounds using BindingDB.
Second, the phytoconstituents only targeting potential protein molecules involved in AD were retrieved. As a result of
six potential protein molecules i.e. MAPT, ACHE, BACE1,
BACE2, CHRM1, and DRD2 were identified to modulate
by the nineteen compounds. Third, we performed the compound-gene set enrichment analysis using KEGG to identify
the pathways associated with the pathogenesis of AD. As a
result, four key pathways were significantly enriched for the
AD i.e. Alzheimer disease (MAPT, BACE1, and BACE2),
cholinergic synapse (ACHE and CHRM1), cAMP signaling pathway (CHRM1 and DRD2), and neuroactive ligandreceptor interaction (CHRM1 and DRD2). Several studies
have investigated the potential of MAPT, ACHE, BACE1, BACE2, CHRM1, and DRD2 as a therapeutic target.
Microtubule-associated Tau protein plays a key role in the
stabilization of microtubules through the maintenance of cell
division and neuronal activity. Hyperphosphorylation of tau
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protein prompting the development of tau aggregates in the
cell body of the neurons, in the axons, dendrites. Furthermore, the whole neuron becomes immunoreactive and leading to the cognitive impairment and development of AD and
became the potential clinical target for AD. Also, various
investigations demonstrated ACHE as a potential target for
AD. In the current study, nineteen compounds from EV bark
were identified to targetthe Tau protein and six compounds
to target ACHE.
The docking study was carried using AutoDock 4.0 to
assess the binding affinity and their conformational position
with each target molecules. Previously, in silico approach
was also made to investigate the binding affinity of multiple bioactives with various targets in various infectious
and non-infectious pathogenesis (Khanal et al. 2019a, b;
Khanal et al. 2020; Patil et al. 2019; Ternikar et al. 2020).
The previous literature reveals the inhibition of MAPT
and ACHE are the key targets in the management of AD;
demonstrated by the various researchers via the utilization
of alkaloids and flavonoids (Li et al. 2019). In the current
study, we demonstrated the flavonoids “Alpinumisoflavone,
Auriculatin, Osajin, and Scandenone” score highest binding affinity with MAPT and an alkaloid “Glucoerysodine”
scored highest with AChE on comparison with clinically
proven drug Donepezil (The potential inhibitor of ACHE)
(Table 6). However, our research team believes, the bioactive phytoconstituents from EV may act synergistically to
generate the pharmacological action.

Conclusion
In conclusion, the current study describes the concept of
improvement of memory via in vivo, in vitro and in silico
models. However, chronic treatment of Erythrina variegata
ameliorates scopolamine-induced memory impairment by
the restoration of the cholinergic system function in the hippocampus and cerebral cortex, by inhibiting the lipid peroxidation in the brain. We identified alkaloids and flavonoids as
major phytoconstituents from EV bark for the management
of AD. These interact with the various protein molecules

Experimental validation and network pharmacology evaluation to decipher the mechanism of…

involved in the pathogenesis of the AD. We identified the
Alzheimer’s disease pathway, cholinergic synapse, cAMP
signaling pathway, and neuroactive ligand-receptor interaction as a key pathway regulated by these likely bioactive
phytoconstituents; which strongly suggests having a potential role in the management of AD. Our study provided new
insights into understanding the role of phytoconstituents
from EV bark in the management of AD.
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Community Pharmacist and Clinical Pharmacist
Interventions using MMAS-8, FACIT, SF-12 among
Pulmonary TB Patients Receiving Anti-TB Drugs from
Urban Community Pharmacies, South India
Uday Kumar Rangaswamy, Madiwalayya Shivakantayya Ganachari*
Department of Pharmacy Practice, KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi, Karnataka,
INDIA.

ABSTRACT
Aim and Objectives: To determine the professional interaction between community
pharmacist and clinical pharmacist during the treatment of pulmonary tuberculosis
(TB) patients at urban community pharmacy. Methods: A randomized controlled study
was conducted in the urban area of Belagavi city, India. Community pharmacist and
clinical pharmacist intervention using Developed KAP (Knowledge, Attitude and practice)
questionnaires, Morisky Medication Adherence Scale (MMAS-8), FACIT- Satisfaction
with Pharmacist Scale, Health-related QoL (SF-12). Results: A total of 350 community
pharmacies were surveyed for this study. Total of 87 (37.7%) community pharmacies
had a working dispensable stock of anti-TB medicines first-line. Majority of patients
29 (58 %) from the urban area. Adherence behavior was changed from 2% to 92%
(at follow-up visit 3). Patient Statistical significance (*p<0.05) towards clinical and
community pharmacists by patients. All health-related components of QoL SF-12 were
significantly improved at six months, except for the energy and fatigue (VT) portion.
Conclusion: We noticed that the community pharmacists who took part in our research
demonstrated a clear tendency to cooperate with clinical pharmacist, but that disposition
has not yet been reciprocal. Community pharmacists must also become acquainted with
professional interactions in the health system of (TB) during their educational classes,
during their continuing education in pharmacy and after graduation and try to eliminate
the existing imperfections.
Key words: Community Pharmacists, Clinical Pharmacists, Pulmonary Tuberculosis,
Quality of life, Medication Adherence, Knowledge, Attitude and Practice (KAP).

INTRODUCTION
Pharmacy is a major discipline in health
which contributes to a country’s growth.1
Pharmacists play a crucial role in the
production, promotion and control of
pharmaceutical goods, the delivery of
pharmaceutical treatment facilities and the
diffusion of their expertise by education and
study.2,3 In fact, pharmacists are essential
representatives of a multidisciplinary
healthcare system that advocates about
patients and plays a significant role in
ensuring all pharmaceutical drugs are
utilized sensibly.4,5 Expanded functions of
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clinical pharmacists support cost-effective
treatment.6 These functions are widely
known and considered essential parts of
the healthcare systems in many countries,6-8
including in developed countries.9 Local
pharmacists are ideally equipped to support
patients knock down obstacles to adherence.
Many findings suggest that patient
monitoring by group pharmacists can boost
compliance, commitment, self-care and, in
certain situations, the restoration of a net
economy.10
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To end the TB epidemic by 2035, the End TB Policy
of the World Health Organization (WHO) emphasizes
leveraging the aggregate advantages of health policies
and programs by involving a far broader spectrum
of partners through government, societies and thus,
the private sector. In 2013, the WHO estimated that
3 million people struggle to induce a quality-assured
TB diagnosis per year and often receive care for TB
treatment from several private providers. Private
prescription pharmacy stores are a crucial ally in ensuring
accessible and high-quality care services are listed to
patients in their community. The WHO’s first publicprivate mix (PPM) solution to TB describes the variety
of treatments available especially for no doctors, such
as specialty pharmaceuticals, pharmacists and
conventional heaers.11 Inter professional relationships
are essential in obtaining clinical pharmacists’ help in
performing this kind of work... In view of this,
present study was to evaluate clinical pharmacy services
between community pharmacists and clinical
pharmacists among pulmonary TB patients, through
training and standardized questionnaires.

MATERIALS AND METHODS
Study design and study settings

A randomized controlled study was conducted in the
urban area of Belagavi City, India.
Study instruments and Questionnaires design
Knowledge, Attitude and practice

The questionnaire was designed to test knowledge,
attitude and practice. The survey consisted of three
sections. The first part consisted of group demographic
details (gender, age, education, experience, etc.) of the
respondents. The second part (‘True’ or ‘false’) gave
rise to awareness (TB transmission, TB symptoms, TB
infection). The third element (‘Yes or No’) decided
community pharmacists ‘attitude and practice (patient
therapy, Public-Private Combination, TB care, Application
use).
Morisky Medication Adherence Scale (MMAS-8)

The 8-item Morisky Medication Adherence Scale
(MMAS-8) is one of the best self-reporting measures
for assessing medication enforcement. The MMAS-8’s
reliability and validity will or have already been
evaluated in many languages through diverse cultures,
environments and diseases.12

FACIT- Satisfaction with pharmacist

The seven elements on the Pharmacist Satisfaction
(SWiP) scale were graded on a Likert scale of five points
(0 = not at all to 4 = very much).13
Health-related QoL (SF-12)

The SF-12 is a multipurpose short form survey of
12 questions. The questions were grouped, graded and
weighted to establish two measures that offer insight
into mental and physical activity and general quality of
life relevant to health.14
Program context

The intervention was a nested in Belagavi, India urban
city in a partnership between KLE Pharmacy College
and district TB control center, Deputy drug controller
regional office.
Detailed study procedure

Surveyed 350 community pharmacies. After the survey,
60 Community pharmacies from various area have
been hired for the research based on their consent
to participate in the study. This KAP questionnaire
consists of 39 questions, of which 25 are related to
knowledge, 19 questions are attitude and practice
aspects. Each reported all clinical pharmacy procedures
conducted with the community pharmacists. Using the
same questionnaires follow up test recorded (3rd and 6th
month) of the study.
Randomized only 30 community pharmacists who
are interested to become DOTS (Directly observed
treatment, short-course) provider (treatment supporter).
In the control group (15 community pharmacies) the only
checklist is provided for the number of dispensing anti-TB
drugs to patients which is non-clinical pharmacy services
(Without clinical pharmacist). In Study Intervention
group (15 community pharmacies) recruiting
pulmonary TB patients and to check the compliance
(with clinical pharmacy) using Morisky Medication
Adherence Scale (MMAS-8), FACIT- Satisfaction
with pharmacist, SF-12 scale (Figure 1). In control
groups, community pharmacy people will not have any
interaction between clinical pharmacists and they were
provided with only check list with the details of to how
many patients they have dispensed the drugs.
Intervention components

Training: In the beginning, there was an immersive
educational session (pre-test) and two follow-up posts
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IBM SPSS Statistics. Cochran’s Q test was used for two
follow-up phases, Karl Pearson’s coefficient of correlation
was used to measure correlation, to evaluate the degree
of information and Wilcoxon matched-pairs test attitude
and experience was used. P< 0.05 was considered to be
statistically significant.
RESULTS
Survey of community pharmacies

Survey on community pharmacy is shown in Figure
2: A total of 312 were community pharmacies were
surveyed for this study. The pharmacy practitioners
were educated in pharmacy practice with 95.8% of
them holding a diploma degree, 3.84 % with a Bachelor’s
degree and 0.32% with a Master’s degree.
Dispensing Anti-TB drugs
Figure 1: Detailed Study procedure.

(3rd and 6th months). The topics include symptomology
of TB, diagnostic testing, TB screening, antibiotic
stewardship and recording, referral practices for
research.
Assessment of knowledge attitude and practice:
The questionnaire was created to test awareness, attitude
and action. The survey consisted of three sections. The
first part consisted of group demographic details
(gender, age, education, experience, etc.) of the respondents.
The second part (‘True’ or ‘false’) gave rise to awareness
(TB transmission, TB symptoms, TB infection). The
third element (‘Yes or No’) decided neighborhood
pharmacists ‘attitude and practice (patient therapy,
Public-Private combination, TB care, Application use).
Supervision and monitoring: Clinical pharmacists
have been visited for post follow up (3rd and 6th months)
to address the implementation of community
pharmacists ‘Awareness attitude and practice to provide
the best TB services.

Dispensing of methods of anti-TB drugs shown in
Figure 3: A total of 87 (37.7%) community pharmacies
had a working dispensable stock of first-line anti-TB
drugs and 225 pharmacy counters were not having
the same in control group 15 community pharmacists
dispensed drugs to eight patients.

Figure 2: Survey of Community pharmacies in Urban city.

Ethical approval

The thesis was accepted by the KLE Academy of
Higher Education and Research Ethics Committee by
letter-number KAHER / Ethics/2019-19/D-129. The
informed consent was obtained from all participants.
Statistical analysis

The data obtained through the questionnaire was
entered and statistical analysis was performed using
1186

Figure 3: Dispensing of Anti-TB Drugs in Community
Pharmacies.
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Table 1: Demographic profile of pharmacists.
Demographic
profile

Training of community pharmacies and
assessment of knowledge, attitude and practice
of community pharmacists

No. of Community
pharmacists

% of Community
pharmacists

Male

58

96.67

Female

2

3.33

B. Pharm.

3

5.00

D. Pharm.

57

95.00

<=29 yrs

13

21.67

30-39 yrs

17

28.33

1. Before training (on the time of training)
2. 1st Follow-up ( 3rd month)
3. 2nd Follow-up (6th month)
Table 1 illustrates the demographic characteristics of
the 60 community pharmacists who participated in the
current study. The majority of community pharmacists
were males (96.67%). The highest number of pharmacists
was holding a Diploma in Pharmacy (95%). There were
more in the age group 40-49 years (31.67%). Pharmacists
had 11-20 years of experience (40%) compared with
pharmacists that had 1-10 years of experience (35%).
Comparison of baseline, 3 and 6 months time points
with knowledge attitude and practice by independent
t-test (Table 2 and Table 3).

40-49 yrs

19

31.67

Patient characteristics

>=50 yrs

11

18.33

1-10 yrs

21

35.00

11-20 yrs

24

40.00

>=21 yrs

15

25.00

Total

60

100.00

Out of 50 pulmonary TB patients studied, 35 (70 %)
were male and 15 (30 %) were female. Some patients are
of (n=23) (46%) were in the age group of 18-30 years.
The majority of patients 29 (58%) from the urban area.
Fifteen patients (30%) were in weight groups 51-60 Kg.
35 (70%) were married, 14 (28%) were Degree graduate
(University level), 31 (62%) patients were employed
(Table 4). 32 (64%) of patients were no social habits
(Table 5).

Gender

Education

Age groups

Experience

Table 2: Comparison of baseline, 3 months and 6 months time points with knowledge scores towards
Tuberculosis by dependent t-test.
Time points

Mean

Std.Dv.

Baseline

17.75

3.49

3 months

23.92

1.28

Baseline

17.75

3.49

6 months

24.90

0.30

3 months

23.92

1.28

6 months

24.90

0.30

Mean Diff.

SD Diff.

% of change

Paired t

p-value

−6.17

2.92

−34.74

−16.3703

<0.001

−7.15

3.47

−40.28

−15.9693

<0.001

−0.98

1.28

−4.11

−5.9409

<0.001

Table 3: Comparison of baseline, 3 months and 6 moths time points with attitude and practice scores towards
Tuberculosis by dependent t test.
Time points

Mean

Std.Dv.

Baseline

8.72

3.57

3 months

13.83

0.49

Baseline

8.72

3.57

6 months

13.93

0.25

3 months

13.83

0.49

6 months

13.93

0.25

Mean Diff.

SD Diff.

% of change

Paired t

p-value

−5.12

3.48

−58.70

−11.3757

<0.001

−5.22

3.56

−59.85

−11.3624

<0.001

−0.10

0.35

-0.72

-2.1872

0.0327*

*p<0.05
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Table 4: Socio demographic profile of patients.
Socio demographic
profile

No. of patients

% of patients

Sex

Table 5: Habits wise distribution of patients.
Habits

No. of patients

% of patients

Alcohol

7

14.00

Alcohol, Smoking

3

6.00

Alcohol, Smoking, Tobacco

1

2.00

Male

35

70.00

Female

15

30.00

<=30 yrs

23

46.00

Alcohol, Tobacco

2

4.00

31-40 yrs

8

16.00

Smoking, Tobacco

2

4.00

41-50 yrs

5

10.00

>=51 yrs

14

28.00

Tobacco

3

6.00

Mean age

37.86

No habit

32

64.00

SD age

16.94

Total

50

100.00

Age groups

Location
Rural

29

58.00

Urban

21

42.00

<=40 kg

11

22.00

41-50 kg

13

26.00

51-60 kg

15

30.00

61-70 kg

9

18.00

>=71 kg

2

4.00

Mean Wight

50.20

SD Wight

14.20

Wight groups

FACIT- Satisfaction with Pharmacist

As shown in Table 8 statistical significance (-16.0521,
paired t test) towards clinical and community pharmacists
by patients.
SF-12 scale

Marital Status
Married

35

70.00

Unmarried

15

30.00

Intermediate school

13

26.00

No Schooling

5

10.00

Primary level

9

18.00

Secondary level

9

18.00

University

14

28.00

Employed

31

62.00

Un employed

19

38.00

Education

Occupation

Morisky Medication Adherence Scale (MMAS-8)

As shown in Table 6 and Table 7 clinical and community
pharmacists reported adherence from 4 weeks (First
visit), 3 months (follow-up visit 1), 6 months (follow-up
visit 2) of standard TB treatment. The mean MMAS-8
value was in the context of medium conformity over all
time points for all participants. Table 6 and Table 7
Shows statistical significance (P=0.0001) in follow up
visit 2 and visit 3. Based on the medication adherence
grading of MMAS-8, Most of pulmonary TB patients
reported high adherence at all follow-up visits during
treatment. This low level and a medium level of
1188

adherence remained unchanged in Visit 14th week).
58% medium adherence and 4% high adherence of
patients their adherence behavior were changed from
low adherence after 3 months (at follow-up visit 2).
However, adherence behavior was changed from 2 to 92%.

According to Table 9 there was a substantial increase
in all health-related components of QoL SF-12 at
six months, with the exception of the strength and
exhaustion (VT) portion (Table 3). There was also
substantial change in physical and emotional well-being
ratings.
DISCUSSION
Several pharmacist-physician joint experiments were
carried out from a physician’s point of view, but there
are only a few studies on this collaboration from the
viewpoint of community pharmacists and clinical
pharmacists. According to our literature survey, this is
the first study to examine the attitudes of community
pharmacists in collaboration with the clinical pharmacist
in India. This domain measures the extent of
interdependence between community pharmacists and
clinical pharmacist. Hess et al. conducted a retrospective
observational study analyzing prescription records of
university students in Southern California with latent
TB infections receiving treatment from university
pharmacists administered community pharmacy to
assess their isoniazid completion rate of 9 and 6 months.15
The completion rate for 9 months isoniazid is 59%
and the completion rate for 6 months is 67%. At the
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Table 6: MMAS-8, Comparison of 1st month (First visit), 3 month (follow-up visit 1) and 6 month (follow-up visit
2) time points with medical adherence scores by dependent t test.
Time points

Mean

Std.Dv.

1st month

4.49

1.69

3 months

6.51

0.76

1st month

4.49

1.69

6 months

7.92

0.27

3 months

6.51

0.76

6 months

7.92

0.27

Mean Diff.

SD Diff.

% of effect

Paired t

P-value

−2.02

1.92

−44.99

−7.4220

0.0001*

−3.43

1.71

−76.39

−14.1848

0.0001*

−1.41

0.78

−21.66

−12.7485

0.0001*

*p<0.05

Table 7: MMAS-8, Comparison of 1st month (First visit), 3 month (follow-up visit 1) and 6 month
(follow-up visit 2) time points with levels of medical adherence.
Adherence

1st month

%

3 months

%

6 months

%

Low level

50

100.00

19

38.00

0

0.00

Medium level

0

0.00

29

58.00

4

8.00

High level

0

0.00

2

4.00

46

92.00

Total

50

100.00

50

100.00

50

100.00

1st month vs 3 months

Wilcoxon matched pairs, Z=4.8599, p=0.0001*

1st month vs 3 months

Wilcoxon matched pairs, Z=6.1540, p=0.0001*

3 months vs 3 months

Wilcoxon matched pairs, Z=5.9052, p=0.0001*

*p<0.05

Table 8: FACIT scale- Satisfaction with Pharmacist, Comparison of 1st month, 3 months and 6 months time
points with FACIT scores by dependent t test.
Time points

Mean

Std.Dv.

1st month

25.24

0.74

3 months

27.44

0.91

1st month

25.24

0.74

6 months

27.72

0.64

3 months

27.44

0.91

6 months

27.72

0.64

Mean Diff.

SD Diff.

%of effect

Paired t

P-value

−2.20

1.23

−8.72

−12.6587

0.0001*

−2.48

1.09

−9.83

−16.0521

0.0001*

−0.28

0.64

−1.02

−3.0929

0.0001*

*p<0.05

pharmacy, the large number of foreign-born patients
may have affected the findings of the study as language
and culture could be obstacles to communication. The
risk of counting drug inaccuracy can also pose a limitation
of this study because patients can discard tablets or
misrepresented the number of tablets taken to complete
TB care.15
Upon the launch of a clinical pharmacy program, this
research investigated the working relationships of
community pharmacists and commercial pharmacists
in an urban community pharmacies. The study found
that community-based clinical pharmacy programs
are multifaceted and require taking into account the

professional understanding of the function and skills
of the pharmacist. Clark et al. A retrospective, randomized
case- a study was performed among first- TB- in Turkey
to assess the effect of the pharmacist- TB therapy
education on patient progress in attending scheduled
follow- visits and adherence to drug therapy.16
Infected patients admitted to the hospital for the first
time were either randomized to obtain TB education
from a community pharmacist and clinical pharmacist.
Patient attendance at planned follow- clinic visits and
urinalysis for isoniazid exposure had better results in
the educational community supported by pharmacists.
A strength of this research is that patients have been
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Table 9: QoL (SF-12 scale) Comparison of 1st month, 3 months and 6 months’ time points with SF-12 and its
component scores by dependent t test.
Variables

Time
points

Mean

Std.Dv.

Total SF-12

1st month

38.84

2.01

6 months

25.22

2.66

General Health

Physical functioning

Role Physical

Role Emotional

Social Functioning

Body Pain

Mental Health

1 month

2.46

0.50

6 months

2.90

0.30

1st month

4.46

0.50

6 months

3.50

0.76

1st month

7.46

0.50

6 months

4.24

1.32

1st month

8.46

0.50

6 months

2.60

0.67

1 month

4.00

0.00

6 months

1.52

0.50

1 month

4.54

0.50

6 months

1.10

0.30

1 month

7.46

0.50

6 months

9.36

0.69

st

st

st

st

Mean Diff.

SD Diff.

% of effect

Z-value

P-value

13.62

2.66

35.07

36.2544

0.0001*

−0.44

0.61

−17.89

−5.0883

0.0001*

0.96

0.86

21.52

7.9284

0.0001*

3.22

1.40

43.16

16.2179

0.0001*

5.86

0.45

69.27

91.6319

0.0001*

2.48

0.50

62.00

34.7478

0.0001*

3.44

0.61

75.77

39.7813

0.0001*

−1.90

0.51

−25.47

−26.6000

0.0001*

*p<0.05

randomized to receive or not receive pharmacist
education and, in addition to testing adherence
qualitatively, patients have agreed to urine analyzes
that quantitatively assess adherence and provide more
proof for or against the effect of pharmacist education.
Since this research was done in Turkey, the disparity
in Turkey’s treatment policies and those in the United
States will be a weakness. The findings, however, are
also widely applicable to TB treatment.16
Overall, these results illustrate shortcomings in clinical
services that result in TB treatment of those populations
most vulnerable to the disease being of below standard
quality. Improving the standard of care requires not
only trained, accessible and motivated personnel but
also linking the community pharmacists and clinical
pharmacists into the framework of health services.
Indian community pharmacists are particularly involved
in dispensing of anti-TB drugs in the field of treatment,
through their thorough training and understanding
of drugs in terms of clinical pharmacy services. This
pharmaceutical operation has brought in patientcentered clinical activities, a core aspect of which are
clinical interventions in the community pharmacies
sector.
The Community pharmacist carried out a prescription
drug study with the possibility of reviewing the medical
1190

histories of patients with TB along with the clinical
response and medical background of patients where
these details and analyzes were required. If this detail
is not contained in the medical report, the community
pharmacist has demanded such details from the clinical
pharmacist.
Multidrug-resistant TB and extensively drug-resistant
TB have been described as major threats to public
safety that call for improved efforts to control TB.17
Pharmacists have been recommended to play a larger
role in TB treatment by promoting commitment to
drugs; evaluating patients for risk factors for resistant
diseases; presenting knowledge on disease management
and prevention; and surveillance for effectiveness,
adverse effects and DDIs.18
In our study, the participation of community pharmacists
and clinical pharmacists of TB Patient monitoring
provided for identification of the medication adherence
concerning quality of life, the main is patient satisfaction
of collaborative intervention of community and clinical
pharmacist. There is increased compliance of clinical
services with expertise in the management in TB
management usage of the MMAS-8 Scale for Morisky
Drug Adherence, FACIT- Satisfaction with Pharmacist
scale, Health-related QoL (SF-12) Scale.
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For future study, we recommend clinical pharmacist
attitudes towards cooperation with community
pharmacists to strengthen the treatment of patients
for future research. We are also proposing to identify
obstacles to collaboration. This continued emphasis on
cooperation will allow TB management’s clinical delivery
services to be optimized.
CONCLUSION
We noticed that the community pharmacists who took
part in our research demonstrated a clear tendency to
cooperate with clinical pharmacist, but that disposition
has not yet been reciprocal. Community pharmacists
must also become acquainted with professional
interactions in the health system of TB during their
educational classes, during their continuing education
in pharmacy and after graduation and try to eliminate
the existing imperfections. Furthermore, the curriculum
at pharmacy schools could be improved by training
community pharmacists to better collaborate with
clinical pharmacist.
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PICTORIAL ABSTRACT

SUMMARY
•
•
•

The overall increase in Knowledge, Attitude and
Practice of Community Pharmacists in Treating
Tuberculosis patients.
Periodically training or courses are required to
update the knowledge and skills of community
pharmacists.
Collaborating community pharmacist and clinical
pharmacist in treating tuberculosis patients shows
the best outcome in terms of Quality of life and
Medication adherence are shows better outcome.
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Background: Psoriasis is a chronic inflammatory disease and requires long term management due to which pa
tients become non-adherent to the therapy. Hence this study aims to assess the impact of clinical pharmacists to
improve medication adherence in patients with psoriasis.
Materials and methods: This is a randomized controlled study conducted at a tertiary care teaching hospital in the
dermatology department, among 68 patients. Aged 18–65 years from the outpatient department diagnosed with
psoriasis disease and on treatment were enrolled in the study. Patients with multiple co-morbidities like HIV,
hepatitis B/C, and vulnerable populations like lactating and pregnant women are excluded from the study. Enrolled
patients are then randomized after taking the Informed consent form. The interventional groups of patients were
provided with a patient information leaflet and pharmacist education and counselling along with standard care.
Medication adherence of the patients was evaluated at the baseline level to the follow-up after 1 month.
Results: Total of 68 were enrolled in the study, out of which 63 completed the study. There was no difference
observed at the pre-test in both the groups. After the intervention, there was a significant difference in the experi
mental group after post-test (U = 200.00, p = 0.0001). Adherence was improved in the experimental group.
Conclusion: There is a need for clinical pharmacists in providing the patients with knowledge about long term
disease management like psoriasis. The implement of specialty pharmacists in dermatological disorders is an
excellent choice to address the unattended needs of the patient.

1. Introduction
“Psoriasis is by nature a chronic, incurable disease which is used to
describe autoimmune disorders of the skin that are characterized by an
increased growth cycle of skin cells, resulting in the build-up of lesions
psoriasis patients are bound to experience the ill effects of sorrow and
nervousness issue and have an expanded pace of self-destructive idea
tion. Plaque psoriasis (psoriasis vulgaris), the most common subtype,
and psoriatic arthritis (PsA) together are known as Psoriatic disease”.1,2
The consequence is often life-long treatment. Prevalence of psoriasis
falls under range between 0.44 and 2.44% in developing countries like
India. About 2–3% of population is affected by psoriasis worldwide. It
more often than not influences in late 20’s and mid 30’s of age gath
ering, commonly affected age group is between 50 and 59. It is likely to
affect twice in men as compared to women.3

“Medication Adherence is defined as the degree to which the
behaviour of a patient correlate with the recommendations from a
healthcare professional to which the patient agrees”.2
Adherence to therapy is very important for the disease to get cured
and restore the normal health. Non adherence is very commonly seen in
patients with psoriasis due to various reasons such as lack of knowledge,
economical factors, neglect fullness, forgetfulness etc. Even though
there are many new discoveries in treatment, yet there is non-adherence.
Early assessment of non-adherence factors is necessary to identify and
improve adherence using new ways.
Screening at regular intervals for these associated diseases and for
co-medication to prevent drug-drug interactions or drug-triggered pso
riasis as well as recognition of trigger factors and their treatment are an
essential part of psoriasis management.3 Lack of awareness about pso
riasis and its associated co-morbidities results in under-diagnosis and
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ineffective therapy, inappropriate to the needs of the patient.
Non-adherence to treatment is a barrier to quality care for people with
psoriasis. Multiple recurrences, side-effects and cost of treatment can
dishearten patients. This can lead to poor adherence to therapy and prevent
patients from achieving the best possible results from treatment.2 Hence,
this study mainly aimed to assess the medication adherence with the help of
pharmacist in patients with psoriasis, and to improve adherence by patient
counselling, creating awareness of the disease to the patient.

for a duration for five months (November 2019–March 2020). Institutional
ethical clearance was obtained from the human ethics committee of KLE
college of pharmacy, Belagavi (Ref No; KLECOP/651/2018–19). Patients
of age ranging between 18 and 65 of either sex, who were willing to involve
in the study, and who have been diagnosed with psoriasis disease and on
treatment were involved in the study. Patients with multiple co-morbidities
like human immuno-deficiency virus, hepatitis B/C and vulnerable popu
lation like lactating and pregnant women are excluded from the study.
8-Item Morisky Medication Adherence Scale (MMAS-8) was used to
assess the medication adherence before and after intervention which was
based on the Medication Adherence Questionnaire (MAQ), developed by
Morisky et al. in 2008. “It contains eight questions, first 7 questions are
yes/no responses and last 8th question has got 5 Likert response.“3

2. Materials & methods
A randomized controlled study was conducted in department of
dermatology at tertiary care teaching hospital and medical research centre,
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3. Intervention

Table 2
Comparison of control and experiment groups by types of psoriasis.

All the patients included in the study were followed frequently with
telephonic calls and follow up visits to dermatology outpatient depart
ment. This intervention group received standard care as well as phar
maceutical care from the clinical pharmacist regarding the importance
of medication adherence and how it reflects in management and cure of
the disease. Patient information leaflet was provided along with patient
education in languages which patient is comfortable. Clinical pharma
cist assessed the parameters like medication adherence (MMAS-8) at
baseline and after one month of follow up.

Types of psoriasis

Chronic plaque
25 (78.13)
psoriasis
Erythrodermic
1 (3.13)
Guttate psoriasis
1 (3.13)
Palmoplantar psoriasis
2 (6.25)
Psoriatic arthritis
0 (0)
Pustular psoriasis
0 (0)
Scalp psoriasis
3 (9.38)
Total
37 (100)
Chi-square = 6.7572, P = 0.1491

4. Data collection
The data collection was carried out with the questionnaire using
MMAS- 8 item questionnaire scale to assess the medication adherence.
The patient complaints, medication history, current medication, types of
psoriasis, present health status were noted on data collection form.
Additional information related to patient’s medical records, information
provided by patients were recorded & documented in data collection
form.

Medication
adherence
Pre-test
Mild adherence
Moderate adherence
High adherence
Post-test
Mild adherence
Moderate adherence
High adherence
Total

The data was entered in excel sheet and analysed in SPSS (IBM
version 22.0). Socio-demographics variable are summarized using
descriptive statistics and the medication adherence between pre and
post intervention was analysed using Mann Whitney U test and Wil
coxon Matched Pair test.

Total 68 patients were enrolled out of which 63 patients completed
study successfully. There was not much difference in male n = 31
(49.21%) and Female n = 32 (50.79%) in our study as shown in Table 1.
The age group 50–59 years (n = 18) were more prevalent and 18–29
years (n = 7) were least prevalent in this study as depicted in Table 1.
Chronic plaque psoriasis 74.60% (n = 47) was most common and
pustular psoriasis 1.59% (n = 1) is the least common observed in this
study. More details on types of psoriasis is given in Table 2.
Medication adherence in control at baseline were mild adherence
46.88%, moderate adherence 43.75% high adherence 9.38%, experi
mental at baseline mild adherence 70.97%, moderate 16.13% and high
adherence 12.90%. At the follow up there was significant difference of
adherence in experiment group after post-test when compared with
control.
Medication adherence in control at baseline were mild adherence
46.88% (n = 15), moderate adherence 43.75% (n = 14) high adherence
9.38% (n = 3), experimental at baseline mild adherence 70.97% (n =

Total (%)

14 (45.16)
17 (54.84)
31 (100)

31 (49.21)
32 (50.79)
63 (100)

1 (3.23)
9 (29.03)
6 (19.35)
9 (29.03)
6 (19.35)
37 (100)

7 (11.11)
15 (23.81)
15 (23.81)
18 (28.57)
8 (12.70)
74 (100)

22 (70.97)

47
(74.60)
5 (7.94)
2 (3.17)
2 (3.17)
2 (3.17)
1 (1.59)
4 (6.35)
74

4 (12.90)
1 (3.23)
0 (0)
2 (6.45)
1 (3.23)
1 (3.23)
37 (100)

Control group (%)

Experiment group (%)

Total (%)

15 (46.88)
14 (43.75)
3 (9.38)

22 (70.97)
5 (16.13)
4 (12.90)

37 (58.73)
19 (30.16)
7 (11.11)

20 (62.50)
8 (25.00)
4 (12.50)
32 (100)

0 (0)
23 (74.19)
8 (25.81)
31 (100)

20 (31.75)
31 (49.21)
12 (19.05)
63 (100)

7. Discussion
Interventional group (59.09% change, p value = 0.0001*) had a
better adherence than control group (7.69% change, p value = 0.3464)
after pharmacist intervention. Dario Nicolas Kivelevitch et al.4 showed a
review was performed among 176 psoriasis patients at Fernandez
emergency clinic at Buenos Aires, Argentina. 77% were observed to be
non-adherent and 33% were self-sedated. These 2 groups were about
82% of population examined.
Rod Tucker and Stewart D et al.5 conducted a study to evaluate the
effect of education intervention delivered by community pharmacist in
helping the patients with psoriasis for self-care. The important findings
are pharmacist based intervention helped in increasing patients’
knowledge about the disease, minimizing the severity of disease and
ameliorating quality of life which was similar in our study where
medication adherence had reflective improvement in interventional
group after the follow-up as compared to the standard care p = 0.0001
(p < 0.05). It demonstrates that there is explicating role of speciality
pharmacist in increasing the medication optimization.
Zschocke, U, E. Karakasili1 K. Reich6 conducted a study in which the
aim was to address non-adherence. The study stated that there was

Table 1
Distribution of participants according to gender and age groups in control and
experiment group.
Experiment group (%)

Total (%)

22), moderate 16.13% (n = 5) and high adherence 12.90% (n = 4). At
the follow up there was significant difference of adherence in experi
ment group after post-test when compared with control as represented
in Table 3.
To evaluate the difference of pharmacist intervention between con
trol and intervention group at different time points for medication
adherence was analysed using Mann U Whitney test. At post-test there is
significant difference between the control and intervention group (U =
200.00, p value = 0.0001*) as shown in Table 4.
In control group there is only 7.69% of change in medication
adherence concluding that there is not much difference between pre-test
& post-test p = 0.3464 (p > 0.05) where as in experimental group there
is 59.09% of change in medication adherence indicating significant
difference in pre-test and post-test after intervention p = 0.0001 (p <
0.05) by using Wilcoxon Matched Pairs test as represented in Table 5.

6. Results

Control group (%)

Experiment group
(%)

Table 3
Comparison of control and experiment groups with medication adherence at
pre-test and post-test treatment time point.

5. Statistical analysis

Gender
Male
17 (53.13)
Female
15 (46.88)
Total
32 (100)
Chi-square = 0.4001 P = 0.5271
Age Groups
18–29
6 (18.75)
30–39
6 (18.75)
40–49
9 (28.13)
50–59
9 (28.13)
60–65
2 (6.25)
Total
37 (100)
Chi-square = 6.7572 P = 0.1491

Control group
(%)

3
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Table 4
Comparison of control and experiment groups with respect to Medication Adherence at pre-test and post-test time points by Mann-Whitney U test.
Treatment
Pre-test
Post-test

Control group

Experiment group

Mean

SD

Median

IQR

Mean

SD

Median

IQR

1.63
1.50

0.66
0.72

2.00
1.00

0.50
0.50

1.42
2.26

0.72
0.44

1.00
2.00

0.50
0.50

U-value

Z-value

p-value

397.00
200.00

− 1.3611
− 4.0695

0.1735
0.0001*

*p < 0.05.
Table 5
Comparison of changes from pretest and posttest Medication adherence in two groups (Control and experiment) by Wilcoxon matched pairs test.
Groups

Variables

Changes

% of change

T-value

Z-value

p-level

Control
Intervention

Medication adherence
Medication adherence

Pretest to posttest
Pretest to posttest

7.69
59.09

37.50
9.50

0.9416
3.9083

0.3464
0.0001*

*p < 0.05.

improvement in the medication adherence after the intervention.
Intervention involved the active sessions, call reminders etc, similarly in
this study proper patient education was provided to each patient to
enhance the knowledge, importance of medication in disease improve
ment with the help of PIL. This helped the patient’s in the interventional
group reaching the goal of high adherence which is identical with this
study. In our study, there was significant difference in pre-test and
post-test in adherence after intervention signifying the value of clinical
pharmacist’s role in psoriasis management. Non-adherence to drugs is
one of the main sources of treatment disappointment can incur unnec
essary hospital re-admissions, multiple visits which can lead to inef
fective treatment.7
Identified disappointment with desired drug efficacy, side effects,
and economic burden were the most imperative reasons proposed for
non-compliance to the physician suggestions, which results in medica
tion non-adherence. The disappointment with treatment adequacy was
seen in our patient.8 Evaluation demonstrates that implausible desires
for treatment might contribute non-adherence.9 Educating patients
about the course of psoriasis on regular basis will help set up sensible
desires for treatment.10,11
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ABSTRACT
Introduction: Clinical pharmacy is a distinctive arena of Pharmacy Practice that emphases on enhancing drugassociated outcomes for patients during the course of the drug administration process1, 2. Preceding studies
have revealed that there are certain variances in doctors’ insights for different types of Clinical pharmacy
services (CPSs) 3, 4, and that doctors seems to be more optimistic concerning to CPSs if they come in contact
with pharmacists persisytently5-10. Methodology: A hospital based observational study conducted at cancer
care hospitals. Validated questionnaires were used to conduct the study after the pilot test among Physicians &
nurses. Results: Out of 73 Health care professionals 18 were onco-physicians & 55 were onco-nurses who
participated in the study are conceiving perception towards pharmacist involvement in CPSs & safe handling
of Cytotoxic Drugs with Mean Average value ± SD average value is 10.22 ± 4.02, 3.66 ± 4.06 & 5.11 ± 1.69 for
yes, No & Not sure responses & Mean Average value ± SD average value is 31.11 ± 8.57, 8.33 ± 5.07 & 15.55
± 4.77 for yes, no, not sure responses respectively. Conclusion: This survey has noticeably demonstrated the
significance & constructive perception of clinical pharmacist services amongst different health care
professionals at oncology care settings. Thus, apparent need for qualified & trained clinical pharmacists in a
supercilious domain of oncology care setting is dynamically replicated in the survey inferences.
Keywords: Clinical pharmacy services (CPSs), cytotoxic drugs, Health care Professionals (HCPs), Clinical
Pharmacist
INTRODUCTION
Services and deeds of clinical pharmacy have
numerous portrayals and explanations. According
to American College of Clinical Pharmacy
(ACCP), clinical pharmacy services are designated
as epitome of the application of the scientific
principles
of
pharmacology,
toxicology,
pharmacokinetics and therapeutics for patients
care. Disparately, the clinical pharmacy services
are demarcated by United States Department of
Health and Human Services (USDHHS) as
identifying, resolving and preventing of drugrelated problems. European Society of Clinical
Pharmacy (ESCP) defined the clinical pharmacy
services as developing and promoting the rational
and appropriate use of medicinal products and
devices11-13.The clinical pharmacy facilitated
activities predominantly focus on patients’ care
through augmenting of drug therapy which can
be described as safe, effective, appropriate,
affordable, economical and custom-made to
meet the Patients requirements14.

There are more than thirty clinical pharmacy
services have been purportedly accessible by
hospitals in several clinical capacities15. The
recognized CPSs impart clinical pharmacists’
involvements with the healthcare multitudes and
pharmacist-driven health center, alongside
outmoded services of pharmacy dispensing,
supervision of medication storage and supplies.
The clinical areas involvement include medical
oncology, paediatric oncology, solid organ
transplant, ambulatory care, general surgery and
emergency trauma care, neonatal and paediatric
intensive care, nephrology, General medicine,
INR clinics, cardiology, pain management, drug
information, infectious diseases, haematology,
TPN, investigational drug services discharge, and
drug-use evaluation (DUE) service. The accessible
pharmacist-run clinics include INR Clinics,
cardiology, HIV, oncology, pain, solid organ
transplant, and ambulatory care. Moreover,
several hospitals render 24-hrs on-call services of
clinical pharmacists for irresistible concerns that
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need to be addressed under emergency
scenarios15, 16.
Now in typical hospital locales, clinical
pharmacists are intertwined in drug-related and
governing issues encompassing in verification
and dispensing, providing of drug related queries
to other health care Professionals, grounding of
aseptic preparations or chemotherapies and
parenteral nutrition, identification and reporting
of adverse drug events (ADEs) and a medication
reconciliation program15. In directive for clinical
pharmacists to adequately provide the clinical
pharmacy services, collaboration ought to be
made amongst clinical pharmacists and other
healthcare team like physicians, nursing etc12.
There are arrays of evidences in literature that
physicians are receptive to many of the CPSs
provided by pharmacists. However, the physicians
often tend to have positive attitude if the CPSs are
provided as a consultation or in a manner that
supports among the knowledge-sharing to
improve quality of life among health care
professionals & patients17-19. Some studies
however reported that physicians showed
resistance for clinical services of clinical
pharmacists, which is attributed to the nonparticipation of physicians in clinical pharmacist
activities21-22.
MATERIALS & METHODS

Study deign: A hospital based Observational
Survey among health care professionals at
oncology department.
Questionnaire Development
A survey was deliberated to determine the
perceptions of physicians & nurses by using well
designed questionnaires. Pilot study was done to
validate the Self-administered questionnaire
among physicians & nurses at tertiary hospital
(study site) and slight corrections were made to
improve the lucidity of selected questionnaires.
Thus, appropriate questionnaires to conduct study
were formed after the pilot test.
Data collection
The perceptional survey was conducted in Inpatient oncology department of two hospitals
where among one was tertiary care teaching
hospital. After, procuring approval through
hospital administrative office, with the help of
research assistant, questionnaires were distributed
& administered in each hospital to the potential
HCPs (physician’s & Nurses) by hand and waited
for completion of the questionnaire in person.
Then purpose of the study was described to the
participants & asked whether or not they were
willing to participate in the study. After taking
verbal consent, the participants completed the
questionnaires. Institutional ethics committee
approval was obtained for this study.
(Ref.No.KAHER/Ethic/2018-19/D/25).

Perceptional questionnaires were administered to healthcare
professionals at all levels (minimum no.) for validation

Validated questionnaires were re-framed according to study
relevance

Finally validated questionnaires were administered to all
HCPs at all levels

Data collected after questionnaires administration was
sorted out for its appropriateness
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Correctly sorted data was applied against suitable statistics to
cultivate Mean value, Standard deviation etc.,

Then analyzed data was checked for its accuracy and
reliability
Results

Total 73 HCPs were participated. All 73

25%

Participants were at risk of exposure to
75%

doctors

cytotoxic drugs of which 55 nurses

nurses

(75%) & 18 Physicians (25%).
Figure no 01.

Fig.1: Total Number of Healthcare Professionals

40

Total 73 HCPs participated in the study

No. of HCPs

35

where 33 (45.20%) are male and 40

30

(54.79%) are female. Overall gender

25
20
15
10
5
0

33

40

distribution among all HCPs those who
participated in the study. Figure no 02.

MALE
FEMALE
Fig.2: GENDER DISTRIBUTION
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Table 1: Distribution of age among the participants
Qualification
Age range
Average Mean
± SD

Among 73 total participants the mean

BSc Nursing

22-32

26.2 ± 1.53

age and age range seen among the

GNM & DGNM

22-28

23.1 ± 1.0

HCP’s are as follows: B.Sc.: 26.2 ± 1.53

MD

25-35

27.7 ± 1.57

followed by GNM & DGNM: 23.1 ± 1.0,

DNB

25-32

28.5 ± 3.28

MD: 27.7 ± 1.57, DNB:

BHMS

25-32

29.7 ± 2.64

BHMS: 29.7 ± 2.64 & BAMS: 28.4 ±

BAMS

25-32

28.4 ± 2.44

2.44. Table no 01

Total

22-35

27.26 ± 2.07

28.5 ± 3.28,

Table 2: Distribution based on Qualification
Qualification

No

Percentage

BSc Nursing

27

36.98

GNM & DGNM

28

38.35

MD

4

5.47

DNB

5

6.84

BHMS

5

6.84

BAMS

4

5.52

Total

73

100

Among

73

total

participants

27(36.98%) are BSc qualified, 28
(38.35%) GNM, 04 (05.47%) are
MD & DNB 05(06.84%) BHMS,
05(06.84%)

BAMS

04(5.52%)

Table no 02

Table 3: Health care professionals work experience with cytotoxic drugs
Qualification
Experience (Mean ± SD)
B.Sc Nursing
8.72 ± 5.67
Among 73 health care professionals
GNM & DGNM
16.09 ± 8.75
those who participated in the study
MD
5.5 ± 5.25
DNB
3.4 ± 2.07
are having average Mean work
BHMS
7.3 ± 0.57
BAMS
10 ± 8.48
Experience is 8.50 ± 5.13 Table no
Average Mean ± SD

8.50 ± 5.13

03.
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No. of Onco-Nurses
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9
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6

6
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8
7

12
6

21
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12

0
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Fig.3: Onco-nurses Perception towards clinical pharmacist involvement in safe handling of
cytotoxic drugs
Table 4: Onco-nurses Perception towards clinical pharmacist involvement in safe handling of
cytotoxic drugs
Onco-nurses
Perception
towards clinical pharmacist for Yes
No
Not sure
safe handling of cytotoxic drugs
Mean Average value
31.11
8.33
15.55
SD Average value
8.57
5.07
4.77

No.of onco-Physicians

Total 55 onco-nurses who participated in the
study are having perception towards clinical
pharmacist involvement in safe handling of CD
where Mean Average value ± SD average value
is 31.11 ± 8.57, 8.33 ± 5.07 & 15.55 ± 4.77
for yes, no, not sure responses respectively. Yes,
No & Not sure responses are obtained from the
following components
in the
form of
questionnaires; feel of confidence in the clinical

20
18
16
14
12
10
8
6
4
2
0

2
3

6
1

14

4

5

5
2

team, regards to clinical pharmacy services, use
of patient medical records, reduces work burden
& saves time for nurses, for improvement of better
patient care, Clinical Pharmacist as a defined
person for CD handling, CP is necessary for safe
handling and Clinical pharmacist activity
interferes with other HCP work pattern. (Figure
no 03 & Table no 04).
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Fig.4: Onco-Physician's Perception towards Clinical Pharmacist Services
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Table 5: Onco-Physician's Perception towards Clinical Pharmacist Services
Onco-Physician’s
Perception Yes
No
Not sure
towards Clinical Pharmacist
services
Mean Average value
10.22
3.66
5.11
SD Average value
4.02
4.06
1.69
Out of 73 Health care professionals, 18 were
onco-physicians who participated in the study are
conceiving perception towards clinical pharmacist
involvement in CPSs & safe handling of CD with
Mean Average value ± SD average value is
10.22 ± 4.02, 3.66 ± 4.06 & 5.11 ± 1.69 for
yes, No & Not sure responses respectively. Yes,
No & Not sure responses are obtained from the
following components
in the
form of
questionnaires administered to 18 HCPs; saves
Physician's time, add value to clinical team,
affects the pts relation with Physician's, hinder the
Physician's autonomy, improves cost benefits & Pts
outcomes, Reduction of occupational Exposure
ADE,
detect
&
Prevent
MEs,
Provide
Chemotherapy dosing and assess Pre-admission
medication use. (Figure no 04 & table no 05).
DISCUSSION:
The current study conducted among 73
participants where more male participants
compared to females similar to other studies23, 25
One study reported a ratio of approximately one
of males to females24. Young participants were
more with age range between 22 – 35 years. This
infers preponderance of the conclusion is based
on participants who are in their crowning
reproductive age. Qualification & experience of
study participants towards oncology services
staples a lot for having the knowledge towards
oncology pharmacy services & perception towards
the clinical pharmacist services at oncology
department. In this present study, 55 participants
were among nursing personnel where 36.98%
were qualified with B.Sc. nursing & 38.35% were
qualified with GNM & DNM with average
experience of 8.72 ± 5.67 & 16.09 ± 8.75
respectively. Previous reports have shown that the
basic characteristics of physicians, such as
gender, age, years of practice, level of education,
and self-perceived workload may have an effect
on their overall Perception toward the CPS,
however, the impact of overall physicians’
perceptions of different types of CPSs is
unknown3, 5, 6, 11.
This is the primary perceptional survey conducted
encompassing physicians & nurses perceptions
towards Clinical Pharmacist Services in oncology
department at India. The impact of physicians’ &
nurses perceptions of different types of Clinical
Pharmacy Services on overall approaches was

quantitatively scrutinized in the current study.
Similar studies conducted among HCP’s where
Stereotypically, respondents with diverse working
experience in healthcare system showed positive
perception with overall perception average of 4.2
± 0.2 on the roles of clinical pharmacists on
overall outcome/quality of patients’ care. Younger
physicians with less experience have introduced to
clinical pharmacy services26.
The present study illustrates that the acceptance
level of clinical pharmacy services by health care
professionals at oncology department with Mean
Average value ± SD value is 10.22 ± 4.02, 3.66
± 4.06 & 5.11 ± 1.69 for yes, No & Not sure
responses respectively from Physicians and Mean
Average value ± SD average value is 31.11 ±
8.57, 8.33 ± 5.07 & 15.55 ± 4.77 for yes, no, &
Not sure responses respectively. Similar studies
were conceiving different perceptions among the
sampled physicians for provision of prescribing
services by clinical pharmacists, most of the
physicians favor implementing CPSs in China26.
In this current survey results about clinical
pharmacist services at oncology department
shows positive retorts towards CPSs, especially in
saving Physicians and nurse’s time, reducing the
burden of work load, detecting and preventing
Medication errors mainly adding value to the
clinical team.
Similar studies conducted in
different developing countries indicating that
physicians & nurses may feel that clinical
pharmacists prescribing medications would
damage the doctor patient relationship as well as
the patients’ belief in doctors if the clinical
pharmacists prescribing medications differed
from their own6. Finally, based on the results of
similar studies conducted in other developing
countries, such discomfort may be due to the lack
of interaction between physicians and clinical
pharmacists in our study. Nearly two-thirds of
sampled physicians stated they had little or
limited interactions with clinical pharmacists
regarding the clinical use of drugs, which led to
the fact that physicians were uncomfortable with
more clinical duties for clinical pharmacists19.
CONCLUSION:
This perceptional study has evidently revealed the
prominence of clinical pharmacist as a
torchbearer among healthcare providers for
quality patient care. Thus clinical pharmacists can
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reconnoiter the imminent role in providing clinical
pharmacy services & training healthcare providers
on safe handling of cytotoxic drugs. Oncopharmacy services driven by clinical pharmacist at
Cytotoxic drug unit with safe handling techniques
should be mandatory in the cancer centers for
unbiased and patient specific services which helps
in improving & optimizing quality of care among
patients & HCPs and also adds value to the
knowledge of health care professionals. This
observational survey outcome is deliberating
conscientiously that there is an intense need of
qualified & trained clinical pharmacist in a larger
specialty oncology care setting.
Therefore this survey could be a spectator of
critical role of clinical pharmacist in oncology
care setting. Consequently, this survey will be
obliging to comprehend the contemporary
improvement of interventional role of pharmacist
in the management of cancer patients.
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Ayurveda is a holistic system that uses mostly herbs and minerals in prescriptions that play a crucial role in the
treatment of various diseases because of their therapeutic effects, often on multiple targets. In the present study, we
assessed the memory-enhancing activity of a leafy vegetable “Amaranthus tricolor L.” against scopolamine (SCP)induced cognitive dysfunction and oxidative stress in rats. Initially, we screened A. tricolor leaves’ ethanolic extract for
its acetylcholinesterase (AChE) inhibitory and antioxidant activity using standard procedures. The memory-enhancing
activity in rats was performed by using the Morris water maze (MWM), the elevated plus maze (EPM), Actophotometer,
and Cook’s pole climbing (CPC) apparatus. Biochemical parameters, mainly AChE and butyrylcholinesterase (BChE)
enzyme levels measured in the hippocampus and cortex, amyloid beta, reduced glutathione (GSH), superoxide dismutase,
and lipid peroxidation (LPO) level, were measured in whole brain tissue. A. tricolor leaves’ extract showed potent AChE
inhibition and antioxidant activity on the scavenging of 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH). The EPM,
MWM, CPC, and Actophotometer showed that SCP administration increased transfer latency (TL) and decreased escape
latency time (ELT) and locomotion, respectively, on day 7 and 14, whereas combined therapy of SCP with Donepezil and
SCP with 800 mg/kg A. tricolor extract significantly reversed the ELT, TL, and locomotion from day 7 to 14. Moreover,
AChE and BChE activities and GSH and Malondialdehyde (MDA) levels were significantly elevated in SCP-treated
rats, and treatment with A. tricolor elevated the biochemical parameters altered by the SCP administration. A. tricolor L.
leaves’ extract ameliorates SCP-induced cognitive dysfunction and oxidative stress by the restoration of the cholinergic
system’s function, inhibiting Amyloid precursor protein (APP) deposition, and via antioxidant potency, i.e. increasing
GSH level, by inhibiting the LPO in the brain. The current study suggests that A. tricolor L. leaves could be a valuable
source for the treatment of cognitive dysfunction and oxidative stress associated with Alzheimer’s disease.
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INTRODUCTION
During the twentieth century, the significant increase in
life expectancy made Alzheimer’s disease (AD) the most widely
perceived progressive neurodegenerative disorder (NDD) with
high incidence and multifaceted pathogenesis. AD is a polygenic

Corresponding Authors
Vrushabh B. Hupparage, Department of Pharmacology and Toxicology,
College of Pharmacy, KLE Academy of Higher Education and Research,
Belagavi, India. E-mail: vhupparage77 @ gmail.com
Vishal S. Patil, ICMR-National Institute of Traditional Medicine, Belagavi,
India. E-mail: vishalpatil6377 @ gmail.com
*

disease that involves multi-protein and multi-pathways in its
progression (Uddin et al., 2016). AD is characterized by the
presence of extreme amounts of extracellular deposits containing
insoluble amyloid-β plaques, neurofibrillary tangles, and
cholinergic deficits. The etiology of AD remains obscure because
this disease is perplexingly caused by aging in concert with a
complex interaction of both genetic factors and environmental
risk. Numerous studies have reported that central cholinergic
neurons are involved in learning and memory. During aging, the
elevated central cholinergic system is associated with the decline
in memory storage, ultimately impairing the retention of newly
assimilated information (Huang et al., 2009). Hence, AD is an
age-related progressive NDD that involves unavoidable loss of
cognition, accounting for ~ 60% of all cases, and over 35M people
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are diagnosed with AD worldwide and about 7.7M new cases are
diagnosed every year (Ali et al., 2015).
Currently, there is no satisfactory treatment available for
AD. The current AD therapy includes utilization of conventional
acetylcholinesterase (AChE) inhibitors, viz. tacrine, physostigmine,
and donepezil. However, extreme utilization of these agents is
associated with negative effects (Asaduzzaman et al., 2014). In this
way, it investigates the use of conventional spices as an elective
resource for the treatment or management of various cognitive
disorders. Herbal medicines are widely utilized as a major source for
the treatment of cognitive dysfunctions due to the presence of various
chemical constituents, antioxidant properties, and are associated with
less toxicity compared to modern synthetic medicines. Furthermore,
antioxidants have endogenous and exogenous properties which
control the oxidation of neuron cells and act against oxidative stressrelated harmful effects. The major role of antioxidants is scavenging
free radicals and improving the antioxidant status (Uttara et al.,
2009). In order to regulate the development of free radical-mediated
oxidative stress in the brain, antioxidant defense enzymes, such as
reduced glutathione (GSH), catalase, and lipid peroxidation (LPO),
play an important role (Sharma et al., 2013).
Amaranthus tricolor L. belongs to the family
Amaranthaceae. A. tricolor is also known as “Tambdi Bhaji/Lal
Saag” and is native to a large part of India. The leaves are rich in
antioxidant compounds, act as a free radical scavengers (defense
mechanism against oxidation), reduce oxidative stress, and act as
an anti-inflammatory herb. The alkaloids, carbohydrates, cardiac
glycosides, flavonoids, phenol, amino acids/proteins, saponins,
tannins, terpenoids, pterocarpans, triterpenes, steroids, quinones,
resins, and “coumarins” are found to be the major chemical
constituents of the leaves. A. tricolor leaves were utilized as
traditional medicine and for neuroprotection, as an astringent,
to strengthen the liver and improve vision, as a hepatoprotective
and anti-nociceptive, and as an anti-inflammatory, anti-cancer,
and anti-arthritic (Al-Dosari et al., 2010; Amicarelli et al., 2012;
Amornrit et al., 2016; Sable et al., 2017). Therefore, the present
study aimed to evaluate the effect of A. tricolor leaves’ ethanolic
extract on scopolamine (SCP)-induced cognitive dysfunction and
oxidative stress in rats.
MATERIALS AND METHODS
Chemicals and equipment
SCP HBr (Vital Laboratories Pvt. Ltd, Gujarat), Donepezil
(Apotex pharmaceuticals, Bengaluru), Acetylthiocholine iodide
(Sigma, St. Louis, MO), 5,5'-dithio-bis-(2-nitrobenzoic acid)
(Sigma, St. Louis, MO), and distilled water were used wherever
mentioned. Double distilled ethanol was used for extraction.
Enzyme-linked immunosorbent assay (ELISA) plate reader
(Thermo Scientific Multiskan GO version 1.00.40), centrifuge
(Remi), elevated plus maze (EPM), Morris’ water maze (MWM),
Actophotometer (INCO, Ambala, India), Cook’s pole climbing
(CPC) apparatus (INCO), electronic weighing balance, rotary
evaporator, refrigerator, etc. were used in the current study.
Plant material
Amaranthus tricolor fresh leaves were collected from
Dhamane (15.797209, 74.545502), Belagavi, Karnataka, India.

The plant leaves were authenticated by Dr. Harsha Hegde,
Scientist E, ICMR-National Institute of Traditional Medicine,
Belagavi. Accession number: RMRC-1440. The herbarium was
prepared and stored for further reference. The fresh leaves were
washed under distilled water to remove adhered dirty material,
shade dried, coarsely powdered, and subjected to maceration
using 95% v/v ethanol for 7 days with occasional shaking. After
maceration, the powder obtained was further subjected to Soxhlet
extraction. The mixture was filtered and concentrated using a
rotary evaporator under reduced pressure. The extract was stored
in an airtight light resistance glass container for further use.
In vitro antioxidant assay
DPPH radical scavenging assay
The DPPH radical scavenging assay was analyzed by
using the Blois method (Blois et al., 1958). A stock solution of
1 mg/ml plant extract, 1 mg/ml Ascorbic acid, 5.85 mg DPPH in
150 ml methanol was prepared and stored in the light resistance
area. Briefly, 0.4 ml plant extract (50–800 µg/ml) and the standard
drug were mixed with a 3.6 ml methanolic solution of DPPH (0.1
mM). An equal amount of methanol (0.4 ml) was used as a blank
with a DPPH solution (3.6 ml). The above-mentioned mixture was
vortexed for 1 minute and incubated for 30 minutes at 37°C. After
incubation, the absorbance of each sample against methanol as
blank by using the ELISA microplate reader at 517 nm was noted.
The percentage of DPPH scavenging was calculated by using the
following formula: DPPH inhibition (%) = (Acontrol−Asample/Acontrol) ×
100. The results were reported as IC50 value.
In vitro AChE enzyme assay
AChE enzyme inhibition activity was performed
according to Ellman’s method (Ellman et al., 1961). The AChE
enzyme of 6.67 U/ml−1 stock solution was prepared by dissolving
it in 20 mM sodium Phosphate-buffered saline (PBS) (pH 7.6), and
the solutions were stored at −80°C for further use. Acetylthiocholine
iodide was used as a substrate. In a test tube, 1.7 ml of 50 mM Tris
HCl buffer (pH 8.0) and 250 µl of different concentrations of plant
extract (10, 20, 40, 80, 160, and 320 µg/ml) and donepezil (1, 2,
4, 8, 16, and 32 µg/ml) were added. To the above mixture, 10 µl
AChE enzyme and 20 µl DTNB were added. The mixture was
incubated for 15 minutes and 10 µl acetylthiocholine iodide was
added; immediately, the absorbance was read at 412 nm for every
45 seconds for 3 minutes. The enzyme inhibition was calculated
from the rate of change in absorbance with time.
% Inhibition = 1 00 − (Change of sample Abs/
Change of blank Abs) × 100
Experimental animals
Wistar rats (either sex, 180 ± 20 g) were acquired from
Invivo Biosciences, Bengaluru, housed in a clean and transparent
polypropylene cage, and were divided into six groups (n = 6).
Animals were maintained under the 12 hours light-dark cycle at
23°C ± 2°C. Relative humidity was maintained at 45%−55%. The
study protocol was reviewed and approved by the Institutional
Animal Ethical Committee, KLE College of Pharmacy, Belagavi,
Resolution No. KLECOP/CPCSEA – Reg.No.221/Po/Re/S/2000/
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CPCSEA, Res.28-12/10/2019. The animal experiments were
carried out as per CPCSEA guidelines.
Experimental procedure
The dose of the extract was selected based on the
previously reported acute toxicity study reports. Ethanolic extract
of leaves showed no mortality at 2,000 mg/kg, thus we selected
the 1/2.5th, 1/5th, 1/10th doses of the LD50 value as therapeutic
doses. The extract was administered orally using Carboxymethyl
cellulose (CMC) as a suspending agent (Al-Dosari et al., 2010).
Group I received food and water. Group II (negative control)
received SCP (1 mg/kg/day i.p.) for 14 days (Zahra et al.,
2015). Group III (positive control) received SCP (1 mg/kg/day;
i.p.) with donepezil HCl (3 mg/kg/day; p.o.) for 14 days (Zahra
et al., 2015). Group IV, V, and VI received SCP (1 mg/kg/day;
i.p.) with A. tricolor L. extract of 200, 400, and 800 mg/kg/day,
p.o., respectively, for 14 days. All the animals were subjected to
exteroceptive behavioral models of memory on day 0, 7, and 14,
and brain tissue samples for biochemical estimation.
In vivo screening models for memory (exteroceptive behavioral
models)
Elevated plus maze
Short-term memory was evaluated by using
Bhuvanendran et al.’s (2018) method. The EPM consists of two
open arms crossed over two closed arms having dimensions of 50
× 10 cm. Four arms were connected using a central square having
10 × 10 cm dimensions. During the assessment of memory via
the EPM, the rats were individually placed at one end of the open
arm facing away from the central stage (platform), and the time
taken for the rat to move from an open arm to a closed arm (initial
transfer latency) was recorded using a stopwatch. The animals
were allowed to explore the maze for 120 seconds. If the animal
did not enter the closed arms within 120 seconds, it was directed on
the back into one of the closed arms and the transfer latency (TL)
was given as 120 seconds. Later, the rat was allowed to explore the
maze for 30 seconds to become familiar with the maze and was
then returned to its cage. Each group was tested on day 0, 7, and 14.
Morris water maze
Escape latency time (ELT) was assessed using Ishola
et al.’s (2018) method. It consists of a large circular water tank
having 110 cm diameter and 60 cm height. It is made of black
opaque polyvinyl chloride or hardboard coated with fiberglass or
resin with a white surface and filled with water (26°C ± 2°C) to a
depth of 30 cm. The floor of the circular tank was marked into four
equal quadrants. In all trials, 2 cm below the surface of the water,
a black round platform of 10 cm diameter was placed in a constant
position. The cut-off time given to individual rats was 120 seconds.
The time taken for the rat to locate the escape platform was noted.
If the rat was unable to find/locate the platform within the cut-off
time, it was directed to the stage (platform) and was permitted to
stay on it for 10 seconds. Each group was tested on day 0, 7, and 14.
Actophotometer
Photoactometer is utilized to access locomotion in
the experimental animals. The apparatus functions based on
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photoelectric cells that are connected to the circuit with a counter.
A motion count was recorded when the beam of light falling on
the photocell was cut off by the rat. The cut-off time given to
individual rats was 120 seconds. Each rat’s locomotor activity was
noted. Each time the apparatus was wiped with 10% ethanol to
avoid intervention due to animal odor. Each group was tested on
day 0, 7, and 14 (Bhosale et al., 2011).
Cook’s pole climbing
Cook’s pole climbing method is a conditional avoidance/
escape latency procedure used to screen Central nervous system
(CNS) activity. The apparatus’ floor acts as a source of shock. The
experimental rats were subjected to training under a well-closed,
electrical, grid-less, light chamber with a buzzer. This was carried
routinely. Animals were subjected to training in such a way that
the animal learned to climb the pole within 120 seconds. Each
group was tested on day 0, 7, and 14 (Kadian et al., 2014).
Biochemical estimation
Cerebral cortex and hippocampus AChE and Butyrylcholinesterase
(BChE) enzymes estimation
At the end of the study, the rats are decapitated; their
brains are removed quickly and kept in ice-cold saline. The cerebral
cortex and hippocampus were isolated, weighed, and homogenized
in 0.1M (pH 8) PBS. Briefly, 0.4 ml of the homogenate was added
to a test tube containing 2.6 ml PBS (0.1M, pH 8). Furthermore,
100 µl of DTNB reagent, followed by t 20 µl of acetylthiocholine
iodide solution (butyrylthiocholine iodide for BChE enzyme
estimation), was added. The absorbance was then noted at 412 nm
for 5 minutes and change in absorbance per minute was also noted
(Ellman et al., 1961). The “rate of moles of substrate hydrolyzed
per minute per gram of tissue” was calculated by the following
equation: R = 5.74 × 10−4(ΔA/Co). Where R = rate in moles of
substrate hydrolyzed per minute per gram of tissue; ΔA= change
in absorbance per minute; and Co= original concentration of tissue
(mg/ml).
Estimation of amyloid beta (Aβ1−42)

The capacity of rat brain Aβ1−42 levels was estimated
according to the sandwich ELISA kit for rat Aβ1−42 manual (YH
Bioresearch Laboratory, Shanghai, China) (Pattanashatti et al.,
2017). The weighed brain tissue sample was homogenized in 0.1M
PBS (pH 7.4) and centrifuged at 5,000 rpm. The supernatant was
used for the detection of Aβ1−42. All reagents, standard solutions,
and samples were prepared as per instructions and methodology
given in the manual. Reagents were kept at room temperature
before use (assay solutions should be at room temperature). The
standard curve analysis was run in parallel to the test samples.
The absorbance was measured in the multi-scan spectrum
spectrophotometer (Thermo Scientific, Waltham, MA, Multiskan
GO) at 450 nm. All the readings were performed in triplicate.
In vivo antioxidants
Rat brain was removed, weighed, and homogenized
in cold 0.05M PBS (pH 7.4). Furthermore, homogenates were
centrifuged at 10,000 rpm for 10 minutes at 4ºC (MPW-350 R,
Korea) and post-mitochondrial supernatant was utilized for the
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estimation of Total protein (TP) and LPO. The supernatant was
further centrifuged at 15,000 rpm for 1 hour at 4ºC. The supernatant
obtained was utilized to estimate superoxide dismutase (SOD) and
GSH (Shalavadi et al., 2012).

centrifuged brain homogenate was added to a mixture of 0.1
mM epinephrine in carbonate buffer (pH 10.2). The formation of
adrenochrome was measured at 295 nm. The SOD activity (U/mg
of protein) was calculated by using the standard plot.

Estimation of LPO in rat brain

Statistical analysis

Thiobarbituric acid reactive substances in the homogenate
were estimated by the method described by Shalavadi et al. (2012).
Briefly, 0.5 ml of 10% homogenate was incubated with 15%
Trichloroacetic acid (TCA), 0.375% 2-Thiobarbituric acid (TBA),
and 5 N HCl at 95ºC for 15 minutes; the mixture was cooled,
centrifuged, and the absorbance of the supernatant was measured
at 512 nm against an appropriate blank. The LPO levels were
determined by using the following equation: ɛ = 1.56 × 105 M−1cm−1.

The results were expressed as Mean ± SEM. The
difference among the group was determined using one-way and
two-way analyses of variance (ANOVA), followed by Tukey’s
multiple comparison test and Bonferroni’s multi-comparison test
as post hoc tests using GraphPad Prism software version 5.0.

Estimation of reduced GSH

The percentage yield (w/w) of A. tricolor L. leaves’
ethanolic extract by maceration method was found to be 5.2%,
followed by the Soxhlet extraction method, which was found to
be 2.3%.

5% tissue homogenate was prepared in 20 mM
Ethylenediaminetetraacetic acid (EDTA) (pH 4.7). Briefly,
100 µl of the homogenate was added to 1 ml 0.2 M Tris-EDTA
buffer (pH 8.2) and 0.9 ml 20 Mm EDTA (pH 4.7), followed by
20 µl of Ellman’s reagent (10 mmol/l DTNB in methanol), and
incubated for 30 minutes. Samples were further centrifuged and
the absorbance was noted at 412 nm.
Estimation of SOD
SOD activity was estimated based on the ability of SOD
to inhibit the auto-oxidation of epinephrine to adrenochrome at
alkaline pH. Briefly, 25 µl of the supernatant obtained from the

RESULTS
Plant extraction

In vitro antioxidant assay
DPPH radical scavenging assay
Ascorbic acid was used as the reference compound. The
IC50 value of ascorbic acid was found to be 67.12 µg/ml, whereas
IC50 value of A. tricolor extract was found to be 236.42 µg/ml.
The results suggest that the ascorbic acid has a more radical
scavenging activity compared to the A. tricolor ethanolic extract.
The IC50 value is shown in Figure 1a and Table 1.

Figure 1. The effect of A. tricolor leaves’ extract on (a) DPPH radical scavenging and (b) AChE enzyme.

Table 1. Effect of A. tricolor on free radical scavenging assay by using DPPH and AChE enzyme.
Test agent

DPPH radical scavenging assay

AChE enzyme assay

y = mx + C

IC50 (µg/ml)

y = mx + C

Ascorbic acid

y = 0.0542x + 46.362 R² = 0.773

67.12177

–

–

A. tricolor

y = 0.0649x + 34.656 R² = 0.7847

236.4253

y = 0.1943x + 12.325 R² = 0.8461

193.9011837

Donepezil

–

–

y = 1.9808x + 46.102 R² = 0.8238

1.967891761

IC50 (µg/ml)
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In vitro AChE enzyme assay
The AChE enzyme inhibitory activity of A. tricolor
extract and clinically proven drug donepezil are shown in Table 1.
The IC50 value of A. tricolor was found to be 193.9 µg/ml and
donepezil was found to be 1.96 µg/ml. This suggests that donepezil
is 100 times more potent than A. tricolor extract. The IC50 value
and standard calibration curve are shown in Figure 1b and Table 1,
respectively.
In vivo studies
Effect of A. tricolor extract on TL using EPM
The rats were exposed to the EPM to assess the TL
retrieval of memory. The TL of the SCP group was significantly
decreased on day 7 (p < 0.05) and 14 (p < 0.001) compared to
the normal group, whereas SCP with Donepezil 3 mg/kg was
significantly increased in TL on day 7 (p < 0.01) and 14 (p < 0.001)
compared to SCP alone (Group II). However, the administration of
SCP with Amaranthus tricolor L. (AT) 400 mg/kg and SCP + AT
800 mg/kg was significantly increased TL on day 14 (p < 0.01 and
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p < 0.001, respectively) compared with SCP alone (Group II). The
effect of A. tricolor on TL is shown in Figure 2a and Table 2a.
Effect of A. tricolor extract on ELT using MWM
The ELT was evaluated on day 0, 7, and 14 from the
duration of the treatment period. Group II (SCP 1 mg/kg/day)
showed significantly increased ELT on day 7 and 14 compared
to the normal group (p < 0.001), whereas treatment of SCP with
Donepezil 3 mg/kg significantly decreased ELT on day 7 and 14
(p < 0.001) compared to SCP alone. However, SCP with AT 200,
400, and 800 mg/kg/day showed a significant decrease in ELT on
day 7 and 14 (p < 0.001) compared to SCP alone. The effect of A.
tricolor on ELT is shown in Figure 2b and Table 2b.
Effect of A. tricolor extract on locomotor activity using
Actophotometer
The locomotion of the SCP group was significantly
decreased on day 7 and 14 (p < 0.001) compared to the normal
group. Treatment of SCP with Donepezil 3 mg/kg and SCP with AT
400 and 800 mg/kg group was significant increased (p < 0.001) on

Figure 2. Effect of A. tricolor leaves’ extract on exteroceptive behavioral models: (a) EPM, (b) MWM, (c) Actophotometer, and (d) CPC. Number of rats in each group
is n = 6. All the data were analyzed by two-way ANOVA, followed by Bonferroni’s multi-comparison test as post hoc test and expressed in Mean ± SEM. *p < 0.05;
***p < 0.001 compared to normal group, #p < 0.05; ##p < 0.01; ### p < 0.001 compared to SCP group.
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day 7 and day 14 and SCP with AT 200 mg/kg showed increased
locomotion on day 14 (p < 0.001) compared to SCP group. The effect
of A. tricolor on locomotion is shown in Figure 2c and Table 2c.

Table 2a. Effect of A. tricolor on TL using EPM.
Treatment groups

TL
0th day

7th day

14th day

Normal

12.50 ± 0.224

11.00 ± 0.365

12.00 ± 0.365

SCP

11.16 ± 0.477

09.16 ± 0.477*

07.83 ± 0.401***

SCP+DNPZ

11.83 ± 0.601

11.33 ± 0.333##

11.66 ± 0.494###

SCP+AT200

11.33 ± 0.667

09.16 ± 0.401

09.33 ± 0.422

SCP+AT400

11.33 ± 0.667

09.33 ± 0.333

10.00 ± 0.365##

SCP+AT800

11.33 ± 0.667

09.67 ± 0.558

10.50 ± 0.428###

Values are expressed in mean ± SEM; (n = 6); Analyzed by two-way ANOVA, followed by
Bonferroni’s multi-comparison test as post hoc test.
*p < 0.05; ***p < 0.001 compared to normal group, ##p < 0.01; ###p < 0.001 compared
to SCP group.

Effect of A. tricolor extract on AChE and BChE levels in rat
hippocampus and cerebral cortex

ELT
0th day

7th day

14th day

Normal

08.66 ± 0.124

08.58 ± 0.124

08.50 ± 0.214

SCP

08.54 ± 0.119

12.29 ± 0.176***

15.20 ± 0.218***

SCP + DNPZ

08.50 ± 0.171

09.83 ± 0.124###

08.83 ± 0.167###

SCP + AT200

08.62 ± 0.168

11.25 ± 0.129

13.75 ± 0.266###

SCP + AT400
SCP + AT800

###

08.54 ± 0.164

###

10.79 ± 0.198

10.37 ± 0.180###

08.58 ± 0.139

10.00 ± 0.065###

09.66 ± 0.053###

Values are expressed in mean ± SEM; (n = 6); Analyzed by two-way ANOVA, followed by
Bonferroni’s multi-comparison test as post hoc test.
***p < 0.001 compared to normal group, ###p < 0.001 compared to SCP group.

Table 2c. Effect of A. tricolor on locomotion using Actophotometer.
Treatment groups

Locomotor Activity
0th day

7th day

14th day

Normal

544.33 ± 5.608

531.83 ± 5.023

539.50 ± 5.476

SCP

531.83 ± 5.023

393.00 ± 4.789***

303.83 ± 5.394***

SCP + DNPZ

542.00 ± 5.317

506.00 ± 5.317

534.83 ± 5.689###

SCP + AT200

536.16 ± 5.102

SCP + AT400
SCP + AT800

###
#

411.16 ± 4.534

379.83 ± 5.570###

543.66 ± 5.232

###

440.83 ± 4.061

473.16 ± 5.357###

541.66 ± 5.136

458.00 ± 3.759###

503.16 ± 4.110###

Values are expressed in mean ± SEM; (n = 6); Analyzed by two-way ANOVA, followed by
Bonferroni’s multi-comparison test as post hoc test.
***p < 0.001 compared to normal group, #p < 0.05; ###p < 0.001 compared to SCP group.

Table 2d. Effect of A. tricolor on ELT using CPC.
Treatment groups

The ELT was evaluated on day 0, 7, and 14 of treatment
using CPC apparatus. SCP 1 mg/kg/day group showed a significant
increase (p < 0.001) in ELT on day 7 and 14 compared to the
normal group. Treatment of SCP with Donepezil 3 mg/kg showed
a significant decrease in ELT on day 7 (p < 0.01) and 14 (p <
0.001) compared to SCP alone. However, treatment of AT 200,
400, and 800 mg/kg showed a significant reduction in ELT on day
14 (p < 0.001) compared to SCP alone. The effect of A. tricolor on
ELT is shown in Figure 2d and Table 2d.
In vivo biochemical studies

Table 2b. Effect of A. tricolor on ELT using MWM.
Treatment groups

Effect of A. tricolor extract on ELT using CPC apparatus

ELT

The SCP group showed a significant increase in AChE
enzyme activity compared to the normal group (p < 0.001) in the
hippocampus and cerebral cortex. Treatment of SCP with Donepezil
(DNPZ) showed significantly reduced levels of AChE activity in
the hippocampus and cortex (p < 0.001). However, no significant
change in AChE activity was observed in the hippocampus and
cortex on the treatment of SCP with AT 200 mg/kg, whereas the
treatment of SCP with AT 400 mg/kg showed significantly reduced
AChE activity in the cortex (p < 0.01). Treatment of SCP with
800 mg/kg showed a significant change in AChE activity in the
hippocampus (p < 0.05) and cortex (p < 0.001). The effect of A.
tricolor on the hippocampus and cerebral cortex AChE enzyme
activity is shown in Table 3 and Figure 3a and b.
The SCP group showed a significant decrease in BChE
enzyme activity compared to the normal group (p < 0.001) in the
hippocampus and cerebral cortex. However, a significant increase
in BChE activity was observed in the rat hippocampus and cortex
treated of SCP with DNPZ (p < 0.01) compared to the SCP group.
BChE enzyme activity is shown in Table 3 and Figure 3c and d.
Effect of A. tricolor extract on Amyloid-beta (1–42) level in rat
whole brain
The SCP group showed a significant increase in the level
of Amyloid-beta (1–42) compared to the normal group(p < 0.001) in
the whole rat brain. However, the treatment of SCP with Donepezil
showed a significant decrease in Amyloid beta (1–42) in the whole
brain (p < 0.001) compared to SCP alone. However, the treatment
of SCP with AT 400 mg/kg showed a significantly reduced level of
Amyloid-beta (1–42) (p < 0.01) and SCP with AT 800 mg/kg (p <
0.001) compared to SCP alone. The effect of A. tricolor on rat brain
Amyloid beta (1–42) level is shown in Table 4 and Figure 4a.

0th day

7th day

14th day

Normal

11.33 ± 0.667

10.66 ± 0.615

10.83 ± 0.477

SCP

11.50 ± 0.719

16.33 ± 0.843***

19.33 ± 0.803***

SCP + DNPZ

11.66 ± 0.667

13.33 ± 0.422

11.83 ± 0.477###

SCP + AT200

11.33 ± 0.494

16.00 ± 0.365

15.33 ± 0.494###

In vivo antioxidants

SCP + AT400

11.50 ± 0.428

15.66 ± 0.667

14.50 ± 70.719

Effect of A. tricolor extract on MDA level in the brain

SCP + AT800

11.66 ± 0.494

15.16 ± 0.477

13.50 ± 0.428###

The SCP group showed a significantly increased level
of MDA (p < 0.001) compared to the normal group. Treatment of
SCP with DNPZ showed a significant decline in the MDA level (p

##

###

Values are expressed in mean ± SEM; (n = 6); Analyzed by two-way ANOVA, followed by
Bonferroni’s multi-comparison test as post hoc test.
***p < 0.001 compared to normal group, ##p < 0.01, ###p < 0.001 compared to SCP group.
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Table 3. Effect of A. tricolor on the hippocampus and cerebral cortex AChE and BChE enzymes.
Treatment groups

AChE enzyme activity (in moles × 10−6/minutes/g of tissue)

BChE enzyme activity (in moles × 10−6/minutes/g of tissue)

Hippocampus

Cerebral cortex

Hippocampus

06.06 ± 0.251

01.55 ± 0.356

11.10 ± 0.321

08.97 ± 1.332

SCP

13.77 ± 0.688***

10.83 ± 0.240***

04.38 ± 0.656***

01.91 ± 0.141***

SCP + DNPZ

06.29 ± 1.297###

03.38 ± 0.85###

10.02 ± 1.746##

07.10 ± 0.325##

SCP + AT200

12.63 ± 0.664

08.72 ± 0.077

05.13 ± 0.242

02.70 ± 0.293

SCP + AT400

10.14 ± 1.141

06.82 ± 0.147##

06.32 ± 0.455

03.31 ± 0.797

SCP + AT800

08.98 ± 0.710#

05.08 ± 0.733###

07.72±0.313

03.57±0.211

Normal

Cerebral cortex

Values are expressed in mean ± SEM: (n = 6); Analyzed by one-way ANOVA, followed by Tukey’s multiple comparison test.
*** p < 0.001 compared to normal group, #p < 0.05; ##p < 0.01; ### p < 0.001 compared to SCP group.

Figure 3. Effect of A. tricolor leaves; extract on hippocampus and cerebral cortex AChE and BChE levels. All the data were analyzed by one-way ANOVA, followed
by Tukey’s multiple comparison test and expressed in Mean ± SEM. *p < 0.05; **p < 0.01; *** p < 0.001 compared to normal group, #p < 0.05; ##p < 0.01; ### p <
0.001 compared to SCP group.

< 0.001) compared to the SCP group, whereas SCP with AT 800
mg/kg showed a significant decrease in the MDA level (p < 0.01)
compared to SCP group. The effect of A. tricolor on the MDA
level is shown in Figure 4b and Table 4.
Effect of A. tricolor extract on reduced GSH
The SCP group showed a significantly decreased level of
GSH (p < 0.001) compared to the normal group. Treatment of SCP
with the DNPZ group indicated a significant increase in the reduced

GSH level (p < 0.001), whereas treatment of SCP with AT 400 mg/
kg (p < 0.01) and SCP with AT 800 mg/kg (p < 0.001) showed a
significant increase in GSH level. However, no significant change
was observed in SCP with AT 200 mg/kg. The effect of A. tricolor
on a reduced GSH level is shown in Figure 4c and Table 4.
Effect of A. tricolor extract on reduced SOD
The SCP group showed a significant decline in the SOD
level (p < 0.001) compared to the normal group. Treatment of
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Table 4. Effect of A. tricolor on amyloid-beta (1-42), LPO, GSH, and SDO on rat whole brain.

Treatment groups

Amyloid-beta (1–42) concentration in pg/ml

LPO (in nmoles of MDA/mg protein)

GSH (in µmoles/mg of protein)

1.07 ± 0.049

07.00 ± 1.186

9.41 ± 0.657

288.1 ± 21.99

SCP

2.15 ± 0.155***

20.11 ± 1.341***

1.34 ± 0.166***

107.3 ± 05.83***

SCP + DNPZ

1.15 ± 0.043###

07.83 ± 1.106###

7.00 ± 0.423###

264.7 ± 28.83##

SCP + AT200

2.10 ± 0.049

17.13 ± 0.233

2.33 ± 0.332

131.7 ± 12.67

SCP + AT400

1.63 ± 0.021##

14.86 ± 1.398

4.14 ± 0.300##

185.8 ± 19.47

SCP + AT800

1.39 ± 0.026###

10.99 ± 1.070##

5.88 ± 0.335###

212.1 ± 28.65#

Normal

SOD (units / mg of protein)

Values are expressed in mean ± SEM: (n = 6); Analyzed by one-way ANOVA, followed by Tukey’s multiple comparison test.
***p < 0.001 compared to normal group, #p < 0.05; ##p < 0.01; ###p < 0.001 compared to SCP group.

Figure 4. Effect of A. tricolor leaves’ extract on (a) β–Amyloid (Aβ1−42) (b) LPO /Malondialdehyde, (c) GSH, and (d) SOD. All the data were analyzed by one-way
ANOVA, followed by Tukey’s multiple comparison test and expressed in Mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001 compared to normal group, #p < 0.05; ##p
< 0.01; ### p < 0.001 compared to SCP group.

SCP with DNPZ and SCP with AT 800 mg/kg group indicated
a significant increase in the reduced SOD level (p < 0.01 and p
< 0.05, respectively) compared to SCP alone. The effect of A.
tricolor on a reduced SOD level is shown in Figure 4d and Table 4.
DISCUSSION
Ayurveda is an ancient system of medicine that originated
and was practiced in India since ages (Sheeja Malar et al., 2017). It

is a holistic system that uses mostly herbal plants, vegetables, and
minerals in prescriptions that play a crucial role in the treatment
of various diseases because of their antioxidants properties and
therapeutic effects. The primary central goal in neuroscience is the
advancement of pharmacologically successful medicines which
ease neurodegenerative issues. The high event of dementia, in
AD, in old individuals gives solid inspiration to look and build
up the new substances with the possibility to invert the deficit in
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short and long-term memory. The current pharmacotherapy of AD
includes the extreme utilization of conventional AChE inhibitors,
i.e. donepezil, rivastigmine, etc., which is apparent to cause a verity
of adverse effect and also lose the effect as the disease progresses
(Waldemar et al., 2007; Mayo Clinic, 2018). A. tricolor is a leafy
vegetable and has a high content of antioxidants and secondary
metabolites. One of the studies conducted on A. tricolor L. showed a
neuroprotective effect on gene expression of Receptor for advanced
glycation endproducts (RAGE) during oxidative stress in SH-SY5Y
cells. However, the potential of biochemicals regulated by the
bioactive phytoconstituents from A. tricolor L. in the management
of cognitive impairment has not been elucidated clearly.
SCP-induced memory impairment is one of the best
models for assessment of drug candidates for their memoryenhancing potency by utilizing various models such as MWM,
EPM, Actophotometer, CPC, and also for determining the level
of ACh, BCh, MDA, and GSH in the hippocampus and cerebrum.
In the current study, to assess the neuroprotective activity of A.
tricolor, we administered SCP alone and in combination with 200,
400, and 800 mg/kg/day A. tricolor extract to the rats and examined
their behavior by utilizing MWM, EPM, Actophotometer, and
CPC, followed by determining the level of AChE and BChE
enzyme activity and reduced antioxidant defence mechanism, i.e.
reduced GSH and SOD levels and MDA level in the rat brain.
A clinically approved drug “Donepezil” is used as an internal
standard at 3 mg/kg/day dose.
An imbalance in the free radical and Reactive oxygen
species (ROS) generation decreases the antioxidant defense
mechanism leading to cell damage and inflammation (Manoharan
et al., 2016). Furthermore, generation (production) of ROS lead
to various unwanted reactions, including DNA damage, lipid
abnormalities, and damage to the proteins (Khansari et al., 2009).
Researchers demonstrated that plant extracts with higher flavonoid
contents usually have the best free radical scavenging property
(antioxidant activity). In the current study, the ethanolic extract
exhibited strong DPPH scavenging activity and the extract treated
in combination with the SCP significantly reversed the oxidative
stress mediated by the SCP in rat brain by reducing the MDA level
and increasing GSH and SOD levels (p < 0.001).
The memory-improving activity of A. tricolor against
SCP-induced cognitive impairment in rats was examined by
utilizing the MWM, EPM, CPC, Actophotometer, and by assessing
the biochemical from the cerebrum. The short-term memory was
tested utilizing MWM and CPC apparatus. In the current study,
animals treated with SCP elevated the brain function by altering
the ELT, TL, and locomotion. However, combined therapy of SCP
and A. tricolor for 14 days showed a dose-dependent decline in the
ELT and an increase in the TL and locomotion in rats. Among the
selected doses, 800 mg/kg showed better activity compared to the
clinically approved drug. The outcomes of the results propose that
the administration of A. tricolor changes the neuronal performance
of rats from day 7 to 14 and reduced the risk of development of
AD by acting as an antioxidant and altering the disease-associated
proteins and pathways. Furthermore, we examined the cholinergic
function and beta-amyloid level of the brain to elucidate the
memory improvement mechanism of A. tricolor. ACh and BCh
neurotransmitters involved in the memory improvement, the
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concentration of ACh is reduced, and BCh is increased in AD due to
rapid hydrolysis by AChE and BChE enzyme activity, respectively
(Jung et al., 2009). In the current study, initially, we examined A.
tricolor on the AChE enzyme and A. tricolor extract showed good
inhibitory activity. The in vivo hippocampus and cerebral cortex
AChE and BChE inhibitory role of A. tricolor was performed at
the end of the study, and the resulting outcome showed the dosedependent significant decline in AChE and BChE enzyme activity
on the treatment of 200, 400, and 800 mg/kg of A. tricolor extract
compared to SCP alone. The results suggest that the administration
of 400 and 800 mg/kg of A. tricolor extract could be the potent
inhibitory dose compared to Donepezil. Amyloid beta (1–42) level
on the whole brain of the rat was examined using a sandwich ELISA
kit. Results showed that A. tricolor 800 mg/kg significantly reduced
the level of deposition of amyloid-beta in the brain compared to
the SCP. Therefore, A. tricolor leaves’ ethanolic extract could be
the potent treatment regimen against oxidative stress-mediated AD.
CONCLUSION
In conclusion, the current study describes the molecular
mechanism of A. tricolor on cognitive improvement via in vitro and
in vivo studies. Amaranthus tricolor ameliorates the SCP-induced
cognitive dysfunction and oxidative stress by the restoration of
the cholinergic function, reducing APP deposition, by inhibiting
the LPO, increasing GSH, and SOD function in the brain. The
study also demonstrated the improvement of memory by utilizing
MWM, EPM, Actophotometer, Cock’s pole climbing behavioral
models. Therefore, the present study helps the multipronged
solutions to tackle AD in the future.
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ABSTRACT
Background: Acarbose is an oral antidiabetic (α-glucosidase inhibitor) drug used in the treatment of type II
diabetes. Acarbose has half-life less than 2h and absorption window at brush border of small intestine.
Objectives: The objective of the present study was to enhance the site specific activity, prolong the duration
of action and improve therapeutic efficacy of drug by formulating as a gastro retentive floating drug delivery
system. Methodology: Gastroretentive floating microspheres of Acarbose were formulated and optimized
with respect to quantity of polymer and stirring speed to get optimum buoyancy and drug release rate. The
microspheres were characterized for their particle size, buoyancy, drug encapsulation efficiency and in-vitro
drug release rate. Results: The buoyancy, encapsulation efficiency and in-vitro drug release rate of formulations
(F1-F9) was varied from 67.12±1.3 to 89.12±1.8, 78.8±1.7 to 98.12±1.5 and 69.53±1.7 to 89.12±1.8
respectively. Conclusion: The present study concludes that floating microspheres based Gastroretentive drug
delivery system of Acarbose is a safe and effective drug delivery system with improved site specificity and
prolonged duration of action of drug and also improves the therapeutic efficacy of drug.
Keywords: Floating microspheres; Acarbose; Type II diabetes; Gastroretentive drug delivery.
INTRODUCTION
The aim of any drug delivery system is to provide
a therapeutic amount of drug to the required site
in the body to give immediate action and to
maintain desired drug concentration at the
particular site. Gastro retentive drug delivery
system has potential for use as control release
drug delivery system. Drugs that are easily
absorbed from gastrointestinal track and have
shorter half-life are eliminated quickly from the
blood circulation, which may require frequent
dosing. To avoid these consequences oral control
release formulation has been developed to
control the drug release in gastrointestinal track. 13
To maintain drug concentration in the serum for
longer period of time. But these formulations
have restriction due to the gastric retention time
that is a physiological limitation. There for
prolonged gastric retention is important to
achieve control over the gastric residence time.
This helps in the control release of drug in the
stomach for a longer time. Some physiological
adversities which decrease drug action or gastric
residence time like, shorter gastric residence time,
unpredictable gastric emptying times and the
approaches to increase the gastric residence time
are bioadhesive drug delivery system, swellable
drug delivery system and density-controlled drug
delivery system etc.4 Floating has been achieved

with the preparation of low density dry solids. The
single unit floating dosage forms such as hydro
dynamically balanced system are not reliable they
may release the drug at a time or may cause
variability in bioavailability or local irritation due
to large amount of drug delivery at a particular
site of GIT. To overcome these problems multiple
unit dosage forms i.e. microspheres have been
developed,
they
provide
uniform
drug
concentration through the GIT. Microspheres
prepared with low density substance than the GI
fluid have ability to float over the gastric fluid. The
floating microspheres were prepared by solvent
evaporation technique using ethyl cellulose as
polymer and dichloromethane as solvent. And
finally prepared microspheres were filled in
capsules which remain buoyant on GI fluid, there
for improve bioavailability of drug.5-7 Acarbose is
readily dissolved and absorbed by body and
eliminated very easily, thus it has very shorter
half-life (less than 2h) and having absorption
window at intestinal brush border so Acarbose
chosen as a drug candidate since it is indicated
for the development of a dosage form with
increased gastric residence time. An object of the
present study was to develop a multiparticulate
floating delivery system consisting Acarbose as a
drug and ethyl cellulose as polymer which is
capable of floating on gastric fluid and delivering
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the therapeutic agent over an extended period of
time.10
MATERIAL AND METHOD
Materials:
Acarbose is obtained as a gift sample from
Innova Cap Tab Pvt Ltd and all other polymer
and solvents used were of analytical reagent
grade.
Method:
Preparation of Floating Microspheres:
Polyvinyl alcohol was dissolved in 150 ml of water
by stirring, which is used as aqueous phase.
Similarly, ethyl cellulose and drug were dissolved
in dichloromethane. This solution acts as organic
phase. After the preparation of both phases,
dispersed phase was added slowly into the
aqueous phase. This solution was stirred for 6h
and formed floating microspheres were collected
by decantation. Obtained floating microspheres
were dried in an oven and stored in dessicator.1
Evaluation of Floating Microspheres:
Particle size analysis:
Procedure: Particle size of the prepared floating
microspheres was determined by optical
microscopy. Optical microscope was fitted with an
ocular micrometer and a stage micrometer.
Eyepiece micrometer was calibrated and particle
diameters of 100 floating microspheres were
measured randomly by optical microscope and
their mean particle size and standard deviation
was calculated.8
Percentage production yield:
The practical percentage yield was calculated
from the weight of floating microspheres obtained
from each batch in relation to sum of the initial
weight of starting materials. The percentage yield
was calculated using the following formula.8
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑒𝑖𝑙𝑑
𝑝𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝑚𝑎𝑠𝑠 (𝑓𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠)
=
𝑋100
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑚𝑎𝑠𝑠 (𝑝𝑜𝑙𝑦𝑚𝑒𝑟 + 𝑑𝑟𝑢𝑔)
Determination of drug entrapment efficiency:
Drug
entrapment
efficiency
of
floating
microspheres were determined by stirring the
microspheres that equivalent to 10mg of drug in
distilled water for 12h. After filtration and suitable
dilutions drug present in spheres was determined
by using spectrophotometer. Drug entrapment
efficiency was determined by using following
formula.9
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐸𝑛𝑡𝑟𝑎𝑝𝑚𝑒𝑛𝑡 𝐸𝑓𝑓𝑖𝑐𝑖𝑐𝑒𝑛𝑐𝑦
𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
=
𝑋100
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔
Percent buoyancy:
Percent buoyancy of prepared microspheres was
determined by using 0.1N HCl containing 1%
span 20as a dispersing medium. Microspheres
were spread over the surface of 900ml of

dispersing medium at 37±0.5˚C. Paddle rotating
at 100rpm agitated the medium for 8h. each
fraction of microspheres floating on the surface
and those settled down were collected at a
predetermined time point. The collected samples
were weighed after drying. The % buoyancy was
determined by following equation.10
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐵𝑢𝑜𝑦𝑎𝑛𝑐𝑦 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 𝑓𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝑜𝑛 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒
× 100
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠

In vitro drug release study:

In vitro drug release studies were performed with
USP type 2 dissolution apparatus. Samples of
floating microspheres corresponding to 10mg of
drug were filled in capsules and placed in to
900ml dissolution medium (0.1N HCl). Rotational
speed was set at 100rpm and temperature was
set at 37˚C. Samples were withdrawn at
predetermined time points and sink condition was
maintained. Samples were filtered and assayed
spectrophotometrically. All experiments were
conducted in triplicate.11,12
RESULTS AND DISCUSSION
Preliminary Study:
During formulation development of floating
microspheres, it is necessary to determine the
factors which will have the effect on the responses
like buoyancy, particle size and in vitro drug
release etc. polymer and stirring speed were
considered as potential factors affecting
performance of formulation were subjected to
preliminary screening. The preliminary study
which was carried out to select the range of
polymer and stirring speed has revealed that the
formulations were showing desired buoyancy and
drug release rate. When the polymer
concentration was varied in between 200 to
600mg and stirring speed in between 400 to
800rpm.It was found that as the concentration of
polymer increases buoyancy also increases but
that decreases drug releases rate from the
microspheres. Below the lower limit of stirring
speed and polymer concentration, particles
become so larger and may breaks on handling.
Above the selected range, particles doesn’t form
properly and drug encapsulation efficiency also
decreases that may be because of smaller particle
size and inter particle collision at higher speed
(Fig.1). These conditions may directly affects on
buoyancy and drug release rate. The results of
preliminary studies have been shown in Table1.
Formulation of floating microspheres by
experimental design:
Optimization results of floating microspheres of
Acarbose:
Based on findings in preliminary studies 32 full
factorial design for optimization study was
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developed. The range of polymer and stirring
speed in final formulation were taken as
independent variables while percent buoyancy
and drug release rate were taken as dependent
variables. The optimization studies were carried
out in order to select the proper concentration of
polymer and stirring speed to get the maximum
buoyancy and drug release rate. The 9
formulations were prepared and optimized. The
results of production yeild particle size,
entrapment efficiency, buoyancy and drug release
rate were as shown in Table 2.
The result obtained confirms that polymer and
stirring speed affects on buoyancy and drug
release rate. As the polymer concentration
increases buoyancy also found to be increased
but there is decrease in the drug release rate from
spheres. And in case of stirring speed as the
speed increases buoyancy also increases but that
decreases the drug release rate from the
microspheres (Fig 2 and Fig. 3). When the data
was analyzed for ANOVA, it is observed that it
follows linear model with r2 value of 1.0000 for
buoyancy and 0.9999 for drug release rate.
Equations for the buoyancy and drug release rate
are,
Buoyancy
(y1):
78.08+7.76A+3.16B3.04AB+0.2333A2+0.2133B2+1.19A2B-1.23AB2
Drug release rate (y2):86.56-1.20A-7.48B1.32AB-0.1283A2-5.85B2-0.6100A2B-0.5000AB2
Where A and B represents concentration of
polymer and stirring speed respectively
Microscopic study: Microscopic observation of
microspheres was carried out by using trinocular
microscope. Microscopic study indicated the
presence of round and equal shaped
microspheres which was further confirmed by the
SEM analysis. (Fig.4)
SEM analysis: Surface morphology of the
prepared microspheres was analyzed by scanning
electron microscopy (JEOL JSM-7600F). SEM
image of microspheres is as shown in Fig. 5.
In vitro drug release study: In-vitro release
studies of floating microspheres of Acarbose was
carried out by using 0.1N HCl as dissolution
medium for 12 hours. The drug release profile of
all formulations was shown in Fig.6. When the
results are compared it was found that, increase
in concentration of polymer is decreasing the
drug release rate from the spheres because of
more number of polymer coating around the
drug molecule also as stirring speed increases
drug encapsulation efficiency also decreases
because of inter particular collision and may be
due to formation of irregular particle size.
In-vitro drug release kinetics:
The data obtained was subjected for drug release
kinetics study. All the formulations were showing

zero order drug release with R2 values ranging
between 0.997- 0.999. Zero order drug release is
considered as best for sustained drug release
because drug release is independent of the
concentration of drug. Results of in-vitro drug
release kinetics are given in Table 3.
Stability Studies:
Stability studies of all formulations were carried
out and analyzed for percent buoyancy and
percent drug release. After 3 months also there
were no any comparative changes in the
buoyancy and drug release rate. Results of
stability studies are shown in Table 4, which
indicates that all the formulations are stable.
CONCLUSION
Floating microspheres of Acarbose were
successfully formulated and optimized for
polymer concentration and stirring speed. All the
formulations were found within acceptable limits
of physical characters like particle size, shape and
buoyancy etc. The formulation F3 was having
higher buoyancy and drug release rate as
compared to other formulations. The buoyancy
and percent drug release of F3 were found to be
86.14±1.58 and 86.35±2.5% respectively.
Based on the present study it can be concluded
that the floating microspherebased Gastro
retentive drug delivery system of Acarbose could
be an effective and safe drug delivery system to
improve its site specific prolonged action of drug
and to improve its therapeutic efficacy.
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TABLES
Table 1: Results of preliminary screening
Formulation code Buoyancy Drug release rate (at 12hr)
F1
51.18±13 79.12±1.2
F2
62.5±52
86.57±0.59
F3
72.41±61 84.35±1.5
F4
83.15±41 81.42±0.59
F5
75.95±81 80.50±1.67
F6
75.5±56
81.66±1.22
F7
74.13±12 79.98±1.45
F8
72.13±31 77.10±1.85
F9
71.12±62 75.30±2.1
Each value represents mean ±SD of three observations
Table 2: Evaluation of floating microspheres
Production
yield Encapsulation Particle size (µm)
(%)
efficiency (%)
67.14±1.1
78.8±1.7
108.89±18.25
75.5±2.4
83.2±2.1
278.43±16.97
87.13±1.8
98.12±1.5
322.84±12.50
69.16±1.2
69.75±1.2
172.26±20.37
75.25±2.3
81.15±1.6
206.05±13.21
82.56±1.5
97.05±1.8
312.18±13.56
73.18±1.6
68.57±2.3
139.01±14.67
80.06±2.1
89.5±2.2
230.38±20.59
84.19±1.7
96.3±1.4
240.70±16.30
Each value represents mean ±SD of three observations

Formulation code
F1
F2
F3
F4
F5
F6
F7
F8
F9

Buoyancy (%)

Drug release (%)

67.12±1.3
75.12±2.2
86.14±1.58
70.54±2.14
78.12±1.88
86.06±1.69
77.02±1.99
81.44±2.14
84±1.22

89.12±1.33
88.05±2.36
88.35±1.59
87.50±0.98
86.83±1.37
85.09±2.65
75.58±1.98
73.09±1.52
69.53±2.85

Table 3: Drug release kinetic data
Formulation
code
F1
F2
F3
F4
F5

Kinetic data(R2)
First order Higuchi
0.998
0.924
0.993
0.929
0.996
0.921
0.977
0.932
0.980
0.926

Zero order
0.999
0.998
0.999
0.997
0.999

Korsmeyer-Peppas
0.735
0.741
0.756
0.637
0.656

Hixson Crowell
0.993
0.996
0.998
0.977
0.979
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F6
F7
F8
F9

0.991
0.985
0.991
0.995

0.917
0.905
0.901
0.954

0.998
0.998
0.997
0.998

0.700
0.684
0.701
0.673

0.995
0.988
0.994
0.993

Table 4: Stability study of formulation F1-F9
Time in months
Initial
Buoyancy (%)
F1
67.12±1.3
F2
75.12±2.2
F3
86.14±1.5
F4
70.54±2.1
F5
78.12±1.8
F6
86.06±1.6
F7
77.02±1.9
F8
81.44±2.1
F9
84±1.2
Each value represents mean ±SD
Formulation
Code

Drug release rate (%)
89.12±1.8
88.05±2.5
88.35±1.9
87.50±2.4
86.83±1.1
85.09±1.9
75.58±2.6
73.09±2.1
69.53±1.7
of three observations

After 3 months
Buoyancy (%)
66.1±1.1
73.02±1.9
85.1±2
69.5±1.7
76.4±1.3
85.13±2.4
75.9±0.9
80.69±2.1
82.2±2.3

Drug release rate (%)
88.23±1.2
85.56±1.5
87.96±0.9
85.63±2.6
85.12±1.9
84.69±2.1
73.45±1.6
72.12±2.3
68.35±1.9

FIGURES

Fig.1: Effect of ethyl cellulose quantity and stirring speed on buoyancy and drug release rate of
floating microspheres

Fig.2: 3D Response surface plots depicting effect of polymer and stirring speed on buoyancy
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Fig.3: 3D response surface plots depicting effects of polymer and stirring speed on drug release
rate

Fig.4: Microscopic image of floating microsphere

.
Fig.5: SEM image of floating microspheres

Fig.6: In-vitro drug release profile of all formulations
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ABSTRACT
Objectives: The objective of the study was to screen and assess the selected bioactive bioflavonoids in medicinal plants as potential coronaviruses
(CoV) main protease (Mpro) inhibitors using molecular docking studies.
Methods: We have investigated several bioflavonoids which include apigenin, galangin, glycitein, luteolin, morin, naringin, resveratrol, and rutin.
Nelfinavir and lopinavir were used as standard antiviral drugs for comparison. Mpro was docked with selected compounds using PyRx 0.8 and
docking was analyzed by PyRx 0.8 and Biovia Discovery Studio 2019.
Results: The binding energies obtained from the docking of 6LU7 with native ligand, nelfinavir, lopinavir, apigenin, galangin, glycitein, luteolin, morin,
naringin, resveratrol, and rutin were found to be −7.4, −8.3, −8.0, −7.8, −7.3, −7, −7.4, −7.6, −7.8, −6.9, and −9 kcal/mol, respectively.

Conclusion: From the binding energy calculations, we can conclude that nelfinavir and lopinavir may represent potential treatment options and
apigenin, galangin, glycitein, luteolin, morin, naringin, resveratrol, and rutin found to possess the best inhibitors of CoV disease-19 main protease.
Keywords: Binding energy, 6LU7, Antiviral, Rutin, Coronavirus, Medicinal plants.
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INTRODUCTION
The 2019‑novel coronavirus (nCoV) is a major source of disaster in
the 21th century [1]. New CoV strain was identified in Wuhan, China, in
the year 2019. CoVs are an infectious agent and found to cause serious
diseases of respiratory tract and digestive tract [2]. The Emergency
Committee of the World Health Organization declared an outbreak
in China on January 30, 2020, which was considered as Public Health
Emergencies of International Concern [3]. Officially, the WHO named
this disease as CoV disease (COVID)-2019 on February 11, 2020 [4].

At present, no specific therapies for COVID-19 are available and
investigations regarding the treatment of COVID-19 are lacking.
Potential combinations of protease inhibitor lopinavir/ritonavir, which
is commonly used to treat human immunodeficiency virus, for the
treatment of COVID-19-infected patients have been investigated and
reported. Furthermore, some other reported antiviral drugs such as
remdesivir, umifenovir, tenofovir disoproxil, and lamivudine have been
reported for COVID-19 [5].

The outbreaks of COVID-19 highlighted their adaptive potential to
the changing environmental conditions and they are classified under
“emerging viruses.” Knowledge about the structure, metabolic pathways
of CoV, and pathophysiology of CoV‑associated diseases is important to
identify possible drug targets [6-9]. Liu et al. (2020) have successfully
crystallized the main protease (Mpro) from COVID-19, which has been
structured and repositioned in the Protein Data Bank (PDB) and is
accessible by the public. This protease represents a potential target for
the inhibition of CoV replication [10].
Flavonoids are the important class of plant secondary metabolites
found to possess wide range of biological activities. These natural
products were known for their beneficial effects on health long before

flavonoids were isolated as the effective compounds [11]. Naturally
occurring flavonoids with antiviral activity have been recognized since
the 1940s and most of the work related with antiviral compounds
revolves around inhibition of various enzymes associated with the life
cycle of viruses [12]. Antiviral activity of apigenin, galangin, glycitein,
luteolin, morin, naringin, resveratrol, and rutin has been reported in
different studies [13-20]. Hence, these bioflavonoids were chosen for
the present study.

Literature search revealed that selected bioflavonoids have potent
antiviral effect against different viruses and may be effective against
COVID-19. Hence, there is a need of screening the selected bioflavonoids
against molecular targets of COVID-19 using molecular docking
techniques. No studies have been reported on molecular docking
studies of selected bioflavonoids against selected target of COVID-19.
This promoted us to carry out present research work.
METHODS

Standard drugs
Nelfinavir and lopinavir were used as standard for comparison.

Bioactive bioflavonoids
Apigenin, galangin, glycitein, luteolin, morin, naringin, resveratrol, and
rutin used as ligands.
Software
PyRx 0.8, Biovia Discovery Studio 2019, Molsoft, and MarvinSketch.

Determination of drug-likeness properties of selected ligands
In our study, we have selected bioflavonoids as ligands. To find out
drug-like properties of each ligand, we have followed the Lipinski’s
rule of five, which states that molecules with poor permeation and
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oral absorption have molecular weights >500, C log p>5, more than
5 hydrogen-bond donors, and more than 10 acceptor groups [16,17].
Data of drug likeness profile of selected bioflavonoids were determined
with adherence to Lipinski’s rule of five. The canonical simplified
molecular-input line-entry system was retrieved from PubChem and
used in Molsoft software to obtain drug likeness score [21,22].
Preparation of macromolecules
Structure of COVID-19 3clpro/Mpro (PDB ID: 6LU7) macromolecule
was retrieved from PDB (https://www.rcsb.org/), website in pdb
format. The retrieved protein is associated with water molecules and
hetero atoms. All hetero atoms, water molecules and native ligand were
removed using Discovery studio 2019 to avoid docking interference
and saved in the PDB format. The 6LU7 protein contains two chains,
A and C. Chain A contains SARS-CoV-2 main protease enzyme; hence,
Chain A was used for macromolecule preparation.

Preparation of ligand
All the three-dimensional structures of the ligand molecules were
retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov/) in
structural data format and converted to PDB format using Discovery
studio 2019. In the present study, lopinavir and nelfinavir were used as
standard drugs, whereas apigenin, galangin, glycitein, luteolin, morin,
naringin, resveratrol, and rutin were used as bioflavonoids.
Determination of active sites
The amino acids in the active site of a protein were determined using
the Biovia Discovery Studio 2019. The determination of the amino acids
in the active site was used to analyze docking evaluation results [23].
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The 6LU7 is the Mpro found in COVID-19, which been structured and
repositioned in PDB and can be accessed by the public, as of early
February 2020. The PDB ID, structure macromolecules native ligand,
and amino acids found in the active site pockets of 6LU7 are presented
in Table 2.
Molecular docking analysis of selected bioflavonoids, selected drugs,
and its two dimensional interaction with different amino acids on
targets is presented in Table 3.
Molecular docking analysis results for several compounds against
6LU7 and its binding energy/Gibbs energy are presented in Table 4.
Graph showed molecular docking results between 6LU7 and several
drug candidate compounds (the binding energy value ΔG is shown
in minus kcal/mol) and presented in Figs. 1 and 2 (a to k) shows the
binding between 6LU7 ligands.
DISCUSSION

CoVs are the group of viruses which can infect humans and
vertebrate animals. CoV infections affect the respiratory, digestive,
liver, and central nervous systems of humans and animals [24]. The
present study focused on the main proteases in CoVs PDB ID 6LU7
as potential target proteins for COVID-19 treatment. 6LU7 is the

Molecular docking
PyRx 0.8 was used for molecular docking. After the completion of
docking, AutoDock preferences were obtained for both ligand and
target in PDBQT format. The docking analysis was performed by Biovia
Discovery Studio 2019. The pose for minimum binding energy was
selected as best interaction.
RESULTS

Drug-likeness properties of selected ligands were calculated. Ligands
and drug candidate compounds have been previously selected, based
on adherence to Lipinski’s rule of five. The drug scanning results were
calculated and data are presented in Table 1.
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Fig. 1: Graph showing the binding energy value ΔG is shown in
minus kcal/mol on Y-axis versus compounds A to K on X-axis.
(A – native ligand, B – nelfinavir, C – lopinavir, D – apigenin,
E – galangin, F – glycitein, G – luteolin, H – morin, I – naringin,
J – resveratrol, K – rutin)

Table 1: Drug-likeness properties of selected drugs and ligands

S. No.

Name of the ligands

Mol. formula

Mol. weight

Log p

HBD

HBA

Drug-likeness score

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Nelfinavir
Lopinavir
Apigenin
Galangin
Glycitein
Luteolin
Morin
Naringin
Resveratrol
Rutin

C32 H45 N3 O4 S
C37 H48 N4 O5
C15 H10 O5
C15 H15 N O3
C16 H12 O5
C15 H10 O6
C15 H10 O7
C27 H32 O14
C14 H12 O3
C27 H30 O16

567.31
628.36
270.05
257.11
284.07
286.05
302.04
580.18
228.08
610.15

5.13
5.71
3.22
2.68
2.15
2.78
1.64
−0.55
2.88
−1.55

4
4
3
1
2
4
5
8
3
10

6
5
5
3
5
6
7
14
3
16

1.14
1.10
0.39
0.29
0.29
0.38
0.46
1.05
−1.00
0.91

Table 2: PDB ID, target, native ligand, and active sites
PDB ID Macromolecule
6LU7

Native ligand

Active sites
THR24, THR26, PHE140, ASN142, GLY143, CYS145, HIS163, HIS164, GLU166,
HIS172

PDB: Protein Data Bank
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Table 3: Molecular docking analysis data of ligands and target
S. No. Ligands name

Molecular structure and interaction with 6LU7

Amino acids involved in the interaction

1.

Native ligand

HIS 41, PHE 140, ASN 142, GLU 166, PRO 168,
ASP 187
GLN 189

2.

Nelfinavir

GLN 110, VAL 202
ILE 249, PHE 294
VAL 297

3.

Lopinavir

VAL 104, GLN 110
VAL 202, HIS 246
ILE 249, PHE 249
PRO 252, VAL 297

4.

Apigenin

MET 49, LEU 141
CYS 145, HIS 163
ASP 187

5.

Galangin

HIS 41, MET 49
CYS 145, MET 165
GLN 189

6.

Glycitein

HIS 41, MET 49
PHE 140, CYS 145

7.

Luteolin

LEU 141, GLY 143
SER 144, HIS 163
ARG 188

8.

Morin

HIS 41, MET 49
CYS 145, MET 165
GLN 189

9.

Naringin

ASP 197, ASN 238
LEU 287

10.

Resveratrol

LEU 141, CYS 145
HIS 163, ASP 187

11.

Rutin

MET 49 , PHE 140
LEU 141, CYS 145
GLU 166, PRO 168

Mpro in COVID-19 that has been structured and repositioned in PDB
and has been accessible by the public since early February 2020.
The Mpro in CoVs is mainly responsible for proteolytic maturation

of the virus and has been examined as a potential target protein to
prevent the spread of infection by inhibiting the cleavage of the viral
polyprotein [25].
176
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Fig. 2: Docking analysis visualization of 6LU7 binding with (a) native ligand, (b) nelfinavir, (c) lopinavir, (d) apigenin, (e) galangin,
(f) glycitein, (g) luteolin, (h) morin, (i) naringin, (j) resveratrol, (k) rutin
Table 4: PubChem ID of ligand and binding energy
Protein

Ligands

PubChem ID

Binding energy
(kcal/mol)

6LU7

Native ligand
Nelfinavir
Lopinavir
Apigenin
Galangin
Glycitein
Luteolin
Morin
Naringin
Resveratrol
Rutin

92727
64143
5280443
5281616
5317750
5280445
5281670
442428
445154
5280805

−7.4
−8.3
−8.0
−7.8
−7.3
−7
−7.4
−7.6
−7.8
−6.9
−9

In the present study, we have used nelfinavir and lopinavir as drug
standards for comparison. Several bioactive flavonoids, from medicinal
plants, have been reported to show antiviral bioactivities [10-12]. We
investigated apigenin, galangin, glycitein, luteolin, morin, naringin,
resveratrol, and rutin as potential inhibitors of the COVID-19 Mpro. The
binding energies obtained from docking 6LU7 with the native ligand,
nelfinavir, lopinavir, apigenin, galangin, glycitein, luteolin, morin,
naringin, resveratrol, and rutin were −7.4, −8.3, −8.0, −7.8, −−7.3, −7,
−7.4, −7.6, −7.8, −6.9, and −9 kcal/mol, respectively (Table 4 and Fig. 1).
The docking analysis in the present study showed the inhibition
potential of several compounds, ranked by affinity (ΔG); nelfinavir >
lopinavir > rutin> apigenin and naringin > morin > luteolin> galangin

> glycitein > resveratrol which were the most recommended flavonoids
found in medicinal plants as potential inhibitors of COVID-19 Mpro,
which should be explored in future research.
CONCLUSION

Molecular docking studies of apigenin, galangin, glycitein, luteolin,
morin, naringin, resveratrol, and rutin were performed using PyRx 0.8
against main protease enzyme of novel CoV. Binding energies obtained
by each molecule were compared with standard antiviral drugs
nelfinavir and lopinavir. The study concludes that the binding affinity
of rutin is higher, whereas resveratrol has lowest affinity among all
the compounds. The nelfinavir and lopinavir may represent potential
treatment options, and apigenin, galangin, glycitein, luteolin, morin,
naringin, resveratrol, and rutin may be recommended as most potential
inhibitors of Mpro of CoV. However, further research is necessary to
investigate the effect of selected bioflavonoids on other targets of novel
CoVs.
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The Current study presents a detailed analysis of nature and strength of various intermolecular interactions in the crystal structure of 5–bromo-2-(4-methylbenzyl)-6-(4nitrophenyl)imidazo[2,1-b][1,3,4] thiadiazole molecule. The conformation study of molecule
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surrogate interactions in the solid state. The nature and energy coupled with these interactions were obtained by using PIXEL and ab-initio methods. In addition, quantitative
evaluation of intermolecular interactions presented using Hirshfeld ﬁngerprint plots. Using Quantum Theory of Atoms in Molecules (QTAIM) analysis with topological parameters,
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1. Rationale
Thiadiazole derivatives are signiﬁcant group of compounds in medicinal chemistry widely explored for their biological
activities [1]. In particular Imidazo[2,1-b][ 1,3,4]thiadiazoles exhibit a wide range of biological activities. Some of the activities reported includes antitumor, anti-tubercular, antimicrobial, antifungal, anesthetic, and cytotoxic activities [2]. The
sulfonamide group attached derivatives of imidazo[2,1-b][1,3,4] thiadizole shows very good biological activity and emerged
as potential leads for the further development as drug candidates. From last few years many research groups have synthesized imidazo[2,1-b][1,3,4]thiadiazole derivatives as antibacterial, anti-tuberculosis and anticancer agents [3-6]. In general
substitutions and second and sixth position of imidazo[2,1-b][1,3,4] exhibited high impact biological activity [7]. The design of drugs requires basic knowledge of bonding, and electrostatic potential of molecules. The crystalline structure of the
molecule reveals arrangement and packing of molecules in solid-state, which allows relating structure with its activity [8].
The intermolecular interactions plays a key role in drug binding in active site of receptor protein. In this context, hydrogen
bonds, electrostatic and other weak Vander Waal’s interactions play an important role [9]. Due to increasing interest towards
understanding these interactions in solids, quantitative investigation of these interactions using various computational tools
provides a platform for evaluating the role of different atom contacts that contribute towards crystal packing. The unconventional interactions between electronegative atoms, such as S…O, Br…N, Br…S, Br…Br contacts, also σ – hole and π –
hole interactions debated particularly in non-hydrogen bonded organic crystals [10,11]. Hence, an experimental and theoretical analysis of these interactions provides valuable information both qualitatively and quantitatively about crystal packing
and role of these interactions in solid-state. There are several theoretical tools available for the detailed analysis such as
PIXEL, Hirshfeld, DFT and Charge density analysis. The PIXEL method is mainly based on empirical partitioning of the interaction energy into their columbic, polarization, dispersion and repulsion contributions. The lattice energy obtained from
PIXEL method of a crystal provides a better insight about the crystal packing [12]. Hirshfeld surface analysis carried out with
ﬁngerprint plots [13]. In addition, the charge density analysis such as deformation density; Laplacian of electron density, etc.,
of molecules gives inputs to understand chemical bonding. The synthesis of series of the Imidazo [2,1-b, 1,3,4]thiadiazoles
derivatives and their cytotoxic activities have been reported by our group[8]. In this study, we are reporting the crystal
structure of 5–bromo-2-(4-methylbenzyl)−6-(4-nitrophenyl)imidazo [2,1-b] [1,3,4] thiadiazole [TDZ] and quantitative analysis of intermolecular interactions, Hirshfeld analysis through ﬁngerprint plots. Further, single point energy DFT and periodic
DFT study has been carried out to study in detail charge density distribution and intermolecular interactions between the
molecules in the crystal.
2. Procedure
2.1. Synthesis and crystallization
The title compound (TDZ) synthesized using reported literature procedure as reported in summary form. Using slow
evaporation method the single crystals suitable for diffraction grown at room temperature, by a solvent mixtures of ethanol
and Dimethyl formamide (DMF) in ratio (2:1) volume.
2.2. x-ray data collection
Using Bruker SMART CCD area detector diffractometer with ﬁne focus sealed tube and monochromatic Mo-Kα radiation (λ = 0.71073 Å) single crystal data of title of compound is collected. APEX-II software used in controlling the data
collection whereas SAINT for cell reﬁnement and Data reduction [14]. Multi-scan absorption correction applied to datasets
using SADABS [15]. The structure solution with SHELXS by direct methods and reﬁnement using SHELXL-2014/7 program
by full matrix least squares on F2 [16]. All the non-hydrogen atoms were anisotropically reﬁned and all hydrogen atoms
placed in the ideal positions from carbon and reﬁned isotropically with Ueq =1.2—1.5 Ueq(C). Ortep3 and mercury 4.1 software are used to represent the molecular diagrams [17-19]. Geometrical calculations are done using PARST [20] and PLATON
[21] software of WinGX suite [22]. The crystal data, reﬁnement details presented in Table 1.
2.3. Computational details
Quantum mechanical ab-initio calculations were performed for molecule in gas phase at the crystallographically obtained geometry using Gaussian 09 software [23]. PIXEL method present in the Coulomb–London–Pauli (CLP) module are
used to evaluate the lattice energy and intermolecular interaction energies [24]. The total lattice energy partitioned into
repulsion, polarization, dispersion and columbic components. Hirshfeld surfaces with different properties and 2D ﬁngerprint
plots are generated using Crystal Explorer 17.5 [25, 26] for visualization of intermolecular interactions in the crystal packing.
Molecular electrostatic potential (MEP) maps are helpful to get sites for electrophilic and nucleophilic and hydrogen bonding interactions [27]. The color in ESP map represents region of different electrostatic potential. Electronegative potential
region is represented by red, electropositive by blue, and zero potential by green color. MEP is calculated at DFT/B3LYP/6–
31-G(d,p)level of theory. Topological properties such as electron density (ρ ), Laplacian (∇ 2 ρ ), local potential energy (Vb )
and Kinetic potential energy (Gb ) at noncritical points were calculated for all intermolecular interactions or contacts using
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Table 1
Crystal data and structure reﬁnement details.
CCDC Number

1833137

Chemical formula
formula weight
Crystal system
space group
Temperature (K)
a (Å)
b (Å)
c (Å)
α (°)
β (°)
γ (°)
V (Å3 )
Z
Radiation type
No. of measured, independent and observed [I > 2σ (I)] reﬂections
Rint
(sin θ /λ)max (Å−1 )
R[F2 >2σ (F2 )], wR(F2 ), S
No. of reﬂections
No. of parameters
H-atom treatment
ρ max , ρ min (e Å−3 )

C19 H13 BrN4 O2 S
441.3
Monoclinic
P21 /c
296
4.4161 (3)
30.324 (2)
12.916 (2)
90
92.086 (2)
90
1728.4 (3)
4
Mo Kα
29,798, 3115, 2410
0.072
0.599
0.041, 0.098, 1.06
3115
236
H-atom parameters constrained
0.35, −0.38

Fig. 1. ORTEP Plot of molecule TDZ with atom labeling scheme at displacement ellipsoids drawn at 50% probability level.

AIMALL based on Bader’s theory of Atoms in Molecules using DFT at B3LYP/6–31(d,p) level [28–30]. The positional parameters obtained from experimental results have been used for the density functional theory calculations using the m-GGA
functional with POB-TZVP basis set included in CRYSTAL17 package [31]. The shrinking factors and the reciprocal lattice vectors were set to 4 with 36 k-points. The truncation parameter selected as ITOL1 −ITOL4 = 8 and ITOL5 = 12, respectively
and the SCF convergence limited to 10−7 Hartree. The wave function generated periodic electron densities after convergence
was used for the topological analysis using TOPOND program interfaced with CRYSTAL17 code based QTAIM theory [32,33].
Various topological maps were generated using the plotting utilities for the interaction regions.
3. Data, value and validation
3.1. Molecular structure and conformation
The molecule TDZ crystallizes in monoclinic space group P21 /c with Z = 4. The Figure 1 shows ORTEP plot of compound
drawn with 50% ellipsoidal probability level. The two rings of the molecule i.e. the imidazo and thiadiazole rings shows
π -conjugation. The deviation in the C – N bond lengths indicates a higher double bond character in the thiadiazole than
in the imidazole ring. It is reﬂected as C9 – N1 [1.2843(5) Å] is the shortest, when compared with C12– N3 [1.3840(2) Å],
C10 – N3 [1.3076(1) Å] of thiadiazole and C10 – N2 [1.3579(2) Å] and C11 – N2 [1.3671(2) Å] of imidazole. There was also
a deviation of bond angles around sp3 and sp2 hybridization states of carbon. The bond angles of S1-C9-N1 [117.0(4) °] and
S1-C10-N2 [109.0(2) °] from sp2 carbons is probably to reduce the repulsion between sulfur and nitrogen atoms located at
1, 3, and 4 positions respectively. The deviation in sp3 carbon atoms in both nitro-phenyl [C18-C13-C14=117.3(7)°] [C15-C16C17=121.6(8)°] and 4-methylbenzyl rings [C4-C5-C6=117.7(1)°] [C3-C2-C7=116.8(3)°] are to keep the inter electronic repul-
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Table 2
Lattice energies of the crystal structure partitioned
into Columbic, polarization, dispersion and repulsion energy components in kJ/mol.
Ecoul

Epol

Edisp

E

−24.2

−36.4

−195.2

54.1

Rep

Etot
−201.8

Fig. 2. Packing of diagram of TDZ viewed down a-axis; dashed lines indicate with Cl…Cl, Cl…N and S…O interactions.

sions to minimum extent. The 4-methylbenzyl and nitro-phenyl rings are making dihedral angles of 71.71(8) and 4.39(1)°
respectively with mean plane of imidazo thiadiazole moiety. This was also reﬂected in torsion angles [C6-C5-C8-C9=62.66°;
C4-C5-C8-C9=−118.69°] and [C11-C12-C13-C18=5.21°; C11-C12-C13-C14=−175.89°] at the two ring systems.
3.2. Hydrogen bonding and energetics
The lattice energy of the compound TDZ calculated using PIXEL-CLP method found to be −203.1 kJ/mol indicating dispersion energy contribution larger when compared to other components columbic, polarization and repulsive energy [Table 2].
An intra molecular interactions C18 – H18 … Br1, C14 – H14 … N3 formed in the molecular structure eliminates the conformational ﬂexibility of nitro phenyl ring. There are number of intermolecular interactions and non-bonding interactions
involving halogens signiﬁcantly contributing towards stability of structure in solid-state [Figure 2]. The Cg…Cg interaction
[d Cg2 …Cg3 =3.888 Å] (Cg2 includes N2,C10,N3,C12,C11 and Cg3 includes N2,N1,C9,S1,C10) is found to be most stabilized
molecular pair along b axis, and the calculated stabilization energy is to be −64.1 kJ/mol. The dispersive nature of Cg…Cg
interaction makes a signiﬁcant contribution to dispersion energy with C–H…S interaction [dH…S = 3.156 Å] which also
plays signiﬁcant role in stabilizing the structure. The molecule also shows sigma hole interaction involving S…O contact
[dS…O = 3.22 Å].The strength of this interaction was calculated to be 30.29 kJ/mol, dispersion being dominant component of energy contributing towards stabilization. Another highly dispersive C–H…Cg interaction [dH14…Cg1 = 3.95 Å] (Cg1
includes C13 - C18) is found to be stabilized molecular pair in motif B. Along with these two interaction C–H…N interaction [dH…N = 2.767 Å] also plays signiﬁcant role in stabilizing the structure. Motif C shows presence Br…Br interaction
[dBr…Br = 3.22 Å] of type-I halogen bonding with θ 1 ≈ θ 2. The next stabilized molecular pair in TDZ shows the presence
of Br…N interaction [d Br…N = 3.373 Å] with interaction energy −21.5 kJ/mol, and this is also highly dispersive in nature.
Motif E consist of strong C – H …O interaction [dH3…O2 = 2.705 Å] with interaction energy being −12.9 kJ/mol, which is
both columbic and dispersive in nature [Figure 6].
3.3. MEP, Hirshfeld surface analysis, FMO and global reactivity descriptors
The molecular electrostatic potential (MEP) is a useful tool for identifying possible reactive sites around the molecule.
Electrostatic potential map. illustrates three dimensional charge distribution of the molecule with different colors representing electrostatic potential at the surface in the order red < orange < yellow < green < blue. The negative electrostatic
potentials are shown in red (Oxygen atoms), yellow slightly electron rich region (Nitrogen atoms), while green indicates
surface areas where the potentials are close to zero. To predict electrophilic and nucleophilic sites in molecules MEP can be
used and it can be deﬁned as

V (r ) =



ZA
−
RA − r



 
ρ r

r  − dr 
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Fig. 3. MEP surface (left) and molecular orbitals with energy levels (right) for HOMO and LUMO of the compound TDZ.

Fig 4. Hirshfeld surface mapped at dnorm (above) displaying various intermolecular interactions and deformation density map (below) of TDZ.

Where ZA is charge of nucleus located at RA and ρ (r ) is electron density at point r’ and r the distance of the point
from the charge location. The distribution helps to determine the molecular interaction and the nature of chemical bond.
The nucleophilic site of the MEP represented by positive area, while electrophilic site is associated with negative region.
The Fig. 3 shows the negative charges are concentrated around the oxygen atom of nitro group and around bromine and
nitrogen atoms, positive charge distribution. The MEP color code is in the range between −6.172×10−2 a.u. to 6.172×10−2 a.u.
with yellow color represent slightly electron rich region. The MEPs [Fig. 3] strongly conﬁrms the presence of σ – hole at
bromine and sulfur atoms. The size of the σ – hole of Br atom is more at the cusp point of C – Br bond [Figure 4]. The
sulfur too has σ – hole distributed at two sides of S atom as shown in charge concentrated region of 3D deformation density
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Fig 5. Two-dimensional ﬁngerprint plots from Hirshfeld Surface analysis with relative contribution of various intermolecular contacts in TDZ.

map. The 3D deformation density map (ρ mm – ρ iam ) represent the difference in average density between multipole model
(ρ mm ) and independent atom model (ρ iam ). The presence of electron rich (blue) and electron deﬁcient (red) regions of Br
atom indicates the presence of σ – hole. Thus, Br and S atoms have both electrophilic and nucleophilic characters, which
tend to act as both donor as well as acceptor for non-bonding interactions. However, the donor character is favorable for
halogen and chalcogen bonding. The oxygen atom due to philic character acts as chalcogen donor or acceptor for σ – hole
interactions. The nitrogen atom of NO2 group has more electrophilic thus favors formation of chalcogen bonds. Further, the
Hirshfeld surface studies through ﬁnger print analysis σ – hole/chalogen bonded interactions such as S…O, Br…N, Br…Br,
analyzed qualitatively. Based on the VDW radius the red spots on hirshfeld surface indicates the possible interactions [Fig. 4].
The contribution of S…O interaction in ﬁngerprint plot found to be 2.4%. The plot shows the percentage of Br…Br interaction is to be 2.1% when compared to Br…N interaction that is 1.8%. The ﬁngerprint analysis shows maximum O…H
contribution (6.8%) which can be attributed to presence of nitro group whose oxygen atoms participate in forming multiple
C–H…O hydrogen bond. The range of H…N and H…S interaction varied from 2.2% to 5.1% and 1.5% to 2.6% respectively,
which is due to presence of various C–H…N and C–H…S hydrogen bonds. The highly dispersive H…H contribution is 30.1%
and comparative percentage of all these interactions presented in Figure 5.
The intramolecular charge transfer from a donor to acceptor moiety within molecule is characterized by the excitation
of an electron from occupied orbital (HOMO) to unoccupied orbital (LUMO) [34]. The intramolecular charge transfer of
the compound TDZ with molecular orbitals is shown in Fig. 3. The ionization potential (I) and electron aﬃnity (A) can
be expressed through orbital energies as I = –EHOMO and A = –ELUMO . The calculated HOMO and LUMO energy gap (࢞E),
ionization potential (I),electron aﬃnity (A), chemical potential(μ), global hardness (η), softness (σ ) and electrophilicity index
(ω) of the molecule have been computed using B3LYP/6–31G(d) level and are listed in Table 3.

Hardness

η=

I−A
; Chemical potential
2

Elect ronegat ivit y

χ=

(I + A )
2

μ=

− (I + A )
1
; So f tness S =
2
η

; Elect rophilicit y index

ω=

μ2
2η

From Fig. 3, the HOMO and LUMO orbitals are mainly localized with large electron density projection on imidazo thiadiazole and nitrophenyl groups. The LUMO has no electron concentration on methylbenzyl group. The energy gap of 3.82 eV

motif

Symmetry

centroid distance(Å)

Ecol

Epol

Edis

Erep

E

A
B
C
D
E

x-1,y,z
-x,-y + +1,-z + +2
-x + +1,-y + +1,-z + +1
-x + +2,-y + +1,-z + +1
-x,y-1/2,-z + +3/2

4.416
9.473
5.299
6.937
15.911

−13.8
−21.1
−6.9
−12.6
−6.3

−7.5
−7.8
−4.1
−3.3
−2.2

−90.4
−33.3
−53
−26.3
−8.6

47.6
23.6
25.3
20.7
4.2

−64.1
−38.9
−38.6
−21.5
−12.9

tot

(KJ/mol)

BSSE corrected I.E. (KJ/mol)

Important Interactions

−67.69
−40.08
−37.11
−23.76
−13.2

C8-H8A…S1m Cg2…cg3
S1…O1, C15-H15…N3 C14-H14…Cg1
Br1…Br1
Br1…N1
C3-H3….O2
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Table 3
List of intermolecular interaction energies (KJ mol−1 ).
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Table 4
Calculated energy values of TDZ.
Chemical parameters

Values (in eV)

EHOMO (I)
ELUMO (A)
EHOMO –LUMO gap (࢞ E)
Electronegativity (χ )
Chemical hardness (η )
Softness (S) (eV−1 )
Electrophilicity index (ω )
Chemical Potential (μ)

6.3150
2.4881
3.8268
4.4015
1.9134
0.5226
5.0625
−4.4015

Table 5
Topological parameters for intermolecular interactions in TDZ obtained from theoretical TOPOND
model.
d1

ρ

∇2ρ

Bond

Rij (Å)

(Å)

d2
(Å)

(eÅ−3 )

(eÅ−5 )

λ1

λ2

λ3

ε

Br…Br
N…Br
S…O
N…H
H…O
H…Br

3.585
2.962
3.021
2.363
2.589
2.084

3.585
2.962
3.021
2.363
2.911
2.084

3.585
3.448
3.749
3.021
3.157
3.299

0.004
0.004
0.001
0.004
0.001
0.009

0.025
0.028
0.012
0.022
0.007
0.045

−0.003
−0.004
−0.001
−0.004
−0.001
−0.009

−0.003
−0.004
−0.001
−0.004
−0.001
−0.008

0.031
0.036
0.015
0.030
0.009
0.062

0.073
0.031
0.102
0.059
0.035
0.148

Table 6
Topological parameters for intermolecular interactions obtained from TOPOND in TDZ.

Rij (Å)

P
(eÅ−3 )

∇2ρ

Bond

(eÅ−5 )

G
V
kJMol−1 bohr−3
kJMol−1 bohr−3 |V|/G

Br…Br
N…Br
S…O
N…H
H…Br
H…O

3.585
2.962
3.021
2.363
2.084
2.589

0.004
0.004
0.001
0.004
0.009
0.002

0.025
0.028
0.012
0.022
0.045
0.014

11.01922
13.35854
13.77599
10.47837
19.39456
66.26499

−7.76885
−10.61489
−10.92733
−8.078666
−14.33260
−60.96379

0.7050
0.7946
0.7932
0.7709
0.7390
0.9200

Eint
kJmol−1
4.72
5.73
5.90
4.49
8.32
28.42

and other chemical descriptors of the molecule indicates semi hardness property of the molecule indicating charge transfer
interactions within the molecule. The electrophilicity and electronegativity values imply the tendency of the molecule to
donate electron during chemical reactions leading to chemical reactivity [Table 4].
3.4. Charge density analysis
Using the Bader’s theory of atoms in molecules, the topological properties such as electron density and Laplacian of
electron density of chemical bonds of the molecules were calculated. According to Bader, the electron density is calculated
using

∇ρ (r ) = i

δρ (r )
δρ (r )
δρ (r )
+j
+k
=0
δx
δy
δz

The point (∇ρ ) where the electron density is maximum can be identiﬁed, i.e. the ﬁrst derivative of the electron density
ρ (r)is equal to zero. The local curvature can be extended by considering the partial second derivatives in three-dimensional
space, which gives nine second derivatives and forms Hessian matrix. The diagonalization and trace of Hessian matrix gives
the Laplacian of electron density,

∇ 2 ρ (r ) =

δ 2 ρ (r ) δ 2 ρ (r ) δ 2 ρ (r )
+
+
δ x2
δ y2
δ z2

At the bond critical point (BCP), the ﬁrst derivative of the electron density will be zero ∇ρ = 0. However, the Laplacian
of electron density describes the details of charge concentration and depletion of a bond in molecules if ∇ 2 ρ < 0 then
it represents shared type while ∇ 2 ρ > 0 represents closed shell interactions. Intermolecular interactions are closed-shell
interactions with a positive value for both electron density and Laplacian at the BCP. The existence of Br…Br halogen bond
was further conﬁrmed by the presence of a (3, −1) bond critical point (bcp) between Br and Br [Fig. 7.] with the magnitude
of ρ being 0.001616 e/Å3 and ∇ 2 ρ 0.005261e/Å5 . Laplacian electron density of S…O and Br…N interactions are almost same
0.025325 e/Å5 and 0.024537 e/Å5 respectively and both are closed –shell interactions. In case of C–H…N hydrogen bond the
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Fig 6. Various molecular motifs in the crystal structure of the compound TDZ. Dashed lines indicate the intermolecular interactions.

Fig 7. Molecular graphs of TDZ obtained from topological analysis showing different motifs indicating S…O and Br…N interactions with (3, −1) bond
critical points between the interacting atoms.

value of electron density and laplacian electron density are 0.005571 e/Å3 , 0.019618 e/Å5 respectively, which falls within the
range of H-bonds [Table 5].

3.5. Topological analysis
The topological analysis revealed (3,−1) bond critical points (BCPs) of weak intermolecular interactions involving halogens. The parameters Rij , d1 and d2 , electron density at critical point (ρ cp ), ∇ 2 ρ cp , ellipticity (ε ), Gcp and Vcp obtained
from theoretical TOPOND [35] calculations are listed in table (6). The intermolecular interaction of speciﬁc type existence
is associated with BCP between pair of atoms. The interaction energy of a particular interaction is considered to be totally
independent of others and implicitly depends on crystal environment electrostatic forces etc.,. via crystalline wave function
coded at BCP. The energy of a particular interaction is calculated using Eint = kGb (in a.u.) where Gb is the local electronic
kinetic energy density at BCP obtained using TOPOND and k = 0.429 yields agreeable Eint values for classical H bonds. The
topological values for the C – H…O interaction of energy 28.42 kJ/mol found to be larger compared to other interactions in
the crystal structure [Table 6]. The 3D deformation density maps depicts δ + …δ − nature of the interaction due to the charge
depletion along C-Br bond axis and charge concentration on Br atoms. The ELF was plotted shows the lone pairs of both
bromine and nitrogen [Figure 8].
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Fig. 8. Electron density distributions (left) Topological analysis of Br…Br and Br… N interaction regions 2D ELF map (middle) and 2D Laplacian map (right).

4. Conclusions
The molecular structure of TDZ molecule have been determined from X-ray analysis. The conformation study of molecule
shows the 4-methylbenzyl and nitro-phenyl rings are making dihedral angles of 71.71(8) and 4.39(1)° respectively with
imidazo thiadiazole mean plane. The C – H … O hydrogen bonds, mainly stabilizes the molecular packing and other weak
interactions such as Br…Br, C – H … N and Br … N intermolecular interactions. Presence of these interactions further
analyzed by PIXEL and quantum mechanical methods. The quantitative evaluation of intermoleular interactions are evaluated
using Hirshfeld analysis and ﬁngerprint plots. The presence of weak interactions are analyzed via Quantum Theory of Atoms
in Molecules (QTAIM) analysis by the existance of (3,−1) bond critical points between the interacting atoms with topological
parameters. The analysis of weak interactions was performed by means of topological descriptors of theoretical electron
density.
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ABSTRACT

ARTICLE HISTORY

Soluble microneedles (MNs) of four different hydrophilic polymers namely sodium carboxymethyl cellulose
(CMC), polyvinylpyrrolidone (PVP) K30, PVP K90 and sodium hyaluronate (HU) were fabricated by mold
casting technique. When exposed to gamma radiation, a dose of 25 kilogray (kGy) was found to render
the microneedle (MN) sterile. However, CMC was found to form MNs with poor mechanical properties,
whereas PVP K30 MNs were drastically deformed upon exposure to applied dose as observed in bright
field microscopy. Scanning electron microscopy (SEM) revealed that morphology of PVP K90 and HU MNs
were not significantly affected at the applied dose. The appearances of characteristic peaks of irradiated
MNs of PVP K90 and HU in Fourier-transform infrared spectra suggested structural integrity of the polymers on irradiation. Differential scanning calorimetry (DSC) indicated gamma irradiation failed to alter the
glass transition temperature and thus mechanical properties of PVP K90 MNs. However, DSC and Powder
X-ray Diffraction (PXRD) conclusively indicated that the degree in crystallinity of HU was substantially
reduced on irradiation. In vitro dissolution profiles of sterile PVP K90 and HU MNs were similar to un-irradiated MNs with a similarity factor (f2) of 64 and 54, respectively. In vivo dissolution studies in human subjects indicated that sterile MNs of PVP K90 and HU exhibited dissolution of 78.45 ± 1.09 and 78.57 ± 0.70%,
respectively, after 20 min. The studies suggested that PVP K90 and HU could be suitable polymers to fabricate soluble MNs as the structural, morphological, microstructural and dissolution properties remained
unaltered post c sterilization.
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Introduction
Transdermal administration involves delivery of the drug through
the skin into the systemic circulation to treat acute and chronic
disorders. Transdermal delivery of drugs is a viable approach
when oral administration of therapeutic agents becomes challenging due to number of reasons such as poor absorption, enzymatic
degradation in the gastrointestinal tract or hepatic first pass
metabolism. Transdermal delivery offers several advantages such
as avoidance of first pass metabolism, improved bioavailability
and enhanced patient compliance [1]. Even though stratum corneum, the outermost layer of the skin is said to be the main barrier to transdermal delivery of therapeutic agents, it has been
observed that lipophilic (log P: 2–4) and low molecular weight
(<500 Da) drugs are delivered with ease across the skin [2].
However, good number of the therapeutic entities discovered till
date are hydrophilic, charged or of high molecular weight and
therefore are not easily permeable through the skin. To overcome
the barrier properties of the skin, various chemical and physical
approaches have been explored till date. However, the chemical
approaches that use penetration enhancers have been less successful in delivering hydrophilic drugs and therapeutic macromolecules. On the contrary, physical methods involving MNs hold
great promise in delivering a variety of hydrophilic drugs and
macromolecules through the skin [3]. MN transdermal patch typically consists of array of MNs typically measuring 25 to 2000 mm in
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height on a base support [4]. Application of MN array to the skin
would create micron-sized transport pathways that would
enhance the transdermal permeability and therefore enhance the
transport of therapeutic macromolecules [5]. Different types of
MNs have been fabricated for transdermal delivery such as solid,
drug coated and drug-loaded MNs [6]. Solid MNs used for pretreatment involve a two-step procedure that often is less preferred. Moreover, the rate of drug delivery would diminish with
time as the pores created tend to close up quickly with time. In
addition, solid MNs are prone to cause cross contamination by
sharp hazards. Likewise, drug coated MNs are disadvantageous as
they would only be able to deliver small quantities of therapeutic
agents. In addition, coated MNs are known to substantially contribute to the biohazardous waste [7].
Considering the limitations of the above-mentioned MNs, we
plan to develop soluble polymeric MNs composed of water-soluble matrix materials that would dissolve in the skin to instantaneously release the bolus. Polymers that can get noncovalently
bound are known to be promising biomaterials in development of
soluble MNs due to their biocompatibility and low manufacturing
cost. Drug-loaded polymeric MNs are invariably fabricated using
polymers that are generally regarded as safe (GRAS listed) by US
FDA. These MNs are known to dissolve instantaneously after insertion, obviating the need for disposal of hazardous sharp needles
following application. It is a general consensus that MN’s need to
be sterile as they penetrate into the viable epidermal and the
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dermal regions of the skin [8]. However, it has to be noted that
dry heat sterilization was found to be unsuitable as it resulted in
irreversible destruction of the polymeric MNs. The MNs lost the
mechanical strength, became soft and malleable and lost the needle structure on exposure to dry heat. Similarly, moist heat sterilization caused complete dissolution of the polymeric MNs. To
overcome the limitations associated with the conventional sterilizing methods, ionizing radiations have been widely employed as a
terminal sterilization method for biomedical devices. Gamma sterilization in particular appears to be a viable option when other
methods of sterilizations are known to damage the integrity of
the medical devices [8]. Gamma radiation is ionizing radiation that
has the ability to easily penetrate the bulk of the material to render them sterile. It is advantageous as it can be applied to the
products packed in final containers without significant increase in
temperature. Among several sterilization methods, gamma sterilization is considered to be the method of choice for thermosensitive drugs [9]. A dose of 25 kGy is known to ensure a sterility
assurance level (SAL) of 106 as per the Pharmacopeia [10]. In this
context, gamma sterilization was found to offer potential solution
to the problems encountered by conventional sterilization methods.
Gamma sterilization was considered as a method of terminal
sterilization of hydrogel forming microneedles prior to clinical
investigation [11]. The physical properties or the ability of polymeric forming microneedles to deliver the drug across porcine
skin was not affected by gamma radiations [8]. No changes in
morphology or strength of the hyaluronic acid microneedles were
noted on exposure to gamma rays [12]. Considering the limited
work undertaken in the proposed domain, systematic elucidation
of the effect of gamma radiation on the morphological, microstructural, mechanical and dissolution properties of the polymeric
MNs was the main focus of the study. Identification of the right
polymer that could be used to fabricate dissolving MNs that are
less prone to morphological, microstructural and mechanical
changes on exposure to sterilizable dose of gamma Irradiation
would be integral part of the current investigation.
Based on the requirement, Na CMC, PVP K30, PVP K90 and
sodium hyaluronate were chosen as matrix materials to fabricate
the soluble MN. Na hyaluronate is a biopolymer present in the
skin that is approved by USFDA for parenteral use while Na CMC
is a naturally occurring polysaccharide that has approval for similar applications (IIG, USFDA database 2019). Likewise, PVP is a biocompatible and biodegradable polymer widely used in fabrication
of dissolving MNs [13]. The polymers selected for fabrication are
known to form MNs that possess good mechanical properties but
at the same time quickly dissolve to release the contents.

Materials and methods
Materials
Polydimethylsiloxane (PDMS) molds having an array of 10 3 10
per 0.25 cm2 needles were custom made by etching technique.
The molds were designed to obtain conical MNs having a height
of 500 micrometers, tapering from a base measuring 200 micrometers. Sodium hyaluronate [Na HU] (mol. wt: 10 kDa) was
purchased from S. D. Fine Chemicals Ltd., Mumbai.
Polyvinylpyrollidone K30 [PVP K30] (mol. wt 40,000Da) and
Polyvinylpyrollidone K90 [PVP K90] (mol. wt 360,000) was purchased from Central Drug House (P) Ltd., New Delhi, while carboxymethyl cellulose sodium salt [Na CMC] (high viscosity grade 
1500 cps at 1%w/w) were purchased from S. D. Fine Chemicals

Ltd., Mumbai. Agar Powder (purified), Soyabean Casein and Fluid
Thioglycollate Culture medium for microbiological tests were purchased from HiMedia, Mumbai.
Methods
Preparation of soluble microneedles
Polymeric MNs were fabricated by a two step mold casting
method using water soluble hydrophilic polymers [14]. Aqueous
solutions of PVP K30 (50% w/w), PVP K90 (25% w/w), Na CMC (5%
w/w) and Na HU (33.3% w/w) in deionized water were prepared
and used as casting solutions. The polymer was initially dissolved
in deionized water and concentrated under vacuum to remove
the entrapped air bubbles prior to casting. About 0.15 ml of each
of the above clear casting solutions was pipetted into the PDMS
molds that were tightly covered using Parafilm MV. The molds
were placed in conical centrifuge tubes that were centrifuged at a
speed of 4200 rpm for 20 min at 22  C in Remi C24 plus refrigerated centrifuge to fill the mold cavities. After centrifugation, the
polymeric solution was dispensed into the mold and finally
allowed to dry overnight at room temperature, to form the backing layer of the patch. After 24 h, the MN patch formed was
detached from the mold and stored in a vacuum desiccator.
R

Viscosity profiling of polymeric casting solutions
The Viscosity of different polymeric casting solutions used to prepare MN was determined in a modular compact Rheometer (MCR
702, Anton Paar, Bengaluru) using a PP25 air bearing measuring
system [15]. The casting solutions were loaded on to the lower
peltier plate of the rheometer and the measuring head was lowered to a gap of 1 mm. The viscosity was recorded by varying the
shear rate between 0.01 s1 and 300 s1. The temperature of the
solutions was precisely maintained at an ambient temperature of
25 ± 0.2˚C using a Peltier temperature-controlled system during
measurement (Anton Paar MCR-302 series 2011).
Gamma irradiation
The soluble MNs obtained were placed in glass beaker and
exposed to gamma radiation at an inert atmosphere in a gamma
chamber (GC-5000) having 60Co source supplied by M/s BRIT,
India. The dose rate was determined to be 9.1 kGy/h using Fricke
dosimetry prior to irradiation. The MNs were exposed to a total
dose of 25kGy to render them sterile [16]. In addition, MNs were
also exposed to doses of 5, 10, 15, 20 kGy to study the potential
morphological changes induced by different doses of radiation.
Subsequently, the irradiated MNs were observed under microscope to check for the changes in the morphological characteristics. The percentage reduction in the height of the irradiated
polymeric MNs was calculated using Equation (1). An attempt was
made to determine the deformation rate of MNs that was computed using Equation (2).
% reduction ¼
Deformation rate ¼

ðHI HF Þ
 100
HI

ðHI HF Þ
 100
radiation dose

(1)
(2)

where HI and HF represent the mean initial height of microneedles
before irradiation and mean final height of microneedles after
irradiation respectively.
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Sterility test

Differential scanning calorimetry (DSC)

Sterility testing of the gamma sterilized MNs was performed on
two sterile media namely Fluid Thioglycollate Medium (FTM) and
Soyabean Casein Digest Medium (SCDM) by direct inoculation
method as per the Indian Pharmacopeia [17] procedure (IP
2007)17. FTM is primarily intended for culture of anaerobic bacteria, whereas SCDM is well suited for the growth of fungi and
aerobic bacteria. The sterility test involved two test samples composed of irradiated MNs of PVPK90 and HU. In addition, the test
employed six positive controls (three for anaerobic and three for
aerobic media) and two negative controls (one each for anaerobic
and aerobic media). Three different anaerobic positive controls
were used during the test by directly inoculating Staphylococcus
aureus, Pseudomonas aeruginosa and Clostridium sporogenes to
FTM. Likewise, three different aerobic positive controls were maintained by directly inoculating SCDM with Bacillus subtilis,
Aspergillus niger and Candida albicans. The uninoculated FTM and
SCDM served as negative controls in the test. After inoculation,

FTM was incubated at 30 to 35  C, while SCDM was incubated at
20  C to 25  C under aseptic conditions. The media were observed
every week for 14 days for possible turbidity if any that might
indicate microbial growth of less than 1 colony-forming
unit (CFU).

Differential scanning calorimetry was used to characterize the solid
state of polymers in the MNs before and after gamma Irradiation
[21]. DSC thermogram of the polymers and the MNs before and
after exposure to gamma rays were recorded in a differential scanning calorimeter (METTLER TOLEDO, DSC1, Ohio, USA). Samples
weighing 10 mg was heated in aluminum pans (TA instruments) at
a rate of 10  C/min from 25  C to 250  C, with empty pans used as
a reference control. Nitrogen was purged at a flow rate of
30 ml/min and the data were recorded and interpreted using with S
TA R e software. The characteristic peak positions in the thermogram of MNs were compared with those in the respective polymers
to elucidate the changes in solid state on irradiation. The onset
temperature of the discontinuities in the heat flow vs. temperature
curve was considered to be the glass transition point.

Bright field microscopy
The morphology of the MNs were also determined using
Trinocular Research Microscope (Model: BX 53, Olympus, Germany)
[18]. The MNs were mounted on the glass slide using a doublesided stick tape. The images of the irradiated and un-irradiated
MNs under bright field were captured at suitable magnification
using high-resolution digital camera connected to a computer.
The image analysis was performed using Graphyx software in a
digital imaging system to determine the height of the MNs
(Jenoptik, Jena, Germany). The morphological and possible color
changes in MNs, on exposure to different doses of radiation
were observed.
Scanning electron microscopy (SEM)
The morphometrics and surface topography of the MNs were
examined by SEM [19]. The samples were mounted on SEM sample stab using a double-sided stick tape and coated with gold
(200nm) under a reduced pressure of 0.001 torr for 5 min using
ion sputtering device (Bal-Tec, SCD 500, NY, USA) to reduce the
charging effects. The coated MNs were observed under the scanning electron microscope (FEI ESEM Quanta 200, USA) under suitable magnifications and photographs of suitable magnification
captured. The possible morphological and topographical changes
before and after irradiation were noted.
Fourier transform infrared radiation (FTIR) spectrophotometry
FTIR was used to establish the chemical integrity of the polymeric
MNs during preparation and gamma irradiation [20]. The samples
were powdered and intimately mixed with dry potassium bromide
before dispensing into a diffuse reflectance sampler. The spectra
were recorded in a scanning range of 4000 to 400 cm1 in a FTIR
Spectrophotometer (model 460 Plus, Jasco, Tokyo, Japan). The
characteristic peak positions in the spectra of MNs were compared
with those in the respective polymers to check the chemical
integrity of the polymers upon irradiation.

Powder X-ray diffractometry (PXRD)
PXRD was used to elucidate the possible microstructural changes
observed in the irradiated and un-irradiated MNs. Diffractograms of
the polymers and the MNs before and after gamma Irradiation were
recorded using a powder X-ray diffractometer (X’pert Pro Multi
Purpose Diffractometer, PANalytical, and West-borough, MA, USA).
The measurements were done at room temperature using a bracket
sample holder with Cu Ka radiation at a voltage of 45 kV and a current of 40 mA. Data were acquired between 0 and 40 2h values at

a scanning rate of 2 /min. X-ray powder diffraction patterns were
analyzed using X-Pert Hi-Score Plus software (MDI Materials Data,
Livermore, CA, USA). The characteristic peak positions in the diffractogram of MNs were compared with those in the respective polymers
to characterize the changes in solid state on irradiation.
In vitro dissolution
Agar block composed of 8% w/w of agar in water was used as an
in vitro model to evaluate the dissolution profile of MN [22]. Agar
block was prepared by slowly dispersing weighed quantity of agar
in deionized water maintained at 60  C. The dispersion was transferred to a glass vial and allowed to cool to room temperature to
solidify. The dissolution of the needles was determined by just
applying enough pressure to the backing layer against the agar
block so as to ensure the complete penetration of the MNs. After
insertion, the whole MN arrays were detached from the agar block
at 2nd, 5th, 10th and 15th sec and observed under Bright Field
Microscope (BX 53, Olympus, Germany) to observe the morphological changes in the height of the MN. The heights in the
un-irradiated and irradiated MNs at different time points were
captured to compute the percentage dissolved [12]. The percentage height of MNs dissolved on the Y axis was plotted against
time on the X axis to obtain the dissolution profiles of the MN
samples. The dissolution profiles of the irradiated MNs were compared with the un-irradiated MNs.
The dissimilarity factor (f1) and similarity factor (f2) represented
in Equations (3) and (4) respectively was used to compare the
sameness of the two profiles [23].
 Xn
hXn
i
j
j
f1 ¼
R
T
R
=
 100
(3)
t
t
j
t¼1
t¼1
h

i0:5
Xn
jR Tt j2
 100
(4)
f2 ¼ 50  log 1 þ ð1=nÞ
t¼1 t
where n is the number of time points, Rt is the dissolution value
of the un-irradiated MNs at time ‘t’ and Tt is the dissolution value
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of the irradiated MNs at time ‘t’. Generally, f1 values ranging from
0 to 15 and f2 values ranging from 50 to 100 indicate the sameness or equivalence of the two dissolution profiles.

In vivo dissolution
The in vivo dissolution studies were performed in four healthy
human subjects with an approved Institutional Human Ethics
Committee protocol (Ref. No. VIPS/2014/14, dated 19-02-2014).
Human subjects between the age of 18 and 40 with no history of
dermatological disease participated in the studies [13]. The left
and the right forearm of the subjects were used for the study. To
determine if the MNs penetrated into the skin, MNs sterilized
using gamma radiation (25kGy) were inserted into the forearm of
subjects by applying a gentle pressure to the backing layer with a
thumb and then removed after 5 min, 10 min, 15 min and 20 min.
After removal of the MN arrays, the MNs were examined under
the bright field research microscope (BX 53, Olympus, Germany)
to determine the change in the morphology and the height of
the needles. The heights of the sterilized MNs at different time
points were captured to calculate the in vivo dissolution rate. The
dissolution profiles of the MNs samples were obtained by plotting
percentage height of MNs dissolved on Y axis versus time on
X axis.

Results and discussion
Preparation of soluble microneedles
The two-step solvent casting procedure was found to successfully
produce completely formed MNs with good physicochemical and
morphological properties under the given set of experimental
conditions. The soluble MNs were produced by solvent casting
method using aqueous solvents at ambient temperature and
therefore don’t pose stability issues to thermosensitive therapeutic
agents [24]. The viscosity of sodium hyaluronate, PVP K90, Na
CMC, PVP K30, and HU was found to 3.55  103, 18.10  103,
12.85  104, 88.99  106 cps, respectively, at a shear rate of sec1.
Despite the differences in the viscosities of the polymeric solutions, the method employed resulted in completely formed MNs
under the experimental conditions employed.
Sterility test
Sterility would be one of important requirement for soluble MNs
as they are likely to penetrate the viable dermal region of the skin
[12]. FTM and SCDM were used to detect the presence of anaerobic bacteria, fungi and aerobic bacteria. Microbial growth was
evident in three days in FTM and SCDM that were inoculated with
the positive cultures while no growth was seen in the negative
controls. Moreover, no growth was observed in media inoculated
with sterilize MNs. The studies thus inferred that a gamma

Figure 1. Photographs depicting sterility testing of gamma irradiated Microneedles in Fluid Thioglycollate Media (A) and Soyabean Casein Digest media (B).
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radiation dose of 25 kGy was found to render the polymeric MNs
completely sterile. The photographs depicting sterility testing of
gamma irradiated Microneedles in Fluid Thioglycollate Media and
Soyabean Casein Digest media are captured as Figure 1(A,B)
respectively.

Bright field microscopy
The bright field microscopic images of soluble MNs of Na CMC,
PVP K30, PVP K90 and HU are shown in Figure 2. The images of
Na CMC, PVP K30, PVP K90 and Na HU MNs before irradiation are
portrayed in Figure 2(A–D) respectively, whereas the images of Na
CMC, PVP K30, PVP K90 and Na HU MNs after irradiation are
depicted in Figure 2(E–H) respectively after irradiation. Na CMC
was found to form fragile porous MNs that were sometimes
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partially formed. The nature of the polymer is the primary cause
for the formation of the MNs with poor mechanical properties.
CMC had a tendency to form small voids in the MNs matrix as evident in Figure 2(A) that often result in weakened MN structure [7].
High viscosity CMC was reported to form shrank and deformed
MNs with poor mechanical properties. CMC is reported to form
weak MNs, which in spite of rupturing the stratum corneum was
found to result in poor and inconsistent skin penetration [18]. The
observations were in agreement with the report that CMC was
generally regarded as a mechanically weak biopolymer to fabricate soluble MNs as they were found to be too weak to penetrate
the skin [6]. In addition, bright field microscopic images indicated
that the MNs of Na CMC formed were substantially deformed on
exposure to gamma radiations (Figure 2(E)). Based in these observations, Na CMC MNs were not considered for further studies.
Addition of glycerol (0.5%w/w) as a plasticizer was found to

Figure 2. Bright field microscopic images of microneedles before and after gamma irradiation (at magnification 40). A, B, C and D represent images of Na CMC, PVP
K30, PVP K90 and Na HU respectively before irradiation. E, F, G and H portray images of Na CMC, PVP K30, PVP K90 and Na HU respectively after irradiation.
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impart flexibility to the MN base plate and therefore prevents the
MN base from cracking. However, in the two-step process, addition of plasticizers is not advisable in the first step while casting
the MNs alone, as they are likely to render the needles more flexible that in turn would hinder the skin insertion and therefore the
drug delivery [25].
Scanning electron microscopy
The SEM images of Na CMC, PVP K30, PVP K90 and HU MNs are
portrayed in Figure 3(A–D) respectively. It was observed that MNs
of PVP K30 were found to have broken tips that in turn could
affect the penetration into the skin. The microscopic observations
noted were found to be in agreement with the earlier studies that
report the tendency of the low molecular weight PVP to form
blunt tips owing to its hygroscopic nature [26]. The morphology
of the MNs especially the tip radius is said to determine the ease
of penetration into the skin [27]. On the other hand, MNs fabricated with PVP K90 and sodium hyaluronate were deemed satisfactory as they had sharp tips that could enable easily penetration
into the skin.
Polymer compatibility is considered to be a challenge for sterilization using gamma radiations [16]. Gamma radiations have the
ability to induce molecular fragmentation by chain scission or free
radical mediated cross linking in polymers. However, the effect of
radiation depends on several factors like chemical composition,

crystallinity, molecular weight and density of the polymer [28]. In
addition, the radiation dose, dose rate and the temperature determine the effect of gamma radiation. Generally, polymers with
high bond energies are known to withstand radiation sterilization.
Nevertheless, a polymer is likely to regain its original configuration
after gamma sterilization in case the polymer has sufficiently high
bond strength. In the present study, gamma radiation was found
to induce physicochemical, morphological and mechanical
changes in the polymeric MNs. It was noted that gamma radiation
was found to significantly reduce (p < 0.0001) the height of the
MNs though the extent of reduction varied with the dose and the
type of polymer. A dose dependent correlation was found to exist
between the dose of the gamma radiations applied and the percentage reduction in the height of the polymeric MNs. The percentage reduction in the height of 30.94 ± 1.55% was observed
with HU MNs at a rate of 6.22 mm/kGy on exposure to a dose of
25 kGy. Likewise, a reduction in the height of 23.42 ± 5.02% was
noted at a rate of 4.25 mm/kGy for PVP K90 on exposure to the
same dose. Even though the height of PVP K90 and HU MNs were
significantly reduced by gamma radiations the sharpness of the
edges was more or less unaffected. However, MNs fabricated
using PVP K30 were found to be substantially deformed on exposure to gamma radiation as the MNs were found to get deformed
and considerably shrink in height and diameter. The average
height of the PVP K30 MNs substantially reduced at a rate of
12.10 mm/kGy on exposure to the dose of 25kGy. Considering the

Figure 3. SEM of Na CMC (A), PVP K30 (B), PVP K90 (C) AND Na HU (D) microneedles.
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deformation and substantial deterioration of morphological and
mechanical properties of PVP K30 MNs on exposure, the polymer
was not considered for further studies. On the contrary, MNs produced using PVP K90 (Figure 3(C)) and HU (Figure 3(D)) were
acceptable as noticed in the microscopic images and therefore
were considered for further studies.
Fourier transform infrared radiation (FTIR) spectrophotometry
FTIR is a valuable analytical tool employed to elucidate the possible structural change in the polymers on exposure to gamma
radiations [20]. Appearance of addition peaks in the IR spectra of
the MNs is considered to be a supportive evidence to prove structural changes in the polymers. The peak at 3534 cm1 in the FTIR
spectra of PVP K90 (Figure 4(A)) can be ascribed to the OH group
of water that would be absorbed by the polymer [26]. The peak
at 2957 cm1 corresponded to CH and CH2 stretching vibrations
while the peak at 2137 cm1 and 1666 cm1 can be assigned to
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stretching vibrations of C-N and C ¼ O groups respectively. The
peak at 1464 cm1 can be attributed to CH deformation of cyclic
CH2 groups while the peaks at 1292 cm1 and 1024 cm1 could
be due to C-N stretching and bending vibration of the OH groups
respectively. The characteristic peaks of PVP K90 were found to
correlate well with the key peaks positions identified in the FTIR
spectra of PVP K 90 reported earlier [29]. In the spectra of the
non-irradiated MN array (Figure 4(B)), the peaks that appeared at
3446 cm1 could be attributed to the OH group of water that indicates the presence of moisture in the samples. The peak corresponding to hydroxyl group of water was evident in the FTIR
spectra of PVP MNs although the samples were completely dried
before analysis [26]. The other characteristic peaks of PVP K90
appeared in the spectra of non-irradiated samples at
2921 cm12,130 cm11,653 cm11,541 cm1 that could be ascribed to
CH and CH2 stretching, C-N stretching, C ¼ O stretching and CH
deformation respectively. The spectral observations clearly indicate
that all the functional groups of PVP K90 were intact in the un-

Figure 4. FTIR spectra of PVP K90 (A), nonirradiated microneedle of PVP K90 (B), and irradiated microneedle of PVP K90 (C), HU (D), nonirradiated microneedle of HU
(E), and irradiated microneedle of HU (F).
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irradiated MN samples. Likewise, in the FTIR spectra of irradiated
MNs, the peak at 3483 cm1 indicates the presence of moisture in
the samples. The other characteristic peaks of PVP K90 appeared
in the spectra of gamma irradiated samples (Figure 4(C)) at
2951 cm11,657 cm11,464 cm1 that could be assigned to CH and
CH2 stretching, C ¼ O stretching and CH deformation. Even though
the characteristic peaks of PVP K90 appeared in the spectra of
irradiated samples, the peaks at 3483 cm12,951 cm1 and
1657 cm1 displayed a higher intensity compared to the un-irradiated samples. The increase in intensity of the characteristic peaks
is likely due to cleavage of the chemical bonds or formation of
free radicals on exposure to gamma radiations [28]. However, as
the MNs were exposed to the gamma radiations in solid state, the
samples were likely to restore the fundamental structural integrity
despite minute spectral changes.
The spectrum of HU (Figure 4(D)) was found to exhibit a peak
at 3325 cm1 that could be attributed to the stretching of OH
group. The peaks at 2890 cm1 and 2935 cm1 corresponded to

CH and Methylene group stretching vibrations respectively. The
peaks seen at 2149 cm1 and 1617 cm1 can be assigned to
stretching vibrations of C-N and C ¼ O groups respectively.
Additionally, the peak at 1412 cm1 and 1048 cm1 could be due
to the carboxylate and primary alcohol groups respectively. The
characteristic peak positions of HU corresponded well with the
peaks positions reported earlier for the key functional groups in
the FTIR spectra of HU [20]. Similarly, the spectra of the non-irradiated MN array (Figure 4(E)) displayed peaks at 3284 cm1 that
could be ascribed to the stretching of OH group while those at
2875 cm12,954 cm12,140 cm11,613 cm11,420 cm11,042 cm1can be
attributed to CH stretching, Methylene, C-N, C ¼ O, -COO- and primary alcohol groups respectively. The IR spectral observations
indicate that all the functional groups of HU were intact in
the un-irradiated MN samples. Likewise, the IR spectra of the
irradiated samples (Figure 4(F)) displayed the peaks at
3279 cm12,944 cm12,884 cm12,132 cm11,612 cm11,408 cm11,038 cm1
owing to OH, CH, Methylene, C-N, C ¼ O, COO and primary alcohol

Figure 5. DSC thermograms of PVP K90 (A), nonirradiated microneedle (B), and irradiated microneedle (C). The circled region depicts the glass transition temperature.

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY

groups respectively. However, no big change in transmittance of
the characteristic peaks that appeared at 3279 cm12,884
cm11,612 cm1 were noted compared to the spectra of unirradiated sample. These observations rule out the possibility
of chain scission or formation of free radicals on irradiations.
These results can be supported by the fact that Hyaluronic acid is
known to exhibit better solid-state stability against gamma radiations [20].
Differential scanning calorimetry
Differential scanning calorimetry is used as a useful technique to
characterize the possible microstructural changes induced in polymeric MNs following exposure to gamma Irradiation [18]. The DSC
thermograms of PVP, un-irradiated and irradiated MNs of PVP are
portrayed in Figure 5. DSC thermogram of PVP K90 (Figure 5(A))
displayed a broad endothermic peak at 94  C that would be typically found in amorphous hydrated substances. The peak observed
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can be associated with elimination of the bound water in PVP K90
[30]. Similar dehydration peaks were noted in the thermograms of
the nonirradiated MNs (Figure 5(B)) and irradiated samples (Figure
5(C)) at 92  C and 95  C respectively indicating the loss of residual
moisture associated with the MN samples. Besides the dehydration peak, the thermogram of PVP K90 also displays a distinct and
clear glass transition temperature (Tg) of 177  C. The glass transition temperature that is typical of amorphous polymers is the
temperature below which, the polymer stays in hard and brittle
state while above which, remains in elastic rubbery state. The Tg
for PVP K90 is reported to be174  C [31]. The glass transition temperature increases with increase with the molecular weight of the
PVP [32] or due to cross linking of the polymer [33]. On the contrary, the presence of traces of moisture is known to lower the Tg
of a polymer as water is known to act as a plasticizer [26]. As polymers are likely to soften if Tg is lowered, Tg often determines the
hardness, dissolution, physicochemical and mechanical properties
of the MNs [21]. Polymers having a Tg above room temperature

Figure 6. DSC thermogram of sodium hyaluronate (A), non-irradiated microneedle (B), and irradiated microneedle (C).
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are often preferred in fabrication of polymeric MNs owing to their
physical stability [21]. The un-irradiated PVP K90 MN samples displayed a Tg at 178  C while the irradiated MN samples displayed a
less distinct Tg at 179  C. As there is no considerable change in
the Tg, in the thermogram of the irradiated MNs, it is highly likely
that the mechanical properties and the hardness of the MNs was
not compromised despite exposure to gamma radiation at a dose
of 25kGy. Moreover, the fact that Tg remained unaltered also ruled
out the possibility of potential cross linking on exposure to
gamma irradiation.
The DSC scans of HU, un-irradiated and irradiated MNs of HU
are captured in Figure 6. The thermogram of HU displayed a
broad endothermic peak at 104  C that could be attributed to the
dehydration or loss of the moisture associated with the polymer
(Figure 6(A)). The broad endothermic dehydration peak was also
evident in the thermograms of the non-irradiated (Figure 6(B))
and the irradiated samples (Figure 6(C)). Besides the dehydration
peaks, the thermograms of the un-irradiated and irradiated MN
samples displayed second endothermic peaks in the region
between 180  C and 200  C that could probably be attributed to
loss of moisture bound to hyaluronate backbone or entrapped
within the secondary structure [34].
In addition to the dehydration event, a sharp exothermic peak
related to the thermal degradation of the polymer was noted at
239  C in the DSC thermogram of HU. The characteristic exothermic peak associated with an enthalpy of fusion 55 J/g

corresponded to the melting point of hyaluronate indicating its
crystalline nature. The melting point observed was close to that
reported (240  C) in the thermogram of hyaluronic acid [35].
Likewise, the characteristic exothermic peak of hyaluronate that
appeared at 237  C was broader in the thermogram of un-irradiated MN samples indicating the probable reduction in the polymer crystallinity. However, the characteristic exothermic peak was
broadened and further shifted to lower temperature as it
appeared at 216  C in the irradiated MN samples. The broadening
of the peak that was shifted to lower temperature indicated the
transformation of polymeric microstructure from crystalline to
semi crystalline state on irradiation. The spectral observations
were in agreement report that gamma radiation have the potential to alter the degree of crystallinity of irradiated polymer samples depending on the irradiation dose applied [36].
Powder X-ray diffractometry
Powder X-ray diffraction is extensively used with DSC to assess
the microstructure of the MNs [37] in the past. The PXRD patterns
of PVP K90, un-irradiated and irradiated MNs are shown in
Figure 7. The X-ray diffractogram of PVP (Figure 7(A)) displayed
two broad bands with low intensity peaks at 2h values of 9 h and
28 h that reveal its amorphous state. The X-ray diffractograms of
PVP are known to display two typical bands at 2h values of 13 h
and 21 h suggested its amorphous nature [38]. Similarly, the XRD

Figure 7. X-ray diffractograms of PVP K90 (A), nonirradiated microneedle (B), and irradiated microneedle (C).
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Figure 8. X-ray diffractograms of Na HU (A), nonirradiated microneedle (B), and irradiated microneedle (C).

pattern of the non-irradiated MNs (Figure 7(B)) exhibited the two
characteristic bands with low intensity halo peaks at 2h values of
9 h and 28 h indicating the amorphous state of PVP in the fabricated MNs. However, the PXRD patterns of the irradiated samples
(Figure 7(C)) of MNs displayed the two characteristic bands that
were slightly diffused but devoid of the any peaks indicating a
slight decrease in degree of crystallinity of PVP K90.
The PXRD patterns of Na HU, non-irradiated and irradiated
MNs of Na HU are shown in Figure 8. The X-ray diffractogram of
HU (Figure 8(A)) displayed two broad bands at 2h values of 9
and 22 values besides two small sharp peaks at 2h values of 9
and 29 . The diffractogram of Hyaluronic acid was concurrent with
the earlier reports that confirmed two diffraction peaks that were
found to appear at 2h values of 20 and 22 [39]. Even though
XRD pattern of the non-irradiated MN samples (Figure 8(B)) of HU
exhibited a distinct characteristic band at 2h values of 21 , it displayed a single small sharp peak at 2h values of 9 2h indicating
slight amorphization of HU. However, no such bands or distinct
peaks were evident in the diffractogram of the irradiated MNs
(Figure 8(C)) indicating further amorphization of the polymer in
the irradiated MN samples. The reduction in crystallinity on exposure to gamma radiation is ascribed to free radical formation [36].

The likely reason suggested for free radical formation would be
chain scission like breakage of hydrogen bonds leading to formation of double bonds that could eventually decrease the polymer
molecular weight. The powder XRD analysis of the polymeric MNs
was found to support the findings of the DSC analysis.
In vitro dissolution
Terminal sterilization such as gamma sterilization is likely to affect
the dissolution of certain polymeric MNs [12]. We have previously
used the static agar block model to assess the drug release from
microsphere deport formulation [22]. Agar block was found to be
a discriminatory model to assess the dissolution of soluble polymeric MNs compared to the conventional in vitro release testing
(IVRT) methods that make use of USP dissolution tester with
enhancer cells or Franz diffusion cells [40]. The conventional methods failed to elucidate the impact of the gamma Irradiation on
the dissolution profiles of the soluble MNs as data acquisition was
quite challenging due to rapid dissolution of MNs in media. On
the contrary, the agar block model was found to differentiate the
dissolution profiles of soluble MNs before and after gamma
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Figure 9. Photographs of dissolving microneedles, reduction in the height (A) and in vitro dissolution profiles (B) of PVP K90 microneedles in agar block model.

irradiation. The average height of the MNs subjected to the dissolution studies was found to decrease with time. The average
height of PVP K90 MNs subjected to in vitro dissolution was found
to be reduce from 413.63 ± 6.15 mm to begin with to
48.18 ± 2.59 mm at 15 s while the irradiated counterpart decreased
from 419.57 ± 2.22 mm to start with to 59.18 ± 3.4 mm. The reduction in the height can be ascribed to the dissolution of the watersoluble polymer in the aqueous fraction of the agar block. The
agar block used had the water content comparable to that of skin
that is reported to be around 80% water by weight [41]. The average height of the un-irradiated and irradiated MNs of PVP K90
that were detached from the agar block at 2nd, 5th, 10th and 15th
seconds are captured in Figure 9(A). The resulting dissolution profile of the irradiated PVP K90 MNs was similar to the un-irradiated
samples (Figure 9(B)) as a similarity factor (f2) value of 65 and dissimilarity factor (f1) value of 6 was noted indicating the sameness
in the two dissolution profiles. The photographs of PVP K90 and
HU MNs at different time points during the studies are captured
in Figures 9 and 10 respectively.
The average height of the un-irradiated and irradiated MNs of
HU that were removed from the agar block at same time points
are displayed in Figure 10(A). The average height of HU MNs subjected to in vitro dissolution was found to be decrease from

421.90 ± 20.97 mm to start with to 39.07 ± 0.64 mm at 15 s while the
irradiated counterpart reduced from 393.20 ± 6.36 mm to begin with
to 75.68 ± 2.06 mm. The resulting dissolution profiles of the HU MN
before and after irradiation (Figure 10(B)) were found to be similar
as f1 assumed a value of 14 while f2 displayed a value of 54. The
studies conclusively demonstrated that gamma radiations failed to
substantially affect the dissolution profiles of the soluble MNs at
dose of 25 kGy. Earlier studies too reported insignificant differences
in dissolution rate of the e-beam irradiated MNs (40 kGy) compared
to un-irradiated counterparts in an ex vivo model when porcine
cadaver skin was used as a substrate [12].
In vivo dissolution
Dissolution of MNs in skin of human subjects is known to capture
the realistic picture of the in vivo dissolution of MNs. The big
advantage of these studies is that it enables one to elucidate the
real time dissolution taking into account the dermal clearance
upon insertion of the MN’s into the skin. In this context, in vivo
dissolution rate of the irradiated MNs was determined as percentage decrease in the height of the MNs inserted into the skin of
human subjects. The gamma sterilized MNs of PVP K90 and HU
readily penetrated the skin. The in vivo dissolution studies
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Figure 10. Photographs of dissolving microneedles, reduction in the height (A) and in vitro dissolution profiles (B) of sodium hyaluronate microneedles in agar
block model.

indicated that the average height of sterile PVP K90 MNs was
found to decrease with time (Figure 11(A)). The sterile MNs of PVP
K90 were found to display dissolution of 78.45 ± 1.09% by the end
of 20 min (Figure 11(B)). This is in contrast to the reports that indicated complete dissolution of PVP MNs within 5 min [13]. The
quicker dissolution reported by Sun et al., could likely be due to
the lower molecular weight of PVP (10 KDa) used in that study on
contrary to the higher molecular weight of PVP K90 (1250 KDa)
used in the present study. Moreover, the earlier study used neonatal human foreskin as a substrate in contrary to our study that
involved human subjects. In the present work, the selection of
high molecular weight PVP was justifiable as the aim was to
develop MNs with good mechanical properties and hardness without compromising much on dissolution.
The average height of sterile hyaluronate MNs detached at different time points is portrayed in Figure 11(A). The sterile MNs of
hyaluronate were found to display dissolution of 78.54 ± 0.70% by

the end of 20 min (Figure 9(B)). Comparable ex vivo dissolution
rates were noted with e-beam (40 kGy) irradiated Hyaluronic acid
(39KDa) MNs that were found to completely dissolve in 20 min in
porcine cadaver skin used as a substrate [12]. The application of
MNs during the present study was found to be minimally invasive
and did not cause any swelling or irritation or skin damage.
Clinical studies undertaken have reported that Hyaluronan MNs
were pain free and did not cause any swelling at the site of application or systemic adverse effects [42].

Conclusion
The study was successful in identifying polymers that underwent
minimal morphological, physicochemical and dissolution changes
on exposure to gamma irradiation. Of the four polymers investigated, CMC MNs failed to produce MN with adequate mechanical
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Cystic ﬁbrosis is diagnosed in infants by estimating the levels of chloride ions present in the sweat
induced by iontophoresis of pilocarpine solution. Elevated levels of chloride (60 mMol/L) in sweat are
indicative of cystic ﬁbrosis. However, the iontophoretic method of delivering pilocarpine is cumbersome
and usually is associated with several side effects such as skin burn, skin rashes, erythema, and so forth.
The objective of this study was therefore to develop a topical formulation that delivers adequate amount
of pilocarpine. The drug delivery of formulation was compared with iontophoresis of aqueous solution of
pilocarpine nitrate in vitro using porcine skin model. The pilocarpine levels in the skin exposed to topical
pilocarpine solution under mild hyperthermia was 152.04 ± 52.23 mg/cm2 after 10 min of application,
whereas it was 97.05 ± 27.93 mg/cm2 in the skin after 10 min of iontophoresis. The topical formulation
was subjected to clinical evaluation to assess the efﬁcacy of the product to induce sweat production. The
average amount of the sweat secreted on application of topical formulation was found to be 77.28 ± 18.97
mg. Based on these results, it was found that the topical formulation was successful in delivering pilocarpine and to stimulate sweat secretion.
© 2020 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
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iontophoresis

Introduction
Cystic ﬁbrosis (CF) is a progressive, genetic disease inherited in
an autosomal recessive manner.1 According to the Cystic Fibrosis
Foundation Patient Registry, there are around 30,000 people with
CF in the United States alone and more than 70,000 people
worldwide. Every year, approximately 1000 new cases of CF are
diagnosed in the United States.2 CF manifests as a persistent lung
infection, aquagenic wrinkling of the palms, exocrine pancreatic
insufﬁciency, and presence of excessive amount of salt in the
sweat.3,4

Abbreviations used: CF, cystic ﬁbrosis; CFTR, cystic ﬁbrosis transmembrane
conductance regulator; HPLC, high-performance liquid chromatography; PEG,
polyethylene glycol; PDA, photodiode array; rpm, revolutions per minute; SD,
standard deviation.
Conﬂict of interest: None.
Funding: This research did not receive any speciﬁc grant from funding agencies in
the public, commercial, or not-for-proﬁt sectors.
* Correspondence to: S. Narasimha Murthy (Telephone: þ1-662-915-5164).
E-mail address: murthy@olemiss.edu (S.N. Murthy).

CF is caused because of mutation of cystic ﬁbrosis transmembrane conductance regulator (CFTR) gene located on chromosome 7, resulting in malfunctioning of CFTR proteins. CFTR is a
membrane protein and chloride channel present in the lungs,
pancreas, intestine, sweat glands, and other exocrine glands. CFTR
regulates the transport of sodium, chloride, and bicarbonate ions
maintaining transepithelial homeostasis.5,6 Defective CFTR proteins affect gland duct reabsorption potential of electrolytes,
leading to excess of salt in the sweat.7,8 There are several complications associated with CF such as bronchiectasis, chronic infections, pneumothorax, respiratory failure, and others.9
Management of CF involves maintenance of lung function by
clearing airway, administering bronchodilators, antibiotics, and
pancreatic enzyme replacement therapy.10,11 Ivacaftor alone or in
combination with lumacaftor is used for improvement of defective
CFTR’s function.12,13
Although incurable, early diagnosis and close monitoring could
help in management of CF. Methods for diagnosis of CF includes
sweat testing or genetic test. The levels of chloride ions in sweat are
estimated for diagnosis of CF. Elevated levels of chloride (60
mMol/L) in sweat is indicative of CF. The sweat in patients with CF is

https://doi.org/10.1016/j.xphs.2020.01.030
0022-3549/© 2020 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
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Table 1
Formulation Composition of Pilocarpine Nitrate Topical Solutions
Formulation

Penetration Enhancer

Penetration Enhancer Concentration (%w/w)

Pilocarpine Nitratea (%w/w)

Ethanol (%w/w)

Water (%w/w)

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11

Transcutol® HP

5%
5%
5%
5%
5%
5%
9%
9%
5%
5%
6%

27%
27%
27%
27%
27%
27%
45%
45%
59.5%
59.5%
45%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

S12

PEG 200 þ menthol þ salicylic acid

5%
10%
5%
10%
5%
10%
2.5%
5%
5%
10%
10%
4%
10%
4%
10%

6%

45%

100% (q.s)

a

PEG 400
PEG 200
Menthol
Salicylic acid
PEG 200 þ menthol

(q.s)
(q.s)
(q.s)
(q.s)
(q.s)
(q.s)
(q.s)
(q.s)
(q.s)
(q.s)
(q.s)

Calculated on basis of pilocarpine base.

induced by stimulation of cholinergic muscarinic receptors. The
iontophoretic delivery of pilocarpine (muscarinic receptor agonist)
by applying a current of 2.5-4.0 mA over a gauge (5.1 cm  5.1 cm)
placed on the forearm soaked in 3 mL of pilocarpine solution (0.2%0.5% w/w) followed by collection of sweat for 30 min with the use of
gauze/ﬁlter paper or macroduct coils and chloride concentration in
sweat is determined using a chloride analyzer.14,15
Sweat test is generally performed in neonates. Application of
current for iontophoresis causes discomfort (tingling sensation),
with reported incidences of skin burn, rashes, erythema, and so
forth. To avoid burns occurring during application of current, an
automatic current limiter incorporated will shut down the iontophoresis when current exceeds 1.75 mA. In spite of this safety
feature, there still exist burn incidences.16 Hence, developing a
compliant topical formulation to deliver sufﬁcient quantity of
pilocarpine, which could generate signiﬁcant quantity of sweat to
quantify the chloride concentration, could be beneﬁcial over
iontophoresis.17,18

glycol monoethyl ether) was obtained as a gift sample from Gattefosse, USA. Combined acid buffer and chloride standard (100
mmol/L of chloride) were purchased from Nelson Jameson Inc.
(Marshﬁeld, WI). Adult Electrodes (3M Red Dot™) and adhesive
tape (Transpore™) were purchased from 3M Science, USA. Heat
bandages (ThermaCare Heatwraps) were purchased from Walmart,
USA. All solvents used in the analysis were of HPLC grade.
Methods
Preparation of Pilocarpine Topical Formulations
Pilocarpine nitrate topical solutions were prepared by using 5
different penetration enhancers (Transcutol® HP, PEG 400, PEG
200, menthol, and salicylic acid) either alone or in combination. The
composition of pilocarpine nitrate topical solutions is presented in
Table 1. The solutions were prepared by dissolving all the ingredients in a hydroalcoholic solution of water and ethanol with
the help of a vortex mixer. The pH of all the solutions was adjusted
to ~4 using sodium hydroxide.

Experimental
Materials
Pilocarpine nitrate (98.0%), salicylic acid (99%), and polyethylene glycol 200 and 400 (PEG 200 and PEG 400) were purchased from TCI America (Portland, OR). Menthol was purchased
from Ward’s science (Rochester, NY). Sodium hydroxide was procured from VWR Amresco lifescience. Transcutol® HP (diethylene

In Vitro Penetration Studies
In vitro penetration studies were carried out using Franz
diffusion apparatus of 1.77 cm2 active diffusion area. Fullthickness porcine skin obtained from a local slaughterhouse was
refrigerated at 80 C till the time of study. Porcine skin was
thawed and cleaned just before the study and mounted in between the donor and the receiver compartments of the Franz
diffusion apparatus. The receiver compartment was ﬁlled with

Table 2
Results of the In Vitro Penetration Studies After Application of Pilocarpine Formulations and Control Solution
Formulation

Amount Penetrated After 10 Min (mg/cm2)

Amount Penetrated After 40 Min (mg/cm2)

Control (Aq. pilocarpine solution 9% w/w)
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12

43.48 ± 6.94
108.23 ± 46.70
115.54 ± 54.08
79.81 ± 31.35
68.99 ± 0.57
69.81 ± 6.25
57.38 ± 47.65
68.76 ± 8.97
71.26 ± 19.82
106.29 ± 4.46
120.29 ± 27.54
105.45 ± 41.58
145.91 ± 43.07

58.07 ± 15.91
89.27 ± 35.63
82.58 ± 13.23
74.99 ± 13.04
80.20 ± 33.93
106.14 ± 22.42
69.54 ± 8.06
73.43 ± 15.94
78.92 ± 10.18
139.65 ± 34.39
158.97 ± 20.15
140.60 ± 38.46
138.02 ± 23.33

The values represented are mean ± SD (n ¼ 3).
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Table 3
Amount of Pilocarpine Delivered by Lead Topical Formulation and Iontophoresis
Mode of Delivery

Formulation

Skin Temperature ( C)

Amount of Pilocarpine
Penetrated After 10 Min (mg/cm2)

Amount of Pilocarpine
Penetrated After 40 Min (mg/cm2)

Topical Formulation
Topical Formulation
Iontophoresis

S12
S12
Aqueous Pilocarpine Solution

32
40
32

145.91 ± 43.07
152.04 ± 52.23
97.05 ± 27.93

138.02 ± 23.33
210.27 ± 53.72
140.56 ± 88.66

The values represented are mean ± SD (n ¼ 6).

Comparison of Extent of Pilocarpine Penetration into the Skin by
Topical Pilocarpine Formulation Under Normal Condition, Topical
Pilocarpine Formulation Under Mild Hyperthermia and
Iontophoresis of Aqueous Pilocarpine Solution
In vitro penetration studies of the lead topical formulation (S12)
were performed under normal condition to determine whether the
pilocarpine formulation was as effective as iontophoresis in terms
of drug penetration into the skin. In addition, lead topical pilocarpine formulation under mild hyperthermic condition (40 ± 1 C)
was also tested, as hyperthermic condition is known to increase the
drug penetration into the skin.19 The experimental setup for in vitro
penetration studies remained the same as detailed in the section
In Vitro Penetration Studies except that the cells were divided into 3
groups such that the skin temperature of ﬁrst and third groups
were maintained at 32 C, whereas the second group was maintained at 40 C. On the ﬁrst and second groups of the skin, topical
pilocarpine solution (S12) was applied, and the third group was
subjected to iontophoresis, applying 0.5% w/w aqueous pilocarpine
solution. Iontophoresis was a control study in which aqueous
pilocarpine solution was applied on epidermal area of the fullthickness porcine skin. A dose of 115 mL/cm2 was selected based
on the total amount of pilocarpine solution applied for sweat test (3
mL applied over an area of 26 cm2). Two 3M Red Dot™ adult
electrodes were connected to either side of the skin surface, the
electrode ﬁxed to the epidermal surface was connected to the

Analytical Method and Sample Preparation for Determination of
Pilocarpine Content
Pilocarpine in the samples was quantiﬁed using reversedphase HPLC technique. Shimadzu UFLC equipped with a LC-20AB

a
Amount penetrated (μg/cm2)

Screening of Topical Pilocarpine Formulations by In Vitro
Penetration Studies
The objective of the study was to develop a formulation that is
as efﬁcient as the iontophoretic delivery of pilocarpine. Different
topical pilocarpine formulations were prepared with varying concentrations of drug and penetration enhancers. These formulations
were screened along with control (9% w/w aq. pilocarpine solution)
by in vitro skin penetration studies to evaluate their efﬁciency to
penetrate pilocarpine into the skin. In vitro penetration studies
were carried out as described in the section In Vitro Penetration
Studies, and the amount of pilocarpine penetrated into the skin
was estimated by analyzing the processed samples by HPLC.

positive terminal of the battery to act as an anode. The one ﬁxed to
the dermal surface was connected to the negative terminal of the
battery to act as a cathode. A 0.5 mA of current was applied for
10 min using Chattanooga Ionto™. The potential created due to the
supply of current drives the pilocarpine across the skin because of
its positive polarity.
The amount of pilocarpine penetrated after 10 min and 40 min
was determined by drug extraction technique as mentioned in the
section In Vitro Penetration Studies.

250

200

150

100

50

0
Topical Formula on Topical Formula on Iontophoresis (Skin
(Skin temp - 32°C) (Skin temp - 40°C)
temp - 32°C)

b
Amount penetrated (μg/cm2)

phosphate buffer pH 7.4. The Franz diffusion assembly was
maintained at 32 ± 1 C or 40 ± 1 C with the help of thermostatic
water circulator. Topical pilocarpine formulations were uniformly
spread across the porcine skin at a dose of 115 mL/cm2 and were
left to remain in contact for either 10 or 40 min. After the study
period, the epidermal and subcutaneous surfaces of the porcine
skin were washed using a validated protocol. The washing protocol was validated to ensure removal of any superﬁcial drug on
skin. Five milliliter of methanol-water (50:50% v/v) solution was
ﬂushed on each of the epidermal and subcutaneous surfaces of the
porcine skin for 3 consecutive times (total 15 mL). After washing
the skin, additional 1 mL of methanol-water solution was pipetted
onto the skin and collected. The amount of drug present in 1 mL of
methanol-water solution was determined using HPLC, and pilocarpine was not found in these samples.

300

**

250
200
150
100
50
0

Topical Formula on Topical Formula on Iontophoresis (Skin
(Skin temp - 32°C)
(Skin temp - 40°C)
temp - 32°C)
Figure 1. Amount of pilocarpine delivered by lead topical formulation (S12), topical
formulation under mild hyperthermic condition, and iontophoresis after (a) 10 min (b)
40 min. For iontophoresis, 0.28 mA/cm2 current was applied using Ag/AgCl electrodes.
(p < 0.01)**.
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pump and a photodiode array detector was used for separation
and determination of pilocarpine in the samples. The mobile
phase consisted of 10 mM of potassium phosphate solution
(adjusted to pH 3 with orthophosphoric acid) and methanol in the
ratio 90:10 maintained at a ﬂow rate of 0.6 mL/min. Detection
wavelength was set at 215 nm. The injection volume was 30 mL,
and LUNA 5m C18 (250  460 mm) column (Phenomenex, USA)
was used to separate pilocarpine from the samples. The retention
time of pilocarpine was 4.6 min.
Sample Preparation. To determine the amount of pilocarpine
penetrated into the porcine skin, the epidermal and dermal surfaces

Concentration of chlorideðmMol=LÞ ¼

combined buffer. The silver ions are generated till the chloride
ions are completely neutralized forming silver chloride which is
detected by the detector electrodes. The chloride analyzer works
on the principle that the chloride ions present in the sample is
equal to the number of silver ions produced by the electrodes to
form silver chloride.
The ﬁlter paper with sweat was transferred to a petri dish
containing combined buffer and was then agitated to extract the
chloride ions into the combined buffer. The combined buffer was
then titrated to determine the chloride concentration in the sweat.
Chloride concentration (mMol/L) in the sweat was determined
by using the formula as mentioned in the following:

½20  R  Density of sweat
Weight of sweat produced

were thoroughly washed by a validated cleaning procedure. The
procedure involved mincing of the skin into small pieces and vortexing overnight in a tube containing 15 mL of water. The pilocarpine
extracted from the skin was analyzed by HPLC.
For HPLC analysis, 600 mL of basiﬁed acetonitrile (1000 parts
of acetonitrile and 1 part of 10% W/W ammonium hydroxide)
was added to an Eppendorf containing 300 mL of skin extract.
The samples were vortexed and centrifuged at 13,000 revolutions per minute (rpm) for 15 min. The supernatant was
collected and transferred to HPLC vials for analysis. This
extraction procedure was validated, and the extraction method
had a recovery of >90%.

ReReading on the analyzer, density of sweate1.0047 g/cm3.

Clinical Evaluation of Topical Formulation
The clinical study was conducted at Bangabandhu Sheikh
Mujib Medical University as per the approved protocol by the
institutional review board. The topical pilocarpine formulation
(S12) was evaluated in 20 healthy human volunteers for its ability
to stimulate sweat production. The right and the left forearms of
the volunteers were washed with distilled water, allowed to dry,
and 2 circular areas of 117 cm2 were marked on each of the
forearms. On the right forearm, 400 mL of topical pilocarpine
formulation (S12) preheated to 32 C was applied uniformly on the
demarcated skin surface and allowed to dry for 10 min. A preweighed ﬁlter paper was placed on the application site of the
formulation and was then covered with a plastic wrap, heat
bandage, and a paraﬁlm for 30 min to mimic the hyperthermia
condition. The plastic wrap, heat bandage, and paraﬁlm were
removed, and the ﬁlter paper was collected and weighed immediately to determine the amount of sweat produced. Similarly, on
the left forearm, the same procedure was followed except that
water (control) was used instead of pilocarpine formulation. At
the end of the study, both the forearms were washed with soap
and water.

The results of the in vitro penetration studies showed that the
formulations delivered more pilocarpine than the control
(aqueous pilocarpine solution). The formulation with salicylic
acid at 10% w/w showed highest penetration, when compared
with the formulations with a single penetration enhancer.
Among the different formulations, the S12 formulation which
had a combination of penetration enhancers, menthol, and salicylic acid resulted in higher delivery compared with all other
formulations. In certain formulations, the amount of drug present in the skin at the end of 40 min was less compared with
that of the drug present at the end of 10 min. This may be
attributed to the permeation of the penetrated drug from the
deeper layers of the skin into the receiver compartment. The
results of the in vitro penetration studies are presented in
Table 2. Based on the results of the screening studies, S12
formulation was selected as lead formulation for further studies.
S12 had 10% w/w PEG 200, 4% w/w menthol, and 10% w/w salicylic acid. The PEG 200 would act as a hydrating agent for the
skin, whereas the menthol exhibits a cooling action to counter
the irritation caused by salicylic acid.

Determination of Chloride Concentration. The chloride concentration of the sweat collected from the ﬁlter paper was determined
using a calibrated chloride analyzer (CORNING Chloride Analyzer
925). The chloride analyzer consists of a pair of detector electrodes, silver anode, cathode, and a stirrer immersed in a combined buffer. Sample to be analyzed was added to the combined
buffer in which the electrodes were immersed. The silver anode
generates silver ions in the presence of chloride ions in the

Statistical Analysis
Statistical analysis of the results was performed using unpaired
t-test. A p < 0.05 was considered to be statistically signiﬁcant. The
data in the results are represented as mean ± standard deviation
(SD).
Results and Discussion
Screening of Topical Pilocarpine Solutions by In Vitro Penetration
Studies

Comparison of Extent of Pilocarpine Penetration into the Skin by
Topical Pilocarpine Formulation Under Normal Condition, Topical
Pilocarpine Formulation Under Mild Hyperthermia and
Iontophoresis of Aqueous Pilocarpine Solution
The results of the in vitro studies indicate that there was
increased penetration of pilocarpine with corresponding increase
in the skin temperature. There was no signiﬁcant difference in the
amount of pilocarpine recovered from the skin maintained at 32 C
and 40 C immediately after 10 min of application of topical
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Table 4
Amount of Sweat Collected and the Chloride Concentration in Sweat After Application of Topical Pilocarpine Formulation (S12) (***p < 0.001) and Control
Formulation
Formulation

Sweat Collected (mg)

Chloride Concentration (mMol/L)

Test formulation
Control

77.28 ± 18.97***
16.75 ± 9.71

11.67 ± 6.22
e

The values represented are mean ± SD, (n ¼ 20).

formulation. The pilocarpine recovered from the skin maintained at
40 C was 210.27 ± 53.72 mg/cm2, which was higher than the drug
recovered from the skin maintained at 32 C (138.02 ± 23.33 mg/
cm2) after 40 min of application, showing that the drug penetration
increased with mild hyperthermia.
The drug extraction studies also indicated that the total amount
of penetrated pilocarpine after application of lead topical formulation was signiﬁcantly higher than iontophoresis with 0.5% w/w
aqueous pilocarpine solution. In case of S12 formulation, the
amount of pilocarpine penetrated was 152.04 ± 52.23 mg/cm2 after
10 min of application and 210.27 ± 53.72 mg/cm2 after 40 min of
application. However, iontophoresis of 0.5% aqueous pilocarpine
solution for 10 min on porcine skin led to a drug penetration of
97.05 ± 27.93 mg/cm2, whereas the amount of pilocarpine penetrated into skin after 40 min of study (10 min of iontophoresis
followed by 30 min of contact of aqueous pilocarpine solution to
the porcine skin) was 140.56 ± 88.66 mg/cm2 (Table 3; Figure 1).
Clinical Evaluation in Human Volunteers. The results of the in vitro
studies were clearly translated in the clinical study. The study
showed that the amount of sweat collected for the topical pilocarpine formulation (S12) was signiﬁcantly higher compared with
that of the control solution. The amount of sweat produced by the
topical pilocarpine formulation (77.28 ± 18.97 mg) was sufﬁcient to
determine the chloride concentration in the sweat by a chloride
analyzer. All the individuals were healthy and were found to have
chloride concentration in the normal range. The results of the
clinical studies are presented in Table 4.
Conclusion
Topical pilocarpine formulation was successful in inducing
sweat formation by passive penetration of pilocarpine without the
aid of any physical method of penetration enhancement. The sweat
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generated by topical pilocarpine formulation as indicated by the
in vivo study on human volunteers was sufﬁcient to measure the
chloride concentration. Thus, the topical pilocarpine formulation
could be a safe and compliant alternative diagnostic tool for CF.
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Aim: A novel thermosensitive in situ gel loaded with meropenem (MP) liposomes was designed to improve retention in the oral cavity as a prophylactic measure to prevent ventilator-acquired pneumonia
in critically ill patients. Methodology & results: Meropenem liposomes were incorporated into poloxamer 407 gels and gamma irradiated. Mean size of liposome was 247 nm, polydispersity index < 0.3
and zeta potential >-25 mV; properties remained unaltered even post sterilization. Permeation study revealed that 75.26% and 34% of MPs were released from MP in situ gel and MP in situ liposomal gel,
respectively. The relation between viscosity (cp) and shear rate (1/s) indicate that in situ gels exhibited
non-Newtonian behavior at 37◦ C. The study using Pseudomonas aeruginosa confirmed the antimicrobial
activity of meropenem. Conclusion: Prolonged in situ residence, because of rapid gelation process enables
an easy administration of meropenem as liposomal suspension in critically ill patients.
First draft submitted: 4 December 2019; Accepted for publication: 19 March 2020; Published online:
29 April 2020
Keywords: gamma irradiation • in situ gel • liposomes • meropenem • nosocomial infection • VAP • ventilator-

acquired pneumonia

Pneumonia is the most commonly reported nosocomial infection among ICU patients [1]. Infection that predominantly occurs in individuals requiring mechanical ventilation is termed ventilator-acquired pneumonia (VAP) and
defined by the American Thoracic Society as “The specified type of nosocomial pneumonia that occurs after first 48 h
of initiating mechanical ventilation” [2]. Onset of VAP can be categorized as early (within 96 h of admission) or late
(after 96 h of hospitalization) depending on the emergence of pneumonia. VAP occurs in most of the patients
(>50%) who are on mechanical ventilation and are at a higher risk during the early stage of hospital stay, might
often lead to morbidity and mortality. It has been reported that VAP episodes could originate from aspiration of
secretions either from oropharyngeal-containing pathogenic organisms or gastric secretions to a lesser degree. VAP
is thought to be developed by migration of microorganisms on aspiration from oropharynx into the respiratory
system. Moreover, the microbes can form a biofilm along a surface of an endotracheal tube and develop infection
along the respiratory airways leading to VAP [3,4].
Salivary flow and its content (immunoglobulin, fibronectin) are the major host factors maintaining the normal
flora of the mouth in nonintubated patients without critical illness with rare presence of aerobic gram-negative
bacilli. On the other hand, during critical illness, colonization of the oropharynx by aerobic gram-negative and
gram-positive pathogens due to bacterial adherence could shift the oral flora to predominant aerobic gram-negative
bacilli [5,6]. Pseudomonas aeruginosa, an opportunistic gram-negative bacillus, is reported to cause infections in
immunocompromised patients due to implantation of ventilators or catheters [6,7]. High prevalence of multidrug
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resistance has contributed to the difficulty in treating VAP, which in turn leads to attributed mortality [8]. Hence
there exists an urgent need to optimize therapy for critically ill patients.
However, management of infections in critically ill patients is challenging. Therefore, an effective strategy should
aim to prevent infections that could be achieved with effective oral care and decontamination. The most common
preparation used to treat VAP is chlorhexidine mouth wash [9]. Mouth washes containing chlorhexidine and
alcohol have resulted in substantial reduction in microbial load in the oral cavity. However, unpleasant taste and
irritation potential of alcohol are the common disadvantages of such formulations. Due to these mouth washes,
immunocompromized patients affected by mucositis are not able to benefit from mouthwashes [10].
In this context, the need of the hour is to develop an effective formulation containing an anti-microbial agent
which can be a part of the prophylactic oral care intervention in ICU patients with mechanical ventilation. Presently,
there is no efficacious oral care formulation that could be used particularly in critical ill populations who are at a
high risk of nosocomial pneumonia. One of the strategies to meet this challenge could be the use of prophylactic
topical formulations (gels) containing antimicrobial agents. However, the greatest challenge for topical drug delivery
in the oral cavity is the short residence time due to accidental swallowing following dilution in salivary secretions
of a water-soluble drug and other physiological constraints. To overcome these constraints, we hereby propose to
formulate a novel prophylactic in situ liposomal gel of meropenem (MP) for longer retention in the oral cavity to
deliver therapeutic amounts of the anti-bacterial to the underlying mucosa. Thermosensitive in situ gels are capable
of transforming to a very high viscous gel on exposure to body temperature (∼37◦ C), though remaining fluid at
room temperature [11,12]. The gel network that retains its consistency for a long period at the site of application
can be an appropriate carrier for liposomes containing water-soluble drug such as meropenem. Novel formulation
is anticipated to deliver and maintain effective drug concentrations at the target infection prone sites in critically
ill patients to combat antimicrobial multidrug resistance. Easy to administer MP in situ liposomal formulation
could potentially enhance the regional delivery of antibacterial, thereby leading to a reduction in dosing frequency
and improving patient compliance [13]. Additionally, a terminally sterilized formulation has to be administered to
ICU patients, hence the selected formulation was gamma irradiated and evaluated for changes, if any. Overall, the
objective the present study is to formulate and characterize meropenem liposomes loaded into in situ gel system,
evaluate the effect of gamma irradiation and examine the antimicrobial activity.
Materials
Meropenem was purchased from Yarrow Chemicals, Mumbai, India. Phospholipon 90H was a kind gift sample
from (Lipoid GmbH Ludwigshafen, Germany). Poloxamer 407, Cholesterol and Triton-X 100 were purchased
from (Sigma-Aldrich, Steinheim, Germany). Acetonitrile, methanol, chloroform and orthophosphoric acid and
triethanolamine were of analytical grade purchased from (SD Fine Chemicals, Mumbai, India). Milli-Q water was
used throughout the study.
Methods
Meropenem liposomes

Formulation of liposomes
Liposomes loaded with meropenem were prepared using a thin film hydration technique as described earlier [14,15].
Briefly, phospholipon 90H and cholesterol were added into a round bottom flask and dissolved in a solvent mixture.
Among the various organic solvents used to dry down the lipids, a mixture of chloroform and methanol were used
due to its lower contact angle with glass than any other solvents thus have less tendency to give thick deposits of
lipids at the edges when drying down [16]. The solvent was evaporated to dryness using a rotary flash evaporator
(Super fit Rotavap) at 51◦ C to obtain a uniform film on the walls of the flask. Meropenem (2.5% w/v) dissolved in
water was added to the thin lipid film formed and allowed to hydrate at 51◦ C with continuous stirring (50 rpm).
The resulting dispersion was transferred into a vial and allowed to stand at room temperature for 2 h. The resultant
suspension was then subjected to probe sonication for two cycles at amplitude of 25% and 60 s pulse (Ultrasonic
Processor, Hielscher Ultrasound Technology) using cooling pads to yield unilamellar liposomes, which were stored
under refrigeration at 4◦ C till further use.
Characterization of liposomes
Mean size, polydispersity index and zeta potential of liposomal formulations were measured by dynamic light
scattering using particle size analyser (ZetaPALS, Brookhaven Instruments, NY, USA) at 25◦ C. Liposomal suspen-
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sions were adequately diluted with milli-Q water before measurements to adjust the intensity. Mean hydrodynamic
diameter (nm) is reported as size of the vesicles and distribution of colloidal particles is represented as polydispersity
index (PDI). Surface charge which is represented as zeta potential (mV) was determined from electrophoretic
mobility in the electric field.
Surface morphology of meropenem liposomes was assessed using transmission electron microscope (FEI Company, OR, USA) attached to a Gatan Digital Micrograph™ (Gatan Inc, CA, USA) and the images were recorded at
80 kV.
Encapsulation efficiency (EE): to measure the amount of meropenem encapsulated, liposomal suspension containing MP (5 ml) was centrifuged for 20 min at 18,000 rpm with the temperature being maintained at 4◦ C
(REMI ultracentrifuge). To determine the amount of meropenem encapsulated, liposomal pellet obtained after
centrifugation was used. The liposomal pellet was equilibrated using 0.1% Triton-X (to rupture the liposomal
membrane), vortexed and filtered through 0.45 μm filter prior to HPLC analysis [17,18]. Encapsulation efficiency
(%) was calculated using equation (1).
EE (%) =

Amount of drug entrapped
× 100
Total amount of drug

(Eq. 1)

Stability study
Storage stability of meropenem was evaluated for 3 months using liposomal dispersions stored at ± 5◦ C in sealed
containers. At selected time intervals, aliquots were withdrawn and examined for mean size, polydispersity index
and zeta potential.
HPLC analysis

Meropenem was analyzed by HPLC (LC-2010, liquid chromatography, Shimadzu Corporation, Kyoto, Japan)
using LC Solutions Software, equipped with UV-visible detector as described [19]. Stationary phase was C18
(250 × 4.6 mm), 5 μm. Mobile phase consisted of phosphate buffer (pH adjusted to 2.5 with orthophosphoric
acid) and acetonitrile (80:20 v/v); methanol used as diluent, injection volume was 20 μl, flow rate maintained at
1.0 ml/min, at 25◦ C and run time was 10 min with retention time of 6.8 min. Meropenem was detected at 298 nm.
Method was validated for linearity (r2 = 0.999; y = 97.782x - 1321.6); LOQ (50 ng/ml) and LOD (15 ng/ml).
Thermosensitive in situ gelling system

Preparation of gels
To prepare thermosensitive in situ gelling systems, the polymer (poloxamer 407) was hydrated in an aqueous
medium using the cold procedure. Polymer in various concentrations (12–20% w/w) was added to the above
solution slowly placed on a magnetic stirrer to ensure thorough mixing. The formulation was left undisturbed
overnight in order to allow the polymer to hydrate and eventually reduce air bubbles. Finally, the pH was adjusted
to 6.8 using triethanolamine.
Loading of meropenem liposomes into in situ gelling system
In situ liposomal gel was prepared by mixing one part (5 ml) of the above prepared meropenem liposome dispersion
with three parts (15 ml) of varying concentrations poloxamer 407 (12–20% w/w) maintaining the temperature
below 10◦ C using an ice bath. Supplementary Figure 1 summarizes the various steps involved in the preparation of
thermosensitive in situ liposomal MP gel.
Characterization of in situ thermosensitive gel
In situ gel formulations containing pure meropenem and liposomal meropenem were visually inspected for clarity
and pH values were measured (pH Tutor, Eutech Instruments, Mumbai, India).
In vitro gelling time: using the test tube inversion method, 3 ml of formulation was placed in a 10 ml glass test
tube, which was further placed in a water bath (37 ± 2◦ C) and gelling time was noted [20].
Spreadability: approximately 2–3 g of the prepared gel was applied between glass slides and a known weight
(50 g) was placed on the slides for about 5–8 min to obtain uniform spreading. Later, a weight of approximately
20 g was added to the pan and time taken for upper glass slide to move over the lower slide was taken as a measure
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of spreadability (S). Further, spreadability was calculated using the formula [17]:
S=M×

L
T

(Eq. 2)

where S = spreadability (g.cm/s); M = weight tied to upper slide (g); L = length of glass slide (cm); T = time
taken to separate the slide completely from each other (s).
Bioadhesion force: force of adhesion (N) was measured in triplicate using a modified two-armed physical balance
with slight modification as described earlier [21]. To determine the same, freshly excised porcine buccal mucosa
(pre-equilibrated to 37◦ C) was fixed on the glass stage using a cyanoacrylate adhesive. Known amount of in situ gel
formulation was spread on the pan and then the glass stage was raised slowly until the gel was in contact with the
porcine mucosa. The mass (g) required to detach the gel from the buccal mucosal surface was taken as a measure
of the bioadhesive strength [21].
Force of bioadhesion (N) =

Bioadhesive strength (g)
× 9.81
1000

(Eq. 3)

Rheological studies: to evaluate the rheological properties, measurements were performed on an air bearing
parallel plate Rheometer (MCR 702, Anton-Paar GmbH, Graz, Austria) using a PP25 measuring system. The
prepared gels (500 μl) were placed on to the lower plate of the Rheometer and the measuring head was lowered to
a gap of 1 mm. To record the viscosity shear rate was varied between 300 and 0.1/s temperature being maintained
at 37 ± 0.2◦ C. Temperature was ramped from 25 to 40◦ C at a shear rate of 10/s and viscosity was recorded.
Ex vivo permeability study: porcine buccal mucosa procured from the local slaughterhouse was cleaned to
remove the underlying tissue and frozen at -20◦ C until further use. Permeability studies were carried out using
modified vertical Franz diffusion cell setup (PermeGear, PA, USA). Mucosal membrane (surface area of 0.64 cm2 )
was mounted in between the donor and receptor compartment of the Franz diffusion cell. The temperature of
the receptor fluid (phosphate-buffered saline pH 6.8) was maintained at 37 ± 3◦ C using a water jacket and the
contents were mixed using a magnetic bead. Care was taken to ensure the absence of air bubbles and the membrane
was equilibrated with receptor medium for 30 min before application of formulated gels. Samples withdrawn at
different time intervals for 24 h were analyzed for MP content using HPLC.
In vitro release in human saliva: fresh saliva was collected from 10 healthy voluntary donors at (KIMS Hospital
and Research Center, Bangalore, India) (absence of dental and mucosal abnormality was confirmed) using a 5 ml
disposable syringe. The study was approved by the Institutional Ethics Committee of VIPS. The study protocol
conforms to the ethical guidelines of the 2013 Declaration of Helsinki as reflected in a prior approval by the
institutions human research committee. MP in situ liposomal gel was transferred into a 250 ml volumetric flask
and the volume made up to with 0.9% sodium chloride solution (control media). The other beaker comprised MP
in situ liposomal gel to which 20 ml of fresh saliva was added and volume made up to 250 ml with 0.9% sodium
chloride solution. Beakers were then placed in an orbital shaker water bath, with the temperature maintained at 37
± 0.5◦ C. The samples were withdrawn at different time intervals and analyzed for MP content using HPLC.
Irradiation procedure

Gamma irradiation was performed at ambient temperature (25◦ C, 60% relative humidity) in dark using a 60 Co
Gamma Cell supplying a dose rate of 8.75 kGyh-1 [22,23]. In situ liposomal gel formulations were exposed to
irradiation for a period of 2 h 51 min to achieve the dose of 25 kGy (Source: Theratron 780-C machine).
Evaluation of antimicrobial property

Antibacterial activity of meropenem was evaluated using P. aeruginosa which was procured from National Centre
for Industrial Microorganisms, Pune, India.
To perform the experiments, the bacterial strain of P. aeruginosa was inoculated onto Luria-Bertani (LB) agar
plates, further diluted in phosphate-buffered saline to obtain the turbidity equal to 0.5 McFarland. Later, 100 μl
of the diluted bacterial culture was added to the wells of diameter 10 mm (wells made with a sterile borer). To
each well, 100 μl of the test gel formulations, standard antibiotic (ampicillin as positive control) were added
and incubated at 40◦ C for 1 h to allow the diffusion of test solution into the medium. The zone of inhibition
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Table 1. Formula composition and characterization data of meropenem liposomes.
Formula Code

Drug:lipid

Lipid:cholesterol

Encapsulation
efficiency (%)

Size (nm)

Poly dispersity index

Zeta potential (mV)

F1

1:3

1:0.5

31.21 ± 1.15

319.7 ± 29.91

0.11 ± 0.04

-31 ± 7.35

F2

1:4

1:0.5

54.19 ± 1.94

321.03 ± 18.04

0.32 ± 0.10

-25 ± 8.29

F3

1:5

1:0.5

61.15 ± 1.13

247 ± 30.95

0.27 ± 0.01

-51 ± 5.26

Each value is expressed as mean ± standard deviation (n = 3).

2 μm

Figure 1. Transmission electron micrograph of meropenem liposomes. Bar indicates 2 μm. Image represents
formulation F3.

(mm) of microbial growth around the well was measured using the plates which were incubated at 28◦ C for 48 h
(Supplementary Figure 2).
Results
Formulation & characterization of liposomes loaded with meropenem

Liposomal formulations encapsulating meropenem were formulated using phospholipon 90H (PL 90H). Characterization data shown in Table 1 indicates that the particle size varied between 247 and 321.3 nm displaying
PDI between 0.16 ± 0.01 and 0.32 ± 0.10, thus ensuring a unimodal and homogenous colloidal suspension.
Vesicle morphology evaluated by transmission electron microscope (TEM) (Figure 1) further confirmed that the
formulations composed of large unilamellar vesicles (>100 nm). Surface charge represented as zeta potential, were
ranging between -25 ± 8.29 and -51 ± 5.25 mV, indicating that the magnitude of repulsive interaction between
colloidal particles was high enough to have stable liposome formulations.
Meropenem was stably incorporated in liposomes with entrapment efficiency >30% (Table 1). Liposomes being
universal carriers can entrap hydrophilic molecules in its aqueous core. These large unilamellar vesicles exhibited a
higher EE (%) because the volume of encapsulated water is relatively high [24,25] and EE (%) comparable with our
study is reported elsewhere [26]. Additionally, cholesterol in a fixed ratio was included to prevent drug leakage as it
stabilizes the bilayer membrane, thus improving the encapsulation of hydrophilic drugs [27,28].
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Table 2. Stability study of selected formulation (F3).
Parameters

5 ± 1◦ C

Initial
Day 30

Day 90

Encapsulation efficiency (%)

61.15 ± 5.1

60.71 ± 4.38

58.35 ± 0.38

Size (nm)

247.1 ± 11.2

316.70 ± 23.45

367.5 ± 30.67

Poly dispersity index

0.268 ± 0.20

0.148 ± 0.13

0.259 ± 0.26

Zeta potential (mv)

-51 ± 2.35

-49 ± 4.67

-49 ± 1.89

Each value is expressed as mean ± standard deviation (n = 3). Stability study of selected liposomal formulation (F3) stored at 5 ± 1◦ C.

350
MP in situ gel (F4)
MP in situ liposomal gel (F5)

300

Gelling time (sec)

250
200
150
100
50
0
12

Figure 2.

14

16
18
Poloxamer concentration (% w/v)

20

In vitro measurement of gelling time. Each value is expressed as mean ± standard deviation (n = 3).

Stability studies: physicochemical properties and efficacy of the stability samples did not differ significantly from
the initial data (Table 2 and Supplementary Figure 3).
In situ gel preparation & characterization

Meropenem liposomes were further incorporated into hydrogels to increase the residence time of drug at the site
of application. Concentrations of P407 varied from 12 to 20% w/v, based on the gelling time 20% of poloxamer
407 was further chosen (Figure 2).
Gel preparations evaluated for changes in the physicochemical properties of liposomal vesicles is depicted in
Table 2. Vesicle properties of MP liposomes were retained when dispersed in poloxamer 407 polymer as no
significant change in particle size and zeta potential values were observed. Therefore, it appears that liposomal
properties could be well maintained following their release from hydrogels. pH value of MP in situ liposomal gel
and MP in situ gel were 6.94 and 6.23, respectively, resembling the pH of buccal mucosa (pH 6.8). This was
desirable to avoid irritation at the application site thus precluding the possibility of intolerance [29]. Liposomal
suspensions dispersed the gel base showed the ability to form in situ gel nearly at physiological temperature (37◦ C)
within 119 s (MP in situ gel) and 151 s (in situ liposomal gel). No major difference was observed when temperature
was varied between 33 and 37◦ C (mean temperature in oral cavity is between 33 and 35◦ C). Comparison of
viscosity data indicates that viscosity of MP in situ liposomal gel (0.820 Pa-s) was quite lower than that of the MP
in situ gel (1.48 Pa-s). An earlier study observed a decrease the gelation rate and gel strength of thermosensitive
chitosan-based hydrogel when negatively charged liposomes were incorporated [30]. Force of adhesion and spreading
ability of both gel formulations were almost similar.
Ex vivo permeability: release profiles across porcine mucosa (Figure 3A) reveal that entrapment of MP in liposomes
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Figure 3. In vitro permeation and release of in situ gels. (A) Represents in vitro permeation profiles of meropenem
through porcine buccal mucosa; (B) represents in vitro release profile of meropenem in human saliva (control was
0.9% sodium chloride solution). Each value is expressed as mean ± standard deviation (n = 3).

reduced its release at all the time points evaluated. At the end of 24 h, 78% was released from MP in situ gels,
whereas in situ liposomal gels released only 34% of MP. Release of drug molecules from liposomal gels is reported
to depend on the membrane integrity and mechanical stability of vesicles [31]. Release profile of MP is comparable
to previous studies, which indicate slow release of hydrophilic drug from liposomal gels in comparison to control
gels [31,32].
In vitro release: cumulative percent release from MP in situ liposomal gel (Figure 3B) indicated that MP was
released at a slightly slower rate in the salivary media in comparison to the control media (0.9% sodium chloride).
Rheological evaluation: relationship between viscosity (cp) and shear rate (1/s) at a 37◦ C exhibited nonNewtonian behavior (Figure 4A & B). Viscosity value of approximately 552.5 Pa-s was observed at a shear rate
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Figure 4. Rheological behavior of in situ gels. Viscosity curve obtained at 37◦ C and shear rate ranging between 0.01
and 269/s. Rheogram represents a linear relationship between viscosity η (Pa.-s) and shear rate γ (1/s) indicating
non-Newtonian flow.

of 0.01/s while the viscosity dropped to approximately 0.82 Pa-s at a higher shear rate of 269/s, indicating
shear thinning phenomenon of liposomal gels (Figure 4A). This explains that the poloxamer displayed thixotropic
properties leading to lower crosslink density and gel disruption at high shear rates. Viscosity of gels was higher at low
shear rates, thus enabling better adherence in the buccal cavity with less tendency to flow out. Hence, encapsulated
MP dispersed in a poloxamer 407 hydrogel could improve the local residence time of the antibacterial agent and
modulate its release.
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Table 3. Characterization data of in situ gels.
Formula code

pH

Gelation time (s) Viscosity 
(Pa-s)

Size (nm)

Poly dispersity
index

Zeta potential
(mV)

F4

6.94 ± 0.23

119 ± 5.56

1.48

–

–

F5

6.23 ± 0.47

151 ± 8.23

0.820

247.1 ± 11.2

0.309 ± 0.04

Force of
adhesion (N)

Spreadability
(g.cm/s)

–

0.22 ± 0.16

17.46 ± 0.13

-51 ± 5.26

0.161 ± 0.11

15.83 ± 0.11

Each value is expressed as mean ± standard deviation (n = 3). Data indicate values of pregamma irradiation of MP in situ gel (F4) and MP in situ liposomal gel (F5). Viscosity values represent
data obtained at a shear rate of 269/s at 37◦ C.

Table 4. Antimicrobial activity of meropenem.
Sample

Zone of inhibition (mm)

Placebo in situ liposomal gel

0.0

MP in situ gel (F4)

19.15 ± 0.33

MP in situ liposomal gel (F5)

19.25 ± 0.06

Ampicillin standard

18.97 ± 0.69

Each value is expressed as mean ± standard deviation (n = 3). Data is obtained using Pseudomonas aeruginosa bacterial culture. Ampicillin standard was used as a control.

Gamma irradiation

Since the novel MP in situ liposomal gel is intended to be used in critically ill patients, a sterile formulation is
recommended. Gamma irradiation, an approved sterilization technique, has been reported to be accepted as a
safe and convenient sterilization technique for liposomes [33]. Meropenem loaded into gels using pure drug and
liposomal form were sterilized using gamma irradiation at predetermined doses. Pharmacopoeial obligatory dose rate
of 25 kGyh-1 is reported to be adequate to sterilize pharmaceutical products was used [22,33]. Application of gamma
irradiation has been reported for intravenous administration of liposome loaded water insoluble cytostatic agent in
critically ill patients [22]. No major changes in the physical properties of liposomes (size, PDI and zeta potential)
were observed pre and post gamma irradiation (Table 3 & Supplementary Table 1, respectively). Chemical stability
was further confirmed by measuring meropenem content which was 85.6 and 84.97%, pre and post sterilization,
respectively.
Evaluation of antimicrobial property

Meropenem, from the class of carbapenem, is the drug of choice for treating nosocomial pneumonia and/or VAP
also used as first-hand therapy prior to identification of causative organisms [34]. Liposomal meropenem formulation
has been reported to be highly effective against bacteria [26]. Antimicrobial studies performed using P. aeruginosa
depicted that meropenem retained its antibacterial activity when delivered via liposome loaded gelling system.
Difference in the zone of inhibition between placebo formulation and drug-loaded liposomes further confirmed
the presence of active moiety. To compare the antibacterial activity, ampicillin was used as a positive control
(Table 4). Results suggest that meropenem delivered via in situ gel could suppress P. aeruginosa infection.
Discussion
Oral cavity is prone to infection by numerous multidrug-resistant bacteria predominantly in critically ill and
immunocompromised patients. VAP is reported to be developed by migration of the microorganisms on aspiration
from oropharynx into the respiratory system [5,6,35]. At present, there are no efficacious antimicrobial oral care
products, especially for critically ill patients. Considering the need, present study aimed to develop a novel
prophylactic in situ liposomal gel of meropenem that could be retained on the oral mucosa for a longer period
to deliver therapeutic amounts of drug to the underlying tissue in critically ill patients. Meropenem trihydrate is
a newer carbapenem class of antibiotic with pKa values of 2.9 and 7.4 and aqueous solubility of approximately
5 mg/ml. The drug is short acting as it displays a short elimination half life of approximately 1 h [36,37]. In order
to be effective, concentrations higher than the MIC has to be maintained at the infection prone site for a long
time. For these reasons, prolonged administration may be a convenient strategy for obtaining higher efficiency in
critically ill patients [38]. However, retention of meropenem on the mucosal surface following topical application
would be a challenge taking into account the salivary secretion rate of approximately 0.5–1.5 l per day [39] and
considering the aqueous solubility of meropenem. In order to overcome the salivary wash out of meropenem, it
was encapsulated in negatively charged liposomes using phospholipon 90 H. Initial formulations prepared using
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egg phosphotidylcholine were less reproducible in comparison to PL 90H (data not shown). Hence PL 90H was
further used, also phase transition temperature (Tc) of phospholipon 90H is 51◦ C and liposomes composed of
phospholipids with Tc values higher than body temperature are reported to be more stable than those with lower
Tc [40]. Selected liposomal formulation (F3) exhibited a particle size of 247 nm with PDI of 0.27 and zeta potential of
-51 mV. Presence of large unilamellar vesicles was further confirmed using TEM. Multilamellar vesicles of size >1 μm
are usually not used as antibiotic carriers, but unilamellar vesicles of approximately 100 nm are reported to exhibit
high efficacy in the eradication of bacterial pathogens. Various other antibiotics encapsulated within liposomal
vesicles include ciprofloxacin nanoparticles [41]; polymyxin B [42]; clarithromycin [37] and meropenem [7,43]. The in
situ gel by virtue of its better consistency is known to be well retained at the infection prone sites of the oral cavity
while the liposomes are known to display a superior ability to enhance the antibiotic concentrations at the site of
infection and increase antibacterial efficacy. Our experimental data confirms that the vesicle properties were retained
following inclusion of MP liposomes in poloxamer 407 gelling system. Effect of lipid composition and liposome
size on the release properties of liposomes-in-hydrogel systems have also been examined by other groups [31,44,45].
In situ gel forming formulation represents a novel idea of delivering drugs to patients as a liquid dosage form that
enables sustained release of the drug for the desired period. Advantage of in situ thermosensitive gelling system in
contrast to conventional gels is that they are conveniently pourable from the container to the site of drug absorption,
while on application they form a strong gel that is capable of prolonging the residence time of meropenem. To
impart these unique thermo-reversible gelation properties, poloxamer 407 was used as a temperature responsive
material in formulation of the in situ gel [12,46].
Gelation temperature higher than 25◦ C would be advisable to avoid gelation at the storage temperature (25◦ C)
thus avoiding manufacturing and administering problems. Poloxamer 407 in the range of 12 to 25% concentrations
form clear liquid at cold temperature 4–5◦ C and gels at room temperature [12,46]. However, in order to incorporate
liposomal MP, 20% was found to be suitable. As the in situ gelling systems are retained for longer periods, they are
known to possess sustained release properties too and permeability data showed a sustained release using liposomal
MP gel in comparison to pure MP gel [31,32].
As the novel formulation is intended to be administered to critically ill patients supported by a mechanical
ventilator, formulations were sterilized using gamma irradiation. However, the release of the encapsulated drug
would be governed by physicochemical properties of the drug and stability of the liposomes dispersed in the
semisolid formulation post sterilization. Physicochemical properties of MP liposomes characterized before and after
gamma irradiation showed no changes in its property, hence formulations can be subjected to gamma sterilization
prior to be used in critically ill patients. Attempt was to suppress P. aeruginosa infection using liposomal systems;
antimicrobial evaluation further confirmed the retention of antibacterial activity when loaded into gels. Overall,
thermosensitive meropenem in situ liposomal gel could be included as a part of oral care intervention in critically
ill patients who are on a mechanical ventilator.
Conclusion
Liposomal in situ gel formulation for oral administration loaded with meropenem was successfully developed for
prophylactic use in critically ill patients. Selected formulation of meropenem liposomes exhibited a particle size
of 247 nm, spherical in shape with encapsulation efficiency (>60%). Gamma irradiation used to sterilize the
formulations indicated that it does not influence liposome properties at the dose used. Liposomal suspensions
dispersed in the gel base showed the ability to form in situ gel nearly at physiological temperature (37◦ C), hence
can promote the local residence time of the meropenem and sustain its release. Antimicrobial evaluation indicated
that MP retained its activity against P. aeruginosa when formulated as in situ gel forming system. However, further
clinical investigation is underway to evaluate its therapeutic effectiveness and utility in prevention of VAP in
intubated patients.
Future perspective
Strategies to prevent VAP are of paramount importance to intensive care patients on mechanical ventilator support.
Oral hygiene is a critical element of nursing care. To date, limited information is reported about the availability of
efficacious and economical oral preparations for prophylaxis that can be used in critically ill patients to prevent VAP.
Prophylactic antibiotic exposure in form of easy to administer oral in situ gel will have an advantage in maintaining
oral hygiene, thereby reducing likelihood of infection. This in turn may reduce the length of hospital stay, treatment
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costs and help to reduce morbidity and mortality. Hence, this study would add to the existing knowledge base and
could address the lacunae.
Summary points
Formulation of liposomes
• Optimal liposomal formulation containing meropenem exhibited a particle size of 247 nm forming large
unilamellar vesicles as observed under transmission electron microscope, with encapsulation efficiency (>30%).
Stable formulations were obtained as indicated by zeta potential (>-25 mV).
Thermosensitive in situ gels & gamma irradiation
• Liposomal suspensions dispersed the gel base exhibited the ability to form in situ gel nearly at physiological
temperature (37◦ C) in about 119 s (meropenem [MP] in situ gel) and 151 s (MP in situ liposomal gel). Properties of
vesicles were not influenced by gamma irradiation used to sterilize the formulation. Slow release of meropenem
from liposomal gel compared with the control gel can be attributed to the superior membrane integrity of the
liposomal system; 34 % of MP was released at the end of 24 h.
Rheological evaluation
• Both the gels displayed typical non-Newtonian behavior as examined by the relation between viscosity of the
formulation and function of shear rate, which showed a decrease in viscosity with increasing shear rate.
Antimicrobial activity
• MP retained its antimicrobial activity against Pseudomonas aeruginosa when formulated as an in situ liposomal
gel system.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.future-science.com/doi/suppl
/10.4155/tde-2019-0092
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1.56

-

-
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± 7.1
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121 ±

0.23
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±
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0.227 ±
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± 0.116

± 0.103
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Supplementary Table 1: Characterization data of in situ gels post-sterilization. Each
value is expressed as mean ± standard deviation (n = 3). Results obtained post-gamma
irradiation of MP in situ gel (F4) and MP in situ liposomal gel (F5). Viscosity values
represent data obtained at a shear rate of 269/sec.
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Abstract
Aim: Managing hypertensive emergencies are a common occurrence in critical care setups. Mean arterial pressure
(MAP) is an important hemodynamic variable indicative of hypertensive control and its regulation and needs to
be controlled by a constrained set of physiological values. Materials and Methods: Sodium nitroprusside is a
potent vasoactive drug which is used in the critical care setups to regulate hypertensive emergencies, administered
through intravenous route. Many closed-loop drug infusion systems (CL-DIS) powered by fuzzy logic, artificial
neural networks, and state-space models have been used to regulate the infusion. In this work, an attempt using
proportional resonance controller and fractional-order proportional integral derivative (PID) with a closed loop
is modeled and simulated. Results and Discussion: This work proposes a CL-DIS-based proportional resonance
controller and fractional-order PID controller, which will respond rationally to the changes in the patient’s
condition and activate drug infusion to continue the MAP at the set physiological values of 60 and 70 mmHg.
Conclusion: The planned controller setup has potential to be used as a controller for intravenous infusion of
drugs and in our work maintained the MAP constrained by set values for the time domain responses for ideal
physiological set points.
Key words: Drug infusion system, fractional-order proportional integral derivative, proportional integral
controller, proportional-resonant controller, sodium nitroprusside

D

INTRODUCTION

rug infusion pumps are increasingly
used in the delivery of the drugs
intravenously and especially for
the infusion of potent and hard to infuse
drugs.[1] Drug infusion pumps can be operated
in a higher level of autonomy and be used in
adaptive and closed-loop delivery of drugs.
Control engineering models are being explored
and adopted for better drug delivery and have
opened up the possibility of algorithmic
drug delivery affording precise control over
the constraints of time and the volume to be
infused.[2] Hence, this can be adapted for
closed-loop infusion and can compute the rate

and volume of the drug to be delivered resulting in a better
therapeutic outcome.[3]
Patients recuperating in critical care setups are continuously
monitored for their hemodynamic parameters. Mean arterial
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pressure (MAP) is a parameter which is continually monitored
and needs to be maintained in an ideal physiological value
of 60–70 mmHg in most conditions. Since time to elicit a
pharmacological response in low in a critical care setup,
fast acting vasodilator drug sodium nitroprusside (SNP) is
the drug of choice for the maintenance of MAP in critical
care setups.[4] Due to its potent action, SNP needs to be
administered with caution due to its toxicity and to obtain
more favorable outcomes with different pharmacological
thresholds.[5] Caregivers at critical care setups regulate the
infusion rates or doses of the drug physically at frequent
intervals. This adds to the fatigue and causes potential errors
causing the intervention to fail or resulting in adverse drug
reactions.
Many control engineering models have been adopted
successfully for the drug delivery with a better degree of
success and control. Closed-loop drug infusion system
(CL-DIS) has been the method of choice to infuse
medications, antibiotics, hormones, chemotherapeutic
agents, nutrients, and anesthetics to patients in critical care
setups in controlled amounts or based on the measured
inputs.[6] CL-DIS based on control engineering models is
being increasingly used in critical care setup. Many types
of control systems have been used to power the CL-DIS.
Review of literature suggests that CL-DIS powered by
proportional integral derivative (PID) and fractional-order
PID (FOPID) was not available. In this work, an attempt
has been made to model an infusion system to infuse potent
vasoactive drug SNP based on the stated controllers.[7]
Having an algorithmic control can save time and errors of
the caregiver when infusing a potent vasoactive drug.[8]

PROPOSED DIS
Figure 1 shows the schematic diagram of the CL-DIS. The
controller block represents the proportional integral controller
(PIC)/FOPID and PRC, which is designed to recognize set points
for MAP from the medical specialist.[13] Based on the set point
and the current measured value of the MAP, the proposed system
is expected to maintain the patient’s MAP at the preferred value
by the infusion of SNP. The modeling and simulation of control
systems were done using MATLAB®™ R2017 and Simulink®™
Toolbox Version 9.1 (academic license). Simulink software is the
industry-standard tool for modeling and simulating, multivariate,
and dynamic responses in biological systems.[14-16]
FOPID controller
The representation of FOPID was developed from fractional
differentiation. The response with FOPID is faster than that of
the corresponding PIC system. A block diagram that signifies
the FOPID control structure is depicted in Figure 2. The
transfer function of an FOPID controller takes the form of
		CFOPID(s) = KP+KI/sλ+KDsμ

(1)

Where λ is the order of the integral part, μ is the order of the
derivative part, while KP, KI, and KD are the controller as in a
conventional PID controller.

The paper is structured as follows: Section II discusses
the proposed CL-DIS block diagram and discussion of
simulation; Section III describes model implementation and
simulation results; and Section IV, the results obtained from
the work and its suitability for the intended purpose.

MATERIALS AND METHODS

Figure 1: Schematic diagram of the proposed closed-loop
drug infusion system

Research gap
The review of literature in this domain suggested the dearth
of CL-DIS powered by PI, FOPID, and proportional-resonant
controller (PRC) and found none comparing the relative
merits of infusing drugs powered by these control models.
This work suggests PRC for the control of CL-DIS.[9-12] There
is a need to improve the dynamic response of CL-DIS. The
above papers do not talk about the enhancement of dynamic
response of CL-DIS. The above literature does not deal with
the comparison of PI, FOPID, and PR controlled CL-DIS.
This work suggests PRC for the control of CL-DIS.

Figure 2: Block diagram of fractional-order proportional
integral derivative controller
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PRC
The model of the PRC and the plant is depicted in Figure 3.
PRC is capable of generating a constant sinusoidal potential
essential for maintaining a steady-state signal.
The transfer function of the represented by plant Gf (s), which
is given as follows:
G f (s) =

sCf R d + 1

s L I L g Cf + s Cf R d ( L I + L g ) + s ( L I + L g )
3

2

(2)

There is always steady-state magnitude and phase error
exists while tracking a sinusoidal signal utilizing a PI

control. Alternatively, a PRC which is based on internal
model principle an infinite gain at reference signal
oscillating frequency. This would remove steady-state error
while tracking a sinusoidal signal. The PRC Gi (s) is in the
form:
G i (s) = K p +

Kis
S2 + 2δω0 s + ω02 

(3)

Here, Kp and Ki are the proportional and integral gain,
respectively, “δ” is the damping factor, and ω0 is power
frequency of the grid voltage. The infinite gain of PRC is

Figure 3: Block diagram of proportional-resonant controller

Figure 4: Diagram of drug infusion without any control

Figure 5: Response of the infusion system for unit mmHg step change in the mean arterial pressure for constrained without
controller

Figure 6: Drug (sodium nitroprusside) infusion without controller
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reduced by damping factor δ to increase the bandwidth, and
thus, dynamics of the CL-DIS remains stable.

MODELING AND SIMULATION RESULTS
Open-loop DIS
Model diagram of DIS in open-loop system without controller
is shown in Figure 4. Response of the infusion system for
unit mmHg step change in the MAP for constrained without
controller is shown in Figure 5. Drug infusion without
controller is shown in Figure 6. It can be seen that drug infusion
is reduced. Rate of SNP without controller is shown in Figure 7.

CL-DIS with PI control
Closed-loop simulations are carried out for the DIS with
the step fall using PIC as shown in Figure 8. The simulated
values of KP, KI, KR, and KD used are as follows: KP = 0.01,
KI = 5, KR = 5, KD = 0.09.
CL-DIS with the step fall using PIC is shown in Figure 8.
Response of the infusion system for unit mmHg step change
in the MAP for constrained PI using simulation model is
shown in Figure 9 and its value is 12. Drug infusion with
PIC is shown in Figure 10. It can be seen that drug infusion
is brought back to original value using PIC. Rate of SNP with
PIC is shown in Figure 11 and its value is 1.6.

Figure 7: Rate of sodium nitroprusside infusion in open loop

Figure 8: Model block diagram of drug infusion in closed-loop system using proportional integral controller

Figure 9: Response of the infusion system for unit mmHg change in the mean arterial pressure for constrained proportional
integral controller using simulation model
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Figure 10: Drug infusion with proportional integral control

Figure 11: Rate of sodium nitroprusside infusion with proportional integral control

Figure 12: Model diagram of closed-loop drug infusion systems with fractional-order proportional integral derivative controller

Figure 13: Response of the infusion system for unit mmHg step change in the mean arterial pressure for constrained fractionalorder proportional integral derivative using simulation model

Figure 14: Drug infusion with fractional-order proportional integral derivative control
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Figure 15: Rate of sodium nitroprusside infusion with fractional-order proportional integral derivative control

Figure 16: Diagram of closed-loop drug infusion system with proportional-resonant controller

Figure 17: Response of the infusion system for unit mmHg step change in the mean arterial pressure for constrained
proportional-resonant controller using simulation model

Figure 18: Drug infusion with proportional-resonant controller

Figure 19: Rate of sodium nitroprusside infusion with proportional-resonant controller

Asian Journal of Pharmaceutics • Jan-Mar 2020 • 14 (1) | 48

6.6
6.1
0.85
1.34
0.81
4.9

0.88

1.39

0.89

9.1
8.4

10.3
9.7

0.98
0.92

1.41
1.30

1.42

1.55

1.81

0.83
6.8

0.96

1.26
9.9

1.36

1.97

60 mmHg
60 mmHg
60 mmHg
60 mmHg

70 mmHg

70 mmHg

70 mmHg

Closed-loop simulations are carried out for the DIS with
the step fall using FOPID controller as shown in Figure 12.
Response of the infusion system for unit mmHg step change
in the MAP for constrained FOPID using simulation model
is shown in Figure 13. Drug infusion with FOPID controller
is shown in Figure 14. It can be seen that drug infusion is
brought back to original value using FOPID controller. Rate
of SNP infusion is shown in Figure 15.
Closed-loop system with PRC
Closed-loop simulations for the DIS with the step fall using
PRC are shown in Figure 16. Response of the infusion system
for unit mmHg step change in the MAP for constrained PRC
using simulation model is shown in Figure 17. Drug infusion
with PRC is shown in Figure 18. It can be seen that drug
infusion is brought back quickly to original value using PRC.
Rate of SNP with PRC is shown in Figure 19.
Comparison of time domain response with MAP of 60 and
70 mmHg and with PI, FOPID, and PRC is given in Table 1.
Using PRC, peak time is reduced from 9.8 s, 6.3 s, to 4.4 s;
rising response time is reduced from 1.26 s, 0.83 s, to 0.81 s;
settling time is reduced from 1.81 s, 1.42 s, to 1.34 s; peak
regulation is reduced from 1.30 s, 0.92 s, to 0.85 s; and noise
variation is reduced from 9.7, 8.4, to 6.1.
For attaining the set point of MAP of 70 mmHg, by PRC,
peak time is reduced from 9.9 s, 6.8 s, to 4.9 s; rising response
time is reduced from 1.36 s, 0.96 s, to 0.88 s; settling time
is reduced from 1.97 s, 1.55 s, to 1.39 s; peak regulation is
reduced from 1.41 s, 0.98 s, to 0.89 s; and noise variation is
reduced from 10.3 s, 9.1 s, to 6.6 s. It can be seen that the best
response is obtained using PRC. The time domain response
improves with the reduction in set MAP value.

9.8

6.3

4.4

Proportional integral

Fractional‑order proportional
integral derivative

Proportional‑resonant controller

CONCLUSION

MAP: Mean arterial pressure

70 mmHg

CL-DIS with FOPID control

70 mmHg
60 mmHg

Noise variation
Peak regulation (s)
Setting time (s)
Rising response time (s)
Peak overshoot
Controller

Table 1: Comparison of time domain response with various controller algorithms for attaining MAP of 60 and 70 mmHg
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DISs with PI, FOPID, and PRC were modeled simulated
and analyzed for MAP values of 60 and 70 mmHg. This
study demonstrates the inherent characteristics of the
PRC to handle constraints. The main application of the
constraints is that the output takes a better time response
to have achieved. We found the infusion characteristics of
the PRC are better than the PI and FOPID controlled DISs.
We have developed a CL-DIS for algorithmic for drug
infusions. Using PRC, peak overshoot, peak regulation
time, and noise variable are reduced in the closed-loop
system. Our system routinely restored and accurately
maintained SNP and MAP at their target values with small
performance error and has potential to be developed as a
stand-alone CL-DIS. The contributions of the present work
on CL-DIS are as follows:
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1.
2.

PRC is proposed for DIS
Time response of DIS is improved using PRC.

The simulation of DIS can be verified using the software
PSIM or PSCAD. The hardware may be implemented using
digital signal processing or field-programmable gate array.
Innovative protection measures can be applied to DIS.
Optimized controller design can be done in future.

8.
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ABSTRACT
Aim: The therapeutic utility of many poorly water-soluble drugs are severely restricted for
their bioavailability. The present study was aimed to development of self-micro emulsifying
drug delivery (SMEDDS) system for a poorly water soluble anti-retroviral drug - Darunavir
by the application of Quality by Design (QbD) to increase its bioavailability. Methodology:
Extreme Vertices Mixture Design (EVMD), based on its utility and the applicability to the
formulation problem in hand was selected for the study. The different responses selected
for this design were drug release in 15 min (%), drug loading (mg/ml), emulsification time
(seconds) and droplet size (nm). The factors or the independent variables considered in
the design are oil, surfactant and cosurfactant. Ten different formulations were prepared
and evaluated to check the model fit. The optimization and model verification were
done by conducting experimental runs. Results: The studies revealed that application
of EVMD and development of the formulation in a QbD framework resulted in a robust
and sustainable method for improving the bioavailability of the drug as evidenced by
the characterization studies of optimized batch In vitro drug release in 15 min (92.43 %),
drug loading (98.95 mg/ml), emulsification time (31.5 sec) and droplet size (222.2 nm).
The Transmission electron micrographs (TEM) obtained for optimized formulation
showed a uniform spherical morphology. Conclusion: The development of hard to
achieve formulation techniques like SMEDDS involving BCS class 2 and 4 drugs can be
sustainably achieved with minimal time and resources, matching regulatory requirements
can be attained by the application of EVMD, under QbD framework.
Key words: Antiretroviral, Darunavir, Extreme vertices, Self-emulsified system, QbD.

INTRODUCTION
Human Immunodeficiency Virus (HIV)
incapacitates T-immune cells (CD4 cells) in
the human body and alters the entire immune
system. The untreated HIV infection may
progress to advanced disease stage called
Acquired Immuno Deficiency Syndrome
(AIDS). The antiretroviral treatment fights
against the HIV and reduces the spreading
of virus throughout the body. The highly
active antiretroviral therapy also known as

combination antiretroviral therapy (cART)
is effectively used in the treatment of HIV/
AIDS.1 cART involves use of various ARTs
like protease inhibitors, integrase inhibitors,
nucleotide reverse transcriptase inhibitor,
non-nucleotide reverse transcriptase inhibitor and entry inhibitors. Darunavir (DRV) is
the last USFDA approved second generation
protease inhibitor.2 DRV belongs to Biopharmaceutical Classification System (BCS) II, the
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drug with poor aqueous solubility and good permeability characteristics. The poor oral bioavailability of the
drug may be due to poor aqueous solubility (0.15 mg/
ml) or efflux of absorbed drug back into the intestinal
lumen or it can be because of extensive metabolism of
drug by the Cytochrome P450 enzyme. The oral bioavailability of the drug is 37% and on co-administration of the drug with small doses of Cytochrome P450
enzyme inhibitors (Ritonavir/Cobicistat) remarkably
improves the oral bioavailability to 82%.3 In the present research, the attempt has been made to improve the
solubility characteristics of the drug by converting into
a lipid based drug delivery system (LBDDS).4 Among
the LBDDS, Self-emulsifying drug delivery (SEDDS)
system is one of the promising delivery system which
can enhance the solubility characteristics of DRV and
improve oral bioavailability. SMEDDS are the isotropic
mixtures of oil, surfactant and cosurfactant and their
preconcentrate mixture on oral administration converts
into nano/micro emulsion in presence of GI fluids
under the mild agitation provided by the GIT.5 SEDDS
being a formulatory approach not only helps in improving the solubility of the drug to improve the dissolution characteristics but also aids in the lymphatic uptake
of the drug, especially for the those drugs which are
targeted into the lymphatic system(Chemotherapeutic
agents/Anti-retroviral agents).6,7 Therefore the attempts
were made to convert DRV into a novel SMEDDS.
One factor at time (OFAT) is the conventional formulation development approach. Because of the formulatory complexities involved and the quantum of time and
resources utilized by OFAT, this approach is not well
appreciated. Well controlled and reproducible results
obtained to achieve the required therapeutic goals
of the formulation by the systematic approach called
Quality by design(QbD).8,9 DRV loaded SMEDDS
formulations were developed and optimized by a
Design of Experiments (DOE) approach called Mixture
design.10 Mixture design is a statistical approach used
to select the components (experimental inputs) of the
system, which will exert least influence on the product
variability.11 The mixture design was developed by
using JMP® 13.2.1 software (Academic license from
SAS, SAS Institute, Cary, NC, USA). The Critical
Material Attributes (CMAs) selected for the study were
oil (Capryol 90), surfactant (Tween 80) and cosurfactant
(Transcutol HP) and the Critical Process Parameters
(CPPs) were conditions like stirring speed, type of
stirrer and the stirring temperature. The Critical Quality
attributes (CQAs) selected for optimization were
338

particle size, emulsification time, drug loading and
in vitro drug release study.12,13
MATERIALS AND METHODS
Materials

Darunavir was received as gift sample from Aurobindo
Pharma Ltd, Hyderabad, India. Maisine®CC (glyceryl
monolinoleate NF, HLB-1), CapryolTM 90(propylene
glycol monocaprylate NF, HLB-6), Transcutol® HP
(diethylene glycol monoethyl ether EP/USP NF,HLB-4.2),
Labrasol® (caprylocaproyl poloxyl-8 glycerides NF,
HLB-14) and Labrafil® M 1944 CS( Oleoyl polyoxy-6
glycerides, HLB-9) were obtained as gift samples from
Gattefosse, Saint-Priest Cedex, France. Tween 80
(Polyoxyethylene sorbitan trioleate, HLB-15), Span 20
(Sorbitan monolaurate, HLB-8.6) and PEG 400 (Polyoxyethylene monooleate, HLB-11.4) were purchased
from Sigma-Aldrich, Germany. All other chemicals
were of analytical grade.
Methods
Defining QTPP and CQAs

The QbD approach advocates the defining of the product
performance parameters that will affect the quality of
the product, known as Quality Target Product Profile
(QTPP).14 The QTPP is selected based on the functional
attribute of the formulation and also the data obtained
from the literature review is taken as a feed forward in
defining the QTPP (Table 1). The QTPP describes a
concise set of performance requirements (Formulatory,
biopharmaceutical and regulatory) that will be crucial
for the product quality. Based on the QTPP the CQAs
are defined for the product15 (Table 2).
Risk assessment

Risk assessment - a QbD tool for identifying and
mitigating the sources of variability that will affect the
product consistency and it was constructed to identify
the CMAs and CPPs affecting the CQAs of DRV loaded
SMEDDS. The cause and effect diagram or Ishikawa
diagram was constructed using JMP® software to identify
the possible causes and sub causes affecting the CQAs
of the product (Figure 4). The factors with the high
risk were selected by constructing the Risk Estimation
Matrix (REM), which depicts the potential risks associated with the material attributes and the process
attributes having a strong influence on the CQAs of the
product (Table 3). Each factor was assigned risk grades
of low, medium or high.15
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Table 1: Quality Target Product Profile (QTPP) for Liquid SMEDDS of Darunavir.
QTTP Elements

Target

Justification
Bioavailability improvement

Dosage type

Lipid based formulation

Dosage form

Capsule

Ease of administration

Dosage strength

150 mg

Target dose of 150 mg essential to target viral load

Route of administration

Oral

Most convenient route for AIDS patients (Patient acceptability)

Packaging

Alu – Alu Blister

Acts as a permeation and photo barrier

Pharmacokinetic parameters

Tmax, Cmax, AUC

For attaining Minimum Inhibitory Concentration in the target site

Stability

As per the conditions of ICH Q1B
Long term stability studies

To assess degradatory pattern of the Drug and Excipients used in
the formulation.

Table 2: Critical Quality Attributes of DRV- SMEDDS system and their justification.
Quality Attributes of product

Target

CQA

Justification

Acceptable to
patient

No

The physical attributes were not directly related to the efficacy and
safety of the product, since the product will be enclosed in a capsule
shell, it has no bearing on the elegance.

NLT 150 mg per unit
dose

Yes

150 mg per unit dose essential to combat the CD4 viral load

Transmittance (%)

˃ 95 %

Yes

Clarity of the product ensures the minimization of the globule size

Globule size (nm)

˂ 200 nm

Yes

Smaller and consistent globule size essential for stability and
bioavailability of the formulation.

Zeta potential (mEv)

Stearically stable

Yes

Target zeta potential essential to ensure stability of the dispersed
system

Emulsification efficiency
(seconds)

˂ 120

Yes

Has direct correlation with onset of action and influences the size of the
dispersed globules

Drug release in 15 min

˃ 70 %

Yes

Has direct correlation with bioavailability

Permeability (45 mins)

NLT 45 mins

Yes

f ≥ 80%

Physical
attributes

Color
Odor
Appearance

Drug content (mg)

NLT – not less than

Table 3: REM Matrix.
CMA /CPP
CQAs

Oil

Surfactant

Cosurfactant

Stirring speed

Stirring time

Stirring
temperature

Drug loading

High

High

High

Low

Low

Low

Droplet size

High

High

High

Medium

Medium

Medium

Zeta potential

High

High

High

Low

Low

Low

Emulsification Time

High

High

High

Medium

Medium

Medium

Drug release in 15 min

High

High

High

Low

Low

Low

Permeability (45 mins)

High

High

High

Low

Low

Low

Solubility study

The formulation development began with the selection
of SMEDDS components based on the maximum
solubility of DRV in various oils, surfactant and cosurfactant. Different oils, surfactant and cosurfactant such
as Capryol 90, Maisine CC, Labrafil M 1944 CS, Tween
80, Labrasol, Span 20, PEG 400 and Transcutol HP were
screened. An excess amount of DRV was introduced
into an Eppendorf tube containing 2 ml of vehicle and
agitated in vortex shaker for 10 min. After mixing, the

Eppendorf tubes were kept in mechanical shaker for 48
hr at room temperature. After attaining the equilibrium
the mixtures were subjected to centrifugation at 3000
rpm for 15 min. The supernatant was transferred to
another Eppendorf tube and filtered through a 0.45 µm
Millipore® filter. The filtered solutions were diluted suitably with methanol and the absorbance was determined
by using UV spectrophotometer (UV 1800, Shimadzu)
at λmax 264 nm.16 All measurements were done in triplicate and the solubility was expressed as the mean value
(mg/ml) ± SD.17
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Pseudo ternary phase diagram

The pseudo ternary phase diagram was constructed by
using ProSim® ternary plot software. The water titration
method was used to investigate concentration range of
oil, surfactant and cosurfactant, which could give the
boundaries for nano/micro emulsion region. The oils
(Capryol 90 and Maisine CC), surfactant (Tween 80)
and cosurfactant (Transcutol HP) were selected based
on the preliminary solubility studies with drug. The
selected surfactant and cosurfactant (Smix) were mixed
in different ratios (2:1 and 3:1). For each phase diagram,
oil: Smix ratio were mixed thoroughly in the varying
proportion of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4 7:3, 8:2 and 9:1
in test tubes. These mixtures were homogenized in a
vortex mixer (Spinix) for homogenization. The aqueous
phase (double distilled water) was added in increments
of 5% in the range of 5 to 95 % of total volume. After
each addition, the mixtures were vortexed for 2 min in
vortex mixer and allowed to equilibrate.18
Mixture Design

Mixture design is a type of statistical experimental
design used for the development and optimization of
formulations. Mixture design is used in pharmaceutical
product development when the factors are proportion
of blend.19 A variant of Mixture design namely, Extreme
vertices Mixture design (EVMD) is a constrained
mixture design, where the mixture components are
subjected to constraints such as maximum or minimum
value for each component.20 The components of the
mixture are expressed as fractions which sums to 1 (100%).
The measured response in the mixture experiments
depends only on the relative proportion of the ingredients.
The main purpose of the mixture design is to
mathematically model the ratios of the blend to predict
the response(s) for any mixture in the design and
measure the influence of each factor alone or in combination with other factors on the response(s).21,22 In this
work a SMEDDS formulation development and
optimization was done through EVMD. The CQAs
identified were factored as responses or dependent
variables selected for the study. They are droplet size
(nm), emulsification time (seconds), drug solubility
in the mixture (mg/ml) and in vitro drug release in
15 min (%). The CMAs (factors) or independent variables
selected for the study are oil (Capryol 90), Surfactant
(Tween 80) and Cosurfactant (Transcutol HP).
The CPP were not factored in the design consideration
because of their minimal influence on the responses as
evinced by the REM. The mixture design obtained by
using JMP® 13.2.1 software. The responses (dependent
variables) and factors with constrains (independents
340

variables) are listed in the Table 4 and 5. The different formulations (Table 6) obtained as per the design
are subjected to characterization. The overview of the
QbD processes in devising the mixture design is as per
the Table 7.
Preparation of SMEDDS formulations

SMEDDS formulations were prepared by using varying
the proportion of Capryol 90, Tween 80 and Transcutol
HP as per the EVMD. The details of various formulations with different components mixture are presented
in the Table 6. The ten different formulations (F1-F10)
were prepared by dissolving 100 mg of DRV in the mixture of Capryol 90, Tween 80 and Transcutol HP and
were heated to 40°C in a water bath. The mixture was
vortexed by using vertex mixture until it becomes clear
and transparent. All formulations were stored in ambient temperature until use.23
Droplet size analysis

The formulations were diluted with double distilled
water at the ratio of 1:100 (v/v) in volumetric flask
Table 4: Composition and limits of experimental
domain.
Factors

Role

Capryol 90

Mixture

Values
Low

High

0.12

0.32

Tween 80

Mixture

0.51

0.67

Transcutol HP

Mixture

0.18

0.23

Table 5: Responses in mixture design.
Responses

Goal

Lower
Limit

Upper
Limit

Drug release in 15 min (%)

Maximize

70

100

Drug loading (mg/ml)

Maximize

90

100

Emulsification time (seconds)

Minimize

20

60

Droplet size (nm)

Minimize

50

300

Table 6: Composition of SMEDDS as per the EVMD.
Formulation

Capryol 90

Tween 80

Transcutol HP

F1

0.26

0.51

0.23

F2

0.285

0.51

0.205

F3

0.15

0.67

0.18

F4

0.19

0.58

0.23

F5

0.135

0.67

0.195

F6

0.31

0.51

0.18

F7

0.12

0.66

0.22

F8

0.23

0.59

0.18

F9

0.12

0.65

0.23

F10

0.12

0.67

0.21
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Table 7: Knowledge to Design Space transition.
Defining Knowledge space
by using QRM tools.

Capryol
90

Tween
80

Effect analysis performed to check
the influence of CMA on CQAs

Transcutol
HP

0.26

0.51

0.23

0.285

0.51

0.205

0.15

0.67

0.18

0.19

0.58

0.23

0.135

0.67

0.195

0.31

0.51

0.18

0.12

0.66

0.22

0.23

0.59

0.18

0.12

0.65

0.23

0.12

0.67

0.21

Knowledge space

Optimization through
the Contour profilers
and Prediction profilers

Verification of model by
running confirmatory
batches within the ternary
profiler feasible region

Contour plot/Surface plot

Ternary mixture profiler

Prediction profiler

Effect analysis

Optimization

Verification of model

(100 ml) and gently mixed by inverting the flask. The
mean droplet size and Poly dispersity index (PDI)
of the diluted formulations was determined by photon
correlation spectroscopy using Malvern Zetasizer
Nano-ZS (Malvern Instruments, United Kingdom). All
studies were repeated in triplicate.24

Grade C: Milky emulsion obtained within 2 min.
Grade D: A dull grayish emulsion with oily appearance
and emulsification process takes more than 2 min.
Grade E: Poorly emulsified formulation with large oil
globules floating on the surface.

Drug loading

Dissolution studies were performed according to the
method prescribed by USFDA.28 In-vitro release profiles
of the capsules filled with formulations were determined using USP Type II (LABINDIA, DS 8000,
Mumbai, India) rotating paddle apparatus at 37 ± 0.5°C
and with a rotating speed of 75 rpm in 900 ml of
discriminatory medium of Phosphate buffer (pH 6.8)
with 2% Polysorbate 20.29 The filled capsules were held
at the bottom of the vessel using stainless steel sinkers.
Aliquots (3 ml) were withdrawn after 5, 10, 15, 20, 30
and 45 min and filtered using 0.45 µm Millipore®
filter. The amount of DRV released in the dissolution
medium was determined spectrophotometrically at
264 nm. The dissolution experiments were carried out
in triplicates.

SMEDDS equivalent to 100 mg of DRV was taken and
dissolved in small quantity of methanol. The volume
was made up to 100 ml with double distilled water.
0.2 ml was withdrawn from the stock solution and
diluted up to 10 ml with double distilled water. The
resultant solution absorbance was measured at 264 nm
by using UV spectrophotometer (UV 1800, Shimadzu).
The drug content study was carried out in triplicates.25
Emulsification time

Self-emulsification properties of the prepared formulations were assessed by using USP Type II dissolution
apparatus (LABINDIA, DS 8000, Mumbai, India). 1 ml
of the formulation was added drop wise into 500 ml of
double distilled water maintained at 37 ± 0.5°C, under
mild agitation provided by the rotating paddle (50 rpm).
The time taken (seconds) by each formulation for the
formation of a clear homogenous system was noted
in triplicates. Based on the final appearance of the product the emulsified formulations were graded as per following grading system.26,27
Grade A: A clear bluish emulsion obtained within
1 min.
Grade B: Slightly clear bluish white emulsion formed
within 1 min.

In-vitro Dissolution Test

Model verification and optimization

The various responses (CQAs) obtained for all the ten
formulations were incorporated in the design to check
the model fit and for the optimization of formulation
components for the desired responses. The simple
optimization of the design was done through the
contour profilers. The contour profiler report shows a
contour profiler plot, surface plot for each response;
factor (oil/surfactant/cosurfactant) and response
settings and its controls. The inter and intra mixture
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behavior of components towards the individual responses
are presented in contour surface plots (Figure 15). The
simultaneous optimization of the formulation by
mixture design is done by desirability function approach.
The overall desirability is obtained from the individual
desirability arrived for each response. The global desirability function value ranges from 0 to 1. The prediction profiler obtained pre and post optimization are
presented in the Figure 1 and 2. As per the optimized
prediction profiler, the Optimized Formulation (OF)
was prepared and evaluated for responses (Table 8).
The experimental results obtained for the optimized
formulation were compared with the model predicted
responses.
The model validation was done through the ternary
mixture profiler. The ternary mixture profiler provides
the optimal space in the ternary diagram (Figure 3). The
different ratio of oil, surfactant and cosurfactant within
the optimal space does not affect the dependent variables (Reponses) of the SMEDDS formulation. The
confirmation experiment or Verification formulation
(VF) was conducted as per the mixture profiler (Table 8).
The experimental values obtained for VF were compared
with the predicted values. The lack of differences in the
variances of observed and predicted responses indicates
better goodness of fit.

Figure 1: Prediction profiler for multiple responses before
optimization.

Transmission Electron Microscopy

The morphological characterization of the OF-SMEDDS
formulation was carried out by High Resolution Transmission electron microscope (HR-TEM). OF-SMEDDS
was diluted with double distilled water at the ratio of
1:200 and the emulsified formulation was examined by
using HR-TEM (FEI-TECNAI G2-20 TWIN).

Table 8: Composition of VF and OF-SMEDDS.

RESULTS AND DISCUSSION
Risk assessment

The dosage form development under QbD frame
work involves evaluation of material as well as process
attributes, which has greater influence on the product
quality. Through the fish bone diagram (Figure 4) the
potential factors affecting the product CQAs were
identified. When it comes to SMEDDS preparation,
the material attributes like oil, surfactant and cosurfactant/cosolvent have major contribution towards
product responses than the process attributes, because
the method of preparation is simple. Hence in the
present work, the process attributes involved in the
SMEDDS preparation like stirring time, temperature
and type of stirring was given least preference, because
of their minimal contribution towards the prod342

Figure 2: Prediction profiler for multiple responses after
optimization.

Formulation

Capryol 90

Tween 80

Transcutol HP

Verification
formulation (VF)

0.143

0.638

0.219

Optimized
Formulation (OF)

0.141

0.631

0.228

uct variability. Hence the risk associated with process
parameters are rated as low (Table 3). The successful
development of SEDDS formulation depends on the
proper selection of excipients with their relative
proportion in the formulation.
Preformulation studies

The solubility of DRV in various excipients is presented
in the Figure 5. Amongst lipids, both Medium chain
triglycerides (Capryol90-147.99 mg/ml) and Long
chain triglycerides (Maisine CC–35.13 mg/ml) were
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Figure 3: Ternary mixture diagram depicting the design
space.

Figure 4: Ishikawa diagram depicting the causes and sub
causes affecting quality characteristics of DRV – SMEDDS.

Figure 5: Solubility report for various vehicles (Values are
expressed as mean ± SD, n=3).

selected as oil phase. Similarly, among various surfactants
and cosurfactants, high drug solubility was observed
with Tween 80(120.7467 mg/ml) and Transcutol HP
(273.07 mg/ml) respectively. It was observed that
Tween 80 in combination with Transcutol at the ratio
of 3:1 in combination with Capryol 90 shows better
results in terms of clarity as well as accommodating

Figure 6: Pseudoternary phase diagrams of SEDDS system
containing Capryol 90, Tween 80, Trancutol HP with different
Smix ratio of A) 3:1 and B) 2:1, Maisine CC with Tween 80,
Transcutol HP at Smix ratio of C) 3:1 and D) 2:1.

maximum area in phase diagram as compared to 2:1
ratio (Figure 6 A and B). The selected Tween 80
(HLB- 15) and Transcutol HP (HLB- 4.2) with high and
low HLB values will helps in the formation of stable
spontaneous emulsion with fine globule size. Whereas
in case of Maisine oil, a thick intermediate gel phase
was prominent and minimal region of thermodynamically stable microemulsion was observed in the phase
diagram (Figure 6 C and D). Among the various
combinations, Capryol 90 with Tween 80 and Transcutol
HP at the Smix ratio of 3:1 was able to give maximal
region for stable microemulsion.
Droplet size

The rate and extent of drug release from the selfemulsified system depend on the mean droplet size of
the emulsion; it further leads to better absorption of
the drug and improvement in the oral bioavailability
of drug product. From the droplet size analysis, it was
observed that, the mean droplet size for all the ten
formulations were within the range of 188.7 to 290.73 nm
(Table 9). The least droplet size and the largest droplet
size were obtained with F9 (Figure 7) and F6 respectively It was observed that, the mean droplet size and
the proportion of the surfactant and cosurfactant are
inversely proportional and vice versa. The presence of
more surfactant in the formulation decreases the droplet size by reducing the interfacial tension due to the formation of closely packed surfactant film in the interface.
Polydispersibility Index (PDI) is the dimensionless value
which ranges from 0.1 to 1 and it is used to express
the droplet size distribution. The value obtained close
to zero indicates the homogenous droplets in the
dispersion system. More the homogeneity in the
formulation better will be the physical stability. The
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Table 9: Characterization of DRV- SMEDDS, Values are expressed as mean ± SD, n=3.
Formulations

Drug release in 15
min (%)

Drug loading (mg/ml)

Emulsification time
(seconds)

Droplet size
(nm)

F1

79.91±0.27

97.44±0.84

45.67±1.15

260±6.11

F2

77.40±0.01

97±0.67

55.67±0.58

278.2±6.17

F3

86.14±0.60

98±0.33

41.33±0.58

248.53±10.63

F4

87.11±0.59

98.44±0.51

42.33±0.58

253.67±4.93

F5

88.80±0.36

98±0.33

36.67±0.57

245.1±4.2

F6

74.24±0.36

97.11±1.07

57±1.0

290.73±3.90

F7

90.64±0.35

99±0.58

36±1.0

219.9±3.48

F8

85.89±0.72

98.33±0.33

45.33±0.58

257±4.45

F9

93.68±0.95

100.11±0.51

26.33±1.53

188.7±1.04

F10

89.92±0.59

100.11±0.69

34.33±1.52

227.2±4.48

PDI values obtained for all the formulations were in
the range of 0.237 to 0.499 and indicate the formation
of uniform emulsions with good stability characteristics.
Drug loading

The drug content in all the ten formulations was found
to be in the range of 97 to 100 mg/ml (Table 9). All
the formulations shows uniform dispersion of the drug.
The formulation F9 and F10 shows highest drug content
among all the formulations, this may be due to highest
amount of surfactant and cosurfactant present in the
formulation.
Self-emulsification time

The self-emulsification report for all the ten formulation batches is presented in the Table 9. All formulations were able to emulsify spontaneously within 1 min.
Among all the formulations F2 and F6 showed bluish
white appearance and as per the grading system they
were graded as B. The bluish white appearance of the
formulation was because of presence of higher lipid
content in the formulation and the quantities of
surfactant/cosurfactant were not sufficient to emulsify
the lipid. The remaining eight formulations (F1, F3,
F4, F5, F7, F8, F9 and F10) appeared blue in colour
after emulsification and they were graded as A.
Subsequent to emulsification test all the formulations
were observed for 2 hr and showed no turbidity and
precipitation of any components of the system.
In vitro drug release

The cumulative drug release studies of all the ten were
performed and the data obtained is presented in the
Table 9. The release profile (Figure 8) indicates that all
the ten formulations release more than 74% of drug
within 15 min. Among all the ten formulation the
maximum drug release of 93.68% was observed with
F9, whereas least percentage release of 74.24 % was
344

Figure 7: Droplet size and PDI report for F9.

Figure 8: Drug release profile.

obtained with F6 formulation. The enhanced release of
DRV from the formulation is because of spontaneous
emulsification resulting in smaller droplet size and miscellar solubilization and / or enhanced contact surface
might be responsible for increase drug release from the
formulations.
Design verification and Optimization of formulation

The design evaluation was done initially by the color
map correlation. The color map obtained for the
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SMEDDs components is presented in the Figure 9.
The color map was used to estimate the effect of each
factor alone or in combination with other factors on
the required responses. The bright red areas represents
the most effective combination, whereas the deep red,
gray and blue colors are listed in descending order of
effectiveness in attaining the required responses. Thus,
the color map depicts, the design is suitable for screening
of factors in order to obtain the SMEDDS formulations, which meet all the predetermined quality
characteristics.
The data obtained from all the ten batches of SMEDDS
formulation was analyzed statistically by fitting multiple
regression models with the intercept set to zero. The
statistically significant models were determined for
% drug release in 15 min, drug loading (mg/ml), emulsification time (sec) and droplet size (nm). The adjusted
R2 and p- value obtained for all the responses is used
to evaluate the model fit. The prediction plots obtained
for all the four responses is presented in the Figure 10.
The predictive models, % drug release in 15 min
(R2=0.98 and p-0.0022), drug loading mg/ml (R2=0.83
and p-0.1066), emulsification time (sec) (R2=0.94 and
p-0.0173) and droplet size (nm) (R2=0.90 and p-0.0429)
were statistically significant. For the same model the
effect test is used to check the fixed effects in the
model. The effects test report (p- value) obtained for all
the responses is presented in the Figure 11. The actual
vs. predicted values and effects test report obtained for
the CQAs has a close numerical immediacy, representing
the validity of the model. The contour and surface
plot obtained for each response is presented in Figure 12.

Figure 10: Actual Vs predicted plots for different responses.

Figure 11: Effect test report.

Figure 12: Contour and surface plots showing the effect of
formulation components on the responses.

Figure 9: Color map correlation for the screen factors.

The shaded area in the contour plot region of the
graph represents the non-viable region of the design and
the white region provides the optimized operational
design space.
The predicted and the experimental values obtained for
the VF and OF-SMEDDS did not vary significantly
(Table 10). The % difference obtained for both VF and
OF were within 5% deviation. The droplet size, PDI and
zeta potential obtained for both VF (Figure 13 and 14)
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Difference %

Experimental value

Droplet size (nm)
Predicted value

Difference %

Experimental value

Emulsification time
(sec)
Predicted value

Difference %

Experimental value

Drug loading (mg/
ml)
Predicted value

Difference %

Experimental value

Drug release in 15
min (%)
Predicted value

Formulation

Table 10: Predicted and Experimental values obtained for VF and OF.

VF

91.02

91.96

1.03

99.30

98.94

-0.36

36.15

35.21

- 2.6

227.58

230.8

1.41

OF

91.77

92.43

0.72

99.58

98.95

- 0.632

32.99

31.5

- 4.51

215.71

222.2

3.01

Difference % = [(Experimental value – Predicted value) / (Predicted value)] x 100

Figure 13: Zeta potential report for the VF-SMEDDS.

Figure 15: Droplet size and PDI report for the OF-SMEDDS.

Figure 14: Droplet size and PDI report for the VF-SMEDDS.

Figure 16: Zeta potential report for the OF-SMEDDS.
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Figure 17: Transmission Electron Microscopy (TEM) image of
the OF-SMEDDS.

and OF (Figure 15 and 16) formulations ensure formation
of SMEEDS with good stability characteristics.
Transmission Electron Microscopy

Figure 17 depicts the TEM images of OF-SMEDDS.
The image obtained shows that the emulsified globules
were spherical and uniform in shape and size, indicative
of physical stability of microemulsion.

material attributes; CPP: Critical process parameters;
DoE: Design of experiment; DRV: Darunavir;
EVMD: Extreme vertices mixture design; HIV:
Human immunodeficiency virus; HLB: Hydrophilic
lipophilic balance; HR-TEM: High resolution transmission electron microscope; LBDDS: Lipid based
drug delivery system; LCT: Long chain triglycerides;
MCT: Medium chain triglycerides; OF: Optimized
formulation; OFAT: One factor at a time; PDI:
Polydispersibility index; QbD: Quality by design;
QTPP: Quality target product profile; REM: Risk
estimation matrix; SEDDS: Self emulsifying drug delivery system; SMEDDS: Self micro emulsifying drug
delivery system; TEM: Transmission electron microscopy; VF: Verification formulation.
REFERENCES
1.

2010;10(5):507-15.
2.

The application of QbD framework and DoE to
achieve therapeutic and formulator goals has become
the standard paradigm for formulation development
and evaluation. The application of QbD methodology
and its associated application of EVMD has resulted
in the successful formulation and characterization of
DRV in the form of SMEDDS. This lean approach to
formulation development done found to be consistent
robust and can match its pre-defined CQAs.
ACKNOWLEDGEMENT
The authors are grateful to Aurobindo Pharma Ltd,
Hyderabad, India for providing the gift sample of
Darunavir. Gattefosse, Saint-Priest Cedex, France is
gratefully acknowledged for providing the gift samples
of excipients employed during the studies and the management and Principal Krupanidhi College of Pharmacy for providing the facilities to carry out this work.

Correa JC, Arcy DM, Serra CH, Salgado HR. A Critical Review of Properties
of Darunavir and Analytical Methods for its Determination. Critical Reviews in
Analytical Chemistry. 2014;44(1):16-22.

3.

CONCLUSION

DeClercq E. Antiretroviral drugs. Current Opinion in Pharmacology.

Rittweger M, Arasteh K. Clinical pharmacokinetics of Darunavir. Clinical
Pharmacokinetics. 2007;46(9):739-56.

4.

Pouton CW. Lipid formulations for oral administration of drugs: Nonemulsifying, self- emulsifying and self-micro emulsifying drug delivery
system. European Journal of Pharmaceutical Sciences. 2000;11:93-8.

5.

Zanchetta B, Chaud MV, Santana MH. Self-emulsifying drug delivery system
(SEDDS) in pharmaceutical development. Journal Advanced Chemical
Engineering. 2015;5:1-7.

6.

Kalepu S, Manrhina M, Padavala V. Oral lipid-based drug delivery systemsan overview. Acta Pharmaceutica Sinica B. 2013;3(6):361-72.

7.

Driscoll CM. Lipid-based formulations for intestinal lymphatic delivery.
European Journal of Pharmaceutical Sciences. 2002;15(5):405-15.

8.

Huang J, Kaul G, Cai C, Chatlapalli R, Hernandez-Abad P, Ghosh K, et al.
Quality by design case study: An integrated multivariate approach to drug
product and process development. International Journal of Pharmaceutics.
2009;382(1-2):23-32.

9.

Charoo NA, Shamsher AA, Zidan AS, Rahman Z. Quality by design approach
for formulation development: A case study of dispersible tablets. International
Journal of Pharmaceutics. 2012;423(2):167-78.

10.

Rambali B, Verreck G, Baert L, Massart DL. Itraconazole formulation studies
of the melt-extrusion process with mixture design. Drug Development and
Industrial Pharmacy. 2003;29(6):641-52.

11.

Snee RD. Experimental designs for quadratic models in constrained mixture
spaces. Technometrics. 1975;17(2):149-59.

12.

Slambulchilar Z, Valizadeh H, Zakeri-Milani P. Systematic development of
DoE optimized SNEDDS of Sirolimus with enhanced intestinal absorption.
Journal of Drug Delivery Science and Technology. 2014;24(6):620-7.

13.

Zidan AS, Sammour OA, Hammad MA, Megrab NA, Habibi MJ, Khan MA.
Quality by design: Understanding the formulation variables of a cyclosporine
a self nanoemulsified drug delivery systems by Box- Benhnken design

CONFLICT OF INTEREST
The authors declare no conflict of interest.

and desirability function. International Journal of Pharmaceutics. 2007;
332(1-2):55-63.
14.

Peterson JJ. A Bayesian approach to the ICH Q8 definition of design space.
Journal of Biopharmaceutical Statistics. 2008;18(5):959-75.

ABBREVIATIONS
AIDS: Acquired immunodeficiency syndrome; BCS:
Biopharmaceutical classification system; cART:
Combination antiretroviral therapy; CMA: Critical

15.

Beg S, Sandhu PS, Batra RS, Khurana RK, Singh B. QbD-based systematic
development of novel optimized solid self-nanoemulsifying drug delivery
system(S-SNEDDS)

of Lovastatin

with

enhanced

biopharmaceutical

performance. Drug Delivery. 2015;22(6):765-84.
16.

Mohammad AS, Jadhav B, Rajender B, Raheem SA, Bashir MA, Sulthana
MA. Optimization of UV Spectrophototmetric Method for Estimation of

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 2 | Apr-Jun, 2020

347

Reddy, et al.: Development of Darunavir SMEDDS in a QbD Framework

Darunavir in Bulk drug and Tablet formulation. International Journal of

24.

Pharmaceutical Science and Technology. 2016;9(4):3345-8.
17.

DoE optimized SNEDDS of Sirolimus with enhanced intestinal absorption.

Nasr AM, Gardough AR, Ghonaim HM, Ghorab MM. Design, formulation and
in-vitro characterization of Irbesartan solid self-nanoemulsifying drug delivery

Journal of Drug Delivery Science and Technology. 2014;24(6):620-7.
25.

system (S-SNEDDS) prepared using spray drying technique. Journal of

of nevirapine. International Journal of Pharmaceutical Investigation.

Reddy MS, Rambabu B, Vijetha KA. Development and evaluation of solid

2015;5(4):205-13.

self-nano emulsifying drug delivery system of poorly soluble olmesartan
medoxomil by using adsorption on to solid carrier technique. International

26.

Journal of Pharmaceutical Sciences and Research. 2018;9(8):3398-407.
19.
20.

administration. International Journal of Pharmaceutics. 2014;476(1-2):60-9.
27.

Cleland D, Mccluskey A. An extreme vertices mixture design approach to

21.

Snee RD, Marquardt DW. Extreme vertices design for linear mixture models.

Review and Research. 2010;4(3):29-35.
28.

23.

databse-frequently-asked-questions

Snee RD. Computer-aided design of experiments-some practical experiences.
29.

Journal of Quality Technology. 1985;17(4):222-36.

Dissolution Methods Database. U.S. Food and Drug Administration Web. 2019.
site.http://www.Fda.gov/drugs/development-resources/dissolution-methods-

Technometrics. 1974;16(3):399-408.
22.

Patel MJ, Patel SS, Patel NM, Patel MM. A self-micro emulsifying drug
delivery system (SMEDDS). International Journal of Pharmaceutical Science

the optimization of 1, 2, 3-trichlorobenzene specific molecularly imprinted
polymers. Organic and Bimolecular Chemistry. 2013;11(28):4672-9.

Mahmoud DB, Shukr MH, Bendas ER. In vitro and in vivo evaluation of selfnanoemulsifying drug delivery systems of cilostazol for oral and parenteral

Goupy J, Creighton L. Introduction to design of experiments with JMP
examples. SAS Publishing. 2007.

Chintalapudi R, Murthy TE, Lakshmi KR, Manohar GG. Formulation,
optimization and evaluation of self-emulsifying drug delivery systems

Chemical and Pharmaceutical Research. 2016;8(2):159-83.
18.

Islambulchilar Z, Vailizadeh H, Zakeri-Milani P. Systematic development of

Gupta S, Sawarkar S, Ravikumar P. Solubility enhancement of poorly water-

Jeevana JB, Sreelakshmi K. Design and evaluation of self-nanoemulsifying

soluble protease inhibitor. International Journal of Pharmaceutical Science

drug delivery system of flutamide. Journal of Young Pharmacists. 2011;3(1):4-8.

and Research. 2016;7(1):252-8.

SUMMARY

PICTORIAL ABSTRACT

Darunavir loaded self-micro emulsifying drug delivery
system was developed in a QbD framework. Extreme
vertices mixture design was selected for the study.
Statistically significant correlations were obtained
for all the selected CQAs. The design validation and
optimization was done with the help of ternary
mixture profiler and prediction profiler respectively.
The experimental values obtained for the verification
and optimized batch was comparable with that of
model predicted values.
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Abstract: Purpose: Curcumin is known for its anticancer and migrastatic activity in various
cancers, including breast cancer. Newer curcumin derivatives are being explored to overcome
limitations of curcumin like low bioavailability, stability, and side effects due to its higher dose. In
this study, the synthesis of ST09, a novel curcumin derivative, and its antiproliferative, cytotoxic,
and migrastatic properties have been explored both in vitro and in vivo. Methods: After ST09
synthesis, anticancer activity was studied by performing standard cytotoxicity assays namely,
lactate dehydrogenase (LDH) release assay, 3-(4, 5-dimethylthiazol-2-yl)-2–5-diphenyletrazolium
bromide (MTT), and trypan blue exclusion assay. Annexin-FITC, cell cycle analysis using flow
cytometry, and Western blotting were performed to elucidate cell death mechanisms. The effect on
the inhibition of cell migration was studied by transwell migration assay. An EAC (Ehrlich Ascites
carcinoma) induced mouse tumor model was used to study the effect of ST09 on tumor regression.
Drug toxicity was measured using aspartate aminotransferase (AST), alanine aminotransferase
(ALT), blood urea nitrogen (BUN), and flow-cytometry based lymphocyte count. Histological
analysis was performed for assessment of any tissue injury post ST09 treatment. Results: ST09
shows an approximate 100-fold higher potency than curcumin, its parent compound, on breast
tumor cell lines MCF-7 and MDA-MB231. ST09 arrests the cell cycle in a cell type-specific manner
and induces an intrinsic apoptotic pathway both in vitro and in vivo. ST09 inhibits migration by
downregulating matrix metalloprotease 1,2 (MMP1,2) and Vimentin. In vivo, ST09 administration
led to decreased tumor volume in a mouse allograft model by boosting immunity with no
significant drug toxicity. Conclusion: ST09 exhibits antiproliferative and cytotoxic activity at
nanomolar concentrations. It induces cell death by activation of the intrinsic pathway of apoptosis
both in vitro and in vivo. It also inhibits migration and invasion. This study provides evidence that
ST09 can potentially be developed as a novel antitumor drug candidate for highly metastatic and
aggressive breast cancer.
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1. Introduction
Breast cancer is a heterogeneous and multifactorial disease. Breast cancer has been categorized
based on its distinct morphological, histopathological, clinical, immunological, molecular, and
genetic features affecting approximately 12% of women worldwide [1–3]. Current treatments
include surgery, radiation therapy, hormonal therapy, immunotherapy, and targeted therapy.
Despite all the available therapy, mortality due to breast cancer metastasis is increasing. Radiation
therapy and surgery alone are of no great help, whereas chemotherapeutic options have significant
side effects on healthy cells. Therefore, the search for more efficient, potent, and less toxic cancer
treatment strategies is still in demand in cancer research.
Breast cancer therapy depends on the molecular classification leading to better survival
outcomes [4]. This molecular classification thus provides an option to choose the right cell lines as a
model and help to improvise on the available treatments along with the development of new drugs
[5]. MCF7, T47D, and MDA-MB-231 are the most widely used cell lines in breast cancer research.
All three cell lines are derived from pleural effusion but represent different molecular subtypes of
breast cancer. MCF7 and T47D represent luminal A (ER+ve, PR+ve, and HER2-ve) type, whereas
MDA-MB-231 represents the claudin-low subtype (ER-ve, PR-ve, and HER2-ve) [1,6]. MCF7
constitutively expresses receptors for estrogen, androgen, progesterone, and glucocorticoid,
expanding its application for studying the regulation by all these hormones. T47D is ideal for the
progesterone-specific response, whereas, in the presence of estrogen, MCF7 does not respond to
progesterone [7]. MDA-MB-231 cells exhibit mesenchymal characteristics, express Vimentin, and
are highly metastatic compared to non-metastatic MCF7, T47D cells [8].
Curcumin, a polyphenolic extract of rhizome Curcuma longa, is very well known for its anticancer properties in various cancers, including breast cancer [9][10]. It is imperative to point out
that no toxicity was observed in either experimental animals or humans related to curcumin [11].
However, to overcome the limitations of low bioavailability and rapid metabolism, curcumin
derivatives are being explored [6,12]. The importance of dimers of DAPs has been documented [13].
In this study, we have synthesized 1,2-bis((3E,5E)-3,5-bis(4-chlorobenzylidene)-4-oxopiperidin-1yl)ethane-1,2-dione hemihydrate (C40H28Cl4N2O4½H2O, molecular weight 751.47), referred as ST09,
whose anticancer potential has been explored.
ST09 is a molecular hybrid from the dimer 1,2-bis((3E,5E)-3,5-dibenzylidene-4-oxo-1piperidyl)ethane-1,2-dione and is a structural isomer of the earlier reported derivative ST03 and
functional derivative of ST08 [13]. Both ST03 and ST08 were potent derivatives of curcumin that
exhibited cytotoxicity in the nanomolar range and induced cell death by activating the intrinsic
apoptotic pathway. ST08 inhibits migration by downregulating MMP1. ST09, shown in Figure 1, is
also one potent derivative of curcumin, which inhibits cell migration and is cytotoxic in the
nanomolar range.

Molecules 2020, 25, 4499

3 of 21

Figure 1. Characterization of ST09. (A) Structure of ST09; (B) mass spectrometry data of ST09; (C)
1HNMR data of ST09.

This study aims to understand the mechanism of ST09 induced cytotoxicity, cell death
pathways, and inhibition of cell migration in vitro and toxicity and tumor regression in vivo. With
minimal drug dosage and toxicity, we postulate that ST09 is a novel potential candidate for cancer
therapy.
2. Materials and Methods
2.1. Chemistry
Thin-layer chromatography was performed with silica gel plates using toluene and ethyl
acetate in a 1:1 proportion. The IR spectra were recorded in KBr using Jasco 430+ (Jasco, Tokyo,
Japan); the 1H NMR spectra were recorded in CDCl3/DMSO using the Bruker(400 MHz NMR
Spectrometer, Billerica, MA, US), and J values were reported in hertz (Hz). Mass spectra were
recorded in triple quadrupole LCMS-6410 (Agilent technologies, Santa Clara, CA, United States).
2.2. Procedure for the Synthesis of ST09
Step 1: To the suspension of 4-piperidone hydrochloride monohydrate (13.03 mmol) in acetic
acid (35 mL), 4-chlorobenzaldehyde (26.71 mmol) was added dropwise. To obtain a clear solution,
dry hydrogen chloride gas was passed through this mixture. The reaction mixture was stirred at
room temperature for 24 h and the precipitate was separated through filtration. The precipitate was
added to a mixture of a saturated aqueous potassium carbonate solution (25% w/v, 25 mL) and
acetone (25 mL) and was stirred for 0.5 h. The base obtained was washed with water (50 mL), and
dried. To obtain a pure compound as hemihydrate, recrystallization was done using 95% ethanol.
Step 2: Dropwise addition of Oxaloyl chloride (0.003 mol, 0.39 g) in 1,2 dichloroethane (DCE) (5
mL) to a stirred suspension of a 3,5-bis(4-chlorobenzylidene)piperidin-4-one (0.006 mol) in DCE (20
mL) containing triethylamine (0.006 mol, 0.61 g) at 20 °C for a period of 30 min was carried out.
After stirring at room temperature for 12 h, the solvent was removed under reduced pressure at 45
°C. Potassium carbonate (25 mL, 5% w/v) was added to the crude mass, stirred for 2 h, and the solid
obtained was then filtered, dried, and crystallized from 95% ethanol to yield the pure product.
(ST09): Yield 50%, Rf 0.63, MP. 235–237 °C, IR (λ cm −1) 3061, 2975, 2882, 1642, 1440, 1259, 1212,
1044, 990. 1H NMR (δ): 7.99 (s, 2H), 7.94 (s, 2H), 7.53–7.50 (m, 2H), 7.40–7.31 (m, 6H), 7.23–7.21 (m,
4H), 7.18–7.14 (m, 2H), 7.05–7.03 (m, 2H), 4.38 (s, 4H), 4.34 (s, 4H). MS (-ESI) m/z: 749.5 [M½H2O−2]
2.3. Chemicals and Reagents
Ponceau S (Sigma life Sciences), Phenylmethanesulfonyl chloride (PMSF), protease inhibitor
cocktail tablets (EDTA-free), Tris base, Glycine, acrylamide, and bis-acrylamide powder and all
other routine chemicals were purchased from MP biomedicals, (Santa Ana, CA, USA).
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2.4. Cell Culture
MDA-MB-231, MCF7, and T47D cells were purchased from the National Centre of Cell Culture
(NCCS), Pune, Maharashtra, India. MDA-MB-231 cells were grown in Dulbecco’s Modified Eagles
Medium (DMEM high glucose with L-glutamine; Lonza), MCF7 in Eagle’s Minimum Essential
Medium (EMEM; Lonza supplemented with non-essential amino acids (NEAA) from MP
biomedicals), and T47D in Roswell Park Memorial Institute-1640 (RPMI; Lonza) media. All media
were supplemented with heat-inactivated 10% fetal bovine serum (Gibco), 100 IU mg/mL
penicillin/streptomycin (Gibco) at 37 °C in a humidified atmosphere containing 5% CO2. Peripheral
blood mononuclear cells (PBMCs, a kind gift from SCR lab, IISc, Bangalore, India) and 293T cells
were used as normal cells. ST09 was dissolved in DMSO such that all treatments had equal
concentrations of dimethyl sulfoxide (DMSO) between 0.1–0.2%.
2.5. MTT Assay
The MTT assay was performed as described earlier [13]. Cells (5000 cells/well) were seeded in
triplicates in 96-well plates. After a 24 h incubation, cells were treated with various concentrations
of ST09. Cells were treated with MTT reagent, MP Biomedicals (5 mg/mL) at 37 °C, 5% CO2, after 24,
48, and 72 h of incubation with ST09 as described in [13]. Absorbance was recorded at 570 nm and
the results shown were collected from three different biological replicates.
2.6. LDH Assay
The LDH release assay was done as described [13]. For this assay, 5000 cells were seeded in
each well of the 96-well plate in triplicates. After 24 h incubation, cells were treated with varying
concentrations of ST09. Curcumin, the parent molecule, was used for comparing the potency with
ST09. After 24, 48, and 72 h of treatment, the absorbance of the orange-red colored formazan
product was recorded at 490 nm and data from three different biological replicates were collected
and plotted.
2.7. Trypan Blue Exclusion Assay
For the Trypan blue exclusion assay, 75,000 cells/mL cells were seeded in a 6-well culture plate
as described earlier [13]. Treatment with varying concentrations of ST09 (1 to 1000 nM) was given
after the 24 h incubation. After 48 h, collected cells were resuspended in 0.4% trypan blue (Sigma–
Aldrich St. Louis, MO, United States) and viable cells were counted using a hemocytometer. The
percentage of viable cells was calculated and plotted as described earlier [13].
2.8. Cell Cycle Analysis
A total of 75,000 cells/mL of MCF7 and MDA-MB-231 were seeded in 6-well plates and treated
with different doses of ST09 (0, 20, 40, 80, 100, and 120 nM) for 24 and 48 h. Cells were then
trypsinized using TrpLETM Express Enzyme (1X, GibcoTM), washed twice by cold 1X PBS, and fixed
in 80% cold ethanol overnight at −20 ° C as described [14]. Post fixation, cells were again washed
twice with cold PBS followed by RNase A treatment (1 mg/mL RNase in 1X PBS) for 30 min at 37
°C. After staining with propidium iodide (PI, 1 µg/mL) for 30 min at 7 °C, cells were analyzed using
a Gallios flow cytometer (Beckman Coulter, Miami, FL, USA). Data from three different biological
replicates were collected and presented as bar graphs using GraphPad Prism 5 software. Cell cycle
data were analyzed using Modfit LT free trial version 3.3 available from Verity software house.
Cells were gated to include G0/G1, S-phase, and G2/M populations.
2.9. Apoptosis Assay
MCF7 and MDA-MB-231 cells (75,000/mL) were seeded in 6-well plates and were treated with
different concentrations of ST09 (0, 20, 40, 80, 100, and 120 nM) for 48 h. Sample preparation for
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flow cytometry was performed as described earlier [13]. Ten thousand events were collected per
sample using the Gallios flow cytometer (Beckman).
2.10. JC1 Staining
Mitochondrial potential change detection was done using a JC-1 (5,50,6,60-tetrachloro1,10,3,30-tetraethylbenzimidazolcarbocyanine iodide) mitochondrial staining kit purchased from
Sigma-Aldrich. MCF7 and MDA-MB-231 cells were treated with different concentrations of ST09 (0,
20, 40, 80, 100, and 120 nM) for 24 and 48 h. Cells were trypsinized and washed twice with cold PBS
and the assay was done according to the manufacturer’s instructions. A minimum of 10,000 events
were acquired using a Gallios flow cytometer (Beckman) for each sample, and data were
represented as a dot plot.
2.11. Transwell Migration and Invasion Assay
A total of 7.5 × 104 cells were seeded in a 6-well plate and were allowed to grow for 24 h
followed by a 24 h treatment with 20 and 40 nM ST09. Permeable migration chambers were
purchased from Corning Inc. (New York City, NY, USA; 24-well insert; pore size, 8 µm) and were
coated with 75 µL of Matrigel (Corning) as described earlier [13]. Next, 5 × 104 treated cells were
suspended in 200 µL media without FBS and added into the top chamber. The cells were fixed with
4% paraformaldehyde and stained with 2% crystal violet after 5 h of migration. A cotton swab was
used to clean the cells that did not migrate to the lower compartment. Every insert was imaged at
10× magnification, for five random fields and analyzed using NIH ImageJ software. Two
independent experiments were carried out in duplicate.
2.12. Breast Adenocarcinoma Tumor Model
All the animal experiments were approved by the Institutional Animal Ethics Committee. EAC
(1 × 106 cells/animal) was injected to induce solid tumors in the left thigh region of Swiss albino
female mice. After animals had developed a tumor of size ~200 mm3 the animals were segregated
into 2 groups: control (n = 5) and ST09 treated (n = 5) as described in [15]. ST09 (10 mg/kg body
weight (bd.wt)) was administered intraperitoneally (i.p) on alternate days for 12 days. The
experiment was repeated at least three times with 5 animals in each group. Tumor size and body
weight were measured for 25 days. Tumor volume was calculated using the formula V = 0.5 × a × b2,
where V is tumor volume, and a,b are major and minor tumor diameters. Another group of animals
(n = 5) was subjected to pre-treatment of 11 doses of ST09 (10 mg/kg of body weight) before
inducing the tumor. After the 11th dose, tumors were induced as described above and the same
procedure was repeated as the control and ST09 treated group. This group was designated as the
“pre+post” treatment group. The study was approved by the “committee for the purpose of control
and supervision of experiments on animals” (CPCSEA, Government of India, Animal welfare
division, Reg.No. 1994/GO/ReBi/S/17/CPCSEA) and all experiments were performed following
institutional, national guidelines and regulations of the CPCSEA.
2.13. Drug Toxicity and Side Effect Assessment on ST09 Treatment
EAC tumor-induced mice in the treatment group were treated with ST09 for 25 days and then
were evaluated for drug toxicity. The pre+post treated animals were also evaluated for drug
toxicity. Blood samples and serum were collected from animals from all treatments. The toxicity
was assayed using standard enzymatic assays like AST, ALT, and BUN (Autospan, Span
Diagnostics, Bengaluru, India) using the manufacturer’s prescribed methodology [15]. For checking
changes in the hematological parameters, RBCs and WBCs were counted.
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2.14. Histological Analysis of Tumor Tissues
Formalin-fixed tissues (tumor, liver, kidney, and spleen) from control and ST09 treated mice
were processed as described earlier [15]. Sections were stained using Hematoxylin-Eosin (HE) and
visualized at 10× magnification using a light microscope.
2.15. Immunoblotting
A total of 75,000 cells/mL were seeded and treated with ST09 (20, 40, 60, and 80 nM) for 48 h
and the whole cell lysate was prepared as described [13]. Next, 30 µg of cell lysates was
electrophoresed on 10 to 12% of SDS-PAGE (poly acrylamide gel electrophoresis) and were
transferred to a polyvinylidene fluoride membrane (Millipore, Burlington, MA, United States).
Blocking was performed using 5% skim milk in 1× PBS and then probed with primary antibodies:
MMP2 from Biolegend, MMP1 from elabscience, Apaf, Bad, Bcl2, cytochrome c, Tubulin from
Santa-Cruz Biotechnology, CA, and Caspase 9, Caspase 3, PARP, Vimentin, Bax, and GAPDH from
Cell Signaling Technology, Beverly, MA, USA, followed by HRP-conjugated secondary anti-rabbit,
anti-mouse antibodies (Cell Signaling Technology). The blots were developed using
chemiluminescence reagent (Clarity Western ECL blotting substrate, Biorad) and the blot images
were captured by the Chemidoc-XRS Biorad gel doc system. The protein band images were
quantified using GelQuant.Net, BiochemLab solutions.
2.16. Flow Cytometry for Lymphocyte Analysis
The bone marrow of normal (n = 2) and 24 h ST09 treated animals (n = 2), were dissected and
flushed with PBS to collect the cells. These cells were then subjected to flow cytometry analysis. A
forward scatter (FSC) vs. side scatter (SSC) plot was used to analyze lymphocytes on the Gallios
flow cytometer (Beckman Coulter, Miami, FL). A minimum 10,000 events were acquired for each
sample, and data were represented as a dot plot.
2.17. Statistical Analysis
For statistical analyses, GraphPad Prism 5 software package (San Diego, CA, USA) was used.
To compare control versus treatment groups, Student’s t-test, two-way ANOVA, and Tukey’s test
were performed. Values with a p-value less than 0.05 are considered as significant and statistical
significance is represented as **** (p-value < 0.0001), *** (p-value < 0.001), ** (p-value < 0.01), * (pvalue < 0.05, ns = not significant).
3. Results
3.1. Characterization of ST09
ST09 was prepared as per the procedure mentioned, and the structure of the synthesized
compound (Figure 1A) was confirmed by IR, NMR, and mass spectrometry. In IR, the vibration of
aromatic C–H bonds was observed between 3075 and 3003 cm−1, whereas for aliphatic C–H bonds
were observed between 2946 and 2840 cm−1, and for carbonyl, C=O bonds were observed between
1666 and 1640 cm−1. In 1H NMR, ST09 showed prominent signals between δ 7.99 and 6.64 ppm for
aromatic and olefinic protons. The structure of ST09 was also ensured by mass spectrometry. The
mass spectrometry and 1H NMR characterization are shown (Figure 1B,C).
3.2. ST09 Exerts a Cytotoxic Effect on All Three Cell Lines with IC50 Values in the Nanomolar Range and
Least Cytotoxicity on Normal Cells
To assess cell proliferation and cell viability, LDH, MTT, and trypan blue exclusion assays
were performed on three breast cancer cell lines, 293T (normal kidney cell line), and PBMCs
(peripheral blood mononuclear cells). ST09 exhibited cytotoxicity in the nanomolar range on breast
cancer cells after 24, 48, and 72 h of treatment (Figure 2B,C), and IC50 values were calculated at the
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48-h time point using both the assays and are tabulated in Table 1. Among the three cancer cell
lines, the triple-negative breast cancer (TNBC) cell line MDA-MB-231 cells showed maximum
cytotoxicity (IC50 0.031 µM). In contrast, luminal cancer cell lines MCF7 and T47D exhibited an
IC50 of 0.093 and 0.138 µM, respectively, indicating that ST09, like curcumin [16], was more
sensitive towards aggressive mesenchymal MDA-MB-231 cells. ST09 exhibited cytotoxicity at
nanomolar concentration, 100-fold less than the parent compound curcumin [17] (Supplementary
Figure S1, Supplementary Table S1). Whereas minimal cytotoxicity was observed for both normal
cells, PBMCs, and 293T, at 150 and 1000 nM of ST09 treatment, respectively (Figure 2A–C).

Figure 2. ST09 induced cytotoxicity analysis. (A) Viable PBMC cell count after ST09 treatment by
trypan blue exclusion: the cells were collected and stained for trypan blue uptake after 48 h
treatment with ST09. The unstained viable cells were counted and the percentage of viable cells in
each dosage was calculated by considering vehicle control (DMSO) treated cells as 100% viable. (B)
Evaluation of cell viability after ST09 treatment by LDH assay: bar graph depicting cell viability
upon ST09 treatment on three cell lines as tested by LDH assay. (C) Evaluation of cell viability after
ST09 treatment by MTT assay: bar graph depicting cell viability upon ST09 treatment on cell lines as
tested by MTT assay. Data from three different biological replicates were collected for all
experiments and were presented as bar graphs using the Graph Pad Prism tool. Two-way ANOVA
followed by Tukey’s multiple comparison test was carried out and significance is represented as
****p-value < 0.0001, ***p-value < 0.001, **p-value < 0.01, *p-value < 0.05. ns = nonsignificant.
Table 1. IC50 (µM) values of ST09 for three breast cancer cell lines are tabulated for 48 h treatment.

Cell Line
MDA-MB-231
MCF7
T47D

IC50 (µM)
0.031
0.093
0.138

3.3. ST09 Arrests the Progression of Cell Cycle by G2/M Arrest in MCF7 and an Increase in the Sub-G1
Population in MDA-MB-231 Cells
The mechanism of ST09 antiproliferative activity and cell cycle changes were analyzed by
performing flow cytometry after 24 and 48 h of ST09 treatment. ST09 exhibited both time and dosedependent effects on cell cycle progression. As shown in Figure 3A, B, in MCF7 cells, the peak area
representing the G2/M population increased to 57.08% after 48 h ST09 treatment compared to
12.48% in untreated control cells. MDA-MB-231 cells showed a different trend of cell cycle
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disruption on ST09 exposure. The area of the peak representing the hypodiploid (apoptotic,
subG1/G0) population increased to 48.43% compared to 4.51% in untreated control cells (Figure
3C,D). These results show that ST09 induced a distinct effect on the cell cycle in a cell type-specific
manner.

Figure 3. Impact of ST09 on the cell cycle in breast cancer cells: cell cycle profile of MCF7(A), and
MDA-MB-231 cells (C) at 24 and 48 h. Quantification of the percentage of cells in each phase of the
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cell cycle MCF7 (B) and MDA-MB-231(D) cells is depicted as a bar graph of mean ± SEM at 24 and
48 h. Each experiment was done in triplicate and represented as histograms. A two-way ANOVA
test was performed, and the p-value was calculated between control and ST09 treated groups (*p <
0.05, **p < 0.005, ***p < 0.0001, ns = nonsignificant).

3.4. ST09 Induces Apoptosis in Human Breast Cancer Cells
The mode of cell death (apoptosis/necrosis) after ST09 treatment was analyzed using
annexin/FITC-PI staining followed by flow cytometry. The upper and lower right quadrants
indicate late and early apoptotic cells, respectively. It was seen that ST09 induced apoptosis in >50%
MCF7 cells at 150 nM (Figure 4A,C) and MDA-MB-231 cells at 60 nM (Figure 4B,D) of ST09 in a
dose-dependent manner. Early apoptotic cells were seen in MCF7 cells and late apoptotic cells in
MDA-MB-231. No significant necrosis was seen in any of the cells post ST09 treatment, indicating
that ST09 induced cell death via apoptosis.

Figure 4. Evaluation of ST09 induced cytotoxicity on breast cancer cells by annexin-FITC/PI double
staining: dot plot depicting MCF7(A) and MDA-MB-231 (B) cells treated with ST09 (20, 40, 60, 80,
100, 120 nM) for 48 h. Quantification of MCF7 (C) and MDA-MB-231 (D) apoptotic cells. The
experiment was repeated twice. A two-way ANOVA test was performed, and the p-value was
calculated between the control and ST09 treated groups (*p < 0.05, ***p < 0.0001).

3.5. ST09 Induced Change in the Mitochondrial Membrane Potential of Human Breast Cancer Cells
ST09 induced change in the integrity of mitochondrial membrane potential (MMP) was
assayed using JC-1. It was observed that treatment with ST09 on MCF7 and MDA-MB-231 cells led
to an increase in JC-1 green fluorescence in a dose and time-dependent manner. In MCF7 cells, the
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cell population exhibiting JC-1 green fluorescence increased gradually from 9.13% at 80 nM to
22.48% at 120 nM after 24 h ST09 treatment and from 25.01% at 80 nM to 63.32% 120 nM after 48 h
ST09 treatment (Figure 5A,B). Similarly, for MDA-MB-231 cells, after 24 h ST09 treatment there was
a gradual increase from 12.2% at 40 nM to 34.3% at 80 nM and from 32.95% at 40 nM to 72.6% at 80
nM after 48 h of ST09 treatment (Figure 5C,D). From the above experiments, it can be inferred that
ST09 induces cell death by altering MMP and inducing the intrinsic apoptotic pathway.

Figure 5. Evaluation of the mitochondrial membrane potential (MMP) changes induced by ST09 in
breast cancer cells on JC-1 staining: dot plot depicting 24 and 48 h treated MCF7 (A) and MDA-MB-
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231 (C) cells by ST09 subjected to JC-1 staining. Quantification of high and low MMP is depicted as a
bar graph after 24 and 48 h treatment of ST09 on MCF7 (B) and MDA-MB-231(D) cells. Every
experiment was repeated three times and represented as histograms. A two-way ANOVA test was
performed, and the p-value was calculated between the control and ST09 treated groups (**p < 0.005,
***p < 0.0001).

3.6. ST09 Induced Intrinsic Pathway of Apoptosis in Human Breast Cancer Cells
After observing the apoptotic population and increase in JC-1 green population,
immunoblotting was performed to understand the molecular mechanism of apoptosis following
ST09 treatment on MCF7 and MDA-MB-231 cells. Activation of apoptotic markers by intrinsic
pathways such as cleaved caspase 9, cleaved caspase 3, and cleaved PARP1 was observed (Figure
6A, C). The components of the apoptosome (Apaf + cytochrome C) were upregulated in both the
cells on ST09 treatment (Figure 6A,C). Interestingly, Bax and Bad were upregulated, and Bcl2 was
downregulated in MDA-MB-231 cells (Figure 6A,B). ST09 induced the mitochondrial pathway of
apoptosis by activating pro-apoptotic proteins and inhibiting antiapoptotic proteins.
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Figure 6. Assessment of apoptotic proteins in breast cancer cells treated with ST09. Western blot
analysis of apoptotic markers in MDA-MB-231 (A,B) and MCF7 (C,D) cell lysates treated with
different concentrations of ST09 (0, 20, 40, 80 nM) for 48 h. Each experiment was done in duplicate
and a representative image is shown for each marker. Quantification was done for each marker and
is represented as a bar graph of mean +/− SEM. A one-sample t-test and one-way ANOVA test were
performed and the p-value was calculated between control and ST09 treated groups (*: p-value <
0.05, **: p-value < 0.005).

3.7. ST09 Inhibited Migration as Assayed by the Transwell Migration Assay
ST09 impact on cell migration was assayed using the Matrigel cell migration assay. MDA-MB231 cells that exhibit mesenchymal cell morphology [18] treated with 20 and 40 nM ST09 for 24 h
and untreated were added to migration chambers coated with Matrigel and allowed to migrate
towards the chemoattractant. The migration ability was reduced ~five-fold in treated cells
compared to untreated control cells (Figure 7A,B). To dissect the molecular mechanism of inhibition
of cell migration by ST09, we examined MMP1, MMP2, and Vimentin expression levels. It is known
that MMP1 [19][13], MMP2 [20,21], and Vimentin [22,23] have a significant role to play in migration
and invasion. It was seen that ST09 significantly inhibited MMP1, MMP2, and Vimentin expression
in MDA-MB-231 metastatic cells (Figure 7C). ST09 inhibited matrix metalloproteases and decreased
Vimentin levels to block the migration of the cells.
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Figure 7. Effect of ST09 on cell migration: (A) ST09 treated MDA-MB-231 cells in vitro subjected to
migration on Matrigel. (B) Quantification of migrated cells is represented as a scatter plot. (C) An
immunoblot of MMP1, MMP2, and Vimentin proteins was performed from MDA-MB-231 cell lysate
treated with the ST09 compound for 48 h. Quantification was done for each protein and is
represented as a bar graph of mean +/− SEM. Every experiment was performed twice, and a twoway ANOVA test was used to calculate the significance between control and ST09 treated groups.
Significance for immunoblots was calculated using a t-test and one-way ANOVA to calculate pvalue between control and ST09 treated samples. (*p < 0.05, ***p < 0.0001).
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3.8. ST09 Induces Tumor Regression in an EAC Induced Allograft Tumor Mouse Model
The tumor was developed in the left thigh region of Swiss albino mice by injecting EAC cells.
Once all the mice had developed a tumor of ~200 mm3, they were segregated into two groups and
one group of pre+post-treated animals in such a way that all the groups had animals with a similar
range of body weight and tumor load. Thirteen doses of ST09 (10 mg/kg body weight) were
administered every alternate day for 25 days, and the rate of tumor growth was monitored. Both
ST09 pre+post and post-treatment resulted in significant tumor volume reduction compared to the
control group (Figure 8A). ST09 pre+post treatment had the most significant tumor volume
reduction. An anatomically similar trend was observed for tumors in both control and ST09
pre+post and post-treated groups (Figure 8A,B). An increase in the spleen size was observed in
tumor control animals compared to ST09 pre+post and post-treated animals. The toxicity induced
by ST09 treatment was examined by recording the body weight throughout the experiment time
frame. The weights of the experimental animals at the end of the experiment period were plotted as
a bar graph (Figure 8C) to investigate toxicity related weight loss, if any. There was no notable
weight reduction due to the treatments in animals during the period.

A

D

B

C
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Figure 8. Evaluation of tumor reduction and organ toxicity in vivo induced by ST09: EAC cells (1 ×
106 cells/ animal) were injected to induce solid tumors. After the 7th day of injection, i.p injection
with ST09 (10 mg/kg b.wt) was started every alternate day throughout the experiment period. For
the pre+post treatment experiment, animals were pre-treated with 11 doses of ST09 (10 mg/kg b.wt),
the tumor was induced, and the treatment was continued. (A) The gross appearance of a. control, b.
ST09 post-treatment, c. ST09 pre+post treatment, d. normal mice e. control tumor, f. ST09 posttreatment tumor, g. ST09 pre+post treatment tumor, h. normal thigh, i. Control spleen, j. ST09 posttreatment spleen, k. ST09 pre+post treatment spleen, l. normal spleen. (B) Tumor volume after ST09
pre+post and post-treatments. (C) Bodyweight of animals at the end of the study. (D)
Histopathological analysis of tumor and organs after ST09 treatment. At the end of the study, tumor
tissue and organs were collected and used for histological analysis. Representative images of H&E
stained sections of a. control tumor, e. ST09 post-treatment tumor b. control kidney, f. posttreatment kidney, c. control liver, g. ST09 post-treatment liver d. control spleen, h. ST09 posttreatment spleen. (E) Blood ALT, AST, and urease test results were plotted as a bar graph. Blood
was collected at the end of the study. (F) WBC and RBC counts of experimental animals plotted as a
bar graph. (G) Flow cytometry analysis of bone marrow cells showing forward scatter vs. side
scatter plot. Lymphocytes were gated and analyzed. Quantification of lymphocyte response is
plotted as a bar graph post ST09 treatment. Each experiment was repeated twice and represented as
histograms.

3.9. ST09 Did Not Induce Observable Histopathological Changes
The liver, spleen, and kidney sections were checked for any visible changes in the morphology
due to ST09 treatment. The tumor tissue and organs were dissected out at the end of the
experimental period (25th day) and examined by H&E staining. The H&E stained tumor tissues
demonstrated densely stained and packed nuclei in the untreated control tissue section, which
shows a high amount of proliferating cells compared to the treated section. ST09 treated tumor
tissues showed a reduction in proliferating cells along with fragmented nuclei indicating apoptosis.
Similarly, kidney and spleen tissues were also checked for changes in cellular morphology by H&E
staining (Figure 8D). No significant change in the morphology and integrity of cells was observed
in any of the tissues. Hence our study shows that ST09 did not exert any significant adverse effect
on organs and tissues.
3.10. ST09 Does Not Induce Any Toxicity and Does Not Have Any Side Effects
The effect of ST09 treatment on physiological parameters was tested by collecting blood
samples of the tumor-bearing control, pre+post, and post-treated mice at the end of the experiment.
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We performed hematological, liver, and kidney functional assays to study the side effects on them.
Serum was collected from all three groups of animals after 25 days of ST09 treatment and assessed
for ALT, AST, and BUN. As shown in Figure 8E, the serum AST, ALT, and BUN levels were within
the normal range in both the treatment groups (AST < 100 U/L and ALT < 60 U/L). No change in
RBC count was observed between control and ST09 post-treatment (Figure 8F), but a slight decrease
was observed in pre-treated animals. Interestingly, we noticed an increase in the number of WBCs
in the ST09 post-treated groups compared to the control group (Figure 8F), which shows the
immune activation property of the ST09 compound. Flow cytometry analysis of bone marrow
showed a rise in lymphocytes for ST09 treated animals (Figure 8G).
3.11. ST09 Induces an Intrinsic Apoptotic Pathway In Vivo
The mechanism of tumor reduction in experimental animals was investigated by Western blot
and immunohistochemistry. PCNA is a marker of proliferating cells. IHC with PCNA on control
and treated tumors showed a large number of proliferating cells in control tumors compared to
treated tumors (Figure 9A). Immunoblotting was done on protein extracted from ST09 and control
tumor tissues. We observed a significant upregulation of pro-apoptotic proteins in the treated
samples (Figure 9B,C). Proteins such as Bax, Apaf-1, and procaspase 9 were found to be
upregulated. Upregulated PARP and its cleaved product were also detected in ST09 treated tumor
tissue samples. A decrease in BCL2 expression was also observed. These results suggest that ST09
treatment led to a tilt in the balance of pro-apoptotic proteins to apoptotic proteins, which led to a
reduction in tumor growth.

Figure 9. Immunohistochemistry and Western blot analysis post ST09 treatment in vivo. (A) PCNA
stained control tumor(a) and treated tumor(b). (B,C) Western blot and quantification of pro and
anti-apoptotic protein markers. A one-sample t-test and one-way ANOVA test was performed, and
the p-value was calculated between control and ST09 treated groups.
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4. Discussion
In this study, the antiproliferative, migrastatic, and cytotoxic effect of ST09 in breast cancer
cells and allograft mouse tumor models was investigated. ST09 treatment decreased the cell
viability of breast cancer cells in both a dose and time-dependent manner while exhibiting the least
toxicity towards normal cells. ST09 induced cell cycle arrest in epithelial MCF7 cells, whereas it
induced sub-G1 hypodiploid population accumulation in TNBC MDA-MB-231 cells. Also, it
activated an intrinsic apoptotic pathway both in vitro and in vivo. Interestingly, ST09 inhibited
migration and invasion in most aggressive MDA-MB-231 cells by downregulating classical EMT
markers like Vimentin, MMP1, and MMP2. Additionally, ST09 reduced tumor burden with no
apparent toxicity and histological injury. Besides, a possible boost in immune response was
observed in ST09 treated animals.
The development of breast cancer is a multistep process and is associated with disease relapse
and drug resistance. Moreover, TNBC possesses a severe clinical challenge. TNBC does not have
receptors for estrogen, progesterone, or human epidermal growth factor receptor 2 (HER2), which
makes them unresponsive to endocrine treatment and other targeted therapies. TNBC has an
aggressive clinical phenotype with a high metastatic rate and poor long-term prognosis [24]. Thus,
the only viable treatment option that remains for TNBC is effective chemotherapy. Thus, novel
drugs with minimal toxicity, higher potency, lesser side effects, and more bioavailability are needed
to treat cancer. Plant-based therapeutics are thus being explored; phenolic extracts being one such
class. Curcumin, proposed as an anticancer drug in 1985 [25], is one such example that has a broad
spectrum of anticancer activity on several cancer types. Curcumin is also known to sensitize cancer
cells to anticancer drugs [26,27]. However, due to several limitations like low water solubility, low
cellular uptake, low bioavailability, low chemical stability, low absorption, and rapid metabolism;
curcumin derivatives with structural modifications have been explored [28–30]. One such widely
explored class is diarylidenylpiperidones (DAPs). DAPs share structural similarity with curcumin
but have better bio-absorption with enhanced metabolic stability and bioavailability within the
tissues compared to curcumin [30].
ST09, a structural isomer of ST03 and a functional isomer of ST08, was reported earlier [31].
However, they found that the response of the drug towards breast cancer cells was refractory. Also,
the method of synthesis of the drug was different from what we have reported. In this study, ST09
has been synthesized from 2-bis ((3E,5E)-3,5- dibenzylidene-4-oxo-1- piperidyl)ethane -1,2-dione, by
adding Cl-, a robust electron-withdrawing group, to the backbone. Previous studies have reported
that the addition of electron-withdrawing groups in aromatic rings enhances the compound’s
cytotoxic potential [32]. Like ST09, 3,5-Bis(2-chlorobenzylidene)-4-piperidone,3,5-Bis(4chlorobenzylidene)-4-piperidone has enhanced antiproliferative potential, which can be attributed
to ortho and para- substitution with Cl- [32].
ST09 induced a dose and time-dependent antiproliferative activity on three breast cancer cell
lines with distinct molecular signatures [1]. ST09 exhibited differential cytotoxicity among two cell
lines, just like curcumin [33], and showed increased sensitivity to MDA-MB-231 compared to
MCF7, which suggests drug selectivity towards metastatic mesenchymal cells than luminal
epithelial cells. A similar difference was observed in the cell cycle. MCF7 (epithelial cell) showed
G2/M cell cycle arrest, whereas the sub-G1 population accumulation was observed for MDA-MB231 (mesenchymal cells). Thus, ST09 induced cell cycle arrest leading to cell death in MCF7. In
MDA-MB231, cell death was not associated with cell cycle arrest.
To understand the selectivity of ST09 towards cancer cells versus normal cells, PBMCs, and
293T cells were assayed along with breast cancer cells. Interestingly, ST09 is at least three times
more cytotoxic towards cancer cells compared to normal cells (293T, PBMCs). ST09 showed the
highest IC50 value of 138 nM towards T47D cells, whereas it was non-toxic at 150 nM on PBMCs
and 1000 nM on 293T cells. Similarly, curcumin derivative (4c) showed the least toxicity in
nonmalignant tissues, namely breast epithelial cells (MCF10A) and foreskin fibroblasts (Hs-27) [31].
This highlights the fact that ST09, like ST03 and ST08 [13], is selective and least cytotoxic on normal
cells.
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The modality by which the cell dies, whether necrosis or apoptosis, is critical for the outcome
of cell death at the organismal level. Apoptosis, an immunogenic programmed cell death,
eliminates unhealthy, unwanted cells and maintains surrounding tissue [34,35]. In cancer, evasion
of cell death is one of the major mechanisms for abnormal cells to transform themselves into a
malignant one [36]. Thus, drugs that can induce apoptosis, specifically in malignant and metastatic
cells, would be the best cancer treatment candidates. Curcumin derivatives like EF24 and RL71 at a
concentration of >2 µM and ST08 at a concentration of ~50 nM are known to induce an apoptotic
response in human MDA-MB-231 cells [13,37,38]. ST09 exhibited significant antiproliferative
activity and cytotoxicity towards MDA-MB-231 metastatic cells. ST09 induces apoptosis rather than
necrosis at a ten-fold lower concentration than EF24, a potent curcumin derivative. ST09 mediated
apoptosis by altering the mitochondrial membrane potential of breast cancer cells. Upregulation of
pro-apoptotic proteins like cleaved caspase 3, cleaved caspase 9, PARP1, Apaf1, Bax, Bad,
cytochrome-c, and downregulation of antiapoptotic protein-like Bcl2 suggests the involvement of
the intrinsic apoptotic pathway. ST09, like ST03 and ST08, thus displayed its mode of action like
curcumin, independent of the receptor status of the cell [33].
EMT (epithelial to mesenchymal transition) is a complicated cellular program and has been
categorized into three types: type one is involved in embryogenesis, gastrulation, and neural crest
formation; type two is required for tissue regeneration and wound healing; type three is associated
with malignancy, invasion, and metastasis [36,39]. Unbalanced EMT pathways are the primary
cause of metastasis, which is observed mainly in triple-negative breast cancer and makes it
aggressive. Therefore, there is a need to identify drugs that can target molecules in the EMT
pathway. Thus, we further explored the potential of ST09 to inhibit cell migration by performing a
transwell migration assay. An approximate five-fold reduction in migration was observed after
ST09 treatment suggesting its strong potential to inhibit migration and invasion. The classical and
key players of metastasis, like MMP1, MMP2, and Vimentin were significantly downregulated
upon ST09 treatment. This characteristic of ST09 is similar to curcumin, the parent compound, and
another derivative, ST08, reported from our lab [13]. Curcumin regulates various key molecules like
fibronectin, E-cadherin, Vimentin, Slug, Axl, Twist1, MMP1, and MMP2 in EMT in MDA-MB-231
cells and exhibits its migrastatic potential [40–42]. Thus, putting together ST09 at 100X lower
concentration and better bioavailability is a potent drug candidate for metastatic, aggressive cancer
therapeutics.
ST09 dosages of 10 mg/kg (13 doses) were sufficient to inhibit tumor growth in the tumor
allograft tested. The tumor regression was significantly higher in pre+post treated animals than
post-treatment alone. The enhanced effect might be due to the activation of immune response on
drug treatment, as evidenced by an increased lymphocyte count [43]. Whereas curcumin is reported
to exhibit its antitumor activity in vivo at 800 mg/kg of body weight, and when encapsulated with
dendrosome, the effective dosage reduced to 40 mg/kg of body weight [44,45]. Another curcumin
derivative, ST06 silver nanoparticles, reported from our lab, exhibited excellent potency at the
lowest dosage of 5 mg/kg of body weight [15]. Put together, ST09 at lower dosage has a better
impact on tumor reduction compared to curcumin. Also, lower concentrations of the drug might
reduce off-target events [46]. ST09 induced minimal organ toxicity and side effects, partially due to
the lower dosage. H&E staining showed densely stained and packed nuclei in the untreated control
tissue section as compared to the treated tissue section, which indicates proliferating cells were
mainly targeted by ST09. Interestingly, intrinsic apoptotic pathway markers like Apaf1, Bax, and
procaspase 9 were upregulated in treated tumor samples compared to untreated control tumor
tissue. Our results show that ST09 treatment induces cytotoxicity through the intrinsic pathway of
apoptosis and reduces tumor growth in EAC injected tumor mouse models without adverse effects.
Thus, ST09 can be considered and developed as a novel chemo-preventive and anticancer agent.
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5. Conclusions
For the first time, we report the antiproliferative and cytotoxic mechanisms of action of a novel
curcumin derivative ST09 in human breast cancer cells. ST09 is ~100× more potent than curcumin. It
induces the intrinsic pathway of apoptosis and inhibits cell migration in vitro and in vivo. This
study documents potency of ST09 against highly metastatic, recurrent, and invasive breast cancer
and its potential to be developed as cancer therapeutics.
Supplementary Materials: The following are available online: Figure S1: Evaluation of cell viability after
Curcumin treatment by LDH Assay, Table S1: Structure of Curcumin and IC50 values for the breast cancer
cells are tabulated for 48h treatment
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ABSTRACT
Aim: The current work contemplates formulation of spherical agglomerates of Etoricoxib,
with a view to improve the flow properties, solubility and dissolution rate. Materials and
Methods: Spherical agglomerates of etoricoxib were produced employing quasi emulsion
solvent diffusion method using hydrophilic polymers like PVP K30 and PEG 6000. IR
spectroscopy and Scanning Electron Microscopy along with physicochemical evaluations
were used to characterize the agglomerates. Results: The optical microscopic studies
indicated that the agglomerates were spherical in shape and varied in size from 1203.9
± 126μm to 1297.2 ±164.2μm. The technique was found to enhance the aqueous
solubility of the drug from 1.45 μg/ml to 8.26±0.05 μg/ml and the dissolution in 60
min from 39.57% to 82.88%. Etoricoxib tablets prepared using spherical agglomerates
with PVP K30 and PEG 6000 displayed dissolution of 82.88% and 76.89% respectively
that were considerably higher than conventional etoricoxib tablets. Conclusion: From the
dissolution profile and % cumulative release from formulations it was concluded that
Spherical Agglomeration technique substantially improves the flow properties, aqueous
solubility and rate of dissolution of etoricoxib.
Key words: Etoricoxib, Spherical, Agglomerates, Directly compressible, Flow properties,
Rate of dissolution.

INTRODUCTION
Direct compression is a simple and
economical technique for tableting which
has fewer steps and suited for drugs prone
to be affected by heat or moisture.1 However,
owing to deficient binding or bonding
properties, many drugs are not able to be
directly compressed.2 Hence, it becomes
necessary to include large amounts of
directly compressible excipients that
invariably
increase
the
production
cost. To overcome this limitation, an
attractive avenue is modification of
physicochemical properties of the drug by
different particle engineering strategies.3
One such technique gaining popularity
is Spherical Agglomeration (SA) that
employs comparatively fewer steps in
tableting process. SA involves simultaneous
crystallization and agglomeration to

obtain a compact spherical material that
leads to improved flow ability as well as
compressibility and thereby proves cost
effective.4
Spherical
crystallization
technique
necessitates the use of three solvent systems
in the form of a dispersion medium,
solvent for dissolution of the substance
and the wetting or bridging solvent.5 The
technique produces spherical agglomerates
(SAs) that can be employed as intact
spheres or directly compressible material
with adequate micrometric, compressional
and dissolution properties. Spherical
agglomeration may be used as a technique
for particle size enlargement by adding an
immiscible bridging liquid to agglomerate
crystals prior to deliquoring.6 Addition of
bridging liquid to drug solutions results in
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immediate agglomeration. Improved flow ability and
compressibility can be achieved by adjusting the amount
of bridging liquid and the stirring speed.7,8 The SAs can
be used as final dosage form in capsules. It is possible
to change the proportion of excipients used in the SA
to obtain predictable drug release. The SAs having
different drug release properties can be color coded too.
It is possible to formulate the SAs of only excipients,
which can be used as placebo therapy.
Etoricoxib (ETX) is a NSAID belonging to second
generation cyclooxygenase-2 (COX-2) inhibitor that is
prescribed as an analgesic and anti-inflammatory drug
for arthritic ailments like rheumatoid arthritis. A number
of specialized formulations of etoricixib for injectable
and transdermal administration have been developed
for treatment and management of musculoskeletal
disorders. Bio-adhesive hybridized polylactic acid-based
nanoparticles of the drug have been proposed for intraarterial administration in the treatment of osteoarthritis.9
Poly (caprolactone) micro particles loaded composite
chitosan gel has been developed for intrarticular depot
delivery for treatment of osteoarthritic condition.10 An
ethosomal formulation of the drug is proposed for
management of skin inflammation.11 However, peroral
route continues to be the most preferred mode of
administration for etoricoxib. But, the major problem
associated with the drug is its poor aqueous solubility
resulting in low dissolution rate. The drug is also
known to possess poor micrometric property as well.
Considering these drawbacks, the present study aimed
to produce SAs of etoricoxib to enhance solubility,
micrometrics and rate of dissolution.

Drug-Excipients interaction

Infrared (FTIR) spectroscopy

FTIR scanning was employed to detect presence of
any chemical interaction of the drug with formulation
excipients. The powdered sample and dry powdered
potassium bromide were mixed thoroughly. The resulting
mixture was loaded in a diffuse reflectance sampler and
scanned over the wavelength range of 4000-400 cm-1
in an FTIR spectrophotometer (Jasco 460 plus, Japan).
The IR spectrum of the physical mixture and SAs
were compared with the spectra of ETX to detect any
possible interaction between ETX and excipients used.
Preparation of agglomerates by Quasi Emulsion
Solvent Diffusion (QESD) Method

A solution of ETX (1g) was prepared in ethanol (5ml)
used as a good solvent. About 1ml of chloroform was
added as a bridging solvent to the solution of drug in
ethanol to obtain a clear solution, which was then added
drop wise into aqueous solution (75ml) of polymer.13
The type and amount of polymer in the aqueous
phase was varied as indicated in Table 1. The mixture
produced was stirred at 1000 rpm at constant rate for 30
min. The resulting SAs were then recovered by filtration
and subjected to drying at room temperature.
Characterization and evaluation of agglomerates
Scanning Electron Microscopy (SEM)

MATERIALS AND METHODS
Etoricoxib was a gift sample from Indian Fine Chemicals
Private Limited, Mumbai, India. PVP K30 polymer was
procured from Colorcon Private Limited, Verna, Goa,
India. All other chemicals and solvents of analytical
grade were procured from Sd Fine Chemicals, Mumbai,
India.
Preformulation and solubility studies

Flow properties of etoricoxib was determined by
measuring the angle of repose by fixed funnel method.
Properties like Bulk density, Tapped density, Hausner’s
ratio, Carr’s index were also measured.12
Solubility studies of etoricoxib were done according
to method described by Higuchi and Connors. An
excess quantity of drug was taken in vials containing
10 ml of media. The vials were shaken in water bath
(100 strokes per min) for 24 hr at room temperature.
984

The solutions were then filtered using Whatman filter
paper and the solubility of the drugs were analyzed
spectrophotometric ally after suitable dilutions. The
solubility of the drug was determined in distilled water,
pH 1.2 buffer solution.

SEM was employed to examine the surface topography
and morphology of prepared SAs.14 To enhance the
conductivity, an ion sputtering device (JEOL, JFC-1100
E, Japan) was used for 5 min under reduced pressure
(0.001 torr) to coat gold (200ºA) on the samples, which
were then subjected to SEM (JEOL, JSM-840A, Japan).
Estimation of drug content

Powdered SAs containing 50 mg ETX was weighed and
solubilized in buffer (pH 1.2). Subsequently, the solutions
were filtered (0.45µm, Millipore) and suitably diluted to
Table 1: Formulation composition of various batches
of agglomerates.
Agglomerate Ingredients

SA1

SA2

SA3

SA4

SA5

SA6

Etoricoxib (g)

1

1

1

1

1

1

PVP K30 (g)

1

2

3

-

-

-

PEG 6000 (g)

-

-

-

1

2

3
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determine the drug content with UV spectrophotometer
at 233 nm (Jasco UV spectrophotometer) using buffer
(pH 1.2) as blank. From the absorbance, drug content of
the SAs was calculated using equation 1.
Drug content (%) =

Calculated amout of
drug in agglomerates
Theoreticalamountof
drug in agglomerates

x 100

-------(1)

Determination of angle of repose

Fixed funnel method was adopted, wherein at a constant
height of 2.5 cm above a horizontal surface, a funnel was
secured through which the SAs were carefully allowed
to pass until the tipof the cone-shaped assemblage just
came in contact with the lower funnel tip.12 Measuring
the height and diameter of the assemblage enabled the
calculation ofthe angle of repose using equation 6.

Determination of Micromeritic Properties

Determination of Tapped Density was undertaken
by transferring SAs (20g) into a 50 ml measuring
cylinder. Using a bulk density apparatus (M/s Cambell
Electronics, India), the cylinder was tapped to a constant
volume at 100 strokes/min.12 Likewise, bulk density was
found out by loading same amount of granules into
the measuring cylinder and tapping it three times in the
same apparatus at the same speed. The final volumes
were noted down in each case and using equations 2 and
3, the tapped density and bulk density were calculated
respectively. The Carr Compressibility Index and
Hausner ratio of SAs was computed from the values of
the tapped density and bulk density using equations 4
and 5 respectively.

Where r and H represent the radius and height of the
cone-shaped assemblage.
Determination of mean particle size

Optical microscopy was employed to determine the
particle size of the prepared SAs.15 The mean projected
diameter of 400 SAs from each batch was measured
with an eye piece micrometer that was calibrated with
a stage micrometer at suitable magnification before the
measurement of particle size.
Solubility Studies

Solubility studies of ETXand SAs were conducted as
per method described by Higuchi and Connors. Drug in
excess was taken in vials having 10 ml of distilled water.
The vials shook on a water bath (100 strokes per min) at
room temperature for a period of 24 hr. The resulting
dispersions were subsequently filtered using Whatmann
filter paper and the solubility of the drugs was analyzed
spectrophotometrically after suitable dilutions.16,17
Preparation of the tablets by direct compression

The SAs were made to pass through a sieve to crush the
lumps and 1 % w/w each of talc and magnesium stearate
was added for lubrication (Table 2). The resultant SAs
were subjected to compressioninto tablets using an
8.5 mm flat punch in a rotary 10 station compression
machine. (RIMEK MINIPRESS) using a ‘B’ tooling to
a hardness of about 5-6 kg/cm2.
Table 2: Composition of tablet formulations.
Formulation

F1

F2

F3

F4

F5

F6

Agglomerates*

120mg

180mg

240mg

120mg

180mg

240mg

Talc

1%

1%

1%

1%

1%

1%

Magnesium
Stearate

1%

1%

1%

1%

1%

1%

*The Tablets F1, F2, F3, F4, F5 and F6 contained agglomerates SA1, SA2, SA3, SA4, SA5 and SA6
respectively.
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Evaluation of tablets
Thickness

The thickness of each of ten tablets randomly selected
was measured by digital Vernier caliper. Digital caliper
(Mitutoyo Corporation, Kawasaki, Japan) was used
to record the values in mm. The mean and standard
deviation of the thickness were calculated.18
Hardness

In order to determine the hardness using a Stokes
Monsato hardness tester (M/s Cambell Electronics,
India), from each batch of tablets, ten tablets were
randomly selected. The hardness of each tablet was
measured and expressed as kg/cm2. The arithmetical
mean and standard deviation were computed.18
Friability

A USP friabilator was used to determine the friability
of tablets of each batch. About twentyweighed tablets
from each batch were placed inside the friabilator that
was operated for 4 min at 25 rpm.18 Then the weight of
the tablets was again determined. Equation 7 was used
to calculate the friability.

Weight variation test

The weight variation was determined as per the
procedure prescribed in Indian pharmacopeia (IP).
From each batch, 20 tablets selected randomly were
individually weighed to compute the average weight and
its standard deviation. If the deviation of the weights
of 2 or less than two individual tablets from the average
weight exceeds the permissible limit and none deviate
by more than twice the limit then the batch is assumed
to have passed the test. The maximum permissible limit
is 7.5% for tablets weighing between 130 to 324 mg.18
In vitro disintegration time

As specified in IP, disintegration test apparatus was used
to determine the disintegration time of all formulations.
Six tablets were separately placed in each tube of
disintegration test apparatus and the discs positioned.
The temperature of water was controlled at 37 ±2°C and
the time taken for the tablet to disintegrate completely
was recorded.19
In vitro dissolution study

Each batch of tablets was subjected to dissolution
study in a USP paddle apparatus. About 900 ml of
986

HCl (pH1.2) used as the media was maintained at
37 ± 0.5°C and a paddle stirring speed of 50 rpm.
Samplesmeasuring 5ml was withdrawn at a 10, 20,
30, 40, 50 and 60 min. and replaced every time with
5ml of the fresh buffer maintained at 37 ± 0.5°C. A
spectrophotometer at 233 nm wavelength was used
to measure the absorbance of the withdrawn samples
to determine the drug release.20 The cumulative drug
released was plotted on Y axis versus time on X axis to
obtain the dissolution profiles.
Statistical Analysis

The raw data generated were statistically compared
by performing ANOVA in GraphPad 5.0 Instat demo
version software (GraphPad Inc. CA, USA). The
probability value of less than 0.05 was considered to
be significant.
RESULTS AND DISCUSSION
Preformulation and solubility studies

When subjected to preformulation studies, ETX
displayed a Hausner’s ratio of 1.50 and Carr’s index
of 33.6% with an angle of repose of 30°. From these
values it can be inferred that the drug has very poor flow
properties. Poor flow properties can pose a problem in
direct compression.12 Solubility studies of ETX revealed
an aqueous solubility of 1.45±0.07µg/ml, whereas
solubility in pH 1.2 HCl buffer was 18.5±0.11µg/ml.
This indicated that the drug has low solubility in water
but is more easily soluble in pH 1.2 HCl buffer.
Infrared (FTIR) spectroscopy

The FTIR spectrum study revealed three prominent
peaks at 2862.81 cm-1, 3462.56 cm-1 and 1429.96 cm-1
which may be assigned to C-H stretch present in
aliphatic group (Alkane), N-H group and C-C stretch
respectively.
These prominent peaks of the ETX were also apparent
in spectrum of the physical mixture at 2860.51
cm-1, 3460.26cm-1 and 1425.76 cm-1. Likewise, the
characteristic peaks of ETX were observed at 2858.21
cm-1, 3450.12 cm-1 and 1424.46 cm-1 in the spectra of
the formulations. The appearance of drug characteristic
peaks in the spectra of physical mixture as well as
formulation indicates ETX had maintained its chemical
integrity in the physical mixture and in the formulation.
The studies thus rule out possibility of any drug-excipient
interactions and therefore the potential incompatibility
of the drug with other excipients used. IR has been used
as a useful tool to study the possible incompatibility
issues between drug and various excipients.13
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Preparation of agglomerates by Quasi Emulsion
Solvent Diffusion (QESD) Method

In the preparation of SAs of ETX, it was noted that
the solvent system greatly influences the process of
formation of SAs and their properties. Hence an
important step in the formation of SAs was the selection
of suitable solvent system. In the initial trials chloroform,
dichloromethane, methanol, acetone-ethanol was used
to prepare SAs, which performed the dual role of
good solvent and bridging liquid. However, the SAs
formed were irregularly shaped and some formulations
appeared as opaque solutions. Hence in further trials,
the above solvents were replaced with ethanol which
proved a good solvent and chloroform which played
the role of bridging liquid. With this solvent system, the
SAs formed were discrete, free flowing and spherical
with good micrometric properties.
After selecting a suitable solvent system, the next step
was to optimize the process parameters. The SAs were
prepared using different processing temperatures
ranging from 5°C to 25°C. At 5°C, sticky fragments were
formed. On the other hand, very few SAs with irregular
shape and size were formed when the preparation was
executed at 15°C. At room temperature (25 ± 5°C) SAs
were formed with good yield, shape and size. Effect
of agitation speed on the properties of SAs was also
studied. The SAs were prepared at different rpms and
stirring time to study the effect of agitation on their
properties. At lower rpm (< 800) the SAs formed were
not homogenous in size and irregular in shape while at
higher rpm (> 1200 rpm), the SAs formed were very
fine in size drastically hampering the flow properties.
However, at 1000 rpm, the SAs formed were free flowing
with good sphericity and flow properties. The time of
stirring was also found to be critical in preparation of
SAs. At stirring time of 5 min SAs were not formed
whereas at 15 min, the SAs were partially formed. On
the other hand, when the stirring was carried out for
30 min, the SAs were found to be completely formed.
Based on these observations, a temperature of 25±5°C
and stirring for 30 min at 1000 rpm was considered to
be ideal for formation of SAs of ETX. Among the
various hydrophilic polymers investigated, PVP K30
and PEG6000 were found most suitable to prepare
SAs of ETX. PVP K30 was used in formulations F1 to
F3 and PEG6000 in formulations F4 to F6 in varying
concentrations.

The optical microscopic studies indicated that the SAs
of different batches were spherical in shape and varied
in size from 1203.9 ± 126μm to 1297.2 ± 164.2μm
(Figure 1).
Determination of micromeritic properties

SAs of ETX prepared with PVP K30 and PEG 6000
were found to significantly improve (P < 0.05) the
flow properties. The angle of repose values of the
SAs ranged from 21.1 to 22.7° while the Carr’s index
varied from 11.86 to 13.63% indicating a considerable
enhancement in the flow properties. Likewise, the
Hausner’s ratio varied from 1.13 to 1.15 suggesting the
‘good’ flow properties of the SAs produced (Table 3).
A Carr’s index of 11-15 %, Hausner’s ratio of 1.12-1.18
and angle of repose values of 20-30°suggests good
flow properties.15
Solubility studies

ETX was found to exhibit poor aqueous solubility
of 1.45 µg/ml on equilibrating with water for 24h.
However, the technique of SA was found to significantly
increase (P < 0.05) the solubility of ETX. The solubility

Characterization and Evaluation of agglomerates
Scanning Electron Microscopy (SEM)

Scanning electron microscopic studies revealed that the
SAs appeared to be discrete and near-spherical in shape.

Figure 1: SEM of Spherical agglomerates of Etoricoxib.
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Table 3: Micromeritic properties of etoricoxib and its spherical agglomerates.
Formulations

Bulk density* (gm/
ml)

Tapped density*
(gm/ml)

Carr’s
index (%)

Hausner’s ratio

Angle of
Repose

Solubility in water*
(µg/ml)

Etoricoxib

0.83±0.02

F1

0.44±0.04

1.25±0.06

33.6

0.50±0.07

13.63

1.50

30°

1.45±0.07

1.13

21.5°

3.73±0.10

F2
F3

0.58±0.03

0.67±0.01

0.60±0.04

0.69±0.03

12.51

1.14

22.1°

6.49±0.03

13.04

1.15

22.7°

8.26±0.05

F4

0.41±0.10

F5

0.48±0.02

0.47±0.06

12.76

1.14

21.1°

2.60±0.06

0.55±0.01

12.72

1.14

21.8°

4.83±0.07

F6

0.52±0.06

0.59±0.05

11.86

1.13

22.4°

7.39±0.11

* The values represent mean ± SD

100

Fc

F1

F2

F3

F4

F5

was found to exhibit the highest cumulative release and
therefore considered the ideal formulation. The likely
reason for the better performance of the formulation
can be attributed to the dispersing and anti-nucleating
property of PVPK30. The other formulation that gave
a comparable dissolution was F5 that was produced with
PEG6000. The dissolution data obtained was found
to correlate well with the solubility data. The batches
of SAs that exhibited better solubility were found to
display better dissolution when compressed into tablets.

F6
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Figure 2: Dissolution profile of Etoricoxib tablets containing
agglomerates prepared using PVPK30 and PEG6000.

of SAs were found to be 3.73±0.10, 6.49±0.03,
8.26±0.05, 2.60±0.06, 7.39±0.11, 4.83±0.07 µg/ml for
SAs of batches F1, F2, F3, F4, F5 and F6 respectively.
The increase in solubility of SAs can be ascribed to the
hydrophilicity of the polymers. The enhancement of
solubility in presence of PVP K30 can be attributed to
its anti-nucleating property.
Further increase in the proportion of polymers failed to
further increase the solubility of ETX.
Preparation and evaluation of tablets

SAs were further compressed into tablets after blending
with talc (1%w/w) as a lubricant and magnesium
stearate (1%) as a glidant. The resulting tablets were
subjected to evaluation of tablet properties including
hardness, thickness, weight variation, friability,
disintegration time and in vitro dissolution of drug.
The batches of tablets produced were found to
conform to the Indian Pharmacopoeial specifications.
The percentage cumulative release of drug from
formulations F1, F2, F3, F4, F5 and F6 at 60 min was
found to be 67.64%, 82.88%, 71.75%, 60.90%, 76.89%
and 69.27% respectively (Figure 2). Formulation F2
988

CONCLUSION
From the current investigations, it can be concluded that
directly compressible SAs of ETX can be successfully
produced by SA technique. The agglomerates drastically
augmented flow properties of the drug and displayed
better solubility that consequently enhanced the
dissolution rate of the drug. Hence, agglomerates
produced were able to be directly compressed on
account of their enhanced flow properties and better
compaction behavior. Therefore, SA can be a useful tool
in formulation development of poorly compressible
drugs. The SAs can finally be dispensed as capsules or
compressed tablets as per the need.
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SUMMARY

About Authors

Spherical agglomerates of Etoricoxib were successfully
prepared using ethanol as a good solvent, chloroform
as a bridging solvent and water as a bad solvent for
etoricoxib using different polymers like PVP K30 and
PEG 6000. FTIR suggested the chemical integrity of
the drug in the formulations. SEM studies indicated
the agglomerates were discrete and spherical. Further,
agglomerates containing polymers were thus found to
display good micrometric properties, with improved
solubility profile. Values of Carr’s index and Hausner’s
ratio indicated that incorporation of polymers drastically
helped in improving the micrometric properties.
Spherical agglomerates compressed into tablets
using talc and magnesium stearate exhibited better
dissolution rate compared to the conventional tablets
of etoricoxib. Thus, from the present study it can be
concluded that Spherical Agglomeration technique can
be an efficient tool to produce directly compressible,
cost effective tablets of poorly compressible drugs like
etoricoxib.
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Abstract
Garcinia cambogia is one of the most commonly used anti-obesity dietary supplements and
hydroxycitric acid (HCA) is a major constituent in the commercial preparations of Garcinia.
High doses of HCA are often consumed without much awaremess of its pharmacokinetic and
toxicokinetic parameters, and hence a full understanding of HCA effects is lacking. The first
step in understanding of these parameters is the availability of a reliable bioanalytical method.
Herein, we present the first report on a UPLC-MS/MS method for analysis of HCA in rat
plasma after simplified and cost-effective protein precipitation. Chromatographic separation of
the analytes in the supernatant was achieved by HILIC (Hydrophilic interaction liquid
chromatography), whereupon mass parameters were optimized and a rapid 5-minutes
quantitative assay was developed. The method was highly sensitive, accurate, precise, and
linear in the concentration range of 10.5-5000 ng/mL (validated according to US FDA
guideline). Further, the method was successfully applied to describe the pharmacokinetic
profile of HCA in rat plasma after administration of pure HCA and commercial Garcinia
preparations.
Keywords: Garcinia; hydroxy citric acid; bioanalytical method validation; dietary
supplement; LC-MS/MS
List of abbreviations: ATP: Adenosine triphosphate; AUC: Area under curve; BLK: Blank;
CE: Collision energy; CL: Clearance; Cmax: Maximum concentration; CS: Calibration standard;
CV: Coefficient of variation; CXP: Collision exit potential; Da: Dalton; DMSO: Dimethyl
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sulphoxide; DP: Declustering potential; EP: Entrance potential; FA: Flufenamic acid; FC:
Frozen condition; FDA: Food and drug administration; FT: Freeze-thaw; g: gram; GC-MS:
Gas chromatography-mass spectrometry; h: Hour; HCA: Hydroxycitric acid; HETP: height
equivalent to theoretical plates; HILIC: Hydrophilic interaction liquid chromatography; HPLC:
High performance liquid chromatography; HQC: High quality control; IAEC: Institutional
animal ethics committee; IS: Internal standard; ISR: Incurred sample re-analysis; LLOQ:
Lower limit of quantitation; LQC: Low quality control; L/kg: Litre per kilogram; µL:
Microlitre; µm; Micrometer; mm: Millimeter; mM; Millimolar; µg/mL: Microgram per
millilitre; MQC: Middle quality control; MRM: Multiple reaction monitoring; MRT: Mean
residence time; MS: Mass spectrometry; ng/mL: Nanogram per millilitre; PK:
Pharmacokinetics; QC: Quality control; RE: Relative error; rpm: Rotation per minute; RT:
Room Temperature; SD: Standard deviation; S/N: Signal to noise; TCA: Trichloroacetic acid;
ULOQWS: Upper limit of quantitation of working solution; ULOQ: Upper limit of
quantitation; UPLC-MS/MS: Ultra performance liquid chromatography tandem mass
spectrometry; Vss: Volume of distribution at steady state
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Introduction
Obesity is defined as an excessive fat accumulation in the body, which increases risk of many
physical and mental disorders. Most common disorders, linked to obesity, include (but are not
limited to) diabetes mellitus type 2, hypertension, hypercholesteremia and increased
triglyceride levels (Jern et al., 1992; Xiong et al., 2017). Many anti-obesity dietary supplements
claim burning the excessive fat and simultaneously stimulating metabolism (Poddar et al.,
2011; Stern et al., 2013; Sun et al., 2016; Paccosi et al., 2020). One of the most commonly used
herbal dietary supplement for treatment of obesity is Garcinia cambogia (referred as Garcinia
hereafter) (Heysfield et al., 1998; Hasegawa, 2001; Chuah et al., 2013). Its’ active
phytochemicals include flavonoids and organic acids, and hydroxycitric acid (HCA)
constitutes approximately 60% (by weight) of the total content. HCA has been identified as a
major anti-obesity agent that is apparently beneficial for weight management. It is an inhibitor
of citrate-cleavage enzyme (ATP-citrate lyase) that inhibits fatty acid synthesis from
carbohydrates (Hayamizu et al., 2003). It demonstrates serotonergic- and muscarinicenhancing properties via inhibition of the selective serotonin reuptake as well as
acetylcholinesterase (Nguyen et al., 2019). In a recent clinical study, no significant weight or
fat reduction has been reported, when high doses of HCA supplements were used (Ventura et
al., 2019). HCA is also shown to inhibit renal injury and calcium oxalate crystal deposition in
the glyoxylate-induced mouse model through mechanisms involving anti-oxidation and antiinflammation (Liu et al., 2020) and in Drosophila model (Han et al., 2019). Typical daily dose
of Garcinia for humans is 2400 mg, thereby body burden for HCA is around 1440 mg per day
(de Boer & Sheker, 2017). High doses of Garcinia-containing dietary supplements are
frequently consumed without awareness of its pharmacological and toxicological actions (Han
et al., 2018; Hudson et al., 2018). Recently, Cho et al. (2019) reported ocular complications
and Crescioli et al. (2018) reported hepatic toxicity after use of Garcinia. However, to the best
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of our knowledge, pharmacokinetic parameters of HCA like clearance and volume of
distribution are not reported, therby complicating prediction of the drug behavior. The data on
bioavailability of pure HCA and HCA within Garcinia preparations are also not reported.
Accordingly, pharmacokinetic studies were planned to understand the fate of HCA under in
vivo conditions.
A reliable quantitative method is the first requirement for bioanalysis of any compound and
hence a literature search was conducted for available bioanalytical methods for determination
of HCA. A gas chromatography-mass spectrometry (GC-MS) method for HCA measurement
in human plasma has been previously reported (Loe et al. 2001). The described procedure used
a complex sample preparation including derivatization (Bhutani et al., 2018; Mao et al., 2019;
Santa T, 2011). This is a complex multi-step procedure, which might affect reproducibility of
the

method.

Moreover,

not

all

bioanalytical

laboratories

have

access

to

GC-MS, making the alternative LC-MS/MS the preferable choice for quantitative bioanalysis.
Challenges to establish a sensitive LC-MS/MS based method for the measurement of HCA
included its low molecular weight (206 Da), which generally results in a high background noise
during MS, leading to poor detection limits. Also, presence of three carboxylic acid groups
makes HCA very polar and hence difficult to apply to stationary phases, like C-18 or C-8. To
date,

no

LC-MS/MS method has been reported for the determination of HCA in a biological matrix.
Herein, we report a fast, accurate, sensitive, specific, selective and robust UPLC-MS/MS
method for measurement of HCA in rat plasma. A practical application of the developed
method is demonstrated after intravenous and peroral administration of HCA (the latter being
either the pure compound or a component of a commercial Garcinia formulations). This led to
understanding of pharmacokinetic (PK) parameters of HCA, which can help to understand its
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pharmacological and toxicological effects and also to predict drug-drug interaction potential of
HCA.
Chemical and Reagents
HCA, flufenamic acid (FA) and trichloroacetic acid (TCA) were purchased from Merck
(Bangalore, India). The structures of HCA (A) and FA (B) are shown in Figure 1. HPLC grade
acetonitrile was procured from Merck (Bangalore, India). Garcinia cambogia tablets were
procured from Novus Life Sciences Private Limited, Mumbai, India. Details about composition
of these tablets are provided in Supplementary information. Ultrapure water was obtained from
Millipore Elix system (Millipore, Molsheim, France). Anticoagulating agent heparin,
1000 IU/mL (Declot®, manufactured by Zydus Cadila, India) was procured from a local
medical shop (Bangalore, India). Blank plasma (devoid of drug) was collected from healthy,
adult, male Wistar rats at KLE College of Pharmacy, Bangalore.
Animals
Male Wistar rats weighing in the range of 200-230 g were provided by the Animal Centre, KLE
College of Pharmacy (Bangalore, India). The rats were lodged in a controlled environment with
a relative humidity of 50 ± 10% and temperature of 25 ± 2°C on a 12-hours dark-light shift.
The animals were acclimatized for four days before enrolment in the experiment. The internal
Institutional Animal Ethics Committee (IAEC) reviewed and approved the protocol for this
animal study.
Instrumentation and chromatographic conditions
Chromatographic separation was performed on an Acquity UPLC TM (Waters Corporation,
Milford, USA) and mass analyzer was 4000 MS/MS (Applied Biosystems, MDS Sciex,
Canada). Binary chromatography was carried out on Acquity HILIC, 1.7 µm, 2.1*150 mm
column (Waters Corporation, Milford, USA) maintained at 40 °C. Processed samples were
placed into an auto-sampler, wherein the temperature was maintained at 15 ± 3 °C. The mobile

This article is protected by copyright. All rights reserved.

phase A consisted of 10 mM ammonium bicarbonate prepared in Milli-Q water, and mobile
phase B consisted of 100% acetonitrile. Sample injection volume was 2 μL with a total run
time of 5 minutes. The turbo gas temperature and ion spray needle voltage were 500 °C and 4500 V, respectively. Multiple reaction monitoring (MRM) mode was selected to capture
transitions of HCA: Q1 206.8 (m/z) to Q3 127 (m/z), and FA (internal standard): Q1 280 (m/z)
to Q3 236 (m/z).
The mass parameters for HCA were set at; Declustering Potential (DP): -50, Entrance Potential
(EP): -15, Collision Energy (CE): -15, Collision Exit Potential (CXP): -20, dwell time: 100 ms
and for IS; DP, EP and CE values were set at -90, -10 and -25, respectively. CXP and dwell
time was same as that for HCA. Quadrupole Q1 and Q3 were set on the unit resolution. For
acquisition and chromatogram data processing, Analyst software version 1.6 (Applied
Biosystems, Sciex Canada) was used.
Preparation of Standard solutions, calibration standards (CS) and quality control (QC)
samples
Normal saline (0.154 M sodium chloride in water) and dimethyl sulphoxide (DMSO) were
used to prepare stock solutions of HCA (2 mg/mL) and FA (IS, 1 mg/mL), respectively. 5 µL
of HCA stock solution was diluted with 95 µL of the normal saline to yield 100000 ng/mL
ULOQWS (upper limit of quantitation of working solution). Serial dilutions of ULOQWS with
normal saline yielded working standard solutions (210, 625, 1250, 2500, 5000, 10000, 20000
and 40000 ng/mL). 2.5 µL aliquot of working standard solutions were spiked in 47.5 µL of
blank rat plasma to prepare the calibration standards. The resulted concentrations were 10.5,
31.25, 62.5, 125, 250, 500, 1000, 2000 and 5000 ng/mL of HCA in rat plasma. A separate stock
solution of HCA (2 mg/mL) in normal saline was used for preparation of working quality
control (QC) samples, which were further diluted with blank rat plasma to generate lower limit
of quantification (LLOQQC), low (LQC), medium (MQC) and high (HQC) quality control
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samples and concentrations were 10.5, 31.25, 2500 and 3750 ng/mL, respectively. For every
batch submitted for analysis, individual blank and mixture of IS and blank were also included.
Stock of FA (IS) was diluted in 10% v/v TCA in water to obtain a concentration of 500 ng/mL.
All prepared solutions were stored at 5 ± 3 °C and all plasma samples were stored at
−20 ± 5 °C until analysis.
Sample Processing
Sample extraction for HCA was performed using single step protein precipitation with
10% v/v TCA in Milli-Q water (containing 500 ng/mL of FA). In brief, 30 µL of study/CS/QC
samples were mixed with 150 µL of 10% v/v TCA in water and vortex mixed for 10 minutes
followed by centrifugation (Eppendorf Centrifuge 5804 R, Germany) at 2755 ×g for 5 minutes
at 4 °C. 2 µL of the supernatant solution was injected into the LC-MS/MS.
Bioanalytical method validation
The bioanalytical method was validated as described in US FDA guidelines. Microsoft Office
Excel 2016® (Microsoft Office 365®) was used for calculating statistical parameters.
System suitability
Before assessing system suitability on the day of analysis, at least six blank samples were
injected to equilibrate the system. Suitability of LC-MS/MS for the analysis of samples was
assessed by injecting six samples of 2500 ng/mL of HCA containing 500 ng/mL of FA (MQC
level). Precision (CV%) for the ratio of peak area response of HCA and FA was calculated and
the system was assessed suitable for analysis, only if precision was ≤ 5% (CV%).
Representative system suitability data are provided in Supplementary Table 1.
Selectivity, specificity and carry-over
Selectivity and specificity of the developed method was determined by evaluating the
chromatographic peak response of blank rat plasma from six different batches and comparing
with the response of respective blanks spiked with HCA at LLOQ. The lowest standard
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(LLOQ) with S/N ratio ≥ 10, was accepted only if CV ≤ 20% of the replicates and accuracy
was within ± 20% of the nominal spiked concentration. The samples were injected in the
following order: extracted blank (BLK), ULOQ (5000 ng/mL), extracted blank and LLOQ
(10.5 ng/mL) to understand the carry-over effect.
Precision and Accuracy
The calibration curve was prepared by spiking blank plasma samples with HCA to get nine
different concentrations in the range 10.5 – 5000 ng/mL. The precision and accuracy of the
method were determined by analyzing six replicates of QC samples (LLOQQC: 10.5 ng/mL;
LQC: 31.25 ng/mL; MQC: 2500 ng/mL and HQC: 3750 ng/mL) in rat plasma on the same day
and read against the calibration curve to obtain intra-day precision and accuracy. Similar sets
were then processed on four different days to obtain inter-day precision and accuracy of the
method. The precision and accuracy were assessed in terms of percent CV (CV%) and the
relative error (RE%), respectively.
Recovery and matrix effect
Recovery and matrix effect of HCA from rat plasma was determined at LQC (31.25 ng/mL)
and HQC (3750 ng/mL) levels in six replicates. The evaluation was performed using three sets
of QC samples. Set A: The samples were extracted from plasma (pre-spike) as described above
(Section: Preparation of quality control (QC) samples). Set B: The samples were obtained by
spiking the extracted blank matrix with HCA and FA. Set C: The samples were spiked with the
same amount of HCA as Set A in 10% v/v TCA in water. Brieﬂy, the recoveries were calculated
as (Set A/Set B) ×100%. The matrix effect was calculated as (Set B/Set C) × 100%. For all QC
samples, criteria were that the IS normalized recovery should be consistent, and the coefﬁcient
of variation should be < 15% to appraise the matrix effect.
Dilution integrity
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To investigate the dilution integrity of above upper limit of quantitation samples, blank plasma
was spiked with stock solution of HCA to achieve 5 times higher concentration than ULOQ
(25000 ng/mL for HCA) and then diluted 10-fold with blank plasma in six replicates. The
samples were extracted as described previously and read against the calibration curve. Dilution
integrity was accepted if accuracy (% RE) and precision (% CV) were within ± 15%.
Stability
Stability during freeze-thaw cycles (FT), as well as storage stability at room temperature (RT)
and frozen conditions (FC), was evaluated through analysis of all QC samples in six replicates.
FT studies included storage of samples at -20 ± 5 ˚C for 12 h, followed by retrieval-thaw cycles
at room temperature (23 ± 2 ˚C), upto three FT cycles. For RT and FC studies, samples were
stored at 23 ± 2 ˚C for 6 h and -20 ± 5˚C for 60 days. Nominal concentrations of samples were
compared with freshly spiked calibration standard concentrations for all the three stability
studies. HCA was deemed to be stable at tested storage conditions, if accuracy of the spiked
concentrations was within ± 15% (RE%) and precision amongst the replicates was  15%
(CV%). At LLOQ, the samples were assumed stable, if both RE% and CV% values (for
accuracy and precision, respectively) were ± 20%.
Pharmacokinetic study in rats
Healthy male Wistar (n = 6) rats, weighing in the range of 200 – 230 g, were selected for
pharmacokinetic study. The experiments were conducted in group 1 (HCA, 1 mg/kg dissolved
in normal saline was administered via intravenous bolus); group 2 (HCA, 20 mg/kg dissolved
in normal saline and administered orally); and group 3 (Garcinia commercial formulation,
20 mg/kg suspended in 0.5% w/v carboxymethyl cellulose was administered orally). Animals
were fasted for 12 h before the dosing with ad libitum access to water for group 2 and 3.
Animals were allowed to access chow 2 h post-dosing. The blood samples were collected from
retro orbital sinus at 0.08, 0.5, 1, 3, 4, 6, 8 and 24 h after dosing (group 1) and 0.25, 0.5, 1, 3,
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4, 6, 8 and 24 h after dosing (group 2 and 3). Plasma was obtained by centrifuging the heparin
containing blood (22 IU heparin/mL of blood) at 4000 rpm for 8 minutes at 5 ± 3 °C and then
stored at −20 ± 5 °C prior to analysis. The samples were processed as described above in the
section, ‘sample processing’ and read against the calibration curve prepared in blank rat
plasma. The plasma concentration profile with respect to time was analysed by Kinetica trial
edition software version 7.0 (San Francisco, CA, USA) using non-compartmental analysis to
determine pharmacokinetics parameters. The absolute bioavailability (% F) was calculated
using the following equation:
F (%) = ([AUC0-t (oral)×Dose(intravenous)]/[AUC0−t (intravenous)×Dose(oral)])×100 %
Incurred sample re-analysis (ISR)
For ISR, two samples from each animal at Cmax and elimination phase were analysed. The
following equation was used to compute percent difference in the results between the original
analysis

and

re-analyzed

samples:

[(re-analyzed

concentration-original

concentration)*100]/mean concentration. The results were accepted, if for at least 2/3rd of the
selected samples, the percent difference was ± 20%. The results are provided in Supplementary
file, Table 2.
Results and discussion
Mass spectrometry and optimization of assay
Selection of internal standard
An internal standard is commonly used during quantitiative bioanalysis to compensate for
differences in recovery, ionization efficiency and liquid handling and hence minimize
variability (Wright et al., 2019). In order to ﬁnd a suitable internal standard, compounds having
carboxylic acid groups and similar size, such as fumaric, succinic, flufenamic and saliciylic
acids were evaluated. Based on the appropriate response, reproducibility of recovery and
detection stability, flufenamic acid was chosen. Additionaly, no interference in the MRM
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channels at the relevant retention times facilitated application of flufenamic acid (FA) as the
internal standard for further studies.
Optimization of LC and MS parameters
As HCA is a very polar compound (clogP; -3.6), phenyl and cyano LC columns were tried,
however HCA was either not retained or showed a noticeable peak tailing (>1.1). Hydrophilic
interaction liquid chromatography (HILIC) columns have been reported to retain extremely
polar compounds, interacting with polar analytes via electrostatic interactions, hydrophilic
partitioning and hydrogen bonding, etc (Dejaegher & Vander Heyden, 2010). Further trials
were hence conducted with a HILIC column. Due to MS compatibility, different ammonium
buffer salts, such as formate, acetate and bicarbonate, were screened as volatile aqueous mobile
phases. On a HILIC column, these additives can alter peak shape and retention of the analyte
molecule. Combinations of the three aqueous buffers (5 mM to 20 mM) with acetonitrile and
methanol as organic modifiers were tested along with the altered flow-rates (in the range of
0.6-1.0 ml/min) to optimize resolution of HCA and flufenamic acid (data not shown). Factors
like peak asymmetry, peak tailing, peak response and HETP for the column were evaluated,
whereupon the mobile phase consisting of 10 mM ammonium bicarbonate (mobile phase A)
and 100% acetonitrile (mobile phase B) was found most suitable. Further, the selected ratio of
mobile phases A and B corresponded to 20:80 v/v, and elution was performed in isocratic mode
by pumping the mobile phases at the rate of 0.5 mL/min. HCA and FA (internal standard, IS),
(both 100 ng/mL dissolved in 1:1 v/v combination of water:acetonitrile) were infused directly
in the mass spectrometer for tuning and optimization of MS parameters. Having three
carboxylic acid groups and hence the ability to easily loose one proton, HCA gave a better
signal in negative mode of ionization and hence further MS parameters were optimized in this
setup. Quantitation of HCA and IS were carried out by using m/z 206.8→127.0 and m/z
280→236 transitions, respectively.
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Method validation
Selectivity and carryover effect
The plasma obtained from six different animals did not have any significant interference at the
retention time of HCA or FA. Morevoer, drug-free plasma samples spiked with concentrations
equivalent to the LLOQ of HCA, were within the span of ±10% of nominal concentration.
Also, the IS response in the blank was much less than the upper limit of 5%, suggested for the
average IS response of the calibrators and QCs. These results indicated acceptable selectivity
of the developed method. As shown in Supplementary Table 3, the peak area ratios of two
MRMs in plasma samples (Group 1, Intravenous dosed HCA) were similar to those of the
standards, which supports the idea that detected peaks under the current conditions were indeed
of HCA.
Blank injection after injecting ULOQ standard did not show significant interference confirming
lack of carryover effect. Representative chromatograms of BLK injected after ULOQ standard,
LLOQ of HCA are depicted in Figure 2.
Precision and accuracy
Over the concentration range of 10.5-5000 ng/mL, the calibration graph for HCA was linear
with a weighting factor of 1/x2 and average (n=5) correlation coefficient of ≥ 0.99 (calibration
curve data for HCA run on five different occasions fitted to linear regression with 1/x2
weighing is presented in Supplementary Table 4). LLOQ was established as the lowest
concentration in the linearity range with S/N ratio ≥ 10, i.e., 10.5 ng/mL.
The intra and inter-day RE% ranged from 7-10% and 8-10%, and CV% for the same was in
the range of 6-8% and 4-7%, respectively (Table 1). This result demonstrated that both intraand inter-day accuracy and precision were well within the acceptable limits.
Recovery and matrix effect
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An easy and fast method of sample preparation is protein precipitation, also referred to as
‘dilute and shoot.’ This process includes addition of water-miscible organic solvent (e.g.,
acetonitrile, methanol) or inorganic acid (e.g., TCA, 10% v/v) to the biological matrix,
followed by centrifugation and/or filtration to remove precipitated proteins (Polson et al.,
2013). Solvents such as methanol, acetonitrile, TCA, either alone or as mixtures in different
combinations were evaluated. 10% v/v TCA in water provided the best extraction for both
HCA and IS, and hence was selected as a preferable method using 5:1 of 10% v/v TCA in
water:Plasma. TCA acts primarily through two mechanisms: 1) disruption of the hydration
shells around the protein and 2) anionic TCA may trigger partial protein unfolding through
disruption of the electrostatic and hydrogen interactions between amino acids (Polson et al.,
2013) . The results from recovery experiments are shown in Table 2. Mean absolute recovery
for HCA (at LQC and HQC levels) was ranging between ~82 and 85%, respectively, indicating
similar extraction efficiency across the calibration range. Also, variability for 6 different
samples was less than 10%, providing confidence confidence in efficiency of the extraction
procedure.
Endogenous components of plasma or metabolites in extracted biomatrices may lead to change
in intensity of the analyte signal. The matrix effect (IS normalized) was calculated as the peak
area of the analyte in the presence of plasma compared with that in the absence of plasma (in
pure solution). With the developed method, matrix effect for HCA was determined as ~97%
and 96% at LQC and HQC level, respectively. This suggested no significant interference from
different plasma constituents with ionization of HCA.
Dilution integrity
This test was performed to verify whether plasma dilution has any adverse effect on the
measurement when concentrations higher than upper limit of quantification (ULOQ) are
analysed. For these samples, HCA concentrations of up to 25000 ng/mL could be quantified
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accurately after diluting with blank plasma (up to 10-fold) and accuracy of QC samples after
dilution ranged from 91–109%, with precision ranging from 5 to 11% (CV%).
Stability
The stability of HCA in plasma under different anticipated storage conditions was tested with
six replicates of each QC and the results are presented in Table 3. The accuracy values within
± 10% of nominal concentrations indicated that HCA did not undergo any significant
degradation in rat plasma samples after storage for 6 h at RT, after three FT cycles and
60 days of storage at FC. The samples after extraction and storage in auto-sampler for up to
15 h gave a very similar accuracy, suggesting that the samples could be run overnight. The
stored stock solution was found to be stable at 5 C for 60 days.
Pharmacokinetic study
Plasma concentration profiles of HCA over time after intravenous and oral administration in
Wistar rats are shown in Figure 3. The non-compartmental analysis was performed on the data
to understand the pharmacokinetic parameters of HCA (Table 4). After intravenous
administration at a dose of 1 mg/kg, the half-life (t1/2) and the apparent volume of distribution
(Vss) of HCA were 2.1 ± 0.4 h and 0.6 ± 0.15 L/Kg, respectively. The Vss was equal to total
body water (0.67 L/Kg) of the rat. Clearance (CL) value of 6.3 ± 2.1 mL/min/kg, being
significantly lower than liver blood flow of rat (55 mL/min/kg), indicated HCA to be a low
extraction compound (Davies & Morris, 1993). After oral administration of 20 mg/kg, HCA
was quickly absorbed and the maximum plasma concentration, Cmax = 14.38 ± 5.41 µg/mL was
reached at 1 h. The absolute bioavailability of HCA was found to be 82%. The maximal
attainable plasma concentration of HCA after per oral administration (Cmax) of commercial
Garcinia preparations (containing 60% HCA of the total weight) dosed at 20 mg/kg was found
to be 7.19 ± 2.70 µg/mL. The absolute bioavailability of HCA after administration of
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commercial preparation was 61.31%, after correcting the dose for the actual content of HCA
(i.e., 12 mg/kg).
The incurred samples re-analysis met the acceptance criteria (results within  20% of the
original mean concentration), indicating that the method is rugged and reproducible. Data is
provided in Supplementary file, Table 2.
Conclusions
First UPLC-MS/MS method for analysis of HCA from rat plasma is reported. The developed
bioanalytical method is fast (run-time: 5 minutes), sensitive (LLOQ, 31.25 ng/mL) and highly
selective. Moreover, the developed extraction procedure through protein precipitation is simple
(one-step), cost-effective and reproducible. Also, the performance of the method was validated
according to USFDA bioanalytical method validation guideline. The method was successfully
applied to determine in vivo pharmacokinetics of HCA, which suggested that HCA is rapidly
absorbed with moderate apparent volume of distribution and has a good bioavailability. Similar
bioavailability of HCA was observed after administration of Garcinia. The method reported
herein can be used routinely in any bioanalytical laboratory for analysis of HCA and could be
helpful for further toxicological evaluation of Garcinia products.
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Table 1. Precision and accuracy determination of HCA quality control samples in rat plasma
Quality
controls

Intra-batch

Conc.
Spiked

Mean

(ng/ml) (ng/ml)

SD

Inter-batch

Precision Accuracy

Mean

(CV%)

(RE%)

(ng/ml)

SD

Precision Accuracy
(CV%)

(RE%)

LLOQQC

10.5

10.25

1.23

12.00

-2.38

9.81

1.37

13.97

-6.57

LQC

31.25

33.04

2.15

6.51

5.73

32.42

2.16

6.66

3.74

MQC

2500

2761.26 204.55

7.41

10.45

2784.52 112.51

4.04

11.38

HQC

3750

3941.25 315.62

8.01

5.1

4067.95 251.64

6.19

8.48

CV%: Percent coefficient of variation (SD 100/Mean)
HQC: High quality control; LLOQ: Lower limit of quantification quality control; LQC: Low quality control;
MQC: Mid-quality control.
RE%: Percent Relative error ((measured value-actual value)*100/actual value);
SD: Standard deviation
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Table 2. Recovery and matrix effect for HCA in rat plasma at LQC and HQC levels
Concentration (ng/mL)

Recovery (%)

Matrix effect (%)

31.25

82.15 ± 10.41

97.29 ± 7.06

2500

85.87 ± 8.25

96.33 ± 9.72
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Table 3. The stability data of HCA under different storage conditions
Room temperature (23 C) for 6 h
Quality controls

Conc. Spiked
(ng/ml)

LLOQ
LQC

10.5
31.25

MQC

2500

HQC

3750

Precision
(CV%)

Accuracy
(RE%)

9.94± 1.83
32.56 ± 4.52
2415.94 ±
104.15
3451.58 ±

18.41
13.88

-5.33
4.19

4.31

-3.36

175.81

5.09

-7.96

Mean ± SD

Autosampler (15 C) for 15 h
LLOQ

10.5

11.62 ± 1.92

16.53

10.67

LQC

31.25

33.51 ± 3.37

10.06

7.23

4.02

4.82

2620.45 ±
MQC

2500

105.26
3519.55 ±

3750

141.61

3.94

-6.15

LLOQ

10.5

12.47 ± 2.03

16.28

18.76

LQC

31.25

29.51 ± 2.19

7.42

-5.57

MQC

2500

2743.21 ± 81.48

2.97

9.73

201.64

5.25

2.44

HQC
Three freeze-thaw cycles

3841.52 ±
HQC

3750

Long-term (-20 C) for 60 days
LLOQ

10.5

10.03 ± 1.43

14.26

-4.47

LQC

31.25

30.42 ± 3.06

10.06

-2.66

8.08

-3.46

3.2

3.99

2413.62 ±
MQC

2500

195.03
3899.51 ±

HQC

3750

124.62

CV%: Percent coefficient of variation (SD 100/Mean);
RE%: Percent Relative error {(measured value-actual value)*100/actual value};
SD: Standard deviation
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Table 4. Pharmacokinetic parameters of HCA after administration of HCA (Intravenous and
Peroral) and Garcinia (Peroral) administration in male wistar rats

Pharmacokinetics
parameters

HCA
Intravenous
(1 mg/kg)

HCA Peroral
(20 mg/kg)

Garcinia
Peroral
(20 mg/kg)*

Cmax (ng/mL)

-

14380 ± 5406

7201 ± 2703

Tmax (h)

-

1±0

2±0

(ng*h/mL)

2555 ± 704

42276 ± 10518

18798 ± 5349

Half life; thalf (h)

2.1 ± 0.4

4.4 ± 0.49

5.4 ± 0.7

MRT (h)

1.7 ± 0.25

3.2 ± 0.41

3.6 ± 0.19

(mL/min/kg)

6.3 ± 2.1

8.3 ± 3.2

10.3 ± 3.1

Vss (L/kg)

0.6 ± 0.15

2.2

0.6 ± 0.17

82.73

61.31a

AUClast

Clearance

F (%)
For all the experiments, n=3

*: Garcinia was dosed at 20 mg/kg, HCA dose (12 mg/kg) was calculated
based on the labelled claim, i.e., 60% of the total content
a:

Dose normalized AUC obtained after Garcinia preparation considering

12 mg/kg HCA/Dose normalized AUC obtained after intravenous
administration of HCA*100)
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Figure 1. Structure of hydroycitric acid (a) and flufenamic acid (b)
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Figure 2. Representative chromatograms of A) blank, B) LLOQ, and C) Internal standard
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Figure 3. Plasma concentration-time profile of HCA after administration of HCA (Intravenous
and Peroral) and Garcinia (Peroral) administration in male wistar rats

This article is protected by copyright. All rights reserved.
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Abstract: A paradigm shift in treating the most aggressive and malignant form of glioma
is continuously evolving; however, these strategies do not provide a better life and survival
index. Currently, neurosurgical debulking, radiotherapy, and chemotherapy are the treatment
options available for glioma, but these are non-specific in action. Patients invariably develop
resistance to these therapies, leading to recurrence and death. Receptor Tyrosine Kinases (RTKs) are
among the most common cell surface proteins in glioma and play a significant role in malignant
progression; thus, these are currently being explored as therapeutic targets. RTKs belong to
the family of cell surface receptors that are activated by ligands which in turn activates two
major downstream signaling pathways via Rapidly Accelerating Sarcoma/mitogen activated protein
kinase/extracellular-signal-regulated kinase (Ras/MAPK/ERK) and phosphatidylinositol 3-kinase/a
serine/threonine protein kinase/mammalian target of rapamycin (PI3K/AKT/mTOR). These pathways
are critically involved in regulating cell proliferation, invasion, metabolism, autophagy, and apoptosis.
Dysregulation in these pathways results in uncontrolled glioma cell proliferation, invasion,
angiogenesis, and cancer progression. Thus, RTK pathways are considered a potential target in
glioma management. This review summarizes the possible risk factors involved in the growth of
glioblastoma (GBM). The role of RTKs inhibitors (TKIs) and the intracellular signaling pathways
involved, small molecules under clinical trials, and the updates were discussed. We have also compiled
information on the outcomes from the various endothelial growth factor receptor (EGFR)–TKIs-based
nanoformulations from the preclinical and clinical points of view. Aided by an extensive literature
search, we propose the challenges and potential opportunities for future research on EGFR–TKIs-based
nanodelivery systems.
Keywords: glioblastoma; receptor tyrosine kinases; epidermal growth factor receptor; small molecule
inhibitors; nanoformulations
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1. Introduction
Gliomas are the most common and lethal solid brain tumors and are known to affect about
0.02% of the worldwide population [1]. The occurrence of malignant gliomas and the frequency
of cancer deaths have increased at an amplified rate across the world [2]. More than 330,000 new
Central Nervous system (CNS) tumor cases and 227,000 brain cancer-related deaths were documented
globally in the Global Burden of Disease (GBD) 2016 tumor database [3]. Despite the increase in cancer
awareness programs, advancement in diagnostic tools, and treatment strategies in the United States,
the prevalence of gliomas has been unstoppable [4–6].
Based on the molecular characteristics and origin of apparent cell types, the CNS tumors were
classified using I to IV grade criteria by the World Health Organization (WHO) in 2007 and 2016 [7].
Accordingly, Grade, I, II, III, and IV are pilocytic astrocytomas, gliomas including diffuse astrocytomas,
anaplastic astrocytomas, and glioblastoma multiforme (GBM), respectively [8,9]. The current standard
treatment approaches across the world are dependent on surgery, radiotherapy, and chemotherapeutic
drugs, i.e., temozolomide (TMZ), which resulted in the average survival rate of about 14 months [10–12].
Therefore, there is a definite need for understanding the molecular pathways and mechanisms involved
in GBM pathology and thereby determine better management [13].
Generally, Receptor Tyrosine Kinase (RTKs) are commonly identified cell surface receptors that
are considered to be pivotal regulators of critical cellular processes (epidermal growth factor receptor
(EGFR) and vascular endothelial growth factor receptor (VEGFR)). EGFR is a transmembrane receptor
tyrosine kinase that controls cancer cell proliferation, migration, differentiation, and homeostasis [14].
Nearly 50–60% of GBMs have EGFR genetic variants, with mutations, readjustments, selective linking,
and amplification [15].
Over the past decades, many investigators have hundreds of designs and synthesized small
molecular drugs as RTK inhibitors with extensive research. The Food and Drug Administration
(FDA) has approved a few medications as first-line therapy for various forms of cancer (Table 1) [16].
However, the significant development of anti-cancer components has developed new problems [17].
For example, clinical studies that were conducted for the first and second generation of anti-EGFR
drugs on the inhibition of cell growth, angiogenesis, and proliferation were found to be of no
therapeutic benefit in GBM treatment. Many researchers also reported significant limitations such as
low solubility, poor oral bioavailability, and severe adverse effects in the existing EGFR–TKIs drugs.
In addition, the gradual rise of drug resistance during therapy instantly needs to be addressed [18].
The third generation of EGFR–TKIs drug (AZD9291) was developed recently and confirmed to have an
effective preclinical investigation in GBM the in vitro and in vivo models’ above-listed drawbacks [15].
The advantages of nanotechnology offer a potential drug delivery approach with apparent benefits
of nanoformulations such as lesser particle size, bulky surface area, excellent surface reactivity,
active sites, and appropriate adsorption ability. Nano particles (NPs) applied as drug transporters
have the potential to increase drug absorption and bioavailability, enrich effective targeting delivery,
prolong the circulation time, and limit the dangerous side effects on healthy tissues [19].
In the present review, the authors have summarized epidemiology and risk factors associated with
GBM, RTKs, and their inhibitors of intracellular signaling pathways in glioma, the clinical profile of small
molecule inhibitors (EGFR–TKIs) drugs, and the associated multiple failures/resistance. In addition,
the current progressive research of various nanopreparations for EGFR–TKIs and the combination of
chemotherapeutic drugs to target GBM have been discussed. Aided by an extensive literature search
and review, the authors have also proposed the possibilities and challenges for upcoming research on
EGFR-TKIs and other chemotherapeutic agents.
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Table 1. Approved small molecular tyrosine kinase inhibitors for cancer therapy [16,19].
Drugs

IC50 (nmol/L)

Targeting Receptor

Disease

EGFR

NSCLC, pancreatic
cancer

10.8, 9.2

EGFR, HER2

Breast cancer

Neratinib (Nerlynx® )

92, 59

EGFR, HER2

NSCLC, breast cancer

Afatinib (Gilotrif® )

0.5

EGFR, HER2 14

NSCLC, breast cancer,
squamous cell carcinoma
of the head and neck

Imatinib (Glivec® ,
Gleevec® )

600, 100

Dasatinib (Sprycel® )

<10

Nilotinib (Tasigna® )

<30

Sunitinib (Sutent® )

<100

(Iressa® )

14.6

(Tarceva® )

2

Icotinib (Conmana® )

45

Lapatinib (Tykerb® )

Gefitinib
Erlotinib

(Nexavar® )

<100

Pazopanib (Votrient® )

<150

Sorafenib

CML, CMML, GIST
Abl, PDGFR, Kit SRC,
PDGFR

CML resistant to
imatinib
CML resistant to
imatinib

VEGFR1-3, PDGFR, Kit
FLT3, RET, CSF1R GIST,
BRAF

Advanced RCC, CML
resistant to imatinib,
Hepatocellular
carcinoma

2. Molecular Pathology of Glioma
Different genetic investigations determine various noteworthy biomarkers. Many of these
were utilized in neuro-oncology to identify glioma patients, specifically the combined losses of
the chromosome arms 1p and 19q in oligodendroglial cancer. Then, the methylation status of O-6
methylguanine–DNA methyltransferase gene promoter and modifications in the EGFR pathway in
GBM, isocitrate dehydrogenase 1 (IDH1) and IDH2 gene mutations in diffuse gliomas, as well as B-Raf
status in pilocytic astrocytomas. These groups are associated with different prognosis, germline variants,
and the median age at diagnosis, highlighting different pathogenic mechanisms [20]. Although most
GBM patients receive standard treatments, significant variations in clinical outcomes are often seen
due to the heterogeneity of the tumors [21,22]. Hence, it is essential to determine more significant
and practical biomarkers for analyzing the prognosis in GBM patients. Inflammation and immunity
are critically involved in glioma initiation and progression [23,24], and various study reports suggested
that inflammatory response cells such as neutrophils [25], lymphocytes [26], and platelets [27] are
associated with the prognosis of cancer patients. In recent years, the prognostic value of preoperative
hematological markers, such as albumin-to-globulin ratio (AGR), monocyte-to-lymphocyte ratio
(MLR), median platelet volume (MPV), neutrophil-to-lymphocyte ratio (NLR), platelet distribution
width (PDW), and platelet-to-lymphocyte ratio (PLR), have been investigated in several cancers,
including gliomas [28–32]. However, there were no scientific investigations to the prognostic value
of hematological biomarkers in a cohort of gliomas, mainly in relation to the various molecular
classes. Therefore, a study examined the predictive value of preoperative hematological biomarkers
(AGR, MLR, MPV, NLR, PDW, and PLR) alone and in combination with the five glioma molecular
groups on the clinical trial results of a comparatively great cohort (n = 592) of Grade II–IV GBM patients.
Based on these results, we suggest an analytical model for Grade II–IV GBM based on molecular
pathology and NLR, and identify for lower-grade gliomas (LGG) four risk groups with distinct overall
survival [33].
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3. Epidemiology and Risk Factors of Glioma
In the past few decades, the investigation of adult glioma was prioritized because of a lesser global
incidence of GBM, i.e., 10 per 100,000 people. Due to the lack of new and efficient diagnostic strategies,
the survival rate (SR) of 15 months after diagnosis creates a critical public health problem [2,34,35].
GBM accounts for 50% of all gliomas in various age groups [36]. Although the peak incidence
is between 55 and 60 years of age, GBM could occur at any age, with a mortality rate of 2.5% of
the worldwide cancer death toll. GBM accounts for the third foremost cause of deaths due to cancer in
patients from 15 to 34 years [37,38]. The GBM incidence ratio was more in men when compared to
females [39]. The Western world reported a higher incidence of gliomas than less developed countries,
which could be recognized as due to under-recording glioma cases, narrow contact to health care,
and alterations in diagnostic practices [40–42]. A few studies showed that blacks were less prone to
GBM. Further, the incidence of GBM was reported to be higher in Asians, Latinos, and Whites [43].
The current global standard for the catalog and identification of gliomas is as per WHO classification.
WHO categorizes gliomas as Grade I to IV based on malignancy level, which is committed by
the histopathological measures. Class I to III gliomas relay to abrasions with less proliferative potential
and can be managed surgically with chemo and/or radiotherapy. In contrast, Grade IV gliomas are
highly malignant and invasive. GBM is the utmost aggressive, offensive, and identical type of cancer
and was labeled as Grade IV [44].
A positive family history, absence of atrophic conditions, longer length of leukocyte telomere,
and risk alleles at more than twenty genetic loci are a few of the endogenous factors that enhance
glioma risk. A high dose of ionizing radiation is also one of the environmental factors attributed to
a higher risk of glioma [45]. Identifying modifiable factors that would enable primary prevention
approaches remain the quintessential goal of glioma epidemiologic research.
Several studies on the allergic and nutritional epidemiology of glioma showed an inverse
association between allergy and gliomas but did not provide any causal relationship between them [46].
The nutritional epidemiology studies suggested that various food groups and nutrients were associated
with glioma risk; the results were inconclusive and not replicable in subsequent research [24,47].
The results of epidemiological analysis also suggested the presence of an inverse association between
cancer and certain neurological conditions, mainly age-related neurodegenerative diseases [48].
In recent research, a potent negative association was observed between the expression levels of
microRNAs in GBM than Alzheimer’s disease (AD), suggesting that although the molecular pathways
behind the development of these two pathologies are the same, they appear to be inversely controlled
by microRNAs [49]. Another epidemiological study indicated that the patients suffering from AD have
a lower risk of developing lung cancer (LC) and suggest a higher risk of developing GBM [50].
4. Receptors Tyrosine Kinase (RTK) and Their Inhibitors of Intracellular Signaling Pathways in
Glioma
RTKs belong to the family of cell surface receptors and are receptors for hormones, growth
factors, neurotrophic factors, cytokines, and extracellular signaling molecules. The tyrosine
kinase (TK) comprises the intracellular TK domain, extracellular ligand-binding domain, and a
hydrophobic transmembrane domain. The domains as mentioned above get activated upon binding
of the ligand, leading to the TK domain’s autophosphorylation and dimerization. This receptor,
when activated by ligands in turn, activates two downstream signaling pathways, Rapidly Accelerating
Sarcoma/mitogen activated protein kinase/extracellular-signal-regulated kinase (Ras/MAPK/ERK)
and phosphatidylinositol 3-kinase/a serine/threonine protein kinase/mammalian target of rapamycin
(PI3K/AKT/mTOR) [51] (Figure 1), which play a prominent role in cell differentiation, survival,
proliferation, and angiogenesis. Thus, RTKs and their ligands were proven to be promising targets in
the treatment of GBM. Among the several receptors belonging to the RTK group in human glioma,
the signaling pathways such as EGFR and VEGF receptor mutations have played a significant role in
GBM described below in detail [52].
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explore EGFR overexpression mechanisms in gliomas outside of genetic alterations, including the role
of epigenetics. Still, there is no study that has analyzed the EGFR promoter in human glioma samples.
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also shown to play a vital role in vascularization and endothelial cells’ neoplastic growth [64].
also shown to play a vital role in vascularization and endothelial cells’ neoplastic growth [64].
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Various active components prevent the EGFR activity, and its ligands have been under progress
Various active components prevent the EGFR activity, and its ligands have been under progress
since the starting of this era. Small molecular EGFR protein tyrosine kinase inhibitors (EGFR–TKIs)
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Erlotinib, an EGFR-TKI drug, prevents the phosphorylation of the TK intracellular domain of
EGFR [66]. Several phase II studies for GBM were not efficient in recurrent GBM [67] patients. In contrast,
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Erlotinib’s combination therapy with temozolamide was well tolerated and enhanced the survival
rate in the newly diagnosed GBM patients [68,69]. Gefitinib (ZD1839/Iressa® ), another EGFR–TKI,
radio sensitized U251 GBM cells in vitro [70]. Still, there was no improvement in the survival rate
shown in the phase II clinical trial with newly diagnosed GBM patients [71]. AEE788 and Vandetanib
inhibited both EGFR and VEGFR TK (Table 2), but when tested on GBM, patients showed lesser efficacy
or enhanced toxicity. AEE788, in a phase I clinical trial, exhibited less efficacy and higher toxicity
in treating recurrent GBM patients [72]. Although AEE788 showed very little efficacy in an in vitro
GBM cell line, it decreased cell proliferation in vitro when administered in combination with histone
deacetylase inhibitors (HDACIs) [73]. In a phase II trial, when incorporated into the standard regimen
(surgery + chemotherapy + radiotherapy), AEE788 showed no/little effects, due to which the study
was terminated [74].
Lapatinib, an inhibitor of both EGFR and HER2 TKs, showed little effect in a phase I/II
clinical trial [75], but in combination therapy with CUDC-101, an HDAC inhibitor, it enhanced
the radiosensitivity of the GBM cell line in vitro [76]. Few VEGFR–TKIs such as vatalanib (PTK787),
sorafenib, and tivozanib showed lesser efficacy when individually administered (Table 2). Vatalanib
and tivozanib did not affect the tumor volume; however, they were well tolerated in a phase II
trial [77,78]. Sorafenib’s combination therapy with the standard regimen had little effect on recurrent
GBM patients in a phase II trial [79]. A phase III trial of Cediranib (AZD2171), another VEGFR–TKI,
failed to improve the progression-free survival, both in monotherapy and lomustine recurrent GBM
patients [80].
5.2. Targeting Extracellular Domain of RTKs through Antibody Therapies
Among the various therapies targeted toward the kinase domains of RTK, the extracellular domain
also served as a probable target for antibody therapy. The antibodies antagonized the ligand-binding
site of RTKs, preventing the ligand binding and thereby activating the kinase domains [81]. An EGFR
targeting the antibody cetuximab showed antagonistic activity by inhibiting the activation of RTKs,
which in turn inhibited the tumor malignancy [82]. The antibody was used as rescue therapy in patients
who have not responded to standard treatment. In addition, cetuximab monotherapy was well tolerated,
and minimal recurrence of GBM was reported by a phase II clinical trial [83]. Another monoclonal
antibody (mAb), ornartuzumab, targeting the hepatocyte growth factor receptor/tyrosine-protein
kinase Met (HGFR/c-MET) receptor’s extracellular domain was reported to prevent the cancer growth
in orthotopic U87 GBM xenograft. MK-0646 (H7C10/F50035/dalotuzumab), a humanized monoclonal
insulin-like growth factor receptor type 1 (IGF-1R) antibody, was shown to be an antagonist that
decreased cell proliferation and induced apoptosis [84].
The antibody therapies are still in the preliminary stages of investigation and are promising
therapeutic targets for GBM compared to the small molecule kinase inhibitors [85,86]. In addition,
the primary constraint faced in the antibody therapy was the Blood Brain Barrier (BBB) penetrability
and the large size of molecules, which could be overcome by engineered antibodies capable of
penetrating the BBB [87]. Antibodies binding with the transferrin receptors were used to cross the BBB
in both murine and primate models. On the other hand, using Ommaya reservoirs or during surgery,
the antibodies could directly be delivered to the brain, bypassing the BBB [88].
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Table 2. Ongoing trials targeting the EGFR in glioblastoma (GBM).
Drug

GBM

Phase

Characteristics

NCT No.

Small-Molecule Kinase Inhibitors and/or Combination with Other Therapy
GC1118

Osimertinib
Fludeoxyglucose
F-18 (FDG)

R

R

II

Focuses on overall response rate
and exploration of
predictive/prognostic biomarkers

NCT03618667

II

Studied the intra-patient variability of
tumor FDG uptake, which was
determined using double baseline
FDG PET prior to osimertinib
exposure

NCT03732352

NCT03344250

EGFR BATs with
SOC RT and TMZ

R

I

Immune measures in blood anti-GBM
cytotoxicity of peripheral blood
mononuclear cells directed at GBM
cell lines

Dacomitinib

C

II

Progression-free survival (PFS) at six
months (PFS6m) and Safety
and tolerability of oral administration
of PF-00299804.

NCT01520870

Temozolomide,
ABT-414, Radiation

A, NR

II
III

Overall Survival (OS)

NCT02573324

NCT02766699

EGFR(V)-EDV-Dox

R

I

Overall Survival (OS)
and identification of recommended
phase 2 dose of EGFR(V)-EDV-Dox in
subjects with recurrent GBM

C225-ILs-dox

R

I

Tumor response achieved in
the treatment phase was assessed as
per RANO criteria

NCT03603379

Protein expression
analysis

C

-

Overall survival and the free survival
was predicted based on the molecular
characteristics

NCT00897663

EGFRvIII-CARs

R

I

Assessment of T cell trafficking within
the brain tumor

NCT03283631

NCT02521090

EGFRBi Armed
Autologous T Cells

W

I
II

Overall survival, change of cytokine
profile, incident toxicity,
and the overall survival was assessed
as per the National Cancer Institute
Common Terminology Criteria for
Adverse Events Version 4.0

Erlotinib
hydrochloride

T

II

Disease response measured
objectively by MRI of brain duration
of progression-free survival (PFS)

NCT00387894

Radiation,
temozolomide
depatuxizumab
mafodotin

A, NR

III

Cumulative dose of depatuxizumab
mafodotin

NCT03419403

Gefitinib +
Radiation therapy

C

I
II

Overall survival by EGFR status

NCT00052208

Cetuximab,
Mannitol

R

I
II

Composite overall response rate was
assessed through RANO

NCT02861898

AMG 596

R

I

Number of subject with
treatment-emergent adverse events

NCT03296696

AMG 596

C

I

Overall survival and anti-AMG 595
antibody formation

NCT01475006
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Drug

GBM

Phase

Characteristics

NCT No.

PI3K/ART/mTOR
PX-866

INC280

C

T

II

Measurement of progression
and response of brain tumor
using MRI or CT scan

NCT01259869

I, II

Number of Patients
Reporting Dose Limiting
Toxicities (DLTs) in Phase 1
and Phase II Surgical Arm:
Concentrations of INC280
and Buparlisib in Tumor

NCT01870726

NCT01240460

XL765 (SAR
245409) + XL147
(SAR 245408)

C

I

To assess the biological effect
and PI3K/mTOR
modulations of XL 765
and XL 147 in GBM tissue

BKM120 + Surgery

C

II

BKM120 brain plasma ratio
at time of surgery

NCT01339052

MK-3475 +
PI3K/AKT
Inhibitors

#

I, II

Progression-free survival

NCT02430363

NCT03696355

GDC-0084 + Radio
Therapy

R

I

To estimate the maximum
tolerated dose (MTD) or
RP2D of GDC-0084 after
radiation therapy (RT)

AZD2014

A, NR

I

Recommended phase II dose
(RP2D) of AZD2014

NCT02619864

GDC-0084

R

II

Dose-limiting toxicities
(DLTs)

NCT03522298

AZD8055

C

I

Establishment of MTD of
AZD8055 with recurrent
gliomas

NCT01316809

GDC-0084 +
Radiation Therapy

R

I

To estimate the MTD or
RP2D of GDC-0084 after RT

NCT03696355

CC-115

A, NR

I

To determine the MTD,
Non-tolerated dose
and Dose-Limiting Toxicity

NCT01353625

R—Recruiting, C—Completed, A—Active, NR—Not Recruiting, T—Terminated, W—Withdrawn, and #—Study has
passed its completion date and status has not been verified in more than two years.

5.3. Therapies Directed at RTK Ligands
Antibodies not only bind to the extracellular domains but also are capable of trapping the ligands
that activate the RTK signaling pathways [89]. Targeting the ligands might serve as an attractive
means for GBM therapy. However, the usage of antibody was reduced due to various factors such
as mutations in EGFRvIII and the inability to cross the BBB, which limited the tumor penetration
and efficacy of the therapy. Bevacizumab, a humanized murine mAb, was reported to bind to VEGF
and prevent it from binding to the receptor [90]. Bevacizumab was granted accelerated approval by
the FDA in 2009; however, the drug demonstrated reduced efficacy against the newly diagnosed GBM
and had no benefit on the patient’s overall survival [91]. Aflibercept, another trap for VEGF, prevented
its binding to the receptor, and recurrent GBM patients were proven to have only 7.7% of participants
resulting in progression-free survival rates after six months in a phase II trial. Rilotumumab (AMG102),
an anti-HGF mAb, was shown to bind to HGF, thus preventing the binding to the HGFR/c-MET
and thereby activating downstream targets. In combination with temozolomide in vitro, rilotumumab
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was shown to inhibit the growth of U87MG glioblastoma cells. The combination showed only minimal
effects on GBM in the phase II clinical trial [18].
5.4. Targeting Downstream Pathway of EGFR
A comprehensively studied downstream pathway of EGFR is the PI3K/AKT/mTOR, which is
critically involved in regulating cell apoptosis, autophagy, proliferation, and metabolism. Dysregulation
of the pathway, as mentioned earlier, played a prominent role in various cancers [92,93]. Therapeutic
strategies targeting PI3K/AKT in GBM have given promising results in the in vitro and in vivo xenograft
models; however, clinical safety and efficacy need to be proven. Sonolisib (PX-866), an irreversible
PI3K inhibitor, inhibited the angiogenesis and invasion of GBM cells in vitro but did not induce
the apoptosis of GBM cells; nevertheless, the drug caused cell cycle arrest. Sonolisib was well tolerated
but showed disease progression in almost 73% of recurrent GBM patients in the phase II clinical
trial [94]. Various other inhibitors such as XL765 (SAR245409) and GDC-0084, both PI3K and mTOR
inhibitors, showed efficacy against GBM in the in vitro and in vivo models. However, the results as
mentioned above lack the support from relevant clinical data [95].
Sirolimus (rapamycin), temsirolimus (CCI-779), and everolimus (RAD001), the mTOR inhibitors
were evaluated in the various clinical phases and showed little efficacy in treating GBM patients.
Everolimus showed very little effectiveness and a low survival rate in monotherapy and combination
with temozolomide radiotherapy in a phase II clinical trial [96]. Sirolimus monotherapy and in
combination with erlotinib [97] and temsirolimus [98] failed to show any effect in the treatment of
GBM patients in a phase II clinical trial.
Other inhibitors such as vistusertib (AZD2014), palomid 529, and mTOR kinase inhibitor (CC-223)
were dual inhibitors of mTORC1 and mTORC2. Vistusertib showed radiosensitization in GBM cell
lines both in the in vitro and in vivo models, due to which the participants were recruited to phase I
and II clinical trials [99] (clinical trial ID: NCT02619864). In a GBM xenograft model (U87MG cells),
CC-223 exhibited an anti-tumor effect, while Palomid 529 exhibited anti-tumor activity in the orthotopic
murine tumor model [100].
6. Mechanism of Drug Resistance to EGFR–TKIs in Glioma
Although the mechanism of drug resistance to EGFR–TKI in GBM remain unclear, few reports
discussed the possible mechanisms in this regard. The absence of mutation in exons 19 and 21
of the TK domain was reported, especially in first-line EGFR-TKIs such as erlotinib and gefitinib.
Their pharmacological actions were dependent on the modifications, as mentioned above [101].
Another possible mechanism mentioned was an alternative activating signal that compensated for
the inactivation of EGFR signaling by EGFR–TKIs. In addition, the absence of EGFRvIII and loss
of phosphatase and tensin homolog (PTEN) were the other determinants of resistance in certain
studies [102].
The inhibition of mTOR, a downstream molecule of the PI3K/PTEN/AKT pathway, promoted
the response of glioma cells to EGFR-TKIs in vitro [103,104]. Conversely, there was no responsiveness
to erlotinib and no expression of EGFRvIII and PTEN in the phase II clinical trial with relapsed GBM
patients [105]. In addition, a combination of the mTOR and EGFR–TKIs inhibitors (sirolimus) did not
improve the patients’ responsiveness in recurrent GBM patients [106]. On the other hand, erlotinib
inhibited EGFR in EGFRvIII expressing U87 GBM cells and enhanced the expression of PDGFRα,
thereby compensating the signaling pathway inhibited by erlotinib [97].
Despite the numerous studies on GBM treatment targeting EGFR, no therapeutic efficacy has been
reported [107,108]. The therapeutic efficacy was minimal or nil in the case of first and second-generation
EGFR inhibitors for the treatment of recurrent GBM [109,110]. The primary reasons for the above
drugs’ failure were their inability to cross the BBB and the requirement of a relatively high amount of
drug concentrations in the brain [92], which in turn limited their usage. By overcoming the above-said
limitations, effective therapy for GBM could be discovered [92].
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7. Current Pharmaceutical Drug Targets in Glioma
Despite the great activity of EGFR–TKIs, mAb, and chemotherapeutic agents, the therapeutic
outcomes limited by BBB penetration in both preclinical and clinical studies have urged the thought
of using TKIs-loaded nanoformulations in the management of GBM [111]. For example, lipophobic
and less molecular weight drugs could not achieve specific delivery in tumor tissues and were
characterized by a short circulation half-life [112]. Furthermore, compared to the other cancer types
harboring EGFR amplification, clonal resistance was not observed in GBM after the EGFR inhibitor
treatment. However, multiple failures and/or resistance such as the absence of exons 19 and 21 of
the TK domain, an alternative activation of signals, rapid adaptive responses due to EGFR inhibitors,
and the lesser ability of EGFR–TKI drugs to cross the BBB were reported in various studies [113].
Consequently, the novel drug delivery systems (NDDS) were employed for the specific delivery
of FDA-approved drugs to increase its therapeutic outcomes and reduce the adverse effects during
Pharmaceutics 2020, 12, x
11 of 28
GBM treatment. Among the above-mentioned NDDS, the NPs (Figure 3) with various structures
and properties
to as
serve
as the desirable
carriers
for anti-cancer
were
invented
[114,115].
properties
to serve
the desirable
carriers for
anti-cancer
drugs weredrugs
invented
[114,115].
In addition,
In addition,
the systems
appear toapproaches
be promising
approaches
to solve
the in
existing
problems of
in
the
systems appear
to be promising
to solve
the existing
problems
the management
the
management
of
GBM
[114].
NPs-based
systems
have
many
unique
benefits.
Firstly,
NPs
can
be
GBM [114]. NPs-based systems have many unique benefits. Firstly, NPs can be loaded with the
loaded with and
the hydrophilic
hydrophobic
drugs simultaneously,
results insolubility
an enhanced
hydrophilic
hydrophobicand
drugs
simultaneously,
which results inwhich
an enhanced
and
solubility
and
anti-cancer
effect
when
employed
with
the
suitable
combinations
of
medicines
in
carriers.
anti-cancer effect when employed with the suitable combinations of medicines in carriers. Secondly,
Secondly,
theparticle
uniformsize
particle
size distribution
and modifications
surface modifications
orcancer
active
the
uniform
distribution
and surface
enabled enabled
passive passive
or active
cancer targeting
and resulted
in improved
availability
in the
tumor
region.
Lastly,the
theNPs
NPsas
as drug
drug
targeting
and resulted
in improved
drugdrug
availability
in the
tumor
region.
Lastly,
carriers
also
aided
the
sustained
and
controlled
drug
release
at
a
specific
region.
The
augmented
drug
carriers also aided the sustained and controlled drug release at a specific region. The augmented drug
release profiles
profiles with
extended circulation
circulation time
time permitted
permitted improved
improved pharmacokinetics
pharmacokinetics and
and decreased
decreased
release
with extended
the dose-dependent
toxicity of
of therapeutic
Hence, the
the subsequent
subsequent portion
portion reviews
reviews
the
dose-dependent toxicity
therapeutic agents
agents [116,117].
[116,117]. Hence,
the
benefits
of
various
classes
of
NPs
used
in
EGFR-targeted
drug
delivery
to
manage
glioma.
the benefits of various classes of NPs used in EGFR-targeted drug delivery to manage glioma.

Figure 3. Different
penetration
and
target-specific
action
in
Differentnanodelivery
nanodeliverysystems
systemsthat
thatfacilitate
facilitateBBB
BBB
penetration
and
target-specific
action
in glioma.
glioma.

7.1. Organic Nanoparticles
7.1.1. Albumin Nanoparticles
Due to the greater biodegradability and low immunogenicity of serum albumin, it has been
identified as a suitable nanocarrier for the cancer management in recent years. In addition, the ability
of binding or absorbent proteins around the NPs was showcased as the foremost prominent factor
for prolonged circulation time and phagocytosis [118]. As an endogenous substance, albumin might
inhibit therapeutics drugs from unnecessary stability interaction and targeting efficiency. The human
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7.1. Organic Nanoparticles
7.1.1. Albumin Nanoparticles
Due to the greater biodegradability and low immunogenicity of serum albumin, it has been
identified as a suitable nanocarrier for the cancer management in recent years. In addition, the ability
of binding or absorbent proteins around the NPs was showcased as the foremost prominent factor for
prolonged circulation time and phagocytosis [118]. As an endogenous substance, albumin might inhibit
therapeutics drugs from unnecessary stability interaction and targeting efficiency. The human serum
albumin-based paclitaxel (PTX) nanoparticles exhibited superior anti-tumor activity by the prolongation
of survival and pro-apoptotic effect, as depicted by terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) analysis, thereby serving as a novel strategy for treating GBM (Figure 4A,B) [119].
Furthermore, radioiodine cross-linking anti-EGFR (cetuximab) and bovine serum albumin (BSA)
polycaprolactone (PCL) nanoparticles were also useful to induce tumor regression, which in turn
enhanced the cytotoxicity on tumor cells and limited the adverse effects of chemical agents [120].
Thus, it can be stated that albumin NPs exhibited an improvement in therapeutic outcomes.
Tsutsui et al. demonstrated bio-nano capsules (BNCs) as an efficient way to deliver drugs to
brain tumors in Gli36 cell lines. BNCs are composed of a hepatitis B surface antigen, small interfering
ribonucleic acid (siRNA), genes, chemical components, and proteins that selectively target brain tumors.
BNCs, when conjugated with an EGFR antibody, were capable of recognizing EGFRvIII, which in
turn was overexpressed in various human malignancies. EGFRvIII was reported to be overexpressed
in the variability of human malignancies of epithelial origin, particularly in gliomas. As mentioned
above, the reports indicated BNC’s potential as a means to achieve tumor targeting delivery [121].
The intravenous (i.v.) administration of T7 peptide modified core–shell NPs (T7-LPC/siRNA
NPs) consisting of protamine/chondroitin sulfate/siRNA/cationic liposomes assembled layer by layer
followed by modification using T7 peptide resulted in siRNA targeted delivery. T7-LPC/siRNA
NPs, when compared with PEG-LPC/siRNA NPs, showed increased fluorescence intensity in
microvascular endothelial cells of the brain (BMVECs) and U87 glioma cell lines. The NPs resulted in
the downregulation of expression of EGFR protein in U87 glioma cells in vitro. The accumulation of
NPs was more specific to the tumor tissues and penetrated the deep region ascertained by the co-culture
model of BMVECs and U87 cells and in vivo imaging. The reports also confirmed that the NPs
demonstrated the most prolonged survival period and highest down-regulated expression of EGFR,
thereby showing the potential of siRNA delivery for the targeted therapy of GBM [122].
7.1.2. Immunoliposomes (IL) and Solid Lipid Nanoparticles (SLNs)
The sustained and targeted drug release profiles of the immunoliposomes (ILs) and solid
lipid nanoparticles (SLNs) nanosystems enabled the enhanced cancer cell inhibition and decreased
the adverse effects throughout the tumor therapy [123]. Lipids (phospholipids) were utilized to
manufacture NPs due to their safety and biocompatibility [124]. The dual targeting SLN loaded
with etoposide (ETP) containing mAb for insulin receptors and anti-EGFR was used to treat GBM.
The dual-functionalized SLNs crossed the BMVECs/HA (human astrocytes), which is an in vitro model
for BBB, and showed enhanced cytotoxicity against U87MG cells [125], thus proving its potential against
GBM. In another study, the Cetuximab (C225)-immunoliposomes (ILs) encapsulating boron anion
were constructed by using novel maleimido–Polyethylene Glycol (PEG)–cholesterol for the targeted
delivery of boron compounds to EGFR (+) glioma cells for boron neutron capture therapy (BNCT).
It was concluded that the prepared ILs could serve as an efficient delivery vehicle for the BNCT of
glioma [126].
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for successful brain drug delivery in the glioma treatment [129].
7.1.2. Immunoliposomes (IL) and Solid Lipid Nanoparticles (SLNs)

7.1.3. Polymeric Nanoparticles

The sustained and targeted drug release profiles of the immunoliposomes (ILs) and solid lipid
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promising benefits in the biomedical applications due to their improved solubility, biocompatibility,
manufacture NPs due to their safety and biocompatibility [124]. The dual targeting SLN loaded with
and biodegradability. The biodegradation through circulation in vivo can be eluded efficiently,
etoposide (ETP) containing mAb for insulin receptors and anti-EGFR was used to treat GBM. The
and the elimination half-life of the drugs is also prolonged after polymeric NPs encapsulation [130].
Additionally, the polymeric NPs with an applicable particle size distribution could passively help
accumulate medicines in the tumor region by improved permeability and retention time [131,132].
Moreover, the retention time of encapsulated drugs in the tumor region could also be precisely regulated
by various strategies [133]. For all of these advantages, the surface of polymeric NPs could be altered by
selecting specific ligands to achieve active targeting delivery [134]. A study demonstrated the delivery
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Lei Wang et al. (2015) prepared the angiopep-2 (ANG)-modified PLGA/DOX/siRNA NPs,
which inhibited the cells by inducing apoptosis and silenced the EGFR pathway in U87MG cells.
The NPs were capable of penetrating the BBB, thus resulting in the enhanced accumulation of
drugs in brain in vivo. Animal studies not only demonstrated the co-delivery of DOX and EGFR
SiRNA but also prolonged the life span of GBM-bearing mice [136]. Chengkun et al. (2019) utilized
the Golgi phosphoprotein 3 (GOLPH3) nanobody to construct an angiopep-2 (A2)-modified cationic
lipid PLGA NPs (A2-N) targeting the Ge and GOLPH3 siRNA (siGOLPH3). The NPs not only
penetrated the BBB but also silenced the expression of GOLPH3 mRNA and enhanced the expression
of EGFR and pEGFR upon entering glioma cells. In addition, the above-mentioned NPs acted
as a combinational anti-tumor therapy in vitro and in vivo [137]. In vivo imaging revealed that
the T7-LPC/siRNA NPs penetrated the deeper regions of the tumor. Furthermore, the accumulation
was more in the brain, which was an added advantage compared to PEG-LPC/siRNA NPs. The group
also demonstrated the enhanced survival period by down-regulating the expression of EGFR in
mice, and therefore, it can serve as a potential target for treating GBM [119]. In another study,
C225 was conjugated to TMZ-loaded PLGA NPs (C225–TMZ–PLGA–NPs) by cross-linking chemistry
to target the EGFR receptor. Furthermore, in vitro cellular uptake and the in vivo evaluation of
PLGA–NPs, TMZ–PLGA–NPs, and C225–TMZ–PLGA–NPs were conducted. In addition, the results

Pharmaceutics 2020, 12, 1198

15 of 29

of cell cytotoxicity, apoptosis in U-87MG, SW480, and SK-Mel 28 cancer cell lines confirmed
that the C225-PLGA-NPs can be utilized as a versatile nanocarrier for the management of EGFR
overexpressing cancers [138].
7.1.4. Dendrimers
The dendrimers are hyper-branched macromolecules that exhibit advantages over the conventional
carriers (liposome, polymeric NPs etc.) such as enhanced stability in the blood circulation and ability
to accommodate various ligands due to its chemosynthetic approach rather than self-assembly
through non-covalent interaction [139,140]. In addition, the structure, size, and molecular weight of
dendrimer have resemblance with bio-structures and proteins (insulin, hemoglobin and cytochrome),
which makes them employable in various fields as gene delivery, immunodiagnosis, and encapsulation
of drugs [141,142]. Dendrimer-based drug delivery employing polyamidoamine (PAMAM) was also
explored for its application in GBM therapy [143,144].
An antisense oligonucleotide (ASODN) delivery of conjugates of folate–PAMAM (FA-PAMAM)
inhibited the C6 cell growth in glioma. The coupling of folic acid to the surface amino groups of
PAMAM dendrimers and ASODNs (ASODN: FA-PAMAM) corresponded to rat EGFR in the ratio
of 16:1. The ASODN:FA-PAMAM combination suppressed EGFR and C6 cell growth expression,
thus enhancing the survival time [145].
Cetuximab (C225) could be covalently linked to methotrexate (MTX) by the 5th generation (G5)
of PAMAM dendrimers via its fragment crystallizable (Fc) region (C225–G5–MTX) to target EGFR
and EGFR variant III (EGFRvIII). Competitive binding assay (CBA) demonstrated that C225–G5–MTX
exhibited a higher affinity for the EGFR-expressing rat glioma cell line (F98EGFR ) than the wild-type rat
glioma cell line (F98WT ). Subsequently, the improved distribution of 125 I bio-conjugate of C225-G5-MTX
noticed in F98EGFR was six-fold greater than F98WT cells, thereby contributing to specific molecular
targeting the GBM treatment. The animal models that received C225-G5-MTX and C-225 or MTX
exhibited 15- and 19.5-day survival rates, respectively. Correspondingly, the results were non-significant
between the control and test animals [146].
PAMAM dendrimer and Tat peptide were fabricated to bacterial magnetic NPs
(Tat–BMPs–PAMAM), which were then complexed with the siRNA expression plasmid of human EGFR
(psiRNA–EGFR) through electrostatic interplay (Tat–BMPs–PAMAM/psiRNA-EGFR). The conjugate
offered promising results in reducing tumor growth and suppressing the expression of oncoproteins.
In addition, the conjugate could serve as a possible targeted gene delivery for GBM [147].
Recently, an angiopeptide-2 (Ang2) and low-density lipoprotein receptor-relative protein-1 (LRP1)
was conjugated with PAMAM to improve BBB penetration glioma sites. Furthermore, PAMAM was
concurrently functionalized with an EGFR-targeting peptide (EP-1) to achieve specificity and improved
affinity to target EGFR. The above results showed the potential of the dual drug-loaded PAMAM in
the treatment of gliomas by improving BBB penetration and specific EGFR targeting efficiency, both
in vitro and in vivo (Figure 6) [148].
All the above-mentioned experiments concluded that the dendrimer-based NPs could be utilized
as extensive drug delivery carriers to target and treat various CNS cancer cells by BBB penetration
with the backing of targeting ligands.
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penetration with the backing of targeting ligands.

7.2.1. Silica NPs

The mesoporous silica nanoparticles (MS-NPs) are frequently employed as multifunctional
nanocarriers to treat cancer cells owing to its mesoporous structure and enormous surface area. As a
result, the active components can be dumped in the porous structure of NPs to obtain the maximum
amount of drug-loading, and the surface modification of MS-NPs could also increase the intracellular
uptake. Additionally, the alteration of carriers’ particle size, surface charge, and shape could increase
the biocompatibility and minimize the cytotoxicity of MS-NPs [149]. In addition, MS-NPs could be
encapsulated with contrast agents for MRI imaging. Hence, MS-NPs exhibit a chance to improve
the solubility and stability of anti-EGFR drugs by being deposited in the porous structure.
Furthermore, prolonged drug release profiles resulted in decreased cytotoxicity in long-period
cancer therapy [150,151]. The properties mentioned above were ensured by developing DOX magnetic
(Fe3 O4 ) NPs, encapsulated in polyethylene glycol (PEG), to functionalize the porous silica shell and treat
cancer cells [152]. Likewise, multi-targeted oleic acid (OA)–MNPs were developed. Reports confirmed
promising outcomes about the in vitro and in vivo efficacy in treating human cancer cells (HeLa).
The study results stated that the MS-NPs formulations were more predominant than the placebo
or free drugs and could overcome the drawbacks mentioned above of the conventional treatment
approaches [153]. The synthesized and functionalized DOX magnetic MS-NPs were fabricated with
PF-127 and then conjugated with transferrin (Tf) to enhance BBB penetration and achieve sustained
release at the specific site. The Tf-loaded NPs resulted in improved BBB permeability (Figure 7).
Thus, the prepared Tf nanocarriers could be considered as potential candidates in the treatment of
brain tumors [154].
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In
addition,
biocompatibility and magnetic properties. For example, an improved survival rate was noticed in
SPIO and peptide nanoprobe were effectively combined and demonstrated for specific molecular
animal models with C225-IONPs compared to pure C225 in the treatment of GBM [156]. In addition,
SPIO and peptide nanoprobe were effectively combined and demonstrated for specific molecular MRI
and sensitive optical imaging (SOI). Both in vitro and in vivo MRI and SOI showed that the nanoprobe
was useful for targeting GBM with desirable biosafety [157]. In another study, MNPs were employed
by convection-enhanced delivery (CED) in the brain to target the EGFRvIII xenografts GBM model.
Then, MRI was conducted to evaluate brain targeting and the delivery of conjugated MNPs after CED.
The accomplishment of a human clinical trial containing a direct injection of MNPs into recurrent
GBM for thermotherapy proved the safety, efficacy, and feasibility in the patients [158]. In a recent
report, pazopanib was loaded in MNPs, which stimulated the ultrasound’s drug release. The enhanced
drug distribution in the non-small cell lung cancer (NSCLC) region resulted in improved therapeutic
outcomes [159].
7.2.3. Noble Metal Nanoparticles (NM-NPs)
Commonly, the Gold (Au) NPs are known as noble metal NPs, which were comprehensively
studied for biomedical applications due to their lower toxicity, distinctive electronic, and optic
properties that prompted cellular destruction with an application of radiation [160] or light [161].
In addition, AuNPs could be loaded with organic molecules (antibodies), which enhanced
the accumulation of AuNPs within specific cancer tissues or lesions [162]. AuNPs were loaded with
malondialdehyde-modified low-density lipoprotein (MDA-LDL) antibodies by distinct chemistries for
drug recognition and capture from the biological system [163]. Furthermore, 40 nm AuNPs with mAb
targeting the EGFR acted by random adsorption to treat oral squamous cancer. The antibody-loaded
AuNPs accumulation into the tumor region enhanced cancer cell death by photothermal therapy [161].
In addition, the 5 nm AuNPs were surface modified with EGFR antibodies and functionalized using
GM for targeting GBM cells [164]. In another study, Au nanocubes (AuNCs) with pH or temperature
sensitivity were prepared for erlotinib or DOX encapsulation. Firstly, the drug-loaded AuNCs could
accumulate more at the cancer tissue; the particular acidic microenvironment of cancer initiated
erlotinib’s release, precisely. Finally, the controlled release of DOX by near-infrared (NIR) laser
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irradiation improved the therapeutic effect of AuNCs-based nano carrier in A431 cancer cell lines [165].
In addition, the in vivo activity of the Au–C225 conjugate resulted in a similar effect compared to
free C225, concluding that the site-specific conjugation to the AuNP did not affect the biological
action of the EGFR antibody, thereby signifying the value of the intended functionalization approach.
The opportunity to yield accurate AuNP–Immunoglobuin G (IgG) conjugates creates novel paths
to assay the Au–C225 conjugate for cancer therapy, either for sensitizing tumor cells to external
radiation [166]. Based on the promising results of the developed NM-NPs provided a novel way for
the delivery of chemotherapeutic and TKIs drugs.
8. Current Clinical Studies of Nanoformulations
After promising results of preclinical investigations, the organic and inorganic nanoformulations
have entered the clinical trials to assess the tolerability, safety, pharmacokinetics, and efficacy for
the treatment of GBM [167]. Table 3 summarizes the list of current clinical trials on EGFR loaded
nanoformulation for the treatment of GBM. Firstly, the researchers have a newly developed EnGeneIC
delivery vehicle (EDV). This inorganic nanocarrier exploits antibody-targeted, transporting active
anti-cancer drugs into EGFR-expressing cancer cells (EnGeneIC, Lane Cove West, Australia). In a
phase I/II study, the recurrent GBM adult patients were dosed of up to 5 × 109 to determine the safety
and possible dose of EGFR–EDV–DOX (NCT02766699) [168]. The effect of anti-EGFR targeted DOX
loaded into C225-decorated Immunoliposomes (ILs) (C225–ILs–Dox) is being evaluated in a phase I
clinical trial (NCT03603379) [169]. Analogously, DOX–trastuzumab consisting of PEGylated liposomes
has completed a phase I/II clinical trial (NCT01386580). The phase I clinical study of cationic liposomes
loaded with cancer suppressor gene p53 and TMZ (SGT–53–TMZ) was conducted to observe minimal
side effects with a 6-month progression-free survival (PFS) and overall survival (OS) rate in patients
with advanced solid tumors (NCT02340156) [170]. The phase I/II clinical trial was conducted to estimate
side effects and a suitable dose of EGFR-bispecific antibody armed T cells (EGFR-Bi-T) in GBM patients’
treatment. In phase I trials, the patients received EGFR-Bi-T intrathecal (IT) injection twice per week
for four weeks to determine the efficacy and toxicity profile. In phase II trials, the patients received
EGFR-Bi-T IT twice weekly for four weeks and then i.v. over 15–30 min twice weekly for two weeks
(NCT02521090).
Table 3. List of Current Clinical Studies of Nanoformulations.
Nano Carriers

Drug

Phase

Outcome Measures

NCT Number

Reference

EnGeneIC
delivery
vehicle (EDV)

EGFR-EDV-DOX

I

Determination of a possible phase
II dose of drug for recurrent GBM.

NCT02766699

[168]

ILs

C225-IL-DOX

I

Determination of a suitable ratio
of C225–IL–DOX concentration.

NCT03603379

[169]

PEGylated
Lipososmes

DOX-Trastuzumab

I/II

To determine the safety
and tolerability of i.v.
administration of the PEGylated
liposomes

NCT01386580

NA

Albumin NPs

Rapamycin +
Avastin +
Radiation

II

To determine progression-free
survival (PFS) and overall
survival (OS) rate according to
response assessment in
neuro-oncology (RANO) criteria

NCT03463265

[171]

Cationic
Lipososmes

SGT-53 + TMZ

II

To determine six-month PFS
and OS, anti-cancer activity, safety,
and efficacy of NPs.

NCT02340156

[170]

enzyme-linked
immune spots

EGFR-Bi-T

I/II

To determine the maximum
tolerated dose (MTD) for eight
intrathecal (IT) injections

NCT02521090

NA
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9. Future Perspectives
The results of EGFR–TKIs drugs in clinical research showed that the molecularly targeted medicines
combined chemotherapy could achieve the highest therapeutic outcome compared to free active
components. However, the low specific inhibition and drug resistance during treatment were difficulties
in developing targeted molecular active agents. Novel signaling transduction anti-cancer drugs based on
modified therapy could minimize or overcome drug resistance. Remarkably, nanotechnology’s benefits
for the currently available chemotherapeutic and TKI agents provided alternative strategies for improving
therapeutic results: low solubility and BBB penetration, and prolonging the drug accumulation in
the cancer region, decreasing the side effects triggered by non-specific distribution. The nanocarriers’
design has been moved forward via its technological upgradations, yet the nanoplatform fails to attain
comprehensive clinical interpretation. Thus, the nanocarrier delivery approach is intended to assure
better chances of success in a clinical trial [172].
Moreover, the clinical trial evidence (Table 3) was intended to determine the safety and efficacy
of nanoformulations for the GBM treatment that have been happening since the beginning of
the twenty-first century. Hence, the results of clinical studies have not yet been published,
which contribute to paving the way for the clinical interpretation of nanotherapies for GBM.
The researchers have recently considered utilizing natural compounds such as polyphenols
and cannabinoids to target EGFR and its downstream pathway in various cancer cell lines [173–178].
The brain’s microenvironment, prominently advanced as per our understanding, targeting GBM cells
with Janus kinases/signal transducer and activator of transcription proteins (JAK/STAT) inhibitors via
combinational approaches could boost immunity with the reduced oncogenic effect of the GBM cancer
cells [179,180].
10. Conclusions
The clinical trials of the nano-based formulations of chemotherapeutic and/or TKI drugs in
combination are awaited. After an extensive literature search, it could be stated that novel approaches
to treat GBM using mono or combinational therapy of polyphenols and anti-EGFR drugs to target
multi signaling pathways (EGFR, JAK/STAT, and PI3K/AKT/mTOR) would help overcome the multiple
failures of EGFR–TKI drug trials. Furthermore, the novel nano-based combinational therapy might
positively reverse chemotherapeutic and TKI drug-induced resistance.
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Integrating an Adapted, Low-Intensity Program to Promote
Early Childhood Development in Routine Health Visits in Rural
India: A Feasibility Study
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ABSTRACT: Objective: More than 200 million children younger than the age of 5 years fail to reach their full
developmental potential in low- and middle-income countries (LMICs). The purpose of this study was to describe
the feasibility of integrating a brief program to promote early childhood development within a health care setting
serving a predominantly rural population in India. Methods: We conducted a prospective, noncomparative,
mixed-methods study. An adapted parent-directed program was administered to caregivers of 2- to 6-month-old
children while waiting for their health care provider. Caregivers completed baseline and 4-week follow-up
surveys. Thematic analyses and generalized equation estimates were used for analyses in the following feasibility indicators: acceptability, demand, implementation and practicality, and limited efficacy testing. Results:
Forty-seven caregivers were recruited; most were women (98%) and had equal to or less than 12 years of
schooling (61%). Forty-six of 47 participants completed the follow-up at 1 month. Three administrators were
trained to deliver the program over the course of 2 days. Caregivers perceived a need for the program and found
the content and structure of the program useful. However, there were important suggestions for improvement,
including greater visual content and dissemination to nonparental caregivers and fathers. Significant increases
were seen on self-reported parenting behaviors regarding a child’s caregiving environment. Conclusion: Our
findings support the feasibility of integrating an adapted, low-intensity program in a primary care setting in India,
but important adaptations and considerations will need to be addressed before effectiveness testing on a wider
scale. We discussed implications for offering sustainable population-level interventions to promote early
childhood development in LMICs.
(J Dev Behav Pediatr 00:1–8, 2019) Index terms: early childhood development, LMICs, parenting, primary care, sit down and play.

M

ore than 250 million children younger than the age
of 5 years living in low- and middle-income countries
(LMICs) are at risk of not reaching their full developmental potential because of the negative impacts of
poverty and stunting.1 Poverty can profoundly affect
a child’s life course trajectory through its effects on
a child’s early everyday experiences and social environ-

From the Departments of *Pediatrics, †Psychology, University of Illinois at
Chicago, Chicago, IL; ‡Women’s and Children’s Health Research Unit, Jawaharlal Nehru Medical College, Belagavi, India; Departments of §Clinical and
Translational Science, \Psychiatry, University of Illinois at Chicago, Chicago, IL.
Received May 2019; accepted September 2019.
Supported by the Eunice Kennedy Shriver National Institute Of Child Health &
Human Development of the National Institutes of Health under Award Number
K23HD086295. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National Institutes of Health.
Disclosure: The authors declare no conflict of interest.
Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of this
article on the journal’s Web site (www.jdbp.org).
Address for reprints: Reshma Shah, MD, Department of Pediatrics, College of
Medicine, The University of Illinois at Chicago, 840 South Wood St, MC 856,
Chicago, IL 60612; e-mail: reshmamd@uic.edu.
Copyright Ó 2019 Wolters Kluwer Health, Inc. All rights reserved.

Vol. 00, No. 00, December 2019

ment during the first 3 years of life.2 Because of its importance for healthy brain development, this period of
time offers an important window of opportunity and
vulnerability for a child. For children living in poverty and
who are exposed to increased levels of chronic stress, it
can be a period of extreme vulnerability, resulting in
a cascade of physiologic and epigenetic disruptions that
affect brain structure, function, and developmental outcomes.3 Because early child development is predictive of
long-term educational, economic, and health outcomes,
the correction of these early delays has become an international priority, with organizations such as the World
Health Organization (WHO), United Nations Children’s
Emergency Fund (UNICEF), and American Academy of
Pediatrics insisting countries address not only child survival but child development as well.4
Importantly, an abundance of multidisciplinary research demonstrates that the quality of caregiving a child
receives during these early important years of brain development can either exacerbate or mitigate the negative
effects of poverty on development.5 Specifically, studies
indicate that a cognitively enriched home with nurturing
caregiving can promote healthy development even in
www.jdbp.org | 1
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adverse conditions.6 Thus, programs that augment caregiving offer a prime opportunity for lessening the negative
developmental effects of poverty. Given the important
role of caregiving, it is necessary to consider policy-level
factors that can support families in their caregiving, including strengthening maternal well-being, assuring equitable pay, improving food provision and security, and
ensuring safe and secure governance.7
The health care setting is another important modality
that can be used to help promote and support key parenting behaviors specifically through its integration with
early childhood development programs. The health care
setting has a number of advantages, including being
nonstigmatizing, having an established location and infrastructure, and accessibility to a large population of
families. Leveraging these advantages may address some
challenges traditionally faced by home visiting and
center-based parenting programs internationally, which,
although they can be very successful, can also be costly
and have limited reach.8 Indeed, in the United States,
primary care-based parenting programs have been
shown to improve participation in cognitively stimulating activities and promote responsive interactions.9–11
There are also examples of pioneering interventions
that have used the health care setting to strengthen parenting behaviors in LMICs, many with positive impacts.
For example, in a clinic-based program in the Caribbean,
parenting groups, digital versatile disks (DVDs), community health workers, and nurse visits were used in combination to promote parenting knowledge and early child
developmental outcomes.12 The Care for Child Development, an early childhood intervention developed by
WHO and UNICEF, used pediatricians to promote positive
parent-child interactions during sick visit appointments in
Turkey and demonstrated positive impacts on the amount
of cognitive stimulation a child received in the home 1
month after receiving the intervention.13 Recognizing the
promise of the health care setting to promote key parenting behaviors that support early childhood development, international public health agencies have
called for strategies to expand access and further integrate
development promoting programs into this setting.14

Present Study
As a formative step toward an accessible and effective
program to promote early childhood development in
settings beyond the United States and in LMICs, we
sought to build on these pioneering programs and evaluate the feasibility and acceptability of integrating Sit
Down and Play (SDP) in Karnataka, India. SDP is a brief
evidence-informed primary care-based program that aims
to leverage the health care setting to enhance a child’s
early social and learning experiences.15 This mixedmethods study was suggested by the framework of
Bowen et al.16 for feasibility studies and is structured
around its following core elements: implementation and
practicality, acceptability, limited efficacy, and demand.
As described in Table 1, these key elements were oper2 Pediatric Development and Health Care in LMICs

ationalized to inform future implementation strategies
for population-level early childhood development programs, with a specific focus on clinics serving lowincome communities, for use in LMICs.

METHODS
Study Design
A prospective, noncomparative, mixed-methods study
was conducted. This study design was chosen based on
published guidelines to establish feasibility, evaluate acceptability, and gather preliminary data for future
implementation before larger-scale, more costly
studies.16,17

Study Setting
This study took place from September 2017 to November 2017 in a hospital-based primary care clinic
serving families with low income from rural villages in
the state of Karnataka in India. Karnataka is located on
the southwest coast of India and has 61 million residents,
of whom 20% live in poverty, with a disproportionately
higher number of those affected by poverty living in
rural areas.18 Study protocol approval was obtained by
the Institutional Review Boards located at the University
of Illinois at Chicago and Jawaharlal Nehru Medical
College, Belagavi, India.

Primary Care-Based Program: Sit Down and Play
Sit Down and Play (SDP) is a brief health care-based
program, with a specific focus on clinics serving lowincome communities. It is based on existing parentdirected programs (e.g., Reach Out and Read, Care for
Child Development) that strive to enhance a child’s early
social and learning experiences but with strategies to
promote sustainability and expand reach to the millions
of families who may benefit from a low-intensity
population-level approach. SDP is currently being evaluated to inform development and scalability in a large
hospital-based primary care clinic in Chicago, Illinois,
serving a predominantly low-income urban population.
Results, to date, demonstrate acceptability and suggest
benefits for key parenting behaviors that promote early
childhood development.15,19
Informed by social cognitive theory, SDP incorporates
observational learning (repeated modeling of the desired
behavior), facilitators (presence of resources to engage
in behavior), knowledge (awareness of benefits of positive parenting behaviors on child’s development), selfregulation (concrete strategies for the parent to achieve parenting behavior), and self-efficacy to affect
parenting behavior.20 It is designed to be delivered by
nonprofessionals or volunteers during the untapped time
that a family waits to be seen by their child’s health care
provider. As previously described, during each 10minute session, administrators of SDP initially provide
education on the importance of playing and interacting
with a child.19 They subsequently model examples of
Journal of Developmental & Behavioral Pediatrics
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Table 1. Application of the Framework of Bowen et al. for Feasibility
Studies
Feasibility Area of Focus

Outcome(s) Assessed in Feasibility
Area of Focus for SDP

Implementation and practicality: To what extent
can a program and measure be successfully
delivered to intended participants using
existing means, resources, and
circumstances and without outside
intervention?

Success with recruitment; ability to collect
outcome measures; establishment of training
and fidelity measures; cost of materials

Acceptability: To what extent is a new program
judged as suitable or satisfying to program
recipients?

Satisfaction with SDP

Limited efficacy: Does the new program show
promise of being successful with the
intended population, even in a highly
controlled setting?

Impacts on key parenting behaviors

Demand: To what extent is a new idea,
program, process, or measure likely to be
used?

Perceived need for SDP

SDP, Sit Down and Play.

how to use simple age-specific toys to facilitate these key
interactions while playing with a child. Caregivers are
then asked to play with their child and provided feedback, which emphasizes praising and reinforcing positive behaviors. Finally, caregivers are given the toy to
take home with a discussion on how to incorporate play
activities into every day routines and activities.

Participants
Caregivers were eligible to participate in the study if
they were: (1) older than the age of 18 years, (2) had
a child between 6 weeks to 6 months of age, (3) were
presenting for a well-child visit, and (4) self-identified as
the “primary caregiver.” Although SDP was designed for
delivery at the routine visit for children younger than 2
years of age, the time period between 6 weeks and 6
months was chosen to coincide with when routine visits
for immunizations occur most frequently in India.21
Consequently, this period allowed for relatively rapid
pilot testing to aid in the development and design of
future, potentially more costly studies. Caregivers were
excluded if their child was sick or if they could not
communicate in Kannada, Marathi, or Hindi, the primary
languages spoken by the families seen in the clinic.
A sample size of 40 caregivers was chosen a priori
based on the numbers the authors deemed would likely
be sufficient to examine questions of feasibility, explore
acceptability, and pilot the training. An additional 7
caregivers were recruited to account for the potential
loss to follow up.

Procedure
Informed consent was obtained from eligible caregivers who were consecutively approached during this
study and told that a study was being conducted to better
understand how children spend their time during the
Vol. 00, No. 00, December 2019

day. SDP was administered to caregivers after baseline
measures were obtained in the examination room while
families waited for their child’s provider. One month
after recruitment, participants were asked to return to
the clinic, where caregivers participated in a structured
interview to assess usefulness and acceptability of SDP.

Measures
A variety of qualitative and quantitative measures
were used. We present relevant data collection instruments below, organized by the core elements the
framework of Bowen et al.16 for feasibility studies:
implementation and practicality, acceptability, limited
efficacy, and demand.
Implementation and Practicality
A sociodemographic questionnaire was verbally administered to all participants. Key variables included
ages of caregivers and children, the number of children,
years of schooling, and family structure. Implementation
and practicality were operationalized as success with
recruitment, ability to collect outcome measures, establishment of training and fidelity measures, and cost of the
materials to deliver SDP.
Acceptability and Demand
Acceptability and usefulness of the program were
assessed through qualitative open-ended interviews in
participants’ native language at the follow-up visit by
a research assistant. Interviews consisted of 4 core questions with follow-up probes aimed at eliciting caregivers’
feedback about the program as follows: “Have you used
any of the play tips that were discussed during the first
visit with one of the research staff members? Those who
responded that they did were asked, “Can you tell me
which tip you have used the most?” Those who responded they did not were asked, “What are some of the
reasons why you didn’t use the play tips?” (See the Appendix for additional questions; Supplemental Digital
Content 1, http://links.lww.com/JDBP/A244.)
Limited Efficacy
Key items from the United Nations Children’s Emergency Fund Multiple Indicator Cluster Surveys Early
Childhood Development Module (MICS; http://m ics.
unicef.org/tools) were used to assess caregiver participation in cognitively stimulating activities. The MICS has
been widely used internationally with demonstrated association on child developmental outcomes.7 Participants were asked at recruitment and at the follow-up
survey whether they or any household member older
than the age of 15 participated in any of the following
activities with their child in the past 3 days: (1) read
books to or looked at picture books, (2) told stories, (3)
sang songs, (4) took the child outside the home, (5)
played together, or (6) named, counted, or drew things
together. Positive responses were summed to create
a raw score. For any positive response, caregivers were
also asked to specifically identify who participated in any
of the learning activities (e.g., mother, father, or
grandparent).
Copyright Ó 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Data Analyses
Qualitative Analyses
Research assistants conducted the interviews in the
participant’s native language. Responses were directly
recorded in English by the research assistants. The transcripts were then transcribed by a research assistant not
involved in collecting the data. The research assistants
who conducted the interview reviewed the transcribed
entries for accuracy.
English transcripts were coded using the qualitative
software Dedoose (version 7.5.9). The coding approach
followed structured guidelines for thematic analysis, including identifying themes, reviewing and revising
themes, and refining themes and subthemes.22 The coding team consisted of a behavioral pediatrician (first author) and a doctoral clinical psychology graduate student
(second author), each of whom had previous experience
with qualitative analyses. The first author generated an
initial list of provisional a priori codes based on anticipated categories from the focus group questions (deductive), which was then revised as additional codes
emerged inductively from the data. This codebook was
refined through an iterative process because transcripts
were reviewed. Coders independently coded all transcripts and then met regularly to review code applications
and reach consensus. Discrepancies were addressed by
discussion and establishing consensus on code applications or determining whether revisions of the coding
scheme were needed. Once consensus was achieved on
all coding, themes were identified through an iterative
process of considering all excerpts within a given code
and identifying patterns within the data, followed by
considering multiple codes in tandem and identifying
patterns across codes. The final stage of analysis involved
corroborating previous stages by closely examining code
application and identifying patterns and emergent themes
to ensure that final themes were representative of data
excerpts and assigned codes.23
Quantitative Analyses
Descriptive statistics were used to assess the characteristics of the sample using percent for categorical variables and means with SDs for continuous variables. The
McNemar test was used to compare preproportions and
postproportions within paired samples. Generalized estimating equation models were applied to examine changes
in parenting practices related to participation in early
cognitive stimulation with the learning items from the
MICS. The items were summed for a total score as well
analyzed individually. All statistical tests were conducted
under the significance level 0.05 and SAS 9.4 software
(Cary, NC).

RESULTS
Implementation and Practicality
Forty-seven caregivers were consecutively enrolled
over a 12-day period in September. All families who were
approached agreed to participate in this study. Most of
4 Pediatric Development and Health Care in LMICs

the caregivers in our sample were women (98%) and
younger than 30 years (81%). Sixty-one percent of participants had equal to or less than 12 years of schooling
(Table 2). Forty-six of the 47 caregivers returned to the
clinic for the follow-up interview.

Table 2. Demographic Characteristics of the Sample
Overall n 5 47
N

%

22

47

2

8

17

3

13

28

4

10

21

Child
Gender (female)
Child age, mo

5

5

11

6

11

23

46

98

18–20

6

13

21–25

17

36

26–30

15

32

31–35

7

15

36–55

2

4

47

100

No formal schooling, illiterate

1

2

Attended school

46

98

Parent
Gender (female)
Age, yr

Marital status
Married
Highest education level

Highest level of education completed
Primary school (grades 1–8)

7

15

Secondary school (grades 9–12)

22

47

Some post-secondary education
(e.g., vocational, university)

18

38

1

26

55

2

10

21

3

3

6

4

3

6

Household
No. of children in the household

5

4

9

6 or more

1

2

2

8

17

3

6

13

4

9

19

No. of adults in the household

5

7

15

6 or more

17

36
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The team implementing Sit Down and Play (SDP) in
Karnataka, India, was made up of providers located in
both the United States and India and consisted of a developmental and behavioral pediatrician, psychologist,
neonatologist, primary care pediatrician, pediatric physical therapist, pediatric speech therapist, and research
assistant. Members of the team initially held an introductory in-person meeting to discuss the objectives of
SDP and goals for the program based on the needs of the
local population in Karnataka, India. After conducting
several phone meetings, the first author travelled to India
for an in-person meeting with the remainder of the Indiabased team to further adapt the U.S.-based program for
Karnataka. Adaptations included additional education for
caregivers regarding the importance of play on a child’s
development, further emphasis regarding the potential
impact of parent-child interactions on later development,
and translation of the program’s content into Kannada,
Hindi, and Marathi, the local languages spoken in
the area.
Three individuals with various levels of education
were trained to deliver SDP in Karnataka for this study:
a pediatrician, a physical therapist, and a research assistant. The training involved group discussion regarding
the importance of play and parent-child interactions on
early child development, followed by the content delivery of SDP. Training involved demonstrations, roleplaying, and discussions to hone skills in 3 key
domains: (1) communication and education, (2) modeling of key parenting behaviors, and (3) provision of
feedback. An SDP Fidelity Checklist, which was adapted
from the Chicago Parent Program Fidelity Checklist, was
used to assess SDP administrator competencies in each
of the 3 key domains.24 Administrators delivered the
program initially in English to each other and then in
native languages to nonenrolled families. A threshold
score of 85% was used to verify each SDP administrator’s
acquisition of skills before study delivery.
Training for the administrators of SDP occurred over
a 2-day period for a total of 8 hours, with all administrators meeting fidelity criteria based on the adapted
SDP Fidelity Checklist. The major cost associated with
the program was the cost of the toys, which was approximately $3 per toy, as well as incentive and transportation cost for the follow-up portion of this study.

One aspect of the program that tended to resonate
with many families centered around their role in promoting their child’s development in the area of speech.
For example, 1 parent commented, “It [SDP] helped to
understand how child receives our speech and
responds to it. It helped to teach him how to talk, what
to talk to him. It helped in understanding how to play
with child. It helped to understand what kind of talking made him happy.” Many caregivers appreciated
having potential misconceptions addressed, including
the age at which children start understanding language
or responding to language. For example, 1 mother noted
that before receiving the program, she thought, “babies
can understand talking only at 2 years.”
Although caregivers overwhelmingly were satisfied
with the program and found it to be useful, they did have
suggestions to improve it. First, they noted that it would
be beneficial to receive information at multiple visits
versus at just 1 timepoint. Second, they wished to have
more demonstrations regarding activities to do with their
child. Parents reflected on how beyond individual conversations, they would have also liked to have this information received through other communicative means
such as books or posters in the office. Finally, parents
commented that other caregivers, and grandparents
specifically, should also receive the educational content
of the program because they often spend a significant
amount of time with children.

Acceptability

Parents’ perceived need for the program was reflected
in their recommendation to disseminate it to other families. One mother stated, “It is better if someone gives
information or knowledge as how received. Because I
can see the changes.” Parents commented that the
knowledge they gained from the program encouraged
them to engage more with their child, resulting in positive
changes in their child’s behavior. For example, 1 mother
stated, “Yes, spending more time with baby, can see
baby responding more. I can give or talk about various
things to the baby and make her more intelligent.” For
many parents, having a greater understanding regarding

Caregivers were receptive to the content of the program, particularly because it is related to education surrounding parenting behaviors that could positively affect
a child’s development. The education they valued included information regarding the importance of play,
strategies on how to play with their child, and discussions regarding interacting and responding to their
child. For example, 1 mother commented, “I got to
know so many things like how to play with a baby.”
Another mother stated, “We get knowledge about the
importance of talking, playing and using a toy.”
Vol. 00, No. 00, December 2019

Limited Efficacy
Summary scores related to stimulation activities that
promote early childhood development as assessed by
United Nations Children’s Emergency Fund Multiple
Cluster Index Surveys increased significantly among
participants 1 month after receipt of SDP (e.g., told
stories, p , 0.02, played with child, p , 0.01; Table 3).
Figure 1 demonstrates that the number of mothers,
fathers, and nonparental caregivers who participated in 3
or more learning activities with their child over a 3-day
period increased over the time of this study (p , 0.001).
Participation in activities increased significantly among
mothers and nonparental caregivers after receiving SDP
(p , 0.001); significant changes were not seen among
fathers.

Demand

Copyright Ó 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Table 3. Preliminary Effects of Sit Down and Play on Interactive
Parenting Behaviors
Behavior That Occurred by
Household Member Over the
Age of 15 Years in Past 3 Days

ba (SE)

95% Confidence
Interval

p

Read books to or looked at picture
books with child

2.27 (1.11)

0.10–4.44

0.04

Told stories to child

1.33 (0.57)

0.21–2.45

0.02

Sang songs to child or with child,
including lullabies

1.35 (0.52)

0.33–2.37

0.009

Took child outside the home,
compound, yard, or enclosure

0.92 (0.30)

0.33–1.5

0.002

Played with child

1.91 (0.76)

0.42–3.39

0.012

Named, counted, or drew things
to or with child

1.29 (0.41)

0.49–2.09

0.002

a
b, the mean difference in scores between baseline and 1 month after receipt of Sit Down and Play using the generalized
estimating equation. SE, standard error.

their involvement in their child’s development provided
a sense of permission to spend more time with their child.
One mother stated, “It will help me spend quality time
with the child.” Another parent noted, “[The baby’s] father has supported spending more quality time with the
child because of the program.”

DISCUSSION
Poverty can have profound impacts on early childhood
outcomes and a child’s subsequent life course trajectory.
However, targeting a child’s early social experiences and
environment in the first years of life provides 1 important
strategy to mitigate these negative effects. The current
study findings support the feasibility of adapting a brief
theory-informed early childhood development program
for use in a health care setting serving a low-income rural
population in India with potential to promote parental
participation in cognitive stimulating activities.

Figure 1.

Many of the barriers encountered in low-resourced
clinics in the United States—such as structural barriers,
provider access, and cost for developmental and psychosocial programs25,26—may also be parallel to those encountered in low- and middle-income countries (LMICs).
Therefore, strategies that can address these barriers, such
as those in this study, and can be successfully implemented in such health care settings could be a particularly
useful model in LMICS, which may be facing similar difficulties. The strengths of this approach include alleviating
the need for extra visits, delivery of content by administrators with a range of education, and optimizing all the
time spent at a health care facility, including often wasted
untapped time waiting for a provider.
Although our program was well-received, there were
important suggestions to improve its acceptability. Some
of these suggestions will likely bring additional challenges that will be important to consider for future
implementation. First, parents expressed a need for
more visual prompts and materials to convey the program’s content. In the United States, caregivers receiving
Sit Down and Play (SDP) are given a handout with additional suggestions for activities that they can do at
home. Given the feedback from parents, we will also
create visual content that incorporates the multiple languages spoken in this region. In addition, as in the United
States, potential limitations regarding literacy abilities
will need to be thoughtfully addressed when developing
program materials.
Second, participants commented that delivering the
program information to other caregivers in their homes
would be valuable. Interestingly, although most of the
participants in this study were mothers, there were significant changes noted in nonparental caretakers’ behaviors regarding learning activities. Although we cannot
conclude nonparental caregiver behavior change resulted
from active sharing of this information, it does suggest

Prevalence of caregivers involved in 3 or more cognitively stimulating activities with their children in the previous 3 days. NS, not significant.

6 Pediatric Development and Health Care in LMICs

Journal of Developmental & Behavioral Pediatrics

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

potential for “spillover” of information. Given that over
half of the participants reported having 5 or more adults
in the home, how to deliver this content to other family
members who may spend more time than parents with
young children will be an important point to consider. In
addition, how to reach fathers, who in our study did not
demonstrate a significant change in participation in cognitively stimulating activities, will also need to be
addressed. One potential strategy may be take-home information in the form of handouts as an initial first step.
Alternatively, asking participants to bring other caregivers
to an office visit may be another possible solution.
Participants also noted that it would be beneficial to
receive SDP at multiple visits versus at just 1 timepoint.
Given the brevity of the program, it likely will be beneficial to have delivery at multiple visits to reinforce the
program’s message. However, there is variability in the
recommended number of well-child visits from country
to country. For example, in the United States, there are 8
to 10 well-child visits in the first 2 years of life; in India,
there are 5 to 7. The fewer touchpoints and subsequent
potential impact of an already low-intensity program will
need to be carefully assessed.
Although in this study, we were able to provide the
toys without difficulty because of their relatively low cost
and small size, how to store and distribute the toys at
multiple time points will be another important logistical
consideration for future delivery. In addition, the feasibility and sustainability of acquiring the toys necessary for
large-scale implementation in LMICs may be limited.
However, this could, in part, be addressed by more accessible alternatives, such as the use of homemade toys or
use of a toy library. Finally, the recognition that health
workers and ancillary staff may already be overworked so
as to not cause additional burden on the existing workforce will be critical for future implementation.
One limitation to our study was that participants were
from predominantly low-income rural communities in
Karnataka, India. Combined with the fact that most of the
participants in our sample were mothers, generalizability
across genders and locations is limited. Another limitation
was that parenting outcomes were measured based on the
self-report and were subject to bias. However, parents
were administered a validated instrument used in previously published studies in LMICs to measure parenting
practices both before and after the intervention without
being told the purpose of the study. Finally, our pilot
study did lack a control group. Consequently, assumptions
regarding the efficacy of SDP compared with the passage
of time or no treatment cannot be made.
Despite these limitations, our study demonstrates
promising opportunities that routine well-child visits offer for improving early childhood development beyond
SDP. First, it provides a modality to address and integrate
services for additional comorbidities that affect child
development, specifically parental mental health. Although not specifically targeted toward parents, the utilization of the primary care setting to address mental
Vol. 00, No. 00, December 2019

health in adults is already promising in LMICs, including
India and Chile.27,28 Second, it affords access to caregivers who may not necessarily be parents but who can
have significant impacts on a child’s key early everyday
experiences. Examples of such caregivers include extended family members and those who take care of
children who have been orphaned because of parental
death or abandonment. Third, this model may be applied
to reach families who are exposed to a range of adversity
in addition to poverty, such as displacement, war, and
abuse. Finally, the primary care setting offers opportunity to integrate services with other complementary
programs, including home visiting and group-based
programs. This may offer 1 potential solution to delivering programs to caregivers who may not routinely
attend well-child visits (e.g., grandparents).
As future studies expand on these lines of inquiry, it
will be important to integrate community members’
feedback into the program development process because this is a critical component of creating an intervention that is acceptable to the target population.
This study’s rapid enrollment rate, the remarkably high
retention rate (97%), and active participation of parents
in the follow-up qualitative interview suggest that
parents were eager to engage in programs that support
their children’s development and share their feedback to
help shape such programs. Thus, it will be important to
leverage both quantitative and qualitative methodologies
to capture both parent and child voice as well as
outcomes.

CONCLUSION
Our findings demonstrate that an adapted, lowintensity, primary care-based program in a hospitalbased clinic serving low-income rural communities in
India was feasible and demonstrated potential for encouraging key parenting behaviors that promote early
childhood development. Future studies that examine the
effectiveness of Sit Down and Play, including those in
health settings beyond hospital-based clinics in low- and
middle-income countries, are warranted. In addition,
assessing impacts on parenting and child outcomes as
well as evaluating differential effects based on age at
exposure, length of exposure, and age at evaluation will
be next important steps.
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ABSTRACT
Background: Lateral Epicondylitis is the tendinosis of the extensor musculature of the forearm that has their common
origin from the lateral epicondyle of the humerus due to angioblastic degeneration. The study aimed to determine and
compare the effectiveness of MET and MaRhyThe in individuals with chronic lateral epicondylitis concerning pain,
grip strength, and function.
Methods: The study was a randomized clinical trial with 30 subjects divided into two equal groups, with 15 subjects
in each group. Group A received MET for seven sessions, and Group B received MaRhyThe for one session. Both the
groups received hot moist pack and conventional exercises for seven sessions. Visual Analogue Scale (VAS), Patient
Rated Tennis Elbow Evaluation (PRTEE) Questionnaire, and Pain-Free Grip Strength (PFGS) were taken as the
outcome measures.
Results: Within-group paired sample t-test showed statistical significance in VAS at rest, VAS on activity, PRTEE, and
PFGS with a p-value of 0.001 for all. However, between-group analysis using independent sample t-test showed statistical
significance in VAS on activity and PRTEE with a p-value of 0.049 and 0.029, respectively, and clinical significance for
VAS at rest and PFGS for Group B.
Conclusion: The study concludes that both MET and MaRhyThe are effective in treating chronic LE concerning pain,
improving function, and strength. However, MaRhyThe is more effective in pain reduction and improving functional
activities.
Keywords: MET, MaRhyThe, Lateral epicondylitis, Patient Rated Tennis Elbow Evaluation Questionnaire, Pain-Free
Grip Strength.
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INTRODUCTION
Lateral Epicondylitis, commonly referred as tennis elbow
is the tendinosis of the extensor muscles of the forearm
that have their common origin at the lateral epicondyle
of the humerus and is characterized by Angiofibroblastic
degeneration, i.e., rupture of normal collagen fiber
architecture with partial healing, growth of fibroblast,
granulation tissue and decreased blood flow to the extensor
musculature of the forearm [1]. It mostly affects the ECRB
tendon and is characterized by pain at the lateral epicondyle
that sometimes radiates into the forearm distally, weakness
in wrist flexion and extension, and occurs in individuals
who perform repetitive, resistance-based wrist movements
especially in eccentric contraction and gripping activities
[2]. LE has been classified into four stages by Narschl. In
the first stage, the inflammatory process sets in response
to microtrauma. It is a reversible process without
pathological changes that take place in this stage. After
that, pathological changes take place and are characterized
by angiofibroblastic degeneration in the second stage,
tendinosis associated with structural alterations (tendon
tearing) in the third stage, and lastly, progressed to fibrosis
and calcification in the fourth stage [3]. LE has an incidence
of about 4-7% in the general population. The condition
is commonly evident in individuals aged between 40-50
years, with both males and females equally affected [4].
Physiotherapy plays a vital role in multidisciplinary health
care services that focus on improving function, improving
quality of life, making the patient as independent as possible.
MET is a form of osteopathic manipulation of soft tissue
that involves specifically guided and regulated, patientinitiated isometric or/and isotonic contraction, usually
against the therapist’s controlled matching counterforce.
Fred Mitchell Sr., an osteopathic physician, formulated
this technique in the 1950s [5,6]. MET helps in pain
reduction, lengthening of shortened muscles, increasing
range of motion, improving circulation, strengthening
weak muscles, and is an active muscle relaxation technique
[4,7]. MET is based on two fundamental principles, post
isometric relaxation, and reciprocal inhibition.
Dr. Med Ulrich Randoll developED matrix rhythm therapy.
at the University of Erlangen, Germany, in the 1990s.
MaRhyThe is the application of combined mechanical and
magnetic pulses with an electrically powered oscillator,
providing dynamic frequency ranging between 8-12
Hz. MaRhyThe is an in-depth acting modality, causing
rhythmic micro-extension of the tendons, targeted
relaxation of muscles, an increase in peripheral circulation,
decreasing pain, healing, and regeneration. According
to MaRhyThe concept, human skeletal cell oscillating
between ranges of 18-12 Hz is healthy. The oscillating cell
within the extracellular matrix is necessary for proper
tissue circulation, i.e., adequate blood and oxygen supply
for ATP production and lymphatic and venous drainage
to remove waste products referred to as “logistics.” When
tissue is unhealthy, the rhythms of oscillations of the cells
are altered, hampering the tissue “logistics” [8]. MaRhyThe
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works on the extracellular matrix to restore the disturbed
rhythm at the cellular level. This is achieved by the supply
of external vibrational energy matching the oscillating
frequency of a natural healthy cell to actuate and re-establish
the living environment within the cell that is healthy.
Improved logistics after MaRhyThe helps to generate ATP
and build up this standby potential energy by relaxing the
tissue and facilitating the body’s natural healing process [8].
The application of MaRhyThe is simple and without any
complications. It reaches the deeper tissue layers in a mild,
specific, guided pain-free way [9]. There are studies done
by Dr. Roopa Desai et al. in 2019 [7], Rayees Unnisa et al.
in 2019 [4], indicating the effectiveness of MET in lateral
epicondylitis. In contrast, no study has been done to prove
the effectiveness of MaRhyThe in LE. The objective of the
study was to determine and compare the effectiveness of
MET v/s MaRhyThe in subjects with Lateral epicondylitis
in terms of pain, grip strength, and function.
METHODS
A total of 46 individuals were assessed, out of which 30 met
the inclusion criteria. The study included 17 male and 13
female participants. The eligibility criteria were 1) Subjects
with elbow pain over the lateral aspect that is provoked by at
least 2 of 3 provocation tests (gripping, resisted extension of
wrist or third finger, extensor forearm muscles stretching).
2) The age group of 18 to 65 years having pain for not less
than three weeks. The exclusion criteria were 1) Subjects
on steroids or any other medications for pain. 2) Any
physical therapy treatment for elbow pain by a healthcare
practitioner in the previous six months. 3) Previous elbow
surgery. 4) History of dislocation or fracture of the elbow.
5) Subjects diagnosed with tendon ruptures. 6) Subjects
diagnosed with cervical radiculopathy. 7) Any other
elbow joint pathology such as metastasis or osteoporosis.
8) Subjects diagnosed with Peripheral nerve involvement
[10]. The source of the population was tertiary care
hospital, Belagavi.
The outcome measures were:1) Visual analog scale (VAS).
2) Functional limitation was assessed using the Patient
rated tennis elbow evaluation (PRTEE) questionnaire that
measures forearm pain and disability in patients with LE
through a designed 15 item questionnaire [6]. 3) Pain-free
grip strength (PFGS) was determined using a handheld
calibrated grip dynamometer. PFGS has been considered
to be the most useful and sensitive tool in detecting the
changes in LE by measuring physical impairment, and
studies suggest that it should be considered in patients with
LE as a prognostic indicator [11].
PROCEDURE
After obtaining the ethical clearance from the institutional
ethical committee, the random allocation of the subjects
into two equal groups of 15 each was done using the
envelope method. A detailed explanation of the objective
and procedure of the study was done and written informed
consent was obtained from each subject.
Group A received seven sessions of MET for seven
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consecutive days. With the subject in a comfortable sitting
position and the affected forearm supported on the couch,
one hand of the therapist stabilized the subject’s distal arm
taking the forearm of the subject into supination until
discomfort or resistance was felt. The subject was instructed
to pronate the forearm against the therapist’s resistance
(approximately 75% of the maximal isometric contraction)
and hold it for 5 seconds, immediately followed by slightly
increased supination until the resistance was met again.
The procedure was repeated five times with a relaxation of
5 seconds between every contraction [10].
Group B received a single session of MaRhyThe for 60
minutes. With the subject seated on a chair/ supine on the
couch and the affected forearm resting on the couch, the
extensor compartment of the forearm was exposed, the
powder was applied over the area to avoid friction, and
longitudinal strokes were applied by pushing down the
probe of the device.
Both the groups received conventional exercises for seven
consecutive days which comprised of
1) With the patient seated/in supine lying, a hot moist
pack wrapped with a towel was placed over the affected
painful area for 15 minutes [12].
2) With the patient positioned in sitting, static stretching
was performed three times before and after the
eccentric strengthening exercises with a rest period
of 30 seconds between each set. ECRB muscle was
stretched in elbow extension, forearm pronation,
wrist flexion with ulnar deviation position for 30 to
45 seconds depending on the patient’s tolerance [13].
3) With the patient positioned in sitting, three sets of ten
repetitions of eccentric strengthening exercises were
performed with one minute rest period between them.
With the starting position of the affected limb in elbow
extension, forearm pronation, and maximum wrist
extension, the patient was instructed to eccentrically
contract the extensor muscles by slowly performing
wrist flexion for a count of 30 and then return to
starting position by using the contralateral hand. The
subject was instructed to terminate the exercise if the
pain became worse and disabling. Progression was
given in the form of free weights to the subjects who
could perform without discomfort [12]. The study was
statistically analyzed using the software SPSS Version
23. The obtained data was inserted into an excel
spreadsheet, tabulated, and subjected to statistical
analysis. Statistical analysis of demographic data was
done using mean, standard deviation, and paired
t-test.
RESULTS
Statistical analysis of demographic data was done using
mean, standard deviation, and test of significance, such
as paired t-test where age and duration of symptoms were
heterogeneous between both the groups. (Table 1)

Table 1: Demographic data of the subjects
Group A

Particular

Group B

Mean

SD

Mean

SD

p-value

Age

49.7333

8.81125

33.2000

10.97530

0.001*

Weight

61.0000

7.50238

62.8667

12.04080

0.615

Height

165.2000

7.26243

165.8667

8.23639

0.816

BMI

22.3800

2.60527

22.5733

3.09434

0.854

Duration of
symptoms

4.3333

1.63299

15.5333

17.31996

0.019*

Table 2: Gender and side involvement distribution
Group A

Particular
Gender

Side

Frequency
Male

Female

Group B
Percent

Male

Frequency

Female

Percent

Female

Male

Male

Female

9

6

60

40

8

7

53.3

46.7

Right

Left

Right

Left

Right

Left

Right

Left

9

6

60

40

8

7

53.3

46.7

Table 2 indicates a demographic distribution concerning
gender and side involved, which showed 60% and 53.3%
males in Group A and Group B respectively and 40% and
46.7% females in Group A and Group B, respectively.
Table 3: Comparison of group a and b concerning pretest and post-test scores using paired sample t test [within
group analysis – dependent test]
Variable

Group

VAS AT
REST
VAS ON
ACTIVITY
PRTEE
PDF

Pre

Post

p-value

Mean

SD

Mean

SD

Group A

39.00

9.86

10.67

8.84

0.001*

Group B

32.67

23.44

5.67

9.23

0.001*

Group A

76.67

10.47

38.00

9.41

0.001*

Group B

82.67

9.61

29.00

13.91

0.001*

Group A

50.80

7.30

23.37

6.65

0.001*

Group B

47.47

14.00

16.07

10.20

0.001*

Group A

28.00

12.22

37.00

16.12

0.001*

Group B

35.00

21.30

50.67

21.20

0.001*

*Significant at 5% level
Within-group analysis using paired sample t-test showed
statistical significance for both the groups with a p-value of
0.001 for VAS at rest, VAS on activity, PRTEE, and PFGS.
(Table 3)
Table 4: Comparison of group A and B concerning pretest and post-test scores using independent samples t-test
[between groups analysis – independent test]
Variable
VAS AT
REST
VAS ON
ACTIVITY
PRTEE
PFGS

Group A

Group B

Time
frame

Mean

SD

Mean

SD

p-value

Pre-test

39.00

9.86

32.67

23.44

0.347

Post-test

10.67

8.84

5.67

9.23

0.141

Pre-test

76.67

10.47

82.67

9.61

0.113

Post-test

38.00

9.41

29.00

13.91

0.049*

Pre-test

50.80

7.30

47.47

14.00

0.423

Post-test

23.37

6.65

16.07

10.20

0.029*

Pre-test

28.00

12.22

35.00

21.30

0.281

Post-test

37.00

16.12

50.67

21.20

0.057

*Significant at 5% level
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Between-group analysis using independent sample t-test
showed statistical significance for VAS on activity and
PRTEE with a p-value of 0.049 and 0.029, respectively. In
contrast, group B showed clinical significance for VAS at
rest and PFGS. (Table 4)
DISCUSSION
The current study determined and compared the
effectiveness of MET and MaRhyThe in subjects with
chronic lateral epicondylitis concerning pain, grip strength,
and function.
According to Romeo et al., in 2010 [4], the incidence of LE
is independent of gender. Similar results were obtained in
our study with 60% and 53.3% males in Group A and Group
B, respectively, and 40% and 46.7% females in Group A
and Group B, respectively. A study done by Rayees Unnisa
et al. compared MET with Oscillating Energy Therapy
in chronic lateral epicondylitis. It showed significant
improvements in pain, grip strength, and functional ability
of the elbow joint, which agreed with the present study [4].
A comparative study of MET versus Cyriax technique in
LE was done by Dr. Roopa Desai et al. (2019) [7], which
concluded that MET was an effective treatment in reducing
pain and improving functional disability and is a valid
treatment protocol in the management of LE [7].
The positive results of the study may be due to the reflex
muscle relaxation that occurs with inhibition of Golgi
tendon reflex when a muscle is contracted isometrically[13].
Application of MET may even desensitize the peripheral
nociceptors and reduce the proinflammatory cytokinins.
Descending pain modulation could be the reason for
pain reduction. Here, when the joint mechanoreceptors
get activated, there is the excitation of somatic afferents
leading to sympathoexcitation and localized activation of
periaqueductal gray matter [14].
According to Chaitow (2006) [15], MET is an active
isometric contraction method that relaxes the muscle,
restores the normal blood and lymphatic circulation by
altering the interstitial pressure and transcapillary blood
flow that helps in washing out the nociceptive stimulants
which relieve pain. MET increases muscle flexibility
due to viscoelastic changes in the muscle. Stretching of
the connective tissue components allows the muscle to
contract effectively hence improves the strength.
Moreover, improvement in function was because of the
decrease in pain and increase in strength, which allows
the forearm musculature to stabilize the hand and wrist
so that precision and prehension functions are achieved to
optimal level [16].
A study was conducted to investigate the effectiveness
of MaRhyThe in Frozen shoulder concerning pain and
range of motion concluded that MaRhyThe showed more
significant and faster results in gaining a range of motion
and subsequently reducing pain in the frozen shoulder [9].
A study was done to ascertain the effects of MaRhyThe in
plantar fasciitis concerning pain, skin temperature, and
function concluded that a single session of MaRhyThe
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treatment was to be effective in pain reduction, improved
skin temperature, and improved functional activities in
patients with plantar fasciitis [17].
The objective of the current study accepts the hypothesis
in effectively treating chronic LE subjects. The hypothesis
testing of MaRhyThe has shown positive effects in treating
LE. However, MaRhyThe is a newer tool in the field of
physical therapy, and limited research has been published.
LE has been effectively treated by using oscillating
energy manual therapy concerning pain reduction
improvement in grip strength and function. It is the release
of electromagnetic signals ranging from 7-8Hz from the
therapist’s hand. These electromagnetic waves affect tissue
healing, bone healing, synthesis of growth factor, and
connective tissue growth and healing [4]. MaRhyThe work
on a similar principle of providing external electromagnetic
oscillations ranging between 8-12 Hz that would produce
similar effects.
In the present study, the significant reduction in pain
could be due to the restoration of altered cell logistics.
MaRhyThe acts at a cellular level providing oscillations
to the extracellular matrix ranging between the frequency
of 8-12Hz, which increases oxygenated blood flow and
promotes drainage of noxious substances. MaRhyThe also
helps in tissue healing, thereby improving function [9].
A study was done to determine the effects of Myofascial
Release Therapy and active stretching on pain and grip
strength in LE and concluded that MFR with active
stretching produces a significant improvement in pain
reduction and increase in grip strength. According to the
study, when the pin reduces the muscle tightness reduces,
therefore relaxing the muscle. This relaxation helps in
producing a good amount of contraction [18]. In the
current study, the clinically significant increase in grip
strength could be attributed to the study as mentioned
above as MaRhyThe works at a cellular level causing micro
extension and relaxation of the muscles, thus producing a
good amount of contraction. Also, the increase in the grip
strength may perhaps be because of the stand by potential
energy gained by the muscle as it relaxes. This potential
energy is necessary for the muscle to contract [8].
Improvement in the functional level could be attributed
to pain reduction and increased strength allowing painfree movement and optimal stabilization of the forearm
musculature that was hampered because of muscle overuse
and imbalance. The limitation of the study is that age
distribution and duration of symptoms between groups
were heterogeneous. The present study can be further
taken into consideration as a randomized controlled trial
or/and prospective studies.
CONCLUSION
The study concludes that both MET and MaRhyThe are
effective in treating chronic lateral epicondylitis concerning
the reduction in pain, improving strength, and improving
functional activities; however, MaRhyThe is more effective
in pain reduction and improving functional activities.
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Effect of Matrix Rhythm Therapy (MaRhyThe©) in Trismus:
A Case Series
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ABSTRACT
Trismus is a typical condition, which occurs after extraction of a tooth, injury, dental or oral diseases, after offering
infusions to gums, T.M.J dysfunction, and so on. Trismus prompts a few troubles to the patients, like difficulty in the opening
mouth while eating food, talking, yawning. The patient complains of pain and difficulty in the opening jaw. Matrix Rhythm
Therapy (MaRhyThe©) is a recent advancement in treating pain and restricted mobility in joints. The current study is of 3
patients with Trismus effectively treated pain and restricted mobility with MaRhyThe©.
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INTRODUCTION
A temporomandibular disorder (TMD) is a typical issue
influencing up to 33% of people in their lifetime. TMD is
regularly seen as a redundant movement issue of the
masticatory structures, it has various similarities to
musculoskeletal disorders of other body parts [1].
Trismus, from the Greek "trismus" ("gnashing," as in teeth)
alludes to limitation of the scope of movement of the jaws.
Regularly alluded to as "tetanus," trismus normally
originates from a sustained, tetanic contraction of the
muscles of chewing [2], although it has various potential
causes, which extend from acute, non-progressive to those
that are chronic and dangerous [3]. The causes for trismus
are broadly classified into two main categories intraarticular and extra-articular. Among the extra-articular
causes, trismus likely occurs due to trauma to the
mandible, fracture of the zygomatic arch, incorporation of
foreign bodies, and secondary to dental procedures like
tooth extraction, local anesthetic injection [2]. Generally,
the term lockjaw was utilized as an equivalent word for
both trismus and lockjaw. The physiological range of
mouth opening differs from patient to tolerant that ranges
from 35mm–60 mm [4,5]. The width of the index finger is
between 17 and 19 mm approximately two fingers ’
breadth will be 40 mm and three fingers’ breadth up to
54–57 mm and this is the usual width of mouth opening
[6].

Matrix Rhythm Therapy (MaRhyThe©) invented by Dr.
Ulrich Georg Randoll from Germany has been a recent
advance in the field of rehabilitation. MaRhyThe© works
on the principle that cells in the body vibrate or oscillate
in the frequency of 8 – 12 Hz and maintains the
physiological function of the body [7,8]. Matrix Rhythm
Therapy restores good tissue resonance and the vibrations
produced by the instrument clear the extracellular matrix
and improve the venous and the lymphatic circulation [9].
The device produces oscillations of the frequency that is
like the cellular oscillations and can be utilized for
therapeutic purposes in various musculoskeletal
conditions [10].
However, there is no literature showing the effects of
MaRhyThe in Trismus therefore, the objective of this study
is to determine the effect of MaRhyThe in Trismus
concerning the restricted range of the TMJ joint.
Case 1: This is a case of a 48-year-old male who
underwent a root canal treatment post which he faced
restrictions in the jaw movements and pain. After 1 week
of the root canal treatment, he had pain on Verbal
Analogue Scale (VAS) was 6 a mouth opening of the width
of the index finger measuring 35 millimetres (mm). He
was given MaRhyThe© for 60 minutes per session, once a
week. After 2 sessions the patient reported no pain on VAS
and mouth opening equal to the width of two fingers
measured 42 mm (Figure 1).
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Figure 1: Case of a 48-year-old male who underwent a root canal treatment post which he faced restrictions in the jaw movements and pain.

Case 2: A 33 years old female who developed restrictions
in jaw moments reported after 1 month of a root canal
treatment. She complained of pain on VAS as 8 and had a
mouth opening equal to the width of two fingers
measuring 30mm. She was given MaRhyThe© for 3

weeks, one session per week for 60 minutes post 3
sessions she had a mouth opening equal to 3 fingers
measuring 46mm and substantial pain relief which was
reported 2 on VAS (Figure 2).

Figure 2: A 33 years old female who developed restrictions in jaw moments reported after 1 month of a root canal treatment.

Case 3: A case of 45-year-old male underwent an open
reduction in internal fixation for fracture of the mandible
and
developed
restricted
mobility
at
the
temporomandibular (TMJ) joint. After 1 1/2 months of
the surgery, the patient companied of pain on VAS was 7
and mouth opening equal to the width of two fingers at

the tip measuring 26mm. He was given 4 sessions of
MaRhyThe©, 60 minutes per session once a week. After 4
sessions of MaRhyThe©, there was considerable pain
relief measured on VAS was 1 and mouth opening equal
to the width of two fingers at the middle phalanx
measuring 38mm (Figure 3).
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Figure 3: A case of 45-year-old male underwent an open reduction in internal fixation for fracture of the mandible and developed restricted
mobility at the temporomandibular (TMJ) joint.

PROCEDURE
The participants during the session were made to lie
down comfortably in a supine position. The area treated
is the muscles of the lower face and the anterior neck.
These areas were well exposed and talcum powder was
applied over the treatment area to avoid the friction
caused by the Matrix Mobil®. The Matrix Mobil® is a
rod-shaped with a spiral-shaped vibration head that
vibrates in the physiological region of 8 to 12 Hz. The
devices generated a vibratory space-time pattern to
which the body tissues can orient themselves in
returning to their healthy vibratory mode. The device
utilizes a combination of mechanical vibrations together
with the oscillating electromagnetic field induced by

permanent magnets mounted in the resonator. The
application of Matrix Mobil® was in a longitudinal
stroking manner by pushing the probe of the device into
the muscles of anterior and posterior neck, and entire
face. The duration of every session was 60 minutes for
every subject.
RESULTS
Three patients (mean age: 42 years ranging from 33- 48
years; 2 males and 1 female) with trismus developed due
to different causes (root canal treatment and trauma)
were treated with MaRhyThe© for an average of 3
sessions (range from 2-4). A mean of pre and Post
Intervention was recorded and calculated (Table 1).

Table 1: Demographic details and pre post-intervention values.

Case

Age Mean
Years)

Gende
r

Duration of Diagnosis
(Mean in Weeks)

Number of MaRhyThe
sessions

VAS Pre (in
cms)*

VAS Post (in
cms)*

Mouth opening Pre
(in mm)^

Mouth Opening Post
(in mm)^

#1

48

Male

1

2

6

0

35

42

#2

33

Femal
e

4

3

8

2

30

46

#3

45

Male

6

4

7

1

26

38

Mean

41

3.6

3

7

1

30.3

42

DISCUSSION
The present study was conducted to study the impact of
MaRhyThe© in trismus. There are no studies conducted
previously using MaRhyThe© in the management of
trismus. The MaRhyThe© intervention administered
manifested improvement in the restricted range of
motion and the TMJ joint.

In the present study, the significant reduction in pain
could be attributed to the effect of MaRhyThe which acts
at a cellular level causing tissue elongation and increased
flexibility of fascia, allowing free movements of fascia and
tendons. This leads to a decrease in tightness and
reduction of stress on tendons and fascia, thereby
causing a reduction of pain. To the best of our knowledge,
there are no published studies on MaRhyThe in different
musculoskeletal conditions.
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TMD myofascial pain happens in 31 to 76 % of the
populace; it very well may be alleviated by massage
treatment, which prompts restoring elasticity and
flexibility and mitigates pain. Swelling is also relieved by
massage therapy along with a reduction in pain. The
pressure utilized during the massage must not be
excessive and should increment after some time at every
therapeutic session because strong pressure may lead to
increased muscular tonus. MaRhyThe for the TMJ
muscles improved the flexibility by directly affecting the
stress-strain curve principle of the muscle resulting in
further elongation of the muscle tissue. Literature mainly
suggests massage therapy for muscle [11] but in the
present study, MaRhyThe technique was used which
might have helped to specifically relax the affected
muscle (masseter and temporalis). This relaxation may
be explained by applying a gentle pressure applied slowly
activating the viscoelastic property of fascia results in
elongation of muscles which is mimicked during
Myofascial Release treatment [12]. The entrainment
effect of MaRhyThe provides the milking effect which
adequately contracts and relaxes and relaxes the muscle
which agrees with the previous study.
In the present study, the significant reduction in pain
could be analyzed to the effect of MaRhyThe which acts at
a cellular level causing tissue elongation and increased
flexibility of fascia, allowing free movements of fascia and
tendons following the entrainment effect. This leads to a
decrease in tightness and reduction of stress on muscles
and fascia, thereby causing a reduction of pain.
Viscosity, plasticity, and elasticity are compromised in
musculoskeletal conditions which lead to pain and tissue
stiffness leading to restricted joint range of motion. Heat
changes the viscosity of the colloids in the structured cell
water. Body heat is strongly influenced by the microvibrations of the skeletal muscles which maintain a
healthy environment from within.
MaRhyThe has proven to improve the microcirculation in
tissues which in turn helps in increasing the temperature
at the treated tissues. Heating increases the flexibility of
collagen tissues and the improved blood flow results in
the reduction of joint stiffness and muscle spasm which
agrees with previous pieces of evidence in treating
trismus using heat [10].
The combined mechanical magnetic waves of the Matrix
Mobil® strengthens the natural frequencies of the body,
normalize the oscillation spectrum of the skeletal
musculature, and as a result also the overall
microcirculation. The asymmetric tissue pressure
stimulates a pump suction effect and activates the nerve
physiologically. This leads in the end to a rhythmic readaptation of the entire tissue. Additional healing
mechanisms on the molecular level are activated via the
pyroelectric and direct-indirect piezoelectric properties
of the collagens and the extracellular matrix clearance
increases which eliminate the pain and improve joint
range of motion [13].

J Res Med Dent Sci, 2020, 8 (4):193-196
CONCLUSION
MaRhythe© is a recent tool in rehabilitation that is
effective in managing Trismus by reducing pain and
improving joint mobility. Adapting to the recent
advancement in technological trends in the field of
rehabilitation is the need of the hour.
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Abstract: Intake of dietary docosahexaenoic acid (DHA 22:6n-3) is very low among Indian
pregnant women. Maternal supplementation during pregnancy and lactation may benefit offspring
neurodevelopment. We conducted a double-blind, randomized, placebo-controlled trial to test
the effectiveness of supplementing pregnant Indian women (singleton gestation) from ≤20 weeks
through 6 months postpartum with 400 mg/d algal DHA compared to placebo on neurodevelopment
of their offspring at 12 months. Of 3379 women screened, 1131 were found eligible; 957 were
randomized. The primary outcome was infant neurodevelopment at 12 months, assessed using
the Development Assessment Scale for Indian Infants (DASII). Both groups were well balanced on
sociodemographic variables at baseline. More than 72% of women took >90% of their assigned
treatment. Twenty-five serious adverse events (SAEs), none related to the intervention, (DHA group
= 16; placebo = 9) were noted. Of 902 live births, 878 were followed up to 12 months; the DASII
was administered to 863 infants. At 12 months, the mean development quotient (DQ) scores in
the DHA and placebo groups were not statistically significant (96.6 ± 12.2 vs. 97.1 ± 13.0, p = 0.60).
Supplementing mothers through pregnancy and lactation with 400 mg/d DHA did not impact
offspring neurodevelopment at 12 months of age in this setting.
Keywords: maternal supplementation; pregnancy; lactation; docosahexaenoic acid (DHA);
neurodevelopment; randomized controlled trial (RCT); India
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1. Introduction
The first 1000 days are crucial for a child’s neurodevelopment [1]. The brain develops rapidly
through neurogenesis, axonal and dendritic growth, synaptogenesis, synaptic pruning, myelination,
and gliogenesis [2]. These events build on each other, such that even small perturbations can have
long-term effects on the brain’s structural and functional capacity [3]. Maternal nutrition during this
time influences both pre- and postnatal growth, and development of the offspring [4–6].
It has been suggested that n-3 long-chain polyunsaturated fatty acids (LCPUFA)
(especially docosahexaenoic acid [DHA]) levels enhance infant neurodevelopment [7–11]. The DHA
is an important structural component of the human brain and retina. DHA accumulates in all of the
brain regions and retinal photoreceptors [12]. These long-chain fatty acids regulate the fluidity of
cell membranes as well as the activity of ion channels, enabling synaptic transmission and providing
substrate binding to membrane receptors. The deposition of DHA in human brain phospholipids
occurs primarily during the last trimester of pregnancy such as week 30 until the early postnatal periods
continuing during the first two years of life [13–15]. Human fetuses and young infants have limited
ability to synthesize n-3 LCPUFA de novo and are supplied via maternal (placental transfer, breast milk)
or external (formula, dietary) sources [16,17]. Approximately 67 mg of DHA is accrued by the fetus
per day [18]. Deprivation of n-3 LCPUFA, whether prenatally or after birth, has deleterious effects on
learning abilities, memory, and visual grating acuity in monkeys, rats, and human infants [19,20].
DHA can be obtained from marine algae, fatty fish, and marine oils. Endogenous synthesis of DHA
is limited, especially in the presence of excess n-6 LCPUFA. The Food and Agriculture Organization
and World Health Organization (FAO/WHO) Expert Committee recommends a diet with a 5–10:1 ratio
of n-6/n-3 LCPUFA and 300 mg/day of preformed DHA during pregnancy [21,22]. Since cereal-based
diets are rich in n-6 LCPUFA but largely deficient in DHA-rich sources, population levels of plasma
DHA are low in India. Studies report [23,24] that mean DHA intake was lowest (11 mg) among Indian
pregnant women in the third trimester [25] compared to pregnant women from other developing
countries like Bangladesh, Burkina Faso, Chile, China, India, and Mexico.
Studies conducted around the world to assess the association between intakes of DHA during
pregnancy or lactation and neurodevelopmental outcomes in childhood have been inconsistent [7,26–35].
Few studies have assessed the effect of both prenatal and postnatal intake of DHA [36,37]. There is a
paucity of data on the potential benefits of maternal DHA supplementation in infants, especially in
the Indian population. The present study examines the hypothesis whether 400 mg/d maternal DHA
supplementation from ≤20 weeks through 6 months postpartum influences infant neurodevelopment
at 12 months of age. The present study DHANI (Maternal DHA supplementation and offspring
Neurodevelopment in India) is the first to examine the effects of maternal DHA supplementation from
mid-pregnancy through six months postpartum on postnatal neurodevelopment in India.
2. Materials and Methods
2.1. Study Design
DHANI was a randomized, double-blinded, placebo-controlled trial to test the effect of
providing pregnant women 400 mg/d algal DHA compared to placebo from ≤20 weeks of
singleton gestation through 6 months postpartum on offspring neurodevelopment. The trial
protocol has been published elsewhere [38]. The protocol was reviewed and approved by
institutional review boards (IRBs) of all participating institutions: Center for Chronic Disease Control
(CCDC-IEC_04_2015), Public Health Foundation of India (TRC-IEC-261/15), Jawaharlal Nehru Medical
College (MDC/IECHSR/2016-17/A-85), and All India Institute of Medical Sciences (IEC-28/17.11.2015).
2.2. Participants
Healthy pregnant women (18–35 years; ≤20 weeks single gestation; with no medical complications
or chronic diseases) attending the Department of Obstetrics and Gynecology at the Prabhakar Kore

Nutrients 2020, 12, 3041

3 of 15

hospital (PKH) in a large city in southwest India for their prenatal check-ups were approached
by designated project staff. The consulting obstetrician on site, considering obstetric history and
complications, affirmed final eligibility. After signing a witnessed informed consent form in their
preferred local language (Kannada, Marathi, or Hindi), consenting women (n = 957) were randomized
to receive either 400 mg of DHA or a placebo until six months postpartum as explained later.
Baseline assessments at enrollment included sociodemographic characteristics, dietary intake, obstetric
history, anthropometric measurements, blood investigations including a non-fasting blood draw,
vital signs. The women received their first 15-day supply of supplements in the form of coded bottles.
Further supplements were provided at the women’s homes every fortnight by fieldworkers.
The next study hospital visit was at delivery (referred to as E0). A research officer stayed in
close contact with each mother after she entered her last trimester and visited the mother within
24 h of delivery to collect information on the type of delivery, complications if any, and newborn
anthropometry, and obtained a breast milk sample. We also collected and stored maternal and cord
blood samples from the enrolled mother–child dyads.
Postpartum visits for mother–child dyads at 1 month (E1), at 6 months (E6), and at 12 months (E12)
postpartum were scheduled. E1 data collection (neonatal anthropometry, maternal anthropometry,
breastfeeding pattern, breast milk sample (transported to site in ice box), overall health of both mother
and child, etc.) was carried out at home by trained fieldworkers. Infant neurodevelopment was
assessed at the hospital at E6 and E12 by trained and certified psychologists.
A pre-piloted and validated semi-quantitative food frequency questionnaire (FFQ) with n-3
LCPUFA-rich Indian foods was administered to all women at enrollment. Dietary data were also
collected in a subsample of women (n = 278) using a 24-h diet recall within 1 month of recruitment.
Nutrient intakes were calculated using DIETSOFT software (http://dietsoft.in/) based on standardized
nutritive values of Indian foods [39]. A study physician reviewed adverse events.
2.3. Randomization and Masking
A computer-generated randomization using a permuted block design was used to generate the
randomization list. The code list was generated for 1200 women to allow for potential loss to follow
up. The assignment code list was placed in a sealed envelope at the beginning of the study and was
held in a sealed location by a staff member at Gurugram, Public Health Foundation of India (PHFI).
This list was used by this person to pre-code the supplement bottles in the warehouse before the
bottles arrived on site, ready for distribution. All study participants and members of the study team
(including members at the study site) remained blinded to the treatment allocation until the analysis
of all data collected was carried out. Blinded preliminary descriptive analyses were presented to
Data Safety Monitoring Board (DSMB) and once approved, full statistical analyses were undertaken.
Unblinding occurred only after primary tables were generated.
The intervention was either 400 mg/d algal DHA or a matching placebo (soy/corn oil) delivered in
the form of similar-looking softgel capsules, donated by DSM Nutritional Supplements, Mumbai.
The composition of all capsules was same except for the DHA. Enrolled women received the intervention
from the date of randomization until six months postpartum.
The shelf life of the capsules at room temperature (25 ◦ C) was 24 months from the date of
manufacture (90 days once the bottle was opened). The coded capsule bottles were stored in an on-site
refrigerator for extra safety to slow down oxidation. Each bottle contained a fortnightly supply of
capsules. Bottles were distributed by fieldworkers during scheduled home visits. The women were
instructed to take two capsules (each with 200 mg DHA or placebo) daily, preferably at the same time
each day. They were told to keep them in a cool, dry place. Supplements were provided for more than
two weeks in cases where the woman shared plans to travel.
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2.4. Procedures
Subjects were asked to maintain a daily record in an easy-to-fill log (piloted and found suitable
for population with low literacy levels) of their supplement consumption. Weekly calls were made
to encourage compliance and inquire about the general well-being of the women. The used bottles
were collected (for pill count) by the fieldworkers during the fortnightly home visits. Red blood cell
(RBC) phospholipids were analyzed for DHA levels. The analyses of breast milk samples have not
been presented here.
2.5. Outcomes
Development quotient (DQ) as a marker of neurodevelopment, among infants at 12 months of age,
was assessed by a trained psychologist using the Developmental Assessment Scale for Indian Infants
(DASII). The DASII tool is the Indian modification of the Bayley Scales of Infant Development (BSID),
using Indian norms for 67 motor and 163 mental items. DASII provides a measure of development
for Indian infants below 30 months of age. DQ is defined as the ratio of functional to chronological
age. Third, 50th and 97th percentile norms have been generated for Indian children (DQ range of
35–160 ± 3.5). The maximum DQ score is 160. In terms of interpretation of scores, DQ score ≥85
is normal and 71–84 is mild to moderate delay. Severe developmental delay is defined on DASII
as DQ score ≤70 (≤2 SD). The inter-correlation between the motor and mental performance on the
two sections of the scale ranges from 0.24 to 0.62 [40]. The motor development items cover the child’s
development from supine to erect posture, neck control, locomotion, and manipulative behavior such
as reaching, picking up, handling things, and so forth. The mental development items record the
child’s cognizance of objects in the surroundings, perceptual pursuit of moving objects, development
of communication and language comprehension, spatial relationship and manual dexterity, imitative
behavior, social interaction, and so forth.
2.6. Biomarkers
Fatty acid composition of plasma phospholipids and red blood cell (RBC) membrane phospholipids
are appropriate biomarkers of fatty acid status and related to dietary intakes [41,42]. Since the plasma
(reflecting short-term intake) and RBC (reflecting long-term intake) fatty acid composition are related, the
markers of longer-term intake RBC phospholipid fatty acids (linoleic acid (18:2n-6); alpha-linolenic acid
(18:3n-3); arachidonic acid (20:4n-6); eicosapentanoic acid (20:5n-3); DHA (22:6n-3)) were measured.
Lipids were extracted from RBCs using the method of Rose and Ocklander [43], phospholipids were
separated by thin-layer chromatography. The phospholipids were trans-esterified using the method by
Lepage and Roy [44] and fatty acids were identified by gas chromatography with flame ionization
detector. Thirty-seven fatty acid methyl ester mix from Supelco (SIGMA-ALDRICH) was used to
identify the fatty acids using their retention time.
Maternal nonfasting blood samples (5 mL) were obtained by venipuncture at recruitment, delivery,
and six months postpartum. Neonatal blood samples were obtained from the umbilical cord vein
immediately after delivery using the syringe method. A 2 mL venous blood sample was obtained from
infants at 6 and 12 months of age. All samples were collected into tubes containing disodium ethylene
diamine tetra acetic acid (EDTA). Plasma was separated the same day by cold centrifugation (4 ◦ C) at
800× g for 10 min and RBCs were washed thrice using equal volumes of saline. Plasma and washed
RBCs were stored at −80 ◦ C for later analysis.
Breast milk samples (one day, one month, and six months postpartum) were collected. The milk
samples were from a morning feed but not the first one, preferably between 08:00 am and 12:00 pm.
Infants were allowed to suckle the nipple for a few minutes, and then a breast milk sample (10 mL)
was expressed manually by the mother herself, after which the feeding continued. The samples were
refrigerated immediately to prevent bacterial growth and later aliquoted into smaller 2 mL containers,
filled nearly to the top to minimize oxidation, and frozen at −80 ◦ C until analysis. Although the
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amount of fat may change within and between feeds, the proportion of fatty acid remains relatively
constant. Since breast milk PUFA were being expressed as a percent of total fatty acids, complete breast
expressions were not required [45]. RBC phospholipids were analyzed by gas chromatography using
standard methods.
2.7. Statistical Analysis
The primary study outcome was infant development quotient (DQ) score (composite score of
motor and mental development) obtained at 12 months of age. We required 674 mother–child pairs to
detect an effect size of 0.25 with 90% power [46].
Maternal household and offspring characteristics in the two treatment groups were summarized to
assess the effectiveness of randomization. Continuous, normally distributed variables were summarized
as means and standard deviations, while skewed variables were summarized as medians and
interquartile ranges. Categorical/binary variables were summarized using proportions. Analysis was
done using the intent to treat (ITT) principle. Per protocol analyses were also carried out including
infants who had a valid 12-month DQ score (DASII test administered at 12 months postpartum
± 4 weeks) and whose mothers’ compliance rate >80%. All protocol deviation cases were excluded
from per protocol analyses. We compared baseline characteristics between the final study sample and
those who were lost to follow-up.
For the primary outcome, we used a two-sample t test to compare the mean DQ (mental and
motor) score at 12 months between the DHA and placebo group using DASII. We performed
the subgroup analysis using a two-sample t-test for the difference in mean DQ score between
DHA and placebo group stratified by pre-specified subgroups, that is, mother’s age (18–20, 21–25,
26–30, 31–35 years), mother’s BMI (<18, 18.0–22.9, 23.0–24.9, ≥25 kg/m2 ), gravidity (multigravida,
primigravida), gestational age at delivery (<37, ≥37 weeks), duration of supplementation (≤10,
10.1–12.0, ≥12.1 months), vegetarian diet (yes, no), physical activity (inactive/low, moderate, high),
and gender of the child (male, female). The p-value for interaction was calculated by including the
interaction term between the characteristic of interest and treatment group in the linear regression model.
Heterogeneity was assessed based on the significance of the interaction term between the characteristic
of interest and treatment (p < 0.05). All the statistical analysis was done using STATA 16.0 version
(College Station, TX, USA) and R 3.6.2 version.
3. Results
Enrollment began in January 2016 and ended in August 2017. Figure 1 shows the CONSORT flow
chart. We screened 3379 women for eligibility and found 1131 to be eligible. A total of 957 mothers
were enrolled and randomized (DHA = 478; Placebo = 479). Of the 902 live births, 878 were followed to
12 months and the DASII was administered to 863 of those. Loss to follow-up (8.2% from randomization
through 12 months) and mean ± SD compliance did not differ by group (DHA: 93.0 ± 10.1; Placebo:
92.7 ± 10.7). Baseline maternal and household characteristics were similar by treatment group (Table 1).
Overall, the mean age of the mothers was 23.9 (3.6) years, the mean BMI of the participating women
was 20.6 ± 3.6 kg/m2 , and the mean hemoglobin was 11.1 ± 1.3 gm/L. Based on the semiquantitative
FFQ administered at baseline, the dietary intake of n-3-rich foods was similar across the two groups.
Additionally, there was no significant difference in the baseline characteristics between those who
completed the study and those who did not complete the study (Table S1).

MUAC, (cm), mean ± SD
Biochemical measures
Hb (gm%), mean ± SD
DHA (mol % of fatty acid) *-, mean ± SD

24·3 ± 3·0

24·3 ± 3·1

11·1 ± 1·3
0.86 ± 0.78

11·2 ± 1·3
0.88 ± 0.71

BMI: Body mass index; MUAC: Mid upper arm circumference; Hb: Hemoglobin; DHA:
Docosahexaenoic
acid; *- N = 258 (DHA); N = 224 (Placebo). Data are presented as mean ± standard 6 of 15
Nutrients
2020, 12, 3041
deviation or median (p25, p75) or number (%).

Figure 1.1. Consort.
Consort. ## Reasons
Figure
Reasonsfor
for exclusion:
exclusion:gestational
gestationaldiabetes
diabetes(n(n= =69);
69);Hb
Hb< <7 7gm%
gm%(n(n= =46);
46);
gestational
age
>20
weeks
(n
=
673);
high-risk
pregnancies
(n
=
118);
chronic
conditions
(n
=
246);
under
gestational age >20 weeks (n = 673); high-risk pregnancies (n = 118); chronic conditions (n = 246);
under any other trial (n = 4); delivery plan other than PK (n = 835); missing/wrong contact information
(n = 257). * Others included: abortion (n = 1); abruptio placenta (n = 1); fresh stillbirth (n = 4);
macerated stillbirth (n = 3); neonatal death (n = 2); maternal death (n = 1); congenital anomalies (n = 1);
infant death (n = 2) in DHA group. ** Others included: fresh stillbirth (n = 4); macerated stillbirth
(n = 2); medical termination (n = 1) in Placebo group.
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Table 1. Baseline Characteristics.

Maternal age (years), mean ± SD
Gestational age at enrollment (weeks),
median (p25, p75)
Primigravida, n (%)
Education, n (%)
College graduated and above
High school/secondary
Employed, n (%)
Household income (>Rs 20,000), n (%)
Dietary habits—vegetarian, n (%)
Consuming fish/seafood, n (%)
Anthropometric measurements
Height (cm), mean ± SD
Weight (kg), mean ± SD
BMI (kg/m2 ), mean ± SD
MUAC, (cm), mean ± SD
Biochemical measures
Hb (gm%), mean ± SD
DHA (mol % of fatty acid) *-, mean ± SD

DHA (N = 478)

Placebo (N = 479)

23.5 ± 3.5

23.6 ± 3.7

15.0 (12, 18)

15.0 (12, 18)

180 (37.7%)

206 (43.0%)

88 (18.4%)
371 (77.6%)
119 (25.0%)
65 (13.6%)
73 (15.3%)
258 (53.9%)

82 (17.1%)
386 (80.6%)
104 (22.0%)
47 (9.8%)
87 (18.2%)
202 (57.8%)

154.1 ± 5.6
48.9 ± 9.0
20.5 ± 3.5
24.3 ± 3.0

153.9 ± 5.7
48.9 ± 8.5
20.7 ± 3.6
24.3 ± 3.1

11.1 ± 1.3
0.86 ± 0.78

11.2 ± 1.3
0.88 ± 0.71

BMI: Body mass index; MUAC: Mid upper arm circumference; Hb: Hemoglobin; DHA: Docosahexaenoic acid;
*- N = 258 (DHA); N = 224 (Placebo). Data are presented as mean ± standard deviation or median (p25, p75) or
number (%).

The proportion of live births was similar across both the groups (DHA vs. Placebo: 94.1% vs.
94.3%) (Table 2). Initiation of breastfeeding in 1 h did not differ across groups (DHA vs. Placebo: 79.9%
vs. 81.7%) (Table 3).
Table 2. Offspring characteristics at delivery.
At Delivery
Live births, n (%)
Gestational age at the time of delivery (weeks),
median (p25, p 75)
Delivery place—study center, n (%)
Delivery conducted by doctor, n (%)
Spontaneous labor, n (%)
Caesarean, n (%)
Male child, n (%)

DHA
N = 450

Placebo
N = 452

450 (94.1%)

452 (94.3%)

39.0 (38.0, 40.0)

39.0 (38.0, 40.0)

372 (84.7%)
416 (94.5%)
410 (93.2%)
154 (35.0%)
234 (52.0%)

375 (85.2%)
423 (96.1%)
407 (92.5%)
175 (39.8%)
243 (54.0%)

Data are presented as median (p25, p75) or number (%); denominator for live births DHA (N = 478); Placebo
(N = 479).

Table 3. Feeding practices.

Initiation of breastfeeding in 1 h, n (%)
Exclusively breastfed until 6 months, n (%)
Age at which complementary feeding
initiated (months) *, mean ± SD

DHA n/N (%)

Placebo
n/N (%)

346/433 (79.9%)
236/426 (55.4%)

357/437 (81.7%)
237/421 (56.3%)

5.4 ± 0.67

5.3 ± 0.83

Data are presented as number (%); * DHA (N = 166); Placebo (N = 156).

The age at which complementary feeding started was similar across groups (DHA vs. Placebo,
mean ± SD: 5.4 ± 0.67 vs. 5.3 ± 0.83 months) (Table 3).

Nutrients 2020, 12, 3041

8 of 15

The maternal RBC DHA concentrations (mol % of fatty acid) (mean ± SD) were not different
between the groups at baseline (DHA; 0.86 ± 0.78, Placebo: 0.88 ± 0.71) but significantly higher in the
DHA group compared to placebo group at delivery (DHA: 1.94 ± 1.42, Placebo: 0.84 ± 0.56; p < 0.001)
(Table 4).
Table 4. Mean DHA (mol % of fatty acid) levels in RBC phospholipids.
DHA

Placebo

Mean Difference * [95% CI]

p-Value

DHA at baseline

N = 258
0.86 ± 0.78,
0.56 (0.32, 1.21)

N = 224
0.88 ± 0.71,
0.55 (0.37, 1.28)

0.02 [0.11,0.15]

0.77

DHA at the time of
delivery

N = 271
2.03 ± 1.75,
1.41 (0.61, 2.99)

N = 242
1.12 ± 0.86,
0.83 (0.42, 1.72)

−0.91 [−1.16, 0.67]

<0.001

DHA in cord blood

N = 265
2.61 ± 1.45,
2.64 (1.38, 3.81)

N = 232
1.83 ± 0.90,
1.76 (1.16, 2.48)

−0.77 [−0.99, 0.56]

<0.001

DHA in infant blood
at 6 months

N = 263
1.94 ± 1.42,
1.65 (0.64, 3.08)

N = 240
0.84 ± 0.56,
0.77 (0.43, 1.12)

−1.09 [−1.29, −0.9]

<0.001

DHA in infant blood
at 12 months

N = 227
1.71 ± 1.18,
1.50 (0.60, 2.64)

N = 204
1.27 ± 0.93,
1.03 (0.43, 1.89)

−0.44 [−0.64, −0.24]

<0.001

Data are presented as mean ± standard deviation, median (p25, p75); DHA: Docosahexaenoic acid; p-value calculated
using unpaired t-test; * difference = Placebo minus DHA.

In the placebo group, there was no change in RBC DHA concentrations over the period of
intervention while in the DHA group, concentrations increased by 1.04 (0.86, 1.23) mol % of fatty acid,
paired t-test, p < 0.001.
The DQ score (mean ± SD) at 12 months for the DHA and placebo groups was 96.6 ± 12.2 and
97.1 ± 13.0, respectively, and the mean difference (placebo minus DHA) was 0.46 (95% CI: −1.23, 2.14;
p = 0.60). The motor and mental scores also did not differ significantly across the groups at 12 months
(Table 5). There were 25 serious adverse events, all determined to be unrelated to intervention
(DHA group = 16; placebo = 9; p = 0.154) (Table S2). The last 12-month assessment (including DASII)
was conducted in early April 2019.
Table 5. DQ score and components of DQ (motor and mental scores) at 12th month.
At 12th Month
DQ score
Motor score
Mental score

DHA
(n = 433)

Placebo
(N = 430)

Difference * [95% CI]

p-Value

96.6 ± 12.1
47.6 ± 3.7
106.0 ± 7.0

97.1 ± 13.0
47.6 ± 3.7
106.7 ± 7.6

0.46 [−1.23,2.14]
0.03 [−0.47,0.52]
0.63 [−0.35,1.61]

0.60
0.92
0.21

Data are presented as mean ± standard deviation and [95% CI]; unadjusted model: t-test for difference between
mean values at 12 months; DQ: development quotient. * Placebo minus DHA.

The per protocol analysis also showed no difference in 12-month DQ scores between the two groups
(Table S3). The mean infant DQ, mental and motor scores at six months did not differ significantly
across groups (secondary outcomes not shown in this paper). The mean DQ score did not differ
significantly across mother’s age group, BMI, gravida, gestation age at delivery, compliance rate,
duration of supplementation, physical activity (Figure 2).

The per protocol analysis also showed no difference in 12-month DQ scores between the two
groups (Table S3). The mean infant DQ, mental and motor scores at six months did not differ
significantly across groups (secondary outcomes not shown in this paper). The mean DQ score did
not differ significantly across mother’s age group, BMI, gravida, gestation age at delivery, compliance
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rate, duration of supplementation, physical activity (Figure 2).

Figure 2.2.Subgroup
Subgroup
analysis.
Difference:
Placebo
DHA; Difference
mean
score
Figure
analysis.
Difference:
Placebo
minusminus
DHA; Difference
in meanin
DQ
scoreDQ
between
between
DHA
and
placebo
group
at
12
months
was
calculated
using
two-sample
t-test
for
each
DHA and placebo group at 12 months was calculated using two-sample t-test for each subgroup;
psubgroup; p-value for interaction calculated using linear regression model including interaction term
for characteristic of interest and treatment group.

However, the mean DQ score for female child was higher in placebo as compared to DHA
[mean difference (placebo− DHA) (95% CI): 2.74 (0.40, 5.09)]. The p-value for interaction was significant
for gender of the child (p = 0.013). The pre- and postnatal maternal supplementation with 400 mg/d
DHA did not improve the infant’s DQ score as measured by DASII at 12 months of age.
4. Discussion
In this well designed and executed RCT (CONSORT checklist enclosed as Table S4), pre- and
postnatal maternal supplementation with 400 mg/d DHA did not improve the infant’s development
score as measured by DASII at 12 months of age. Our findings are in accordance with some other
trials [46–49]. The reviews published so far in this field to understand the association between maternal
DHA supplementation and infant neurodevelopment have also reported the evidence of a positive
association between maternal DHA supplementation and infant neurodevelopment to be either
too low or inconsistent, with a majority of the RCTs showing no positive effect [36]. Makrides et al.
provided 800 mg/d and [50] showed no difference in children’s cognitive scores between the intervention
and control group at 18 months. Similarly, Helland et al. [49] found no effect of prenatal supplementation
with cod liver oil on cognitive development among 288 three-month-old children in Norway. On the
other hand, the randomized trial of Colombo et al. [51] found that lower doses of DHA supplementation
of the infants (4 to 9 months of age) showed better cognitive outcomes in terms of their attention
span. Studies have reported maternal DHA status in pregnancy to be positively associated with
infant’s brain volume at 1 month [52], improved infant’s attention [53], and enhanced problem-solving
skills at 12 months [54]. Rees et al. [26] showed that the infants of mothers who had a higher dietary
DHA intake during the second and third trimesters of their pregnancy performed better on cognitive
assessment measures (habituation and sustained visual attention) at 4.5 and 9 months of age. However,
it was also observed that the infants from the medium dietary DHA group [0.64% of fatty acids from
DHA (34 mg/100 kcal)] performed significantly better than the low-DHA [0.32% (17 mg/100 kcal)]
and high-DHA group [0.96% (51 mg/100 kcal)], with the latter showing the worst performance [26,51].
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Additionally, some studies have reported improved cognition among older children whose mothers
were supplemented with 400–600 mg/d DHA prenatally, after they turned four years old [27,30,35].
The neurodevelopment in the current study was assessed with the help of the DASII test
which is BSID’s adaptation. Although BSID is a global standardized test for assessing cognitive
functioning and has been frequently utilized in neurodevelopment effects of LCPUFA in infants [55],
its sensitivity to pick up some subtle differences in infant cognitive ability has been questioned [56].
Experts suggest that differences in intellectual functioning that are sensitive to pathways influenced
by n-3 fatty acids may only be detected with more sensitive measures of neurodevelopment such as
neuroimaging techniques [57], neuropsychological testing [58], distinct cognitive abilities, or executive
functioning [59]. The suitability of these approaches for large field-based trials in low resource settings
warrants further exploration.
Few possible limitations of our single-center trial may include lack of details on home environment
and detailed dietary data on the children which may have influenced the neurodevelopment in the
first year of life. The measure of neurodevelopment used in the study (i.e., the DQ score) has not been
validated against the functional magnetic resonance imaging (fMRI) which is currently considered the
gold standard noninvasive hemodynamic-based neuroimaging technology. The fatty acid composition
of the blood and breast milk collected from the enrolled women are not currently available. We also
did not estimate dietary n-3 LCPUFA intakes in all the study subjects; however, the biomarker
(RBC phospholipid DHA) is very responsive to intake and was measured at both enrollment and
immediately after birth as an indicator of prior status and study DHA intake. Further, other fatty
acids like AA and DHA:AA ratios may play a key role in neurodevelopment [60]. To the best of our
knowledge, our study is the first one to examine the effects of in utero and early-life DHA exposure
(through maternal supplementation from mid-pregnancy through six months postpartum) on postnatal
neurodevelopment of Indian infants. Through a long supplementation phase and follow-up period,
the participants of our trial reported good compliance and very low attrition. Genetic predisposition,
prenatal and postnatal care and nutrition, and social and physical environment may all be critical in
shaping the neurodevelopment of an infant. We collected maternal dietary data at baseline but not at
later visits. Changes throughout the pregnancy with respect to not only n-3 LCPUFA but also other
nutrients such as vitamin D or iron [61,62] may affect offspring neurodevelopment.
While DHA is a key intrinsic factor constituting more than 40% of brain polyunsaturated fatty
acids [63,64], external factors like care and stimulation in the home environment also play a significant
role in a child’s cognitive development [65,66]. Poor physical conditions of home and limited access
to age-appropriate learning materials have been linked with social–emotional problems in children.
Ramakrishnan et al. [46] indicated a possible attenuating effect of DHA on the positive association
between home environment and psychomotor development. DHA may be especially helpful for
children living in home environments characterized by reduced caregiver interactions and opportunities
for early childhood stimulation [67]. It might have been useful to have these data in the present study.
Further, the mean DQ score of girl children in the placebo group was higher. This inconsistency may
be due to chance. Some studies also attribute gender-related differences in neurodevelopment to sex
hormones [68] and/or social context [69], but since these were not assessed in our trial, we cannot be
certain of this.
In summary, supplementing mothers through pregnancy and lactation with 400 mg/d
DHA (vs. placebo) did not benefit offspring neurodevelopment at one year of age in this
Indian setting. Deeper insights into maternal dietary patterns, young child feeding practices,
home environment, and the interactions amongst these factors are warranted to understand what
shapes early neurodevelopment.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/10/3041/s1,
Table S1: Comparison of baseline characteristics of those who completed the study and those who did not,
Table S2: Listing of serious adverse events by group, Table S3: Primary outcome (per protocol analysis), Table S4:
CONSORT checklist.
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Abstract
Introduction: Diabetic foot ulcer is one of the major complications following diabetes. In India, 15% of diabetic patient develop DFU once
in their lifetime. Neuropathy associated with diabetes is a major factor in development of foot ulcer in such patients. Infection, peripheral
arterial diseases, altered functions of white blood cells, stem cells and regenerating tissues, and co-morbidities lead to delayed wound
healing. Matrix rhythm therapy is a recent advancement in the field of Physiotherapy. It provides external oscillation that activates normal
rhythm of cell that is between 8 and 12 Hz which improves cellular function within cell and extracellular matrix, enhancing tissue healing.
A 70-year-old female presented with infected diabetic foot ulcer on her right foot in out-patient department of KLE hospital. She had nonhealing ulcer since one and half months and undergone conservative treatment of wound care along with strategies of diabetic foot care.
Clinical findings: Subject complained of pain with score of 2 at rest and 6 while walking which was recorded on the basis of Visual Analogue
Scale. Wound appeared ischemic and non-healing. On wound assessment, size of wound was 12 mm in diameter and 6 mm depth. It was
identified as Type D grade I on the basis of classification of wound provided by University of Texas Health Science center.
Intervention: Matrix rhythm therapy was applied on posterior aspect of leg region extending around wound area once a week for 5 weeks
with treatment duration of 1 h.
Result: Pain of the subject after 5 weeks of intervention was 0 at rest and 2 while walking on the basis of VAS. Size of wound decreased with
dimension of 6 mm in diameter and 2 mm depth and categorized as Type A grade 1.
Conclusion: Matrix rhythm therapy could be considered as adjunct in wound healing of diabetic foot ulcer.
Key words: Diabetic foot ulcer, matrix rhythm therapy

Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized
by chronic hyperglycemia which is due to alteration in insulin
production and its action.1 DM affects multiple systems in our
body leading to complications such as retinopathy, nephropathy, neuropathy, cardiovascular diseases, and other complications such as infections and cognitive impairment.2 Diabetic
foot ulcer (DFU) is one of the major complications following
diabetes in an individual that leads to substantial morbidity.
Prevalence of DFU in UK is around 7% and USA is 8% and
lifetime risk is 15%. In India, around 15% of patients with diabetes are affected by DFU during their lifespan. Out of this
proportion, 50% is infected that requires hospitalization and
20% need amputation in India. DFU alone contributes 80% of
non-traumatic amputation and have huge burden in terms of
expenses and morbidity.3,4
There are several factors which contribute in the development of diabetic ulcer; however, neuropathy and ischemia
due to peripheral vascular diseases are the major contributing factors. In diabetic patient, production of nerve cell myoinositol that regulates normal neural conduction is hampered.
This affects all the components of neural functions including
motor, sensory and autonomic functions. Deformities such as
claw-toe and high arched foot are the result of motor nerve
involvement in diabetic patients that results in uneven distribution of force in foot, and thus formation of callus and skin
breakdown. Dryness of skin and peripheral edema is a result of
autonomic dysfunction in diabetic that leads to development
of fissured skin. Decreased perception of pain and sensation
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leads to inability to detect any injury in subjects with diabetes
due to which wound goes unnoticed for several duration until
it gets worsened. Endothelial dysfunction associated with diabetes results in atherosclerosis which contributes in decreased
blood supply.5-7
Wound healing is a complex process that follows a
well-designed pattern of various biological and molecular
events. Certain intrinsic factors and extrinsic factors such
as neuropathy, vasculopathy, immunity, wound infection,
wound cell abnormalities contributes in delayed wound healing in diabetic population. Early detection and intervention
is needed in order to enhance healing process in DFU which
can also predict the long-term progression.8, 9 Identification of
associated risk factors and its management can prevent DFU.10
Several guidelines have been published that provides information regarding management of diabetic foot ulcer which can be
broadly divided into surgical and conservative management.
Surgical management includes debridement and amputation.
Conservative management includes prescription of protective
footwear, pharmacological management of infection and restoration of perfusion, wound care through regular inspection
and debridement, controlling of optimal glucose level, and
educating patients regarding self care and management.11-13
Adjunctive therapies such as negative pressure wound therapy, hyperbaric oxygen therapy, and electrotherapy along with
other physical agents such as ultrasound therapy, ultraviolet
ray therapy, low laser therapy have been used to enhance healing of wound.14,15
Matrix rhythm therapy is a therapeutic method developed
and improved by Dr. Ulrich Randall that is based on a fact
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that all cells of biological system follow a rhythmic pattern of
vibrations when they are living. This conclusion was drawn
from a research conducted at Erlangen University in Germany.
Matrix rhythm therapy delivers the vibrations ranging from 8
to 12 Hz that mimics normal oscillation that brings changes in
cellular level thereby enhancing the function at cellular level
(within cell and extracellular matrix).16

Patient information
A 70-year-old female presented with open wound on the plantar aspect of her right foot which was evident since one-andhalf months. She complained pain at the site of wound which
is aggravated on walking or weight bearing on same side. She
gave the history of trauma due to uneven foot placement on
a pebble. She noticed a wound on foot after a week of injury
and applied local wound ointment for a month. Wound was
increasing in size along with pain during weight bearing. She
consulted physician and was referred to physiotherapy department for further management.
Subject gave the history of diabetes and hypertension
since 20 years and 30 years, respectively, and under medication. She takes 16 units and 10 units of insulin in the morning
and night for the management of diabetes and diuretics and
ace inhibitors for hypertension management. She had undergone coronary artery bypass graft 16 years back.

Clinical findings
Pain assessment: Visual analogue scale was used to assess
pain. It was 2/10 at rest and 6/10 while walking.
Wound examination: Size of wound was 12 mm diameter with 6 mm of depth which was located lateral aspect of
posterior one-third on plantar surface of right foot. Wound
appeared dry with calcified vascular tissues. Granulation tissues were minimal in appearance. Wound bed was filled with
pus suggestive of infection.
Diagnostic assessment: Physical examination was carried out
along with an X-ray. X-ray findings were normal to the age of
the subject.
Wound was classified on the basis of diabetic wound classification system provided by The University of Texas Health
Science Center. Wound was identified as Type D grade I.
Pain was assessed on the basis of visual analogue
scale which was recorded as 20 mm on rest and 70 mm on
weight-bearing activities.

Therapeutic intervention
Matrix rhythm therapy was performed on the affected limb.
It was applied starting from posterior aspect of knee joint
extending around the wound. Treatment was given for 5 sessions lasting up to 1 h in each session. Frequency of treatment
was 1 session per week.

Follow-up and outcomes
Outcome measures were recorded in terms of size of the
wound, grading of wound and VAS for pain. Subject has followed up till 1 month after cessation of treatment. Figure 1
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shows appearance of wound before and after intervention of
Matrix Rhythm Therapy.
First follow-up:
• VAS: 2 at rest and 6 on walking
• Shape of wound: It changed to rectangular shape from
circular
• Size of wound: length=10 mm, breadth: 6 mm and depth:
5 mm
• Grading: Type C, Grade I
• Appearance: Ischemic, with partial vasularization of surrounding tissues
Second follow-up:
•
•
•
•

VAS: 0 at rest and 5 on walking
Shape of wound: rectangular
Size: length=8 mm, breadth= 8 mm, depth: 5 mm
Grading: Type C, grade I

Third follow-up:
• VAS: 0 at rest and 3 while walking
• Shape of wound: oval
• Size: greatest length=8 mm, greatest breadth=5 mm,
depth=4 mm
• Grading: Type B, grade I
Fourth follow up:
• VAS: 0 at rest and 2 while walking
• Shape of wound: irregular
• Size: Greatest length: 6 mm, greatest breadth=4 mm,
depth=2 mm
• Grading: Type A, grade I
No any adverse effects or intolerance was observed or
experienced by subject throughout the treatment sessions
and follow-ups. At the end of session, wound changed from
non-healing ulcer to healing ulcer with vascularization of surrounding tissues.

Discussion
Our study aimed to determine the effects of matrix rhythm
therapy on diabetic foot ulcer. Application of matrix rhythm
therapy for five sessions, one session a week showed accelerated wound-healing process in non-healing diabetic foot ulcer
along with decreased pain intensity. This study is novel of its
kind which is applied for wound healing, and till now no published literature is available.
DFU is of the major complications that lead in disability
and decreased quality of life in diabetic population. Multiple
approaches have been applied for the prevention and management of DFU but effective approach that enhances healing of
ulcer is not established. Several physical modalities such as
low level laser, ultraviolet radiation, electrical stimulation have
been used in management of wound but most of the studies
lack quality of evidence and physiological basis for wound
healing.15 Most of the studies related to the physiotherapy
approaches in wound healing have used multiple therapeutic
methods which lead overlapping of physiological effects and
results cannot be specified to a particular method.17, 18 In our
study, we have used only matrix rhythm therapy and its effect
on wound can be specified.
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Use of vibrations as interventions for therapeutic benefit
has history since 19th century. Vibrations has been used for
management of neurological conditions, increasing power and
flexibility in athletes, maintenance of bone density in astronauts, and recently it has been used to enhance wound-healing
process. A study was done in regarding the effect of vibration
in healing process in diabetic mice. It has been found that
vibrations produces stimulus that helps in release of growth
factors, stem cell proliferation, and cell differentiation when
applied to bone. In wound, it increases angiogenesis, formation of granulation tissues, and promotes the accumulation
of macrophages, fastens the wound closure, and re-epithelialization. They also found that there is decrease in number
of neutrophils cells in wound that decreases the inflammatory conditions within wound. Similarly, there was decrease
in blood glucose levels and increase in microcirculation after
application of vibrations.20,21 In these, studies the frequency of
vibrations applied was 35–45 Hz compared to physiological
oscillations/vibrations in our study. Though one of study on
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effects of vibrations in blood flow in healthy inactive subjects
showed that vibration is responsible for increase in blood supply, there are very limited studies related to role of vibrations
in wound healing in diabetic subjects.22
In our study, wound healing in DFU is accelerated that
can be possibly due to cellular effect of vibrations produced
by the application of matrix rhythm therapy. Matrix rhythm
therapy produces oscillations of 8–12 Hz in cells that mimics the normal rhythmic oscillations when cells are alive. In
diseased condition, normal rhythmic oscillations are affected
thereby impairing functions within cells and its surrounding
environment, i.e., extracellular matrix. Following application of this therapeutic approach normal oscillations can be
restored leading to normal function of cell and its environment.19 Similarly, application of matrix rhythm therapy leads
to increased circulation which was observed in a study done
in athletes. In their study, they compared the effects on circulation by using conventional massage with matrix rhythm
therapy. They concluded that, matrix rhythm therapy leads to
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increase in circulation through compression effect and soft tissue mobilization along with contraction of muscles produced
by stimulation of tonic vibration reflex.23
There are certain limitations of the study despite being
first of its kind to intervene matrix rhythm therapy. More
emphasis would have been given in detailed objective examination of diabetic foot ulcer and intervention frequency was
less which could have been increased. In future, more number
of patients can be involved as to develop a case series and can
be compared with other physical modalities.
In conclusion, matrix rhythm therapy may be used as an
adjunctive therapy for wound healing in diabetic foot ulcer. It
could be beneficial in not only enhancing healing of wound
but also overall improvement on functions of cell and its environment thereby creating optimal atmosphere.
Informed consent: Was duly obtained from subject regarding
recoding and publication of data
Source of Funding: Nil
Conflict of Interest: Nil
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ABSTRACT
Introduction: Musculoskeletal complications are most seen in patients with a longstanding history of DM type 1.
Aim: This study aimed to determine the prevalence of musculoskeletal manifestations associated with DM type 1 in Belagavi
district.
Materials and Methods: Out of a total of 200 participants with Diabetes Mellitus type 1, 95 participants with musculoskeletal
problems were assessed for range of motion, pain, and muscle strength of the most affected joint. They were also screened for
any deformities in the upper and lower limbs as well as interviewed for any activity limitations in functional tasks. The objective
outcomes used were chippaux index and weight distribution during gait.
Results: Our results showed that, musculoskeletal deformities were observed in 60% of the participants. 14.74% of the participants
presented with restricted and pain-free ROM, 89.47% had pain and 98.95% showed generalized muscle weakness. The most
common deformity seen in the upper limbs and lower limbs was salaam deformity and pes cavus respectively. According to
chippaux index, 27.37% participants presented with tendency to cavus foot whereas 14.74% with tendency to flatness. Medial
weight bearing of foot was observed in 17.89% participants, whereas lateral weight bearing was seen in 28.42% participants.
Also, range of motion and deformity were found to be significantly associated p=0.012.
Conclusion: The study concluded that musculoskeletal manifestations occur with a greater frequency in patients with Diabetes
Mellitus type 1 in Belagavi district and that, ROM and musculoskeletal deformities are significantly associated.
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INTRODUCTION

Diabetes mellitus is a group of metabolic diseases
characterized by hyperglycaemia resulting from
defects in insulin secretion, insulin action, or both
[1]. The global diabetes prevalence is estimated
to be 9.3% whereas that in India ranges from
5–17%, with higher levels found in the southern
part of the country and in urban areas [2,3].
The metabolic disturbances in diabetes, which
includes glycosylation of proteins, microvascular
abnormalities with damage to blood vessels and
nerves and collagen accumulation in skin and

periarticular structures, result in changes in the
connective tissue. Musculoskeletal complications
are most seen in patients with a longstanding
history of diabetes mellitus type 1 (DM type 1)
[4].
These musculoskeletal manifestations can
cause pain and loss of function at the involved
sites. The musculoskeletal disorders seen in
these patients which can be divided into three
categories: a) disorders which represent intrinsic
complications of diabetes, such as limited joint
mobility or diabetic cheiroarthropathy, stiff hand
syndrome, and diabetic muscular infarction,
b) disorders with an increased incidence
among diabetics, such as Dupuytren’s disease,
shoulder capsulitis, neuropathic arthropathy,
osteopenia (DM type 1), flexor tenosynovitis,
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septic arthritis, acute proximal neuropathy,
proximal motor neuropathy, pyomyositis and
the diffuse idiopathic skeletal hyperostosis
(DISH) syndrome and finally c) disorders for
which a possible association with diabetes
has been proposed but not proven yet, such as
osteoarthritis and the carpal tunnel syndrome.
The most common type of cheiroarthropathy
observed is adhesive capsulitis (31%), followed
by carpal tunnel syndrome (30%), flexor
tenosynovitis (28%), salaam deformity (22%),
and Dupuytren’s contracture (9%) [5-7]. These
manifestations may go unrecognized or simply
be overlooked in daily clinical practice. Thus,
clinicians should be aware of the possible
musculoskeletal complications of diabetes to
intervene and provide the best care for affected
patients. The prevalence of musculoskeletal
complications due to DM type 1 in Belagavi has
not been estimated. Hence, our study aims to
determine the prevalence of musculoskeletal
manifestations associated with DM type 1 in
Belagavi district.
MATERIAL AND METHODS

A cross sectional study was conducted with
an aim to estimate the prevalence of the
musculoskeletal manifestation in patients
with DM type I. The study was approved by
the Institutional Ethical Committee before the
commencement of the study. A free one-day
camp was organized by the diabetic center along
with pediatric physiotherapy department of a
tertiary care hospital.

A total of 200 participants with DM type 1 in and
around Belagavi were assessed by the diabetic
center and a total of 95 participants with
musculoskeletal problems were referred for
physiotherapy evaluation. The participants were
assessed for range of motion (ROM), pain and
muscle strength of the most affected joint. The
ROM of the affected joint was assessed by asking
the participant to perform active movements
of the joints and was graded as 1: Full and Pain
Free, 2: Full and Painful, 3: Restricted and Pain
Free, 4: Restricted and Painful. The participants
were also interviewed for presence or absence of
pain. A generalized assessment of strength was
performed for the participants complaining of
weakness.
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The participants were screened for any
deformities in the upper and lower limbs. The
deformities such as hallux valgus, hallux varus,
pes cavus, pes planus, salaam deformity, etc.
were recorded on observation. They were
also interviewed for any activity limitations
in functional tasks such as ambulation, bed
mobility, dressing, bathing toilet activities and
writing.

The objective outcomes used were chippaux
index and weight distribution during gait. The
chippaux index is a standard tool which was used
to assess the height of the longitudinal foot arch
[8]. Static footprints of the participants were
collected on a piece of paper and impregnated
with ink, between the subject’s foot and the
paper [9]. To calculate the chippaux index, a
line tangent to the internal edge of the footprint
was drawn. From the point of contact of this
line with the digito-planar eminence, a line
was drawn that crossed the eminence through
its broadest part. Then, a line parallel to the
previous one was drawn, that passed through
the narrowest point of the isthmus of the sole
of the foot. The index was the quotient obtained
on dividing the value of the isthmus line by the
value of the breadth line of the forefoot and
was expressed in percentage. The scores were
further categorized as: Chippaux Index <25%:
Tendency to cavus foot, 25% < Chippaux Index
< 45%: Normality range, Chippaux Index >
45%: Tendency to flatness and/or pronation
[10]. Following the chippaux index, the medial
and lateral weight distribution during gait was
also assessed.
Descriptive analysis of the data was done
using Ri386 3.63. Categorical variables were
compared using chi-square test. P-value <0.05
was considered as significant.
RESULTS

Out of 200 diabetic patients, a total of 95(47.5%)
patients (51 males, 44 female) presented with
musculoskeletal problems. The mean age of
these participants was 16.05 ± 6.17 years.
Majority of the participants were students with
a percentage of 70.53%. The mean duration of
diabetes type 1 was 5.65 ± 4.9 years (Table 1).
Among 95 participants, 14 (14.74%) presented
with restricted and pain-free ROM, 1(1.05%)
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Table 1: Demographic details of participants with DM type 1.

Age (in years)

16.05 ± 6.17
Male

51 (53.68%)

Female

44 (46.32%)

Student

67 (70.53%)

Household

9 (9.47%)

business

4 (4.21%)

farmer/cattle rearing

7 (7.37%)

service

3 (3.16%)

Others*

3 (3.16%)

Gender
Duration of DM (in years)

Occupation

5.65 ± 4.9

*Indicates mason, hotel worker, factory worker
Table 2: Prevalence of musculoskeletal manifestations in participants with DM type 1.
Full and Pain Free
ROM

80 (84.21%)

Full and Painful

1 (1.05%)

Restricted and Pain Free

14 (14.74%)

Joint involved

Pain
Weakness
Activity Limitation

showed full and painful ROM and 80 (84.21%) had
full and pain-free ROM. The joints most involved
were PIP and DIP 8.42%, only PIP 6.32%, MCP
1.05% and Knee joint 1.05%, suggesting that the
PIP and DIP together were more significantly
involved. Musculoskeletal pain was present in 85
(89.47%) participants and 94 (98.95%) showed
generalized muscle weakness. Only 1.05 % of the
total participants presented with difficulties in
functional activities (Table 2).

Musculoskeletal deformities were observed in 57
(60%) of the participants with diabetes mellitus
type 1. The deformities seen in the lower extremity
were pes cavus in 25 (43.86%) participants,
hallux valgus in 19 (33.33%) participants, pes
planus in 13(22.81%) participants, followed
by genu valgum, genu varum and hallux valgus
which was 7.02% respectively. Upper limb
deformities included salaam deformity which
was observed in 21 (36.84%) participants.
The most frequent deformity observed was
pes cavus. Other manifestations such as crossover toes, tingling in hands at night, wasting of
hypothenar muscles, etc. were also commonly
seen with a total prevalence of 40.35%
(Table 3).

PIP

6 (6.32%)

DIP, PIP

8 (8.42%)

KNEE

1 (1.05%)

MCP

1 (1.05%)

Present

85 (89.47%)

Absent

10 (10.53%)

Present

94 (98.95%)

Absent

1 (1.05%)

Present

1 (1.05%)

Absent

94 (98.95%)

The chippaux index was analysed for 94
participants as 1 could not be assessed due
to open wound injury over foot. According to
Chippaux index, 26 (27.37%) participants in
the sample presented with tendency to cavus
foot and 14(14.74%) with tendency to flatness
or pronated foot. The remaining 56.84%
participants showed chippaux index within
normal ranges. The medial weight bearing of
foot was observed in 17(17.89%) participants,
whereas lateral weight bearing was seen in 27
(28.42%) participants (Table 4).
Using chi square test with simulation it
was concluded that ROM and deformity are
significantly associated (p=0.012) (Table
5). Age (p=0.288) and gender (p=0.705) of
the participants did not have a significant
association with deformities. Musculoskeletal
deformities were more commonly seen in males
(62.75%) than females (56.82%). The duration
of diabetes did not have any significant relation
with deformities (p=0.119). Other parameters
such as pain (p=0.311), muscle weakness (p=1)
and activity limitation (p=1) did not show any
significant association with musculoskeletal
deformities in patients with DM type 1.
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Table 3: Prevalence of musculoskeletal deformities in participants with DM type 1.
Present

Deformity

Type

57 (60%)

Absent

38 (40%)

Hallux Valgus

19 (33.33%)

Hallux Varus

4 (7.02%)

Pes Planus

13 (22.81%)

Pes Cavus

25 (43.86%)

Genu Valgum

4 (7.02%)

Genu Varus

4 (7.02%)

Salaam Deformity

21 (36.84%)

Others*

23 (40.35%)

*Indicates pain in calf, pain in thigh, knee pain, etc.
Table 4: Scores on Chippaux Index and weight bearing of foot in participants with DM type 1.
Tendency to cavus foot

26 (27.37%)

Normality range

54 (56.84%)

Tendency to flatness and/or pronation

14 (14.74%)

Lateral

27 (28.42%)

Medial

17 (17.89%)

Normal

50 (52.63%)

Chippaux Index

Weight Bearing

Table 5: Association of different factors with deformity.
Factor
Age Group*
Gender
Occupation

Present

Absent

≤16

30 (54.55%)

25 (45.45%)

>16

27 (67.5%)

13 (32.5%)

Male

32 (62.75%)

19 (37.25%)

Female

25 (56.82%)

19 (43.18%)

student

39 (56.52%)

30 (43.48%)

Non-Student

18 (69.23%)

8 (30.77%)

Duration of DM*
ROM
Pain
Weakness
Activity Limitation

Deformity

Sub-category

≤4

27 (51.92%)

25 (48.08%)

>4

30 (69.77%)

13 (30.23%)

Full and Pain Free

43 (53.75%)

37 (46.25%)

Restricted and Pain Free A

14 (93.33%)

1 (6.67%)

Present

49 (57.65%)

36 (42.35%)

Absent

8 (80%)

2 (20%)

Present

56 (59.57%)

38 (40.43%)

Absent

1 (100%)

0 (0%)

Present

1 (100%)

0 (0%)

Absent

-59.57%

38 (40.43%)

DISCUSSION

The purpose of this study was to determine the
prevalence of musculoskeletal manifestations in
DM type 1. Studies have specified that limited
joint mobility due to DM type 1, is reversible in
early stages but becomes irreversible in time
[11]. Hence age plays an important role. Longer
diabetes duration has been considered as a
risk factor for both limited joint mobility and
microvascular complications [12]. Literature
also shows that longer duration of diabetes is also
considered as a predictor of foot abnormalities.
However, the duration of diabetes (5.65 ± 4.9
years) in the current study was not associated
with musculoskeletal deformities (p=0.119)
[13]. A research conducted on effect of diabetes

P-value
0.2889
0.7054
0.3721
0.1195
0.012 MC
0.3113 MC
1MC
1 MC

mellitus on osteoarthritis of knee states that
the mechanism of diabetes mellitus on pain
is unclear, however, diabetes mellitus type 1
may cause pain, in most cases by inducing a
symmetrical sensory polyneuropathy in the
distal part of the extremities, with prevalent loss
of small fibers. Also, higher pain intensities were
recorded during activities which put load on the
joint as well as under resting conditions without
load [14]. Pain was experienced by majority of
the patients in our study (89.47%).

The exact etiology of limited joint mobility is
unknown, although there is evidence of soft
tissue accumulation of advanced glycation end
products in tissues, which may cause stiffening
[15,16]. Our study showed that ROM was
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associated with the presence of deformities
in patients with DM type 1. Studies show that
there is inability to fully flex or extend the
fingers and sclerosis of tendon sheaths. The
underlying cause is thought to be multifactorial.
Increased glycosylation of collagen in the skin
and periarticular tissue, decreased collagen
degradation, diabetic microangiopathy, and
possibly diabetic neuropathy are thought to
be some of the contributing factors. The joints
commonly affected in our study were the PIP and
DIP joints. Flexion contractures of the fingers
may develop at advanced stages. One indication
of the presence of this condition is known as the
“prayer sign” also known as the salaam deformity,
which was observed as a common deformity in
the upper extremities (36.84%) in the current
study. This is seen when the patient is unable to
press their palms together completely without
a gap remaining between opposed palms and
fingers [4]. The prevalence of musculoskeletal
deformities in our study was found to be 60%.
Our present findings considered together with
those results of the literature show that foot
abnormalities are more common in patients with
DM type 1 [17,12]. Foot deformities are important
contributory risk factors and predictive of foot
ulceration, possibly by predisposing the skin to
high pressure at the site of the foot deformity
[18]. Hence, ankle and foot joint mobility must
be evaluated and prevented to avoid further
foot problems in adolescents with DM type 1
from early stages. Some studies have indicated
a significant relationship between hallux valgus
and pes planus feet when contrasted with the
neutrally aligned foot. The feet may possibly
share a similar etiology in most cases, such as a
tight gastrocnemius or heel cord [16].

Studies have indicated that Chippaux Index
values are lower in individuals with DM type 1,
which means that they trend toward pes cavus
[19,20]. Our results which show a foot structure
deviation toward pes cavus are consistent with
this knowledge. Individuals with DM type 1 are
known to have a significantly lower ankle and foot
range of motion, a lower ankle muscle strength,
and a tendency to high medial longitudinal arch.
Furthermore, muscle weakness progresses
from distal to proximal in consequence of motor
neuropathy leading to atrophy in the intrinsic
muscles before the extrinsic muscles. This
condition is known to cause muscle imbalance
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which may result in hammer toes, claw toes,
and pes cavus [21]. Studies suggest that diabetic
neuropathy may lead to disturbance of foot
mechanics. A study examining gait abnormalities
in diabetic neuropathy showed that there was
there was more lateral position of the centre of
pressure on the sole of the foot [22]. Majority
of the patients from our study also show the
presence of lateral weight bearing (28.42%)
compared to medial weight bearing (17.89%).
Absence of a control group and small sample size
were the limitations of this study. Also, there was
no follow-up done to comment on the severity of
musculoskeletal manifestations occurring with
increase in duration of diabetes.
CONCLUSION

The present study concludes that, musculoskeletal
manifestations occur with a greater frequency
in patients with Diabetes Mellitus type 1. The
prevalence of musculoskeletal deformities in
patients with DM type 1 was 60%. Also, ROM and
musculoskeletal deformities were significantly
associated. We suggest that further studies
should be conducted evaluating the association
of a single parameter with musculoskeletal
deformities in patients with diabetes.
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Abstract
Hairdressers are a group of workers whose working ability and health condition may be affected by specific work related activities.
They are also at risk of developing Work Related Musculoskeletal Disorders (WRMSDs) and lack of physical fitness due to working
condition and work related exposures. Prevalence of WRMSDs and level of physical fitness in hairdressers is lacking in Indian population.
Hence, present study aimed to find prevalence of musculoskeletal problems and levels of physical fitness among hairdressers. It was a
cross-sectional observational study. A total of 161 hairdressers were recruited by cluster sampling with samples representing south
and north regions of Belagavi city, India. The participants were assessed for WRMSDs using Nordic questionnaire while physical
fitness levels were assessed for strength and flexibility of upper and lower limbs along with cardio-vascular endurance. Out of 161
hairdressers, prevalence of WRMSDs was among 101 (62.11%). Lower back was the most affected body region with 56.5% followed
by neck 11.8%. 101 hairdressers had first experience of musculoskeletal discomfort after becoming a hairdresser. When assessed for
physical fitness, it was noted that the strength of upper limb was affected in 129 (80%) hairdressers while flexibility of lower limb
was affected in 130 (80.7%) hairdressers. There is a high prevalence of WRMSDs in hairdressers of Belagavi city, India with lower
back and neck being the most affected body regions. In terms of physical fitness, strength of upper limb and flexibility of lower limb
were the most affected.

Keywords: Occupational Health, Physical Fitness, Prevalence, Salon Workers, Work Related Musculoskeletal Disorders

1. Introduction
The Work Related Musculoskeletal Disorders (WRMSDs) are
health problems that involve injuries or disorders of muscles,
tendons, nerves, joints, cartilage and spinal disc which are
suspected to have been associated with exposures to risk
factors at a workplace1. WRMSDs are groups of syndromes
characterized by symptoms of soft tissue pain, paresthesia,
stiffness, swelling, weakness, discomfort and loss of function
that can be caused or aggravated by work related exposures2.
A high prevalence of WRMSDs has been recorded (75.6%)
among workers who are exposed to manual work, working in
restricted postures, static work and vibrations1. Musculoskeletal
disorders place a substantial burden on millions of people
affecting all age groups. It can have major impact on worker
function, performance and productivity2.

*Author for correspondence

Hairdressers are a group of workers whose working ability
and health condition may be affected by specific work related
activities3. Typical postural issues in hairdressers include
excessive shoulder flexion and shoulder abduction which
is caused by working with elbow at or greater than shoulder
height, trunk flexion (because chair may not be at proper
height), forward neck flexion, awkward wrist postures using
scissors or hand shears1,4. The job of hairdresser is characterized
by standing for prolonged periods of time in awkward body
postures, handling a variety of chemicals, and undergoing
repetitive hand movements5. In hairdressing, women and
men are also exposed to physical and mental stress, and
to musculoskeletal injuries arising from repetitive trauma
disorders, as they have to stand for long periods6.
A study conducted on the WRMSDs among hairdressers
has majorly focused on particular or specific body area without
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any due considerations to other parts of the body that may also
suffer musculoskeletal pain1. A survey on Brazilian hairdressers
done to verify the prevalence of WRMSDs in hairdressers
through symptoms stated that the prevalence of WRMSDs
was 71%.3 There was only one study done in Uttrakhand, India
where only male hairdressers were assessed for neck and upper
extremity disorders along with hand grip strength4. Hence,
there is a lacuna in literature and need arises to study the
prevalence of work related musculoskeletal disorders in both
male and female hairdressers in India so as to find which body
region is majorly affected.
Altered physical fitness may be an expected occurrence
in hairdressers since the work of hairdressers is physically
demanding causing strain due to the long working hours or
days3. Physical fitness is defined as “the ability to carry out
daily tasks with vigor and alertness, without undue fatigue and
with ample energy to enjoy leisure-time pursuits and to meet
unforeseen emergencies”7.
Hence, a research question was raised that hairdressers
may be at risk of reduced physical fitness due to long hours of
standing and sitting postures involved during the occupation.
A study was done in Thailand on office workers where physical
fitness of participants were assessed in five domains including
range of motion, neck endurance, strengthening of neck flexor
muscle, grip strength and cardio-respiratory fitness. The authors
concluded that the participants had low physical fitness level7.
According to onsite observations, most of the hairdressers
used their non-dominant hands to comb, hold hair with their
fingers and wave/curl hair while cutting or blow-drying,
perfuming, washing hair etc4. These working conditions may
also have impact on their physical fitness levels with reduced
endurance, strength and flexibility7.
Hence, physical fitness needs to be evaluated so as to
understand the associated health risks involved in them.
Hence, in the present study, the authors tried to find the
prevalence of physical fitness by assessing the hair dressers in
terms of strength, flexibility and endurance.

2. Materials and Methods
2.1. Ethical Consideration
Ethical clearance was obtained (KLE/412/2019) from the
Institution Ethical Committee prior to the commencement of
the study. The purpose of the study was explained and written
informed consent was obtained from all study participants.

2.2. Study Design and Setting
It was a cross-sectional observational study. The data was
collected for 6 months from August 2019 till Feb 2020. The
investigators/data collectors collected the data from the

2

salons. Target population was included in the study through
cluster sampling such that the hairdressers represented the
entire Belagavi city. The city was divided into north and south
clusters. On Google maps, 110 salons were registered. Out of
110 salons, 64 salons were from south region and 46 were from
north region of Belagavi city, India. Of 64 salons from south,
32 salons were included for data collection while 23 salons
were chosen out of 46 salons in the north region. This selection
was done using simple random sampling using lottery method.
From each of the selected salons, only 3 hairdressers were
selected for study, with 93 hairdressers from South and 68
from North regions. This selection also was done using simple
random sampling using chit method.

2.3. Participants
Participants were included if they met the following criteria: 1.
Male and female hairdressers of Belagavi city with minimum 2
years of experience 2. With age group between 18-50 years 3.
Those willing to participate in the study.
Participants were excluded if 1. They had any
musculoskeletal deformity or neurological disorders 2. History
of any medical or surgical condition 3. Those participating
in regular physical exercise in past 6 months 4. Pregnancy 5.
History of any medical condition/systemic disorder which
doesn’t allow the subject to participate in the study 6. History
of degenerative joint disease/condition.

2.4. Study or Assessment Procedure
The subjects were explained about the study by the investigators
in their vernacular language. They were assessed using the
Nordic questionnaire and the physical fitness tests then the
results were determined. Nordic questionnaire was a scale
which helped to determine the most affected body part due
to work related musculoskeletal disorders. Demographic data
was obtained from all the subjects including name, age, gender,
height, weight, hand dominance, number of working hours
and years of experience, type of work.

2.5. Outcome Measures
2.5.1. Nordic Questionnaire
Nordic questionnaire was a scale which helps to determine the
most affected body part due to work related musculoskeletal
disorders. It was a general questionnaire of 40 forced-choice items
identifying areas of the body causing musculoskeletal problems.
It included most affected body parts such as neck, shoulders,
elbows, wrists/hands, lower back, hips/thighs, knees, ankles/
feet. Reliability of the Nordic Musculoskeletal Questionnaire
ranged from 0-23%. Validity was at range of 0-20%. Sensitivity
ranged between 66 and 92% and specificity between 71-88%8.
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2.5.2. Physical Fitness
Cardio-vascular endurance was assessed using queen’s college
step test (Figure 1), strength of upper limb and lower limb was
checked using push-up test (Figure 2) and vertical jump test
(Figure 3) and flexibility of upper limb and lower limb was
assessed using the static flexibility test for upper limb (Figure
4) and modified sit and reach test (Figure 5) respectively. It
was scored as excellent, average and poor and its normative
values were based on the age and gender of the participants.
All the test procedure was done following the reference
book9.

2.6. Statistical Analysis
The statistical analysis for the present study was done using
Statistical Package of Social Sciences (SPSS) version 23 so as to
verify the results obtained. For this purpose data was entered
into an excel spread sheet, tabulated and subjected to statistical
analysis. Various statistical measures such as mean, frequency,
standard deviation were used. The sample size calculated was
161. Formula used was N = Z2pq/d2, where N = sample size, d
= difference, p = prevalence of work related musculoskeletal
disorders (WRMSD), q = alternative prevalence, z = 1.96 at
5%α-error 95% Confidence.

3. Results
Out of 161 hairdressers 108 (67.1%) were male and 53
(32.9%) were female, 159 (98.8%) hairdressers had right hand
dominance while 2 (1.2%) had left hand dominance. The mean
± SD for age was 29.99 ± 6.49 years (Min – Max: 18 -51), height
1.61meters, weight 64.02 and BMI (24.76). (Table 1)
154 (95.7%) hairdressers worked for 6 days/week, 6 (3.7%)
of them worked for 7 days/week and only 1 (0.6%) worked for
5 days/week. The hairdressers were also asked the working
hours per day where 118 (73.3%) hairdressers worked for
10-12 hours, 41 (25.5%) worked for 13-14 hours while only 2
(1.2%) hairdressers worked for 6-8 hours per day. When asked
about their years of work experience, 47 (29.1%) hairdressers
had 3-5 years of work experience, 83 (51.5%) had 6-12 years of
work experience and 31 (19.2%) hairdressers had 13-35 years
of work experience (Table 2).
According to the results none (0%) of the hairdressers had
first experience of discomfort before becoming a hairdresser.
Out of 161, 51 (31.7%) hairdressers had discomfort in first 5
years of becoming a hairdresser, while 43(26.7%) of hairdressers
had discomfort from 5-15 years, and 7(4.3%) hairdressers had
discomfort after more than 15 years of becoming a hairdresser.
In terms of awareness about ergonomics in hairdressers,
among 101(62.11%) who complained of some WRMSDs, only
16 (15.8%) hairdressers were aware of ergonomics while 85 were
not aware about ergonomics involved in workplace. Among the

Figure 2. Push-up test for strength of upper limb.

Table 1.

Figure 1. Queens College step test for cardio-vascular endurance.

Descriptive statistics

Particulars

Mean Std. Deviation Minimum

AGE(years)

29.99

6.49

18.00

51.00

HEIGHT
(meters)

1.61

0.07

1.45

1.83

WEIGHT(kgs)

64.02

7.19

48.00

88.00

Body Mass
Index

24.76

2.90

17.50

33.29
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Figure 4.

Static flexibility of shoulder for flexibility of upper limb.

Table 2.

Days, hours and work experience of hairdressers
WORKING DAYS PER WEEK

Figure 3. Vertical jump test for strength of lower limb.

Days

Frequency

Percent

5

1

.6

6

154

95.7

7

6

3.7

Total

161

100.0

WORKING HOURS PER DAY
Hours

Frequency

Percent

6-8

2

1.2

10-12

118

73.3

13-14

41

25.5

Total

161

100.0

WORK EXPERIENCE
Years

Frequency

Percent

3-5

47

29.1

6-12

83

51.5

13-35

31

19.2

Total

161

100.0

Table 3.

Hairdressers and awareness of ergonomics
Aware of
Ergonomics

Figure 5.

4

Modified sit and reach test for flexibility of lower limb.

Not aware of
Ergonomics

Total

Frequency

%

Frequency

%

Frequency

%

Pain

16

15.8

85

84.1

101

62.7

No
pain

30

50

30

50

60

37.2
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Table 4.

Distribution of responses of participants of WRMSDs using nordic questionnaire
NECK

RESPONSE

Trouble before 6 months but
within 12 months

Trouble during last 6
months

Trouble during last 7 days

Prevented from doing
work

Frequency

%

Frequency

%

Frequency

%

Frequency

%

Yes

19

11.8

19

11.8

11

6.8

11

6.8

No

142

88.2

142

88.2

150

93.2

150

93.2

Total

161

100

161

100

161

100

161

100

LOWER BACK
Yes

91

56.5

89

55.3

77

47.8

68

42.2

No

70

43.5

72

44.7

84

52.2

93

57.8

Total

161

100

161

100

161

100

161

100

HIPS/THIGHS/BUTTOCKS
Yes

3

1.9

3

1.9

0

0

0

No

158

98.1

158

98.1

161

100

161

100

Total

161

100

161

100

161

100

161

100

0

KNEES
Yes

1

0.6

1

0.6

0

0

0

No

160w

99.4

160

99.4

161

100

161

100

161

100

161

100

161

100

161

100

Total

0

ELBOW
Yes

2

1.2

2

1.2

1

0.6

1

0.6

No

159

98.8

159

98.8

160

99.4

160

99.4

Total

161

100

161

100

161

100

161

100

SHOULDERS
Yes

0

0

0

0

0

0

0

0

No

161

100

161

100

161

100

161

100

Total

161

100

161

100

161

100

161

100

WRISTS/HANDS
Yes

0

0

0

0

0

0

0

0

No

161

100

161

100

161

100

161

100

Total

161

100

161

100

161

100

161

100

UPPER BACK
Yes

0

0

0

0

0

0

0

0

No

161

100

161

100

161

100

161

100

Total

161

100

161

100

161

100

161

100

FEET/ANKLES
Yes

1

0.6

1

0.6

0

0

0

0

No

160

99.4

160

99.4

161

100

161

100

Total

161

100

161

100

161

100

161

100
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Table 5.

Relation of years of work experience with occurrence of WRMSDs

Work experience

Total no. of participants

Prevented from carrying out
normal activities

Frequency

%

Yes

no

%

3-9 years

101

62.7

52

49

51.4

10-20 years

54

33.5

23

31

57.4

>20 years

6

100

2

4

66.7

Table 6.

Association between years of work experience and prevention from carrying out normal activities

Years of work
experience

Total no of participants

Hairdressers with WRMSDs

Hairdressers without WRMSDs

Frequency

Percentage

Frequency

Percentage

Frequency

Percentage

3-9 years

101

62.7

57

56.4

44

43.56

10-20 years

54

33.5

47

87.0

7

12.96

>20 years

6

3.72

6

100

0

0

60 (37.2%) hairdressers who did not complain of any pain, 30
(50%) hairdressers were aware about ergonomics (Table 3).
The overall prevalence of work related musculoskeletal
disorder among selected 161 hairdressers in Belagavi city is 101
(62.11%). The occurrence of pain during last 6 months to one
year showed to have high prevalence of discomfort in the lower
back region [91(56.5%)] followed by neck [19(11.8%)]. The least
affected were hips/thighs/buttocks [3(1.9%)], elbow [2(1.2%)],
knees [1(0.6%)], ankle/feet [1(0.6%)]. Similar trend was
noted during last 6 months with the most commonly affected
body regions being lower back 89(55.3%), neck 19(11.8%).
However, compared to the above mentioned data, during
last 7 days although the occurrence of WRMSDs reduced.
Further, during last 12 months, 68 (42.2%) hairdressers have
been prevented from carrying out normal activities/jobs due to
lower back pain and 11 hairdressers (6.8%) have been prevented
from carrying out normal activities/jobs due to neck pain
(Table 4).
According to the data, when the years of work experience
was associated with occurrence of WRMSDs, out of 101
hairdressers, 57 hairdressers complained of WRMSDs with 3-9
years of experience. Among 10-20 years of work experience,
47 hairdressers complained of WRMSDS, and 6 hairdressers
had WRMSDs in the category of more than 20 years of work
experience (Table 5).
During last 12 months, hairdressers with 3-9 years of
experience 52 (51.4%) hairdressers were prevented from
carrying out normal activities, 23 (57.4) hairdressers with
10-20 years of experience and 2 (66.7%) hairdressers with
greater than 20 years of experience were prevented from
carrying out normal activities (Table 6).

6

Prevented from carrying out
normal activities (%)

4. Physical Fitness
In terms of Cardiovascular Endurance (CV), in the age group of
18-25 years, 20 hairdressers (12.4%) had average CV endurance
and 2 (1.2%) had poor; in 26-35 years age group, 88 (54.6%) had
average CV endurance and 17 (10.5%) had poor while in 36-45
years age group, 21 (13.0%) had average CV endurance and 7
(4.34%) had poor. The 46-55 years age group had 5 (3.10%)
average CV endurance and 1 (0.62%) had poor. Pertaining to
the strength of upper limb, in the age of 17-19 years, 2 (1.2%)
had average strength while hairdressers in 20-29 years of age,
91 (56.5%) were average and 6 (3.72%) poor. In 30-39 years,
42 (26.08%) had average and 2 (1.24%) had poor while in age
of 40-49 years, 16 (9.93%) had average and (50-59 years) had
1 (0.62%) average and 1 (0.62%) had poor. Hairdressers when
assessed for strength of lower limb 97 (60.2%) fell under average
category and 64 (39.7%) fell under poor category. Flexibility of
upper limb when checked 151 were in average category and 10
fell under poor category. Whereas flexibility of lower limb all
161 hairdressers fell into the average category.
The overall fitness of all 161 hairdressers were assessed
which inferred that 126 (78.3%) of the hairdressers were
physically fit in terms of CV endurance; 32 (20%) in terms of
strength (upper limb), 139 (86.3%) strength (lower limb); 148
(91.9) in terms of flexibility (upper limb), 31(80.7%) flexibility
(lower limb) (Table 7).
According to the data, when the years of work experience
was associated with physical fitness, trend shows that
irrespective of years of experience physical fitness is affected
in strength of upper limb (80%) and flexibility of lower limb
(80.7%) (Table 8).
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Table 7.

Overall physical fitness analysis
Endurance

Particular

Strength UL

Strength LL

Flexibility UL

Flexibility LL

n

%

N

%

n

%

n

%

n

%

Physically fit

126

78.3

32

20

139

86.33

148

91.9

31

19.3

Physically not fit

35

21.7

129

80

22

13.67

13

8.1

130

80.7

Total

161

100

161

100

161

100

161

100

161

100

Table 8.

Work experience and physical fitness

Years of experience (no.
of participants)

Endurance

Strength UL

Strength LL

Flexibility UL

Flexibility LL

Avg.

Poor

Avg.

Poor

Avg.

Poor

Avg.

Poor

Avg.

Poor

3-9 years (101)

93

8

87

14

100

1

98

3

30

71

10-20 years (54)

41

13

17

37

45

9

43

11

14

40

> 20 years (6)

2

4

3

3

3

3

6

0

4

2

5. Discussion
Hairdressers are group of workers whose ability and health
condition may be affected by specific work related activities3.
A cross-sectional study conducted in Mekelle, Tigray, Ethiopia
on hairdressers concluded that work-related back pain is
a major health problem among hairdressers. Compared to
non-hairdressers, the hairdressers frequently reported major
musculoskeletal pain10.
The present study attempted to find the prevalence of
WRMSDs in hairdressers of a city in the state of Karnataka
in south India. The overall prevalence of WRMSDs was found
to be high (62.11%). Similar findings were noted with higher
prevalence of WRMSDs in previous studies conducted with
overall prevalence of 75.6% in Nigeria1, Brazil (71%)3 and
Durban(60%)11.
In the present study it was also noted that lower back was
the most affected body region followed by neck with knees
and feet the least affected body regions while shoulder had no
affection at all. Higher prevalence of low back pain was also
noted in many previous studies done in hairdressers1,3,11. Also
in a study it was noted that musculoskeletal pain was more in
shoulder followed by wrist and hand and moderate amount of
pain in upper, lower back and feet10. However, contradictory
to the present study where shoulder was not affected, previous
studies have reported shoulder to be having either highest
prevalence or it followed the lower back pain3. Most of the
previous studies were reported to have lower back, shoulder,
neck region to be most commonly affected in hairdressers1.
This geographical difference in shoulder not being affected
in the present study against the other studies where shoulder
is most affected may be explained through body stature

differences, in Asia and African or European population. Body
stature may include height, weight etc which should be suitable
to the work station or place12.
The most common factors that are responsible for
musculoskeletal problems may include age of hair dressers,
their years of working experience, and the long hours they
spent working in a standing position, repetitive work done,
biomechanical (uncomfortable posture at work), psychological
factors (lack of acknowledgement of work)1–3. In the present
study too almost all the hairdressers included in the study
had long hours of working, where they had to stand in the
same posture for long hours which ranged from 10-13 hours
with 51.7% hairdressers having more than 5 years of working
experience. This also indicates that as the years the years of
experience increases the occurrence of WRMSDs increases.
Knowledge and awareness about ergonomics is very crucial
to all the occupation and hairdressers are no exceptions.
In the present study 15.8% of hairdressers who had some
WRMSDs were aware about ergonomics, while relatively
higher percentage of hairdressers who had no WRMSDs were
aware about the ergonomics. The haircutting stations were
congruent with the ergonomic check list. Minimal amount of
twisting and bending were required due to the close placement
of tools5. This indicates being aware about science in workplace
will bring down the percentage of occurrence of WRMSDs.
Physical fitness in the current study was evaluated in
terms of cardiovascular endurance, strength and flexibility.
It was noted that the strength of the upper limb (80%) and
flexibility of the lower limb (80.7%) were highly affected in the
hairdressers. Further none of the hairdressers had excellent
scoring for any of the physical fitness parameters. All of them
scored average or poor on a grading of excellent, average
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and poor. This may be due to the long working hours along
with working for six days per week that the physical fitness of
majority of hairdressers was affected.
Physical fitness is crucial and very vital for all professions.
Physical fitness was co- related with neck pain in office workers
in Thailand, and the authors concluded that participants with
normal physical fitness level tend to have less prevalence
of neck pain than that of participants with below normal
physical fitness level7. Also a study was done in India where
upper extremity and neck disability in male hairdressers with
concurrent changes in pinch strength was assessed which
concluded that awkward neck posture and repetitive work
done by upper extremity exacerbates degenerative changes
and increases risk of disability in hairdressers with increase
in age and experience4. However there are no studies in the
literature where overall physical fitness among hairdressers
were assessed so as to compare the present study findings and
comment upon.
The present study had a few limitations. The present study
doesn’t categorize the specific work done by hairdressers like
massager, pedicurist, manicurist etc. The postural variations
that were adopted by the hairdressers were not considered.
In the current study work station/ job task analysis was not
considered.
With this study conducted there is a scope of further
studies that can be conducted on improvement of ergonomics
on hairdressers to reduce musculoskeletal disorders and
abnormal posture. Also the hairdressers can be categorized
based on males and females and specific work done by them.

6. Conclusion
According to the present study there was a high prevalence
of musculoskeletal disorders among hairdressers in Belagavi
city, India. The most common affected body region was
lower back followed by neck. As the years of work experience
increased there is an increase in occurrence of work related
musculoskeletal disorders. The study also concluded that
majority of the hairdressers were not aware of ergonomics
involved in job location.
In terms of physical fitness, it was noted that the strength of
upper limb and the flexibility of lower limb was highly affected
in the hairdressers, while all the other parameter like cardiovascular endurance, strength of lower limb and flexibility of
upper limb scored average.
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PILOT STUDY

Comparative Effect of Graded Motor Imagery
and Progressive Muscle Relaxation on Mobility
and Function in Patients with Knee
Osteoarthritis: A Pilot Study
Peeyoosha Gurudut, MPT; Rima Jaiswal, BPT

ABSTRACT
Background • Osteoarthritis (OA) is the most common
musculoskeletal condition seen in aging. Joint destruction,
chronic pain, change in proprioception, stability problems
and decreased range of motion are the most common
problems seen in OA. Complementary therapies like yoga,
graded motor imagery (GMI), progressive muscle
relaxation (PMR) and Tai Chi are more effective in
chronic conditions such as knee OA.
Aims • The purpose of this study was to evaluate and
compare the effect of graded motor imagery and
progressive muscle relaxation on mobility and function in
patients with knee OA.
Methods • This study was a randomized controlled pilot
trial conducted in a tertiary health center in Belagavi,
Karnataka, India.
Participants • A total of 11 patients with unilateral knee
pain persisting for more than 12 months were included in
the study.
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Introduction
Osteoarthritis (OA) is a degenerative disease associated
with articular cartilage destruction in addition to underlying
bony changes at the joint margins.1 OA is the second most
common rheumatologic problem, with a 22% to 39% incidence
rate in India. Prevalence of knee OA in rural areas is 13.7%
compared with 6% in urban areas,2 and the worldwide
prevalence of OA is 20% in men and 41% in women.3
The causes of knee OA are unknown, but the condition
increases with age and occurs twice as often in women as in
men. Obesity can lead to the development and progression of
ALTERNATIVE THERAPIES, [E-pub ahead of print]

Interventions • Patients were randomly assigned to
2 groups: the PMR group (n = 5) or the (GMI) group
(n = 6). Patients in the PMR group practiced Jacobson’s
PMR and patients in the GMI group practiced explicit and
mirror therapy. All patients were treated 5 times a week
for 2 weeks.
Outcome measures • The outcome measures in this study
were range of motion and the Western Ontario and
McMaster University Osteoarthritis Index (WOMAC)
score for assessing knee joint pain, function and stiffness.
Results • Results demonstrated knee flexion range
(P = .046) and function WOMAC scores (P = .0062) were
significantly better in the GMI group than in the PMR group.
Conclusion • GMI and PMR were both beneficial for knee
mobility and function but GMI was better than PMR in
chronic knee OA. (Altern Ther Health Med. [E-pub ahead
of print.])

knee OA, as it mostly affects the weight-bearing joints of the
hip and knee.4 The loss of cartilage ground substance causes
excessive stress and strain on the collagen fibers, leading to
rupture. Patient examination reveals swelling caused by
synovial thickening or effusion, muscle wasting and
prominence of the articular margins due to osteophytes.5
Movement becomes painful and restricted and crepitus is felt
on joint movement. Loose bodies develop in the joint in the
late stages of OA, causing recurrent joint effusion, pain,
swelling and locking of the joint. This can lead to chronic
pain affecting patients’ quality of life, with decreased coping
ability and social functioning.6
Pain is the most common symptom of OA, and is much
more prevalent than stiffness and disability. OA pain involves
peripheral and central mechanisms and is modulated by
many factors, including psychological and genetic factors.7
Psychological issues such as confusion, depression and
anxiety are more common in OA.8 Pain and psychological
elements reduce mobility, which leads to physical disability
Gurudut—Graded Motor Imagery v/s Progressive Muscle Relaxation
in Knee OA
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and poor mental health.9 Effective treatments for chronic pain
that directly target cortical reorganization—which is associated
with the primary sensory cortex—are complementary
therapies like massage, acupuncture, GMI (graded motor
imagery), yoga and progressive muscle relaxation (PMR).
These treatments help reduce pain and disability and improve
the quality of life in patients with OA.10
Pharmacologic treatment options for OA are said to be
limited and nonpharmacologic options that include
complementary therapies are underutilized. Thus, more
research is needed to fully explore mechanism-based pain
management with complementary strategies such as relaxation
techniques or motor learning strategies for reducing disability
associated with OA.11 GMI and PMR are two such therapies
that are prescribed in conjunction with physiotherapy for
management of chronic pain conditions such as knee OA.
GMI is described as a convert cognitive process of
imagining a movement of the body without actually moving
the body, and is an effective rehabilitation treatment for
complex pain and movement problems.12 Motor performance
and motor relearning is improved with GMI. Cortical areas
of the brain are involved while a patient is performing GMI
tasks, which engages the cortical neural networks and
improves cortical reorganization through neuroplasticity.
GMI directly targets these cortical disruptions, aiming to
gradually engage cortical motor networks without triggering
the protective pain response.13
PMR is a deep relaxation technique that has been
effectively used by many health practitioners globally to
reduce symptoms of chronic pain, anxiety and stress.14 It is
based on the simple technique of tensing, or tightening,
one muscle group at a time in the first phase, followed by
releasing the tension in the relaxation phase. In general, it is
performed with deep breathing and begins with the lower
extremities and ends with total body relaxation.15
A study on GMI suggested that it is effective as part of a
rehabilitation program for complex pain and movement
problems.16 A pilot study concluded that patients performing
a combined program of PMR and GMI was more effective
compared with a control group for pain and mobility
difficulties of knee OA.17
In the literature, techniques such as GMI and PMR when
used together have proven to be effective for relieving pain
and improving mobility. However, these techniques have not
been studied individually with regard to their therapeutic
effects in patients with knee OA when used in conjunction
with physiotherapy. Thus, this study intends to compare the
effect of GMI and PMR in the treatment of mobility and
function in patients with knee OA.
METHODS
Study Design
This study was a pilot randomized clinical trial. A single
trained investigator evaluated all the patients and collected all
data to eliminate inter-investigator error. The sample size was
calculated by considering study duration, study design and
Gurudut—Graded Motor Imagery v/s Progressive Muscle Relaxation in
Knee OA

Figure 1. Study Design
Enrollment
Assessed for eligibility (n = 19)
Excluded (n = 8)
• Not meeting inclusion criteria
(n = 8)
• Declined to participate (n = 0)
• Other reasons (n = 0)
Randomized (n = 11)

Allocation
Assigned to GMI group
(n = 6)
• Received allocated
intervention (n = 6)
• Did not receive allocated
intervention (n = 0)

Assigned to PMR group
(n = 5)
• Received allocated
intervention (n = 5)
• Did not receive allocated
intervention (n = 0)

Follow-up
Lost to follow-up (n = 0)
Discontinued intervention
(n = 1 due to fall)

Lost to follow-up (n = 0)
Discontinued intervention
(n = 0)
Analysis
Analyzed (n =5)
• Excluded from analysis
(n = 0)

Analyzed (n = 5)
• Excluded from analysis
(n = 1)

referring to the literature. A total of 11 patients were randomly
assigned to either the PMR or the GMI group. Patients in the
PMR group were taught the relaxation technique and patients
in the GMI group were taught explicit and mirror therapy.
Study Setting and Timeframe
This was a pilot study conducted in a tertiary health
center in Belagavi city, Karnataka, India, from September
2017 to February 2018.
Study Participants
A total of 11 patients were randomly assigned to one of
two study groups. All patients completed the entire intervention
program, except 1 who discontinued treatment due to a fall
(see Figure 1). All patients read and signed an informed
consent form before beginning the study. Their anonymity and
confidentiality were assured and all procedures were performed
in compliance with relevant laws and institutional guidelines.
The individual in this manuscript has given written informed
consent to publish these case details.
Inclusion Criteria
Patients included in this study were diagnosed with
persistent unilateral knee OA pain for more than 12 months
ALTERNATIVE THERAPIES, [E-pub ahead of print]
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prior to recruitment, aged between 40 and 70 years, had a
radiologic grade III or IV on X-rays taken within 6 months
prior to the study and were walking independently.
Exclusion Criteria
Patients were excluded if they presented with secondary
OA due to rheumatoid arthritis, gout, septic arthritis,
tuberculosis, tumor, trauma or hemophilia, major medical or
psychiatric disorders, recent fractures, effusion or the presence
of an open reduction and internal fixation of the knee joint.
Ethical Considerations
The study was approved by the Institutional Research and
Ethics Committee registration number KIPT/92/16-10-17.
Outcome Measures
All patients underwent pre- and post-treatment
assessment for physical function of the knee using the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) score and range of movement was assessed
with a universal goniometer.
Knee flexion range of motion. The center or fulcrum of
the goniometer was positioned over the lateral knee joint
space with the arms aligned with the lateral midline of the
femur using the greater trochanter as a reference point and
the lateral midline of the fibula using the head of the fibula
and lateral malleolus as reference points.18
Functional score. The WOMAC is psychometrically
valid and reliable (0.80 to 0.90) for assessing pain, stiffness
and physical function in patients with knee and hip OA. It
includes 24 items scored from 0 to 4: 0 = none, 1 = mild,
2 = moderate, 3 = severe and 4 = extreme.19
Interventions
Treatment was given in 5 sessions per week for 2 weeks.
Patients were treated with therapeutic ultrasound at a
constant frequency (1 MHz) and intensity (1 W/cm2) for
10 minutes to the affected knee before starting the exercises.20
An ice pack was applied to the affected knee for 10 minutes
following performance of the exercises.21
The exercises included were quadriceps sets, short arc
quadriceps, bridging, straight leg raise, seated knee flexion
and knee extension on a chair. The exercises were active free
exercises; no equipment or weights were used, and were the
same for every patient. They were performed individually
under the supervision of an exercise training expert at the
outpatient clinic of a tertiary care hospital. During the first
week, each exercise was performed for 2 sets of 10 repetitions
each with a hold time of 10 seconds. Progression was made
to 3 sets of 10 repetitions each with a hold time of 20 seconds
during the second week. In addition, patients were educated
about ergonomics to be used at home that included avoiding
squats, cross-legged sitting, sustained standing or sitting for
a long duration. The exercise interventions were well delivered
as planned at the beginning of the study. No adverse events
or patient dropout occurred due to study interventions.
ALTERNATIVE THERAPIES, [E-pub ahead of print]

PMR group. After the common intervention, patients
were taught Jacobson’s relaxation technique, in which they
were asked to tense a particular group of muscles and then
relax them while deep breathing. Stepwise instructions were
given and the technique was applied from foot to head in the
following manner:
1. In a supine position, patients were asked to close their
eyes and relax their whole body.
2. In the same position, patients were then asked to
contract a group of muscles while inhaling for
5 seconds.
3. The patients were then asked to release the muscle
group while exhaling through their mouth22 (see
Figure 2). This process was repeated for 20 minutes,
5 sessions per week for 2 weeks.23
GMI group. After the common intervention, patients were
taught GMI, which consists of 3 stages. During the first week,
patients were treated with left/right discrimination and explicit
therapy and in the second week they were treated with mirror
therapy. For left/right discrimination, patients sat in a relaxed
position and were shown pictures of their limbs and asked to
discriminate between left and right. In explicit therapy, patients
sat in a relaxed position with their eyes closed and were asked to
imagine the movements of the affected limb.24
For mirror therapy, a 90 × 60 cm mirror (see Figure 3)25
was placed between the lower limbs while the patient was
seated. The affected limb was hidden behind the mirror and
the unaffected limb was reflected in the mirror. At the first
level, patients practiced movements with the unaffected limb,
which were reflected in the mirror while the affected limb
was static and hidden. At the second level, patients progressed
to moving the hidden limb within its baseline range, and at
the third level patients progressed to moving both limbs
equally. This activity was performed for 20 minutes, 5 times
a week for 2 weeks.24
Statistical Analysis
The statistical methods for collection and analysis of the
results were as follows.
• All statistical calculations were carried out using IBM
SPSS (Statistical Package for Social Science) release 21
for Microsoft windows.
• Normality testing of variables via Kolmogorov Smirnov
test showed that they followed a normal distribution;
therefore, parametric paired t test was applied.
• Comparison of pre- and post-treatment values was
performed via paired t test.
• The between-group differences for the study outcomes
were assessed using independent t test.
• P < .05 were considered statistically significant.
• One patient was excluded from statistical analysis
because they received treatment for only 3 days, which is
less than 50% of the total intervention duration (10 days).
Gurudut—Graded Motor Imagery v/s Progressive Muscle Relaxation
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Figure 2. Jacobson’s relaxation technique

Table 1. Comparison of Study Patient Ages, Heights, Weights
and Body Mass Indices
Variable
Age (years)
Height (cm)
Weight (kg)
BMI

Group
PMR
GMI
PMR
GMI
PMR
GMI
PMR
GMI

Mean
55.80
45.80
163.84
166.38
83.80
100.00
33.26
37.66

SD
6.83
8.44
8.83
11.90
16.02
12.25
4.85
6.33

SE
3.06
3.77
3.95
5.32
7.17
5.48
2.17
2.83

t value
2.0593

P value
.0734

−0.3833

.7115

−1.7962

.1102

−1.2333

.2525

Abbreviations: BMI, body mass index; GMI, graded motor
imagery; PMR, progressive muscle relaxation; SD, standard
deviation; SE, standard error.
Figure 3. Mirror therapy

Table 2. Pre- and Post-Test Flexion Scores in PMR and GMI
Groupsa
Group
PMR
GMI
% of change in
PMR
% of change in
GMI
t value
P value

Pre-test
Post-test
Mean
SD Mean SD
110.40 9.53 115.40 9.94
112.00 10.37 120.20 8.56

Difference
Mean
SD
5.00
2.24
8.20
2.05
4.53%; P =.0075b
7.32%; P =.0009b

−0.2541
.8059

−0.8184
.4368

−2.3591
.0460b

paired and independent student’s t test
statistically significant at P < .05

a

b

Results
General Characteristics
Baseline data analysis indicated no significant differences
in demographic characteristics between the 2 groups in terms
of age, height, weight and body mass index (see Table 1).
The mean pre- and post-test within group difference for
flexion range of motion of the knee in the PMR group was
5.00 ± 2.24 and percent of change was 4.53% (P = .0075),
which is statistically significant. The GMI group also showed
statistically significant pre- and post-test changes, with a
mean difference of 8.20 ± 2.05 and 7.32% percent of change
(P = .0009) (see Table 2). Thus, the results indicate that both
interventions resulted in significant improvement in flexion
range of motion.
The mean pre- and post- within-group difference in
functional WOMAC scores in patients in the PMR group was
10.84 ± 5.08, with a 24.09% percent of change (P = .0088), a
statistically significant difference. Similar results were noted
in the GMI group, with a mean difference of 15.26 ± 3.47 and
a 47.04% percent of change (P = .0006) (see Table 3). Hence,
Gurudut—Graded Motor Imagery v/s Progressive Muscle Relaxation in
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Abbreviations: GMI, graded motor imagery; PMR,
progressive motor relaxation; SD, standard deviation
Table 3. Comparison of Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) Scoresa
Group
PMR
GMI
% of change in
PMR
% of change in
GMI
t value
P value

Pre-test
Mean SD
45.00 14.38
32.43 3.18

Post-test
Mean SD
34.16 9.86
17.17 3.03

Difference
Mean
SD
10.84
5.08
15.26
3.47
24.09%; P =.0088b
47.04%; P =.0006b

1.9082
0.0928

3.6830
0.0062b

−1.6050
0.1472

paired and independent student’s t test
statistically significant at P < .05

a

b

Abbreviations: GMI, graded motor imagery; PMR, progressive
motor relaxation; SD, standard deviation
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the results indicate that both study interventions were
beneficial in improving patients’ functional abilities.
Comparisons of the PMR and GMI groups showed a
significant difference in mean flexion range of motion scores
(P = .046); the scores in the GMI group proved to be better than
in the PMR group. For functional WOMAC scores, post-test
scores were statistically significant (P = .0062); GMI group scores
were superior to PMR group scores (see Tables 2 and 3).
DISCUSSION
The objective of this study was to compare the effect of
GMI and PMR in patients with chronic knee OA. There was
a significant difference within and between the groups in
flexion range of motion and functional outcome. Patients in
the GMI group showed greater improvements than patients
in the PMR group.
In this study, GMI was demonstrated to be superior to
PMR with regard to disability and knee flexion range. The
improvement observed with GMI in pain and range of
motion can be explained by a few mechanisms. According to
one mechanism, neural networks normally involved in
movement planning and execution are highly active during
movement imagination.9 In addition, GMI attempts to
serially normalize central processing to treat chronic pain by
retraining the brain. Further, observation or imaging as well
as execution of movements in the GMI process activates the
neurons of the higher cognitive, which helps reduce pain and
increase mobility.26 Another study found that mirror therapy
works by stimulating motor neurons in those areas of the
brain that have been adversely affected by learned disuse.27
GMI has been more extensively studied for conditions
such as complex regional pain syndrome (CRPS), phantom
limb pain, stroke, etc. In a 2006 randomized controlled trial
of GMI for pathologic pain like CRPS and phantom limb
pain, researchers determined that GMI reduced pain and
disability.24 A 2013 meta-analysis of GMI vs usual
physiotherapy care found GMI superior in reducing pain,
suggesting that GMI and mirror therapy alone may be
effective, with the caveat that further studies are needed to
investigate the effects of GMI and its components in a larger
population of patients with chronic pain.28 Another 2017
review of the literature published between 1990 and 2016
regarding the effects of GMI and mirror therapy (MT) on
pain in patients with CRPS type 1 concluded that GMI and
MT can both alleviate pain and further mentioned that there
is insufficient evidence to recommend these therapies over
other treatments due to the small sample size and
heterogeneity of the studies.29
However, a few controlled studies have been conducted in
which GMI was assessed for its effect on musculoskeletal
conditions presenting with chronic pain involvement such as
distal radius fracture,13 knee OA,30 low back pain,10 etc. One
study sought to determine whether GMI performance is
disturbed in patients with painful knee OA. The researchers
noted that patients with knee pain were less accurate than
healthy controls,31 confirming that proprioception and accuracy
ALTERNATIVE THERAPIES, [E-pub ahead of print]

are affected in these patients. Similar to the findings of our study,
a single group pre- and post-treatment experimental study was
conducted regarding the effect of GMI on kinesiophobia and
pain in institutionalized elderly people with knee OA. The
investigators concluded that patients who received GMI
treatment showed improvement in pain and decreased
kinesiophobia.30 A previous randomized pilot-controlled trial
assessed the use of GMI combined with PMR in older women
with knee OA. The researchers concluded that auditory GMI
with relaxation is an easy-to-use self-management intervention
that improves the patients’ quality of life.32
PMR is used to treat various conditions such as
rheumatoid arthritis,33 cardiac disease, insomnia in cancer34
and stress.23 PMR has been shown to reduce pain and lessen
mobility difficulties. The improvement observed with PMR
may be explained by a mechanism that decreases the
sensation of pain via the autonomic nervous system and aids
in reducing the response to stress with reduced skeletal
muscle contraction.17 Further, it leads to both physiologic
and psychological relaxation in patients with depression,
anxiety and stress resulting from chronic pain.35
Similar findings were noted in many previous studies
conducted to assess the effect of PMR. There is a high level of
evidence supporting the use of PMR for the relief of chronic
pain, with statistically significant differences reported in
favor of relaxation compared with the other treatment types.
One study investigator concluded that relaxation strategies
may not have a direct effect on pain, but may be useful in the
management of other aspects of chronic pain such as coping
with anxiety, which may have an impact on patients, overall
well-being and quality of life.36 In a 1999 randomized
controlled clinical trial of the effect of muscle relaxation
training on quality of life in patients with rheumatoid
arthritis, researchers concluded that muscle relaxation
training might have a short-term influence on health-related
quality of life and muscle function, but that the training
should be maintained to achieve long-term effects.33 In a
similar fashion, our study confirmed that PMR is effective for
improving mobility and function in patients with knee OA.
In addition, the combined effectiveness of GMI and
PMR for the chronic pain and mobility difficulties associated
with OA was investigated in a 2004 study. The researchers
found that the treatment group reported a significant
reduction in pain and mobility difficulties at week 12
compared with the control group.17 A phasic study was also
done on GMI with PMR in patients with OA in which audio
tapes were used for imagery and the effect on the use of pain
medications, mobility, function and quality of life was
assessed. In these studies, the investigators concluded that
GMI and PMR was beneficial in patients with OA.11,17,32 The
findings of previous studies are in accordance with our
findings, although in the above study GMI was used in
conjunction with PMR, and we compared GMI and PMR
treatment in our study.
As explained, GMI and PMR are 2 different
complementary therapies that work via different mechanisms.
Gurudut—Graded Motor Imagery v/s Progressive Muscle Relaxation
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Mirror therapy boosts the confidence of patients with chronic
conditions since they can imagine or visualize the affected
extremity moving as well as the unaffected extremity. While
GMI works on the theory of neural plasticity with feedback
mechanisms at the cognitive level, PMR modulates pain at
the level of the autonomic nervous system with psychological
relaxation. These differences could have led to the finding
that GMI was better than PMR in knee OA.
Study Limitations
This study had some limitations. No follow-up
assessment was done in order to understand the carry-over
effect of GMI and PMR on knee OA. More objective
outcomes such as proprioception of the knee were not
assessed owing to the fact that longer duration of the
interventions is necessary in order to observe any changes.
Future studies are needed with larger patient samples and
longer intervention periods in order to validate our results.
CONCLUSIONS
GMI and PMR are effective complementary therapies
for improving mobility and function. However, GMI was
superior to PMR in chronic knee OA. Thus, our study
concluded that GMI along with physiotherapy can be
considered a treatment of choice in patients with chronic
advanced knee OA or severe degeneration of the knee.
Conflicts of interest	
None declared.

References

1. Lauche R, Langhorst J, Dobos G, Cramer H. A systematic review and metaanalysis of Tai Chi for osteoarthritis of the knee. Complement. Ther. Med.
2013;21(4):396-406. https://doi.org/10.1016/j.ctim.2013.06.001
2. Fransen M, Bridgett L, March L, Hoy D, Penserga E, Brooks P. The epidemiology
of osteoarthritis in Asia. Int J Rheum Dis. 2011;14(2):113-121. https://doi.
org/10.1111/j.1756-185X.2011.01608.x
3. Michael JW, Schlüter-Brust KU, Eysel P. The epidemiology, etiology, diagnosis,
and treatment of osteoarthritis of the knee. Dtsch Arztebl Int. 2010;107(9):152.
https://dx.doi.org/10.3238%2Farztebl.2010.0152
4. Deyle GD, Allison SC, Matekel RL, et al. Physical therapy treatment effectiveness
for osteoarthritis of the knee: a randomized comparison of supervised clinical
exercise and manual therapy procedures versus a home exercise program. Phys.
Ther. 2005;85(12):1301-1317. https://doi.org/10.1093/ptj/85.12.1301
5. Joshi J, Kotwal P. Essentials of Orthopaedics & Applied Physiotherapy, 2nd ed.
Taramani, India:Elsevier Publishing Services. 2010.
6. Hunter DJ, McDougall JJ, Keefe FJ. The symptoms of osteoarthritis and the genesis
of pain. Rheum Dis Clin N Am 2008;34(3):623-643. https://doi.org/10.1016/j.
rdc.2008.05.004
7. Perrot S. Osteoarthritis pain. Best Pract Res Clin Rheumatol. 2015;29(1):90-97.
https://doi.org/10.1016/j.berh.2015.04.017
8. Wise BL, Niu J, Zhang Y, et al. Psychological factors and their relation to
osteoarthritis pain. Osteoarthritis Cartilage. 2010;18(7):883-887. https://doi.
org/10.1016/j.joca.2009.11.016
9. Marks R. Knee osteoarthritis psychological complications: An important
overlooked disease correlation. Nov Tech Arthritis Bone Res. 2017;1(4):555568
https://www.researchgate.net/publication/318887155
10. Foltz V, St Pierre Y, Rozenberg S, et al. Use of complementary and alternative
therapies by patients with self-reported chronic back pain: a nationwide survey in
Canada. Joint Bone Spine. 2005;72(6):571-577. https://doi.org/10.1016/j.
jbspin.2005.03.018
11. Baird CL, Murawski MM, Wu J. Efficacy of guided imagery with relaxation for
osteoarthritis symptoms and medication intake. Pain Manage Nurs. 2010;11(1):5665. https://doi.org/10.1016/j.pmn.2009.04.002
12. Manisha U, Kumar Senthil P, Manu G. Graded motor imagery program – A
review. IJMHS. 2014;1(2). https://www.researchgate.net/publication/269873093

Gurudut—Graded Motor Imagery v/s Progressive Muscle Relaxation in
Knee OA

13. Dilek B, Ayhan C, Yagci G, Yakut Y. Effectiveness of the graded motor imagery to
improve hand function in patients with distal radius fracture: A randomized
controlled trial. J Hand Ther. 2018;31(1):2-9. https://doi.org/10.1016/j.
jht.2017.09.004
14. Graffam S, Johnson A. A comparison of two relaxation strategies for the relief of
pain and its distress. J Pain Symptom Manage. 1987;2(4):229-231. https://doi.
org/10.1016/S0885-3924(87)80061-1
15. Gardiner DM. The Principles of Exercise Therapy, 4th ed. New Delhi, India:CBS
Publishers & Distributors Pvt. Ltd. 2007.
16. Moseley GL, Zalucki N, Birklein F, Marinus J, van Hilten JJ, Luomajoki H.
Thinking about movement hurts: the effect of motor imagery on pain and swelling
in people with chronic arm pain. Arthritis Care Res. 2008;59(5):623-631. https://
doi.org/10.1002/art.23580
17. Baird CL, Sands L. A pilot study of the effectiveness of guided imagery with
progressive muscle relaxation to reduce chronic pain and mobility difficulties of
osteoarthritis. Pain Manag Nurs. 2004;5(3):97-104. https://doi.org/10.1016/j.
pmn.2004.01.003
18. Brosseau L, Balmer S, Tousignant M, et al. Intra-and intertester reliability and
criterion validity of the parallelogram and universal goniometers for measuring
maximum active knee flexion and extension of patients with knee restrictions.
Arch. Phys. Med. Rehabil. 2001;82(3):396-402. https://doi.org/10.1053/
apmr.2001.19250
19. Thumboo J, Chew LH, Soh CH. Validation of the Western Ontario and McMaster
University osteoarthritis index in Asians with osteoarthritis in Singapore.
Osteoarthritis Cartilage. 2001;9(5):440-446. https://doi.org/10.1053/
joca.2000.0410
20. Ulus Y, Tander B, Akyol Y, et al. Therapeutic ultrasound versus sham ultrasound
for the management of patients with knee osteoarthritis: a randomized double‐
blind controlled clinical study. Int J Rheum Dis. 2012;15(2):197-206. https://doi.
org/10.1111/j.1756-185X.2012.01709.x
21. Mahmoud N, Razzano Jr MA, Tischler K. The efficacy of motor imagery training
on range of motion, pain and function of patients after total knee replacement.
CUNY Academic Works. New York, New York:City University of New York.
2016:pp 1-12. https://academicworks.cuny.edu/gc_etds/1235
22. Varni JW. Self-regulation techniques in the management of chronic arthritic pain
in hemophilia. Behav Ther. 1981;12(2):185-194. https://doi.org/10.1016/S00057894(81)80071-8
23. Rausch SM, Gramling SE, Auerbach SM. Effects of a single session of large-group
meditation and progressive muscle relaxation training on stress reduction,
reactivity, and recovery. Int J Stress Manag. 2006;13(3):273-290. doi:10.1037/10725245.13.3.273
24. Moseley GL. Graded motor imagery for pathologic pain: a randomized controlled
trial. Neurology. 2006;67(12):2129-2134. https://doi.org/10.1212/01.
wnl.0000249112.56935.32
25. Rothgangel A, Braun S, Witte L, Beurskens A, Smeets R. Mirror therapy:
Practical protocol for patients with phantom limb pain. Pain Pract. 2016;16(4):422434.
26. Priganc VW, Stralka SW. Graded motor imagery. J Hand Ther. 2011;24(2):164169. https://doi.org/10.1016/j.jht.2010.11.002
27. Vries S, Mulder T., 2007. Motor imagery and stroke rehabilitation: a critical
discussion. J Rehabil Med. 2007;39:5-13.
28. Bowering KJ, O’Connell NE, Tabor A, et al. The effects of graded motor imagery
and its components on chronic pain: a systematic review and meta-analysis. J
Pain. 2013;14(1):3-13. https://doi.org/10.1016/j.jpain.2012.09.007
29. Méndez-Rebolledo G, Gatica-Rojas V, Torres-Cueco R, Albornoz-Verdugo M,
Guzmán-Muñoz E. Update on the effects of graded motor imagery and mirror
therapy on complex regional pain syndrome type 1: A systematic review. J Back
Musculoskelet Rehabil. 2017;30(3):441-449. doi:10.3233/BMR-150500
30. Yeslawath M, Sequeira S, Tarale S. Effect of graded motor imagery for
kinesiophobia on pain and function for institutionalized elder people with knee
osteoarthritis. Int J Sci Res.2017;6(9):1377-1381.
31. Stanton TR, Lin CW, Smeets RJ, Taylor D, Law R, Lorimer Moseley G. Spatially
defined disruption of motor imagery performance in people with osteoarthritis.
Rheumatology. 2012;51(8):1455-1464.https://doi.org/10.1093/rheumatology/
kes048
32. Baird CL, Sands LP. Effect of guided imagery with relaxation on health‐related
quality of life in older women with osteoarthritis. Res Nurs Health. 2006;29(5):442451. https://doi.org/10.1002/nur.20159
33. Lundgren S, Stenström CH. Muscle relaxation training and quality of life in
rheumatoid arthritis: A randomized controlled clinical trial. Scand J Rheumatol.
1999;28(1):47-53. https://doi.org/10.1080/03009749950155788
34. Chetan Kumar BR, Bhardwaj G. Effectiveness of progressive muscle relaxation on
inducing sleep among cancer patients in selected hospitals of Pune City. Int J
Science Healthcare Res. 2017;2(3):35-40.
35. McCallie MS, Blum CM, Hood CJ. Progressive muscle relaxation. J Hum Behav
Soc Environ. 2006;13(3):51-66.
36. Carroll D, Seers K. Relaxation for the relief of chronic pain: a systematic review. J
Adv Nurs. 1998;27(3):476-487. https://www.tandfonline.com/doi/abs/10.1300/
J137v13n03_04

ALTERNATIVE THERAPIES, [E-pub ahead of print]

Int J Physiother. Vol 7(4), 157-161, August (2020)

ISSN: 2348 - 8336

IJPHY

ORIGINAL ARTICLE

EFFECTIVENESS OF MET V/S MARHYTHE IN INDIVIDUALS
WITH CHRONICLATERAL EPICONDYLITIS: A RANDOMIZED
CLINICAL TRIAL
Varun Naik
²Rutuja A. Phadke
²Pote Patil Aishwarya Vikrant
*1

ABSTRACT
Background: Lateral Epicondylitis is the tendinosis of the extensor musculature of the forearm that has their common
origin from the lateral epicondyle of the humerus due to angioblastic degeneration. The study aimed to determine and
compare the effectiveness of MET and MaRhyThe in individuals with chronic lateral epicondylitis concerning pain,
grip strength, and function.
Methods: The study was a randomized clinical trial with 30 subjects divided into two equal groups, with 15 subjects
in each group. Group A received MET for seven sessions, and Group B received MaRhyThe for one session. Both the
groups received hot moist pack and conventional exercises for seven sessions. Visual Analogue Scale (VAS), Patient
Rated Tennis Elbow Evaluation (PRTEE) Questionnaire, and Pain-Free Grip Strength (PFGS) were taken as the
outcome measures.
Results: Within-group paired sample t-test showed statistical significance in VAS at rest, VAS on activity, PRTEE, and
PFGS with a p-value of 0.001 for all. However, between-group analysis using independent sample t-test showed statistical
significance in VAS on activity and PRTEE with a p-value of 0.049 and 0.029, respectively, and clinical significance for
VAS at rest and PFGS for Group B.
Conclusion: The study concludes that both MET and MaRhyThe are effective in treating chronic LE concerning pain,
improving function, and strength. However, MaRhyThe is more effective in pain reduction and improving functional
activities.
Keywords: MET, MaRhyThe, Lateral epicondylitis, Patient Rated Tennis Elbow Evaluation Questionnaire, Pain-Free
Grip Strength.
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INTRODUCTION
Lateral Epicondylitis, commonly referred as tennis elbow
is the tendinosis of the extensor muscles of the forearm
that have their common origin at the lateral epicondyle
of the humerus and is characterized by Angiofibroblastic
degeneration, i.e., rupture of normal collagen fiber
architecture with partial healing, growth of fibroblast,
granulation tissue and decreased blood flow to the extensor
musculature of the forearm [1]. It mostly affects the ECRB
tendon and is characterized by pain at the lateral epicondyle
that sometimes radiates into the forearm distally, weakness
in wrist flexion and extension, and occurs in individuals
who perform repetitive, resistance-based wrist movements
especially in eccentric contraction and gripping activities
[2]. LE has been classified into four stages by Narschl. In
the first stage, the inflammatory process sets in response
to microtrauma. It is a reversible process without
pathological changes that take place in this stage. After
that, pathological changes take place and are characterized
by angiofibroblastic degeneration in the second stage,
tendinosis associated with structural alterations (tendon
tearing) in the third stage, and lastly, progressed to fibrosis
and calcification in the fourth stage [3]. LE has an incidence
of about 4-7% in the general population. The condition
is commonly evident in individuals aged between 40-50
years, with both males and females equally affected [4].
Physiotherapy plays a vital role in multidisciplinary health
care services that focus on improving function, improving
quality of life, making the patient as independent as possible.
MET is a form of osteopathic manipulation of soft tissue
that involves specifically guided and regulated, patientinitiated isometric or/and isotonic contraction, usually
against the therapist’s controlled matching counterforce.
Fred Mitchell Sr., an osteopathic physician, formulated
this technique in the 1950s [5,6]. MET helps in pain
reduction, lengthening of shortened muscles, increasing
range of motion, improving circulation, strengthening
weak muscles, and is an active muscle relaxation technique
[4,7]. MET is based on two fundamental principles, post
isometric relaxation, and reciprocal inhibition.
Dr. Med Ulrich Randoll developED matrix rhythm therapy.
at the University of Erlangen, Germany, in the 1990s.
MaRhyThe is the application of combined mechanical and
magnetic pulses with an electrically powered oscillator,
providing dynamic frequency ranging between 8-12
Hz. MaRhyThe is an in-depth acting modality, causing
rhythmic micro-extension of the tendons, targeted
relaxation of muscles, an increase in peripheral circulation,
decreasing pain, healing, and regeneration. According
to MaRhyThe concept, human skeletal cell oscillating
between ranges of 18-12 Hz is healthy. The oscillating cell
within the extracellular matrix is necessary for proper
tissue circulation, i.e., adequate blood and oxygen supply
for ATP production and lymphatic and venous drainage
to remove waste products referred to as “logistics.” When
tissue is unhealthy, the rhythms of oscillations of the cells
are altered, hampering the tissue “logistics” [8]. MaRhyThe
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works on the extracellular matrix to restore the disturbed
rhythm at the cellular level. This is achieved by the supply
of external vibrational energy matching the oscillating
frequency of a natural healthy cell to actuate and re-establish
the living environment within the cell that is healthy.
Improved logistics after MaRhyThe helps to generate ATP
and build up this standby potential energy by relaxing the
tissue and facilitating the body’s natural healing process [8].
The application of MaRhyThe is simple and without any
complications. It reaches the deeper tissue layers in a mild,
specific, guided pain-free way [9]. There are studies done
by Dr. Roopa Desai et al. in 2019 [7], Rayees Unnisa et al.
in 2019 [4], indicating the effectiveness of MET in lateral
epicondylitis. In contrast, no study has been done to prove
the effectiveness of MaRhyThe in LE. The objective of the
study was to determine and compare the effectiveness of
MET v/s MaRhyThe in subjects with Lateral epicondylitis
in terms of pain, grip strength, and function.
METHODS
A total of 46 individuals were assessed, out of which 30 met
the inclusion criteria. The study included 17 male and 13
female participants. The eligibility criteria were 1) Subjects
with elbow pain over the lateral aspect that is provoked by at
least 2 of 3 provocation tests (gripping, resisted extension of
wrist or third finger, extensor forearm muscles stretching).
2) The age group of 18 to 65 years having pain for not less
than three weeks. The exclusion criteria were 1) Subjects
on steroids or any other medications for pain. 2) Any
physical therapy treatment for elbow pain by a healthcare
practitioner in the previous six months. 3) Previous elbow
surgery. 4) History of dislocation or fracture of the elbow.
5) Subjects diagnosed with tendon ruptures. 6) Subjects
diagnosed with cervical radiculopathy. 7) Any other
elbow joint pathology such as metastasis or osteoporosis.
8) Subjects diagnosed with Peripheral nerve involvement
[10]. The source of the population was tertiary care
hospital, Belagavi.
The outcome measures were:1) Visual analog scale (VAS).
2) Functional limitation was assessed using the Patient
rated tennis elbow evaluation (PRTEE) questionnaire that
measures forearm pain and disability in patients with LE
through a designed 15 item questionnaire [6]. 3) Pain-free
grip strength (PFGS) was determined using a handheld
calibrated grip dynamometer. PFGS has been considered
to be the most useful and sensitive tool in detecting the
changes in LE by measuring physical impairment, and
studies suggest that it should be considered in patients with
LE as a prognostic indicator [11].
PROCEDURE
After obtaining the ethical clearance from the institutional
ethical committee, the random allocation of the subjects
into two equal groups of 15 each was done using the
envelope method. A detailed explanation of the objective
and procedure of the study was done and written informed
consent was obtained from each subject.
Group A received seven sessions of MET for seven
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consecutive days. With the subject in a comfortable sitting
position and the affected forearm supported on the couch,
one hand of the therapist stabilized the subject’s distal arm
taking the forearm of the subject into supination until
discomfort or resistance was felt. The subject was instructed
to pronate the forearm against the therapist’s resistance
(approximately 75% of the maximal isometric contraction)
and hold it for 5 seconds, immediately followed by slightly
increased supination until the resistance was met again.
The procedure was repeated five times with a relaxation of
5 seconds between every contraction [10].
Group B received a single session of MaRhyThe for 60
minutes. With the subject seated on a chair/ supine on the
couch and the affected forearm resting on the couch, the
extensor compartment of the forearm was exposed, the
powder was applied over the area to avoid friction, and
longitudinal strokes were applied by pushing down the
probe of the device.
Both the groups received conventional exercises for seven
consecutive days which comprised of
1) With the patient seated/in supine lying, a hot moist
pack wrapped with a towel was placed over the affected
painful area for 15 minutes [12].
2) With the patient positioned in sitting, static stretching
was performed three times before and after the
eccentric strengthening exercises with a rest period
of 30 seconds between each set. ECRB muscle was
stretched in elbow extension, forearm pronation,
wrist flexion with ulnar deviation position for 30 to
45 seconds depending on the patient’s tolerance [13].
3) With the patient positioned in sitting, three sets of ten
repetitions of eccentric strengthening exercises were
performed with one minute rest period between them.
With the starting position of the affected limb in elbow
extension, forearm pronation, and maximum wrist
extension, the patient was instructed to eccentrically
contract the extensor muscles by slowly performing
wrist flexion for a count of 30 and then return to
starting position by using the contralateral hand. The
subject was instructed to terminate the exercise if the
pain became worse and disabling. Progression was
given in the form of free weights to the subjects who
could perform without discomfort [12]. The study was
statistically analyzed using the software SPSS Version
23. The obtained data was inserted into an excel
spreadsheet, tabulated, and subjected to statistical
analysis. Statistical analysis of demographic data was
done using mean, standard deviation, and paired
t-test.
RESULTS
Statistical analysis of demographic data was done using
mean, standard deviation, and test of significance, such
as paired t-test where age and duration of symptoms were
heterogeneous between both the groups. (Table 1)

Table 1: Demographic data of the subjects
Group A

Particular

Group B

Mean

SD

Mean

SD

p-value

Age

49.7333

8.81125

33.2000

10.97530

0.001*

Weight

61.0000

7.50238

62.8667

12.04080

0.615

Height

165.2000

7.26243

165.8667

8.23639

0.816

BMI

22.3800

2.60527

22.5733

3.09434

0.854

Duration of
symptoms

4.3333

1.63299

15.5333

17.31996

0.019*

Table 2: Gender and side involvement distribution
Group A

Particular
Gender

Side

Frequency
Male

Female

Group B
Percent

Male

Frequency

Female

Percent

Female

Male

Male

Female

9

6

60

40

8

7

53.3

46.7

Right

Left

Right

Left

Right

Left

Right

Left

9

6

60

40

8

7

53.3

46.7

Table 2 indicates a demographic distribution concerning
gender and side involved, which showed 60% and 53.3%
males in Group A and Group B respectively and 40% and
46.7% females in Group A and Group B, respectively.
Table 3: Comparison of group a and b concerning pretest and post-test scores using paired sample t test [within
group analysis – dependent test]
Variable

Group

VAS AT
REST
VAS ON
ACTIVITY
PRTEE
PDF

Pre

Post

p-value

Mean

SD

Mean

SD

Group A

39.00

9.86

10.67

8.84

0.001*

Group B

32.67

23.44

5.67

9.23

0.001*

Group A

76.67

10.47

38.00

9.41

0.001*

Group B

82.67

9.61

29.00

13.91

0.001*

Group A

50.80

7.30

23.37

6.65

0.001*

Group B

47.47

14.00

16.07

10.20

0.001*

Group A

28.00

12.22

37.00

16.12

0.001*

Group B

35.00

21.30

50.67

21.20

0.001*

*Significant at 5% level
Within-group analysis using paired sample t-test showed
statistical significance for both the groups with a p-value of
0.001 for VAS at rest, VAS on activity, PRTEE, and PFGS.
(Table 3)
Table 4: Comparison of group A and B concerning pretest and post-test scores using independent samples t-test
[between groups analysis – independent test]
Variable
VAS AT
REST
VAS ON
ACTIVITY
PRTEE
PFGS

Group A

Group B

Time
frame

Mean

SD

Mean

SD

p-value

Pre-test

39.00

9.86

32.67

23.44

0.347

Post-test

10.67

8.84

5.67

9.23

0.141

Pre-test

76.67

10.47

82.67

9.61

0.113

Post-test

38.00

9.41

29.00

13.91

0.049*

Pre-test

50.80

7.30

47.47

14.00

0.423

Post-test

23.37

6.65

16.07

10.20

0.029*

Pre-test

28.00

12.22

35.00

21.30

0.281

Post-test

37.00

16.12

50.67

21.20

0.057

*Significant at 5% level
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Between-group analysis using independent sample t-test
showed statistical significance for VAS on activity and
PRTEE with a p-value of 0.049 and 0.029, respectively. In
contrast, group B showed clinical significance for VAS at
rest and PFGS. (Table 4)
DISCUSSION
The current study determined and compared the
effectiveness of MET and MaRhyThe in subjects with
chronic lateral epicondylitis concerning pain, grip strength,
and function.
According to Romeo et al., in 2010 [4], the incidence of LE
is independent of gender. Similar results were obtained in
our study with 60% and 53.3% males in Group A and Group
B, respectively, and 40% and 46.7% females in Group A
and Group B, respectively. A study done by Rayees Unnisa
et al. compared MET with Oscillating Energy Therapy
in chronic lateral epicondylitis. It showed significant
improvements in pain, grip strength, and functional ability
of the elbow joint, which agreed with the present study [4].
A comparative study of MET versus Cyriax technique in
LE was done by Dr. Roopa Desai et al. (2019) [7], which
concluded that MET was an effective treatment in reducing
pain and improving functional disability and is a valid
treatment protocol in the management of LE [7].
The positive results of the study may be due to the reflex
muscle relaxation that occurs with inhibition of Golgi
tendon reflex when a muscle is contracted isometrically[13].
Application of MET may even desensitize the peripheral
nociceptors and reduce the proinflammatory cytokinins.
Descending pain modulation could be the reason for
pain reduction. Here, when the joint mechanoreceptors
get activated, there is the excitation of somatic afferents
leading to sympathoexcitation and localized activation of
periaqueductal gray matter [14].
According to Chaitow (2006) [15], MET is an active
isometric contraction method that relaxes the muscle,
restores the normal blood and lymphatic circulation by
altering the interstitial pressure and transcapillary blood
flow that helps in washing out the nociceptive stimulants
which relieve pain. MET increases muscle flexibility
due to viscoelastic changes in the muscle. Stretching of
the connective tissue components allows the muscle to
contract effectively hence improves the strength.
Moreover, improvement in function was because of the
decrease in pain and increase in strength, which allows
the forearm musculature to stabilize the hand and wrist
so that precision and prehension functions are achieved to
optimal level [16].
A study was conducted to investigate the effectiveness
of MaRhyThe in Frozen shoulder concerning pain and
range of motion concluded that MaRhyThe showed more
significant and faster results in gaining a range of motion
and subsequently reducing pain in the frozen shoulder [9].
A study was done to ascertain the effects of MaRhyThe in
plantar fasciitis concerning pain, skin temperature, and
function concluded that a single session of MaRhyThe
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treatment was to be effective in pain reduction, improved
skin temperature, and improved functional activities in
patients with plantar fasciitis [17].
The objective of the current study accepts the hypothesis
in effectively treating chronic LE subjects. The hypothesis
testing of MaRhyThe has shown positive effects in treating
LE. However, MaRhyThe is a newer tool in the field of
physical therapy, and limited research has been published.
LE has been effectively treated by using oscillating
energy manual therapy concerning pain reduction
improvement in grip strength and function. It is the release
of electromagnetic signals ranging from 7-8Hz from the
therapist’s hand. These electromagnetic waves affect tissue
healing, bone healing, synthesis of growth factor, and
connective tissue growth and healing [4]. MaRhyThe work
on a similar principle of providing external electromagnetic
oscillations ranging between 8-12 Hz that would produce
similar effects.
In the present study, the significant reduction in pain
could be due to the restoration of altered cell logistics.
MaRhyThe acts at a cellular level providing oscillations
to the extracellular matrix ranging between the frequency
of 8-12Hz, which increases oxygenated blood flow and
promotes drainage of noxious substances. MaRhyThe also
helps in tissue healing, thereby improving function [9].
A study was done to determine the effects of Myofascial
Release Therapy and active stretching on pain and grip
strength in LE and concluded that MFR with active
stretching produces a significant improvement in pain
reduction and increase in grip strength. According to the
study, when the pin reduces the muscle tightness reduces,
therefore relaxing the muscle. This relaxation helps in
producing a good amount of contraction [18]. In the
current study, the clinically significant increase in grip
strength could be attributed to the study as mentioned
above as MaRhyThe works at a cellular level causing micro
extension and relaxation of the muscles, thus producing a
good amount of contraction. Also, the increase in the grip
strength may perhaps be because of the stand by potential
energy gained by the muscle as it relaxes. This potential
energy is necessary for the muscle to contract [8].
Improvement in the functional level could be attributed
to pain reduction and increased strength allowing painfree movement and optimal stabilization of the forearm
musculature that was hampered because of muscle overuse
and imbalance. The limitation of the study is that age
distribution and duration of symptoms between groups
were heterogeneous. The present study can be further
taken into consideration as a randomized controlled trial
or/and prospective studies.
CONCLUSION
The study concludes that both MET and MaRhyThe are
effective in treating chronic lateral epicondylitis concerning
the reduction in pain, improving strength, and improving
functional activities; however, MaRhyThe is more effective
in pain reduction and improving functional activities.
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ABSTRACT
Trismus is a typical condition, which occurs after extraction of a tooth, injury, dental or oral diseases, after offering
infusions to gums, T.M.J dysfunction, and so on. Trismus prompts a few troubles to the patients, like difficulty in the opening
mouth while eating food, talking, yawning. The patient complains of pain and difficulty in the opening jaw. Matrix Rhythm
Therapy (MaRhyThe©) is a recent advancement in treating pain and restricted mobility in joints. The current study is of 3
patients with Trismus effectively treated pain and restricted mobility with MaRhyThe©.
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INTRODUCTION
A temporomandibular disorder (TMD) is a typical issue
influencing up to 33% of people in their lifetime. TMD is
regularly seen as a redundant movement issue of the
masticatory structures, it has various similarities to
musculoskeletal disorders of other body parts [1].
Trismus, from the Greek "trismus" ("gnashing," as in teeth)
alludes to limitation of the scope of movement of the jaws.
Regularly alluded to as "tetanus," trismus normally
originates from a sustained, tetanic contraction of the
muscles of chewing [2], although it has various potential
causes, which extend from acute, non-progressive to those
that are chronic and dangerous [3]. The causes for trismus
are broadly classified into two main categories intraarticular and extra-articular. Among the extra-articular
causes, trismus likely occurs due to trauma to the
mandible, fracture of the zygomatic arch, incorporation of
foreign bodies, and secondary to dental procedures like
tooth extraction, local anesthetic injection [2]. Generally,
the term lockjaw was utilized as an equivalent word for
both trismus and lockjaw. The physiological range of
mouth opening differs from patient to tolerant that ranges
from 35mm–60 mm [4,5]. The width of the index finger is
between 17 and 19 mm approximately two fingers ’
breadth will be 40 mm and three fingers’ breadth up to
54–57 mm and this is the usual width of mouth opening
[6].

Matrix Rhythm Therapy (MaRhyThe©) invented by Dr.
Ulrich Georg Randoll from Germany has been a recent
advance in the field of rehabilitation. MaRhyThe© works
on the principle that cells in the body vibrate or oscillate
in the frequency of 8 – 12 Hz and maintains the
physiological function of the body [7,8]. Matrix Rhythm
Therapy restores good tissue resonance and the vibrations
produced by the instrument clear the extracellular matrix
and improve the venous and the lymphatic circulation [9].
The device produces oscillations of the frequency that is
like the cellular oscillations and can be utilized for
therapeutic purposes in various musculoskeletal
conditions [10].
However, there is no literature showing the effects of
MaRhyThe in Trismus therefore, the objective of this study
is to determine the effect of MaRhyThe in Trismus
concerning the restricted range of the TMJ joint.
Case 1: This is a case of a 48-year-old male who
underwent a root canal treatment post which he faced
restrictions in the jaw movements and pain. After 1 week
of the root canal treatment, he had pain on Verbal
Analogue Scale (VAS) was 6 a mouth opening of the width
of the index finger measuring 35 millimetres (mm). He
was given MaRhyThe© for 60 minutes per session, once a
week. After 2 sessions the patient reported no pain on VAS
and mouth opening equal to the width of two fingers
measured 42 mm (Figure 1).
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Figure 1: Case of a 48-year-old male who underwent a root canal treatment post which he faced restrictions in the jaw movements and pain.

Case 2: A 33 years old female who developed restrictions
in jaw moments reported after 1 month of a root canal
treatment. She complained of pain on VAS as 8 and had a
mouth opening equal to the width of two fingers
measuring 30mm. She was given MaRhyThe© for 3

weeks, one session per week for 60 minutes post 3
sessions she had a mouth opening equal to 3 fingers
measuring 46mm and substantial pain relief which was
reported 2 on VAS (Figure 2).

Figure 2: A 33 years old female who developed restrictions in jaw moments reported after 1 month of a root canal treatment.

Case 3: A case of 45-year-old male underwent an open
reduction in internal fixation for fracture of the mandible
and
developed
restricted
mobility
at
the
temporomandibular (TMJ) joint. After 1 1/2 months of
the surgery, the patient companied of pain on VAS was 7
and mouth opening equal to the width of two fingers at

the tip measuring 26mm. He was given 4 sessions of
MaRhyThe©, 60 minutes per session once a week. After 4
sessions of MaRhyThe©, there was considerable pain
relief measured on VAS was 1 and mouth opening equal
to the width of two fingers at the middle phalanx
measuring 38mm (Figure 3).
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Figure 3: A case of 45-year-old male underwent an open reduction in internal fixation for fracture of the mandible and developed restricted
mobility at the temporomandibular (TMJ) joint.

PROCEDURE
The participants during the session were made to lie
down comfortably in a supine position. The area treated
is the muscles of the lower face and the anterior neck.
These areas were well exposed and talcum powder was
applied over the treatment area to avoid the friction
caused by the Matrix Mobil®. The Matrix Mobil® is a
rod-shaped with a spiral-shaped vibration head that
vibrates in the physiological region of 8 to 12 Hz. The
devices generated a vibratory space-time pattern to
which the body tissues can orient themselves in
returning to their healthy vibratory mode. The device
utilizes a combination of mechanical vibrations together
with the oscillating electromagnetic field induced by

permanent magnets mounted in the resonator. The
application of Matrix Mobil® was in a longitudinal
stroking manner by pushing the probe of the device into
the muscles of anterior and posterior neck, and entire
face. The duration of every session was 60 minutes for
every subject.
RESULTS
Three patients (mean age: 42 years ranging from 33- 48
years; 2 males and 1 female) with trismus developed due
to different causes (root canal treatment and trauma)
were treated with MaRhyThe© for an average of 3
sessions (range from 2-4). A mean of pre and Post
Intervention was recorded and calculated (Table 1).

Table 1: Demographic details and pre post-intervention values.

Case

Age Mean
Years)

Gende
r

Duration of Diagnosis
(Mean in Weeks)

Number of MaRhyThe
sessions

VAS Pre (in
cms)*

VAS Post (in
cms)*

Mouth opening Pre
(in mm)^

Mouth Opening Post
(in mm)^

#1

48

Male

1

2

6

0

35

42

#2

33

Femal
e

4

3

8

2

30

46

#3

45

Male

6

4

7

1

26

38

Mean

41

3.6

3

7

1

30.3

42

DISCUSSION
The present study was conducted to study the impact of
MaRhyThe© in trismus. There are no studies conducted
previously using MaRhyThe© in the management of
trismus. The MaRhyThe© intervention administered
manifested improvement in the restricted range of
motion and the TMJ joint.

In the present study, the significant reduction in pain
could be attributed to the effect of MaRhyThe which acts
at a cellular level causing tissue elongation and increased
flexibility of fascia, allowing free movements of fascia and
tendons. This leads to a decrease in tightness and
reduction of stress on tendons and fascia, thereby
causing a reduction of pain. To the best of our knowledge,
there are no published studies on MaRhyThe in different
musculoskeletal conditions.
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TMD myofascial pain happens in 31 to 76 % of the
populace; it very well may be alleviated by massage
treatment, which prompts restoring elasticity and
flexibility and mitigates pain. Swelling is also relieved by
massage therapy along with a reduction in pain. The
pressure utilized during the massage must not be
excessive and should increment after some time at every
therapeutic session because strong pressure may lead to
increased muscular tonus. MaRhyThe for the TMJ
muscles improved the flexibility by directly affecting the
stress-strain curve principle of the muscle resulting in
further elongation of the muscle tissue. Literature mainly
suggests massage therapy for muscle [11] but in the
present study, MaRhyThe technique was used which
might have helped to specifically relax the affected
muscle (masseter and temporalis). This relaxation may
be explained by applying a gentle pressure applied slowly
activating the viscoelastic property of fascia results in
elongation of muscles which is mimicked during
Myofascial Release treatment [12]. The entrainment
effect of MaRhyThe provides the milking effect which
adequately contracts and relaxes and relaxes the muscle
which agrees with the previous study.
In the present study, the significant reduction in pain
could be analyzed to the effect of MaRhyThe which acts at
a cellular level causing tissue elongation and increased
flexibility of fascia, allowing free movements of fascia and
tendons following the entrainment effect. This leads to a
decrease in tightness and reduction of stress on muscles
and fascia, thereby causing a reduction of pain.
Viscosity, plasticity, and elasticity are compromised in
musculoskeletal conditions which lead to pain and tissue
stiffness leading to restricted joint range of motion. Heat
changes the viscosity of the colloids in the structured cell
water. Body heat is strongly influenced by the microvibrations of the skeletal muscles which maintain a
healthy environment from within.
MaRhyThe has proven to improve the microcirculation in
tissues which in turn helps in increasing the temperature
at the treated tissues. Heating increases the flexibility of
collagen tissues and the improved blood flow results in
the reduction of joint stiffness and muscle spasm which
agrees with previous pieces of evidence in treating
trismus using heat [10].
The combined mechanical magnetic waves of the Matrix
Mobil® strengthens the natural frequencies of the body,
normalize the oscillation spectrum of the skeletal
musculature, and as a result also the overall
microcirculation. The asymmetric tissue pressure
stimulates a pump suction effect and activates the nerve
physiologically. This leads in the end to a rhythmic readaptation of the entire tissue. Additional healing
mechanisms on the molecular level are activated via the
pyroelectric and direct-indirect piezoelectric properties
of the collagens and the extracellular matrix clearance
increases which eliminate the pain and improve joint
range of motion [13].

J Res Med Dent Sci, 2020, 8 (4):193-196
CONCLUSION
MaRhythe© is a recent tool in rehabilitation that is
effective in managing Trismus by reducing pain and
improving joint mobility. Adapting to the recent
advancement in technological trends in the field of
rehabilitation is the need of the hour.
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Abstract
Introduction: Diabetic foot ulcer is one of the major complications following diabetes. In India, 15% of diabetic patient develop DFU once
in their lifetime. Neuropathy associated with diabetes is a major factor in development of foot ulcer in such patients. Infection, peripheral
arterial diseases, altered functions of white blood cells, stem cells and regenerating tissues, and co-morbidities lead to delayed wound
healing. Matrix rhythm therapy is a recent advancement in the field of Physiotherapy. It provides external oscillation that activates normal
rhythm of cell that is between 8 and 12 Hz which improves cellular function within cell and extracellular matrix, enhancing tissue healing.
A 70-year-old female presented with infected diabetic foot ulcer on her right foot in out-patient department of KLE hospital. She had nonhealing ulcer since one and half months and undergone conservative treatment of wound care along with strategies of diabetic foot care.
Clinical findings: Subject complained of pain with score of 2 at rest and 6 while walking which was recorded on the basis of Visual Analogue
Scale. Wound appeared ischemic and non-healing. On wound assessment, size of wound was 12 mm in diameter and 6 mm depth. It was
identified as Type D grade I on the basis of classification of wound provided by University of Texas Health Science center.
Intervention: Matrix rhythm therapy was applied on posterior aspect of leg region extending around wound area once a week for 5 weeks
with treatment duration of 1 h.
Result: Pain of the subject after 5 weeks of intervention was 0 at rest and 2 while walking on the basis of VAS. Size of wound decreased with
dimension of 6 mm in diameter and 2 mm depth and categorized as Type A grade 1.
Conclusion: Matrix rhythm therapy could be considered as adjunct in wound healing of diabetic foot ulcer.
Key words: Diabetic foot ulcer, matrix rhythm therapy

Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized
by chronic hyperglycemia which is due to alteration in insulin
production and its action.1 DM affects multiple systems in our
body leading to complications such as retinopathy, nephropathy, neuropathy, cardiovascular diseases, and other complications such as infections and cognitive impairment.2 Diabetic
foot ulcer (DFU) is one of the major complications following
diabetes in an individual that leads to substantial morbidity.
Prevalence of DFU in UK is around 7% and USA is 8% and
lifetime risk is 15%. In India, around 15% of patients with diabetes are affected by DFU during their lifespan. Out of this
proportion, 50% is infected that requires hospitalization and
20% need amputation in India. DFU alone contributes 80% of
non-traumatic amputation and have huge burden in terms of
expenses and morbidity.3,4
There are several factors which contribute in the development of diabetic ulcer; however, neuropathy and ischemia
due to peripheral vascular diseases are the major contributing factors. In diabetic patient, production of nerve cell myoinositol that regulates normal neural conduction is hampered.
This affects all the components of neural functions including
motor, sensory and autonomic functions. Deformities such as
claw-toe and high arched foot are the result of motor nerve
involvement in diabetic patients that results in uneven distribution of force in foot, and thus formation of callus and skin
breakdown. Dryness of skin and peripheral edema is a result of
autonomic dysfunction in diabetic that leads to development
of fissured skin. Decreased perception of pain and sensation
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leads to inability to detect any injury in subjects with diabetes
due to which wound goes unnoticed for several duration until
it gets worsened. Endothelial dysfunction associated with diabetes results in atherosclerosis which contributes in decreased
blood supply.5-7
Wound healing is a complex process that follows a
well-designed pattern of various biological and molecular
events. Certain intrinsic factors and extrinsic factors such
as neuropathy, vasculopathy, immunity, wound infection,
wound cell abnormalities contributes in delayed wound healing in diabetic population. Early detection and intervention
is needed in order to enhance healing process in DFU which
can also predict the long-term progression.8, 9 Identification of
associated risk factors and its management can prevent DFU.10
Several guidelines have been published that provides information regarding management of diabetic foot ulcer which can be
broadly divided into surgical and conservative management.
Surgical management includes debridement and amputation.
Conservative management includes prescription of protective
footwear, pharmacological management of infection and restoration of perfusion, wound care through regular inspection
and debridement, controlling of optimal glucose level, and
educating patients regarding self care and management.11-13
Adjunctive therapies such as negative pressure wound therapy, hyperbaric oxygen therapy, and electrotherapy along with
other physical agents such as ultrasound therapy, ultraviolet
ray therapy, low laser therapy have been used to enhance healing of wound.14,15
Matrix rhythm therapy is a therapeutic method developed
and improved by Dr. Ulrich Randall that is based on a fact
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that all cells of biological system follow a rhythmic pattern of
vibrations when they are living. This conclusion was drawn
from a research conducted at Erlangen University in Germany.
Matrix rhythm therapy delivers the vibrations ranging from 8
to 12 Hz that mimics normal oscillation that brings changes in
cellular level thereby enhancing the function at cellular level
(within cell and extracellular matrix).16

Patient information
A 70-year-old female presented with open wound on the plantar aspect of her right foot which was evident since one-andhalf months. She complained pain at the site of wound which
is aggravated on walking or weight bearing on same side. She
gave the history of trauma due to uneven foot placement on
a pebble. She noticed a wound on foot after a week of injury
and applied local wound ointment for a month. Wound was
increasing in size along with pain during weight bearing. She
consulted physician and was referred to physiotherapy department for further management.
Subject gave the history of diabetes and hypertension
since 20 years and 30 years, respectively, and under medication. She takes 16 units and 10 units of insulin in the morning
and night for the management of diabetes and diuretics and
ace inhibitors for hypertension management. She had undergone coronary artery bypass graft 16 years back.

Clinical findings
Pain assessment: Visual analogue scale was used to assess
pain. It was 2/10 at rest and 6/10 while walking.
Wound examination: Size of wound was 12 mm diameter with 6 mm of depth which was located lateral aspect of
posterior one-third on plantar surface of right foot. Wound
appeared dry with calcified vascular tissues. Granulation tissues were minimal in appearance. Wound bed was filled with
pus suggestive of infection.
Diagnostic assessment: Physical examination was carried out
along with an X-ray. X-ray findings were normal to the age of
the subject.
Wound was classified on the basis of diabetic wound classification system provided by The University of Texas Health
Science Center. Wound was identified as Type D grade I.
Pain was assessed on the basis of visual analogue
scale which was recorded as 20 mm on rest and 70 mm on
weight-bearing activities.

Therapeutic intervention
Matrix rhythm therapy was performed on the affected limb.
It was applied starting from posterior aspect of knee joint
extending around the wound. Treatment was given for 5 sessions lasting up to 1 h in each session. Frequency of treatment
was 1 session per week.

Follow-up and outcomes
Outcome measures were recorded in terms of size of the
wound, grading of wound and VAS for pain. Subject has followed up till 1 month after cessation of treatment. Figure 1
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shows appearance of wound before and after intervention of
Matrix Rhythm Therapy.
First follow-up:
• VAS: 2 at rest and 6 on walking
• Shape of wound: It changed to rectangular shape from
circular
• Size of wound: length=10 mm, breadth: 6 mm and depth:
5 mm
• Grading: Type C, Grade I
• Appearance: Ischemic, with partial vasularization of surrounding tissues
Second follow-up:
•
•
•
•

VAS: 0 at rest and 5 on walking
Shape of wound: rectangular
Size: length=8 mm, breadth= 8 mm, depth: 5 mm
Grading: Type C, grade I

Third follow-up:
• VAS: 0 at rest and 3 while walking
• Shape of wound: oval
• Size: greatest length=8 mm, greatest breadth=5 mm,
depth=4 mm
• Grading: Type B, grade I
Fourth follow up:
• VAS: 0 at rest and 2 while walking
• Shape of wound: irregular
• Size: Greatest length: 6 mm, greatest breadth=4 mm,
depth=2 mm
• Grading: Type A, grade I
No any adverse effects or intolerance was observed or
experienced by subject throughout the treatment sessions
and follow-ups. At the end of session, wound changed from
non-healing ulcer to healing ulcer with vascularization of surrounding tissues.

Discussion
Our study aimed to determine the effects of matrix rhythm
therapy on diabetic foot ulcer. Application of matrix rhythm
therapy for five sessions, one session a week showed accelerated wound-healing process in non-healing diabetic foot ulcer
along with decreased pain intensity. This study is novel of its
kind which is applied for wound healing, and till now no published literature is available.
DFU is of the major complications that lead in disability
and decreased quality of life in diabetic population. Multiple
approaches have been applied for the prevention and management of DFU but effective approach that enhances healing of
ulcer is not established. Several physical modalities such as
low level laser, ultraviolet radiation, electrical stimulation have
been used in management of wound but most of the studies
lack quality of evidence and physiological basis for wound
healing.15 Most of the studies related to the physiotherapy
approaches in wound healing have used multiple therapeutic
methods which lead overlapping of physiological effects and
results cannot be specified to a particular method.17, 18 In our
study, we have used only matrix rhythm therapy and its effect
on wound can be specified.
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Use of vibrations as interventions for therapeutic benefit
has history since 19th century. Vibrations has been used for
management of neurological conditions, increasing power and
flexibility in athletes, maintenance of bone density in astronauts, and recently it has been used to enhance wound-healing
process. A study was done in regarding the effect of vibration
in healing process in diabetic mice. It has been found that
vibrations produces stimulus that helps in release of growth
factors, stem cell proliferation, and cell differentiation when
applied to bone. In wound, it increases angiogenesis, formation of granulation tissues, and promotes the accumulation
of macrophages, fastens the wound closure, and re-epithelialization. They also found that there is decrease in number
of neutrophils cells in wound that decreases the inflammatory conditions within wound. Similarly, there was decrease
in blood glucose levels and increase in microcirculation after
application of vibrations.20,21 In these, studies the frequency of
vibrations applied was 35–45 Hz compared to physiological
oscillations/vibrations in our study. Though one of study on
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effects of vibrations in blood flow in healthy inactive subjects
showed that vibration is responsible for increase in blood supply, there are very limited studies related to role of vibrations
in wound healing in diabetic subjects.22
In our study, wound healing in DFU is accelerated that
can be possibly due to cellular effect of vibrations produced
by the application of matrix rhythm therapy. Matrix rhythm
therapy produces oscillations of 8–12 Hz in cells that mimics the normal rhythmic oscillations when cells are alive. In
diseased condition, normal rhythmic oscillations are affected
thereby impairing functions within cells and its surrounding
environment, i.e., extracellular matrix. Following application of this therapeutic approach normal oscillations can be
restored leading to normal function of cell and its environment.19 Similarly, application of matrix rhythm therapy leads
to increased circulation which was observed in a study done
in athletes. In their study, they compared the effects on circulation by using conventional massage with matrix rhythm
therapy. They concluded that, matrix rhythm therapy leads to
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increase in circulation through compression effect and soft tissue mobilization along with contraction of muscles produced
by stimulation of tonic vibration reflex.23
There are certain limitations of the study despite being
first of its kind to intervene matrix rhythm therapy. More
emphasis would have been given in detailed objective examination of diabetic foot ulcer and intervention frequency was
less which could have been increased. In future, more number
of patients can be involved as to develop a case series and can
be compared with other physical modalities.
In conclusion, matrix rhythm therapy may be used as an
adjunctive therapy for wound healing in diabetic foot ulcer. It
could be beneficial in not only enhancing healing of wound
but also overall improvement on functions of cell and its environment thereby creating optimal atmosphere.
Informed consent: Was duly obtained from subject regarding
recoding and publication of data
Source of Funding: Nil
Conflict of Interest: Nil
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ABSTRACT
Introduction: Sprinting is an indispensable constituent of countless sports activities. Sprint can be alienated in to a number of
stages including quickness, acceleration and deceleration. In many sporting events like sprinting, soccer, rugby, basketball, and
cricket, the athletes never attain maximum acceleration and speed during sprinting. Because of that they fail to show the best
performance. Along with that sprinter required huge amount of lower limb power which helps them to exert more effort to
perform well.
Objective: To estimate the consequence of varied speed drill protocols on speed and sprint acceleration in long jump performance
in professional competitive sprinters using 60 m speed test and standing long jump test.
Methodology: 40 professional sprinters (n=40) were screened for the study. 3 weeks speed training protocol was given to the
participants. age criterion was 18-25 yrs. Post training acceleration, speed and long jump performance was assessed.
Result: Speed training protocol had a positive effect on sprint acceleration, speed and standing long jump performance in
professional sprinters.
Key words: Acceleration, Speed, Sprinting, 60m speed test, Standing long jump test
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INTRODUCTION

Competitive running was commended as a
non-secular festival in different territories like
Balkan state, Egypt, Asia and furthermore the
East and Rift in Africa [1]. Then again running,
particularly sprinting, has been a part of the
Olympics since its commencement. There are
three sprinting occasions that are held at the
Olympics and outside world championships that
is 100m, 200m, and 400m. At first these races
were estimated in empirical estimation but later
changed over to metric units [2].

Evaluation of sprinters is done on different
parameters like acceleration, steady speed, and
deceleration of the velocity curve. Investigation
of dash demonstrates that it is most extreme
essential to deliver high energy toward the starting
itself for the initial stage. During the propulsion
stage, expanding explosive force/power and
effectiveness of movement [1]. Effective sprint
running requires ideal coordination between
internal factors and external factors. The internal
factors are identified with proficiency while the
external factors manage footwear, ground and
air resistance. Stride length and stride frequency
have been observed to be critical components
impacting the running speed [3].

Acceleration is critical to peak performance
across different games [4]. In sprinting, an
empirical body position is intriguing as feet
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on the block will bring about boosting up their
acceleration [5]. Speed is the capacity to move
rapidly over the base or move limbs in space to
grab or throw. Speed isn't just how energetically
someone will run (or cycle, swim and so forth.),
yet depends on their acceleration (how rapidly
they will accelerate from a stationary position),
the best speed of movement, and speed
maintenance (limiting deceleration) [6].
Acceleration is improved with the advancement
of reactive power, which is done by Plyometric
training [7]. Similarly improving sprint sessions
can prompt step length adjustment just as
improved sprint, as long as they are movement
specific and progressively overloaded [8]. The
vital part of the sprint training is free sprint
training i.e. without any resistance equipment
[9].

Though there are many studies conducted on
runners and on enhancing running performance
in athletes using Numerous strengthening
protocols based on sole parameters of speed and
acceleration though speed and strength training
being essential components in long jump
training protocol [10]. But there are hardly any
studies undertaken on long jump performance.
Hence the present study is proposed to evaluate
the effectiveness of speed training protocols on
long jump performance. With a detailed study on
the effects of these modalities, specific training
programme can become more specific for long
jump.
MATERIALS AND METHODS USED

Materials used

Consent form.

Data collection sheet.

Apparatus and equipment.
Measuring tape

Cones.

Radar gun [3].

Resistance parachute [4].
Hurdles.

Markers.

Methodology

Ethical clearance was obtained from the
Institutional Ethical Committee of KAHER
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Institute of Physiotherapy, Belgavi. Participants
were recruited according to the fulfilment of the
inclusion and exclusion criteria respectively.
Written informed consent was obtained from
subjects. Before commencement of the study. The
participants were from the various institutes and
sports academies of in and around Belagavi city.
Demographic characteristics of the participant,
including their age, gender, age of onset of
playing and years of playing were noted. The
inclusion criteria were athletes with age group
of 18-25 year of age both male and female who
were willing to participate. The participant was
excluded if there is musculoskeletal problems
such as fracture and sprain/strain of lower
limb in the previous 1 year.along with Subjects
with existing neurological, respiratory or cardio
vascular problem (Table 1).

Outcome measures

60-meter speed test [5].

Standing long jump test [6].

RESULTS

Statistical analysis for the present clinical trial
was done using version 20 of Statistical Package
of Social Sciences (SPSS). In this study 40 samples
were allocated. Number of males (92.50%) were
more than the number of female participants
(7.50%). But as far as the overall sample size is
considered, unfair distribution of gender was
seen (male=37 & female=3). The homogeneity in
group was not seen. The mean age of population
is (20.63 ± 1.92) with the age range of 7yrs (1825yr of age). The mean BMI of population is
(21.35 ± 2.56) with the BMI range of (15.30-26.95
kg/m2). Whereas mean experience is found to
be (2.25 ± 1.28) with the experience range of (16yrs). No statistically significant difference was
seen and groups were homogenous with respect
to age, BMI and experience years at the baseline
(Table 2).
The acceleration of sprinting component in
the athletes were significantly improved after
3 weeks of free sprinting, resisted sprinting
and plyometric training protocol. (p=0.0001*)
the result showed that the mean acceleration
Table 1: Gender wise distribution.

Gender

No of patients

% of patients

Male

37

92.5

Female

3

7.5

Total

40

100
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pretest score was (3.49 ± 0.65), whereas after
the intervention, it was significantly improved to
(3.69 ± 0.66) at the rate of -5.78% of change.

The speed of sprinting component in the athletes
were significantly improved after 3 weeks of
free sprinting, resisted sprinting and plyometric
training protocol (p=0.0001*). The result
showed that the mean speed pretest score was
(33.60 ± 4.65), whereas after the intervention, it
was significantly improved to (35.33 ± 4.61) at
the rate of -4.82% of change.

The standing long jump performance in the
athletes were significantly improved after 3
weeks of free sprinting, resisted sprinting and
plyometric training protocol (p=0.0001*). The
result showed that the mean standing long jump
pretest score was (2.36 ± 0.38), whereas after
the intervention, it was significantly improved
to (2.48 ± 0.36) at the rate of -5.01% of change
(Tables 3 to 5) (Figures 1 and 2).

Figure 1: Running.

DISCUSSION

The acceleration of sprinting component in
the athletes were significantly improved after
3 weeks of free sprinting, resisted sprinting
and plyometric training protocol. (p=0.0001*)
the result showed that the mean acceleration
pretest score was (3.49 ± 0.65), whereas after

Figure 2: Sprints.

Table 2: Summary of age in years, BMI and experience in yrs of patients.

Summery

Age in years

BMI

Experience (Yr)

Minimum

18

15.3

1

21.35

2.25

Maximum

25

Range

7

Mean

6

11.65

20.63

Std.Dev.

Variance

26.95

1.92

5

2.56

3.68

1.28

6.54

Table 3: Comparison of pretest and posttest of Acceleration scores by Wilcoxon matched pairs test.

Time

Mean

Std.Dv.

Pretest

3.49

0.65

Posttest

3.69

0.66

1.63

Mean Diff.

SD Diff.

% of change

Z-value

p-value

-0.2

0.38

-5.78

3.9041

0.0001*

*p<0.05
Table 4: Comparison of pretest and posttest of speed scores by Wilcoxon matched pairs test.
Time

Mean

Std.Dv.

Pretest

33.7

4.65

Posttest

35.33

4.61

Mean Diff.

SD Diff.

% of change

Z-value

p-value

-1.63

1.17

-4.82

5.0119

0.0001*

*p<0.05
Table 5: Comparison of pretest and posttest of standing long jump scores by Wilcoxon matched pairs test.
Time

Mean

Std.Dv.

Pretest

2.36

0.38

Posttest

2.48

0.36

Mean Diff.

SD Diff.

% of change

Z-value

p-value

-0.12

0.21

-5.01

5.0614

0.0001*

*p<0.05
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intervention, it was significantly improved to
(3.69 ± 0.66) at the rate of -5.78% of change.

Like our study one more study was done.
The aim of the study was to improve sprint
speed over 100m in sprinters. That study
provides details regarding the effect of free
sprint, weights, plyometrics. 60m sprint test
and SLJ were improved after the protocol.
Effect of training protocols were represented
through the assessment of 60m sprint test, and
measurements of SLJ. The 0- to 5-m interval have
a stronger affectin conjunction to 10- to 15-m
sprint performance, is indicated through a few
researches [11,12]. Therefore, it was concluded
that achievement of high velocity running is
crucial for positive acceleration during short
sprints.
Speed of sprinting component in the athletes
were significantly improved after 3 weeks of
free sprinting, resisted sprinting and plyometric
training protocol. (p=0.0001*) the result showed
that the mean speed pretest score was (33.60
± 4.65), whereas after intervention, it was
significantly improved to (35.33 ± 4.61) at the
rate of -4.82% of change.
Similar to our study one more study states that the
0- to 10-m interval featured the highest training
volume for the FST and RST groups because all
sprint intervals featured this distance. Effective
acceleration helps in developing quickness.
Implementation of right protocol is said to
improve short sprint in athletes. Significant
velocity could be achieved by 4.82% in 60-m
sprint test. Therefore, maximum velocity could
be attained through improved acceleration [13].
The standing long jump performance in the
athletes were significantly improved after 3
weeks of free sprinting, resisted sprinting and
plyometric training protocol. (p=0.0001*) the
result showed that the mean standing long jump
pretest score was (2.36 ± 0.38), where as after
intervention, it was significantly improved to
(2.48 ± 0.36) at the rate of -5.01% of change.

The Standing long jump also called Broad
Jump, to examine explosive leg power. The
reliability of the test is proven and interclass
reliability coefficient is r=0.99. While Standard
Error of Measurement (SEm) is 0.04m. SLJ is
easy to conduct, easy various situations, and is
inexpensive. Superior performance is said to be
related with SLJ [14].

J Res Med Dent Sci, 2020, 8 (6):269-273

Similar to our study one more study was done
on junior high school male student; which aimed
at evaluating eight week training with extra
weight on standing long jump performance. The
study provides specifics regarding unweighted
and weighted vertical jumps, arms swings, and
standing jumps. Increased peak horizontal
ground reaction force, enhanced the standing
long jump performance, and horizontal impulse
during the takeoff phase was said to be improved
following protocol. Where as in our study 3 weeks
of free and resisted sprint training along with
plyometric training was given. Measurements
of standing long jump test, embodies effect of
training protocols. The exercise group improved
by 5.01% in standing long jump performance.
Previous research specified that optimal added
weights necessary in command to surge jumping
distance. Superior peak hip and ankle velocities
are said to enhance post training standing long
jump performance [15].
CONCLUSION

Present study concluded that speed, sprint
acceleration and long jump performance was
efficiently improved in professional sprinters by
different speed training protocol.
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Abstract: Intake of dietary docosahexaenoic acid (DHA 22:6n-3) is very low among Indian
pregnant women. Maternal supplementation during pregnancy and lactation may benefit offspring
neurodevelopment. We conducted a double-blind, randomized, placebo-controlled trial to test
the effectiveness of supplementing pregnant Indian women (singleton gestation) from ≤20 weeks
through 6 months postpartum with 400 mg/d algal DHA compared to placebo on neurodevelopment
of their offspring at 12 months. Of 3379 women screened, 1131 were found eligible; 957 were
randomized. The primary outcome was infant neurodevelopment at 12 months, assessed using
the Development Assessment Scale for Indian Infants (DASII). Both groups were well balanced on
sociodemographic variables at baseline. More than 72% of women took >90% of their assigned
treatment. Twenty-five serious adverse events (SAEs), none related to the intervention, (DHA group
= 16; placebo = 9) were noted. Of 902 live births, 878 were followed up to 12 months; the DASII
was administered to 863 infants. At 12 months, the mean development quotient (DQ) scores in
the DHA and placebo groups were not statistically significant (96.6 ± 12.2 vs. 97.1 ± 13.0, p = 0.60).
Supplementing mothers through pregnancy and lactation with 400 mg/d DHA did not impact
offspring neurodevelopment at 12 months of age in this setting.
Keywords: maternal supplementation; pregnancy; lactation; docosahexaenoic acid (DHA);
neurodevelopment; randomized controlled trial (RCT); India
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1. Introduction
The first 1000 days are crucial for a child’s neurodevelopment [1]. The brain develops rapidly
through neurogenesis, axonal and dendritic growth, synaptogenesis, synaptic pruning, myelination,
and gliogenesis [2]. These events build on each other, such that even small perturbations can have
long-term effects on the brain’s structural and functional capacity [3]. Maternal nutrition during this
time influences both pre- and postnatal growth, and development of the offspring [4–6].
It has been suggested that n-3 long-chain polyunsaturated fatty acids (LCPUFA)
(especially docosahexaenoic acid [DHA]) levels enhance infant neurodevelopment [7–11]. The DHA
is an important structural component of the human brain and retina. DHA accumulates in all of the
brain regions and retinal photoreceptors [12]. These long-chain fatty acids regulate the fluidity of
cell membranes as well as the activity of ion channels, enabling synaptic transmission and providing
substrate binding to membrane receptors. The deposition of DHA in human brain phospholipids
occurs primarily during the last trimester of pregnancy such as week 30 until the early postnatal periods
continuing during the first two years of life [13–15]. Human fetuses and young infants have limited
ability to synthesize n-3 LCPUFA de novo and are supplied via maternal (placental transfer, breast milk)
or external (formula, dietary) sources [16,17]. Approximately 67 mg of DHA is accrued by the fetus
per day [18]. Deprivation of n-3 LCPUFA, whether prenatally or after birth, has deleterious effects on
learning abilities, memory, and visual grating acuity in monkeys, rats, and human infants [19,20].
DHA can be obtained from marine algae, fatty fish, and marine oils. Endogenous synthesis of DHA
is limited, especially in the presence of excess n-6 LCPUFA. The Food and Agriculture Organization
and World Health Organization (FAO/WHO) Expert Committee recommends a diet with a 5–10:1 ratio
of n-6/n-3 LCPUFA and 300 mg/day of preformed DHA during pregnancy [21,22]. Since cereal-based
diets are rich in n-6 LCPUFA but largely deficient in DHA-rich sources, population levels of plasma
DHA are low in India. Studies report [23,24] that mean DHA intake was lowest (11 mg) among Indian
pregnant women in the third trimester [25] compared to pregnant women from other developing
countries like Bangladesh, Burkina Faso, Chile, China, India, and Mexico.
Studies conducted around the world to assess the association between intakes of DHA during
pregnancy or lactation and neurodevelopmental outcomes in childhood have been inconsistent [7,26–35].
Few studies have assessed the effect of both prenatal and postnatal intake of DHA [36,37]. There is a
paucity of data on the potential benefits of maternal DHA supplementation in infants, especially in
the Indian population. The present study examines the hypothesis whether 400 mg/d maternal DHA
supplementation from ≤20 weeks through 6 months postpartum influences infant neurodevelopment
at 12 months of age. The present study DHANI (Maternal DHA supplementation and offspring
Neurodevelopment in India) is the first to examine the effects of maternal DHA supplementation from
mid-pregnancy through six months postpartum on postnatal neurodevelopment in India.
2. Materials and Methods
2.1. Study Design
DHANI was a randomized, double-blinded, placebo-controlled trial to test the effect of
providing pregnant women 400 mg/d algal DHA compared to placebo from ≤20 weeks of
singleton gestation through 6 months postpartum on offspring neurodevelopment. The trial
protocol has been published elsewhere [38]. The protocol was reviewed and approved by
institutional review boards (IRBs) of all participating institutions: Center for Chronic Disease Control
(CCDC-IEC_04_2015), Public Health Foundation of India (TRC-IEC-261/15), Jawaharlal Nehru Medical
College (MDC/IECHSR/2016-17/A-85), and All India Institute of Medical Sciences (IEC-28/17.11.2015).
2.2. Participants
Healthy pregnant women (18–35 years; ≤20 weeks single gestation; with no medical complications
or chronic diseases) attending the Department of Obstetrics and Gynecology at the Prabhakar Kore
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hospital (PKH) in a large city in southwest India for their prenatal check-ups were approached
by designated project staff. The consulting obstetrician on site, considering obstetric history and
complications, affirmed final eligibility. After signing a witnessed informed consent form in their
preferred local language (Kannada, Marathi, or Hindi), consenting women (n = 957) were randomized
to receive either 400 mg of DHA or a placebo until six months postpartum as explained later.
Baseline assessments at enrollment included sociodemographic characteristics, dietary intake, obstetric
history, anthropometric measurements, blood investigations including a non-fasting blood draw,
vital signs. The women received their first 15-day supply of supplements in the form of coded bottles.
Further supplements were provided at the women’s homes every fortnight by fieldworkers.
The next study hospital visit was at delivery (referred to as E0). A research officer stayed in
close contact with each mother after she entered her last trimester and visited the mother within
24 h of delivery to collect information on the type of delivery, complications if any, and newborn
anthropometry, and obtained a breast milk sample. We also collected and stored maternal and cord
blood samples from the enrolled mother–child dyads.
Postpartum visits for mother–child dyads at 1 month (E1), at 6 months (E6), and at 12 months (E12)
postpartum were scheduled. E1 data collection (neonatal anthropometry, maternal anthropometry,
breastfeeding pattern, breast milk sample (transported to site in ice box), overall health of both mother
and child, etc.) was carried out at home by trained fieldworkers. Infant neurodevelopment was
assessed at the hospital at E6 and E12 by trained and certified psychologists.
A pre-piloted and validated semi-quantitative food frequency questionnaire (FFQ) with n-3
LCPUFA-rich Indian foods was administered to all women at enrollment. Dietary data were also
collected in a subsample of women (n = 278) using a 24-h diet recall within 1 month of recruitment.
Nutrient intakes were calculated using DIETSOFT software (http://dietsoft.in/) based on standardized
nutritive values of Indian foods [39]. A study physician reviewed adverse events.
2.3. Randomization and Masking
A computer-generated randomization using a permuted block design was used to generate the
randomization list. The code list was generated for 1200 women to allow for potential loss to follow
up. The assignment code list was placed in a sealed envelope at the beginning of the study and was
held in a sealed location by a staff member at Gurugram, Public Health Foundation of India (PHFI).
This list was used by this person to pre-code the supplement bottles in the warehouse before the
bottles arrived on site, ready for distribution. All study participants and members of the study team
(including members at the study site) remained blinded to the treatment allocation until the analysis
of all data collected was carried out. Blinded preliminary descriptive analyses were presented to
Data Safety Monitoring Board (DSMB) and once approved, full statistical analyses were undertaken.
Unblinding occurred only after primary tables were generated.
The intervention was either 400 mg/d algal DHA or a matching placebo (soy/corn oil) delivered in
the form of similar-looking softgel capsules, donated by DSM Nutritional Supplements, Mumbai.
The composition of all capsules was same except for the DHA. Enrolled women received the intervention
from the date of randomization until six months postpartum.
The shelf life of the capsules at room temperature (25 ◦ C) was 24 months from the date of
manufacture (90 days once the bottle was opened). The coded capsule bottles were stored in an on-site
refrigerator for extra safety to slow down oxidation. Each bottle contained a fortnightly supply of
capsules. Bottles were distributed by fieldworkers during scheduled home visits. The women were
instructed to take two capsules (each with 200 mg DHA or placebo) daily, preferably at the same time
each day. They were told to keep them in a cool, dry place. Supplements were provided for more than
two weeks in cases where the woman shared plans to travel.
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2.4. Procedures
Subjects were asked to maintain a daily record in an easy-to-fill log (piloted and found suitable
for population with low literacy levels) of their supplement consumption. Weekly calls were made
to encourage compliance and inquire about the general well-being of the women. The used bottles
were collected (for pill count) by the fieldworkers during the fortnightly home visits. Red blood cell
(RBC) phospholipids were analyzed for DHA levels. The analyses of breast milk samples have not
been presented here.
2.5. Outcomes
Development quotient (DQ) as a marker of neurodevelopment, among infants at 12 months of age,
was assessed by a trained psychologist using the Developmental Assessment Scale for Indian Infants
(DASII). The DASII tool is the Indian modification of the Bayley Scales of Infant Development (BSID),
using Indian norms for 67 motor and 163 mental items. DASII provides a measure of development
for Indian infants below 30 months of age. DQ is defined as the ratio of functional to chronological
age. Third, 50th and 97th percentile norms have been generated for Indian children (DQ range of
35–160 ± 3.5). The maximum DQ score is 160. In terms of interpretation of scores, DQ score ≥85
is normal and 71–84 is mild to moderate delay. Severe developmental delay is defined on DASII
as DQ score ≤70 (≤2 SD). The inter-correlation between the motor and mental performance on the
two sections of the scale ranges from 0.24 to 0.62 [40]. The motor development items cover the child’s
development from supine to erect posture, neck control, locomotion, and manipulative behavior such
as reaching, picking up, handling things, and so forth. The mental development items record the
child’s cognizance of objects in the surroundings, perceptual pursuit of moving objects, development
of communication and language comprehension, spatial relationship and manual dexterity, imitative
behavior, social interaction, and so forth.
2.6. Biomarkers
Fatty acid composition of plasma phospholipids and red blood cell (RBC) membrane phospholipids
are appropriate biomarkers of fatty acid status and related to dietary intakes [41,42]. Since the plasma
(reflecting short-term intake) and RBC (reflecting long-term intake) fatty acid composition are related, the
markers of longer-term intake RBC phospholipid fatty acids (linoleic acid (18:2n-6); alpha-linolenic acid
(18:3n-3); arachidonic acid (20:4n-6); eicosapentanoic acid (20:5n-3); DHA (22:6n-3)) were measured.
Lipids were extracted from RBCs using the method of Rose and Ocklander [43], phospholipids were
separated by thin-layer chromatography. The phospholipids were trans-esterified using the method by
Lepage and Roy [44] and fatty acids were identified by gas chromatography with flame ionization
detector. Thirty-seven fatty acid methyl ester mix from Supelco (SIGMA-ALDRICH) was used to
identify the fatty acids using their retention time.
Maternal nonfasting blood samples (5 mL) were obtained by venipuncture at recruitment, delivery,
and six months postpartum. Neonatal blood samples were obtained from the umbilical cord vein
immediately after delivery using the syringe method. A 2 mL venous blood sample was obtained from
infants at 6 and 12 months of age. All samples were collected into tubes containing disodium ethylene
diamine tetra acetic acid (EDTA). Plasma was separated the same day by cold centrifugation (4 ◦ C) at
800× g for 10 min and RBCs were washed thrice using equal volumes of saline. Plasma and washed
RBCs were stored at −80 ◦ C for later analysis.
Breast milk samples (one day, one month, and six months postpartum) were collected. The milk
samples were from a morning feed but not the first one, preferably between 08:00 am and 12:00 pm.
Infants were allowed to suckle the nipple for a few minutes, and then a breast milk sample (10 mL)
was expressed manually by the mother herself, after which the feeding continued. The samples were
refrigerated immediately to prevent bacterial growth and later aliquoted into smaller 2 mL containers,
filled nearly to the top to minimize oxidation, and frozen at −80 ◦ C until analysis. Although the
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amount of fat may change within and between feeds, the proportion of fatty acid remains relatively
constant. Since breast milk PUFA were being expressed as a percent of total fatty acids, complete breast
expressions were not required [45]. RBC phospholipids were analyzed by gas chromatography using
standard methods.
2.7. Statistical Analysis
The primary study outcome was infant development quotient (DQ) score (composite score of
motor and mental development) obtained at 12 months of age. We required 674 mother–child pairs to
detect an effect size of 0.25 with 90% power [46].
Maternal household and offspring characteristics in the two treatment groups were summarized to
assess the effectiveness of randomization. Continuous, normally distributed variables were summarized
as means and standard deviations, while skewed variables were summarized as medians and
interquartile ranges. Categorical/binary variables were summarized using proportions. Analysis was
done using the intent to treat (ITT) principle. Per protocol analyses were also carried out including
infants who had a valid 12-month DQ score (DASII test administered at 12 months postpartum
± 4 weeks) and whose mothers’ compliance rate >80%. All protocol deviation cases were excluded
from per protocol analyses. We compared baseline characteristics between the final study sample and
those who were lost to follow-up.
For the primary outcome, we used a two-sample t test to compare the mean DQ (mental and
motor) score at 12 months between the DHA and placebo group using DASII. We performed
the subgroup analysis using a two-sample t-test for the difference in mean DQ score between
DHA and placebo group stratified by pre-specified subgroups, that is, mother’s age (18–20, 21–25,
26–30, 31–35 years), mother’s BMI (<18, 18.0–22.9, 23.0–24.9, ≥25 kg/m2 ), gravidity (multigravida,
primigravida), gestational age at delivery (<37, ≥37 weeks), duration of supplementation (≤10,
10.1–12.0, ≥12.1 months), vegetarian diet (yes, no), physical activity (inactive/low, moderate, high),
and gender of the child (male, female). The p-value for interaction was calculated by including the
interaction term between the characteristic of interest and treatment group in the linear regression model.
Heterogeneity was assessed based on the significance of the interaction term between the characteristic
of interest and treatment (p < 0.05). All the statistical analysis was done using STATA 16.0 version
(College Station, TX, USA) and R 3.6.2 version.
3. Results
Enrollment began in January 2016 and ended in August 2017. Figure 1 shows the CONSORT flow
chart. We screened 3379 women for eligibility and found 1131 to be eligible. A total of 957 mothers
were enrolled and randomized (DHA = 478; Placebo = 479). Of the 902 live births, 878 were followed to
12 months and the DASII was administered to 863 of those. Loss to follow-up (8.2% from randomization
through 12 months) and mean ± SD compliance did not differ by group (DHA: 93.0 ± 10.1; Placebo:
92.7 ± 10.7). Baseline maternal and household characteristics were similar by treatment group (Table 1).
Overall, the mean age of the mothers was 23.9 (3.6) years, the mean BMI of the participating women
was 20.6 ± 3.6 kg/m2 , and the mean hemoglobin was 11.1 ± 1.3 gm/L. Based on the semiquantitative
FFQ administered at baseline, the dietary intake of n-3-rich foods was similar across the two groups.
Additionally, there was no significant difference in the baseline characteristics between those who
completed the study and those who did not complete the study (Table S1).

MUAC, (cm), mean ± SD
Biochemical measures
Hb (gm%), mean ± SD
DHA (mol % of fatty acid) *-, mean ± SD

24·3 ± 3·0

24·3 ± 3·1

11·1 ± 1·3
0.86 ± 0.78

11·2 ± 1·3
0.88 ± 0.71

BMI: Body mass index; MUAC: Mid upper arm circumference; Hb: Hemoglobin; DHA:
Docosahexaenoic
acid; *- N = 258 (DHA); N = 224 (Placebo). Data are presented as mean ± standard 6 of 15
Nutrients
2020, 12, 3041
deviation or median (p25, p75) or number (%).

Figure 1.1. Consort.
Consort. ## Reasons
Figure
Reasonsfor
for exclusion:
exclusion:gestational
gestationaldiabetes
diabetes(n(n= =69);
69);Hb
Hb< <7 7gm%
gm%(n(n= =46);
46);
gestational
age
>20
weeks
(n
=
673);
high-risk
pregnancies
(n
=
118);
chronic
conditions
(n
=
246);
under
gestational age >20 weeks (n = 673); high-risk pregnancies (n = 118); chronic conditions (n = 246);
under any other trial (n = 4); delivery plan other than PK (n = 835); missing/wrong contact information
(n = 257). * Others included: abortion (n = 1); abruptio placenta (n = 1); fresh stillbirth (n = 4);
macerated stillbirth (n = 3); neonatal death (n = 2); maternal death (n = 1); congenital anomalies (n = 1);
infant death (n = 2) in DHA group. ** Others included: fresh stillbirth (n = 4); macerated stillbirth
(n = 2); medical termination (n = 1) in Placebo group.
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Table 1. Baseline Characteristics.

Maternal age (years), mean ± SD
Gestational age at enrollment (weeks),
median (p25, p75)
Primigravida, n (%)
Education, n (%)
College graduated and above
High school/secondary
Employed, n (%)
Household income (>Rs 20,000), n (%)
Dietary habits—vegetarian, n (%)
Consuming fish/seafood, n (%)
Anthropometric measurements
Height (cm), mean ± SD
Weight (kg), mean ± SD
BMI (kg/m2 ), mean ± SD
MUAC, (cm), mean ± SD
Biochemical measures
Hb (gm%), mean ± SD
DHA (mol % of fatty acid) *-, mean ± SD

DHA (N = 478)

Placebo (N = 479)

23.5 ± 3.5

23.6 ± 3.7

15.0 (12, 18)

15.0 (12, 18)

180 (37.7%)

206 (43.0%)

88 (18.4%)
371 (77.6%)
119 (25.0%)
65 (13.6%)
73 (15.3%)
258 (53.9%)

82 (17.1%)
386 (80.6%)
104 (22.0%)
47 (9.8%)
87 (18.2%)
202 (57.8%)

154.1 ± 5.6
48.9 ± 9.0
20.5 ± 3.5
24.3 ± 3.0

153.9 ± 5.7
48.9 ± 8.5
20.7 ± 3.6
24.3 ± 3.1

11.1 ± 1.3
0.86 ± 0.78

11.2 ± 1.3
0.88 ± 0.71

BMI: Body mass index; MUAC: Mid upper arm circumference; Hb: Hemoglobin; DHA: Docosahexaenoic acid;
*- N = 258 (DHA); N = 224 (Placebo). Data are presented as mean ± standard deviation or median (p25, p75) or
number (%).

The proportion of live births was similar across both the groups (DHA vs. Placebo: 94.1% vs.
94.3%) (Table 2). Initiation of breastfeeding in 1 h did not differ across groups (DHA vs. Placebo: 79.9%
vs. 81.7%) (Table 3).
Table 2. Offspring characteristics at delivery.
At Delivery
Live births, n (%)
Gestational age at the time of delivery (weeks),
median (p25, p 75)
Delivery place—study center, n (%)
Delivery conducted by doctor, n (%)
Spontaneous labor, n (%)
Caesarean, n (%)
Male child, n (%)

DHA
N = 450

Placebo
N = 452

450 (94.1%)

452 (94.3%)

39.0 (38.0, 40.0)

39.0 (38.0, 40.0)

372 (84.7%)
416 (94.5%)
410 (93.2%)
154 (35.0%)
234 (52.0%)

375 (85.2%)
423 (96.1%)
407 (92.5%)
175 (39.8%)
243 (54.0%)

Data are presented as median (p25, p75) or number (%); denominator for live births DHA (N = 478); Placebo
(N = 479).

Table 3. Feeding practices.

Initiation of breastfeeding in 1 h, n (%)
Exclusively breastfed until 6 months, n (%)
Age at which complementary feeding
initiated (months) *, mean ± SD

DHA n/N (%)

Placebo
n/N (%)

346/433 (79.9%)
236/426 (55.4%)

357/437 (81.7%)
237/421 (56.3%)

5.4 ± 0.67

5.3 ± 0.83

Data are presented as number (%); * DHA (N = 166); Placebo (N = 156).

The age at which complementary feeding started was similar across groups (DHA vs. Placebo,
mean ± SD: 5.4 ± 0.67 vs. 5.3 ± 0.83 months) (Table 3).
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The maternal RBC DHA concentrations (mol % of fatty acid) (mean ± SD) were not different
between the groups at baseline (DHA; 0.86 ± 0.78, Placebo: 0.88 ± 0.71) but significantly higher in the
DHA group compared to placebo group at delivery (DHA: 1.94 ± 1.42, Placebo: 0.84 ± 0.56; p < 0.001)
(Table 4).
Table 4. Mean DHA (mol % of fatty acid) levels in RBC phospholipids.
DHA

Placebo

Mean Difference * [95% CI]

p-Value

DHA at baseline

N = 258
0.86 ± 0.78,
0.56 (0.32, 1.21)

N = 224
0.88 ± 0.71,
0.55 (0.37, 1.28)

0.02 [0.11,0.15]

0.77

DHA at the time of
delivery

N = 271
2.03 ± 1.75,
1.41 (0.61, 2.99)

N = 242
1.12 ± 0.86,
0.83 (0.42, 1.72)

−0.91 [−1.16, 0.67]

<0.001

DHA in cord blood

N = 265
2.61 ± 1.45,
2.64 (1.38, 3.81)

N = 232
1.83 ± 0.90,
1.76 (1.16, 2.48)

−0.77 [−0.99, 0.56]

<0.001

DHA in infant blood
at 6 months

N = 263
1.94 ± 1.42,
1.65 (0.64, 3.08)

N = 240
0.84 ± 0.56,
0.77 (0.43, 1.12)

−1.09 [−1.29, −0.9]

<0.001

DHA in infant blood
at 12 months

N = 227
1.71 ± 1.18,
1.50 (0.60, 2.64)

N = 204
1.27 ± 0.93,
1.03 (0.43, 1.89)

−0.44 [−0.64, −0.24]

<0.001

Data are presented as mean ± standard deviation, median (p25, p75); DHA: Docosahexaenoic acid; p-value calculated
using unpaired t-test; * difference = Placebo minus DHA.

In the placebo group, there was no change in RBC DHA concentrations over the period of
intervention while in the DHA group, concentrations increased by 1.04 (0.86, 1.23) mol % of fatty acid,
paired t-test, p < 0.001.
The DQ score (mean ± SD) at 12 months for the DHA and placebo groups was 96.6 ± 12.2 and
97.1 ± 13.0, respectively, and the mean difference (placebo minus DHA) was 0.46 (95% CI: −1.23, 2.14;
p = 0.60). The motor and mental scores also did not differ significantly across the groups at 12 months
(Table 5). There were 25 serious adverse events, all determined to be unrelated to intervention
(DHA group = 16; placebo = 9; p = 0.154) (Table S2). The last 12-month assessment (including DASII)
was conducted in early April 2019.
Table 5. DQ score and components of DQ (motor and mental scores) at 12th month.
At 12th Month
DQ score
Motor score
Mental score

DHA
(n = 433)

Placebo
(N = 430)

Difference * [95% CI]

p-Value

96.6 ± 12.1
47.6 ± 3.7
106.0 ± 7.0

97.1 ± 13.0
47.6 ± 3.7
106.7 ± 7.6

0.46 [−1.23,2.14]
0.03 [−0.47,0.52]
0.63 [−0.35,1.61]

0.60
0.92
0.21

Data are presented as mean ± standard deviation and [95% CI]; unadjusted model: t-test for difference between
mean values at 12 months; DQ: development quotient. * Placebo minus DHA.

The per protocol analysis also showed no difference in 12-month DQ scores between the two groups
(Table S3). The mean infant DQ, mental and motor scores at six months did not differ significantly
across groups (secondary outcomes not shown in this paper). The mean DQ score did not differ
significantly across mother’s age group, BMI, gravida, gestation age at delivery, compliance rate,
duration of supplementation, physical activity (Figure 2).

The per protocol analysis also showed no difference in 12-month DQ scores between the two
groups (Table S3). The mean infant DQ, mental and motor scores at six months did not differ
significantly across groups (secondary outcomes not shown in this paper). The mean DQ score did
not differ significantly across mother’s age group, BMI, gravida, gestation age at delivery, compliance
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rate, duration of supplementation, physical activity (Figure 2).

Figure 2.2.Subgroup
Subgroup
analysis.
Difference:
Placebo
DHA; Difference
mean
score
Figure
analysis.
Difference:
Placebo
minusminus
DHA; Difference
in meanin
DQ
scoreDQ
between
between
DHA
and
placebo
group
at
12
months
was
calculated
using
two-sample
t-test
for
each
DHA and placebo group at 12 months was calculated using two-sample t-test for each subgroup;
psubgroup; p-value for interaction calculated using linear regression model including interaction term
for characteristic of interest and treatment group.

However, the mean DQ score for female child was higher in placebo as compared to DHA
[mean difference (placebo− DHA) (95% CI): 2.74 (0.40, 5.09)]. The p-value for interaction was significant
for gender of the child (p = 0.013). The pre- and postnatal maternal supplementation with 400 mg/d
DHA did not improve the infant’s DQ score as measured by DASII at 12 months of age.
4. Discussion
In this well designed and executed RCT (CONSORT checklist enclosed as Table S4), pre- and
postnatal maternal supplementation with 400 mg/d DHA did not improve the infant’s development
score as measured by DASII at 12 months of age. Our findings are in accordance with some other
trials [46–49]. The reviews published so far in this field to understand the association between maternal
DHA supplementation and infant neurodevelopment have also reported the evidence of a positive
association between maternal DHA supplementation and infant neurodevelopment to be either
too low or inconsistent, with a majority of the RCTs showing no positive effect [36]. Makrides et al.
provided 800 mg/d and [50] showed no difference in children’s cognitive scores between the intervention
and control group at 18 months. Similarly, Helland et al. [49] found no effect of prenatal supplementation
with cod liver oil on cognitive development among 288 three-month-old children in Norway. On the
other hand, the randomized trial of Colombo et al. [51] found that lower doses of DHA supplementation
of the infants (4 to 9 months of age) showed better cognitive outcomes in terms of their attention
span. Studies have reported maternal DHA status in pregnancy to be positively associated with
infant’s brain volume at 1 month [52], improved infant’s attention [53], and enhanced problem-solving
skills at 12 months [54]. Rees et al. [26] showed that the infants of mothers who had a higher dietary
DHA intake during the second and third trimesters of their pregnancy performed better on cognitive
assessment measures (habituation and sustained visual attention) at 4.5 and 9 months of age. However,
it was also observed that the infants from the medium dietary DHA group [0.64% of fatty acids from
DHA (34 mg/100 kcal)] performed significantly better than the low-DHA [0.32% (17 mg/100 kcal)]
and high-DHA group [0.96% (51 mg/100 kcal)], with the latter showing the worst performance [26,51].
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Additionally, some studies have reported improved cognition among older children whose mothers
were supplemented with 400–600 mg/d DHA prenatally, after they turned four years old [27,30,35].
The neurodevelopment in the current study was assessed with the help of the DASII test
which is BSID’s adaptation. Although BSID is a global standardized test for assessing cognitive
functioning and has been frequently utilized in neurodevelopment effects of LCPUFA in infants [55],
its sensitivity to pick up some subtle differences in infant cognitive ability has been questioned [56].
Experts suggest that differences in intellectual functioning that are sensitive to pathways influenced
by n-3 fatty acids may only be detected with more sensitive measures of neurodevelopment such as
neuroimaging techniques [57], neuropsychological testing [58], distinct cognitive abilities, or executive
functioning [59]. The suitability of these approaches for large field-based trials in low resource settings
warrants further exploration.
Few possible limitations of our single-center trial may include lack of details on home environment
and detailed dietary data on the children which may have influenced the neurodevelopment in the
first year of life. The measure of neurodevelopment used in the study (i.e., the DQ score) has not been
validated against the functional magnetic resonance imaging (fMRI) which is currently considered the
gold standard noninvasive hemodynamic-based neuroimaging technology. The fatty acid composition
of the blood and breast milk collected from the enrolled women are not currently available. We also
did not estimate dietary n-3 LCPUFA intakes in all the study subjects; however, the biomarker
(RBC phospholipid DHA) is very responsive to intake and was measured at both enrollment and
immediately after birth as an indicator of prior status and study DHA intake. Further, other fatty
acids like AA and DHA:AA ratios may play a key role in neurodevelopment [60]. To the best of our
knowledge, our study is the first one to examine the effects of in utero and early-life DHA exposure
(through maternal supplementation from mid-pregnancy through six months postpartum) on postnatal
neurodevelopment of Indian infants. Through a long supplementation phase and follow-up period,
the participants of our trial reported good compliance and very low attrition. Genetic predisposition,
prenatal and postnatal care and nutrition, and social and physical environment may all be critical in
shaping the neurodevelopment of an infant. We collected maternal dietary data at baseline but not at
later visits. Changes throughout the pregnancy with respect to not only n-3 LCPUFA but also other
nutrients such as vitamin D or iron [61,62] may affect offspring neurodevelopment.
While DHA is a key intrinsic factor constituting more than 40% of brain polyunsaturated fatty
acids [63,64], external factors like care and stimulation in the home environment also play a significant
role in a child’s cognitive development [65,66]. Poor physical conditions of home and limited access
to age-appropriate learning materials have been linked with social–emotional problems in children.
Ramakrishnan et al. [46] indicated a possible attenuating effect of DHA on the positive association
between home environment and psychomotor development. DHA may be especially helpful for
children living in home environments characterized by reduced caregiver interactions and opportunities
for early childhood stimulation [67]. It might have been useful to have these data in the present study.
Further, the mean DQ score of girl children in the placebo group was higher. This inconsistency may
be due to chance. Some studies also attribute gender-related differences in neurodevelopment to sex
hormones [68] and/or social context [69], but since these were not assessed in our trial, we cannot be
certain of this.
In summary, supplementing mothers through pregnancy and lactation with 400 mg/d
DHA (vs. placebo) did not benefit offspring neurodevelopment at one year of age in this
Indian setting. Deeper insights into maternal dietary patterns, young child feeding practices,
home environment, and the interactions amongst these factors are warranted to understand what
shapes early neurodevelopment.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/10/3041/s1,
Table S1: Comparison of baseline characteristics of those who completed the study and those who did not,
Table S2: Listing of serious adverse events by group, Table S3: Primary outcome (per protocol analysis), Table S4:
CONSORT checklist.
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Zakładu Higieny 2018, 69, 381–386. [CrossRef]
Kris-Etherton, P.M.; Grieger, J.A.; Etherton, T.D. Dietary reference intakes for DHA and EPA.
Prostaglandins Leukot. Essent. Fat. Acids 2009, 81, 99–104. [CrossRef]
Huffman, S.L.; Harika, R.K.; Eilander, A.; Osendarp, S.J. Essential fats: How do they affect growth and
development of infants and young children in developing countries? A literature review. Matern. Child Nutr.
2011, 7 (Suppl. 3), 44–65. [CrossRef]
Shrimpton, R.; Huffman, S.L.; Zehner, E.R.; Darnton-Hill, I.; Dalmiya, N. Multiple Micronutrient
Supplementation during Pregnancy in Developing-Country Settings: Policy and Program Implications of
the Results of a Meta-Analysis. Food Nutr. Bull. 2009, 30 (Suppl. 4), S556–S573. [CrossRef]
Muthayya, S.; Dwarkanath, P.; Thomas, T.; Ramprakash, S.; Mehra, R.; Mhaskar, A.; Mhaskar, R.; Thomas, A.;
Bhat, S.; Vaz, M.; et al. The effect of fish and ω-3 LCPUFA intake on low birth weight in Indian pregnant
women. Eur. J. Clin. Nutr. 2009, 63, 340–346. [CrossRef]
Rees, A.; Sirois, S.; Wearden, A. Prenatal maternal docosahexaenoic acid intake and infant information
processing at 4.5mo and 9mo: A longitudinal study. PLoS ONE 2019, 14, e0210984. [CrossRef]
Colombo, J.; Shaddy, D.J.; Gustafson, K.M.; Gajewski, B.J.; Thodosoff, J.M.; Kerling, E.H.; Carlson, S.E.
The Kansas University DHA Outcomes Study (KUDOS) clinical trial: Long-term behavioral follow-up of the
effects of prenatal DHA supplementation. Am. J. Clin. Nutr. 2019, 109, 1380–1392. [CrossRef]
Argaw, A.; Huybregts, L.; Wondafrash, M.; Kolsteren, P.; Belachew, T.; Worku, B.N.; Abessa, T.G.;
Bouckaert, K.P. Neither n-3 Long-Chain PUFA Supplementation of Mothers through Lactation nor of
Offspring in a Complementary Food Affects Child. Overall or Social-Emotional Development: A 2 × 2
Factorial Randomized Controlled Trial in Rural Ethiopia. J. Nutr. 2019, 149, 505–512. [CrossRef]
Gould, J.F.; Yelland, L.N.; Smithers, L.G.; Makrides, M.; Treyvaud, K.; Anderson, V.; McPhee, A. Seven-Year
Follow-up of Children Born to Women in a Randomized Trial of Prenatal DHA Supplementation. JAMA
2017, 317, 1173–1175. [CrossRef]
Ramakrishnan, U.; Gonzalez-Casanova, I.; Schnaas, L.; DiGirolamo, A.; Quezada, A.D.; Pallo, B.C.; Hao, W.;
Neufeld, L.M.; Rivera, J.A.; Stein, A.D.; et al. Prenatal supplementation with DHA improves attention at 5 y
of age: A randomized controlled trial. Am. J. Clin. Nutr. 2016, 104, 1075–1082. [CrossRef]

Nutrients 2020, 12, 3041

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41.

42.

43.
44.
45.
46.

47.

48.

13 of 15

Makrides, M.; Gould, J.F.; Gawlik, N.R.; Yelland, L.N.; Smithers, L.G.; Anderson, P.J.; Gibson, R.A.
Four-Year Follow-up of Children Born to Women in a Randomized Trial of Prenatal DHA Supplementation.
JAMA 2014, 311, 1802–1804. [CrossRef]
Carlson, S.E.; Colombo, J.; Gajewski, B.J.; Gustafson, K.M.; Mundy, D.; Yeast, J.; Georgieff, M.K.; Markley, L.A.;
Kerling, E.H.; Shaddy, D.J. DHA supplementation and pregnancy outcomes. Am. J. Clin. Nutr. 2013, 97,
808–815. [CrossRef]
Escolano-Margarit, M.V.; Ramos, R.; Beyer, J.; Csábi, G.; Parrilla-Roure, M.; Cruz, F.; Pérez-García, M.;
Hadders-Algra, M.; Gil, Á; Decsi, T.; et al. Prenatal DHA Status and Neurological Outcome in Children at
Age 5.5 Years Are Positively Associated. J. Nutr. 2011, 141, 1216–1223. [CrossRef]
Ramakrishnan, U.; Stein, A.D.; Parra-Cabrera, S.; Wang, M.; Imhoff-Kunsch, B.; Juárez-Márquez, S.; Rivera, J.;
Martorell, R. Effects of Docosahexaenoic Acid Supplementation During Pregnancy on Gestational Age and
Size at Birth: Randomized, Double-Blind, Placebo-Controlled Trial in Mexico. Food Nutr. Bull. 2010, 31,
S108–S116. [CrossRef]
Gustafson, K.M.; Liao, K.; Mathis, N.B.; Shaddy, D.J.; Kerling, E.H.; Christifano, D.N.; Colombo, J.; Carlson, S.E.
Prenatal docosahexaenoic acid supplementation has long-term effects on childhood behavioral and brain
responses during performance on an inhibitory task. Nutr. Neurosci. 2020, 1–11. [CrossRef]
Newberry, S.J.; Chung, M.; Booth, M.; Maglione, M.A.; Tang, A.M.; O’Hanlon, C.E.; Wang, D.D.; Okunogbe, A.;
Huang, C.; Motala, A.; et al. Omega-3 Fatty Acids and Maternal and Child Health: An Updated Systematic
Review. Évid. Rep. Assess. 2016, 2016, 1–826. [CrossRef]
Bergmann, R.L.; Haschke-Becher, E.; Klassen-Wigger, P.; Bergmann, K.E.; Richter, R.; Dudenhausen, J.W.;
Grathwohl, D.; Haschke, F. Supplementation with 200 mg/day docosahexaenoic acid from mid-pregnancy
through lactation improves the docosahexaenoic acid status of mothers with a habitually low fish intake and
of their infants. Ann. Nutr. Metab. 2008, 52, 157–166. [CrossRef]
Khandelwal, S.; Swamy, M.K.; Patil, K.; Kondal, D.; Chaudhry, M.; Gupta, R.; Divan, G.; Kamate, M.;
Ramakrishnan, L.; Bellad, M.B.; et al. The impact of DocosaHexaenoic Acid supplementation during
pregnancy and lactation on Neurodevelopment of the offspring in India (DHANI): Trial protocol. BMC
Pediatr. 2018, 18, 261. [CrossRef]
Longvah, T.; Bhaskarachary, K.; Venkaiah, K.; Longvah, T.; Anantan, I. Indian food Composition Tables;
¯
¯
National Institute of Nutrition: Telangana, India, 2017.
Patni, B. Developmental Assessment Scales for Indian Infants (DASII). Ind. J. Prac. Pediatr. 2012, 14, 409–412.
Ferreri, C.; Masi, A.; Sansone, A.; Giacometti, G.; LaRocca, A.V.; Menounou, G.; Scanferlato, R.; Tortorella, S.;
Rota, D.; Conti, M.; et al. Fatty Acids in Membranes as Homeostatic, Metabolic and Nutritional Biomarkers:
Recent Advancements in Analytics and Diagnostics. Diagnostics 2016, 7, 1. [CrossRef]
Matthan, N.R.; Ooi, E.M.; Van Horn, L.; Neuhouser, M.L.; Woodman, R.; Lichtenstein, A.H.
Plasma Phospholipid Fatty Acid Biomarkers of Dietary Fat Quality and Endogenous Metabolism Predict
Coronary Heart Disease Risk: A Nested Case-Control Study Within the Women’s Health Initiative
Observational Study. J. Am. Hear. Assoc. 2014, 3, e000764. [CrossRef]
Rose, H.G.; Oklander, M. Improved Procedure for The Extraction of Lipids from Human Erythrocytes.
J. Lipid Res. 1965, 6, 428–431.
Lepage, G.; Roy, C.C. Direct transesterification of all classes of lipids in a one-step reaction. J. Lipid Res. 1986,
27, 114–120.
Finley, D.A.; Lönnerdal, B.; Dewey, K.G.; E Grivetti, L. Breast milk composition: Fat content and fatty acid
composition in vegetarians and non-vegetarians. Am. J. Clin. Nutr. 1985, 41, 787–800. [CrossRef]
Ramakrishnan, U.; Stinger, A.; DiGirolamo, A.M.; Martorell, R.; Neufeld, L.M.; Rivera, J.A.; Schnaas, L.;
Stein, A.D.; Wang, M. Prenatal Docosahexaenoic Acid Supplementation and Offspring Development at
18 Months: Randomized Controlled Trial. PLoS ONE 2015, 10, e0120065. [CrossRef]
Van Der Merwe, L.F.; Moore, S.E.; Fulford, A.J.; Halliday, K.E.; Drammeh, S.; Young, S.; Prentice, A.M.
Long-chain PUFA supplementation in rural African infants: A randomized controlled trial of effects on gut
integrity, growth, and cognitive development. Am. J. Clin. Nutr. 2013, 97, 45–57. [CrossRef]
Van Goor, S.A.; Dijck-Brouwer, D.J.; Erwich, J.J.H.; Schaafsma, A.; Hadders-Algra, M. The influence of
supplemental docosahexaenoic and arachidonic acids during pregnancy and lactation on neurodevelopment
at eighteen months. Prostaglandins Leukot. Essent. Fat. Acids 2011, 84, 139–146. [CrossRef]

Nutrients 2020, 12, 3041

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.
60.

61.

62.

63.
64.
65.
66.

67.

14 of 15

Helland, I.B.; Smith, L.; Sareem, K.; Saugstad, O.D.; Drevon, C.A. Maternal supplementation with
very-long-chain n-3 fatty acids during pregnancy and lactation augments children’s IQ at 4 years of
age. Pediatrics 2003, 111, e39–e44.
Makrides, M.; Gibson, R.; McPhee, A.J.; Yelland, L.; Quinlivan, J.; Ryan, P. Effect of DHA Supplementation
During Pregnancy on Maternal Depression and Neurodevelopment of Young Children. JAMA 2010, 304,
1675–1683. [CrossRef]
Colombo, J.; Carlson, S.E.; Cheatham, C.L.; Gustafson, K.M.; Kepler, A.; Doty, T. Long-chain polyunsaturated
fatty acid supplementation in infancy reduces heart rate and positively affects distribution of attention.
Pediatr. Res. 2011, 70, 406–410. [CrossRef]
Morton, S.U.; Vyas, R.; Gagoski, B.; Vu, C.; Litt, J.; Larsen, R.J.; Kuchan, M.J.; Lasekan, J.B.; Sutton, B.P.;
Grant, P.E.; et al. Maternal Dietary Intake of Omega-3 Fatty Acids Correlates Positively with Regional Brain
Volumes in 1-Month-Old Term Infants. Cereb. Cortex 2020, 30, 2057–2069. [CrossRef] [PubMed]
Colombo, J.; Gustafson, K.M.; Gajewski, B.J.; Shaddy, D.J.; Kerling, E.H.; Thodosoff, J.M.; Doty, T.; Brez, C.C.;
Carlson, S.E. Prenatal DHA supplementation and infant attention. Pediatr. Res. 2016, 80, 656–662.
[CrossRef] [PubMed]
Braarud, H.C.; Markhus, M.W.; Skotheim, S.; Stormark, K.M.; Frøyland, L.; Graff, I.E.; Kjellevold, M.
Maternal DHA Status during Pregnancy Has a Positive Impact on Infant Problem Solving: A Norwegian
Prospective Observation Study. Nutrients 2018, 10, 529. [CrossRef]
Gould, J.F.; Smithers, L.G.; Makrides, M. The effect of maternal omega-3 (n-3) LCPUFA supplementation
during pregnancy on early childhood cognitive and visual development: A systematic review and
meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 2013, 97, 531–544. [CrossRef] [PubMed]
Colombo, J.; Carlson, S.E. Is the measure the message: The BSID and nutritional interventions. Pediatrics
2012, 129, 1166–1167. [CrossRef] [PubMed]
Jensen, C.L.; Voigt, R.G.; Llorente, A.M.; Peters, S.U.; Prager, T.C.; Zou, Y.L.; Rozelle, J.C.; Turcich, M.R.;
Fraley, J.K.; Anderson, R.E.; et al. Effects of Early Maternal Docosahexaenoic Acid Intake on
Neuropsychological Status and Visual Acuity at Five Years of Age of Breast-Fed Term Infants. J. Pediatr. 2010,
157, 900–905. [CrossRef]
Bradshaw, J.L. Developmental Disorders of the Frontostriatal System: Neuropsychological, Neuropsychiatric
and Evolutionary Perspectives. Developmental Disorders of the Frontostriatal System: Neuropsychological,
Neuropsychiatric and Evolutionary Perspectives; Psychology Press: New York, NY, USA, 2001.
Cheatham, C.L.; Colombo, J.; Carlson, S.E. N-3 fatty acids and cognitive and visual acuity development:
Methodologic and conceptual considerations. Am. J. Clin. Nutr. 2006, 83, 1458S–1466S. [CrossRef]
Klevebro, S.; Juul, S.E.; Wood, T.R. A More Comprehensive Approach to the Neuroprotective Potential of
Long-Chain Polyunsaturated Fatty Acids in Preterm Infants Is Needed—Should We Consider Maternal Diet
and the n-6:n-3 Fatty Acid Ratio? Front. Pediatr. 2020, 7. [CrossRef]
Santos, D.C.C.; Angulo-Barroso, R.; Li, M.; Bian, Y.; Sturza, J.; Richards, B.; Lozoff, B. Timing, duration,
and severity of iron deficiency in early development and motor outcomes at 9 months. Eur. J. Clin. Nutr.
2018, 72, 332–341. [CrossRef]
Morse, N.L. Benefits of Docosahexaenoic Acid, Folic Acid, Vitamin D and Iodine on Foetal and Infant Brain
Development and Function Following Maternal Supplementation during Pregnancy and Lactation. Nutrents
2012, 4, 799–840. [CrossRef]
Singh, M. Essential fatty acids, DHA and human brain. Indian J. Pediatr. 2005, 72, 239–242. [CrossRef]
[PubMed]
Dyall, S.C. Long-chain omega-3 fatty acids and the brain: A review of the independent and shared effects of
EPA, DPA and DHA. Front. Aging Neurosci. 2015, 7, 52. [CrossRef] [PubMed]
Ferguson, K.T.; Cassells, R.C.; MacAllister, J.W.; Evans, G.W. The physical environment and child development:
An international review. Int. J. Psychol. 2013, 48, 437–468. [CrossRef] [PubMed]
Susane, A.A.; Santos, D.N.; Bastos, A.C.; Pedromonico, M.R.M.; de Almeida-Filho, N.; Barreto, M.L.
Family environment and child’s cognitive development: An epidemiological approach. Rev. Saude Publica
2005, 39, 1–6.
Nguyen, P.H.; DiGirolamo, A.M.; Young, M.; Kim, N.; Nguyen, S.; Martorell, R.; Ramakrishnan, U.;
Gonzalez-Casanova, I. Influences of early child nutritional status and home learning environment on child
development in Vietnam. Matern. Child Nutr. 2018, 14, e12468. [CrossRef]

Nutrients 2020, 12, 3041

68.
69.

15 of 15

Pinares-Garcia, P.; Stratikopoulos, M.; Zagato, A.; Loke, H.; Lee, J. Sex: A Significant Risk Factor for
Neurodevelopmental and Neurodegenerative Disorders. Brain Sci. 2018, 8, 154. [CrossRef]
Lemmers-Jansen, I.L.J.; Krabbendam, L.; Veltman, D.J.; Fett, A.-K.J. Boys vs. girls: Gender differences in
the neural development of trust and reciprocity depend on social context. Dev. Cogn. Neurosci. 2017, 25,
235–245. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

Original Article

Integrating an Adapted, Low-Intensity Program to Promote
Early Childhood Development in Routine Health Visits in Rural
India: A Feasibility Study
Reshma Shah, MD,* Erika Gustafson, MA,† Sangappa Dhaded, MD,‡ Veena Herekar, MD,‡
Deepa Metgud, PhD,‡ Spoorthi Mastiholi, MD,‡ Hajwa Kim, MS,§ Shivaprasad Goudar, MD,‡
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ABSTRACT: Objective: More than 200 million children younger than the age of 5 years fail to reach their full
developmental potential in low- and middle-income countries (LMICs). The purpose of this study was to describe
the feasibility of integrating a brief program to promote early childhood development within a health care setting
serving a predominantly rural population in India. Methods: We conducted a prospective, noncomparative,
mixed-methods study. An adapted parent-directed program was administered to caregivers of 2- to 6-month-old
children while waiting for their health care provider. Caregivers completed baseline and 4-week follow-up
surveys. Thematic analyses and generalized equation estimates were used for analyses in the following feasibility indicators: acceptability, demand, implementation and practicality, and limited efficacy testing. Results:
Forty-seven caregivers were recruited; most were women (98%) and had equal to or less than 12 years of
schooling (61%). Forty-six of 47 participants completed the follow-up at 1 month. Three administrators were
trained to deliver the program over the course of 2 days. Caregivers perceived a need for the program and found
the content and structure of the program useful. However, there were important suggestions for improvement,
including greater visual content and dissemination to nonparental caregivers and fathers. Significant increases
were seen on self-reported parenting behaviors regarding a child’s caregiving environment. Conclusion: Our
findings support the feasibility of integrating an adapted, low-intensity program in a primary care setting in India,
but important adaptations and considerations will need to be addressed before effectiveness testing on a wider
scale. We discussed implications for offering sustainable population-level interventions to promote early
childhood development in LMICs.
(J Dev Behav Pediatr 00:1–8, 2019) Index terms: early childhood development, LMICs, parenting, primary care, sit down and play.

M

ore than 250 million children younger than the age
of 5 years living in low- and middle-income countries
(LMICs) are at risk of not reaching their full developmental potential because of the negative impacts of
poverty and stunting.1 Poverty can profoundly affect
a child’s life course trajectory through its effects on
a child’s early everyday experiences and social environ-
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ment during the first 3 years of life.2 Because of its importance for healthy brain development, this period of
time offers an important window of opportunity and
vulnerability for a child. For children living in poverty and
who are exposed to increased levels of chronic stress, it
can be a period of extreme vulnerability, resulting in
a cascade of physiologic and epigenetic disruptions that
affect brain structure, function, and developmental outcomes.3 Because early child development is predictive of
long-term educational, economic, and health outcomes,
the correction of these early delays has become an international priority, with organizations such as the World
Health Organization (WHO), United Nations Children’s
Emergency Fund (UNICEF), and American Academy of
Pediatrics insisting countries address not only child survival but child development as well.4
Importantly, an abundance of multidisciplinary research demonstrates that the quality of caregiving a child
receives during these early important years of brain development can either exacerbate or mitigate the negative
effects of poverty on development.5 Specifically, studies
indicate that a cognitively enriched home with nurturing
caregiving can promote healthy development even in
www.jdbp.org | 1
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adverse conditions.6 Thus, programs that augment caregiving offer a prime opportunity for lessening the negative
developmental effects of poverty. Given the important
role of caregiving, it is necessary to consider policy-level
factors that can support families in their caregiving, including strengthening maternal well-being, assuring equitable pay, improving food provision and security, and
ensuring safe and secure governance.7
The health care setting is another important modality
that can be used to help promote and support key parenting behaviors specifically through its integration with
early childhood development programs. The health care
setting has a number of advantages, including being
nonstigmatizing, having an established location and infrastructure, and accessibility to a large population of
families. Leveraging these advantages may address some
challenges traditionally faced by home visiting and
center-based parenting programs internationally, which,
although they can be very successful, can also be costly
and have limited reach.8 Indeed, in the United States,
primary care-based parenting programs have been
shown to improve participation in cognitively stimulating activities and promote responsive interactions.9–11
There are also examples of pioneering interventions
that have used the health care setting to strengthen parenting behaviors in LMICs, many with positive impacts.
For example, in a clinic-based program in the Caribbean,
parenting groups, digital versatile disks (DVDs), community health workers, and nurse visits were used in combination to promote parenting knowledge and early child
developmental outcomes.12 The Care for Child Development, an early childhood intervention developed by
WHO and UNICEF, used pediatricians to promote positive
parent-child interactions during sick visit appointments in
Turkey and demonstrated positive impacts on the amount
of cognitive stimulation a child received in the home 1
month after receiving the intervention.13 Recognizing the
promise of the health care setting to promote key parenting behaviors that support early childhood development, international public health agencies have
called for strategies to expand access and further integrate
development promoting programs into this setting.14

Present Study
As a formative step toward an accessible and effective
program to promote early childhood development in
settings beyond the United States and in LMICs, we
sought to build on these pioneering programs and evaluate the feasibility and acceptability of integrating Sit
Down and Play (SDP) in Karnataka, India. SDP is a brief
evidence-informed primary care-based program that aims
to leverage the health care setting to enhance a child’s
early social and learning experiences.15 This mixedmethods study was suggested by the framework of
Bowen et al.16 for feasibility studies and is structured
around its following core elements: implementation and
practicality, acceptability, limited efficacy, and demand.
As described in Table 1, these key elements were oper2 Pediatric Development and Health Care in LMICs

ationalized to inform future implementation strategies
for population-level early childhood development programs, with a specific focus on clinics serving lowincome communities, for use in LMICs.

METHODS
Study Design
A prospective, noncomparative, mixed-methods study
was conducted. This study design was chosen based on
published guidelines to establish feasibility, evaluate acceptability, and gather preliminary data for future
implementation before larger-scale, more costly
studies.16,17

Study Setting
This study took place from September 2017 to November 2017 in a hospital-based primary care clinic
serving families with low income from rural villages in
the state of Karnataka in India. Karnataka is located on
the southwest coast of India and has 61 million residents,
of whom 20% live in poverty, with a disproportionately
higher number of those affected by poverty living in
rural areas.18 Study protocol approval was obtained by
the Institutional Review Boards located at the University
of Illinois at Chicago and Jawaharlal Nehru Medical
College, Belagavi, India.

Primary Care-Based Program: Sit Down and Play
Sit Down and Play (SDP) is a brief health care-based
program, with a specific focus on clinics serving lowincome communities. It is based on existing parentdirected programs (e.g., Reach Out and Read, Care for
Child Development) that strive to enhance a child’s early
social and learning experiences but with strategies to
promote sustainability and expand reach to the millions
of families who may benefit from a low-intensity
population-level approach. SDP is currently being evaluated to inform development and scalability in a large
hospital-based primary care clinic in Chicago, Illinois,
serving a predominantly low-income urban population.
Results, to date, demonstrate acceptability and suggest
benefits for key parenting behaviors that promote early
childhood development.15,19
Informed by social cognitive theory, SDP incorporates
observational learning (repeated modeling of the desired
behavior), facilitators (presence of resources to engage
in behavior), knowledge (awareness of benefits of positive parenting behaviors on child’s development), selfregulation (concrete strategies for the parent to achieve parenting behavior), and self-efficacy to affect
parenting behavior.20 It is designed to be delivered by
nonprofessionals or volunteers during the untapped time
that a family waits to be seen by their child’s health care
provider. As previously described, during each 10minute session, administrators of SDP initially provide
education on the importance of playing and interacting
with a child.19 They subsequently model examples of
Journal of Developmental & Behavioral Pediatrics
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Table 1. Application of the Framework of Bowen et al. for Feasibility
Studies
Feasibility Area of Focus

Outcome(s) Assessed in Feasibility
Area of Focus for SDP

Implementation and practicality: To what extent
can a program and measure be successfully
delivered to intended participants using
existing means, resources, and
circumstances and without outside
intervention?

Success with recruitment; ability to collect
outcome measures; establishment of training
and fidelity measures; cost of materials

Acceptability: To what extent is a new program
judged as suitable or satisfying to program
recipients?

Satisfaction with SDP

Limited efficacy: Does the new program show
promise of being successful with the
intended population, even in a highly
controlled setting?

Impacts on key parenting behaviors

Demand: To what extent is a new idea,
program, process, or measure likely to be
used?

Perceived need for SDP

SDP, Sit Down and Play.

how to use simple age-specific toys to facilitate these key
interactions while playing with a child. Caregivers are
then asked to play with their child and provided feedback, which emphasizes praising and reinforcing positive behaviors. Finally, caregivers are given the toy to
take home with a discussion on how to incorporate play
activities into every day routines and activities.

Participants
Caregivers were eligible to participate in the study if
they were: (1) older than the age of 18 years, (2) had
a child between 6 weeks to 6 months of age, (3) were
presenting for a well-child visit, and (4) self-identified as
the “primary caregiver.” Although SDP was designed for
delivery at the routine visit for children younger than 2
years of age, the time period between 6 weeks and 6
months was chosen to coincide with when routine visits
for immunizations occur most frequently in India.21
Consequently, this period allowed for relatively rapid
pilot testing to aid in the development and design of
future, potentially more costly studies. Caregivers were
excluded if their child was sick or if they could not
communicate in Kannada, Marathi, or Hindi, the primary
languages spoken by the families seen in the clinic.
A sample size of 40 caregivers was chosen a priori
based on the numbers the authors deemed would likely
be sufficient to examine questions of feasibility, explore
acceptability, and pilot the training. An additional 7
caregivers were recruited to account for the potential
loss to follow up.

Procedure
Informed consent was obtained from eligible caregivers who were consecutively approached during this
study and told that a study was being conducted to better
understand how children spend their time during the
Vol. 00, No. 00, December 2019

day. SDP was administered to caregivers after baseline
measures were obtained in the examination room while
families waited for their child’s provider. One month
after recruitment, participants were asked to return to
the clinic, where caregivers participated in a structured
interview to assess usefulness and acceptability of SDP.

Measures
A variety of qualitative and quantitative measures
were used. We present relevant data collection instruments below, organized by the core elements the
framework of Bowen et al.16 for feasibility studies:
implementation and practicality, acceptability, limited
efficacy, and demand.
Implementation and Practicality
A sociodemographic questionnaire was verbally administered to all participants. Key variables included
ages of caregivers and children, the number of children,
years of schooling, and family structure. Implementation
and practicality were operationalized as success with
recruitment, ability to collect outcome measures, establishment of training and fidelity measures, and cost of the
materials to deliver SDP.
Acceptability and Demand
Acceptability and usefulness of the program were
assessed through qualitative open-ended interviews in
participants’ native language at the follow-up visit by
a research assistant. Interviews consisted of 4 core questions with follow-up probes aimed at eliciting caregivers’
feedback about the program as follows: “Have you used
any of the play tips that were discussed during the first
visit with one of the research staff members? Those who
responded that they did were asked, “Can you tell me
which tip you have used the most?” Those who responded they did not were asked, “What are some of the
reasons why you didn’t use the play tips?” (See the Appendix for additional questions; Supplemental Digital
Content 1, http://links.lww.com/JDBP/A244.)
Limited Efficacy
Key items from the United Nations Children’s Emergency Fund Multiple Indicator Cluster Surveys Early
Childhood Development Module (MICS; http://m ics.
unicef.org/tools) were used to assess caregiver participation in cognitively stimulating activities. The MICS has
been widely used internationally with demonstrated association on child developmental outcomes.7 Participants were asked at recruitment and at the follow-up
survey whether they or any household member older
than the age of 15 participated in any of the following
activities with their child in the past 3 days: (1) read
books to or looked at picture books, (2) told stories, (3)
sang songs, (4) took the child outside the home, (5)
played together, or (6) named, counted, or drew things
together. Positive responses were summed to create
a raw score. For any positive response, caregivers were
also asked to specifically identify who participated in any
of the learning activities (e.g., mother, father, or
grandparent).
Copyright Ó 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Data Analyses
Qualitative Analyses
Research assistants conducted the interviews in the
participant’s native language. Responses were directly
recorded in English by the research assistants. The transcripts were then transcribed by a research assistant not
involved in collecting the data. The research assistants
who conducted the interview reviewed the transcribed
entries for accuracy.
English transcripts were coded using the qualitative
software Dedoose (version 7.5.9). The coding approach
followed structured guidelines for thematic analysis, including identifying themes, reviewing and revising
themes, and refining themes and subthemes.22 The coding team consisted of a behavioral pediatrician (first author) and a doctoral clinical psychology graduate student
(second author), each of whom had previous experience
with qualitative analyses. The first author generated an
initial list of provisional a priori codes based on anticipated categories from the focus group questions (deductive), which was then revised as additional codes
emerged inductively from the data. This codebook was
refined through an iterative process because transcripts
were reviewed. Coders independently coded all transcripts and then met regularly to review code applications
and reach consensus. Discrepancies were addressed by
discussion and establishing consensus on code applications or determining whether revisions of the coding
scheme were needed. Once consensus was achieved on
all coding, themes were identified through an iterative
process of considering all excerpts within a given code
and identifying patterns within the data, followed by
considering multiple codes in tandem and identifying
patterns across codes. The final stage of analysis involved
corroborating previous stages by closely examining code
application and identifying patterns and emergent themes
to ensure that final themes were representative of data
excerpts and assigned codes.23
Quantitative Analyses
Descriptive statistics were used to assess the characteristics of the sample using percent for categorical variables and means with SDs for continuous variables. The
McNemar test was used to compare preproportions and
postproportions within paired samples. Generalized estimating equation models were applied to examine changes
in parenting practices related to participation in early
cognitive stimulation with the learning items from the
MICS. The items were summed for a total score as well
analyzed individually. All statistical tests were conducted
under the significance level 0.05 and SAS 9.4 software
(Cary, NC).

RESULTS
Implementation and Practicality
Forty-seven caregivers were consecutively enrolled
over a 12-day period in September. All families who were
approached agreed to participate in this study. Most of
4 Pediatric Development and Health Care in LMICs

the caregivers in our sample were women (98%) and
younger than 30 years (81%). Sixty-one percent of participants had equal to or less than 12 years of schooling
(Table 2). Forty-six of the 47 caregivers returned to the
clinic for the follow-up interview.

Table 2. Demographic Characteristics of the Sample
Overall n 5 47
N

%

22

47

2

8

17

3

13

28

4

10

21

Child
Gender (female)
Child age, mo

5

5

11

6

11

23

46

98

18–20

6

13

21–25

17

36

26–30

15

32

31–35

7

15

36–55

2

4

47

100

No formal schooling, illiterate

1

2

Attended school

46

98

Parent
Gender (female)
Age, yr

Marital status
Married
Highest education level

Highest level of education completed
Primary school (grades 1–8)

7

15

Secondary school (grades 9–12)

22

47

Some post-secondary education
(e.g., vocational, university)

18

38

1

26

55

2

10

21

3

3

6

4

3

6

Household
No. of children in the household

5

4

9

6 or more

1

2

2

8

17

3

6

13

4

9

19

No. of adults in the household

5

7

15

6 or more

17

36
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The team implementing Sit Down and Play (SDP) in
Karnataka, India, was made up of providers located in
both the United States and India and consisted of a developmental and behavioral pediatrician, psychologist,
neonatologist, primary care pediatrician, pediatric physical therapist, pediatric speech therapist, and research
assistant. Members of the team initially held an introductory in-person meeting to discuss the objectives of
SDP and goals for the program based on the needs of the
local population in Karnataka, India. After conducting
several phone meetings, the first author travelled to India
for an in-person meeting with the remainder of the Indiabased team to further adapt the U.S.-based program for
Karnataka. Adaptations included additional education for
caregivers regarding the importance of play on a child’s
development, further emphasis regarding the potential
impact of parent-child interactions on later development,
and translation of the program’s content into Kannada,
Hindi, and Marathi, the local languages spoken in
the area.
Three individuals with various levels of education
were trained to deliver SDP in Karnataka for this study:
a pediatrician, a physical therapist, and a research assistant. The training involved group discussion regarding
the importance of play and parent-child interactions on
early child development, followed by the content delivery of SDP. Training involved demonstrations, roleplaying, and discussions to hone skills in 3 key
domains: (1) communication and education, (2) modeling of key parenting behaviors, and (3) provision of
feedback. An SDP Fidelity Checklist, which was adapted
from the Chicago Parent Program Fidelity Checklist, was
used to assess SDP administrator competencies in each
of the 3 key domains.24 Administrators delivered the
program initially in English to each other and then in
native languages to nonenrolled families. A threshold
score of 85% was used to verify each SDP administrator’s
acquisition of skills before study delivery.
Training for the administrators of SDP occurred over
a 2-day period for a total of 8 hours, with all administrators meeting fidelity criteria based on the adapted
SDP Fidelity Checklist. The major cost associated with
the program was the cost of the toys, which was approximately $3 per toy, as well as incentive and transportation cost for the follow-up portion of this study.

One aspect of the program that tended to resonate
with many families centered around their role in promoting their child’s development in the area of speech.
For example, 1 parent commented, “It [SDP] helped to
understand how child receives our speech and
responds to it. It helped to teach him how to talk, what
to talk to him. It helped in understanding how to play
with child. It helped to understand what kind of talking made him happy.” Many caregivers appreciated
having potential misconceptions addressed, including
the age at which children start understanding language
or responding to language. For example, 1 mother noted
that before receiving the program, she thought, “babies
can understand talking only at 2 years.”
Although caregivers overwhelmingly were satisfied
with the program and found it to be useful, they did have
suggestions to improve it. First, they noted that it would
be beneficial to receive information at multiple visits
versus at just 1 timepoint. Second, they wished to have
more demonstrations regarding activities to do with their
child. Parents reflected on how beyond individual conversations, they would have also liked to have this information received through other communicative means
such as books or posters in the office. Finally, parents
commented that other caregivers, and grandparents
specifically, should also receive the educational content
of the program because they often spend a significant
amount of time with children.

Acceptability

Parents’ perceived need for the program was reflected
in their recommendation to disseminate it to other families. One mother stated, “It is better if someone gives
information or knowledge as how received. Because I
can see the changes.” Parents commented that the
knowledge they gained from the program encouraged
them to engage more with their child, resulting in positive
changes in their child’s behavior. For example, 1 mother
stated, “Yes, spending more time with baby, can see
baby responding more. I can give or talk about various
things to the baby and make her more intelligent.” For
many parents, having a greater understanding regarding

Caregivers were receptive to the content of the program, particularly because it is related to education surrounding parenting behaviors that could positively affect
a child’s development. The education they valued included information regarding the importance of play,
strategies on how to play with their child, and discussions regarding interacting and responding to their
child. For example, 1 mother commented, “I got to
know so many things like how to play with a baby.”
Another mother stated, “We get knowledge about the
importance of talking, playing and using a toy.”
Vol. 00, No. 00, December 2019

Limited Efficacy
Summary scores related to stimulation activities that
promote early childhood development as assessed by
United Nations Children’s Emergency Fund Multiple
Cluster Index Surveys increased significantly among
participants 1 month after receipt of SDP (e.g., told
stories, p , 0.02, played with child, p , 0.01; Table 3).
Figure 1 demonstrates that the number of mothers,
fathers, and nonparental caregivers who participated in 3
or more learning activities with their child over a 3-day
period increased over the time of this study (p , 0.001).
Participation in activities increased significantly among
mothers and nonparental caregivers after receiving SDP
(p , 0.001); significant changes were not seen among
fathers.

Demand
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Table 3. Preliminary Effects of Sit Down and Play on Interactive
Parenting Behaviors
Behavior That Occurred by
Household Member Over the
Age of 15 Years in Past 3 Days

ba (SE)

95% Confidence
Interval

p

Read books to or looked at picture
books with child

2.27 (1.11)

0.10–4.44

0.04

Told stories to child

1.33 (0.57)

0.21–2.45

0.02

Sang songs to child or with child,
including lullabies

1.35 (0.52)

0.33–2.37

0.009

Took child outside the home,
compound, yard, or enclosure

0.92 (0.30)

0.33–1.5

0.002

Played with child

1.91 (0.76)

0.42–3.39

0.012

Named, counted, or drew things
to or with child

1.29 (0.41)

0.49–2.09

0.002

a
b, the mean difference in scores between baseline and 1 month after receipt of Sit Down and Play using the generalized
estimating equation. SE, standard error.

their involvement in their child’s development provided
a sense of permission to spend more time with their child.
One mother stated, “It will help me spend quality time
with the child.” Another parent noted, “[The baby’s] father has supported spending more quality time with the
child because of the program.”

DISCUSSION
Poverty can have profound impacts on early childhood
outcomes and a child’s subsequent life course trajectory.
However, targeting a child’s early social experiences and
environment in the first years of life provides 1 important
strategy to mitigate these negative effects. The current
study findings support the feasibility of adapting a brief
theory-informed early childhood development program
for use in a health care setting serving a low-income rural
population in India with potential to promote parental
participation in cognitive stimulating activities.

Figure 1.

Many of the barriers encountered in low-resourced
clinics in the United States—such as structural barriers,
provider access, and cost for developmental and psychosocial programs25,26—may also be parallel to those encountered in low- and middle-income countries (LMICs).
Therefore, strategies that can address these barriers, such
as those in this study, and can be successfully implemented in such health care settings could be a particularly
useful model in LMICS, which may be facing similar difficulties. The strengths of this approach include alleviating
the need for extra visits, delivery of content by administrators with a range of education, and optimizing all the
time spent at a health care facility, including often wasted
untapped time waiting for a provider.
Although our program was well-received, there were
important suggestions to improve its acceptability. Some
of these suggestions will likely bring additional challenges that will be important to consider for future
implementation. First, parents expressed a need for
more visual prompts and materials to convey the program’s content. In the United States, caregivers receiving
Sit Down and Play (SDP) are given a handout with additional suggestions for activities that they can do at
home. Given the feedback from parents, we will also
create visual content that incorporates the multiple languages spoken in this region. In addition, as in the United
States, potential limitations regarding literacy abilities
will need to be thoughtfully addressed when developing
program materials.
Second, participants commented that delivering the
program information to other caregivers in their homes
would be valuable. Interestingly, although most of the
participants in this study were mothers, there were significant changes noted in nonparental caretakers’ behaviors regarding learning activities. Although we cannot
conclude nonparental caregiver behavior change resulted
from active sharing of this information, it does suggest

Prevalence of caregivers involved in 3 or more cognitively stimulating activities with their children in the previous 3 days. NS, not significant.
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potential for “spillover” of information. Given that over
half of the participants reported having 5 or more adults
in the home, how to deliver this content to other family
members who may spend more time than parents with
young children will be an important point to consider. In
addition, how to reach fathers, who in our study did not
demonstrate a significant change in participation in cognitively stimulating activities, will also need to be
addressed. One potential strategy may be take-home information in the form of handouts as an initial first step.
Alternatively, asking participants to bring other caregivers
to an office visit may be another possible solution.
Participants also noted that it would be beneficial to
receive SDP at multiple visits versus at just 1 timepoint.
Given the brevity of the program, it likely will be beneficial to have delivery at multiple visits to reinforce the
program’s message. However, there is variability in the
recommended number of well-child visits from country
to country. For example, in the United States, there are 8
to 10 well-child visits in the first 2 years of life; in India,
there are 5 to 7. The fewer touchpoints and subsequent
potential impact of an already low-intensity program will
need to be carefully assessed.
Although in this study, we were able to provide the
toys without difficulty because of their relatively low cost
and small size, how to store and distribute the toys at
multiple time points will be another important logistical
consideration for future delivery. In addition, the feasibility and sustainability of acquiring the toys necessary for
large-scale implementation in LMICs may be limited.
However, this could, in part, be addressed by more accessible alternatives, such as the use of homemade toys or
use of a toy library. Finally, the recognition that health
workers and ancillary staff may already be overworked so
as to not cause additional burden on the existing workforce will be critical for future implementation.
One limitation to our study was that participants were
from predominantly low-income rural communities in
Karnataka, India. Combined with the fact that most of the
participants in our sample were mothers, generalizability
across genders and locations is limited. Another limitation
was that parenting outcomes were measured based on the
self-report and were subject to bias. However, parents
were administered a validated instrument used in previously published studies in LMICs to measure parenting
practices both before and after the intervention without
being told the purpose of the study. Finally, our pilot
study did lack a control group. Consequently, assumptions
regarding the efficacy of SDP compared with the passage
of time or no treatment cannot be made.
Despite these limitations, our study demonstrates
promising opportunities that routine well-child visits offer for improving early childhood development beyond
SDP. First, it provides a modality to address and integrate
services for additional comorbidities that affect child
development, specifically parental mental health. Although not specifically targeted toward parents, the utilization of the primary care setting to address mental
Vol. 00, No. 00, December 2019

health in adults is already promising in LMICs, including
India and Chile.27,28 Second, it affords access to caregivers who may not necessarily be parents but who can
have significant impacts on a child’s key early everyday
experiences. Examples of such caregivers include extended family members and those who take care of
children who have been orphaned because of parental
death or abandonment. Third, this model may be applied
to reach families who are exposed to a range of adversity
in addition to poverty, such as displacement, war, and
abuse. Finally, the primary care setting offers opportunity to integrate services with other complementary
programs, including home visiting and group-based
programs. This may offer 1 potential solution to delivering programs to caregivers who may not routinely
attend well-child visits (e.g., grandparents).
As future studies expand on these lines of inquiry, it
will be important to integrate community members’
feedback into the program development process because this is a critical component of creating an intervention that is acceptable to the target population.
This study’s rapid enrollment rate, the remarkably high
retention rate (97%), and active participation of parents
in the follow-up qualitative interview suggest that
parents were eager to engage in programs that support
their children’s development and share their feedback to
help shape such programs. Thus, it will be important to
leverage both quantitative and qualitative methodologies
to capture both parent and child voice as well as
outcomes.

CONCLUSION
Our findings demonstrate that an adapted, lowintensity, primary care-based program in a hospitalbased clinic serving low-income rural communities in
India was feasible and demonstrated potential for encouraging key parenting behaviors that promote early
childhood development. Future studies that examine the
effectiveness of Sit Down and Play, including those in
health settings beyond hospital-based clinics in low- and
middle-income countries, are warranted. In addition,
assessing impacts on parenting and child outcomes as
well as evaluating differential effects based on age at
exposure, length of exposure, and age at evaluation will
be next important steps.
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Abstract:
BACKGROUND: Radiologists face unique occupational health hazards among which musculoskeletal
injuries, chronic eye strain, and others are yet to receive adequate attention. Mental strain due to
demanding turnaround times and work pressures may lead to burnout. These combine to decrease
overall work satisfaction and productivity.
AIMS: The aim of this study was to determine the prevalence of musculoskeletal disorders (MSDs)
and eye strain among the radiologists in Belagavi.
SUBJECTS AND METHODS: This was an observational study where a self‑administered
questionnaire inclusive of the Nordic Musculoskeletal and Eye Strain Survey Questionnaire was
provided to 47 radiologists. This questionnaire was given to most of the radiology centers in Belagavi
specifically to radiographers who had at least more than 2 years of experience and daily work duration
of more than 7 h.
STATISTICAL ANALYSIS USED: The statistical analysis was carried out using Statistical Package
of the Social Science s Version 20.0.
RESULTS: The prevalence of neck pain among candidates was 74.4% followed upper back pain with
rate of 65.9% and lower back pain with rate of 63.8%. The prevalence of shoulder pain was 57.4%.
Wrist/hand pain was 55.3% while 29.7% complained of elbow pain. Twenty radiologists state that
their symptoms have aggravated after introduction of picture archiving and communication system.
CONCLUSIONS: There was a prevalence of MSDs and eye strain seen among radiologists.
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usculoskeletal disorders” (MSDs)
include a wide range of
inﬂammatory and degenerative conditions
aﬀecting the muscles, tendons, ligaments,
joints, peripheral nerves, and supporting
blood vessels. Body regions most commonly
involved in MSDs are the low back, neck,
shoulder, forearm, and hand.[1]
Work‑related musculoskeletal
disorders (WRMSDs) are the most common
cause of discomfort, work‑related disability,
and physical disability among workers
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allows others to remix, tweak, and build upon the work
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in most sectors all over the world. These
MSDs are injuries to the human support
system that can occur after a single event or
cumulative trauma which negatively affect
the activities of the worker.[2]
The role of radiologists continues to evolve
and broaden. Increasingly, radiologists not
only interpret imaging examinations but
also perform additional activities including
consulting with referring clinicians and
ancillary staff members, prioritizing and
conducting interdisciplinary patient care,
teaching sessions, and performing image
guided procedures. Because of the advent
of fully digitalized radiology departments
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Table 1: Demographic profile of respondents
Variables
Age groups (years)
≤30
31‑40
≥41
Mean age±SD
Gender
Male
Female
Qualifications
Consultants
Others
Work duration (years)
1‑5
6‑10
≥11
Mean±SD
Daily work duration (h)
1‑8
≥9
Mean±SD

χ2

n (%)

P

7 (14.89)
26 (55.32)
14 (29.79)
36.96±6.92
31 (65.96)
16 (34.04)

4.787

0.029*

36 (76.60)
11 (23.40)

122.404

0.001*

17 (36.17)
17 (36.17)
13 (27.66)
8.45±2.27

0.711

0.067

28 (59.57)
19 (40.43)
8.04±4.14

122.404

5.404

SD=Standard deviation, *Level of significance = P<0.05

centered on picture archiving and communication
system (PACS) and digital imaging, many radiologists
now spend their careers at computer work stations, thus
making their lifestyle sedentary and increasing the risk
of WRMSDs and repetitive strain injuries.
Radiographers, as part of the healthcare team, are at high
risk of WRMSDs considering the nature of their activities
which are associated with repetitive movement, static
postures, muscular activation pattern, and also the use of
physical force to lift, push, pull, or move equipment and
patients. WRMSDs cause severe pains and discomfort
that affect the attitude of radiographers toward work
and also their output.[3]
Computer technology, which has transformed the
workplace, has also introduced an array of related
health complaints, most of which involve the visual and
musculoskeletal systems. Symptoms of eye strain are the
most commonly reported complaints among computer
users including radiologists. These symptoms comprise a
complex of ocular and visual symptoms (such as itching,

Table 2: Overall prevalence of musculoskeletal disorders
Musculoskeletal disorders
Overall

Neck

Shoulder

Elbow

Wrist and hand

Upper back

Lower back

Hips/thighs

Knees

Ankle/feet

186

Time
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days

With (%)
46 (97.87)
44 (93.62)
43 (91.49)
35 (74.47)
27 (57.45)
19 (40.43)
27 (57.45)
14 (29.79)
8 (17.02)
14 (29.79)
10 (21.28)
10 (21.28)
26 (55.32)
15 (31.91)
19 (40.43)
31 (65.96)
24 (51.06)
22 (46.81)
30 (63.83)
24 (51.06)
19 (40.43)
3 (6.38)
1 (2.13)
2 (4.26)
8 (17.02)
3 (6.38)
3 (6.38)
0 (0.00)
0 (0.00)
0 (0.00)

Without (%)
1 (2.13)
3 (6.38)
4 (8.51)
12 (25.53)
20 (42.55)
28 (59.57)
20 (42.55)
33 (70.21)
39 (82.98)
33 (70.21)
37 (78.72)
37 (78.72)
21 (44.68)
32 (68.09)
28 (59.57)
16 (34.04)
23 (48.94)
25 (53.19)
17 (36.17)
23 (48.94)
28 (59.57)
44 (93.62)
46 (97.87)
45 (95.74)
39 (82.98)
44 (93.62)
44 (93.62)
47 (100.00)
47 (100.00)
47 (100.00)
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Table 3: Prevalence of musculoskeletal disorders in various age groups
Disorders
Overall

Neck

Shoulder

Elbow

Wrist and
hand
Upper
back
Lower
back
Hips/thighs

Knees

Ankle/feet

Time
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days

≤30 years (%)
6 (13.04)
5 (11.36)
5 (11.63)
4 (11.43)
3 (11.11)
2 (10.53)
3 (11.11)
2 (14.29)
2 (25.00)
0 (0.00)
1 (10.00)
1 (10.00)
3 (11.54)
2 (13.33)
3 (15.79)
5 (16.13)
5 (20.83)
4 (18.18)
3 (10.00)
2 (8.33)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
1 (12.50)
1 (33.33)
1 (33.33)
0 (0.00)
0 (0.00)
0 (0.00)

31‑40 years (%)
26 (56.52)
25 (56.82)
24 (55.81)
20 (57.14)
16 (59.26)
11 (57.89)
15 (55.56)
9 (64.29)
4 (50.00)
10 (71.43)
7 (70.00)
8 (80.00)
15 (57.69)
9 (60.00)
10 (52.63)
14 (45.16)
10 (41.67)
9 (40.91)
18 (60.00)
12 (50.00)
9 (47.37)
1 (33.33)
1 (100.00)
1 (50.00)
4 (50.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)

≥41 years (%)
14 (30.43)
14 (31.82)
14 (32.56)
11 (31.43)
8 (29.63)
6 (31.58)
9 (33.33)
3 (21.43)
2 (25.00)
4 (28.57)
2 (20.00)
1 (10.00)
8 (30.77)
4 (26.67)
6 (31.58)
12 (38.71)
9 (37.50)
9 (40.91)
9 (30.00)
10 (41.67)
10 (52.63)
2 (66.67)
0 (0.00)
1 (50.00)
3 (37.50)
2 (66.67)
2 (66.67)
0 (0.00)
0 (0.00)
0 (0.00)

Total
46
44
43
35
27
19
27
14
8
14
10
10
26
15
19
31
24
22
30
24
19
3
1
2
8
3
3
0
0
0

χ2
5.8390
7.0020
4.9430
1.3110
0.7880
0.4810
0.8780
0.7620
0.7850
3.9150
1.1080
3.2730
0.5180
0.1950
0.0930
4.2260
3.7940
3.5700
1.6630
3.9920
10.7020
2.2200
0.8250
0.6080
0.2790
3.9680
3.9680
‑
‑
‑

P
0.0540
0.0300*
0.0840
0.5190
0.6740
0.7860
0.6450
0.6830
0.6750
0.1410
0.5750
0.1950
0.7720
0.9070
0.9540
0.1210
0.1500
0.1680
0.4350
0.1360
0.0050*
0.3290
0.6620
0.7380
0.8700
0.1380
0.1380
‑
‑
‑

*Level of significance = P<0.05

burning, dryness, blurred vision, or photophobia) that
occur during or immediately after the workday.[4]
With the introduction of PACS and extensive use
of computers for administrative tasks, radiologists
are likely to be susceptible to such computer‑related
symptoms. Although the type of lighting and the
variety of tasks performed in the office workplace differ
considerably from those in the environment in radiology
interpreting rooms, eye strain is likely to occur by similar
mechanisms.[5] Therefore, radiologists need to focus on
strategies to maximize productivity. Eye strain, which
has a high prevalence among radiologists, can hinder
productivity and diagnostic interpretation by causing
“perceptual errors, performance errors, decrease in
reaction time, fatigue, and even burnout.”[6]
Despite decades of ergonomics research, MSDs are still
considered to be one of the biggest problems faced by
the workers. Lack of attention to ergonomic design
not only decreases efficiency and productivity but also
harms the eye and causes back, neck, and shoulder pain.
Therefore, the prevalence of MSDs and eye strain is an

area of concern among radiologists. To provide us with
a better understanding of work‑related musculoskeletal
changes that are seen in radiologists such as injuries and
illness involving sprains/strains, joint inflammation,
low back pain, and nerve compression syndromes, this
helps in determining if the symptoms differ in location
and severity among male and female radiologists. This
study was undertaken to provide an insight regarding
the prevalence of these conditions and broaden the scope
for prevention and therapeutic interventions.

Subjects and Methods
Ethical clearance was obtained from the institution
review committee. Prior permission was taken from
the concerned authorities. Sampling method used was
convenient sampling. All subjects were approached at
various radiological centers of Belagavi city. All subjects
were screened based on the inclusion and exclusion
criteria before their enrolment into the study. Subjects who
were working for 2 years and daily duration of at least
6–8 h were included in the study. Participants who have
congenital deformity, history of recent injuries in the last
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Table 4: Prevalence of musculoskeletal disorders based on gender
Disorders
Overall

Neck

Shoulder

Elbow

Wrist and hand

Upper Back

Lower Back

Hips/thighs

Knees

Ankle/feet

Time
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days

Male (%)
31 (67.39)
31 (70.45)
30 (69.77)
23 (65.71)
17 (62.96)
13 (68.42)
21 (77.78)
11 (78.57)
7 (87.50)
11 (78.57)
7 (70.00)
8 (80.00)
15 (57.69)
10 (66.67)
14 (73.68)
22 (70.97)
16 (66.67)
15 (68.18)
20 (66.67)
17 (70.83)
13 (68.42)
2 (66.67)
0 (0.00)
0 (0.00)
5 (62.50)
2 (66.67)
2 (66.67)
0 (0.00)
0 (0.00)
0 (0.00)

Female (%)
15 (32.61)
13 (29.55)
13 (30.23)
12 (34.29)
10 (37.04)
6 (31.58)
6 (22.22)
3 (21.43)
1 (12.50)
3 (21.43)
3 (30.00)
2 (20.00)
11 (42.31)
5 (33.33)
5 (26.32)
9 (29.03)
8 (33.33)
7 (31.82)
10 (33.33)
7 (29.17)
6 (31.58)
1 (33.33)
1 (100.00)
2 (100.00)
3 (37.50)
1 (33.33)
1 (33.33)
0 (0.00)
0 (0.00)
0 (0.00)

Total
46
44
43
35
27
19
27
14
8
14
10
10
26
15
19
31
24
22
30
24
19
3
1
2
8
3
3
0
0
0

χ2
1.9800
6.2090
3.2660
0.0040
0.2530
0.0860
3.9480
1.4130
1.9930
1.4130
0.0920
1.1160
1.7700
0.0050
0.8480
1.0180
0.0110
0.0910
0.0190
0.5190
0.0860
0.0010
1.9800
4.0470
0.0510
0.0010
0.0010
‑
‑
‑

P
0.1590
0.0130*
0.0710
0.9520
0.6150
0.7690
0.0470*
0.2350
0.1580
0.2350
0.7610
0.2910
0.1830
0.9440
0.3570
0.3130
0.9170
0.7630
0.8920
0.4710
0.7690
0.9790
0.1590
0.0440*
0.8210
0.9790
0.9790
‑
‑
‑

*Level of significance = P<0.05

6 months, known neurological conditions affecting upper
limb, lower limb, and back, and recent deliveries (less than
a year) and radiologists working for <2 years or for <6 h
per day were excluded from the study.

Outcome measures
Nordic Musculoskeletal Questionnaire

This is a questionnaire used to screen MSDs in the
ergonomic context and for occupational healthcare
service. It focuses on nine areas of the body. It has two
components: the generalized questionnaire focuses on
which area of the body while the special questionnaire
concentrates on the anatomical area in which symptoms
are most common.[7]

Eye Strain Survey Questionnaire

The survey included questions about demographic
information, personal eye care, PACS versus film
use, work habits, and workstation and interpreting
environment design.[8]

Procedure

Written informed consent was obtained from all subjects.
Brief demographic data were taken down, and additional
188

questions regarding number of hours of work, years of
working experience, site of work, and qualification were
also noted. The subjects were asked to answer the Nordic
Questionnaire and Eye Strain Survey Questionnaire; the
scores were calculated following which the data were
given for analysis.
Statistical analysis was done using  Statistical Package
of the Social Science (SPSS) Windows version 20 (IBM
Corp,. IBM Version 21, Armonk, NY, USA). All data were
entered in Microsoft Windows Excel Sheet. Categorical
data were compared using Chi‑square test. Prevalence
percentage was calculated for every variable.

Results
A total of 47 participants were included in the study, out
of which 31 (65%) were male and 16 (35%) were female.
The mean age of the participants was 36.96 ± 6.92 years.
A majority of the population, i.e., 55.32%, fall within
the age group of 31–40 years. 29.79% were above this
age group while 14.89% fall below this age group.
Thirty‑six (76.60%) of the recruited participants were
full‑time consultants, while 11 (23.40%) came under the
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Table 5: Prevalence of musculoskeletal disorders as per qualification
Disorders
Overall

Neck

Shoulder

Elbow

Wrist and
hand
Upper back

Lower back

Hips/thighs

Knees

Ankle/feet

Time
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble

Consultants (%)
36 (78.26)
35 (79.55)
35 (81.40)
27 (77.14)
22 (81.48)
14 (73.68)
22 (81.48)
12 (85.71)
7 (87.50)
12 (85.71)
8 (80.00)
7 (70.00)
22 (84.62)
11 (73.33)
13 (68.42)
24 (77.42)
19 (79.17)
18 (81.82)
24 (80.00)
18 (75.00)
15 (78.95)
3 (100.00)
1 (100.00)
2 (100.00)
8 (100.00)
3 (100.00)
3 (100.00)
0 (0.00)

Others (%)
10 (21.74)
9 (20.45)
8 (18.60)
8 (22.86)
5 (18.52)
5 (26.32)
5 (18.52)
2 (14.29)
1 (12.50)
2 (14.29)
2 (20.00)
3 (30.00)
4 (15.38)
4 (26.67)
6 (31.58)
7 (22.58)
5 (20.83)
4 (18.18)
6 (20.00)
6 (25.00)
4 (21.05)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)

Total
46
44
43
35
27
19
27
14
8
14
10
10
26
15
19
31
24
22
30
24
19
3
1
2
8
3
3
0

χ2
3.3440
3.3460
6.4930
0.0230
0.8450
0.1510
0.8450
0.9250
0.6390
0.9250
0.0820
0.3080
2.0880
0.1310
1.1890
0.0340
0.1810
0.6290
0.5360
0.0700
0.0980
0.9790
0.3120
0.6380
2.9460
0.9790
0.9790
‑

P
0.0670
0.0670
0.0110*
0.8800
0.3580
0.6980
0.3580
0.3360
0.4240
0.3360
0.7740
0.5790
0.1480
0.7180
0.2760
0.8530
0.6710
0.4280
0.4640
0.7920
0.7540
0.3220
0.5760
0.4240
0.0860
0.3220
0.3220
‑

Interference in the last 12 months
Last 7 days

0 (0.00)
0 (0.00)

0 (0.00)
0 (0.00)

0
0

‑
‑

‑
‑

*Level of significance = P<0.05

category of others that included 3rd‑year postgraduates,
junior and senior residents, and professors. 36.17% of
the participants have been working for 1–5 years while
36.17% have been working for 6–10 years and 27.6% have
been working for more than 11 years. The mean of the
working duration is 8.45 ± 2.27. The mean of daily work
duration was 8.04 ± 4.14 h with 28 (59.57%) participants
working between 1 and 8 h and 19 (40.43%) participants
working for more than 9 h [Table 1].
The overall prevalence of discomfort due to MSDs within
the last 12 months was 97.8% while the interference
rate within the past 12 months was 93.62% and the last
7 days was 91.41%. Out of the 47 subjects surveyed,
46 had positive findings (97.8%). The incidence of
neck pain was the highest with 35 out of 46 subjects
affected (76%), with an interference rate of 57.45% and
40.43% in the last 12 months and last 7 days, respectively.
The incidence of upper back pain among the candidates
was the second highest with 31 out of 46 participants
affected (67%), followed by lower back pain where 30 out
of 46 individuals were affected (65.2%). The incidence of
shoulder pain was 57.45% followed by wrist and hand

pain. The occurrence of elbow, knees, and hip/thigh pain
was comparatively less, while none of the candidates
suffered from ankle pain [Table 2].
In the age group of 31–40 years, 20 (76.9%) out of 26
radiologists had neck pain, 15 (57.6%) complained of
shoulder pain, 10 (38.4%) experienced elbow pain in the
last 12 months, 15 (57.6%) complained wrist/hand pain,
while 14 (53.8%) had discomfort in the upper back and
10 (38.4%) had discomfort in the lower back during the
past 12 months. Four (15.3%) participants complained of
knee pain. Among the participants above 41 years of age,
11 (78.5%) out of 14 radiologists had neck pain, 9 (64.2%)
complained of shoulder pain, 4 (28.5%) experienced
elbow pain, 8 (57.1%) complained of wrist/hand pain,
while 12 (85.7%) had discomfort in the upper back and
9 (64.2%) had discomfort in the lower back during the
past 12 months. Three (21.4%) participants complained of
knee pain. Among the participants below the age of 30,
4 (66.6%) out of 6 radiologists had neck pain, 3 (50.0%)
complained of shoulder pain and wrist/hand pain, while
5 (83.3%) had discomfort in the upper back and 3 (50%)
had discomfort in the lower back during the past 12

BLDE University Journal of Health Sciences ‑ Volume 5, Issue 2, July-December 2020

189

[Downloaded free from http://www.bldeujournalhs.in on Monday, December 21, 2020, IP: 182.48.231.93]
Heggannavar, et al.: Prevalence of WRMSDs and eye strain among radiologists

months while 1 (16.6%) participant complained of knee
pain [Table 3].
Among the males, 23 (65.7%) had experienced neck pain
in the past 12 months, 21 (77.7%) complained of shoulder
pain, 11 (78.5%) complained of elbow pain, while
15 (57.6%) complained of wrist/hand pain, 22 (70.9%)
had upper back pain, and 20 (66.6%) had lower back
pain. There were 5 (62.5%) radiologists with knee pain.
Among the females, 12 (34.2%) had experienced neck
pain in the past 12 months, 6 (31.5%) complained of
shoulder pain, 3 (21.4) complained of elbow pain, while
11 (42.3%) complained of wrist/hand pain, 9 (29.0%) had
upper back pain, and 10 (33.3%) had lower back pain.
There were 3 (37.5%) radiologists with knee pain while
1 (33.3%) participant had hip pain. In this study, the male
population is comparatively more symptomatic than the
female population [Table 4].
Among the consultants, 27 (57%) had neck pain in the last
12 months, while 22 (48%) complained of pain interfering
with their working capacity, and 14 (30%) complained
of pain in the last 7 days [Table 5].

Of the 46 participants with positive symptoms, 28
participants (61%) work for 1–8 h while 18 (39%)
participants work for more than 9 h per day. Among the
participants who work for 1–8 h, 22 (62.86%) participants
had neck pain, 20 (74%) had shoulder pain, 10 (71.43) had
elbow pain, 17 (65.38%) experienced wrist/hand pain,
while 22 (70.9%) had upper back pain and 19 (63.3%) had
lower back pain. Three (6%) participants had pain in the
hips/thighs. Four (8%) subjects had knee pain [Table 6].
There were 18 (39%) radiologists working for more than
9 h, of which 13 (28%) had neck pain, 7 (25.93%) had
shoulder pain, 4 (28.57%) experienced elbow pain, and
9 (34.6%) complained of wrist and hand pain. Nine (29%)
had upper back pain, while 11 (36%) had lower back pain,
and 8 (17%) had knee pain [Table 7].
All the participants in the study complained of eye
strain that led to fatigue, strain, irritation, difficulty
in seeing clearly, and headache at the end of the day.
Of the 47 candidates, 23 have been using corrective
lenses. Twenty‑four (52%) candidates claim to spend
26%–50% of time in a week working on techniques such
as screening computed tomography (CT), diagnostic

Table 6: Prevalence of musculoskeletal disorders as per work duration in years
Disorders
Overall

Neck

Shoulder

Elbow

Wrist and hand

Upper back

Lower back

Hips/thighs

Knees

Ankle/feet
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Time
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days

1‑5 years (%)
16 (34.78)
14 (31.82)
14 (32.56)
12 (34.29)
9 (33.33)
6 (31.58)
8 (29.63)
4 (28.57)
3 (37.50)
5 (35.71)
5 (50.00)
6 (60.00)
9 (34.62)
6 (40.00)
6 (31.58)
11 (35.48)
8 (33.33)
7 (31.82)
10 (33.33)
7 (29.17)
4 (21.05)
1 (33.33)
1 (100.0)
1 (50.00)
5 (62.50)
1 (33.33)
1 (33.33)
0 (0.00)
0 (0.00)
0 (0.00)

6‑10 years (%)
17 (36.96)
17 (38.64)
17 (39.53)
14 (40.00)
11 (40.74)
7 (36.84)
12 (44.44)
7 (50.00)
1 (12.50)
5 (35.71)
2 (20.00)
2 (20.00)
12 (46.15)
6 (40.00)
9 (47.37)
11 (35.48)
7 (29.17)
8 (36.36)
11 (36.67)
9 (37.50)
8 (42.11)
1 (33.33)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)

≥11 years (%)
13 (28.26)
13 (29.55)
12 (27.91)
9 (25.71)
7 (25.93)
6 (31.58)
7 (25.93)
3 (21.43)
4 (50.00)
4 (28.57)
3 (30.00)
2 (20.00)
5 (19.23)
3 (20.00)
4 (21.05)
9 (29.03)
9 (37.50)
7 (31.82)
9 (30.00)
8 (33.33)
7 (36.84)
1 (33.33)
0 (0.00)
1 (50.00)
3 (37.50)
2 (66.67)
2 (66.67)
0 (0.00)
0 (0.00)
0 (0.00)

Total
46
44
43
35
27
19
27
14
8
14
10
10
26
15
19
31
24
22
30
24
19
3
1
2
8
3
3
0
0
0

χ2
1.8030
5.6550
3.4150
0.8780
0.5770
0.3670
2.0200
1.6530
3.2380
0.0080
1.6150
3.1820
3.1370
0.6460
1.7950
0.0860
2.4910
0.4760
0.3540
1.2600
3.2980
0.0520
1.8030
1.2430
5.6730
2.9290
2.9290
‑
‑
‑

P
0.4060
0.0590
0.1810
0.6450
0.7500
0.8320
0.3640
0.4380
0.1980
0.9960
0.4460
0.2040
0.2080
0.7240
0.4080
0.9580
0.2880
0.7880
0.8380
0.5330
0.1920
0.9750
0.4060
0.5370
0.0590
0.2310
0.2310
‑
‑
‑
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Table 7: Prevalence of musculoskeletal disorders as per work duration in hours
Disorders
Overall

Neck

Shoulder

Elbow

Wrist and hand

Upper back

Lower back

Hips/thighs

Knees

Ankle/feet

Time
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 days
Last 12 months trouble
Interference in the last 12 months
Last 7 day

1‑8 h (%)
28 (60.87)
27 (61.36)
27 (62.79)
22 (62.86)
16 (59.26)
10 (52.63)
20 (74.07)
10 (71.43)
4 (50.00)
10 (71.43)
4 (40.00)
5 (50.00)
17 (65.38)
9 (60.00)
14 (73.68)
22 (70.97)
15 (62.50)
15 (68.18)
19 (63.33)
15 (62.50)
11 (57.89)
3 (100.00)
1 (100.00)
2 (100.00)
4 (50.00)
2 (66.67)
2 (66.67)
0 (0.00)
0 (0.00)
0 (0.00)

≥9 h (%)
18 (39.13)
17 (38.64)
16 (37.21)
13 (37.14)
11 (40.74)
9 (47.37)
7 (25.93)
4 (28.57)
4 (50.00)
4 (28.57)
6 (60.00)
5 (50.00)
9 (34.62)
6 (40.00)
5 (26.32)
9 (29.03)
9 (37.50)
7 (31.82)
11 (36.67)
9 (37.50)
8 (42.11)
0 (0.00)
0 (0.00)
0 (0.00)
4 (50.00)
1 (33.33)
1 (33.33)
0 (0.00)
0 (0.00)
0 (0.00)

Total
46
44
43
35
27
19
27
14
8
14
10
10
26
15
19
31
24
22
30
24
19
3
1
2
8
3
3
0
0
0

χ2
1.5060
0.9160
2.1700
0.6130
0.0030
0.6380
5.5390
1.1630
0.3670
1.1630
2.0210
0.4840
0.8160
0.0020
2.6360
4.9080
0.1740
1.2720
0.4870
0.1740
0.0370
2.1750
0.6930
1.4170
0.3670
0.0670
0.0670
‑
‑
‑

P
0.2200
0.3380
0.1410
0.4340
0.9590
0.4240
0.0190*
0.2810
0.5450
0.2810
0.1550
0.4870
0.3660
0.9680
0.1040
0.0270*
0.6760
0.2590
0.4850
0.6760
0.8470
0.1400
0.4050
0.2340
0.5450
0.7960
0.7960
‑
‑
‑

*Level of significance = P<0.05

CT, sonography, and conventional radiography.
Nineteen (41%) candidates spend 51%–75% of time
in a week doing the same, while 4 (9%) candidates
spend 76%–100% of their working hours on the same
techniques. Eighteen (38%) out of the 47 candidates
complained of symptoms such as itching or burning
or irritated eyes, difficulty in seeing clearly (blurred or
double vision), and headaches which occur often during
work, while 21 (45%) candidates experienced the same
symptoms at a lower frequency; out of these candidates,
35 (74%) radiologists experienced these symptoms only
at the end of the day while 12 (26%) radiologists stated
that the symptoms started path way through the day and
persisted for the rest of the day. Out of the 47 radiologists
included in the survey, 33 (70%) have worked with
hard copy films in the past.   20 (60%) radiologists stated
that their symptoms have aggravated after the use of
PACS [Table 8].

Discussion
This study was designed to determine the prevalence of
MSDs and eye strain among radiologists in Belagavi. The

participants of this study were explained the aim of the
study and asked to fill out the Nordic Musculoskeletal
Questionnaire and the Eye Strain Survey Questionnaire.
The findings of this study showed that radiologists
within the region of study are at high risk of WRMSDs
as compared to their counterparts in other regions.
A study conducted in 2019 stated that the incidence
of musculoskeletal injuries among Indian radiologists
is much higher as compared to those reported in the
Western literature.[9] A comparison between their study
and another 2017 study from the United States in Journal
of the American College of Radiology[10] proves that some
injuries have almost double the incidence in Indian
radiologists as compared to their Western colleagues.
The overall prevalence of WRMSDs as per our study was
97.87%. Most of the participants were males and within
the age group of 31–40 years. A majority of the subjects
were working as consultants and the daily working
duration ranges from 1 to 8 h. Previous studies[4] have
shown that long working hours and high caseload were
high risk factors for WRMSDs.
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Table 8: Eye strain result
Domains of Eye Strain Survey
Questionnaire
Corrective lens
Only for reading
Only for distance
Both
Work duration per week (%)
1‑25
26‑50
51‑75
76‑100
Eye strain symptoms (itching, burning,
irritation, and blurred/double vision)
Never
Rarely
Sometimes
Often
Always
Onset of symptoms
Only at the beginning of the day
Only at the end of the day
Starting part way through the day
and persisting rest of the day
Previous use of films
Symptoms worse after use of PACS
Symptoms same after use of PACS
Symptoms better after use of PACS

Number of Responses

10
4
8
0
24
19
4

0
8
21
18
0
0
35
12

20
8
5

PACS=Picture archiving and communication system

In this study, as per the Nordic Questionnaire, the neck
region was the most affected. A majority of the subjects
had experienced discomfort in the neck during the past
12 months. Out of this, some reported that the pain
had interfered with their ability to work efficiently,
while a few had experienced pain recently during the
last 7 days. A majority of the radiologists complaining
of neck pain belonged to the age group of 31–40 years
and those who had been working for 6–10 years. These
findings match the results of a study which stated that
neck pain is more likely to interfere with radiologists
that are older and have been practicing for a longer
duration. [5] This is attributed to improper monitor
positioning, insufficient neck support from the chair,
or even eye strain.
Back pain was the second most affected region as per
this study where many radiologists complained of
upper back pain as well as lower back pain within the
past 12 months. According to a study titled WRMSDs
among medical staff in a radiology department
conducted in 2009,[11] upper back pain was associated
to work characteristics such as frequently rotating
between different department sections on two floors,
gathering and managing patient records, and frequent
stair climbing. Lower back pain, on the other hand, in
addition to prolonged periods spent typing and sitting,
192

is also attributed to time spent performing angiographies
which are very time‑consuming. It is also associated
with lifting heavy loads, twisting, and bending the
trunk. Radiologists working in the CT scan department
are known to have a higher incidence of low back pain.
The incidence of back pain among sedentary workers
had been proved to be higher than that workers with free
postures.[12] Shoulder pain and wrist pain were the next
most affected body parts, where subjects complained of
discomfort in the past 12 months. However, a few of the
candidates reported elbow pain.
A significant correlation was found between the
prevalence of neck pain, low back pain, and shoulder
pain – a condition known as transducer user syndrome.[12]
This is mainly seen in radiologists due to the overuse of
the dominant arm, prolonged uncomfortable positions,
and repetitive movements. A small percentage of the
subjects reported knee pain/discomfort within the past
12 months, out of which a small minority complained
of pain during the past 7 days. This is attributed to the
static postures attained during prolonged hours of sitting
at desk jobs.
The aim of this study was also to find out the prevalence
of MSDs and eye strain among the radiologists of
Belagavi. In this study, the screening scale that was filled
by the participants to measure eye strain and fatigue was
the Eye Strain Survey Questionnaire. The Eye Strain
Survey Questionnaire was completed by the participants
to measure eye strain and fatigue . The findings revealed
that significant prevalence of symptoms ranging from
dry eyes to fatigue, strain, irritation, difficulty in seeing
clearly, and headache at the end of the day could be
attributed to the regular use of visual display units
(VDUs) at work.
A study published in January 28, 2014, stated that, in
a general population, the prolonged use of VDUs is
associated with ocular symptoms.[13] Females, elderly
computer users, and those who wear corrective lenses
are at higher risk of developing symptoms of eye strain,
which may affect up to 40% of workers who regularly
using VDUs. Eye strain manifests as a complex of
symptoms, including pain and a sensation of grittiness.
It was caused by fatigue of the ciliary and extraocular
muscles and an increased surface area of the cornea,
owing to eye position and decreased blink rate.[11] In the
present study, the candidates complained of symptoms
such as itching, burning, irritated eyes, and difficulty in
seeing clearly (blurred or double vision) and headaches
which occur often after work.
A study done to determine the prevalence of and
factors contributing to eye strain among radiologist
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an internet‑based survey was sent to 2700 radiologists
who randomly selected from the membership database
of the Radiological Society of North America.[14] The
questions included were information about their
viewing habits, methods, work habits, and workstation
design. Common eye strain symptoms were evaluated.
The findings of this study and our present study showed
the same results where the number of working hours
had the strongest influence on eye strain, followed
by age. Eye strain decreased when the respondents
were taking breaks at least for every hour. The use of
corrective lenses, type of correction, and frequency
of eye examination did not correlate with eye strain
symptoms. The limitations of the present study
are (1) gender distribution was unequal with less
number of female participants in this study and (2)
this study has lesser participants as the population of
radiologists in Belagavi is less.

Conclusions
WRMSDs were commonly seen in majority of radiologists
of Belagavi. Neck pain, upper back pain, lower back
pain, and shoulder pain were frequently reported by the
radiologists of Belagavi. Lower extremity involvement
was least. Males reported more problems as compared
to the females. Consultants reported the most of the
WRMSDs. Work‑year experience‑wise, there was equal
prevalence of WRMSD in all categories, and work‑hour
wise, the prevalence was 65% who worked for 1–8 h and
35% who worked for more than 9 h. Maximum radiologists
experienced eye strain on a regular basis which worsened
after the use of PACS, concluding that there is an increase
of symptoms after the introduction of PACS.
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ABSTRACT
Background: Suicide is the major problem in today's life in order to escape from the
responsibilities. The elderly population has a significant risk of suicide when compared to other
age groups.
Objectives: To assess the knowledge regarding preventive measures of suicidal behavior among
elderly people. To find out the association between knowledge scores of elderly with selected
demographical variables
Methods: A Descriptive research design adopted to carry out the present study. The study
included 50 samples which were selected by conveniently. Structured questionnaire was
prepared and given to the respondents with their consent to assess the knowledge level.
Results: The results reveals that in the test, 56% of the respondents possess average knowledge,
22% of the respondents possess poor knowledge and remaining 22% respondents possess good
knowledge. There is no significant association between the knowledge scores of elderly with
selected demographic variables.
Conclusion: Based on the findings of the study, the following conclusion has drawn. Overall
knowledge of elderly people regarding preventive measure of Suicide was average. Hence there
is need to create awareness regarding preventing suicide among elderly to reduce the mortality
rate as it one of third largest problem causing death.
Key words: Suicide.
INTRODUCTION
Suicide at any age is a tragedy for the individual, his or her family, friends and the community
of which they are a part of. Suicide is the major problem in today's life in order to escape from
the responsibilities. The elderly population has a significant risk of suicide when compared to
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other age groups. Older age groups are the age groups who needs more love, more care, and
more attention. Suicide is the third leading cause of death among young adults worldwide. There
is a growing recognition that prevention strategies need to be tailored to the region-specific
demographics of a country and to be implemented in a culturally-sensitive manner.1
Suicide is derived from the Latin word suicaedere which means to kill oneself. It is also
known as acting of taking one's life.2 Older age groups are the peoples who are facing a
numerical physical, mental , social problems and these are the age groups who experiences
loneliness ,depression, etc., in their in their life. It may be due to either avoidance from the
family, any major health problems, or the people who may feel that no one is there to take care
of them at their old age. This all thoughts lead them to commit suicide or stop their life.
In most countries throughout the world that report such statistics to the World Health
Organization, suicide rates tend to rise as a function of age for both men and women to a peak in
old, old age.3
Suicide is an important issue in the Indian context. More than one lakh lives are lost every
year to suicide in our country. In the last two decades the suicidal rate has increased from 7.9 to
10.3per 100,000.
In 2011 statistical report stated that someone over the age of 65 commits suicide every 90
minutes (16 deaths per day). In 2013 it was reported that this statistic had doubled. Elders,
account for one-fifth of all suicides, but it only represents 12% of the population.4
About 800,000 people commit suicide worldwide every year of these 135,000 (17%)
are residents of India, a nation with 17.5%of world population . in 2012 Tamil Nadu (12.5%)
and Maharashtra (11.9%)and west Bengal (11.0%) had the highest proportion of suicides
among large population states. according to national crime bureau Karnataka places a scary
fourth in the list of states with a high rate of suicide for the year 2014 being accountable for
10,945 or 8.3%of the total death due to suicide in the country.5
Almost six times the national average. The suicide rate among elders is two to three times
higher than in younger age groups. Elder suicide may be under reported 40%or more. in recent
years united states has exhibited that suicide rates peak at mid-life for both men and women and
decline slightly thereafter for overall population. Most of the suicidal attempts are taken place in
the younger age groups and the older peoples.
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HYPOTHESIS
H0: There will be no significant association between the knowledge scores of elderly with
selected demographic variables.
RESEARCH METHODOLOGY
The Descriptive approach was found to be suitable for the present study
POPULATION:
The population of this study was elderly people in Shantai old age home, Belagavi. Non random
sampling procedure of convenient sampling technique was used to select the sample of elderly
patients. The sample size for the present study consists of 50 old age people from Shantai old age
home, Bamanwadi, Jamboti Road, Belagavi. The data collection was done on 12-03-2018. After
getting permission from the Principal, Manager of the old age home
RESULTS
Structured interview schedule to assess the knowledge regarding preventive measure of
suicide. The data was analyzed by using descriptive and inferential statistics.
Demographic variables of the Elderly people.
Table& Graph 1: Distribution of samples
n=50
Demographic Variable
Age in years

Gender
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Frequency

Percentage

a) 60-65 years

10

20%

b) 65 – 70 years

15

30%

c) Above 70 years

25

50%

a) Male

15

30%

b) female

35

70%
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a)Nuclear

29

58%

b)Joint

14

28%

c) Extended

7

14%

a)Married

14

28%

b)Unmarried

10

20%

c)Widow

26

52%

The demographic variable of age group majority 25(70%) of were in the age group of above 70
years, 15(30%) were in the age group of 65-70years, 10(20%) were in the age group of 60-65
years. Among 50 samples 35(70%) were females and 15(30%) were male.with the regard to type
of family majority 29(58%) elderly were having nuclear family, 14(28%) elderly were having
joint family, 7(14%) were having extended family. In a view to Marital Status the majority
26(52%) were widow, 14(28%) were married, 10(20%) were unmarried.
TABLE – 2 : Classification of respondent’s knowledge level on preventive measures of
Suicide
n=50

Classification of Respondents
Knowledge Level
Number

Percent

Poor Knowledge

11

22%

Average Knowledge

28

56%
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Good Knowledge

11

22%

Total

50

100%

The above table reveals that in the test, 56% of the respondents possess average knowledge, 22%
of the respondents possess poor knowledge and remaining 22% respondents possess good
knowledge.
TABLE 6: Mean, Median, Mode, Standard deviation, range of knowledge scores of subject
regarding preventive measures of Suicidal behavior among elderly people.
n=50
AREA
OF
ANALYSIS
MEAN

MEDIAN

MODE

STANDARD
DEVIATION

Test

10.5

08

4.95

11

Findings related to association between the knowledge scores of Elderly with selected
demographic variables.
Overall Knowledge score
Demographic
variables

square
Responses

60-65

value
Poor

Average

Good

3

6

1

Age(yrs)
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Chi-

0.074
65-70

1

11

3

Above 70

7

11

7

D

Table

Infere-

f

value

nce

4

9.488

NS
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4

8

3

Sex

Marital status

Family status

Female

7

20

8

Married

2

9

3

Unmarried

1

8

1

Widow

8

11

7

Nuclear

7

19

3

Joint

1

7

6

Extended

3

2

2

0.742

2

0.943

4

5.991

9.488

NS

NS

4
2.546

9.488

NS

There is no significant Association between the knowledge scores of elderly with selected
demographic variables.
CONCLUSION
The present study was undertaken to assess the level of knowledge regarding preventive
measures of suicidal behavior among the elderly people residing in Shantai old age home,
Belagavi, Karnataka.
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Abstract: Introduction: Every child had all the rights to a safe childhood and a life free from violence. The experience of child abuse
and neglect infringe upon that right. An estimated 10–20% of adolescents globally experience mental health conditions, yet these remain
underdiagnosed and undertreated. The experience of child abuse and neglect infringe upon that right. Childhood ill-treatment will cause
severe mental health disorders in adolescents. Objectives: To find out correlation between physical abuse and anxiety among school
going adolescents. Method: The study was conducted in eight schools in Belagavi using descriptive cross sectional research design with
stratified cluster sampling. It included Primary and secondary schools of Belagavi. The study samples were consisted of 785
students. Self-structured physical abuse and Modified Kutcher Adolescent Depression Scale was used to find out prevalence & correlation
between physical abuse and depression among the adolescents. Results: The results of the study showed that Out of total 785 study
subjects 444(56.56%) had exposed to moderate physical abuse, 196 (24.97%) had exposed to low physical abuse, and 145(18.47%)

had exposed to high level of physical abuse. The study findings showed that there is significant relationship between physical abuse and
depression among adolescents, with r-value =0.1256 (p<0.0326) Conclusion: The study concluded that there is a significant positive
relationship between physical abuse and depression among adolescents.
Key Words: Physical abuse, Depression, Adolescents
Introduction:
Every child has all the rights to a safe childhood and a life free from violence. The experience of child abuse and neglect infringe upon that right.
Adolescence is a crucial period for developing and maintaining social and emotional habits, important for mental well-being. These include adopting
healthy sleep patterns; taking regular exercise; developing coping, problem-solving, and interpersonal skills; and learning to manage
emotions. Supportive environments in the family, at school and in the wider community are also important.[1] An estimated 10–20% of adolescents
globally experience mental health conditions, yet these remain underdiagnosed and undertreated. According to WHO reports, multiple factors determine
mental health outcomes. The more risk factors adolescents are exposed to, the greater the potential impact on their mental health. Other important
determinants include the quality of their home life and relationships with peers. Violence (including harsh parenting and bullying) and socioeconomic
problems are recognized risks to mental health.[1]
The WHO defines physical abuse as intentional use of physical force against the child that results in – or has a high likelihood of resulting in – harm for
the child's health, survival, development or dignity. This includes hitting, beating, kicking, shaking, biting, strangling, scalding, burning, poisoning and
suffocating. Much physical violence against children in the home is inflicted with the object of punishing.[2] The ministry of women and child department,
Government of India, explored through a study in 2007 across the 13 states in India, and the study stipulated that a critically high percentage of
children in state run schools i.e., 53.8%, faced corporal punishment.[3] In a study by Daral S etal, [4], of 1060 adolescents, majority were in midadolescence and aproximately 70% study subjects were victims of at least one form of maltreatment and 42.6% of adolescents exposed to physical
abuse.[4]
According to WHO report, one in six people aged 10–19 years show mental disease and injury. Of all mental health conditions, 50% trigger by 14 years
of age but most cases are unexplored and not treated.[1] Globally, illness and disability and also death rates due to depression among adolescents (1519 year olds) is very high. The mental health conditions not treated in time will lead to severe mental health conditions in adulthood.[1] According to
WHO report globally 10-20% of adolescents suffer with mental health conditions, unipolar depressive disorder being more common among adolescents.
Childhood ill-treatment will cause severe mental health disorders in adolescents. Suicide is a major risk from depression and it is the second main cause
for the death. Depression also causes severe social and educational disability. Victims of physical, sexual, psychological abuse in children are highly
associated with adolescent depression around the world, as also in India.[1]
The present study examined physical abuse in primary and secondary school going adolescents and its relation with depression in Belagavi, in Karnataka
state and attempted to understand the correlation between physical abuse and depression among school going adolescents (10 -16 years age) in
Belagavi.
Objectives of the study:



To estimate the prevalence of physical abuse among school going adolescents (10 to 16 years age) in Belagavi.




To estimate the prevalence of depression due to physical abuse among school going adolescents (10 to 16 years age) in Belagavi.
To find out the correlation between physical abuse and depression among school going adolescents in Belagavi.

Materials and Methods
Design and setting:
The study was conducted in eight schools in Belagavi city using descriptive cross sectional research design. It included primary and secondary schools of
Belagavi.
Sample:
This comprised school children of primary and secondary grades selected by stratified cluster random sampling. Belagavi city was divided into four
strata, North, East, South, and West, 2 schools were randomly selected from each of the four strata. Eight schools having the maximum enrollment in
each zone were selected and adolescents from these schools in the age group of 10-16 years were included in the study. The sample size was calculated
to estimate a prevalence rate of physical abuse of 42.6% [4], and the required sample size was 785 students.
Tools for data collection:
Tool I: Sociodemographic questionnaire was used to collect data about socio-demographic characteristics of the study participants such as age, sex,
type of family, mother and father education and occupation, income etc.
Tool II: Physical abuse interview tool, to find out prevalence of physical abuse at home with the methods of physical abuse such as hitting beating, with
the hand and also with objects, chocking, burning, locking in small place, etc. It contained 10 questions to be answered, with criteria 0 (never),
1(sometimes), 2(most of the times).
Tool III: Modified Kutcher Adolescent Depression Scale was used to find out levels of depression, 5 questions were included with criteria 0 (never), 1
(sometimes), 2 (most of the times). Total scores at above and 5 suggested for possible depression.
The reliability of the tool was assessed by test-retest method, the reliability value was 0.82. There was very high correlation coefficient and it was a
good tool for identifying the physical abuse and levels of depression among adolescents.
Pilot study: The pilot study was carried out on sample of adolescents from other schools to test the clarity and reliability of the tool and feasibility of the
tool. The tool was tested and necessary changes were done in the form of re-phrasing of some items. The pilot study participants were not included in
the main study sample frame.
Field work: Institutional ethical clearance was obtained from Institutional Ethical Committee before the start of the study, also permission was obtained
from office of the Directorate of Education (DDPI) of Belagavi District. Permission letter was also obtained by the all school headmasters, and consent
from parents and assent from the study participants were obtained. The investigator met with students in the class room and explained the purpose of
the study, and distributed the questionnaire forms to be completed.
Inclusion criteria





Primary and secondary school going adolescents of aged 10-16 Years.
Adolescent students who are willing to participate in the study.
Adolescent students present at time of data collection.

Exclusion criteria




Those Students whose parents declined to provide the informed consent.
Students with cognitive, neurological, psychological and endocrinal disorder

Data analysis: The data were analyzed by using Karl Pearson’s Correlation Coefficient to find out the correlation between physical abuse and depression
among school going adolescents. The software used was Statistical Package for the Social Sciences Version 20.
Duration of the study: The time duration of the present study was two years, December 2017 to December 2019.
Results:
The socio-demographic characteristics of the study population are presented in Table 1. It shows that participants in this study belong to the age group
of 10-16 years, the maximum students 359(45.73%) were in the age group of 15-16 years, followed by 273(34.78%) in the 13-14 years age group and
153(19.49%) students were 10-12 years old. The male to female ratio was 84.08:15.92 among the 785 study participants. In the present study,
653(83.18%) were from nuclear family and 132(16.82%) were from joint family. Out of 785 participants, most were 662(84.33%) Hindu, 90(11.20%)
were of other religion, and 33(4.25%) were of Muslim religion. Out of 785 adolescents, 320(40.76%) fathers had completed higher secondary education,
220(28.03%) had completed secondary education, 107(13.63%) had completed primary education, and 78 of them had completed degree and 60 of
them were illiterates. Out of 785 adolescents, 378 (48.15%) mothers had completed secondary education, 213(27.13%) completed higher secondary,
117(14.90%) completed primary education, and 29 had completed degree and 48 were illiterates. Out of 785 adolescents, 316(40.25%) fathers were
self-employed, 258(32.87%) private employees, 186(23.69%) were farmers, and 13 (1.66%) government employees, 12 fathers (1.53%) were
professionals. Out of 785 adolescents, 344(43.82%) mothers were self-employed, 250(31.85%) private employees, 143(18.22%) were farmers, and 27
(3.47%) professionals, 21 mothers (1.53%) were housewives. Total of 492 (62.68%) participant families were having 6001-8000 rupees income per
month, 144(18.34%) participants had more than Rs. 8000 income, 121(15.41%) participants had Rs. 4000-6000 and 28(3.57%) participants had Rs.
2000-4000 income, and none of them had above 8000 rupees income per month. Out of 785 adolescents, 546(69.55%) of adolescents were having 2
siblings, 228(29.04%) had three or more siblings, 11 (1.40%) had only one sibing.

Table 1:Socio-demographic characteristics of school going adolescents ( N=785)
Socio demographic characteristics
No of respondents
Age groups
10-12yrs
153
13-14yrs
273
15-16yrs
359
Gender
Male
660
Female
125

% of respondents
19.49
34.78
45.73
84.08
15.92

Nuclear
Joint
Hindu
Muslims
Others
Rural
Urban
Illiterates
Primary
Secondary
Higher secondary
Degree
Illiterates
Primary
Secondary
Higher secondary
Degree
Farmer
Government employee
Self Employed
Private Employee
Professional
Farmer
Self Employed
Private Employee

Types of family
653
132
Religions
662
33
90
Residence
469
316
Fathers education
60
107
220
320
78
Mothers education
48
117
378
213
29
Fathers occupation
186
13
316
258
12
Mothers occupation
143
344
250

83.18
16.82
84.33
4.20
11.46
59.75
40.25
7.64
13.63
28.03
40.76
9.94
6.11
14.90
48.15
27.13
3.69
23.69
1.66
40.25
32.87
1.53
18.22
43.82
31.85

Professional
Housewife
Rs.2001-4000
Rs.4001-6000
Rs.6001-8000
More than Rs.8000
One
Two
Three and plus
Total

27
21
Monthly family income
28
121
492
144
No of siblings
11
546
228
785

3.44
2.68
3.57
15.41
62.68
18.34
1.40
69.55
29.04
100.00

Table 2 shows that out of total 785 study subjects, 444(56.56%) had got exposed to moderate physical abuse, 196 (24.97%) had got exposed to low
physical abuse, and 145(18.47%) had got exposed high level of physical abuse at home.

Table 2: Overall Distribution of adolescent students with respect to Prevalence of physical (N=785)
Levels of physical abuse
No of respondents
% of respondents
Mild physical abuse
196
24.97
Moderate physical abuse
444
56.56
Severe physical abuse
145
18.47
Total
785
100%
Table 3 shows that out of 785 study subjects, 768 (97.83%) reported that they had experienced hitting, and being beaten, and spanked with hand by
guardian/family member; 716 (91.21%) reported that they had been pushed and being grabbed and kicked by family member/guardian; 626 (79.75%)
reported as being shouted and screamed by family member, 289(36.82%) reported hitting and being beaten and spanked by object by guardian /family
member; 206 (26.24%) reported that their ear having been pulled and twisted/ pinched by family member/guardian; 99(12.61%) reported hair being
pulled by family member/guardian; 76(9.68%) being locked in small place. Only 10(1.27%) reported that they had been burned/scalded by family
member/guardian.

Table 3: Patterns of Physical abuse at home as perceived by school going adolescents perpetrated by family member/guardian.
Characteristics’ of physical abuse
Present
%
Absent
%
Shouting/screaming
626
79.75
159
20.25
Pushed, grabbed or kicked
716
91.21
69
8.79

Hitting, beating, and spanked with hand
Hitting, beating, and spanked with object
Choking
Burned or scald
Locked in small place
Hair been pulled
Ear been pulled, twisted or pinched

768
289
73
10
76
99
206

97.83
36.82
9.30
1.27
9.68
12.61
26.24

17
496
712
775
709
686
579

2.17
63.18
90.70
98.73
90.32
87.39
73.76

Table 4 represents different symptoms/characteristics of depression among school going adolescents with different probe areas such as feeling low
mood, sad, just can't be bothered, feeling worthlessness, hopelessness, not being a good person, feeling hard to get motivated, and wanting to rest or
lie down a lot, feeling worried, nervous, panicky. Almost half of the adolescents, 341(43.44%), expressed about worthlessness, hopelessness, not being
a as good person. A few adolescents 11(1.40%) expressed about hard to get motivated and feel to take rest.

Table 4: overall distribution of students with respect to characteristics of depression
Depression characteristics
Never
%
Sometimes
%
I feel low mood, sad, just can't be bothered.
531
67.64
232
29.55
I feel as i am worthlessness, hopelessness, not being a good person
438
55.80
341
43.44
I feel hard to get motivated, & want to rest or lie down a lot.
523
66.62
262
33.38
I feel worried, nervous, panicky&, tensed
529
67.39
256
32.61

Always
22
6
11
4

%
2.80
0.76
1.40
0.51

Table 5 shows that among 10-12 years age group school going adolescents, 24.18% had experienced mild physical abuse, 58.82% of them had
experienced moderate physical abuse, 16.99% reported severe physical abuse. Among the 13-14 years age group of school going adolescents, 26.01%
had experienced mild physical abuse, 54.21% reported moderate physical abuse and 19.78% reported severe physical abuse. Among the 15-16 years
age group of school going adolescents, 24.51% experienced mild physical abuse and 56.56% reported moderate physical abuse and 18.18% reported
severe physical abuse. The level of depression was also assessed in study participants. Among the 10-12 years age group of school going adolescents,
33.3% were in mild depression levels, 62.1% were in moderate level of depression, 4.6% were found to have severe level of depression. Among the 1314 years age group of school going adolescents, 26.4% were in mild depression levels, 69.2% were in moderate level of depression, 4.4% were found to
have severe level of depression. Among the 15-16 years age group of school going adolescents, 24.2% were in mild depression levels, 68.5% were in
moderate level of depression, 7.2% were found with severe level of depression.

Age Groups

10-12yrs

Table 5: Physical abuse and Adolescent students Depression levels
Levels of Physical abuse - Frequencies and Percentage (%)
Levels of Depression - Frequencies and Percentage (%)
Moderate Physical
Mild Depression
Moderate Depression
Severe depression
Mild Physical abuse
Severe Physical abuse
abuse
Levels
Levels
Levels
37 (24.18%)
90 (58.82%)
26(16.99%)
51(33.3%)
95(62.1%)
7(4.6%)

13-14yrs
15-16yrs

71 (26.01%)
88 (24.51%)

148(54.21%)
206 (56.56%)

54(19.78%)
65(18.11%)

72(26.4%)
87(24.2%)

189(69.2%)
246(68.5%)

12(4.4%)
26(7.2%)

Table 6 reveals that there is significant relationship between physical abuse and depression among adolescents, with r-value =0.1256, p-value=0.0326.
This indicates there is linear relationship between physical abuse and depression among school going adolescents; as physical abuse increases there is
tendency of depression among school going adolescents.

Table 6: Correlation between physical abuse scores and depression scores in adolescents by Karl Pearson’s correlation coefficient method.
Variables
Physical abuse Perpetrated by Family member/Guardian among adolescents
r-value
t-value
p-value
Levels of depression
0.1256
3.5620
0.0326
*significant (p<0.05)
Discussion:
The current findings of our study improve our knowledge of the relationship between physical abuse and levels of depression among school going
adolescents. In this study, we found that 10 to 16 years aged school going adolescents were the victims of physical abuse, and study participants have
also expressed their different levels of depression due to physical abuse which was perpetrated by the family member/guardian. Other simlar study has
also reported that victims of physical abuse have high levels of depression traits, and that depression among adolescents will effect brain functions
related psychological ability of reasoning and alter the behavior among the adolescents, leading to maladjustment to their present environment, and
more negative behaviors in their day today life. In our study among adolescents, hitting, being beaten and being spanked with hand was being most
common form of physical abuse.[5] Study reported by Ministry of women and child welfare (MWCD, GOI), Government of India had reported higher
prevalence of child maltreatment.[3]
In our study we found significant relationship between physical abuse and depression among adolescents, with r-value =0.1256, p-value=0.0326.
Similar study also conducted by Chang-Fang Yen et al in Taiwan indicated that among 1684 adolescents, 374 (22.2%) reported being victims of physical
abuse in childhood, and the study also suggested that childhood physical abuse among adolescents will increase the risk of depression.[6] Carla Kmett
Danielson et al also suggested in their study that young adolescents who are abused (physically, sexually) are at higher risk for depression.[7]
Strengths of the study:
The present study is the first to examine physical abuse in primary and secondary school going adolescents and its relation with depression level in
Belagavi and also in Karnataka state. We included a variety of primary and secondary schools in Belagavi. Other strengths of the study are the use of a
descriptive design and the fact that our measure of depression level and physical abuse were based on self-report rather than parental or teacher
reports.
Limitations of the study:
In regard to sample characteristics, generalization from primary and secondary school students to other adolescents in the different schools may be

limited. The other fact of concern is that depression levels may be influenced by genetic and environmental factors.
Conclusions of the study: Based on the findings of the study following conclusions were drawn. Out of total 785 study subjects, 444(56.56%) were
exposed to moderate physical abuse, 196 (24.97%) were exposed to mild physical abuse, and 145(18.47%) were the victims of severe physical abuse.
A total of 768 (97.83%) reported that they experienced hitting, and being beaten, and spanked with hand by guardian/family member. The study also
found significant positive relationship between physical abuse and depression among adolescents, with r-value =0.1256, p-value=0.0326.
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support and participation.
Financial support and sponsorship: Nil.
Conflicts of interest: There are no conflicts of interest.
References:
1. WHO. Adolescent mental health. Available from URL https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health. Accessed on
[2020 April 6th].
2. Wikipedia. Child abuse or child maltreatment. Available from URL https://en.wikipedia.org/wiki/Child_abuse. Accessed on [2020 April 6th].
3. Ministry of Women and Child Development, Government of India. Study on Child Abuse India 2007. Available from
URL: http://wcd.nic.in/childabuse. Accessed on [2020 April 6th].
4. Daral S, Khokhar A, Pradhan S. Prevalence and determinants of child maltreatment among school-going adolescent girls in a semi-urban area of
Delhi, India. Journal of Tropical Pediatrics. 2016 Jun 1;62(3):227-40.
5. Negele A, Kaufhold J, Kallenbach L, Leuzinger-Bohleber M. Childhood Trauma and Its Relation to Chronic Depression in Adulthood. Depression
Research and Treatment. 2015;650804.
6. Yen CF, Yang MS, Chen CCet al. Effects of childhood physical abuse on depression, problem drinking and perceived poor health status in
adolescents living in rural Taiwan. Psychiatry and Clinical Neurosciences. 2008;62: 575-583
7. Danielson CK, de Arellano MA, Kilpatrick DG, Saunders BE, Resnick HS. Child maltreatment in depressed adolescents: Differences in
symptomatology based on history of abuse. Child Maltreatment. 2005;10(1):37-48.

4464

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

Depression and Suicidal Ideation as a Consequence of
Academic Stress among Adolescent Students
Veereshkumar S.Nandagaon1, Sudha A. Raddi2
1

Associate Professor, 2Professor & Principal, KLE Academy of Higher Education & Research, Institute of Nursing
Sciences Belagavi, India

Abstract
Many factors contribute to the stress being experienced by students but one common cause of academic
stress in India is School. Such stress comes from too much homework, unsatisfactory academic performance,
preparation for tests, lack of interest in a particular subject, and teacher’s punishment. Stress from high
expectations of teachers, parents, and self is usually an agony for students studying in schools1.
Objectives: The study was conducted (i) to assess the level of academic stress and its consequences of
academic stress among adolescent students (ii) to find the association between depression and demographic
characteristics of adolescent students and (iii) to find out the correlation between academic stress and its
consequence among adolescent students.
Material and Methods: 1204 adolescent students studying in schools of Belagavi city were selected by
using stratified cluster sampling technique and were assessed for academic stress by using ESSA scale. The
adolescents were assed for depression and suicidal ideation by using Kutchers depression scale appropriate
statistical methods were used to interpret the data. Results: The results shown that the mean of the sample on
the total academic stress score was 49.38 (SD=13.00) and 273 (i.e.22.67%) reported high level of academic
stress. The depression assessment shown that 381 students (i.e. 31.64%), 625 (i.e. 51.91%) and 198 (i.e.
16.45%) have mild, moderate and severe levels of depression respectfully and the scores have shown that
among N=1204 students 1021 students (i.e. 84.80%) have responded No and 183 students (i.e. 15.20%) have
responded Yes for the suicidal ideation. Conclusion: The academic stress among students causes depression
and suicidal ideation among adolescent and knowing and handling this stress may prevent adolescents from
having difficult situations.
Key words: Academic stress, Depression, Suicidal ideation, Adolescent students and consequences.

Introduction
Academic stress is mental distress with respect to
some anticipated frustration associated with academic
failure or even unawareness to the possibility of such
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failure. Students have to face many academic demands
for example - school examination, answering questions
in the class, showing progress in school subjects,
understanding what the teacher is teaching, competing
with other class mates, fulfilling teachers and parents
academic expectations. These demands may tax
or exceed available resources of the students. As a
consequence, they can be under stress and depression 2.
Academic concerns pervade the lives of students,
interrupting aspects of their daily routine. Students are
pressured to perform, pressured to fit in, pressured to
commit, and pressured to live up to the expectations
of others. They even set goals for themselves that are
sometimes impossible to achieve 3.
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Most teenagers respond to stressful events in their
lives by doing something relaxing, trying positive and
self-reliant problem-solving or seeking friendship and
support from others. But for others, the events pile up
and the stressors are too great. In the Minnesota study
teens who reported that they had made a suicide attempt
had five additional “bad” events on their list: parents’
divorce, loss of a close friend, and change to a new
school, failing grades and personal illness or injury.
It is significant that the young people who showed
high degrees of depression and who had made suicide
attempts reported over five of these “bad” events in the
past six months, more than twice as many as the rest of
the group.4
For ages, it was a popular notion that children do not
suffer from depression. Teenagers with depression were
more often than not labelled as being just “difficult” or
“moody”. It is only recently that the world is awakening
to the fact that up to 20% of world’s children and
adolescents suffer from disabling mental illnesses
including depression. WHO has included depression
as one of the priority mental disorders in childhood
and adolescents5. It is seen from Banerjee’s report that
every year about 25,000 students in the age group of 16
to 20 years commit suicide in the examination month
(i.e. March to June). They are really worried about their
future and desired results in the examinations6.
Since the family, school and peer group form
the major socializing influences on adolescents, the
expectations or demands they make may convert
into stressors. Hence, it is important to analyze the
determinants that resulted in academic stress.
Thus identifying the determinants of academic
stress and addressing the consequences like substance
abuse, depression and suicidal ideation among school
going adolescents in school setting may help students
alleviate their experience of academic related stress and
have less stressful and possibly more fulfilling school
carrier.

Methodology
This cross sectional study involves the school going
adolescent boys and girls of 13 to 19 years of age from
rural and urban areas of Belagavi. The data was collected
with the permission of district education office where
the list of schools were obtained and then according to
sampling criteria 12 schools were selected from north,
south, east and west zones of Belagavi city and the head
of the institutes of selected schools were approached for

4465

the permission to conduct the studies. The students were
informed one day prior to the study and their ascent was
obtained for the participation I the study.
The sample size was determined by considering
all the variables like Academic stress, Depression,
Substance abuse and suicidal ideation among adolescent
students and among which the highest sample size was
considered for the study the calculated sample size was
1160 and 1204 students were undertaken for the final
study.
Sampling technique :
Sampling

Stratified

Cluster

Schools of Belagavi city will be classified in to East,
West, North and South zones, from each group cluster
schools will be selected by using simple random method
and the age group of 13 to 19 years adolescents will be
selected from class VIII, IX, X, XI, and XII. The required
numbers of Samples will be drawn using simple random
with proportion to school strength. “Educational Stress
Scale for Adolescents” was used to estimate the level of
perceived academic stress. In present study as per the
previous literatures reviewed depression and suicidal
ideation were considered as consequences of academic
stress and they were assessed by using The Kutcher
Adolescent Depression Scale (KADS).

Statistical Analysis
To assess the relative influence of factors on
educational stress, all variables were included in multiple
logistic regression models to assess the relationship
between the academic stress scores with its components
and consequences i.e. substance use, depression and
suicidal ideation. Stepwise linear regression was used to
assess the influence of variables on academic stress levels
of the students. Data were analysed by using the statistic
software 20.00version. The statistical significance was
set at 5%, level of significance (p<0.05).

Results
Table 1: Levels of academic stress of adolescents (n
=1204)
Levels of
academic stress

No of adolescents No of adolescents

Low level

286

23.75

Average level

645

53.57

High level

273

22.67

Total

1204

100.00
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One of the main objectives of the study was to assess the
level of academic stress among adolescents of age group
13-19. The total no.of participants who reported the
questionnaire i.e. Educational stress scale for adolescents
(ESSA) where N=1204. The mean of the sample on the
total academic stress score was 49.38 (SD=13.00).The
table revealed that 286 (i.e. 23.75%), 645 (i.e. 53.57%)
& 273 (i.e.22.67%) reported low level, average level
& High level of academic stress respectively. [<Q1=
Low, Q1-Q3 = Average and >Q3 = High where Q1 was
considered as 44 & Q3 was 58].

The depression scores have been assessed by using
Kutcher’s depression scale for adolescents. The results
shown that 381 students (i.e. 31.64%), 625 (i.e. 51.91%)
and 198 (i.e. 16.45%) have mild, moderate and severe
levels of depression respectfully.
Table 3: Levels of suicidal ideation of adolescents
Levels of suicidal
ideation

No of
adolescents

No of
adolescents

No

1021

84.80

Yes

183

15.20

Total

1204

100.00

Findings related consequences of academic stress
among adolescent students
Table 2: Levels of depression among adolescent
students (n =1204)
Levels of depression

No of
adolescents

No of
adolescents

Mild depression

381

31.64

Moderate depression

625

51.91

Severe depression

198

16.45

Total

1204

100.00

Mean-0.25 & SD 0.67
One item was added along with depression
questionnaires separately to assess the suicidal ideation
among the adolescent students, the scores have shown
that among N=1204 students 1021 students (i.e. 84.80%)
have responded No and 183 students (i.e. 15.20%) have
responded Yes for the suicidal ideation with Mean score
of 0.25 & SD 0.67.
Findings related to correlation between academic
stress scores and its consequences

Table 4: Correlation between academic stress and its components with depression scores by Karl Pearson’s
correlation method
Correlation between depression scores with

Variables
n

r-value

t-value

p-value

Total academic stress

1204

0.3514

13.0117

0.0001*

Pressure from study
stress

1204

0.2824

10.2045

0.0001*

study work load stress

1204

0.1698

5.9728

0.0001*

Worry about grades
stress

1204

0.2091

7.4138

0.0001*

Self exp stress

1204

0.3108

11.3379

0.0001*

Study despondency stress

1204

0.3333

12.2570

0.0001*

Suicidal ideation

1204

0.3929

14.8123

0.0001*

*p<0.05
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The table 4 represents correlation between depression
scores with academic stress and its components. The table
clearly shows that a significant and positive correlation
was observed between depression scores and total scores
of academic stress of adolescents (r= 0.3514, p<0.05)
at 5% level of significance. It means that depression
scores increases (decreases) with increase (decrease) in
academic stress scores. In other words the depression
and academic stress scores are depending on each other.
A significant and positive correlation was observed
between depression scores and Pressure from study a
component of academic stress of adolescents (r=0.2824,
p<0.05) at 5% level of significance. It means that
depression scores increases (decreases) with increase
(decrease) in Pressure from study. In other words the
depression and Pressure from study a component of
academic stress scores are depending on each other.
A significant and positive correlation was observed
between depression scores and study work load stress a
component of academic stress of adolescents (r=0.1698,
p<0.05) at 5% level of significance. It means that
depression scores increases (decreases) with increase
(decrease) in study work load stress. In other words the
depression and study work load stress a component of
academic stress scores are depending on each other.
Similarly A significant and positive correlation was
observed between depression scores other components of
academic stress i.e. Worry about grades stress (r=0.2091,
p<0.05), Self exp stress (r=0.3108, p<0.05), Study
despondency stress (r=0.3333, p<0.05) and suicidal
ideation scores (r=0.3929, p<0.05) of adolescents at 5%
level of significance.
Interpretation and conclusion
This study was conducted to assess the academic
stress and its consequences among adolescent students
of 13 to 19 years of age group. Very few studies have
been conducted on this area and in present study it was
assessed that the depression and the suicidal ideation are
the consequences of academic stress among the students.
The findings of the study suggested that academic stress
is directly proportional to depression and suicide among
adolescent students hence the proper management of
academic stress can prevent such consequences among
adolescent students. The stress management programmes
are very useful and also the findings can be utilized by
policy makers to make changes in the educational system
in India.
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Abstract
Acacia suma Roxb. (Fabaceae) is Ayurvedic medicine distributed in Karnataka, Bengal and Bihar region. Phytoconstituents
of A. suma were retrieved from ChEIB databases and queried for phospholipase A2 group IIA inhibitors. The present study is
an effort to find out a novel therapeutic solution for the management of obesity disorders. Out of 29 reported compounds three
were identified in modulating phospholipase A2 group IIA inhibitor their drug likeness score andprobable gene expression
was identified. Docking study was performed using autodock4.0 to predict binding affinity of phytoconstituents with phospholipase A2 group IIA inhibitor and compared with clinically proven drug ‘Orlistat’ as lipase inhibitor. The respected pathway
to show networking between phytochemicals and target were analyse by kyoto encyclopedia of genes and genomes pathway
analysis for regulated genes. Further, in silico findings were validated for hydroalcoholic extract of A. suma by in vitro lipase
inhibition assay. Molecular docking result revealed the presence of three flavonoid compounds for lipase inhibition activity
namely: (1) (5S,7R,8R,9R,10S)-(−)-7,8–seco-7,8–oxacassa-13,15-diene-7,17-diol (2) Fisetinidol-(4α,6)-gallocatechin and
(3) Quercetin4′-O-α-l-rhamnopyranosyl-3-O-β-d-allopyranoside. However, Quercetin4′-O-α-l-rhamnopyranosyl-3-O-βd-allopyranoside was predicted to possess the highest docking score i.e. − 7.6 kcal/mol with phospholipase A2 group IIA.
The in vitro findings revealed significant anti-lipase activity with IC50 value − 46.07 μg/ml. Hence, the in silico and in vitro
approaches has presented strong binding affinity and significant lipase inhibition activity respectively which supports antiobesity potential of heart wood hydroalcoholic extract of A. suma.
Keywords Acacia suma · Catechin · Lipase inhibition · In silico study · Obesity
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Introduction
Obesity is the outcome of an imbalance between
energy intake and energy expenditure. BMI [body mass
index] ≥ 30 kg/m2 is measured as obesity (Pradeepa et al.
2015). It is the key player to contribute for metabolic syndrome associated with complications such as diabetic mellitus, non-alcoholic fatty liver, arteriosclerosis and cancer
(Fruh 2017). According to World Health Organisation, more
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than 1.9 billion adults were found to be overweight and 650
million were obese (WHO 2020). Many physical fitness
options and medications have been used to deal with obese
peoples over several years. The current pharmacological
treatment for obesity recommends drugs such as amphetamine, rimonabant, sibutramine and orlistat. Out of which,
orlistat is comparatively safer choice whereas rest are withdrawn due to their association with several major side effects
(Bonamichi et al. 2018; Kang and Park 2012).
The obesity is a polygenic condition, multiple proteins
are involved in its pathogenesis (Helali et al. 2013). Hence,
one of the approaches could be taken in consideration is
multiple protein target, which may be capable of simultaneous targeting the other cofactors of obesity. Multi-target
drugs multiply the number of pharmacologically relevant
target molecules by introducing several pathways to acquire
network-dependent effects (Korcsmáros et al. 2007).
Lipase enzyme is responsible for the lipids hydrolysis
process (Wang and Eckel 2009). Lipase inhibitors play a
major role in reducing lipase secretion and prevent fat
absorption in the body (Nomura and Casida 2016). Triglycerides are the highest calorie storage in the body, which
is hydrolysed with the help of lipase enzyme resulting in
higher level of glycerol and fatty acids as their by-products.
Therefore, fat deposition may cause overweight or obesity.
These triglycerides are absorbed in small intestine and inhibition of lipase enzyme promotes reduced absorption of fat
that help to prevent diet induced obesity (Sugiyama et al.
2007).
Medicinal plants are considered as attractive options in
studying relationships between the bioactives, targets, diseases and genes with help of network pharmacology technique. The combined application of systems biology and
computational biology to investigate multi-component and
multi-targets is essential (Chandran et al. 2015; Yuan et al.
2017) to find out possible mechanism of action for medicinal
plants against specific diseases.
Ayurvedic pharmacopeia of India has documented that
Acacia suma (heart wood) commonly known as ‘Shwet
Khadir’ practiced for the treatment of Kusthaghna (Skin diseases), Mukharoga (Mouth diseases), Raktadosa (Anemia),
Madhumeha (Diabetic mellitus), and Medodosa (Excessive
fatness) (Ayurvedic pharmacopeia of India 2008). A.suma
is reported for many phytoconstituents such as proantrocyanidin, 5,4-dihydroxy-7,3dimethoxyflavone-3-o-d-galactopyranoside, Gallocatechine-5–7-digallate, Quercetin and
Gallocatechin-7-gallate (Acharyya et al. 2011a; Mondal
et al. 2010). The leaf of the A. suma is reported for presence
of Indole alkaloid such as Tryptamine, and N-N-dimethyl
(Mondal et al. 2013a, 2013b). Further, according to Ayurvedic pharmacopeia of India (API), it is stated that the plant
consist of an alkaloid diaboline, β sitosterol, stigmasterol,
oleanolic acid, tannins and saponins. (API volume 5). A.
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suma has bitter astringent and thermogenic property (Indian
Medicinal Plants 1994) and has been previously documented
for wound healing (Mondal et al. 2013a, b), anthelmintic
(Acharyya et al. 2011b), anti-inflammatory and analgesic
(Acharyya et al. 2011b) effects in various experimssental
set up.
In the present study, total twenty nine phytochemicals of
A. suma were retrieved from ChEBI database and resulted
gene sets were subjected to analyse possible anti-obesity
pathways in STRING database. On the other hand, hydroalcoholic extract of A. suma was investigated by in vitro
approach to validate the in silico findings with the help of
lipase inhibition assay. Hence, present study aimed to investigate the lipase inhibition potential of A. suma extract by in
silico and in vitro approaches.

Materials and methods
Bioactive phytoconstituents of Acacia suma
The phytoconstituents of A. suma was retrieved from the
ChEBI and PCIDB database by using keyword “A. suma”.
Canonical SMILES of phytoconstituents were recorded from
the PubChem database along with their molecular weight,
formula and PubChem CID. The SMILES of each compound
was queried in Swiss Target Prediction (Gfeller et al. 2014;
Khanal et al. 2019a, b, c) for identifying the Phospholipase
A2 group IIA inhibitors.

Drug likeness and side effects of phytoconstituents
MolSoft (https://molsof t.com/mprop/) and ADVERPred
database (Ivanov et al. 2008) was used to know the drug
likeness and probable side effects of individual phytoconstituents by using canonical SMILES.

Prediction of gene expression information of Acacia
suma
Minimum 70% similarity index was considered to predict
the gene expression. Up-and-down regulation of genes was
recorded to study the gene expression changes using DIGEPPred (Lagunin et al. 2013) database.

Gene enrichment analysis
The up-and-down regulated genes set was further utilised to
understand modulated pathways for known phytochemicals
to show lipase inhibition activity. STRING (Szklarczyk et al.
2017) database was used to understand the gene interaction
of each compound by submitting the set of genes and kyoto
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encyclopedia of genes and genomes (KEGG) pathway was
downloaded.

Network analysis between phytoconstituent,
proteins and pathway
The network between phytoconstituents, modulated proteins and their respective pathways was analysed by using
Cytoscape 3.7.1 (Shannon et al. 2003). The command “Network analyzer” was used to analyze the network. The map
node size was set from “low values to small sizes” and map
node color from “low values to bright colors” based on edge
counts.

Molecular docking study
Ligand preparation
The three compounds i.e. (5S,7R,8R,9R,10S)-(−)-7,8-seco7,8-oxacassa-13,15-diene-7,17-diol (1), Fisetinidol-(4α,6)gallocatechin (2) and Quercetin 4′-O-α-l-rhamnopyranosyl3-O-β-d-allopyranoside (3) were retrieved from PubChem
database in 3D.sdf format and converted into.pdb using
Discovery Studio 2019. Compounds were minimised using
mmff94 (Halgren 1996) force field and converted into.pdbqt.
Target preparation

pose scoring lowest binding energy (kcal/mol) was chosen
to visualise ligand- protein interaction in Discovery Studio
2019.
In vitro lipase inhibition assay
The assay was performed by some minor modifications in
previously reported procedure (Chedda et al. 2016). Pancreatic lipase enzyme was used to perform lipase inhibition
assay using p-nitrophenyl butyrate (PNPB) as substrate. Six
concentrations of hydroalcoholic extract of A. suma was
prepared from stock solution (10 mg in 10 ml) by serial
dilution method. Orlistat, a well-established lipase inhibitor
was taken as standard drug. 25 μl of test solution and similar
volume of standard drug solution was incubated with 50 μl
of enzyme, 100 μl of buffer solution and 25 μl of PNPB solution for 30 min at 37 °C. PNPB Hydrolysis was estimated at
400 nm using ELISA plate reader by repeating the assay in
triplicates. Percent (%) inhibition was calculated by using
following formula-

% Inhibition
= (Absorbance of blank − Absorbance of test)∕
Absorbance of blank × 100

Results

Target phospholipase A2 group IIA (PDB: 3U8B) was
retrieved from RCSB database which was in complex with
heteroatoms. Therefore, Discovery studio 2019 was used to
remove heteroatoms to avoid docking interference and was
saved in.pdb format.
Ligand–protein docking
The compounds were docked with phospholipase A2 group
IIA using autodock4 (Morris et al. 2009). After docking ten
different confirmations of ligands were obtained. The ligand

Finding bioactive phytochemicals
The A. suma was identified to have twenty-nine phytoconstituents. However three flavonoid compounds i.e.
(5S,7R,8R,9R,10S)-(−)-7,8-seco-7,8-oxacassa-13,15-diene7,17-diol, fisetinidol-(4α,6)-gallocatechin and quercetin
4′-O-α-l-rhamnopyranosyl-3-O-β-d-allopyranoside were
predicted to inhibit phospholipase A2 group IIA at the similarity score of 70%.

Table 1  Drug likeness details of phytochemicals
Phytochemicals

PubChem CID

Molecular formula

Molecular
weight (g/mol)

NHBA

(5S,7R,8R,9R,10S)-(−)-7,8-seco7,8-oxacassa-13,15-diene-7,17diol
Fisetinidol-(4α,6)-gallocatechin
Quercetin 4′-O-α-lrhamnopyranosyl-3-O-β-dallopyranoside
Orlistat

54,672,538

C20H32O3

320.24

3

21,192,716
71,306,323

C30H26O12
C27H30O16

578.14
610.15

3,034,010

C29H53NO5

495.7

NHBD

MolLogP

DLS

2

320.24

− 0.68

12
16

10
10

3.29
− 2.32

0.60
0.73

5

1

8.82

− 0.62

NHBA number of hydrogen bond acceptor, NHBD number of hydrogen bond donor, DLS drug likeness score, MolLogP lipophilicity
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Drug likeness of phytoconstituents
Further, drug likeness score was retrieved for three identified
flavonoids. Quercetin 4′-O-α-l-rhamnopyranosyl-3-O-β-dallopyranoside was predicted for highest drug likeness score
i.e. 0.73.While, orlistat was predicted with negative score
i.e.− 0.62. The predicted scores are summarized in Table 1.

Side effects of phytochemicals

Molecular docking study

Phospholipase A2 group IIA inhibition activity of the three
identified phytochemicals in A. suma is described in Table 2.
Out of which only quercetin 4′-O-α-l-rhamnopyranosyl-3O-β-d-allopyranoside was found to have hepatotoxicity and
nephrotoxicityside effects. Whereas, orlistat depicted additional side effect ‘myocardial infraction’ along with side
effects of flavonoids from the tested plant.

Gene expression prediction and enrichment analysis
Three identified f lavonoids: (5S,7R,8R,9R,10S)(−)-7,8-seco-7,8-oxacassa-13, 15-diene-7,17-diol;
Fisetinidol-(4α,6)-gallocatechin; and Quercetin 4′-O-αl -rhamnopyranosyl-3-O-β- d -allopyranoside were predicted to regulate 99, 20 and 75 proteins respectively, out
of which ten genes were commonly regulated by identified three flavonoids (Fig. 1). Further, the flavonoid compound—(5S,7R,8R,9R,10S)-(−)-7,8-seco-7,8-oxacassa13,15-diene-7,17-diol was depicted to modulated the
insulin resistance and longevity regulating pathway with
modulation of six and five genes respectively. Likewise,
Fisetinidol-(4α,6)-gallocatechin was predicted to modulate
thyroid hormone regulating pathway and quercetin 4′-O-αl-rhamnopyranosyl-3-O-β-d-allopyranoside was found to

Table 2  Side effects of phytochemicals
Phytochemicals

Side effect

Pa

Pi

(5S,7R,8R,9R,10S)-(−)-7,8seco-7,8-oxacassa-13,15diene-7,17-diol
Fisetinidol-(4α,6)gallocatechin
Quercetin 4′-O-α-lrhamnopyranosyl-3-O-β-dallopyranoside
Orlistata

No side effect

–

–

No side effect

–

–

Hepatotoxicity
Nephrotoxicity

0.478 0.207
0.288 0.17

a

Hepatotoxicity
0.983 0.006
Nephrotoxicity
0.97 0.004
Myocardial infraction 0.304 0.19

FDA approved marketed lipase inhibitor, Pa probable activity, Pi
probable inactivity
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modulate the proteins involved in breast cancer pathway.
Table 3 summarises the possible modulated pathways with
respective genes for each flavonoid. Figure 2 represents the
interactions of phytochemicals, targeted genes and disease
pathways. The color intensity red to green indicates low to
high binding affinity respectively, the square represents name
of pathways, the circle represents name of gene/proteins and
the octagon represents compound name in the Fig. 2.

In the anti-lipase molecular docking study it was predicted that Quercetin 4′-O-α-l-rhamnopyranosyl-3-O-βd -allopyranoside to possess highest docking score with
phospholipase A2 group IIA i.e. (− 7.6 kcal/mol) with
five hydrogen bond donors having amino acid residues as
AR433, PRO122, GLY31, ASP48 and CYS49, followed by
Fisetinidol-(4α,6)-gallocatechin and (5S,7R,8R,9R,10S)(−)-7,8-seco-7,8-oxacassa-13, 15-diene-7,17-diol which
is summarised in Table 4. The compounds interaction is
described in Fig. 3. The green bond denotes hydrogen bond
interaction and others are type of pi bond interaction.

Lipase inhibition assay
The hydroalcoholic extract of heart wood of A. suma has
resulted significant lipase inhibition activity (Fig. 4). As the
concentration increased, the percent lipase inhibition activity
also improves. The IC50 for A. suma was observed 46.07 μg/
ml whereas, orlistat was observed 35.79 μg/ml.

Discussion
The perspective of network pharmacology aims to investigate drug-disease interaction using computational databases
and reveals the network base effects of multi-component
drugs. Along with it provides information of high efficiency
and low toxicity of multi-target drugs (Shi et al. 2014; Duyu
et al. 2020). Networking and docking data helps to design
new multi-targeted drugs which can be further studied by
pre-clinical and clinical approaches (Patwardhan 2014). The
study aimed to identify phospholipase A2 group IIA inhibitors from A. suma and predict the possible genes responsible
for lipase inhibition based on the genes enrichment analysis.
The three flavonoids identify in the medicinal plant were
predicted as phospholipase A2 group IIA inhibitors. This
finding suggested possible way to assess the interaction
between identified phytoconstituents and phospholipase A2
group IIA via the computational docking and networking
studies. The chances of false positive hits arise in docking
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study due to negligence in the target reorganization which
can be minimized by adopting the cheminformatic approach.
Based on the principle of “Similar compounds target similar
proteins”. Previous reports have been made to identify the
probable targets of phytoconstituents using the same principle (Khanal et al. 2019a, b, c; Khanal and Patil 2019; Patil
et al. 2019). Further, the gene expression was predicted for
phospholipase A2 group IIA inhibitors using a probable
activity of 0.5.
The predicted target phospholipase A2 group IIA as
lipase inhibitor were dock with identified phytoconstituents i.e. (5S,7R,8R,9R,10S)-(−)-7,8-seco-7,8-oxacassa13,15-diene-7,17-diol; Fisetinidol-(4α,6)-gallocatechin
and Quercetin 4′-O-α- l -rhamnopyranosyl-3-O-β- d allopyranoside. It is well known that a single molecule
can regulate number of proteins through various pathways
(Suratanee and Plaimas 2018; Khanal and Patil 2020). Interestingly, ZBTB10, DEK, RPS19, HIG2, LBK, CYP2S1,
SLC4A11, OGG1, PBK and GAS6 are the genes commonly
regulated by the three phytoconstituents. Constructed network between phytoconstituents and target were modulated
by breast cancer signalling pathway, thyroid signalling pathway, insulin resistance pathway and longevity regulating
pathway which was supported by the KEGG pathway analysis based on gene sets count.
Breast cancer and obesity has common hormonal
changes in the body, such as estrogen, insulin, adiponectin and leptin and their receptors mutation may involve
in both obesity and breast cancer (Howe et al. 2013). In
the present study Quercetin 4′-O-α-l-rhamnopyranosyl-3O-β-d-allopyranoside was found to be involved in modulating the nine genes i.e. ERBB2, HES1, KRAS, LRP6,
NCOA1, NOTCH1, PGR, WNT11 and WNT7A through
breast cancer signalling pathway. ERBB2 is implicated in
cell growth and survival. Signalling modules of ERBB2
such as PKB, RAS and phospholipase C pathway may contribute in the breast cancer mechanism (Roskoski 2014).
HES1, NOTCH and WNT are the genes responsible for
normal growth of cell hence abnormal expression of these
genes leads to oncogenesis (Lu et al. 2008). GTPase transductor protein called as KRAS which affect cell differentiation, growth, chemotaxis and apoptosis (Jančík et al.
2010). it can be believed that compound Quercetin 4′-O-αl-rhamnopyranosyl-3-O-β-d-allopyranoside may assist in
modulating genes responsible for breast cancer and obesity
as well.

Another compound (5S,7R,8R,9R,10S)-(−)-7,8-seco7,8-oxacassa-13,15-diene-7,17-diol found to be modulating genes through insulin resistance pathway and longevity pathway. Insulin promotes adipocyte for the storage of
triglycerides for the generation of metabolic energy (Berg
et al. 2002). Adipocytes are insulin reactive cells contribute
in differentiation of adipocytes, stimulating glucose transport, triglyceride synthesis and inhibiting lipolysis (Kahn
and Flier 2000). Also insulin signalling is very complex
processes that act through multiple pathways and cascades
of phosphorylation events which may results incondition of
type 2 diabetes and obesity (Hotamisligil 2003).
Longevity regulating pathway includes genes and signalling pathways that can alter the processes like protein
synthesis, nutrient sensing, mitochondrial function and oxidative stress. Protein synthesis helps in excess energy utilisation by the body (Salas-Pérez et al. 2019). The compound
(5S,7R,8R,9R,10S)-(−)-7,8-seco-7,8-oxacassa-13,15-diene7,17-diolmay work through modulating one or all the above
function through longevity regulating pathway which may
leads to more energy utilisation and less storage of fat.
In metabolic pathways thyroid hormone play key role to
regulate energy generation. Reduced energy expenditure
causes weight gain. Thyroid receptors are responsible for
regulation of food intake and energy homeostasis (Kouidhi and Clerget-Froidevaux 2018). The Fisetinidol-(4α,6)gallocatechin modulate genes through thyroid regulation
pathway which may facilitate to balance the energy intake
and energy expenditure. This compound has catechin moiety and are the potential agents for anti-obesity activity
(Zheng et al. 2004). According to in silico findings, phytoconstituents found in A. suma are possibly involved in
gene modulations which were supported by in vitro lipase
inhibition activity. Therefore, promising use of lipase
inhibitors in the obesity treatment could be one of the
beneficial approaches. This study reports suggests significant lipase inhibition activity of hydroalcoholic extract
of heart wood of A. suma and comparable with standard
drug—orlistat.
Network pharmacology is advance technique, includes
systems biology and computational biology to study multicomponent and multi-targets. This technique also helps to
find out possible mechanism of action for medicinal plants
activity against various diseases (Chandran et al. 2015).
Plants bioactive compounds help to regulate multiple disease conditions. We considered the concept of network
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◂Fig. 1  Interaction between a 5S,7R,8R,9R,10S)-(−)-7,8-seco-7,8-

oxacassa-13,15-diene-7,17-diol, b Fisetinidol-(4α,6)-gallocatechin, c
Quercetin 4′-O-α-l-rhamnopyranosyl-3-O-β-d-allopyranoside and d
Orlistat with phospholipase A2 group IIA Inhibitors

Table 3  Binding affinity
of ligand molecules with
phospholipase A2 group IIA

pharmacology approach to point the additional mechanism
of known compounds of A. suma in the biological system by
in silico findings followed by vsalidation of observed outcomes with in vitro experiment. The current study adds the

Phytochemicals

Binding sffinity
(Kcal/mol)

NHB

HBD

5S,7R,8R,9R,10S)-(−)-7,8-seco-7,8oxacassa-13,15-diene-7,17-diol
Fisetinidol-(4α,6)-gallocatechin
Quercetin 4′-O-α-l-rhamnopyranosyl3-O-β-d-allopyranoside
Orlistata

− 5.9

2

ASN114, VAL30

− 7.2
− 7.6

3
5

− 5.2

2

GLY22, SER113, ASN114
AR433, PRO122, GLY31,
ASP48, CYS49
SER113, ASN114

a

FDA approved marketed lipase inhibitor, NHB number of hydrogen bond, HBD hydrogen bond donor

Fig. 2  Genes regulated by phytoconstituents. (5S,7R,8R,9R,
10S)-(−)-7,8-seco-7,8-oxacassa-13,15-diene-7,17-diol ∩ Fisetinidol(4α,6)-gallocatechin ∩ Quercetin 4′-O-α-l-rhamnopyranosyl-3-O-β-dallopyranoside = 10; 5S,7R,8R,9R,10S)-(−)-7,8-seco-7,8-oxacassa13,15-diene-7,17-diol ∩ fisetinidol-(4α,6)-gallocatechin = 24,

Fisetinidol-(4α,6)-gallocatechin ∩ Quercetin
4′-O-α-l-rhamnopyranosyl-3-O-β-d-allopyranoside = 129 and Quercetin 4′-O-α-l-rhamnopyranosyl-3-O-β- d -allopyranoside ∩ (5S,7R,8R,9R,10S)-(−)-7,8seco-7,8-oxacassa-13,15-diene-7,17-diol = 7
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Table 4  Gene enrichment analysis of phospholipase A2 group IIA inhibitors from Acacia suma
Phytochemicals

Pathway

Description

Gene count Gene codes

(5S,7R,8R,9R,10S)-(−)-7,8seco-7,8-oxacassa-13,15diene-7,17-diol

hsa04931 Insulin resistance

6

CREB3L1, FOXO1, MAPK8,
0.0247
PPARGC1A, PPP1CB, RPS6KA3

hsa04211 Longevity regulating pathway

5

CAMKK2, CREB3L1, FOXO1,
PPARGC1A, SESN1
ITGAV, KAT2B, KRAS, MYH6,
NCOA1, NOTCH1, PFKFB2
ERBB2, HES1, KRAS, LRP6,
NCOA1, NOTCH1, PGR,
WNT11, WNT7A

Fisetinidol-(4α,6)-gallocatechin hsa04919 Thyroid hormone signaling pathway 7
Quercetin 4′-O-α-lrhamnopyranosyl-3-O-β-dallopyranoside

hsa05224 Breast cancer

Fig. 3  Network construction of phytoconstituents, targeted genes and
disease pathways. The colour intensity red to green indicates low to
high binding affinity respectively. The square signifies name of path-
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False
discovery
rate

0.0425
0.0258
0.0125

ways, circle signifies name of genes/proteins and octagon signifies
compounds name
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Fig. 4  Lipase inhibition activity of Acacia suma and Orlistat

knowledge in scientific literature by explaining the possible
mechanism of flavonoids from A. suma in the management
of obesity.

Conclusion
In the present study findings, in silico approach directs the
possible mechanism of A. suma for anti-obesity potential
which was further justified with in vitro findings in terms of
significant anti-lipase activity of hydroalcoholic extract of A.
suma (heart wood). However, this finding should be further
investigated in animal models for anti-obesity potential.
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Alternative or complementary therapies for several inflammatory disorders have gained considerable acceptability and
popularity in recent years. The Arjuna tree, Terminalia arjuna Roxb. (Combretaceae) holds antidiarrheal and antioxidant
potential useful in management of inflammatory gastro intestinal ailments. Here, we evaluated the possible effect of
T. arjuna hydroalcoholic extract (TAHA) and traditional Ayurvedic formulation Arjunarishta (AA) for the treatment of
inflammatory bowel disease (IBD) and colorectal cancer. The phytochemical profile of test materials was confirmed via
investigation of total phenolic and flavanoid content and standardized by HPLC-PDA method. In vitro antioxidant activity
was carried out using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing ability of plasma (FRAP) assay.
Antimicrobial potential was tested against clinical isolates of IBD patients (HM95, HM233, HM251, HM615). Cytotoxicity
was determined against human colorectal adenocarcinoma cells (Caco2, COLO.205), whereas, cytocompatibility against
normal rat intestinal epithelial (IEC-6) and mouse fibroblast cells (L929). Additionally, in vitro oxidative cell damage stress
was estimated by lipid peroxidation biomarker. TAHA displayed higher antioxidant capacity as compared to AA formulation.
Different sensitivities were observed against different study cell lines in dose dependant manner. Similarly, significant (P
<0.05) enhanced malondialdehyde (MDA) concentrations in test materials and 5-FU treated colorectal adenocarcinoma cells
was detected as compared to control cells. TAHA and AA exhibited antimicrobial activity against IBD associated clinical
isolates. These findings provide biological evidence for therapeutic application of TAHA and AA in IBD and colorectal cancer
treatment.
Keywords: Antibacterial, Arjuna tree, Ayurveda, Cytotoxicity, IBD, Traditional medicine

Terminalia arjuna Roxb., (Fam. Combretaceae) has
been used traditionally in cardiovascular diseases and
cancer treatment. In ayurvedic concept, it helps in
metabolic homeostasis1. The T. arjuna bark has been
used in traditional system of medicine for various
health benefits2. It has pharmacological activities, such as
hypolipidemic, hypercholesterolemic, antimutagenic,
antibacterial and antioxidant3,4. The active constituents
include triterpenoids, saponins, tannins, flavonoids,
ellagic acid, gallic acid, oligomeric proanthocyanidins,
phytosterols, magnesium, calcium, zinc and copper5.
Arishtas are conventional Ayurvedic formulations
with decoction of herbs. These liquid dosage forms
have self-generated alcohol, which improves extraction
—————
*Correspondence:
E-mail: bt.sanjay@gmail.com
Abbreviations: AA, Arjunarishta; AIEC, Adherent-invasive
Escherichia coli; IBD, Inflammatory bowel disease; TAHA,
Terminalia arjuna hydroalcoholic extract

efﬁcacy of molecules soluble in alcohol and water,
resulting in improved drug delivery. Arjunarishta (AA),
an arishta formulation supports improvement of cardiac
functions, appetite and balances immune response6.
This formulation contains T. arjuna, Madhuca indica,
Vitis vinifera and Woodfordia fruticosa7.
Inflammatory Bowel Disease (IBD) comprises of
chronic, relapsing, inflammatory disorders of
gastrointestinal tract that includes ulcerative colitis
(UC) and Crohn’s disease (CD)8. It is characterized by
diarrhoea, rectal bleeding, the urgency to have bowel
movements, stomach cramps, fever and weight loss9.
Several people have been affected worldwide with
rising incidence in developing countries. The overall
IBD burden is growing in India, in view of latest report,
India has a very high disease load globally10. It is
known to be associated with a substantial increase in
the threat of colorectal cancer (CRC), especially after
8-10 years of active disease. UC is one of the best
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clinically characterized examples of such correlation
between inflammation and carcinogenesis11.
A pathogenic variant of Escherichia coli termed as
Adherent Invasive E. coli (AIEC) has been involved in
IBD pathogenesis. It adheres or invades the intestinal
cells and further replicates within epithelial cells and
underlying mucosal macrophages12. Earlier In vitro
studies on the activity of antibiotics and bovine
lactoferrin against Crohn’s disease associated with
AIEC have established their potential for termination
of E. coli from the gastrointestinal tract of patients with
Crohn’s disease13,14.
Medicinal plants used in traditional system of
medicine comprise of numerous constituents that can
be used to treat various illnesses, infections and even
chronic diseases including IBD, cancer, etc.15-19. We
have reported earlier that T. arjuna hydroalcoholic
extract (TAHA) administration relieved the disease
activity in trinitrobenzenesulfonic acid (TNBS)
induced colitis in rat model20. In the present study, we
assessed the efficacy of standardized TAHA and AA
for cytotoxicity and malondialdehyde (MDA) level.
Furthermore, we studied their antibacterial potential
against AIEC strain and other IBD associated bacterial
isolates along with the antioxidant activity.
Material and Methods
Test materials

Dried stem bark of T. arjuna was procured from
KLE Society’s Ayurved Pharmacy, (collected in
February 2015 from the Western Ghats, Belagavi
region, Karnataka – India), and authenticatedfrom
AYUSH approved ASU drug testing laboratory at Shri
BM Kankanwadi Ayurveda Mahavidyalaya, Belagavi,
Karnataka – India and assigned the voucher number
CRF/645/2015). T. arjuna containing traditional
ayurvedic formulation Arjunarishta (AA) was purchased
from the local market.
Preparation of plant extract and preliminary phytochemical
analysis

The dried bark of T. arjuna was powdered and
extracted with ethanol: water (70:30 v/v) using cold
maceration method in a conical flask. The extract was
manually shaken every hour for initial six hours.
Afterwards, it was kept in a shaker at 200 rpm. The
extract was filtered and concentrated in a rotary
evaporator at 40ºC followed by complete drying using
a water bath. The yield of hydroalcoholic extract
(expressed as percentage w/w) was 22.2%. The extract
was stored in an air tight container at 20ºC until

further analysis. The test materials were subjected to
preliminary phytochemical screening following the
standard methods21.
Quantiﬁcation of total phenolic content (TPC) and total
ﬂavonoid content (TFC)

TPC was determined by the Folin-Ciocalteu reagent
method22. Test materials/standard (0.5 mL) of different
concentrations were mixed with 1N Folin-Ciocalteu
reagent and 20% sodium carbonate. The tubes were
vortexed and allowed to stand for 40 min at 20°C for
colour development. The absorbance was read at 725 nm
using spectrophotometer (UV-1800, Shimadzu, Japan)
against blank. The total content of phenolic compounds
was expressed in Tannic acid equivalents (TAE)/g of dry
extract.
TFC was analyzed using previously reported method23
with suitable minor modifications. Briefly, 240 μL
sample, sodium nitrite (50 mg/mL), aluminium chloride
(100 mg/mL in methanol) were added and mixed. After
5 min, 1M sodium hydroxide was added. The TFC was
calculated from a calibration curve using Quercetin as
standard (12.5-800 µg/mL) and expressed as (Quercetin
equivalent) QE/g of dry extract.
HPLC-PDA analysis: TAHA and AA

The phytochemical profile of TAHA and AA was
performed as per previously reported method with
suitable modification in column and mobile phase
gradient using polyphenolic standards — gallic acid,
ellagic acid and quercetin by HPLC24-26. Concisely,
prominence HPLC system (Shimadzu, Japan)
equipped with the binary pump, autosampler, a column
oven and a photodiode array detector (PDA) was used.
Chromatographic separations were carried out using C18 analytical column (150X 4.6 mm, 5 mm particle size;
Syncronis, Thermo Scientific, USA).
Assessment of in vitro antioxidant activity
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay

The free radical scavenging capability of each
extract solution on DPPH radicals was investigated as
reported previously27. Brieﬂy, 4 mL of 0.1 mM DPPH
in methanol was mixed with one mL of each of extract
(solution at different concentrations, 200-6.25 µg/mL).
These mixtures were incubated in a dark room for
30 min, and the free radical scavenging ability was
estimated by measuring the absorbance at 517 nm
using a spectrophotometer.
Ferric Reducing Antioxidant Power (FRAP) assay

The capability to reduce ferric ions was estimated
using the standard method described by Benzie and
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Strain28. The working FRAP reagent was freshly
prepared by adding 300 mM sodium acetate buffer
(pH 3.6), 10.0 mM tripyridyl triazine (TPTZ) solution
and 20.0 mM FeCl3.6H2O solution in a ratio of 10:1:1
(v/v/v). Test materials (1.0 mg/mL) and standard
FeSO4 (0.1-1.0 mM) were then mixed with 3 mL of
FRAP reagent, and the reaction mixture was incubated
at 37°C for 30 min followed by absorbance
measurement at 593 nm. Calibration was carried out
with a fresh working solution of FeSO4. The
antioxidant capacity based on ability to reduce ferric
ions of the sample was calculated from the linear
calibration curve.
Antibacterial activity

Four clinical bacterial isolates, E. coli HM95
(AIEC), E. coli HM615 (colonic mucosa associated.
E.coli), E. coli HM233 and E. coli HM251 (colonic
mucus associated patient strains) were received under
Material Transfer Agreement with University of
Liverpool, United Kingdom. The bacterial isolates
were subcultured on MacConkey agar plates and
incubated aerobically at 37ºC. The media were
procured from HiMedia Laboratories, Mumbai, India.
The antimicrobial activity of TAHA and AA was
evaluated by agar well diffusion method and MIC was
detected by broth dilution method as previously
reported with minor modifications29. Ciprofloxacin
was used as positive control.
Determination of cytotoxicity and cytocompatibility

Human colorectal adenocarcinoma cells (Caco2,
COLO.205) and normal rat intestinal epithelial and
mouse fibroblast cells (IEC-6 and L929) were obtained
from National Centre for Cell Sciences, Pune-India.
The cells were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM) with 2 mM L-glutamine,
100 IU/mL penicillin, 100 µg/mL streptomycin, and
supplemented with 10% FBS procured from Gibco Life
Technologies, Bangalore-India. Viable cell suspension
50 µL with a density of 1×105 cells/mL (determined by
Trypan blue exclusion method) was seeded into each
well in a 96-well micro titre plate and final volume made
up to 150 µL with DMEM media. Test materials were
diluted in DMEM media to obtain different concentrations.
100 µL of TAHA and AA (400-6.25 µg/mL) and
Standard drug 5-FU (100-1.562 µg/mL ) was added to
the wells followed by incubation for 48 h in the
presence of 5% CO2 at 37ºC into CO2 incubator. After
the incubation period, 20 µL of MTT reagent (3 -(4,5dimethylthiazol-2-yl)-2,5-diphenyltetra-zolium bromide,
5 mg/mL in PBS) procured from HiMedia laboratories,

308

was added to each well following 4 h incubation in
dark. The supernatant was removed without disturbing
the precipitated Formazan crystals. Formed crystals
were dissolved by addition of 100 µL of DMSO and
optical density (OD) was calculated at a wavelength of
492 nm. Cell-viability assays were conducted as per
previously reported standard procedure30. The study
was performed in triplicates, and percent cell viability
was calculated using the equation
Percent cell viability =

𝑂𝐷 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙
𝑂𝐷 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

× 100

Lipid peroxidation in cells

IEC-6, L929, COLO.205, and Caco2 cells were
plated into 12-well plates at a density of 1×107 cells/mL
in complete medium. Pre-confluent cells were treated
with test materials for 48 h. MDA, a marker of lipid
peroxidation, was measured using an Oxiselect™
TBARS Assay Kit (Cell Biolabs, Inc, San Diego, CA,
USA) following the manufacturer’s protocol.
Spectrophotometric measurements were recorded on
the microplate reader at 532 nm. The concentration of
MDA in samples was calculated using MDA standards
as reference.
Data analysis

All determinations were carried out in triplicate. The
results have been presented in the form of Mean ± SD.
Calculation of IC50 value was carried out using
GraphPad Prism 7 for Windows.
Results and Discussion
Preliminary phytochemical screening

The phytochemical evaluation of TAHA and AA
directed the presence of therapeutically active
phytoconstituents: proteins, steroids, flavonoids and
tannins. Whereas, alkaloids were present in TAHA and
found absent in AA.
In agreement with the present study, directed
phytochemicals in T. arjuna bark extract has been
reported previously31. On the other hand, the absence
of alkaloids in Arjunarishta formulation along with the
presence of other phytochemicals are as per previous
report32 supporting our finding. These phytoconstituents are well reported to have antioxidant,
antimicrobial, anticancer, and anti-inflammatory
potential33. Phenolic compounds are established for
redox properties, and it allows them to act as an
antioxidant through their free radical scavenging
ability. Therefore, total phenolic concentration could
be used for quick screening of antioxidant
potential16,19. The antioxidant potential of the test
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materials was confirmed through DPPH and FRAP
assay and TAHA expressed comparable results with
standard gallic acid.
Total phenolic/flavonoid content

The TPC in test materials was estimated according
to Folin-Ciocalteu method and expressed as TAE
calculated from the calibration curve (R2 = 0.991). TPC
was seven folds higher in TAHA (502.6 mg TAE/g) as
compared to AA (79.53 mg TAE/g). TFC was
calculated from the standard quercetin calibration
curve (R2 = 0.994) was 488.25 and 62 mg QE/g in
TAHA and AA, respectively.
Phytochemical standardization – HPLC analysis

The phytochemical standardization of TAHA and
AA was performed using marker based approach.
Gallic acid, ellagic acid and quercetin polyphenolic
standards were utilized for standardization of TAHA
and AA. The HPLC analysis findings depicted good
resolution of peaks and the presence of polyphenolic
markers in both test materials was recognised with the

help of retention time (Rt) matching with equivalent to
reference standards (Fig. 1 A and B).
Antioxidant properties of TAHA and AA

The antioxidant potential of the test materials was
explored by DPPH and FRAP assay (Table 1). It was
observed that TAHA showed better antioxidant activity
compared to AA. The standard: Gallic acid indicated
higher antioxidant potential as compared to TAHA in
DPPH assay. However, TAHA displayed better
antioxidant activity in comparison with Gallic acid
using FRAP assay.
Table 1 — Antioxidant activity of TAHA and AA
DPPH activity
FRAP activity
Test materials
(IC50 µg/mL)
(mM Fe2+ /g)
TAHA
51.31±1.23
1907.00±0.88a
AA
1025.00±1.15a
290.00±1.22a
Gallic acid
49.89±1.08
1643.00±1.37
[Data are expressed as mean±SD of three individual determinations.
The data were analysed using one-way ANOVA followed by
Dunnett's multiple comparison test. Compared with standard-gallic
acid, a P <0.05; DDPH: 2,2-diphenyl-1-picrylhydrazyl; FRAP: ferric
reducing ability of plasma]

Fig. 1 — HPLC chromatogram of (A) TAHA; and (B) AA with reference standards
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Antibacterial activity

The results of well diffusion assay and MIC values
of TAHA and AA against the four IBD clinical isolates
are listed in Tables 2 and 3, respectively. No inhibitory
zone was detected for AA. Intestinal inflammation is a
chronic condition that needs the administration of
presently available drugs for extended duration and in
several cases this can be linked with the onset of severe
effects or non-compliance. This has stimulated the
need for discovery of newer substances from natural
origin, including medicinal plants as antimicrobial
substances to attain efficacy and better tolerability.
There is increasing evidence that the mucosaassociated microbiota, may be essential in the
pathogenesis of the inflammatory bowel diseases:
ulcerative colitis, and Crohn’s Disease34. However,
T. arjuna bark and Arjunarishta, antimicrobial activity
against IBD isolates has not been reported till date.
Although T. arjuna bark and leaves have been reported
for its antimicrobial potential against Gram positive/
Table 2 — Antimicrobial activity by agar well diffusion method
Zone of inhibition (mm)
Microbial strains
TAHA
TAHA
Ciprofloxacin
(50 mg/mL)
(25 mg/mL)
HM95 (CD)
22.67±0.58
21.33±1.53 21.00±1.00
HM233 (UC) 24.67±0.58 a
21.00±1.00a
27.00±1.00
HM251 (UC) 24.00±1.00a
22.67±1.53a
29.67±0.53
HM615 (CD) 24.33±0.58a
22.33 ±1.16a 20.33±0.58
[Data are expressed as mean±SD of three individual determinations.
The data were analysed using one-way ANOVA followed by
Dunnett's multiple comparison test. Compared with standardciprofloxacin for respective microbial strain, a P <0.05]
Table 3 — Minimum Inhibitory Concentration (MIC) values of
TAHA and AA
Microbial
TAHA
Ciprofloxacin
AA (%)
strains
(mg/mL)
(µg/mL)
HM95 (CD)
6.25
12.5
1.25
HM233 (UC)
6.25
12.5
1.25
HM251 (UC)
6.25
12.5
1.25
HM615 (CD)
6.25
12.5
1.25
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negative ear pathogens35 and broad-spectrum activity
against diarrhea causing bacteria36. In addition, it is
documented that ‘Bhoxa community’ of Dehradun
district, Uttarakhand, India use this medicinal plant for
treatment of dysentery and diarrhea37. T. arjuna
showed a zone of inhibition against the test bacteria.
Whereas, AA did not exhibit inhibition zone possibly
could be owing to its inability to diffuse through media.
These results support our earlier findings suggesting a
beneficial role of TAHA in TNBS induced colitis20.
In vitro anticancer and cytocompatibility assay

Cytotoxicity assay resulted in reduction of percent
cell viability when tested at concentrations ranging
from 400-12.5 µg/mL for the test materials and
5-fluorouracil (5-FU) from 100-1.562 µg/mL. The
cytotoxicity was assessed by MTT assay on two human
colorectal adenocarcinoma cells, COLO.205 and
Caco2. The IC50 value was obtained to assess its
inhibitory concentration that causes 50% cell viability.
The test materials and 5-FU presented a concentrationdependent deduction in percent cell viability after 48 h
exposure (Table 4).
Test materials and 5-FU were examined for
cytocompatibility assay at similar concentrations
against L929 (Mouse fibroblast cells) and IEC-6 (Rat
intestinal cells) using colorimetric MTT assay. Test
materials displayed good cytocompatibility against the
study cell lines (Fig. 2 A and B). Similarly, 5-FU was
also analyzed for cytocompatibility as per IC50 value
(Fig. 2C). Cytotoxicity assessment is important to
validate the anticancer potential of medicinal plants.
Therefore, we evaluated the cytotoxic potential of
T. arjuna on human colorectal adenocarcinoma cells.
Its phytoconstituent: Arjunic acid has been found
active against human oral, ovarian and liver cancer cell
lines38. In addition, T. arjuna extracts are reported to be
effective against N-nitrosodiethylamine induced
hepatocellular carcinoma in rats acting through
carbohydrate metabolizing enzymes39. Similar dose

Table 4 — Effect of TAHA, AA, and 5-FU treatment on COLO.205 and Caco2 cells. % cell viability of treated cells and
IC50 values of test materials and standard drug
Sample (µg/mL)
12.5
25
50
100
200
400
IC50 (µg/mL)
COLO.205
98.82±0.36
97.81±0.30a
94.42±0.50a
51.76±1.06a
33.39±0.86a 30.74±1.72a
145.3±0.53
TAHA
Caco2
88.25±0.44a
73.03±0.31a
53.70±1.11a
48.77±0.38a
42.00±0.41a 37.00±1.99a
90.4±0.66
COLO.205
97.49±2.61
97.13±3.25
94.31±0.06a
69.50±1.38a
40.63±1.01a 30.03±2.52a
183.6±1.19
AA
Caco2
87.67±0.48a
83.93±0.95a
70.11±0.96a
53.97±0.67a
47.79±0.98a 40.00±1.00a
182.9±0.21
Sample (µg/mL)
3.12
6.25
12.5
25
50
100
IC50 (µg/mL)
COLO.205
79.23±1.07a 68.00 ±1.27a 58.18±0.67a
50.63±0.88a
38.07±2.02a 31.14±1.03a
24.12±1.29
5-FU
a
a
a
a
Caco2
83.00±2.11
76.00±1.59
67.28±1.91
55.18±1.09
42.27±2.17a 30.34±1.67a
32.42±0.78
[Data are expressed as mean ± SD of three individual experiments. The data were analysed using one-way analysis of variance
(ANOVA) followed by Dunnett's multiple comparison test. Compared with control (considered as 100 %), a P <0.05]
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Table 5 — Lipid peroxidation (MDA) concentration in
various treated cells
Lipid peroxidation (MDA conc./106) µM
Test materials
L929
IEC- 6
COLO.205
Caco2
(µg/mL)
cells
cells
cells
cells
Control
21.71±0.67 24.84±0.39 23.26±0.93 22.82±1.00
TAHA (200) 23.29±0.17 25.82±0.25 35.37±0.91a 33.79±0.58a
TAHA (100) 22.91±0.09 25.64±0.02 28.74±0.97a 27.82±0.41a
AA (200)
23.08±0.04 25.59±0.23 28.97±0.79a 28.78±0.47a
AA (100)
20.89±0.03 24.34±0.23 26.76±0.99a 26.07±1.48a
5 - FU (35)
26.92±0.88a 32.03±1.23a 31.44±1.00a 31.11±1.40a
5 - FU (25)
24.62±0.58a 29.53±0.29a 29.35±0.87a 28.67±0.79a
[Data are expressed as mean ± SD of three individual determinations.
The data were analysed using one-way ANOVA followed by Dunnett's
multiple comparison test. Compared with control: a P <0.05]

Fig. 2 — Cytocompatibility of TAHA and AA against (A) L929
cells derived from mouse fibroblast; (B) IEC-6 cells derived from
rat intestinal epithelium; and (C) 5-FU against IEC-6 and L929 cell
lines. [Cytocompatibility evaluated by % cell viability considering
viability of control as 100% (expressed as Mean ± SD of three
experiments. Alphabet a represents significant differences in mean
(P <0.05) compared to control group]

dependent cytotoxicity has been observed in our study
against colorectal adenocarcinoma cells supporting its
traditional use in cancer treatment40.
Lipid peroxidation

The levels of MDA content are shown in Table 5.
TAHA and AA exposure indicated significant (P <0.05)
enhanced lipid peroxidation in treated COLO.205 and
Caco2 cells as compared to untreated control, which
was concentration dependant. This increase
demonstrates that both test materials amplified MDA
production in carcinoma cells by 52 and 48% at 200
µg/mL of TAHA exposure on COLO.205 and Caco2
cells, respectively when compared to the control while
AA exposure produced 25 and 26% at 200 µg/mL.
Additionally, normal cells treated with 5-FU resulted
in a significant (P <0.05) increase in MDA
concentration as compared to its control.
Oxidative stress creates one of the molecular
mechanisms by which bioactive substances induce

cytotoxicity and apoptosis. To investigate the degree of
oxidative cell damage in colorectal adenocarcinoma
cells exposed to test materials and 5-FU, we carried out
lipid peroxidation study. Our study findings indicated
a significant rise in malondialdehyde (a by-product of
lipid peroxidation and biomarker of oxidative stress)
levels in TAHA and AA treated carcinoma cells as
compared to control cells. Similarly, HepG2 cells
exposed to T. arjuna extract directed induction of reactive
oxygen species production and consequently causing
apoptosis41. In addition, gallic acid present in T. arjuna
is known to induce ROS induced cell death in human
prostate cancer cells through its autoxidation42. Therefore,
the present study demonstrated that both the test materials
and standard drug increased the lipid peroxidation with
a simultaneous decline in cell viability in colorectal
cancer cell line with its mechanism of generation of
oxidative stress-mediated apoptosis43.
Conclusion
Results of the present study suggest that the
Terminalia arjuna hydroalcoholic extract (TAHA)
exhibited comparable in vitro antioxidant activity with
gallic acid. Whereas, Antibacterial potential of both the
test materials was observed against the bacterial
isolates from CD and UC patients used in the study.
TAHA and AA exhibited cytotoxicity in the cell lines
where the lipid peroxidation was enhanced after test
material exposure, which could be due to malondialdehyde formation associated cell death. However,
further in vitro and in vivo investigations are required
to understand precise mechanism.
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ABSTRACT
Background: Growing evidence supports relationship between depression and inflammation. The hypothesis of
involvement of inflammatory pathways in depression is supported by the findings of increased levels of
proinflammatory cytokines. So, we decided to evaluate the effect of sitagliptin on depression using forced swim test
(FST) and possible effects of sitagliptin on serum oxidative stress markers and cytokine gene expression in rat
hippocampus.
Methods: FST model was used to evaluate antidepressant effect in male wistar rats. Rats in group I (control group)
were given normal saline, group II (standard group) were given fluoxetine, group III and IV (test groups) were given
sitagliptin 5 mg/kg and sitagliptin 9 mg/kg respectively. All the drugs in all groups were given per orally. At the end,
animals were sacrificed and blood was collected. Hippocampus of rat brain was dissected out. Serum oxidative stress
markers and hippocampal pro inflammatory cytokine gene expression analysis was carried out.
Results: Sitagliptin 5 mg/kg and 9 mg/kg showed reduction in depressive symptoms and hippocampal cytokine gene
expression in comparison to control. In case of serum oxidative stress markers, there was statistically significant
reduction in nitric oxide levels with stagliptin 9 mg/kg. Although there was a decrease in the levels of catalase and
increase in the levels of glutathione with standard and test groups, the results were not statistically significant.
Conclusions: The present study showed significant antidepressant effect activity of standard and test groups. Hence,
further research should be carried out to substantiate above results.
Keywords: Depression, Inflammation, Cytokine gene expression, Oxidative stress marker

INTRODUCTION
Mental disorders have always been complicated to define
and diagnose, more difficult to treat successfully, thus a
huge burden to the entire community. Depression is a
psychiatric disorder characterized by the presence of
cognitive, affective, psychomotor and neurovegetative
symptoms, which pervades all aspects of life and impairs
individuals’ family and personal relationships, work
adjustment and general health.1

In terms of public health significance, depression is the
third leading cause of global disease burden, accounting
for 4.3% of total disability-adjusted life years. If current
trends continue, it will become the leading cause of
disease burden by the year 2030.2 Lifetime incidence of
major depressive disorder is about 10-25% in women and
5-12% in men. Recurrence occurs in 50-60% of those
experiencing a single depressive episode.3
Till now the selective serotonin reuptake inhibitors,
tricyclic
antidepressants
and
newer
atypical
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antidepressants have been the pharmacological options
available for treating patients with depression. About one
third of these patients do not respond primarily to
antidepressant therapy. Those who do respond will
progressively become resistant to treatment or show
relapse.3 Also, pathophysiology of the disorder still
remains obscure. For decades, researchers have been
focussing mainly on monoamines. Several data are
available in literature regarding the alternatives to
serotonin (5HT), norepinephrine and dopamine. Despite
extensive research done on these neurotransmitter
systems, data available is inconclusive and monoamine
hypothesis does not seem sufficient to explain the entire
picture of depression.4 Recent advancement in
neurobiological research provides increasing evidence
that inflammatory and neurodegenerative pathways
would play a relevant role in the development of
depression. The hypothesis of the involvement of
inflammatory pathways in depression is consistently
supported by the findings of increased levels of several
inflammatory markers including pro inflammatory
cytokines such as interleukin β (ILβ), interleukin 6 (IL6),
interferon γ (IFNγ) and tumour necrosis factor α (TNFα).
These findings have led to the novel idea of using
cytokines as biomarkers of depression and the potential
utility of developing new antidepressants that oppose
cytokine action.5
It is a well-established fact that type 2 diabetes mellitus is
a chronic metabolic disorder characterised by insulin
resistance and inflammatory state in the body. Various
studies show that dipeptidyl peptidase 4 Inhibitors (DPP4), sitagliptin cause dose dependent inhibition of pro
inflammatory cytokines TNFα, INFγ and various
interleukins.5 However, there is a scarcity of studies
regarding the effect of sitagliptin on depression. Hence,
the present research is undertaken to explore the effects
of sitagliptin on depression in male wistar rats.
METHODS
Adult male wistar rats weighing 175±25 g were obtained
from the central animal house of J. N. Medical College,
Belagavi. Total 24 animals were included in the study.
They were divided into four groups with six animals in
each group (n=6). They were housed under standard
laboratory conditions and acclimatized to 12-12 hr
light/dark cycle for 10 days prior to the day of
experimentation. They were maintained on standard
chow pellet and water ad libitum. The study was
approved by the IAEC (Institutional Animal Ethics
Committee) and CPCSEA guidelines were followed
throughout the study. CPCSEA registration number:
627/02/a/CPCSEA.

were administered through per oral route. Drugs used in
the study were in tablet form and were procured from
local pharmacy. Vehicle used to dissolve the drug was
normal saline.
Forced swim test
The apparatus used for this test was a vertical plexiglass
cylinder measuring 40 cm in height and 18 cm in
diameter. The apparatus was filled with water upto 15 cm
and the temperature was maintained at 25±2°C. Forced
swim comprised of two swim sessions. First session is
called “pre-test” where adult male wistar rats weighing
175±25 g were subjected to swimming for 15 minutes.
The immobility time was measured only when the rat
ceased to struggle and remained floating motionless in
the water making only those movements necessary to
keep its head above the water. The rats were then
removed, dried, warmed under 60 watt bulb. Later, test
drug was administered and rats were returned back to
their cages to provide with food and water. On the next
day i.e. 24 hours later the rats were given next doses of
drug orally; 4 hours and 1 hour prior to test respectively.
Then they were subjected to forced swim test (FST) and
the duration of immobility, climbing movement and
active swimming (in seconds) was recorded for 6
minutes.6 After the experimental period, all animals were
euthanized by cervical dislocation method (as per the
guidelines of CPCSEA).
Sample collection
After euthanizing, 3 ml of the truncal blood was collected
and immediately sent for centrifugation to separate the
serum that was stored at -80°C. This serum was used to
measure oxidative markers [catalase, nitric oxide (NO),
reduced glutathione (GSH)]. Then rat brain was dissected
out. Hippocampus was removed and fixed in 10% neutral
buffered formalin and embedded in paraffin blocks and
was stored at -80°C. These brain tissues were used for
neuroinflammatory gene expression (TNF𝛼, IL-1β, IL-6).
Biochemical assay and gene expression
Estimation of oxidative stress markers
Reduced GSH assay
Sulfosalicylic [0.6%] acid was added to plasma. The
tubes were centrifuged at 8000 rpm for 10 minutes at
4°C. Supernatant obtained was mixed with 2 ml of buffer.
0.1 ml of freshly prepared 5, 5’- dithio-bis-2-nitrobenzoic
acid was added and absorbance measured spectrophotometrically at 412 nm. A standard curve was plotted
using 10-100 µM of reduced form of GSH.7

Dosage
Estimation of NO
Test drug used was sitagliptin 5 mg/kg and 9 mg/kg.
Standard drug used was fluoxetine 2.7 mg/kg. Normal
saline 0.1 ml/kg was used for control group. All drugs

The NO production was assessed indirectly by measuring
the nitrite levels in plasma determined by a calorimetric
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0.2 ml of plasma sample was incubated in 1.0 ml
substrate (65 µM per ml hydrogen peroxide in 60 mmol/l
sodium-potassium phosphate buffer; pH 7.0) at 37°C for
60 s. Sample catalase activity is linear up to 100 kU/l. If
the catalase activity exceeded 100 kU/l, the samples were
diluted with the phosphate buffer (2- to 10-fold) and the
assay was repeated. One unit catalase decomposes 1 µM
of hydrogen peroxide/min under these conditions. The
enzymatic reaction was terminated with 1.0 ml of 32.4
mmol/l ammonium molybdate [(NH4)6Mo7O24.4H2O]
and the yellow complex of molybdate and hydrogen
peroxide was measured at 405 nm on the
spectrophotometer against the blank containing all the
components except the enzyme and expressed in kU/l,
where k is the first-order rate constant.9
Gene expression
Total RNA was prepared from isolated brain by using the
triazole reagent, according to the manufacturer’s
instructions (GIBCO-BRL, Grand Island biological
company, New York, USA). Reverse transcription was
performed on equal amounts of total RNA by using
random hexanucleotide primers to produce first-strand
cDNA for each sample. The synthesized cDNA was used
as a template for polymerase chain reaction (PCR)
amplification. Real time PCR was performed by using
step one real time PCR system (Applied Biosystem). The
IL-6, IL-1β and TNF-α. Synergy Brand.inc (SYBR)
Green primers was used for real time RT-PCR analysis.
PCR was carried out for 45 cycles using the following
conditions: denaturation at 95ºC for 45 seconds,
annealing at 62.7ºC for 30 seconds and elongation at
72ºC for 15 seconds. Gene expression for IL-6, IL-1β,
TNF-α was studied.10
Statistical analysis
Data was expressed as Mean±SD. Data was analyzed by
using one-way analysis of variance (ANOVA) followed
by Bonferroni’s multiple comparison test.11 p≤0.05 was
considered to be statistically significant. Graph Pad Prism
6.0 software, a statistical analysis tool was utilized for all
the analysis.

Duration of immobility
The mean duration of immobility in the control group was
79.25±16.66 while in fluoxetine 2.7 mg/kg dose:
43.63±5.65, sitagliptin 5 mg/kg dose: 57.88±10.13 and
sitagliptin 9 mg/kg dose: 51.88±9.40. Duration of
immobility was significantly decreased in Fluoxetine
(p<0.01), sitagliptin 9 mg/kg group when compared to
that of control group. Sitagliptin 5 mg/kg (p>0.05) did not
show significant results when compared to control group
(Figure 1).
Duration of Immobility
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Figure 1: Effect of various treatments on duration of
immobility (in seconds) in forced swim test.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison. *p>0.05, **p<0.01 as
compared to control group.

Duration of climbing movement
The mean duration of climbing movement in the control
group was 20.13±1.80 while in fluoxetine 2.7 mg/kg dose:
30.25±2.05, sitagliptin 5 mg/kg dose: 21.00±2.00,
sitagliptin 9 mg/kg dose: 31.38±1.84. Duration of
climbing movement was significantly increased in
fluoxetine, sitagliptin 9 mg/kg group (p<0.001) when
compared to control group (Figure 2).

Mean

method based on the Griess reaction. Standard nitrite
concentration in the range 0-100 µM was prepared.
Plasma samples were deproteinised by zinc sulphate and
NaOH, centrifuged and supernatant was used in the
assay. Griess reagent (1% sulphanilamide in 5%
phosphoric
acid
and
0.1%
N-[1-Napthyl]ethylenediamine) was added to the supernatant incubated
at room temperature for 15 minutes and absorbance was
read at 540 nm. Nitrite was quantified by using sodium
nitrite as a standard curve.8
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Figure 2: Effect of various treatments on duration of
climbing movement (in seconds) in forced swim test.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison, *p<0.001 as compared to
control group.
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Duration of active swimming

Mean

The mean duration of active swimming in the control
group was 27.25±2.31 while in fluoxetine 2.7 mg/kg dose:
35.00±2.00, sitagliptin 5 mg/kg dose: 26.75±2.81,
sitagliptin 9 mg/kg dose: 34.25±1.98. Duration of active
swimming was significantly increased in Fluoxetine,
sitagliptin 9 mg/kg group (p<0.001) when compared to
that of control group (Figure 3).

40
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Figure 5: Effect of sitagliptin on interleukin 6.

26.75

Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison, *p<0.001 as compared to
control group.

Tumour necrosis factor α
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Control
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Sitagliptin 9 mg/kg showed significant reduction in the
levels of TNF α when compared to control group
(Figure 6).

Figure 3: Effect of various treatments on duration of
active swimming (in seconds) in forced swim test.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison, *p<0.001 as compared to
control group.

Effect of various treatments on gene expression

*

Interleukin-1β
Sitagliptin 5 mg/kg and 9 mg/kg showed significant
reduction in IL-1β levels compared to control group
(Figure 4).
Figure 6: Effect of sitagliptin on tumour necrosis
factor α.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison, *p<0.001 as compared to
control group.

*
*

Figure 4: Effect of sitagliptin on interleukin 1β.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison, *p<0.001 as compared to
control group.

Interleukin 6
Sitagliptin though showed a decrease in the levels of IL6
levels compared to control group, however the results
were not statistically significant (Figure 5).

Figure 7: Effect of sitagliptin on catalase.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison.
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Effect of various treatments on oxidative stress markers

test drugs were almost comparable as there was no
significant difference among them.

Catalase
Sitagliptin though showed a decrease in the levels of IL6
levels compared to control group, however the results
were not statistically significant (Figure 7).
Nitric oxide
Sitagliptin 9 mg/kg showed significant reduction in the
levels of nitric oxide (Figure 8).

*

Figure 8: Effect of sitagliptin on nitric oxide.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison, *p<0.001 as compared to
control group.

Reduced GSH
Sitagliptin showed an increase in the levels of reduced
glutathione compared to control group, however the
results were not statistically significant (Figure 9).
Reduced GSH
127.296
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140
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127.866
106.466

120

Sitagliptin is a dipeptidyl peptidase inhibitor. Kamble et
al in his study proved that in FST model for depression,
the duration of immobility with sitagliptin (6 mg/kg) was
significantly reduced suggesting its antidepressant effect
in comparison to control group.12 In a study by Marques et
al sitagliptin 10 mg/kg was able to ameliorate
nephropathy induced by diabetes in a T2DM animal
model, the ZDF (fa/fa) rats, due to anti-inflammatory and
antiapoptotic properties.13
In a study by El sahar et al depicted a marked antioxidant
potential of sitagliptin as demonstrated by the reduction of
the lipid peroxidation marker TBARS and the nitrosative
stress indicator NOx, as well as replenishing the key
cellular non-enzymatic antioxidant GSH.14 Sitagliptin 3
mg/kg and 6 mg/kg, reduced the duration of immobility in
a dose-dependent manner but it was statistically
significant (p<0.05) with the higher dose only.12
Our study showed that sitagliptin 9 mg/kg and vildagliptin
18 mg/kg significantly reduced the mean duration of
immobility, increased the mean duration of active
swimming, climbing movements compared to the control
group. These results were also comparable with standard
drug fluoxetine. Above results suggest that sitagliptin
could alleviate depressive behaviour in male wistar rats.
Small gene expression studies (N<100) have shown an
increased expression of IL-6 and TNF-α in MDD.13.14
Meta-analyses of longitudinal studies suggest a causal
pathway from inflammation to MDD.15,16 Numerous
studies have reported increase in circulating
proinflammatory cytokines, interleukin IL-1, IL-6, TNFα
in depression.17 So we planned to perform a gene
expression study to measure the levels of inflammatory
markers IL1β, IL6 and TNFα. Sample taken for gene
expression study was hippocampus of rat brain.
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In our study sitagliptin 9 mg/kg showed significant
reduction in the levels of IL 1β (p<0.05) and comparable
to that of fluoxetine (p<0.05). Sitagliptin 5 mg/kg showed
a decrease in the trend, however not statistically
significant.
IL6

Figure 9: Effect of sitagliptin on reduced GSH.
Note: Data expressed as Mean±SD, ANOVA followed by
Bonferroni’s multiple comparison.

DISCUSSION
The highest duration of immobility was noticed in control
group whereas the highest duration of active swimmimg
and climbing was observed in sitagliptin groups. Both the
standard drug and test drug were found to be effective in
comparison to control group. The results of standard and

Sitagliptin 5 mg/kg and 9 mg/kg showed reduction in the
levels of IL6 in dose dependent manner. However, the
results were not statistically significant
TNF alpha
Sitagliptin 9 mg/kg (p<0.05) showed a statistically
significant reduction in the levels of TNFα and were
comparable to that of fluoxetine (p<0.05). Sitagliptin 5
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mg/kg showed a decrease in the trend, however not
statistically significant.
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Abstract
Context: This study is aimed to analyse heavy metal content and antioxidant potential of three types of Jamun
honey samples from Western Ghats of India. Ash, pH, and colour intensity were anlyased. Heavy metal
analysis for Arsenic (As), Lead (Pb), chromium (Cr) and Mercury (Hg) were carried out using inductively
coupled plasma - optical emission spectrometry (ICP-OES). Total polyphenol (TPC), total flavonoid content
(TFC) and antioxidant assays such as 2, 2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant
power (FRAP) were performed. Comparative studies of Jamun honeys revealed strong correlation between
TPC and TFC as significant radical scavenging activities. Colour values represented strong correlation with
TPC and TFC at (r= 0.9) and FRAP at (r= 0.8) whereas a negative correlation with IC 50 values of DPPH
at (r= -0.6) was observed.
Keywords: Honey, Unifloral, Antioxidant, Heavy Metals.

Introduction
Honey is a natural high energy source, carbohydrate
food processed by honey bees1. In human history, honey
is not only used as nutrient but also used as a drug delivery
system in medicine. In recent years, industries utilize
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honey for cosmetic and drug production. Commercial
advertisements have created the awareness of honey
consumption amongst the human population2. Honey
has enticed flavour, colour, aroma and texture largely
due to the presence of volatile oils, aromatic acids,
carotenoids, flavonoids and polyphenols. Because of this
unique and complex nature, it exhibits some biological
potentialsuch as antibacterial, anti-inflammatory,
antiviral, antioxidant, and anticancer activities3. Studies
have shown that physicochemical characteristics of
honey depend predominantly on the quality, source of
nectar, geographical region, and processing of honey 4.
The unifloral honey has majority of nectar from flower
of a specific plant species and when compared with
multifloral honey it exhibits a similar range of biological
properties containing identical constituents in varying
concentrations5.
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Honey does contain elements as minor constituent.
Presence of metal in honey is largely based on elemental
composition of the nectar with regards to its botanical
origin, soil and geography of source plants. Honey
can also be contaminated with heavy metals during
packaging and processing or due to industrial and
agriculture pollution. Due to recent increase in
consumption of honey as nutraticals, it may set a base
for heavy metal toxicity in population. India being a
large consumer of honey there is still lack of information
regarding heavy metal content of Indian honeys.6, 7
Unifloral Jamun honey samples were collected from
mountain ranges of Western Ghats. Jamun is fruit from
Jamun tree (Syzygium cumini) and so honey called as
Jamun honey. The plant parts, i.e. bark, leaves, seeds
and fruits are extensively studied for their antioxidant
properties and used for the treatment of medicinal
ailments such as constipation, diabetes, ringworm
infection, pharyngitis, dermopathy 8. Thus the nectar
collected by bees to produce honey form this plant gives
us the perspective to explore the physicochemical, heavy
metal analysis and antioxidant potential of Jamun honey
from Western Ghats India.

Physical Analysis: Ash content and pH analysis
was performed according to official reported analysis
method: AOAC 1990 guidelines10. Colour intensity was
estimated with previously mentioned method of Beretta
Get al. 11
Phytochemical estimation:
Total polyphenol content: Total polyphenol
content was determined by F-C reagent methodin 96
well plateeach well had 150 µL solution containing
standard or 10% honey solution, freshly prepared F-C
reagent and 7.5% of sodium carbonate. The platewas
incubated in dark for 30min and absorbance was
measured at 630nm12. Gallic acid (5 -160 μg/ml) was
used as standard and results were expressed as mg Gallic
acid equivalents (GAE) per 100gm of honey.
Total flavonoid content: Total flavonoid content
was estimated using aluminium chloride method13. The
Quercetin (12.5-800 μg/ml) was used as standard and
results were expressed as mg of Quercetin equivalents
(QE) per 100gm of honey.
Antioxidant activity:

Materials and Method

2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay

Reagents and Instruments: Gallic acid, Quercetin,
FeSO4.7H2O, F-C reagent (Folin Ciocalteu), DPPH,
2,4,6-Tris (2-pyridyl)-1,3,5-triazine (TPTZ) were
purchased from Hi-Media Laboratories Pvt. Ltd.
Methanol, Sodium carbonate, Ferric chloride, acetate
buffer and dilute HCl, aluminium chloride, sodium
nitrite and sodium hydroxideall chemicals are of
analytical grade. UV spectrophotometer (SHIMADZU
spectrophotometer UV-1800).

The free radical scavenging ability of honey samples
was determined according to the method of BrandWilliams et al.,14 with required modifications. Honey
samples of 100μL were allowed to react with 1900μL of
the DPPH solution for 1h. The reaction mixture was read
at 517nm and the standard Gallic acid concentration was
ranging from (200-6.25 μg/ml). The results were taken
in triplicates and% of radical scavenging activity was
expressed by using the formula:

Honey samples: Collection and Preparation:
Honey samples were collected during the year 201516 from honey hunters and apiaries of Ponda area (Goa
state)(J-1), Pune (J-2) and Mahabaleshwar (Maharashtra
state) (J-3) of Western Ghats of India. Collected samples
werefiltered and stored in air tight containers at room
temperature under hygienic conditions until analysis.

% of Radical Scavenging Activity = [Abs
Abs (sample Honey)/Abs (blank)] × 100

Melissopalynological Analysis: In the present
study, based on the recommendations of International
Commission for Bee – Botany9 honey samples which
had pollen count of similar plant species (Syzygium
cumini) with more than 45% was considered as unifloral
Jamun honeys.

(blank)

-

Ferric reducing antioxidant power (FRAP)
assay: The assay was performed with FRAP reagent
based with minor modifications15. Briefly, reaction
solution contained 200µl of 10% honey sample, 1800
µl of FRAP reagent. The solution was incubated in dark
condition for 10min at room temperature and absorbance
was measured at 593 nm. FeSO4.7H2O (100-1000 μM)
was used as assay standard for calibration per 100gm
of honey and results were expressed in triplicates as
micromoles of ferrous equivalents (μM Fe (II)) of per
gram honey solution.
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Ash (%)

Colour
intensity(450nm)

J-1

4.17

0.42

0.530±0.24

J-2

4.29

0.27

0.339±0.03

J-3

4.48

0.14

0.836±0.43

Phytochemical estimation: The total polyphenol
content in the tested Jamun honey sample ranges
between 31.67±0.00 mg to 77.90±18.73GAE/100gm.
J-3 honey sample was observed with a significant
difference (p<0.05) in terms of polyphenol and flavonoid
content as compared to other two honey samples (Fig. 1).
Supporting this study observations, several earlier
studies have been reported for polyphenol content in
different honey samples such as Tualang (251.7 ± 7.9
mg GAE/Kg)20. On the other hand, total flavonoid
content ranges between 25.84±7.83 to 51.20±16.35 mg
of QE/100 gm which is comparable to Algerian honey
(54.23 ± 0.62 mg catechin/kg)21. Previous research have
presented that polyphenol and flavonoid content depends
on floral source and their geographical origin22. Honey
sample from Mahabaleshwar region (J-3) has higher
polyphenol and flavonoids which is directly accountable
for higher antioxidant potential.
100
80

TPC (mg GAE/100gm)
TFC (mg QE/100gm)

60
40
20
0

J3

To our knowledge, it’s the first study reporting
physicochemical, heavy metal analysis and antioxidant
potential of Indian Jamun honey from Western Ghats
of India. The Melissopalynological analysis depicts
maximum percentage of pollen grains from the Jamun
tree (Syzygium cumini)in all three honey samples [J1(94.6%), J-2(67%), and J-3(92.4%)] collected from the
Western Ghats of India. The findings for ash content,
pH and colour intensity are presented in Table 1. The
ash content of Jamun honey samples varies from (0.14%
-0.42%) which is according to the reference range of
<0.6% 17. The ash content mainly depends on the floral
origin, which represents the mineral and trace elements
content. The pH range of the Jamun honey in the present
study was found to be acidic i.e., (4.17 to 4.48) and are
comparable with ranges of the Tualang and Manuka
honey18. Colour of honey samples indicates that Jamun
honey (J-3) with dark brown in colour has highest colour
intensity along with higher level of polyphenol and
flavonoid content than the (J-2), (J-1) honey. Therefore,
the higher colour intensity specifies the maximum
presence of MRPs, phenolic and flavonoid compounds
which are previously established to contribute for
antioxidant properties19.

pH

J2

Findings and Discussion

Sample

J1

Statistical Analysis: Analyses were made in
triplicate and data obtained are expressed as the mean
± standard deviations. Comparison of inter sample
concentrations for study parameters were tested using
Kruskal Wallis ANOVA. While, correlations were
established using Pearson’s correlation coefficient (r) in
bivariate linear correlations (p<0.01). These correlations
were analysed using Graph pad prism version 7 and SPSS
software with statistical significance set at p < 0.05.

Table 1: Physical characters, Colour intensity of
Jamun honey samples from Western Ghats of India.

mg/100gm honey

Heavy metal analysis: Honey sample digestion
was carried out in a microwave assisted extraction
system Milestone START D (MilistoneSrl., Italy).
The digested samples were quantitatively analyzed for
heavy metals such as Arsenic, Lead, chromium and
Mercury in an Inductivity Coupled Plasma–Optical
Emission Spectrometer (iCAP 6300 Duo, Thermo fisher
Scientific, Cambridge, England) with dual configuration
(axial and radial) and iTEVA (version 2.8.0.97)
operational software. ICP multi-element standard
solution (CertiPUR, Merck) was used for preparation
of calibration solutions. Yttrium was used as internal
standard16.
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Jamun honey

Figure 1. Phytochemical estimation of Jamun honey
samples
Antioxidant Assays: DPPH investigates the
hydrogen /electron donating capacity of samples and
is reduced in presence of an antioxidant molecule. The
current study represents DPPH IC 50 values ranging
from 27.69±0.61 to 46.95±2.74 mg/ml (Fig 2). The
J-3 honey displayed the significant (p < 0.05) highest
level antioxidant potential at lower concentration when
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compared to other honey samples and is comparable to
DPPH activity for Tualang honey (41.30%)20, Algerian
honey (44.55%)21, Indian honey samples (>50%)23.
60

FRAP (µMFe(II)/100gm)
DPPH (IC- 50)

600

40

400
20

200

J3

J2

J1

J3

J2

0

J1

0

IC-50 (µg/ml)

(µMFe(II)/100gm)

800

different regions are: Malaysian Tualang honey (576.91
± 0.64 μMFe (II)/100 g)20, Sudanese honey (567.8±0.61340.2±8.6Mm)24.

Jamun honey

Figure 2. Antioxidant assay of Jamun honey samples
Ferric reducing antioxidant power FRAP assay is
based on the ability of analyte towards reducing the ferric
to a ferrous couple (Fe+3/Fe+2). The mean value of the
Jamun honey for the assay was in the range of 410±0.01
to 600±0.01 μMFe (II)/100gm. As assumed,J-3 exhibited
the significantly (p< 0.05) quantity of antioxidant activity
when compared with J-1 and J-2 (Fig 2). The previous
documented FRAP value of other honey samples from

Heavy metal analysis: Heavy metals such as
Mercury, Chromium and Lead were below the detection
limit in all honey samples only Arsenic was detected
in Mahabaleshwar (J-3) honey with 0.55±0.42 ppm.
Results are comparable to other studies6, 7 and indicate
consumption of these Jamun honey may have no toxic
effects.
Correlation: Colour, Phytochemical, and
Antioxidant Properties: The correlation has been
summarized in Table 2. A very high positive correlation
was detected between polyphenols and flavonoid content
(r = 0.9) and high negative correlation with DPPH at
(r = -0.7) indicating high radical scavenging activity by
both phytochemicals in the sample. A moderate positive
correlation between FRAP assay and polyphenols and
flavonoid content at (r= 0.6). Correlation observed in the
present study revealed an overview that Jamun honey
with dark colour possesses high amount of TPC and
TFC, which aids in free radical scavenging activity.

Table 2: Pearson Correlation amongst Total Polyphenol content (TPC), Total flavonoid content (TFC),
antiradical power (DPPH), FRAP values, honey colour, pH.
TPC
TPC

1

TFC

0.999**

TFC

DPPH

FRAP

DPPH

-0.710

-0.7373

FRAP

0.610*

0.641*

-0.991

COLOUR

0.910**

0.926**

-0.937

0.883**

pH

0.999**

0.997**

-0.687

0.585*

COLOUR

pH

0.896**

1

**Correlation is significant at the 0.01 level;*correlation is significant at the 0.05 level.

Conclusion
Since, the Western Ghats of India is rich in flora
and fauna, the honey obtained from this geographical
distribution show a good antioxidant potential with
below detection limit of heavy metals. Present study
signifies that unifloral Jamun honey has higher
antioxidant with medicinal and biological properties
associated with high grade of nutritional value for
health benefits of the population. Herbal chemist is

recommended to specifically use Jamun honey for their
drug preparations and observe the effects which help
in promoting local honey consumption by consumers.
Study with large sample size and other biological aspects
of this indigenous honey are to be explored.
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ABSTRACT
Aim: The aim of the study was to develop and validate a simple and precise reverse-phase
High Performance Liquid Chromatography (RP-HPLC) method for quantitative analysis
of trans-resveratrol in human and rat plasma. Methods: HPLC method was developed
by using Phenomenex Luna C18 column (150 x 4.6 mm, 5 µm) and the optimized
mobile phase comprised of acetonitrile/water in isocratic mode (30:70, v/v) with the
flow rate of 1.0 mL/min. Trans-resveratrol was detected at a UV wavelength of 306 nm.
Developed method was validated as per International Conference on Harmonization (ICH)
M10 guidelines. Results: The proposed method was found simple, precise and linear with
regression coefficient of 0.999 which could analyse the samples in nanograms levels
with mean percent recovery in the acceptable range of 94.44 – 97.44%. The method
was precise at the intra-day and inter-day levels as reflected by the relative standard
deviation values (less than 3.36%). Trans resveratrol was found to be stable in plasma
under different storage conditions. Conclusion: The present investigation demonstrated
that the developed method was succesfully applied to accurately determine transresveratrol in human and rat plasma and therefore can be applicable for pre-clinical and
clinical studies.
Key words: RP-HPLC, Trans resveratrol, Human plasma, Rat plasma, Storage stability
studies.

INTRODUCTION
Recently, various food constituents, mainly
polyphenols have gained wide attention
either as a potential therapeutic or as prophylactic agent in the management of
several diseases.1 Resveratrol (3,5,4’- trihydroxystilbene), a well-known naturally
occurring lipophilic polyphenol is first isolated from white hellebore and also present in wide range of other plant products
including cranberry, grapevine, blueberry,
bilberry and peanut.2,3 Resveratrol has two
isomers cis and trans from which, the transresveratrol is the therapeutically active form

(Figure 1) responsible for health-promoting
pharmacological effects like antioxidant,
anti-aging, cardioprotective, neuroprotective, anti-inflammatory and anticancer
properties.4 Although trans-resveratrol has
shown promising results in several diseases
but its unfavorable pharmacokinetic properties such as low bioavailability, extensive
metabolism and short half-life limits its use
in clinical applications.5 Currently, trans-resveratrol has been widely incorporated as a
nutritional supplement in the day-today life
and to consume it as a drug, it is important

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 1 | Jan-Mar, 2020

Submission Date: 16-05-2019;
Revision Date: 22-08-2019;
Accepted Date: 03-12-2019
DOI: 10.5530/ijper.54.1.22
Correspondence:
Dr. Sunil Jalalpure,
Professor, KLE College of
Pharmacy, KLE Academy
of Higher Education and
Research, Nehru Nagar,
Belagavi, Karnataka, INDIA.
2Dr. Prabhakar Kore Basic
Science Research Center,
KLE Academy of Higher Education and Research, Nehru
Nagar, Belagavi-590010
Karnataka, INDIA.
Phone: +91 9448964057
E-mail: jalalpuresunil@
rediffmail.com

www.ijper.org

187

Jagwani, et al.: RP-HPLC method of resveratrol estimation in plasma

madzu LC solution (version 1.25) software program
to analyse the chromatograms. A reverse phase Luna
C18 column (150 x 4.6 mm i.d., 5 µm particle size, Phenomenex, USA) equipped with a guard column (ODS;
4 x 3.0 mm ID, Phenomenex, CA, USA) with a similar
particle size was used for separation.
Chromatographic conditions

Figure 1: Structure of trans-resveratrol.

to develop an appropriate drug delivery systems which
can overcome the problems related to its pharmacokinetic. Several HPLC methods are reported in the literature to quantify trans resveratrol in human and rat
plasma.2,5-9 However, the reported RP-HPLC methods
present several limitations such as long run times, high
flow rates, complicated gradient elutions and buffer
solutions in mobile phase. The necessity for development of a reliable analytical method for drug assay in
biological fluids is a prerequisite for pharmacokinetic
studies in animal models and human subjects.
With this background, the aim of the study was to
develop a simple, rapid and selective RP-HPLC method
in accordance with U.S. Food and Drug Administration
and ICH guideline10,11 to quantify trans-resveratrol in
human and rat plasma.
MATERIALS AND METHODS
Materials

Trans-resveratrol (99% pure) and carbamazepine were
obtained as free samples from Ms. Sami Labs Ltd., Bangalore, India and Alkem Laboratories Ltd., Mumbai,
India, respectively. HPLC-grade acetonitrile (ACN) and
methanol were procured from Merck, Mumbai, India.
Whole human blood was obtained from K.L.E.S. Dr.
Prabhakar Kore Hospital and Medical Research Centre
blood bank, (Nehru Nagar, Belagavi-590010, Karnataka, India) and was processed to obtained blank plasma.
Deionized water used in the tests was prepared by filtering water through Millipore Direct-Q®-3 purification
system (18.2 MΩ/cm) Millipore (Molsheim, France).
Instrument

The HPLC system (LC-20AD prominence system, Shimadzu, Kyoto, Japan) consisted of an LC-20AD pump,
SIL-20 AC HT autosampler, SPD-M20A diode array
detector and CBM-20A communication bus module,
which was functioned by using computer based Shi188

System was operated with isocratic elution of ACN:
Deionized water (30:70 v/v) as mobile phase at a flow
rate of 1.0 mL/min under a controlled temperature
(30°C) condition. Solvents were prepared by degassing in bath sonicator for 10 min followed by filteration
through 0.45 µm membrane Millex HV polyvinylidene
fluoride membrane filters (Millipore, Bedford, USA) by
using vaccum pump. Drug samples (20 µl ) was injected
in HPLC system and detected at 306 nm.
Method validation

Developed method was validated for its selectivity, linearity, system suitability, Limit of Detection (LOD),
Limit of Quantitation (LOQ), precision, accuracy and
stability.
Human and rat plasma samples preparations

Animal experiments was approved by the Institutional
Animal Ethical Committee, KLE College of Pharmacy,
Belagavi, India. Human and rat blood samples were
centrifuged at 3000 rpm for 10 min at 4°C for plasma
separation.12 The stock solution of the drug was spiked
in rat and human plasma to get final concentrations of
2, 4, 6, 8, 10, 12 µg mL-1 (trans-resveratrol). Protein precipitation was performed by treating the spiked plasma
samples (150 µL) with acetonitrile (100 µL) followed by
centrifugation at 10000 rpm for 10 min at 4°C. Finally,
the supernatant was carefully seperated and loaded into
the HPLC autosampler for analysis.13
Stability experiments

Trans-resveratrol stability was determined in the human
and rat plasma at different storage conditions as follows:
stability for up to 6 h at 25°C, freezer stability up to 7
days (at -20°C) and freeze-thaw stability (at -20°C). In
freeze-thaw stability, cycles were conducted for thrice
and the samples were restored to the same condition
after withdrawal of aliquots for analysis. The peak areas
of the trans-resveratrol obtained at 0 h were used as the
reference to determine the relative stability at various
storage conditions. All the experiment were performed
in triplicates and the samples were considered as stable
if the assay values were within the acceptable limit of
accuracy (i.e. ± 15% standard deviation).14
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RESULTS AND DISCUSSION
Method development

Preceding to the validation step, the proposed method
was developed in order to provide a simple and optimized procedure, with reduced time and cost of analysis. Therefore, different chromatographic parameters
were considered, namely peak number of theoretical
plates (N), symmetry (as described by the tailing factor, T), resolution, HETP and retention factor (k′). Initially, the developed RP-HPLC method was optimized
by altering the mobile phase composition to obtain
symmetrical peak. Varying ratios of solvents mainly
consisting of ACN and deionized water with or without methanol was used to optimise the resolution of
the peak. Solvent composition consisting of methanol
and water in the ratio of 50:50 v/v might yield clear
trans-resveratrol peak but had a undesirable impact on
the theoretical plate number whereas, solvent composition consisting of ACN and deionized water 50:50 v/v
yielded well resolved peak with minor tailing. For the
separation of trans-resveratrol, several proportions of
ACN and water were tested ranging from 90:10 to 40:60
and analysed to get sharp peak with negligible tailing
and shorter retention time. Apart from the mobile phase
selection, column temperature is one of the key parameter that demonstrate the significant effect on retention
time and peak shape of trans-resveratrol. Experiments
with colum temperature in the ranging from 25°C to
45°C revealed that 30°C demonstrated clear peak shape
and shorter retention time when compared to others.
The developed HPLC system with Luna C18 column
(150 x 4.6 mm i.d., 5µm) was validated by using a solvent mixture of ACN and deionized water (30:70) with
isocratic elution at 1.0 mL/min. The injection volume
was set up at 20 µL with column temperature of 30°C.
Under these chromatographic conditions, trans-resveratrol was detected at wavelength of 306 nm with retention time of 6.1 min (Figure 2).
Method validation
System suitability and selectivity tests

System suitability test is an vital part of the HPLC
method development which defines the feasibility and
acceptability of the proposed method for the estimation of trans-resveratrol in the plasma. The results of
the tested parameters along with their acceptance criteria are summarized in Table 1. All the parameters such
as retention factor (>2), tailing factor (< 2), resolution
(>2) and theoretical plate number (>2000) were found
to be within the acceptable limits demonstrating desirable resolution, peak symmetry, column efficiency and

Figure 2: Representative chromatogram obtained from a) pure
trans resveratrol (6μg mL-1) b) blank human plasma c) human
plasma spiked with pure trans resveratrol at 6μg mL-1 and
internal standard (IS) carbamezapine at 20μg mL-1 d) blank rat
plasma e) rat plasma spiked with pure trans resveratrol at 6μg
mL-1 and internal standard (IS) carbamezapine at 20μg mL-1.
Retention time of pure resveratrol and IS are 6.1 and 11.2 min,
respectively.

Table 1: System suitability parameters.
Parameter

Human
plasma

Rat
plasma

Acceptance
criteria

Retention time (Rt,
min)

6.055 ±
0.004

6.051 ±
0.003

-

Peak area

171352.3 ±
1173.212

172503.7 ±
1329.123

-

Tailing factor (T)

1.11

1.09

< 2.0

Theoretical plates
(N)

8504.00

4454.00

> 2000

Resolution

26.21

10.92

>2

HETP

0.01

0.03

Smaller
the value
the higher
column
efficiency

retention factor (k’)

3.16

3.10

>2

Values are express as mean ± standard deviation (SD); (n=6)

excellent chromatographic conditions which was used
for further validation and sample analysis. Selectivity is
described as the ability of a method to separate the analyte from all possibly interfering substance. The selectivity of the method was examined by analyzing blank
human and rat plasma detection and spiking with pure
compound. Figure 2 shows that there were no interference of plasma in resveratrol elution.
Linearity and range

The linearity of a method is defined as the relationship
between the peak area and its corresponding concentrations in the sample solutions. The developed method
was found to be linear (Figure 3) over the range of 2 –
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12 µg mL-1 with correlation coefficient; r2= 0.999 (Table
2) indicating acceptable linearity over the proposed concentration range.
LOD and LOQ
The LOD and LOQ were determined by diluting the
known concentration of the drug until a signal to noise
ratio of nearly 3:1 and 10:1 were obtained (Table 2).
The lowest concentration of trans-resveratrol detected
in human and rat plasma was 0.030 and 0.032 µg mL-1
respectively. Whereas, the limit of quantitation in the
human plasma and rat plasma was found to be 0.090
and 0.099 µg mL-1 respectively.
Precision

The precision of an analytical method indicates the
closeness of agreement between the series of measurements obtained from multiple samplings of the identical sample under the similar analytical conditions.
Both inter-day (at three consecutive days) and intra-day
(repeatability) assays were performed at three different
concentrations (in triplicates) and results are shown in
Table 3. The percent relative standard deviation (%RSD)
of the total peak areas were <3.36% which indicates
that the developed method is precise.
Accuracy

The accuracy of the bioanalytical method is defined as
the percent difference between the mean experimental
value and true value. Accuracy was evaluated by conducting a recovery experiment in pre-analysed biological
fluid (human and rat plasma). The assay was performed
by following standard addition method at three different concentrations (50%, 100% and 150%) of preanalysed trans-resveratrol samples in triplicates. The mean
percent recovery of trans resveratrol from biological
fluid were in the range of 94.44 to 97.44 % with < 1
% RSD. The results summarized in the Table 4. clearly
indicate that the developed method displayed low variability and a strong agreement between experimental
and true values.
Trans-resveratrol stability

Trans-resveratrol was stable for 6h at 23°C - 25°C and
7 days at freezing condition (-20°C). Trans resveratrol
was also stable for 3 freeze-thaw (F/T) cycles (Table 5).
Comparison with previous published methods
Comparative analysis of methods described in the existing literature and the current study reveals the advantage of the developed method (Table 6). The developed
method uses conventional solvents like water and ACN
and has the flowrate of 1mL min-1 with retention time
of 6 min which suggests that it is economic, cheap and
190

Figure 3: Linearity curve of trans resveratrol in human and
rat plasma found to be linear over the range of 2 – 12 µg mL-1
with correlation coefficient; r2= 0.999.

Table 2: Statistical evaluation of the calibration data.
Parameters

Human plasma

Rat
plasma

Linearity range (µg mL -1)

2 - 12

2 - 12

Slope

58424

30305

Intercept

-7297

-11371

0.999

0.999

Limit of detection (µg mL )

0.0301

0.0327

Limit of quantification (µg mL -1)

0.0909

0.0992

Correlation coefficient
-1

Table 3: Intraday and interday precision of
resveratrol.
Samples

Interday (n=3)
Percent RSD

Resveratrol
concentration
(µg mL-1)

Intraday
(n=6)
Percent
RSD

Day 1

Day 2

Day
3

2

1.042

1.208

1.690

1.684

6

1.430

1.368

1.315

1.02

10

1.652

1.120

1.515

1.304

2

3.20

1.48

3.36

1.68

6

1.37

1.42

1.99

2.37

10

2.06

2.12

1.19

1.26

Human
plasma

Rat
plasma

RSD (Relative standard deviation); n = number of replicate.

Table 4: Determination of accuracy based on
percentage recovery (n=3).
Level of addition (%)

Human plasma

Rat plasma

50

94.44

94.68

Percent RSD

0.49

0.65

100

95.09

95.25

Percent RSD

0.27

0.36

150

97.44

96.29

Percent RSD

0.55

0.64

RSD (Relative standard deviation); n = number of replicate.
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Table 5: Stability data of trans-resveratrol in human and rat plasma.
Human plasma
Spiked concentration
(µg/mL-1)

Stability

Rat plasma

Mean ± SDa (µg/mL-1),
n= 3

Accuracy (%) b

Mean ± SDa (µg/mL-1),
n=3

Accuracy (%) b

0h

1.934 ± 0.022

-

1.958 ± 0.015

-

3 F/T cycles

1.891 ± 0.027

95.33

1.771 ± 0.0132

92.37

6h

1.920 ± 0.012

98.45

1.919 ± 0.009

95.87

7 days at
-20°C

1.900 ± 0.016

92.39

1.941 ± 0.028

94.02

0h

5.973 ± 0.006

-

5.978 ± 0.022

-

3 F/T cycles

5.679 ± 0.023

95.07

5.837 ± 0.027

97.63

6h

5.753 ± 0.056

98.74

5.878 ± 0.019

98.74

7 days at
-20°C

5.190 ± 0.132

93.05

5.812 ± 0.028

97.21

0h

9.876 ± 0.039

-

9.225 ± 0.099

-

3 F/T cycles

9.325 ± 0.166

94.42

8.927 ± 0.202

96.76

6h

9.753 ± 0.056

98.74

8.966 ± 0.239

97.19

7 days at
-20°C

9.190 ± 0.132

93.05

8.872 ± 0.109

96.16

2

6

10

Back calculated concentration, b (Mean assayed concentration/mean assayed concentration at 0 h) x 100.

a

Table 6: Comparison between HPLC methods reported in the literature.
Mobile phase

Separation
time (min)

Limitations

Applicability

References

Gradient elution
NH4CH3CO2 -5mM
CH3OH, Propan-2ol- 2%

18.6

Gradient elution; Longer run time;
Expensive equipment

Human plasma and
urine

9

3% CH3COOH:
CH3CN (20:80, v/v)

11.7

Gradient elution; High flow rate;
Expensive equipment and hence
uneconomical

Rat plasma and
tissue

7

H3PO4 0.5% v/v
(pH 6.8): CH3OH:
(37:63 v/v)

3.94

Complete validation was not done;
system suitability parameters were
not mentioned

Spiked human
plasma

15

C18

CH3OH: CH3CN:
0.1% H3PO4
(60:10:30 v/v)

4.34

Method validation in plasma clearly
not given; stability studies not given

PLGA nanoparticle
and human plasma

16

10

ODS
Hypersil

CH3CN: 30µM PBS
(pH 7.0)
(30:70)

5.5

No system suitability data given

Rat plasma

5

14

C18

CH3CN: H2O
(30:70)

6.10

Economical, fast analysis, complete
validation and stability studies of
resveratrol in plasma

human and rat

Present
method

No.

Column

1

C18

2

C18

3

C18

9
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fast when compared to other methods. Use of simple
mobile phase without strong buffers/expensive HPLC
grade solvents and a conventional C18 column makes the
method versatile for the analysis of trans-resveratrol.
Comparison with previous published methods

Comparative analysis of methods described in the existing literature and the current study reveals the advantage of the developed method (Table 6). The developed
method uses conventional solvents like water and ACN
and has the flowrate of 1mL min-1 with retention time
of 6 min which suggests that it is economic, cheap and
fast when compared to other methods. Use of simple
mobile phase without strong buffers/expensive HPLC
grade solvents and a conventional C18 column makes
the method versatile for the analysis of trans-resveratrol.

Reverse Phase high performance liquid chromatography; RSD: Relative standard deviation; UV: Ultraviolet.
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SUMMARY

PICTORIAL ABSTRACT

Developed RP-HPLC method was validated as per
ICH (M10) guidelines for quantitative analysis of
trans-resveratrol in human and rat plasma. Separation of trans-resveratrol was carried out by using Phenomenex Luna C18 column (150 x 4.6 mm, 5 µm)
with optimized mobile phase comprised of acetonitrile/water in isocratic mode (30:70, v/v) at the flowrate of 1.0 mL/min. Trans-resveratroldetected at UV
wavelength of 306 nm with retention time of 6.1 min.
The developed bioanalytical method was rapid, simple
and precise for the determination of trans resveratrol
in plasma.
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A Validated Stability-indicating RP-HPLC Method
for Piperine Estimation in Black Pepper, Marketed
Formulation and Nanoparticles
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1

ABSTRACT
Aim: The aim of the study was to develop and validate a simple stability indicating reversephase High Performance Liquid Chromatography (RP-HPLC) method for quantitative
analysis of piperine in Ayurvedic marketed formulation, black pepper and cubosome
nanoformulation. Methods: The method was established by using Luna C18 HPLC column
using a mobile phase consisting of acetonitrile: 0.01% ortho phosphoric acid (60:40, v/v;
pH 3), delivered isocratically with flow rate of 1 mL/min and detected at 340 nm. The
validation of chromatographic parameters and stress testing were performed in accordance
with International Conference on Harmonization (ICH) guidelines. Results: The developed
method was observed to be specific, linear (r2 > 0.999) over the selected range of
concentration 0.5 to 20 μg/mL, precise (percentage relative standard deviation < 2%),
with the detection and quantification limit as 0.015 and 0.044 μg/mL respectively. The
relevancy of the developed method was analyzed on the piperine entrapped cubosome
nanoformulation, which was formulated by fragmentation technique. The entrapment
efficiency of piperine for prepared cubosome was observed to be 87.01 %. The method
was implemented for the estimation of piperine in black pepper. The concentration of
piperine in marketed formulation was found to be similar with the labeled concentration.
The analyte peak was found to be complete resolved without any interference of additives
and degrading products. Conclusion: The validated method was observed to be specific,
sensitive and sufficient for the routine analysis of food products, marketed formulations
and nanoparticles containing piperine.
Key words: RP-HPLC, Piperine, Cubosome, Stress degradation, Ayurvedic marketed
formulations.

INTRODUCTION
Black pepper is widely used as spice and
well known for its pungent taste and aroma.
It is categorized as Generally Recognized
as Safe (GRAS) by the US Food and Drug
Administration (FDA) which contains
piperine as an active alkaloid constituent.
Piperine found in Piper nigrum and Piper
longum, belonging to Piperaceae family, which
can be used as potential therapeutic agent
for targeting various diseases. Piperine exerts
wide range of pharmacological activities like
antioxidant, anti-arthritic, anti-inflammatory
and anti-depressant. Piperine has also been

reported for anticancer activity which can
be exerted through its immunomodulation
characteristics.1 Many research for piperine
have been performed in combination with
other phytochemicals, which have led to
increased their bioavailability, prophylactic
and therapeutic responses.2,3
Since, human recognizing the use of herbal
medicines and homemade remedies, these
are widely practiced for the treatment of
different diseases and recently there is
inclination to use herbal formulations are
on increasing demand. This increase in
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demand for herbal medicines or ayurvedic formulations
unavoidably led to the issue of obtaining and
maintaining their quality. Hence forth, there has been
increased care for the quality control of herbal related
or ayurvedic formulations. In the current investigation,
an attempt has been performed for the analysis of
Ayurvedic marketed formulations with special reference
to quantitative estimation of piperine in Trikatu Churna,
Ajamodadi Churna and Chitrakadi Gutika.
To date, very few analytical methods are available for the
quantification of piperine in these Ayurvedic formulations;
however these do not provide an easy estimation.
Many more analytical techniques have been reported
for the estimation of piperine in black pepper, herbal
formulation, plasma samples and nanoformulations.4-11
However, the reported HPLC techniques have several
drawbacks like high flow rates,6,9 expensive,8,9 less
sensitive,10 multiple wavelengths,9 lack of stability
studies.7,8,11 Hence, the current investigation was aimed
with to establish HPLC method for the accurate Piperine
estimation from Ayurvedic marketed formulations.
Owing to intense first-pass metabolism, pH-mediated
metabolism of piperine to piperidine and sensitive
nature of it during formulation and storage leads
to photoisomerization, leads to difficulty in the
administration of piperine and reduced its activity.12,13
Hence, to overcome these limitations an approach with
lipid based nanoformulation has been investigated. In
this regard the present investigation also highlights on
the formulation of piperine loaded cubosome followed
by the application of the established method for
piperine quantification in the formulated nanoparticles.
The present research was aimed with to establish a
simple, rapid and stability showing RP-HPLC method
to estimate piperine in nanoparticles, black pepper and
Ayurvedic marketed formulations. Subsequently, stress
degradation study under different forced or stress
conditions were investigated to validate the established
RP-HPLC method in the selection of experimental
conditions and formulation design and analysis.
MATERIALS AND METHODS
Materials

Piperine (95%) and Glyceryl monooleate (GMO)
were received as free samples from Ms. Sami Labs
Ltd., Bangaluru, India and Mohini Organics Pvt. Ltd.
Mumbai, India, respectively. Black pepper, Trikatu
churna, Ajmodadi churna and Chitrakadi gutika
were procured from the Local Ayurvedic Pharmacy,
Belagavi, India. Pluronic F-127 (PF-127) was purchased
from Sigma Aldrich, USA. HPLC-grade acetonitrile
S678

(ACN), methanol and orthophosphoric acid (OPA)
were procured from Merck, Mumbai, India and Fisher
Scientific Mumbai, India. Deionized water obtained after
filtration through Millipore Direct-Q®-3 equipment
(Molsheim, France) was used for the analysis.
Instrument and experimental conditions

HPLC system (LC-20AD prominence equipment,
Shimadzu, Japan) consisting of SPD-M20A PDA
detector, LC- 20AD pump, a SIL-20AC HT auto
sampler and CBM-20A communication bus module,
operated through Shimadzu LC solution software
(version 1.25). Luna C18 (150 × 4.6 mm i.d., 5µm)
column provided with guard column (4 x 3.0 mm i.d.)
of Phenomenex, USA and 30°C of column temperature
were used for separation. The mobile phase consists of
ACN: 0.01% OPA [60:40 v/v; pH 3] and pumped at a
flow rate of 1 mL/min. The solvents were degassed and
filtered through Millex HV® polyvinylidene fluoride
membrane filters (0.45 μm; Millipore, Bedford, USA).
Sample injection volume was kept 10 µL and detection
of piperine was done at 340 nm.
Preparation of calibration standards

A methanolic stock solution (1 mg/mL) of piperine was
prepared and used for calibration standard preparations
of piperine in the series of concentrations of 0.5 20 µg/mL, by diluting stock with mobile phase. All
solutions were kept in light resistant volumetric flasks to
prevent possible photoisomerization.
Validation of developed method

Validation of developed method was done by using
system suitability, linearity and limit of detection (LOD),
limit of quantification (LOQ), precision, accuracy and
stability as per ICH guidelines.14
Preparation of Cubosome nanoparticles

Piperine entrapped cubosome nanoparticles were
formulated by using top-down method. The
fragmentation techniques were used to formulate
cubosomes using high speed homogenization followed
by probe sonication method.15 Briefly, Piperine (30
mg) and a previously optimized (refer to an upcoming
paper) Pluronic F-127 (PF-127, 0.3 gm) and Glyceryl
monooleate (GMO, 1.5 gm) were liquefied in separate
container on a magnetic stirrer at 65°C. Piperine was
added in melted GMO and was mixed with liquefied
PF-127 solution. This mixture was then incorporated to
water (preheated) with constant stirring. Homogenization
(IKA T25, Germany) was performed for 15 min with
15,000 rpm to form a fine dispersion and thereafter,
probe sonicated (5 min; RivoTEK, Mumbai) to form
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cubosomal nanoformulation. After 24 hr of equilibrium,
cubosome was further characterized for particle size,
PDI and zeta potential by DLS (Zetasizer Nano ZS, UK).
Entrapment efficiency of cubosome was determined by
centrifuging (Eppendorf laboratory centrifuge, 5424R,
Germany) the formulation for 15 min with 1500 rpm.
The supernatant obtained after centrifugation process
was processed for analyzing entrapment efficiency
using HPLC. For the determination of loading capacity,
weighed accurately the cubosomes nanoparticles
were dispersed in methanol and vortexed for 10 min.
The drug content was then analyzed using HPLC.
The morphology of cubosome was observed by high
resolution TEM (Jeol/JEM, 2100).
Method applicability for estimation of piperine in
Black pepper and ayurvedic marketed products

Black pepper and ayurvedic marketed products
containing piperine (Trikatu Churna, Ajamodadi Churna
and Chitrakadi Gutika) were used for estimation of
piperine content using developed HPLC method. Black
pepper and Chitrakadigutika were powdered using
mortar and pestle to obtain fine powder. The powdered
black pepper and other ayurvedic marketed products
weighed accurately and dissolved in methanol to obtain
1mg/ml stock solution. The light resistant volumetric
flasks holding above samples were sonicated for 10 min
and filtered using a 0.45 µm syringe filter. The sample
was finally diluted with mobile phase and estimated for
piperine content using HPLC.
Stress degradation Assay

It is generally advisable to control the degradation
conditions to prevent it from maximum amount of
degradation; hence 2 hr is mostly preferred for the
(mild-strong) stress degradation studies. In the present
study, stress degradation assays were performed for
2 hr as per ICH recommended stress conditions. For
every stress degradation assay sample preparation were
performed as a) Normal drug solution (0 h) and b) drug
solutions subjected for degradation for 2 hr. Acid-base
degradation studies were performed by treating piperine
drug solution (1 mL) with 1 M HCl (1 mL) and 1 M
NaOH (1 mL) solutions, individually in a separate light
resistant volumetric flask. Sealing of the flasks were
done followed by heating (80°C) for the duration of 2
h. Before HPLC evaluation, both the sample solutions
were neutralized. In oxidative degradation study, drug
solution (1 mL) was treated with hydrogen peroxide
(30% H2O2; 1 mL), whereas in thermal degradation
drug solution (1 mL) was treated with methanol
(2 mL). Sealing of the flasks containing oxidative

and thermal degradation samples were performed,
followed by heating (80°C) for the duration of 2 h.
In photodegradation study, drug solution (1 mL) was
diluted with mobile phase in transparent volumetric
flask up to 10 mL, sealed and kept outside under the
sunlight for 2 hr. For all above degradation studies, the
sample solutions were appropriately diluted with mobile
phase, filtered and processed for HPLC system.16-18
Statistical analysis

All the results of validation and stress degradation
studies were carried out in triplicates or six times and
data were expressed as mean ± SD. Microsoft excel was
used to calculate mean, standard deviation, % relative
standard deviation (%RSD), slope and correlation
coefficient of the experimental data. ANOVA analysis
was performed for the calibration curve of piperine
by GraphPad Prism software (GraphPad Software Inc.,
CA, USA).
RESULTS AND DISCUSSION
Method development

In the current investigation, a stability indicating
RP-HPLC method was successfully established for
piperine estimation in cubosome, black pepper and
Ayurvedic marketed formulations. The established
HPLC method was also employed to evaluate the stress
degradation behavior of piperine under various stress
environments. The developed method was selected
on the basis of different chromatographic parameters
namely mobile phase composition, flow rate and
column oven temperature to get sharp and intense
peaks. The sharpness and peak intensity was decided
on the basis of peak height, peak area, peak width and
tailing if any present. In addition to that, they obtained
peak is considered good if there is absence of peak
broadening, shoulder peak and peak splitting. Firstly,
the results obtained from the mobile phase consisting
ACN: water have shown less intense peak with poor
resolution. When ACN was replaced with the methanol,
some additional peaks were obtained with considerable
increased resolution; less sharpness and tailing were
observed for piperine peak. Therefore, for further
method development, ACN and buffer such as OPA
(0.1% v/v) were considered in the mobile phase mixture.
It was observed from the results the concentration of
OPA has affected the peak characteristic and other
parameters. OPA (0.1% v/v) had given the broad
peak with poor resolution, hence to improve the peak
characteristics; concentration of OPA was reduced to
0.01% v/v. The mobile phase comprising ACN and
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0.01% OPA (60:40 v/v; pH 3) provided sharp, intense
and good resolved peak with 4.67 min of retention
time (Figure 1A). The increased flow rate caused
tailing, whereas reduced flow rate given broadness
and longer retention time, hence flow rate with 1 mL/
min was observed to be most suitable with all peak
characteristics. Changes made in the oven temperature
(20-40°C) had also shown considerable effect on the
peak characteristics and retention time. A sharp, intense
peak with less retention time was achieved by optimized
oven temperature of 30°C.
Method validation
System suitability

Suitability of the HPLC system confirms the feasibility
and acceptability of the developed HPLC method. The
results of different system suitability parameters namely
peak area, retention time (tR), tailing factor and plate
count were observed to be in acceptable range (Table 1).
The sharp and intense peak was obtained for piperine as
shown in Figure 1A.
The data resulted from the parameters of system
suitability study demonstrated the method was suitable
to perform further analysis of piperine in different
formulations.
Linearity

Linearity of the developed method is the linear relation
between the peak areas and their correspondence
concentrations. The regression analysis data
demonstrated that the developed method was linear
with the different series of concentrations (0.5-20
µg/mL) of piperine, which were estimated at 340 nm
with correlation coefficient R2 > 0.999 and suggesting
acceptable linearity (Table 2; Figure 2). ANOVA analysis
for piperine also proved that the regression model
is statistically significant which predicts the outcome
variable (P < 0.05) (Table 3).
Limit of quantification (LOQ) and Limit of detection
(LOD)

LOD and LOQ are the analytes is the lowest detectable
and quantifiable concentration which gives signal to
noise ratio of 3:1 and 10:1 respectively. At 340 nm,
the detection and quantification limit were observed to
be 0.015 and 0.044 µg/mL for piperine indicating the
developed HPLC technique was sensitive to determine
piperine concentration in cubosome nanoparticles and
marketed products (Table 2).
Precision

The precision is the measure of closeness of agreement
between the numbers of measurements obtained from
S680

numbers of samples of the same sample under the
provided steps.19 Both inter-day (on three succeeding
days) and intra-day (on the same day) analysis were
performed at different concentrations (low, medium
and high) and results are shown in Table 4. The values
for percent RSD in intra-day precision and inter-day
precision ranged between 1.20-1.78 % and 0.92-1.84 %
respectively, which were < 2%, indicating both precision
assays satisfies acceptance criteria and demonstrated the
precise characteristic of the developed method.
Accuracy

Accuracy of developed HPLC method was indicated
by the closeness value or percent difference between
experimental and true value.20 Known concentrations
of piperine were spiked to their preanalyzed sample (2
µg/mL) at variable levels of concentrations (50, 100
and 150 %). The mean percent recoveries were in the
range of 99.04 to 101.93% for piperine (Table 5), which
indicates that the developed method was applicable for
extensive scale of sample investigation.
Robustness

Robustness is the capability of the developed method
to remain unaltered by slight intentional changes
in chromatographic parameters. The robustness of
the developed HPLC technique was analyzed on the
basis parameters like percent RSD and retention time
obtained, after introducing intentional variations in
the mobile phase flow rate (±0.1 mL/min), OPA
concentration (±0.09%), mobile phase ratio (±2%)
and oven temperature (±5°C). It was demonstrated
that the percent RSD (<1) values and system suitability
parameters were remain to be not affected (Table 6),
confirming the developed HPLC method is robust.
Cubosome characterization

In the present study, blank and piperine-loaded cubosome
were successfully formulated by homogenizer method.
The particle size, PDI and zeta potential for blank
cubosome were 101 nm, 0.14 and -12.1 mV respectively,
whereas for piperine-loaded cubosome those were 114
nm, 0.16 and -29.8 mV respectively (Table 7). The low
Table 1: System suitability test parameters.
Piperine
Mean

SD

Acceptance
criteria

Retention time (tR, min)

4.67

0.006

-

Parameter

Peak area

549279

976

-

Plate count

6523

122

> 2000

Tailing Factor

1.13

0.01

≤2

Assymetry factor

1.12

0.01

≤2
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Table 2: Linearity parameters data.
Concentration
range
(µg/mL)

Slope

Intercept

Regression
coefficient (R2)

Limit of
Detection
(µg/mL)

Limit of
Quantification
(µg/mL)

0.5-20

65943

25272

0.999

0.015

0.044

Table 3: Results of ANOVA analysis for calibration curve of Piperine
Model

SS

df

MS

Treatment (between
columns)

16221

2

8111

Individual (between
rows)

3.699e+012

5

7.399e+011

Residual (random)

247036

10

24704

Total

3.699e+012

17

F

R2

P value

2.995e+007

1.000

< 0.0001

SS- Sum of squares; df- degree of freedom; MS- Mean square; F- Fischer statistics value; R2 – Regression coefficient; P
value- Probability value

PDI values represented homogeneous nature with
uniformly dispersed particles in the cubosome.21 Zeta
potential is an important factor in evaluating nanoparticle
stability,22 which demonstrated from the results that the
negative charge on the cubosome nanoparticles was
exerted, may be due to GMO containing free fatty acids.
It was observed from the obtained chromatogram of
cubosome that there were absence of interfering peaks
of excipients used in the cubosome formulation with
the parent peak of piperine, which was sharp and
intense (Figure 1B). In the analysis of percent EE of
cubosome, the concentration of piperine entrapped in
the cubosome was evaluated by the developed analytical
method, which was observed to be 86.31 %. The percent
drug loading capacity was found to be 1.15 % (Table 6).
The low drug loading value indicates that the piperine
is preferably located in the aqueous phase rather than in
lipid structures.
The morphology of the cubosome nanoparticles was
investigated by the HR-TEM analysis. These cubosome
particles appeared to be cubic, uniform, smooth surface
with less curvature (Figure 3). The scattered particles
are in the nano range and well separated from each
other. The brightness around the cubic border structure
indicates self-assembled lipid bilayer structure.
Analysis in black pepper and Ayurvedic marketed
products

The established analytical method was considered in the
determination of piperine content in black pepper and
commercial available Ayurvedic marketed products.
The percent piperine content in Black pepper, Trikatu
Churna, Ajamodadi Churna and Chitrakadi Gutika
were found to be 98.16, 98.59, 99.20 and 98.83 %
respectively, which was within the range of acceptable

Table 4: Intra-day and inter-day precision of piperine.
Piperine
concentration
(µg/mL)

Intra-day
RSD (%)

Inter-day RSD (%)
1st Day

2nd Day

3rd Day

1

1.55

0.92

1.70

0.96

2

1.20

1.49

1.55

1.73

5

1.78

1.81

1.84

1.43

(n=3); RSD-Relative Standard Deviation.

Table 5: Evaluation of accuracy based on percent
Recovery of piperine.
Level of added piperine (%)

Recovery (%)

RSD (%)

50

99.04

1.71

100

101.93

0.72

150

100.47

1.57

(n=3); RSD-Relative Standard Deviation.

as per the labeled claim. The absence of interfering
peaks observed for the HPLC chromatograms of black
pepper and other marketed formulations indicated
that other drugs and ingredients used in the marketed
formulations did not interfere with the parent peak
of piperine which demonstrated that this developed
analytical method is applicable for routine evaluation of
piperine in quality control laboratories (Figure 4).
Stress degradation assays

The data obtained from the stress degradation assays
are presented in Table 8. The method applicability was
proved from the obtained HPLC chromatograms where
adequate separation was seen between drug peak and
their degrading peaks (Figure 5).
It was observed from the acid degradation that the
percent degradation of piperine was 51.64 %, which
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Table 6: Results of Robustness assay.
Variation
made

tR ± S.D.

RSD
(%)

T.F.± S.D.

RSD
(%)

Plate count ±
S.D.

RSD
(%)

Composition of
Mobile phase
(ACN:0.01% OPA)

60:40

4.67 ± 0.006

0.12

1.13 ± 0.01

0.88

6523 ± 122

1.87

58:42

4.65 ± 0.006

0.12

1.29 ± 0.009

0.69

6802 ± 98

1.44

62:38

4.73 ± 0.010

0.21

1.35 ± 0.008

0.59

6020 ± 102

1.69

Concentration of
OPA

0.01%

4.67 ± 0.006

0.12

1.13 ± 0.01

0.88

6523 ± 122

1.87

Parameters

Flow rate
Column oven
Temperature

0.10%

4.69 ±0.010

0.21

1.02 ± 0.006

0.58

6902 ± 64

0.92

1 mL /min

4.67 ± 0.006

0.12

1.13 ± 0.01

0.88

6523 ± 122

1.87

0.9 mL /min

4.89 ±0.010

0.20

1.20 ±0.010

0.83

7010 ± 52

0.74

1.1 mL /min

4.32 ±0.015

0.35

0.98 ± 0.009

0.91

6008 ± 60

0.99

30°C

4.67 ± 0.006

0.12

1.13 ± 0.01

0.88

6523 ± 122

1.87

35°C

4.60 ± 0.010

0.22

1.10 ± 0.008

0.72

6320 ± 65

1.02

tR- Retention time; T.F.- Tailing factor; S.D. – Standard deviation; RSD - Relative Standard Deviation.

Table 7: Cubosome Nanoparticles Characterization.
Cubosome
preparation

Diameter
(nm)

Polydispersibility
index

ZP (mV)

Entrapment
Efficiency (%)

Drug
loading (%)

BC

101 ± 9.06

0.14 ± 0.02

-12.1 ± 2.69

--

--

PC

114 ± 4.22

0.16 ± 0.10

-29.8 ± 1.20

86.31±0.67

1.15 ±0.11

n=3; Mean ± Standard Deviation (SD), ZP- Zeta potential, BC- Blank cubosome, PC- Piperine entrapped cubosome

shown two small insignificant degraded peaks in acid
degradation environment. In alkaline degradation
study, piperine was less prone to degrade at lower
percentage (37.11 %) with one small degrading peak.
It was observed from the acid and alkaline degradation
studies that, piperine was more stable over the alkaline
stress condition as compared to acid stress condition,
as piperine more favorable in alkaline condition and
suggesting good stability of the developed method.
The HPLC chromatogram obtained under thermal
degradation study suggesting heating at 80°C for 2
hr does not affected stability of piperine, as the peak
appeared exactly similar to normal peaks, absence of
degrading peaks and negligible percent degradation.
This might be because of high melting temperature
of piperine, which doesn’t affect their stability. In
oxidative degradation study, at the retention time 2.38
min a peroxide peak was seen with percent degradation
for piperine was 32.65 %. In photodegradation study
(sunlight 2 h), piperine was almost 74.84 % was degraded.
It was observed from the HPLC chromatogram the
parent peak was diminishing and the degrading peaks
were more intensely appeared. Dilute piperine solution
more prone to photodegradation which has given
two distinguishable degradation peaks. This might be
because of piperine converts to their degrading product
piperidine.
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Table 8: Results for stress degradation assay.
Stress degradation study

% Drug degradation

Acidic (1 M HCl)

51.64 ± 1.24

Basic (1 M NaOH)

37.11 ± 1.71

Thermal

2.05 ± 1.08

Oxidative

32.65 ± 1.65

Photolytic (Sunlight)

74.84 ± 1.03

n=3; Mean ± Standard Deviation (SD)

Figure 1: HPLC chromatograms for piperine (A) and piperine
entrapped in cubosome nanoparticles (B) at λmax 340 nm.

Under all stress degradation conditions, drugs peak
integrity was maintained with nothing effect on the
retention time.
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Table 9: Comparison between previously published HPLC methods.
Sr.
No.

Mobile phase
And flow rate

Wavelength
(nm)

Column

Limitations

Application

Ref.

Piperine
1

Methanol and water (50 : 50)
Flow rate: 2ml/min

280 and 345

A stainlesssteel µ
Bondapak CN
column

High flow
rate and less
sensitive

Rapid analysis of piperine
in pepper and non-volatile
ether extracts.

6

2

25mM KH2PO4 (pH 4.5)–
acetonitrile (35:65)
Flow rate: 1ml/min

340

C18

Lack of stability
study analysis in
plasma

Analysis of piperine
in rat plasma and
methods applicability in
pharmacokinetic study

7

5

0.1% ortho phosphoric
acid aqueous solution and
acetonitrile
(45:55, v/v)
Flow rate: 1.2ml/min

262

C18

Absence of
stability study,
expensive

Simultaneous
estimation of curcumin and
piperine with adequate
separation and applied for
estimation in nanoparticles

8

6

Acetonitrile : methanol :
trifluoroacetic
Acid : water (17.6 : 35.3 : 0.1
: 47.0, v/v/v/v)
Flow rate : 1.2 ml/min

curcumin-415nm,
piperine-335nm ,
b-17-estradiol
acetate-280nm
(internal standard)

Chromolith1
Speed ROD
RP-18

Multiple
wavelength used
for detection,
expensive due to
high flow rate

Simultaneous
estimation of
Piperine and Curcumin in
Plasma (human)
and also applied for Clinical
Pharmacological evaluation

9

7

Acetonitrile:Water (60 : 40,
v/v)
Flow rate : 1ml/min

C18

Less sensitive
method to
detect lower
concentration

Simultaneous estimation of
piperine and guggulsterones
in Unani dosage as well as in
a nanoemulsion

10

8

25 mM Potassium dihydrogen
phosphate (pH 4.5):
Acetonitrile (50 : 50, v/v) Flow
rate: 1ml/min

C18

Absence of
stability study

Simultaneous
estimation of piperine and
ketoconazole in rat plasma
and culture of hepatocyte

11

Piperine and other drugs

240

340 and 231

Figure 2: Linearity curve for Piperine.

Comparison with previously published HPLC
methods

Comparative evaluation of previously published
methods and the current developed HPLC method was
performed on the basis of mobile phase ratios, mobile
phase flow rate, wavelength, column, stability study,
limitations and applicability of the HPLC methods. The

Figure 3: High resolution-transmission electronic microscopy
(HR-TEM) of cubosome nanoparticles.

comparison data were represented in the Table 9. To
date, there is no single HPLC method available which
can be used for multiple analyses like estimation of
piperine in nanoformulation, black pepper and marketed
products and also to evaluate the degradation behavior
of piperine using same parameters of developed HPLC
method. The present method containing the mobile
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Figure 4: HPLC chromatograms for piperine obtained in the
Black pepper (A), TrikatuChurna (B), AjamodadiChurna (C)
and ChitrakadiGutika (D).

of piperine as compared to previously developed
methods. The validation of established method was done
as per ICH guidelines, which were within the acceptable
limits. The established method demonstrates accurate
and easy estimation of piperine in cubosome, black
pepper and ayurvedic marketed products indicating
reliable and sensitive nature of method. The results of
stress degradation study suggested that piperine was
considerably stable against acidic, alkaline and high
thermal conditions. However, piperine was susceptible
to degradation against oxidative and photolytic stress
conditions. Hence, this simple, stability indicating
RP-HPLC method is helpful for further routine quality
control analysis. This method could thus be used for
regular in vitro and in vivo estimation of piperine.
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ABBREVIATIONS

Figure 5: HPLC chromatograms of piperine (10 µg/mL)
obtained in the stress degradation assays using Normal (A),
Acidic (B), Basic (C), Thermal (D), Oxidation (E) and sunlight
(F) stress conditions.

phase composition of ACN: 0.01% OPA (60:40 v/v;
pH 3),1mL/min of flow rate with 340 nm as detection
wavelength is found to be more sensitive, economic and
stable when compared to other published literature.

ACN: Acetonitrile; ICH: International Conference
on Harmonization; RP-HPLC: Reverse-Phase High
Performance Liquid Chromatography; i.d.: internal
diameter; LOD: Limit of detection; LOQ: Limit of
Quantification; GMO: Glyceryl monooleate; PF-127:
Pluronic F-127; OPA: Orthophosphoric acid; DLS:
Dynamic light scattering LC: Liquid Chromatography;
RSD: Relative standard deviation; UV: Ultraviolet;
PDA: Prominence Diode Array; RSD: Relative
Standard Deviation; PDI: Polydispersibility index;
EE: Entrapment Efficiency; HCl: Hydrochloric acid;
NaOH: Sodium hydroxide.
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PICTORIAL ABSTRACT

SUMMARY
RP-HPLC method was successfully developed and
validated for piperine and successfully evaluated for
its quantitative estimation in cubosome nanoparticles,
black pepper and ayurvedic marketed products. The
stability of the developed HPLC method was indicated
by the stress degradation studies. The HPLC analysis
was done by using Phenomenex C18 column using
optimized mobile phase comprised of ACN: OPA
(60:40, v/v), 1mL/min of flow rate with 340 nm as
detection wavelength. The developed method was
sensitive, accurate, precise and economical to detect
piperine in cubosome nanoformulation and commercial
marketed products.
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In search of new active molecules against MCF-7, A549 and HepG2, tetrazole based pyrazoline and isoxazoline
derivatives under both conventional and ultrasonic irradiation method were designed and efficiently synthe
sized. Structures of newly synthesized compounds 5a-h and 6a-h were characterized by 1H NMR, 13C NMR, MS
and elemental analysis. Several derivatives were found to be excellent cytotoxic against MCF-7, A549 and HepG2
cell lines characterized by lower IC50 values (0.78–3.12 µg/mL). Compounds 5b and 5c demonstrated an an
tiproliferative effect comparable to that of CA-4. Western blot analysis revealed that, reported compounds ac
cumulate more tubulin in the soluble fraction. Docking studies suggested that, binding of these compounds
mimics at the colchicine site of tubulin. In vitro study revealed that the tetrazole based pyrazolines and iso
xazolines may possess ideal structural requirements for further development of novel therapeutic agents.

Microtubules composed of α, β-tubulin heterodimers are essential in
a variety of fundamental cellular processes like cell division and
maintenance of cell shape, regulation of motility, cell signalling, in
tracellular transport, and segregation of chromosomes during mitosis.1
Dynamic equilibrium between microtubule polymerization and depo
lymerization is central to most of microtubule mediated functions in
cluding cell division.2 Microtubules possess three ligand-binding sites as
vinca, colchicines and taxol domains. Colchicine (A) and Com
bretastatin A-4 (CA-4) (B) exhibited cytotoxicity against a broad range
of human cancer cell lines as well as multidrug resistant cell lines by
inhibiting tubulin polymerization and binding to the colchicine binding
site.3 Their distinctive structural features inspired many researchers
worldwide to develop antimitotic agents, as these scaffolds structurally
possess two and three rings with a trimethoxyphenyl group (ring-A), cisconfiguration at the olefinic bridge and (ring-B) modifications. Five
membered heterocyclic compounds as pyrazole,4 imidazole,5 thiazole,6
1,3,4-oxadiazole,7 isoxazole,8 1,2,3-thiadiazole,9 triazole,10 tetrazole,11
oxazole12 and pyrazoline13 are considered as a good surrogate for the
double bond of CA-4 to retain cis-alkene configuration, known for

⁎

potent tubulin inhibition with enhanced cytotoxicity. Small molecules
disrupting the microtubule/tubulin dynamics are used widely in cancer
treatment. Thus, to retain the appropriate configuration of the two
adjacent aryl groups required for bioactivity, heterocombretastatin
derivatives with general structure (C) were obtained by replacing the
stilbene core of CA-4 with tetrazole ring.14 Hence, discovery and de
velopment of newer small molecules with antitubulin activity have
attracted medicinal chemists for past few years.15 Researchers have
reported anticancer, antibacterial and anti-HIV activity of compounds
possessing isoxazoline nucleus.16–18 Isoxazoline linked to tetrazole (D)
significantly reduced the growth of cancer cell lines, and disrupted
tubulin polymerization.19 Molecules containing isoxazolines have been
found to elicit anticancer activities with improved pharmacokinetics
profile like diaryl analogues (E) demonstrated potent cytotoxic activity
by blocking most of the cancer cells in G2 phase.20 Pyrazoline analo
gues are well known in the area of pharmaceutical research for wide
range of biological potential like cytotoxic, 21–23 CNS depressant, 24
antimicrobial 25 and antimalarial activity.26–27 Pyrazole-oxadiazole
conjugates (F, G) resulted in promising antitumor activity that
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Fig. 1. Chemical structures of microtubule targeting agents: Colchicine (A), CA-4 (B), Tetrazole (C), Tetrazole-Isoxazoline hybrids (D), Isoxazoline (E), PyrazoleOxadiazole conjugates (F, G), Tetrazole incorporated Pyrazoline and isoxazoline (H, I).

significantly inhibited tubulin polymerization.28 Tetrazole scaffold is a
unique structure, possessing antihypertensive, anti-allergic, anti
microbial, anti-inflammatory, anticonvulsant, antiamoebic and antic
ancer activity. 29–36 Tetrazole moiety is generally accepted to exhibit
stronger resistance to in vivo metabolization than the carboxylate group,
thus conferring the bioavailability in blood (see Fig. 1).37
Considering the reported literature and in view of need for new
anticancer agents, it was of interest to synthesize and evaluate tetrazole
based pyrazoline and isoxazoline (H, I) for the most common types of
cancer found in males (lung cancer) and females (breast cancer). In our
previous studies, a series of quinoline based oxadiazole and thiazoli
dinone derivatives were synthesized for targeting MCF-7 cell line.38
Ultrasound irradiation, which accelerates chemical reactions via
formation and adiabatic collapse of transient cavitation bubbles, has
gained popularity in organic synthesis over traditional methods, be
cause of efficiency and convenience.39 In continuation of our earlier
work of tetrazole derivatives,40–41 we would like to report synthesis of
novel tetrazole based pyrazoline and isoxazoline derivatives using ul
trasonic irradiation, evaluation of anticancer activity and molecular
docking studies.
Starting
material
1-(4-((1H-tetrazol-5-yl)methoxy)-3-methox
yphenyl)ethanone (3) was synthesized from 1-(4-hydroxy-3-methox
yphenyl)ethanone (1) alkylated with chloroacetonitrile in presence of
K2CO3 in N,N’-dimethyl formamide (DMF) afforded 1-(4-phenox
yacetonitrile-3-methoxyphenyl)ethanone (2) in 90% yield, which on
further reaction with sodium azide and zinc bromide in water at 100 °C
give desired compound (3) in 87% yield (Scheme 1).42
Target compounds 5-((4-(4,5-dihydro-5- phenyl-1H-pyrazol −3-yl)
−2-methoxyphenoxy) methyl)-1H-tetrazole derivatives (5a-h) and 5((4-(4,5-dihydro-5-phenylisoxazol-3-yl)-2-methoxyphenoxy)methyl)-

1H-tetrazole derivatives (6a-h) were synthesized from Claisen-Schmidt
condensation of 1-(4-((1H-tetrazol-5-yl)methoxy)-3-methoxyphenyl)
ethanone (3) with substituted benzaldehydes in presence of a base KOH
gives
substituted
(E)-1-(4-((1H-tetrazol-5-yl)methoxy)-3-methox
yphenyl)-3-phenylprop-2-en-1-one (4a-h) in good yield which on fur
ther reacted with hydrazine hydrate in ethanol under ultrasound irra
diation led to novel pyrazolines (5a-h) with excellent yield. Moreover,
substituted (E)-1-(4-((1H-tetrazol-5-yl)methoxy)-3-methoxyphenyl)-3phenylprop-2-en-1-one (4a-h) reacted with hydroxyl ammonium hy
drochloride in ethanol under ultrasound irradiation afforded sub
stituted isoxazolines (6a-h) with excellent yield (Scheme 2).
Compounds 4a-h, 5a-h and 6a-h were synthesized with conven
tional method and ultrasonic irradiation in shorter time, high yield and
simple work-up procedure (Table 1). All newly synthesized compounds
4a-h, 5a-h and 6a-h were characterized by spectroscopic techniques
viz. 1H NMR, 13C NMR, MS and elemental analysis.43
MTT assay44 was performed to evaluate the cytotoxic effects of all
newly synthesized analogues of 5-((4-(4,5-dihydro-5-phenyl-1H-pyr
azol-3-yl)-2-methoxyphenoxy)methyl)-1H-tetrazoles and 5-((4-(4,5-di
hydro-5-phenylisoxazol-3-yl)-2-methoxyphenoxy)methyl)-1H-tetra
zoles against selected human cancer cell lines viz., lung
adenocarcinoma (A549), liver (HepG2) and breast (MCF-7), using CA-4
as reference compound. IC50 (µM) values are presented in Table 2.
Most of the compounds from these series displayed potent broad
spectrum IC50 values against all the tested cancer cell lines. In structure
activity relationship (SAR) studies, it was considered to investigate the
presence of pyrazolines and isoxazolines influence on activity along
with tetrazole ring. It was observed that compounds 5a-h containing
pyrazoline ring showed relatively excellent IC50 values than iso
xazolines with IC50 values in range of 0.85–3.16 µM against some
2
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Scheme 1. Reagents and conditions: (i)
chloroacetonitrile, DMF, K2CO3 (ii) sodium
azide, ZnBr2, H2O, 100 °C.

representative cancer cell lines. Among synthesized derivatives, com
pound 5c having fluoro group and 5g having methyl group exhibited
excellent activity with IC50 value of 0.94 and 0.99 µM against the lung
cancer cell line. Moreover compounds 5b having chloro and 5c having
fluoro group showed significant activity with IC50 value of 0.96 and
0.85 µM against the HepG2 and compound 5c also exhibited excellent
activity with IC50 value of 0.92 µM against the MCF-7. Tetrazole based
isoxazoline compounds 6a-h resulted in moderate activity and com
pound 6g having electron donating methyl group were the most potent
one among synthesized derivatives exhibiting IC50 values of 0.78 µM
against A549. We then proceeded to explore the influence of sub
stituents on phenyl ring with respect to antiproliferative activity.
Further, all synthesized compounds allowed to investigate SAR ef
fects of electron-withdrawing (F, Cl) as well as electron-releasing sub
stituents like (OMe, Me), on phenyl ring attached to pyrazoline and
isoxzoline ring. It was observed that among different substituents stu
died on phenyl ring attached to pyrazoline ring, fluoro group at para
position exhibited significant increase in activity compared to other
substituents (H, Me, OMe, OH) irrespective of pyrazoline and isoxazo
line rings. Based on these findings, some other substituents were in
troduced on phenyl ring attached to pyrazoline and isoxazoline to study
the effect on antiproliferative activity. Initially, a fluoro group in
troduced at para position and resulting compound 5c showed pro
nounced cytotoxic activity on HepG2 cell line compared to MCF-7 and
A549 cell line with IC50 value of 0.85 µM having tetrazole incorporated
pyrazoline ring. Compound 5g with IC50 values of 0.99 µM and 6g with

IC50 values of 0.78 µM having electron donating methyl group at para
position exhibited more significant activity against A549 cell line.
Introduction of methoxy group in pyrazoline 5f show moderate activity
with IC50 values of 2.98–3.12 µM as compared to isoxazoline deriva
tives 6f against all cell lines. It is important to notice that, an additional
methoxy group viz. disubstitution at meta and para position 5d having
pyrazoline ring, produced better antiproliferative activity with IC50
values of 2.82–3.06 µM against all cancer cell lines. Surprisingly, when
electron withdrawing substituents fluoro and chloro are incorporated at
para position on the phenyl attached to pyrazoline 5c and 5b and
isoxazoline ring 6b and 6c, a substantial increase in cytotoxic potency
was observed in all derivatives. On other hand, unsubstituted phenyl
ring (R = H) of pyrazoline ring has relatively a stronger influence on
activity compared to compounds having isoxazoline moiety. Moreover,
introduction of electron–releasing hydroxyl group at meta position on
phenyl ring of pyrazoline 5e showed significant activity with IC50 va
lues in range of 1.16–2.88 µM against all cell lines except HepG2 cell
line. Compound having hydroxyl group at para position of phenyl ring
of pyrazoline 5h shown excellent activity with IC50 values in the range
of 1.16–2.02 µM against all cell lines. Interestingly, compounds 5b and
5c exhibited promising antiproliferative activity against HepG2 cancer
cell line. Effect of heterocyclic rings revealed that, replacement of
pyrazoline by isoxazoline ring resulted in lowering the antiproliferative
activity.
Overall, SAR studies of these tetrazole based pyrazolines and iso
xazolines suggest that, superior activity of pyrazolines compared to

Scheme 2. Reagents and conditions: (i) substituted benzaldehyde, EtOH, NaOH, 15–25 min (ii) NH2NH2·H2O, EtOH, 10–15 min (iii) NH2OH.HCl, EtOH, 20–25 min.
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Table 1
Synthesis of substituted chalcones 4a-h, pyrazolines 5a-h and isoxazolines 6a-h
using conventional and ultrasonic irradiation methods.
Entry

4a
4b
4c
4d
4e
4f
4g
4h
5a
5b
5c
5d
5e
5f
5g
5h
6a
6b
6c
6d
6e
6f
6g
6h
a

Conventional

Table 3
Inhibition of tubulin polymerization (IC50) of 5b, 5c and CA-4.

Ultrasonic Irradiation

Time (h)

Yielda (%)

Time (min)

Yield (%)

4
3
3
4
4
4
3
4
5
5
5
4
5
5
5
4
3
3
3
4
3
4
3
3

69
75
73
64
68
70
60
72
92
95
79
82
78
82
95
83
85
94
92
81
47
52
80
71

17
23
20
22
18
21
25
23
10
12
12
14
12
14
12
14
22
20
22
24
20
24
22
22

88
90
84
89
81
76
81
85
98
97
96
95
96
95
93
94
98
97
98
96
70
67
97
96

a

HepG2d

5a
5b
5c
5d
5e
5f
5g
5h
6a
6b
6c
6d
6e
6f
6g
6h
CA-4

2.98
1.11
0.94
2.82
2.24
3.12
0.99
1.16
6.25
6.25
3.12
12.5
25
6.25
0.78
3.12
0.05

3.15
0.96
0.85
3.06
2.88
2.98
1.08
2.02
6.25
12.5
3.12
3.12
1.56
12.5
6.25
6.25
0.009

3.16
1.04
0.92
2.94
2.16
3.10
1.76
1.94
12.5
6.25
3.12
25
6.25
12.5
12.5
25
0.04

% of Tubulin inhibition

5b
5c
CA-4

2.94 ± 0.08
2.16 ± 0.12
1.62 ± 0.18

62.56
65.44
74.24

Fig. 2. A549 cells were treated with 1 µM of 5b and 5c for 48 h. CA-4 was used
as reference standard. Levels of tubulin were detected by western blot analysis
(S: Solubilised fraction; P: Polymerised fraction).

fraction. As expected, cells treated with 5b and 5c significantly in
creased the tubulin content in soluble fraction. Specifically, 5c treated
cells showed a more distinct shift in tubulin balance, with almost all
tubulin present in the soluble fraction similar to that of positive control.
Therefore, increased tubulin in soluble fraction of cells treated by these
hybrids corroborated with inhibition of tubulin assembly as shown in
Table 3 and Fig. 2.
To investigate and clarify binding mode of tetrazole based pyr
azolines and isoxazoline analogues, molecular docking studies were
performed to colchicine binding site of α,β-tubulin (PDB: 1SA0) by
using Glide XP docking mode.46 The result was shown in (Fig. 3 and
Fig. 4). Superimposition of all compounds over colchicine in tubulin
structure showed that all compounds firmly occupied the colchicine
binding site of α,β-tubulin mostly buried in the β subunit (Fig. 3).
Docking scores of compounds varied from −9.66 to −6.38. Relative
binding free energies of docked compounds were also calculated, varied
from −72.95 to −48.14. Tetrazole ring is seen as coplanar to amino
acid residue Val 238 and thus could act as hydrogen bond donor in all
compounds. 2-methoxy group of centre phenyl ring is a promising hy
drogen bond acceptor of the thiol proton of Cys 241 (Fig. 4). Docking
results also revealed that pyrazoline/isoxazoline and substituted phenyl
group of all compound was bound into the hydrophobic pocket of tu
bulin consisting of the amino acid residues; Asn 258, Met 259, Val 315,
Ala316, Val318, Asn 350, Val 351 and Lys 352. In some compounds,
substituted phenyl group showed aromatic hydrogen bonding with Asn
258 and Asn 350 (Fig. 4A).
In conclusion, an efficient and convenient route for synthesis of new
tetrazole based pyrazoline and isoxazoline derivatives has been re
ported. The process also exhibits significant functional group tolerance
and allows for the preparation of number of substituted tetrazole ana
logues in good to excellent yields. Importance of substituted tetrazole
analogues would render this protocol attractive for both synthetic and
medicinal chemistry. Among synthesized derivatives, compounds 5b,
5c and 6g were significantly cytotoxic against MCF-7, A549 and HepG2
cancer cell lines at micromolar concentrations. Compound 5c inhibited
tubulin polymerization with IC50 value of 2.16. In silico docking studies
of synthesized compounds showed binding affinity toward colchicine
binding site of α,β-tubulin with highest score of −9.66. Consequently,
reported derivatives may serve as lead scaffold for development of
novel anticancer agents.

Table 2
a
IC50 (µM) values of pyrazoline and isoxazoline derivatives.
A549c

IC50a ± SD (in µM)

a
Concentration of drug to inhibit 50% of tubulin assembly. Values indicated
are the mean ± SD of two different experiments performed in triplicates.

Isolated yield.

Cytotoxicity of synthesized compounds
Entry
MCF-7b

Compound

50% Inhibitory concentration; bBreast cancer cell line; cLung cancer cell line;
Liver cancer cell line.

d

isoxazolines is in agreement with exhibited excellent activity.
Microtubules exhibit dynamic equilibrium with free tubulin mono
mers in cells. Pharmacological agents exploit this property of micro
tubules to exert their anticancer effects.45 Since these inhibit tubulin
polymerization and disturbs microtubule dynamics, we elucidated le
vels of soluble versus polymerized forms of tubulin in A549 cells fol
lowing treatment with 1 µM of 5b and 5c for 48 h. In addition, cells
were treated with Combretastatin A-4 (CA-4, 1 µM) as positive controls
and DMSO as negative in parallel experiments. Subsequently, these
soluble and polymerized fractions were collected and subjected to
western blot analysis. This analysis reveals that, amount of tubulin
protein in both soluble and polymerized fractions were approximately
same in DMSO treated cells. Combretastatin A-4 treated cells exhibited
a shift of tubulin from the polymerized fraction into the soluble
4
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Fig. 3. Structure of α,β-tubulin–ligand complex. (A) Pictorial representation of the overall α,β-tubulin along with superimposition of all compounds over Colchicine
at the Colchicine binding Site. α subunit of tubulin is colored in grey and the β subunit is coloured in white. (B) Close-up view of superimposition of all compounds
(shown in yellow sticks) over Colchicine (shown in green sticks) at the Colchicine binding Site. (C) The interaction mode of Colchicine at active site of α,β-tubulin
Yellow colored dotted lines indicate H-bond interaction.

Fig. 4. The interaction mode of (A) Compound 5b and (B) Compound 5c with α,β-Tubulin at the Colchicine Binding Site. Yellow coloured dotted lines indicate Hbond interaction and Cyan coloured dotted lines indicate aromatic H-bond interaction between ligand and enzyme.
5
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was added dropwise. The reaction mixture was heated under reflux for 4-5 h and
progress of reaction monitored by TLC. After completion of the reaction, resulting
solution was cooled and poured into crushed ice. Solid pyrazolines 5a-h were filtered
and recrystallized from ethanol. Sonochemical method: To a solution substituted (E)1-(4-((1H-tetrazol-5-yl)methoxy)-3-methoxyphenyl)-3-phenylprop-2-en-1-one (0.01
mol) 4a-h in 10 mL of ethanol, (0.05 mol) of hydrazine hydrate (99%) was added
dropwise. Reaction mixture was suspended at centre of the ultrasonic bath and so
nicated for 10-15 min. After completion of reaction, separated solid was collected by
filtration, washed with water and recrystallized from ethanol. Compound (5a):
yellow solid; mp 131-133 °C; 1H NMR (500 MHz, chloroform-d, δH ppm): 3.21 (dd,
1H, pyrazoline CH2), 3.36 (dd, 1H, pyrazoline CH2), 3.88 (s, 3H, OCH3), 4.84 (t, 1H,
pyrazoline CH), 5.30 (s, 2H, OCH2), 7.07 (d, 1H, ArH), 7.25–7.36 (m, 7H, ArH), 7.86
(d, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 41.7, 56.0, 58.8, 61.5,
107.3, 113.2, 118.7, 122.7, 125.7, 126.7, 127.6, 128.5, 132.2, 141.4, 148.7, 150.5,
151.6, 155.7. HRMS Anal. calcd. for C18H18N6O2 (M+H)+: 351.1569. Found: 351.
1564. Anal. calcd. for C18H18N6O2: C, 61.70; H, 5.18; N, 23.99. Found: C, 61.58; H,
5.46; N, 23.94. Compound (5b): yellow solid; mp 116-118 °C; 1H NMR (500 MHz,
chloroform-d, δH ppm): 3.21 (dd, 1H, pyrazoline CH2), 3.36 (dd, 1H, pyrazoline
CH2), 3.88 (s, 3H, OCH3), 4.83 (t, 1H, pyrazoline CH), 5.30 (s, 2H, OCH2), 7.08 (d,
1H, ArH), 7.25– .27 (m, 3H, ArH), 7.30 (d, 1H, ArH), 7.33–7.35 (m, 2H, ArH), 7.85
(d, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm):41.7, 56.0, 58.3, 61.5,
107.3, 113.2, 118.7, 125.4, 126.7, 128.0, 128.6, 132.5, 133.4, 140.1, 148.7, 150.5,
151.6, 155.7. HRMS Anal. calcd. for C18H17ClN6O2 (M+H)+: 385.118. Found:
385.1174. Anal. calcd. for C18H17ClN6O2: C, 56.17; H, 4.45; N, 21.88. Found: C, 56.
03; H, 4.70; N, 21.78. Compound (5c): yellow solid; mp 188-190 °C; 1H NMR (500
MHz, chloroform-d, δH ppm): 3.21 (dd, 1H, pyrazoline CH2), 3.36 (dd, 1H, pyr
azoline CH2), 3.88 (s, 3H, OCH3), 4.83 (t, 1H, pyrazoline CH), 5.30 (s, 2H, OCH2), 7.
00-7.03 (m, 2H, ArH), 7.07 (d, 1H, ArH), 7.25–7.28 (m, 1H, ArH), 7.30-7.32 (m, 2H,
ArH), 7.86 (d, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 41.6, 56.0, 58.
6, 61.5, 107.3, 113.2, 115.5, 115.7, 118.7, 126.7, 127.9, 127.9, 138.3, 138.3, 148.7,
150.5, 151.6, 155.7, 161.3, 163.3. HRMS Anal. calcd. for C18H17FN6O2 (M+H)+:
369.1475. Found: 369.1476. Anal. calcd. for C18H17FN6O2: C, 58.69; H, 4.65; N,
22.81. Found: C, 59.15; H, 4.74; N, 24.34. Compound (5d): yellow solid; mp 160-162
°C; 1H NMR (500 MHz, chloroform-d, δH ppm): 3.23 (dd, 1H, pyrazoline CH2), 3.34
(dd, 1H, pyrazoline CH2), 3.82 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.88 (s, 3H,
OCH3), 4.87 (t, 1H, pyrazoline CH), 5.30 (s, 2H, OCH2), 6.88 (d, 1H, ArH), 6.91–6.
94 (m, 1H, ArH), 7.07 (d, 1H, ArH), 7.25–7.30 (m, 2H, ArH), 7.90 (d, 1H, ArH). 13C
NMR (125 MHz, chloroform-d, δC ppm): 41.6, 55.9, 56.0, 58.3, 61.5, 107.3, 110.3,
112.4, 113.2, 118.7, 120.3, 122.7, 126.7, 131.4, 148.3, 148.7, 149.4, 150.5, 151.6,
155.7. HRMS Anal. calcd. for C20H22N6O4 (M+H)+: 411.1781. Found: 411.1775.
Anal. calcd. for C20H22N6O4: C, 58.53; H, 5.40; N, 20.48. Found: C, 58.32; H, 5.62;
N, 20.45. Compound (5e): yellow solid; mp 210-212 °C; 1H NMR (500 MHz,
chloroform-d, δH ppm): 3.23 (dd, 1H, pyrazoline CH2), 3.33 (dd, 1H, pyrazoline
CH2), 3.88 (s, 3H, OCH3), 4.86 (t, 1H, pyrazoline CH), 5.30 (s, 2H, OCH2), 6.70
(ddd, 1H, ArH), 6.77 (td, 1H, ArH), 6.99 (ddt, 1H, ArH), 7.07 (d, 1H, ArH), 7.12 (t,
1H, ArH), 7.26 (dd, 1H, ArH), 7.30 (d, 1H, ArH), 7.91 (d, 1H, ArH), 8.25 (s, 1H, OH).
13C NMR (125 MHz, chloroform-d, δC ppm): 41.6, 56.0, 58.5, 61.5, 107.3, 113.2,
113.4, 116.0, 118.7, 119.1, 126.7, 130.1, 144.4, 148.7, 150.5, 151.6, 155.7, 158.0.
HRMS Anal. calcd. for C18H18N6O3 (M+H)+: 367.1519. Found: 367.1517. Anal.
calcd. for C18H18N6O3: C, 59.01; H, 4.95; N, 22.94. Found: C, 59.12; H, 4.87; N, 23.
07. Compound (5f): yellow solid; mp 170-172 °C; 1H NMR (500 MHz, chloroform-d,
δH ppm): 3.21 (dd, 1H, pyrazoline CH2), 3.36 (dd, 1H, pyrazoline CH2), 3.78 (s, 3H,
OCH3), 3.88 (s, 3H, OCH3), 4.84 (t, 1H, pyrazoline CH), 5.30 (s, 2H, OCH2), 6.77-6.
83 (m, 2H, ArH), 7.07 (d, 1H, ArH), 7.24-7.34 (m, 4H, ArH), 7.86 (d, 1H, ArH). 13C
NMR (125 MHz, chloroform-d, δC ppm): 41.6, 55.3, 56.0, 58.6, 61.5, 107.3, 110.3,
113.2, 113.8, 118.7, 126.7, 126.9, 129.3, 136.5, 148.7, 150.5, 151.6, 155.7, 159.1.
HRMS Anal. calcd. for C19H20N6O3 (M+H)+: 381.1675. Found: 381.1670. Anal.
calcd. for C19H20N6O3: C, 59.99; H, 5.30; N, 22.09. Found: C, 60.12; H, 5.39; N, 21.
87. Compound (5g): yellow solid; mp 148-150 °C; 1H NMR (500 MHz, chloroform-d,
δH ppm): 2.34 (s, 3H, CH3), 3.21 (dd, 1H, pyrazoline CH2), 3.36 (dd, 1H, pyrazoline
CH2), 3.88 (s, 3H, OCH3), 4.83 (t, 1H, pyrazoline CH), 5.30 (s, 2H, OCH2), 7.06-7.08
(m, 2H, ArH), 7.20–7.21 (m, 2H, ArH), 7.23–7.26 (m, 1H, ArH), 7.86 (d, 2H, ArH).
13C NMR (125 MHz, chloroform-d, δC ppm): 21.1, 41.7, 56.0, 58.8, 61.5, 107.3, 13.
2, 118.7, 122.7, 126.1, 126.7, 129.4, 133.0, 138.1, 139.7, 148.7, 150.5, 151.6, 155.
7. HRMS Anal. calcd. for C19H20N6O2 (M+H)+: 365.1726. Found: 365.1721.
Anal. calcd. for C19H20N6O2: C, 62.62; H, 5.53; N, 23.06. Found: C, 62.43; H, 5.78;
N, 23.05. Compound (5h): yellow solid; mp 128-130 °C; 1H NMR (500 MHz,
chloroform-d, δH ppm): 3.21 (dd, 1H, pyrazoline CH2), 3.36 (dd, 1H, pyrazoline
CH2), 3.88 (s, 3H, OCH3), 4.84 (t, 1H, pyrazoline CH), 5.30 (s, 2H, OCH2), 6.68- 6.
72 (m, 2H, ArH), 6.96 (s, 1H, ArH), 7.07 (d, 1H, ArH), 7.20 – 7.21 (m, 2H, ArH), 7.
25-7.30 (m, 1H, ArH), 7.86 (d, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC
ppm): 41.6, 56.0, 58.7, 61.5, 107.3, 113.2, 115.6, 118.7, 122.2, 126.7, 127.7, 133.6,
135.6, 148.7, 150.5, 151.6, 155.7, 157.7. HRMS Anal. calcd. for C18H18N6O3 (M
+H)+: 367.1519. Found: 367.1513. Anal. calcd. for C18H18N6O3: C, 59.01; H, 4.
95; N, 22.94. Found: C, 58.83; H, 5.26; N, 22.81. General procedure for the synthesis
of substituted 5-((4-(4,5-dihydro-5-phenylisoxazol-3-yl)-2-methoxyphenoxy)me
thyl)-1H-tetrazole 6a-h: Conventional method: To a solution of substituted (E)-1-(4((1H-tetrazol-5-yl)methoxy)-3-methoxyphenyl)-3-phenylprop-2-en-1-one (0.01 mol)
4a-h in 10 mL of ethanol, (0.05 mol) of hydroxylamine hydrochloride was added
dropwise. Reaction mixture was heated under reflux for 4-5 h and progress of the
reaction monitored by TLC. After completion of reaction, resulting solution was
cooled and poured into crushed ice. Solid pyrazolines 6a-h were filtered and re
crystallized from ethanol. Sonochemical method: To a solution substituted (E)-1-(4((1H-tetrazol-5-yl)methoxy)-3-methoxyphenyl)-3-phenylprop-2-en-1-one (0.01 mol)
4a-h in 10 mL of ethanol, (0.05 mol) of hydroxylamine hydrochloride was added
dropwise. Reaction mixture was suspended at centre of the ultrasonic bath and

product as white crystals. Yield: 84 %; mp 146-148 °C; 1H NMR (500 MHz, DMSOd6, δH ppm): 2.60 (s, 3H, COCH3), 3.89 (s, 3H, OCH3), 5.62 (s, 2H, OCH2), 7.27 (d,
1H, ArH), 7.54 (s, 1H, ArH), 7.68 (d, 1H, ArH). 13C NMR (125 MHz, DMSO-d6, δC
ppm): 26.9, 56.1, 60.2, 111.2, 113.4, 113.5, 123.2, 131.6, 149.4, 151.4, 197.0.
HRMS Anal. calcd. for C11H12N4O3 (M+H)+: 249.0988. Found: 249.0982. Anal.
calcd. for C11H12N4O3: C, 53.22; H, 4.87; N, 22.57. Found: C, 53.19; H, 4.81; N,
22.62.
43. General procedure for the synthesis of substituted (E)-1-(4-((1H-tetrazol-5-yl)
methoxy)-3-methoxyphenyl)-3-phenylprop-2-en-1-one 4a-h: Conventional method:
To a solution of KOH (0.03 mol) in ethanol (15 mL) was added 1-(4-((1H-tetrazol-5yl)methoxy)-3-methoxyphenyl)ethanone 3 (0.01 mol) and substituted benzaldehyde
(0.01 mol) at 0-5°C. The reaction mixture was stirred 3-4 h at room temperature.
Then, reaction mixture was poured over crushed ice and neutralize carefully with 2N
HCl and precipitate so obtained was filtered, washed with water and dried. The crude
product was crystallized with ethanol to afford desired compound. Sonochemical
method: To a solution of KOH (0.03 mol) in ethanol (15 mL) was added 1-(4-((1Htetrazol-5-yl)methoxy)-3-methoxyphenyl)ethanone 3 (0.01 mol) and substituted
benzaldehyde (0.01 mol), and resulting mixture subjected to ultrasonic irradiation
for 20-25 min. After completion, resulting mixture was poured into ice-cold water
and then neutralized with 2N HCl. Solid obtained was filtered off, dried and purified
by recrystallization from ethanol. Compound (4a): white solid; mp 166-168°C; 1H
NMR (500 MHz, chloroform-d, δH ppm): 3.88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2), 7.
13 (d, 1H, olefinic proton), 7.36–7.38 (m, 3H, ArH), 7.55–7.59 (m, 4H, ArH), 7.67 (d,
1H, olefinic proton), 7.95 (d, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm):
56.0, 61.5, 112.6, 114.0, 122.9, 123.7, 127.2, 128.8, 129.1, 130.2, 131.4, 132.4,
135.1, 144.3, 150.2, 152.8, 155.7, 190.0. HRMS Anal. calcd. for C18H16N4O3 (M
+H)+: 337.1301. Found: 337.1292. Anal. calcd. for C18H16N4O3: C, 64.28; H, 4.
79; N, 16.66. Found: C, 64.26; H, 4.83; N, 16.71. Compound (4b): white solid; mp
132-134 °C; 1H NMR (500 MHz, chloroform-d, δH ppm): 3.88 (s, 3H, OCH3), 5.30 (s,
2H, OCH2), 7.13 (d, 1H, olefinic proton), 7.42-7.44 (m, 2H, ArH), 7.54-7.57 (m, 4H,
ArH), 7.67 (d, 1H, olefinic proton), 7.77 (dd, 1H, ArH). 13C NMR (125 MHz,
chloroform-d, δC ppm): 56.0, 61.5, 112.6, 114.0, 123.3, 123.7, 126.3, 129.4, 129.9,
132.4, 134.0, 134.8, 140.3, 144.0, 150.2, 152.8, 155.7, 190.0. HRMS Anal. Calcd.
For C18H15ClN4O3 (M+H)+: 371.0911. Found: 371.091. Anal. calcd. for
C18H15ClN4O3: C, 58.31; H, 4.08; N, 15.11. Found: C, 58.28; H, 4.12; N, 15.04.
Compound (4c): white solid; mp 152-154 °C; 1H NMR (500 MHz, chloroform-d, δH
ppm): 3.89 (s, 3H, OCH3), 5.05 (s, 2H, OCH2), 7.02 (d, 1H, olefinic proton), 7.20
(dd, 2H, ArH), 7.52 (d, 1H, ArH), 7.56-7.58 (m, 2H, ArH), 7.62 (d, 1H ArH), 7.67 (dd,
1H, ArH), 7.77 (d, 1H, olefinic proton). 13C NMR (125 MHz, chloroform-d, δC ppm):
55.9, 61.7, 112.7, 113.9, 115.8, 122.7, 123.9, 130.4, 130.5, 131.7, 132.4, 144.2,
150.2, 152.7, 156.3, 162.5, 164.5, 190.0. HRMS Anal. Calcd. For C18H15FN4O3 (M
+H)+: 355.1206. Found: 355.1202. Anal. calcd. for C18H15FN4O3: C, 61.01; H, 4.
27; N, 15.81. Found: C, 60.92; H, 4.36; N, 15.98. Compound (4d): white solid; mp
176-178 °C; 1H NMR (500 MHz, chloroform-d, δH ppm): 3.84 (s, 3H, OCH3), 3.85 (s,
3H, OCH3), 3.88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2), 6.88 (d, 1H, ArH), 7.13 (d, 1H,
olefinic proton), 7.21 (d, 1H, olefinic proton), 7.24 (dd, 1H, ArH), 7.52–7.59 (m, 2H,
ArH), 7.68 (dd, 1H, ArH), 7.77–7.81(m, 1H, ArH). 13C NMR (125 MHz, chloroformd, δC ppm): 55.9, 55.9, 56.0, 61.5, 111.1, 112.5, 112.6, 114.0, 122.4, 123.1, 123.7,
129.8, 132.4, 144.0, 150.2, 150.5, 151.0, 152.8, 155.7, 189.9. HRMS Anal. Calcd.
For C20H20N4O5 (M+H)+: 397.1512. Found: 397.1501. Anal. calcd. for
C20H20N4O5: C, 60.60; H, 5.09; N, 14.13. Found: C, 60.43; H, 5.31; N, 14.18.
Compound (4e): white solid; mp 190-192 °C; 1H NMR (500 MHz, chloroform-d, δH
ppm): 3.88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2), 6.84 (d, 1H, ArH), 7.09 (d, 1H, ArH),
7.13 (d, 1H, olefinic proton), 7.20-7.26 (m, 1H, ArH), 7.30 (d, 1H, ArH), 7.52-7.59
(m, 2H, ArH), 7.67 (d, 1H, olefinic proton), 7.72–7.79 (m, 1H, ArH), 8.40 (s, 1H,
OH). 13C NMR (125 MHz, chloroform-d, δC ppm): 56.0, 61.5, 112.6, 114.0, 116.0,
117.8, 122.3, 122.8, 123.7, 130.3, 132.4, 137.5, 143.2, 150.2, 152.8, 155.7, 158.5,
189.9. ESI-MS Anal. calcd. for C18H16N4O4 (M+H)+: 353.125. Found: 353.
12Anal. calcd. for C18H16N4O4: C, 61.36; H, 4.58; N, 15.90. Found: C, 61.31; H, 4.
62; N, 15.88. Compound (4f): white solid; mp 158-160 °C; 1H NMR (500 MHz,
chloroform-d, δH ppm): 3.82 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2),
6.92–6.94 (m, 2H, ArH), 7.12 (s, 1H, ArH), 7.56–7.59 (m, 4H, ArH), 7.68 (d, 1H,
olefinic proton), 7.78 (d, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 55.
3, 56.0, 61.5, 112.6, 114.0, 114.0 114.3, 120.6, 123.3, 123.7, 128.9, 130.4, 132.4,
144.1, 150.2, 152.8, 155.7, 161.5, 190.0. HRMS Anal. calcd. for C19H18N4O4 (M
+H)+: 367.1406. Found: 367.1407. Anal. calcd. for C19H18N4O4: C, 62.29; H, 4.
95; N, 15.29. Found: C, 62.14; H, 5.24; N, 15.22. Compound (4g): white solid; mp
124-126 °C; 1H NMR (500 MHz, chloroform-d, δH ppm): 2.38 (s, 3H, CH3), 3.88 (s,
3H, OCH3), 5.30 (s, 2H, OCH2), 7.13 (d, 1H, olefinic proton), 7.24-7.29 (m, 2H,
ArH), 7.45-7.51 (m, 2H, ArH), 7.53-7.59 (m, 2H, ArH), 7.67 (d, 1H, olefinic proton),
7.78 (dd, 1H, ArH); 13C NMR (125 MHz, chloroform-d, δC ppm): 21.4, 56.0, 61.5,
112.6, 114.0, 120.3, 123.3, 123.7, 129.6, 129.9, 132.4, 133.1, 138.3, 139.8, 144.2,
150.2, 152.8, 155.7, 190.0. HRMS Anal. Calcd. For C19H18N4O3 (M+H)+: 351.
1457. Found: 351.1451 Anal. calcd. for C19H18N4O3: C, 65.13; H, 5.18; N, 15.99.
Found: C, 65.08; H, 5.22; N, 16.08. Compound (4h): white solid; mp 156-158 °C; 1H
NMR (500 MHz, chloroform-d, δH ppm): 3.88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2), 6.
08 (s, 1H, OH), 6.79–6.81 (m, 2H, ArH), 7.13 (d, 1H, ArH), 7.51–7.57 (m, 4H, ArH),
7.67 (d, 1H, olefinic proton), 7.78 (d, 1H, olefinic proton). 13C NMR (125 MHz,
DMSO-d6, δC ppm): 56.0, 61.5, 112.6, 114.0, 116.8, 120.1, 123.3, 123.7, 127.5, 131.
1, 132.4, 135.6, 144.3, 150.2, 152.8, 155.7, 160.0, 190.0. HRMS Anal. calcd. for
C18H16N4O4 (M+H)+: 353.125. Found: 353.1244. Anal. calcd. for C18H16N4O4:
C, 61.36; H, 4.58; N, 15.90. Found: C, 61.17; H, 4.83; N, 15.84. General procedure for
the synthesis of substituted 5-((4-(4,5-dihydro-5-phenyl-1H-pyrazol-3-yl)-2-methox
yphenoxy)methyl)-1H-tetrazole 5a-h: Conventional method: To a solution of sub
stituted (E)-1-(4-((1H-tetrazol-5-yl)methoxy)-3-methoxyphenyl)-3-phenylprop-2-en1-one (0.01 mol) 4a-h in 10 mL of ethanol, (0.05 mol) of hydrazine hydrate (99%)
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sonicated for 10-15 min. After completion of reaction, separated solid was collected
by filtration, washed with water and recrystallized from ethanol. Compound (6a):
yellow solid; mp 140-142 °C; 1H NMR (500 MHz, chloroform-d, δH ppm): 3.67–3.74
(m, 2H, isoxazoline CH2), 3.88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2), 5.79-5.81 (t, 1H,
isoxazoline CH), 7.01 (d, 1H, ArH), 7.26-7.35 (m, 5H, ArH), 7.40–7.41 (m, 2H, ArH).
13C NMR (125 MHz, chloroform-d, δC ppm): 41.1, 56.0, 61.5, 79.8, 110.1, 113.4,
121.9, 123.0, 125.6, 126.5, 128.4, 128.5, 132.8, 141.0, 149.1, 150.7, 155.1, 155.7.
HRMS Anal. calcd. for C18H17N5O3 (M+H)+: 352.141. Found: 352.1402. Anal.
calcd. for C18H17N5O3: C, 61.53; H, 4.88; N, 19.93. Found: C, 61.34; H, 5.12; N, 19.
86. Compound (6b): yellow solid; mp 126-128 °C; 1H NMR (500 MHz, chloroform-d,
δH ppm): 3.68–3.73 (m, 2H, isoxazoline CH2), 3.88 (s, 3H, OCH3), 5.30 (s, 2H,
OCH2), 5.78 (t, 1H, isoxazoline CH), 7.01 (d, 1H, ArH), 7.26 (d, 1H, ArH), 7.32–7.27
(m, 1H, ArH), 7.35–7.29 (m, 1H, ArH), 7.32 (s, 1H, ArH). 13C NMR (125 MHz,
chloroform-d, δC ppm): 41.1, 56.0, 61.5, 76.3, 110.1, 113.4, 121.9, 124.3, 125.6,
127.9, 128.8, 131.4, 134.1, 138.2, 149.1, 150.7, 155.1, 155.7. HRMS Anal. calcd. for
C18H16ClN5O3 (M+H)+: 386.102. Found: 386.1014. Anal. calcd. for
C18H16ClN5O3: C, 56.04; H, 4.18; N, 18.15. Found: C, 55.89; H, 4.43; N, 18.11.
Compound (6c): yellow solid; mp 138-140 °C; 1H NMR (500 MHz, chloroform-d, δH
ppm): 3.75–3.65 (m, 2H, isoxazoline CH2), 3.88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2),
5.79 (dd, 1H, isoxazoline CH), 7.01 (d, 1H, ArH), 7.07–7.10 (m, 1H, ArH), 7.26 (d,
1H, ArH), 7.29 (dd, 1H, ArH), 7.38–7.41 (m, 2H, ArH). 13C NMR (125 MHz,
chloroform-d, δC ppm): 41.1, 56.0, 61.5, 110.1, 113.4, 115.8, 115.9, 121.9, 125.6,
127.7, 127.8, 135.7, 135.7, 149.1, 150.7, 155.1, 155.7, 162.1, 164.2. HRMS Anal.
calcd. for C18H16FN5O3 (M+H)+: 370.1315. Found: 370.1313. Anal. calcd. for
C18H16FN5O3: C, 58.53; H, 4.37; N, 18.96. Found: C, 58.36; H, 4.63; N, 18.92.
Compound (6d): yellow solid; mp 120-122 °C; 1H NMR (500 MHz, chloroform-d, δH
ppm): 3.71 (dd, 2H, isoxazoline CH2), 3.81 (s, 3H, OCH3), 3.82 (s, 3H, OCH3), 3.84
(s, 3H, OCH3), 5.30 (s, 1H, OCH2), 5.79 (t, 1H, isoxazoline CH), 7.00 (d, 1H, ArH), 7.
06–7.10 (m, 3H, ArH), 7.26 (d, 1H, ArH), 7.29 (dd, 1H, ArH). 13C NMR (125 MHz,
chloroform-d, δC ppm): 41.1, 55.9, 56.0, 61.5, 81.5, 110.1, 110.6, 112.6, 113.4, 120.
3, 121.9, 125.6, 128.5, 132.7, 148.9, 149.1, 149.1, 150.7, 155.1, 155.7. HRMS Anal.
calcd. for C20H21N5O5 (M+H)+: 412.1621. Found: 412.1612. Anal. calcd. for
C20H21N5O5: C, 58.39; H, 5.14; N, 17.02. Found: C, 58.26; H, 5.30; N, 16.86.
Compound (6e): yellow solid; mp 168-170 °C; 1H NMR (500 MHz, chloroform-d, δH
ppm): 3.70 (dd, 2H, isoxazoline CH2), 3.88 (s, 3H, OCH3), 5.30 (s, 1H, OCH2), 5.70
(t, 1H, isoxazoline CH), 6.69–6.71 (m, 1H, ArH), 6.83 (dd, 1H, ArH), 7.01 (d, 1H,
ArH), 7.16–7.21 (m, 2H, ArH), 7.26 (d, 1H, ArH), 7.29 (dd, 1H, ArH), 8.46 (s, 1H,
OH). 13C NMR (125 MHz, chloroform-d, δC ppm): 41.1, 56.0, 61.5, 81.8, 110.1, 113.
4, 114.4, 115.8, 118.3, 121.9, 125.6, 130.1, 139.1, 149.1, 150.7, 155.1, 155.7, 157.
5. HRMS Anal. calcd. for C18H17N5O4 (M+H)+: 368.1359. Found: 368.1358.

Anal. calcd. for C18H17N5O4: C, 58.85; H, 4.66; N, 19.06. Found: C, 58.69; H, 4.93;
N, 19.01. Compound (6f): yellow solid; mp 130-132 °C; 1H NMR (500 MHz,
chloroform-d, δH ppm): 3.67–3.74 (m, 2H, isoxazoline CH2), 3.78 (s, 3H, OCH3), 3.
88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2), 5.79 (dd, 1H, isoxazoline CH), 6.83–6.90 (m,
2H, ArH), 7.01 (d, 1H, ArH), 7.26–7.30 (m, 4H, ArH). 13C NMR (125 MHz,
chloroform-d, δC ppm): 41.1, 55.3, 56.0, 61.5, 76.4, 110.1, 113.4, 113.9, 118.7, 121.
9, 125.6, 127.3, 130.3, 133.6, 149.1, 150.7, 155.1, 155.7, 159.8. HRMS Anal. calcd.
for C19H19N5O4 (M+H)+: 382.1515. Found: 382.1512. Anal. calcd. for
C19H19N5O4: C, 59.84; H, 5.02; N, 18.36. Found: C, 59.55; H, 5.40; N, 18.35.
Compound (6g): yellow solid; mp 152-154 °C; 1H NMR (500 MHz, chloroform-d, δH
ppm): 2.34 (s, 2H, CH3), 3.68–3.74 (m, 2H, isoxazoline CH2), 3.88 (s, 3H, OCH3), 5.
30 (s, 2H, OCH2), 5.79 (dd, 1H, isoxazoline CH), 7.01 (d, 1H, ArH), 7.15 (dq, 2H,
ArH), 7.26–7.30 (m, 5H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 21.1,
41.1, 56.0, 61.5, 76.5, 110.1, 113.4, 121.1, 121.9, 125.6, 126.6, 129.6, 137.6, 137.6,
137.9, 149.1, 150.7, 155.1, 155.7. HRMS Anal. calcd. for C19H19N5O3 (M+H)+:
366.1566. Found: 366.1561. Anal. calcd. for C19H19N5O3: C, 62.46; H, 5.24; N, 19.
17. Found: C, 62.28; H, 5.56; N, 19.08. Compound (6h): yellow solid; mp 102-104 °C;
1H NMR (500 MHz, chloroform-d, δH ppm): 3.67–3.74 (m, 2H, isoxazoline CH2), 3.
88 (s, 3H, OCH3), 5.30 (s, 2H, OCH2), 5.79 (dd, 1H, isoxazoline CH), 6.78–6.80 (m,
2H, ArH), 7.01 (d, 1H, ArH), 7.26–7.28 (m, 3H, ArH), 7.29 (dd, 1H, ArH), 8.17 (s,
1H, OH). 13C NMR (125 MHz, chloroform-d, δC ppm): 41.1, 56.0, 61.5, 76.5, 110.1,
113.4, 115.7, 119.5, 121.9, 125.6, 127.3, 129.0, 132.5, 149.1, 150.7, 155.1, 155.7,
158.2. HRMS Anal. calcd. for C18H17N5O4 (M+H)+: 368.1359. Found: 368.1351.
Anal. calcd. for C18H17N5O4: C, 58.85; H, 4.66; N, 19.06. Found: C, 58.72; H, 4.90;
N, 18.89.
44. Botta M, Armaroli S, Castagnolo D, Fontana G, Perad P, Bombardelli E. Synthesis and
biological evaluation of new taxoids derived from 2-deacetoxytaxinine. J Bioorg Med
Chem Lett. 2007;17:1579–1583.
45. Minotti AM, Barlow SB, Cabral F. Resistance to antimitotic drugs in Chinese hamster
ovary cells correlates with changes in the level of polymerized tubulin. J Biol Chem.
1991;266:3987–3994.
46. (a) Lokwani, DK, Sarkate AP, Shinde DB. 3D-QSAR and docking studies of benzoyl
urea derivatives as tubulin-binding agents for antiproliferative activity. Med Chem
Res. 2013; 22: 1415-1425. (b) Tiwari SV, Siddiqui S, Seijas JA, Vazquez-Tato MP,
Sarkate AP, Lokwani DK, Nikalje APG. Microwave-assisted Facile Synthesis,
Anticancer Evaluation and Docking study Of N-((5-(substituted methylene amino)-1,
3,4-thiadiazol-2-yl)methyl) Benzamide Derivatives. Molecules 2017; 22 (6): 995. (c)
Tiwari SV, Seijas JA, Vazquez-Tato MP, Sarkate AP, Karnik KS, Nikalje APG. Facile
Synthesis of Novel Coumarin Derivatives, Antimicrobial analysis, Enzyme Assay,
Docking Study, ADMET Prediction and Toxicity Study. Molecules 2017; 22 (7): 1172.
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a b s t r a c t
A new, extended coumarin scaffold was successfully explored for the construction of effective bacterial infection inhibitors. A reliable methodology for the synthesis of Dihydropyridine 4 and triazolo[1,5-a]pyridine 6 analogues in a three-component Michael type
addition reaction was adopted and afforded excellent yields. All the structures have been
established by spectral analysis. The evaluation of the antimicrobial proﬁle against Gram
positive, Gram negative bacterial stains and fungal stains revealed that the title compounds
are highly potent. The antimicrobial proﬁle suggests that the compounds are selective and
highly active against S. aureus and E. coli stains. Similarly, all the compounds are highly
promising and potent against A. ﬂavus fungal stain. Additionally, these scaffolds exhibited
good anti-inﬂammatory activity in comparison with standard Aceclofenac.
© 2020 Published by Elsevier B.V.

1. Rationale
Steep rise in invasive fungal infections (IFI) mainly from the ESKAPE bacteria [1] (Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) are believed
to involve in multiple nosocomial infections across the world as they are broadly resistant to existing antibiotics [2, 3]. The
usages of antibiotics on a large scale along with their misapplication have led to the emergence of resistant pathogenic
bacteria [4, 5]. Both, these re-emergent strains which have increased the global mortality rate to be a growing concern. The
global reduction in antibiotics production open a new era where other potent candidates should be found to ﬁght against
bacteria [6-8]. As a result, novel bacterial therapies inhibiting adverse effects are being increasingly explored [9, 10].
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Speciﬁcation table
Subject area
Compounds
Data category
Data acquisition format
Data type
Procedure

Organic Chemistry,
1,6-Diamino-dihydropyridine and Triazolo[1,5-a]pyridine
Spectral
NMR, IR, Mass spectra.
Analyzed
1. A series of 1,6-diamino-dihydropyridino-coumarins(4) can be synthesized by adding an equimolar quantities of
substituted 2-((2-oxo-2H-chromen-4-yl)methylene)malononitrile(2)2-cyanoacetohydrazide (3) and catalytic
amount of N,N-dimethylaminopyridine in ethanol, was added and stirred for an appropriate time at room
temperature. After the completion of reaction solid separated was ﬁltered and repeatedly washed with water,
then recrystallized from methanol to afford pure product. 2. A series of
phenyl-[1,2,4]triazolo[1,5-a]pyridino-coumarins (6) can be synthesized by adding an equimolar amounts of
substituted 2-((2-oxo-2H-chromen-4-yl)methylene)malononitrile(2)and N’- (2- cyanoacetyl)benzohydrazide (5)
and catalytic amount of triethylamine (TEA) in ethanol was added and reﬂuxed for an appropriate time. After
completion of the reaction the reaction mixture was cooled and poured into ice water. The solid obtained was
ﬁltered and recrystallized from methanol to obtain the pure product.

Coumarins are low molecular weight heterocyclic compounds with antimicrobial activity against various bacteria, virus
and fungi [11,12]. These derivatives are currently being investigated as potential sources of novel therapeutic antimicrobial
agents, because of their broad-spectrum activity and low susceptibility in developing resistance [13]. Meanwhile, nitrogencontaining heterocycles attached to coumarin moieties have received a great amount of attention due to their role as pharmacophores of considerable historical importance [14, 15].
While, coumarin derivatives and [1,2,4]triazolo[1,5-a]pyridines are found regularly in medicinal chemistry [16, 17].
Coumarin moiety is vital part of a large number of medicinal compounds and natural biological products [18]. Notably,
coumarin with 1,2,4-triazolines and 1,2,4-triazoles represent an important structural units that exhibit anticancer [19] and
anticonvulsant properties which exist in numerous biologically active compounds [20].
Although, various methods have reported concerning the synthesis of [1,2,4]triazolo[1,5-a]pyridine derivatives, few literature [21, 22] have been published by varying the building blocks, allowing access to a large number of multi-functionalized
derivatives. Our ongoing research program aimed at the development of newer synthetic methodologies concerning the
use of 4-formylcouamrin derivatives as widely used heterocyclic compounds inspired us to synthesize 1,6-diamino-4coumarin-dihydropyridine. In this communication, we have been reporting here the synthesis of said compounds by three
component condensation of coumarin aldehydes, 2-cyanoacetohydrazide and malononitrile under alkaline medium. The
synthesized compounds have been screened for their antibacterial, antifungal and anti-inﬂammatory activities.
2. Procedure
2.1. Materials and method
All the chemicals were purchased from the commercial source and used without further puriﬁcation unless otherwise
stated. The progression of the reactions was monitored by thin-layer chromatography (TLC) on precoated aluminium sheets
(SiGel 60 F254, Merck) and visualized using UV light at 254 nm and KMnO4 staining or iodine vapour and also the purity of
the compound was checked by TLC. The melting points were determined by the open capillary method and are uncorrected.
The IR spectra were recorded on a Nicolet 5700 FT-IR spectrometer in KBr disc method and mass spectra were recorded
using Shimadzu GCMSQP2010S. All 1 H-NMR and 13 C-NMR spectra were recorded on the Agilent VNMRS 400 MHz spectrometer at 25 °C with TMS and solvent signals being allotted as internal standards. Chemical shifts are reported in ppm
(δ ).
2.2. Synthesis
2.2.1. Representative procedure for the synthesis of 1,6-diamino-dihydropyridino-coumarins 4(a-e)
To suspension containing equimolar quantities of substituted 2-((2-oxo-2H-chromen-4-yl)methylene)malononitrile 2
(1 mmol) (obtained via reaction between 4-formyl coumarin 1 and malononitrile under basic conditions at room temperature) and 2-cyanoacetohydrazide 3 (1 mmol) in ethanol (30 mL), catalytic amount of N,N-dimethylaminopyridine (DMAP)
was added and stirred for an appropriate time at room temperature. After the completion of reaction solid separated was
ﬁltered and repeatedly washed with water, then recrystallize from methanol to afford pure product 4(a-e).
2.2.2. Representative procedure for the synthesis of phenyl-[1,2,4]triazolo[1,5-a]pyridino-coumarins 6(a-e)
Method A: To a suspension containing equimolar amounts of substituted 2-((2-oxo-2H-chromen-4yl)methylene)malononitrile 2 (1 mmol) and N’-(2-cyanoacetyl)benzohydrazide 5 (1 mmol) in ethanol (30 mL) catalytic
amount of triethylamine (TEA) was added and reﬂuxed for an appropriate time. After completion of the reaction the
reaction mixture was cooled and poured into ice water. The solid obtained was ﬁltered and recrystallized from methanol to
obtain the pure product 6(a-e).
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Method B: A suspension containing equimolar amounts compound 4 (1 mmol) and benzoyl chloride (1 mmol) in dry
DMF (20 mL) was heated under reﬂux for 8 h, cooled and poured onto ice. The solid obtained was ﬁltered and recrystallized
from methanol to obtain the pure product 6(a-e).
2.3. Biological evaluation
2.3.1. Antibacterial screening
The susceptibility of the test organisms to synthetic compounds were assessed using broth dilution assay, as minimum
inhibitory concentrations (MIC) Triplicates were performed for each of the standard strains.
2.3.1.1. Culture media: brain heart infusion (BHI) broth test organisms. Four microorganisms were selected for the study: S.
aureus microbial type culture collection MTCC 12598, E. faecalis MTCC 35550, E. coli MTCC 443 and P. aeruginosa MTCC
25668. All microorganisms were previously sub cultured in appropriate media and under gaseous conditions to conﬁrm
their purity at 35 °C for 48 h prior to testing of the vehicles.
2.3.1.2. Inoculum preparation. The growth method or the log phase method was performed as follows. At least three to ﬁve
well isolated colonies of the same morphological type were selected from an agar culture plate. Top of each colony was
scooped with a loop, and the growth was transferred into a tube containing 4-5 mL of BHI broth. The broth culture was
incubated at 35 °C for 2–6 h until it achieved the turbidity of the 0.5 McFarland standard. The turbidity of actively growing
broth culture was adjusted with broth to obtain a ﬁnal turbidity optically comparable to that of the 0.5 McFarland standard,
done visually by comparing the inoculum tube and the standard against a white card with contrasting black lines.
2.3.1.3. Broth dilution method. A total of 10 tubes were taken and nine dilutions of the vehicle were done with BHI for MIC.
In the initial tube, only 200 mL of vehicle was added. For further dilutions, 200 mL of BHI broth was added to the next
nine tubes separately. In the second tube, 200 mL of vehicle was added which already contained 200 mL of BHI broth. This
was considered as 10 dilution. From the 10 diluted tube, 200 mL was transferred to the second tube to make 10 dilution.
The serial dilution was repeated up to 10 dilution for each vehicle. From the maintained stock cultures of the required
microorganisms, 5 mL was taken and added to 2 mL of BHI broth. In each serially diluted tube, 200 mL of the above culture
suspension was added. The last tube contained only the media and the culture suspension, i.e. the negative control. The
tubes were kept for incubation for 24 h at 37 °C in bacteriological incubator and observed for turbidity.
2.3.2. Anti-inﬂammatory activity
2.3.2.1. Egg albumin denaturation method. The mixture (5 mL) consisted of 0.2 mL of egg albumin (from fresh hen’s egg),
2.8 mL of phosphate buffered saline (PBS, pH 6.4) and 2 mL of varying concentrations of coumarin heterocyclic compounds
so that ﬁnal concentrations become 31.25, 62.5, 125, 250, 50 0, 10 0 0 μg/mL and similar volume of double-distilled water
served as control. Then the mixtures were incubated at (37 ± 2)°C in an incubator (Bio-technics, India) for 15 min and then
heated at 70 °C for 5 min. After cooling, their absorbance was measured at 660 nm (SHIMADZU, UV-1800 Spectrophotometer) by using vehicle as blank. Aceclofenac sodium at the ﬁnal concentration of (31.25, 62.5, 125, 250, 500, 1000 μg/mL)
was used as reference drug and treated similarly for determination of absorbance. The percentage inhibition of protein denaturation was calculated by using the following formula

%Inhibition = 100x(Absofcontrol − Absofsample )/Absofcontrol
3. Data, value and validation
3.1. Chemistry
The work outlined in this paper deals our efforts on antibacterial, antifungal and anti-inﬂammatory drug discovery.
We have designed a rational approach for the discovery of new inhibitors having chemo type featuring of 1,6-diaminodihydropyridine (Scheme 1) and phenyl-[1,2,4]triazolo[1,5-a]pyridine (Scheme 2) core at C4 position of coumarins using catalytic amount of base.
The synthetic sequence of reactions leading to the title compound 4 (a-e) was initiated with the preparation of coumarinmethylene malononitriles 2(a-e) [23] as a alkene intermediate which is formed through a Knoevenagel reaction between
4-formylcoumarins [24] 1 and malononitrile. Further, 1,6-diamino-dihydropyridino-coumarins 4(a-e) were achieved by the
reaction of intermediate 2 and 2-cyanoacetohydrazide 3 in the presence of catalytic amount of DMAP in excellent yields.
A series of synthesized compounds 4(a-e) are given in Fig. 1. The plausible mechanism pathway of the later products 4(ae) assumed to proceed via Michael type addition of 2-cyanoacetohydrazide 3 with the Knoevenagel condensed product 2,
followed by intra-molecular cyclization to give ﬁnal products with excellent yield (Table 1).
The literature revels that phenyl-[1,2,4]triazolo[1,5-a]pyridino derivatives have wide range of applications in pharmaceutical area; therefore in this context we thought of synthesizing coumarin based phenyl-[1,2,4]triazolo[1,5-a]pyridines 6 by
utilizing poly-functional compound 4.
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Scheme 1. Synthesis of 1,6-diamino-dihydropyridine coumarin derivatives 4(a-e).

Scheme 2. (a) Synthesis of phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e) through method A. (b) Synthesis of phenyl-[1,2,4]triazolo[1,5-a]pyridinecoumarins 6(a-e) through method B.
Table 1
Synthesis of 1,6-diamino-dihydropyridino and phenyl-[1,2,4]triazolo[1,5-a]pyridino-coumarins 4(ae) and 6(a-e)
Product Code

R

Solvent

4a
4b
4c
4d
4e
Product Code

6-CH3
6-OCH3
6-Cl
7-CH3
7,8-Benzo
R

EtOH
DMAP
EtOH
DMAP
EtOH
DMAP
EtOH
DMAP
EtOH
DMAP
Method A
Solvent
Base
EtOH
TEA
EtOH
TEA
EtOH
TEA
EtOH
TEA
EtOH
TEA

6a
6b
6c
6d
6e

6-CH3
6-OCH3
6-Cl
7-CH3
7,8-Benzo

Base

Yield (%)
86
84
81
88
82
Yield (%)
76
73
69
74
68

Method B
Solvent
Base
DMF
DMF
DMF
DMF
DMF
-

Yield (%)
73
74
69
72
68
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Fig. 1. Structures of the all the synthesized 1,6-diamino-dihydropyridino-coumarins 4(a-e).

The sequence of reaction as shown in Schemes 2a and b, the construction of the title compound 6 is achieved via a two
methods: Method A involves starting from compound 2 in the presence of TEA as a catalyst. Wherein, Method B starting
from compound 4 and benzoyl chloride in N,N-dimethylformamide (DMF) without catalyst. In both the methods obtained
products are identical with excellent yields (Table-1).
Scheme 3 shows the plausible mechanism for Method A, where the mechanistic pathway of the Method A product
6(a-e) assumed to proceed via a preliminary formation of the intermediates III from the Michael type addition of N’-(2cyanoacetyl)benzohydrazide 5 [25] with the Knoevenagel condensed product 2, followed by intra-molecular cyclization to
give a non-aromatized product IV. Then intermediate IV consequently aromatized to form next intermediate V, further this
intermediate V undergoes intramolecular cyclization with an elimination of water molecule to give the desired product 6
with excellent yield (Table 1). In case of Method B, the mechanistic pathway assumed to proceed through an initial acetylation of 1,6-diamino-dihydropyridino-coumarin 4 with benzoyl chloride to give an intermediate V. Later this undergoes
intramolecular cyclization followed by an elimination of water molecule to give the title product 6. All the synthesized
phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e) are listed in Fig. 2.
The chemical structure of newly synthesized compounds 4(a-e) and 6(a-e) were established by spectral analysis. The IR
spectrum of 4d showed absorption bands at 3439–3275 cm−1 due to -NH2 groups. Intense bands at 2242 and 2209 cm−1
due to nitriles. The two intense stretching bands at 1717 and 1632 cm−1 are due to lactone and amide carbonyl respectively.
In GC-MS spectrum [M]+ peak of the compound 4d observed at m/z 333. Further, the desired product was conﬁrmed by
1 H-NMR. The 1 H-NMR of compound 4d, the D O exchangeable singlet at δ 8.69 ppm corresponded to the N –NH and
2
1
2
one more D2 O exchangeable C6 -NH2 peak resonated as a singlet at δ 5.68 ppm respectively. The two doublets resonated at
7.52 ppm (J = 8 Hz) and δ 7.42 ppm (J = 8.4 Hz) are due to C5 -H and C6-H of coumarin respectively. The C8 -H of coumarin
resonated as a singlet at δ 7.31 ppm. The C3 -H of coumarin resonated as a singlet at δ 6.75 ppm, and C7 -CH3 of coumarin
resonated as a singlet at δ 2.32 ppm.
The IR spectrum of 6d showed absorption band at 3438 cm−1 due to -NH group. Intense band at 2218 cm−1 due to
nitriles. The two intense stretching bands at 1717 and 1649 cm−1 are due to lactone and amide carbonyl respectively. In
GC-MS spectrum [M]+ peak of the compound 6d observed at m/z 419. Further, the desired product was conﬁrmed by 1 HNMR. The 1 H-NMR of compound 6d, the aromatic protons of phenyl ring resonated as a triplet and multiplets at δ 8.16 and
7.48 ppm respectively. The D2 O exchangeable singlet at δ 7.36 ppm corresponded to the -NH proton of triazole ring. The two
doublets resonated at δ 7.35 ppm (J = 7.6 Hz) δ 7.15 ppm (J = 8.4 Hz) are due to C5 -H and C6 -H of coumarin respectively.
The C8 -H of coumarin resonated as a singlet at δ 7.10 ppm. Two singlets resonated at δ 6.68 ppm and δ 2.41 ppm are due
to C3 -H and C7 -CH3 of coumarin respectively.
3.2. Data
3.2.1. 1,6-Diamino-4-(6-methyl-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4a)
White solid; Yield: 86 %; M.P.: 258-260°C; IR (KBr) ν cm−1 : 3459-3321 (-NH2 ), 2221 (-CN), 1711 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.67 (s, 2H, N1 -NH2 ), 7.34 (s, 1H, C5 -H of coumarin), 7.29 (d, 1H, J = 8.4 Hz, C7 -H of
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Scheme 3. Plausible mechanism for the synthesis of derivatives phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e) through method A.

Fig. 2. Structures of the all the synthesized phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e)
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coumarin), 7.14 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.70 (s, 1H, C3 -H of coumarin), 5.67 (s, 2H, C6 -NH2 ), 2.34 (s, 3H,
CH3 of C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 159.43, 159.34, 157.18, 153.38, 151.91, 149.55, 135.38,
134.74, 125.88, 117.35, 116.37, 116.04, 115.86, 114.94, 86.51, 74.47, 20.69; GC-MS (m/z): 333 (M+ ); Anal. Calcd. for C17 H11 N5 O3
(%): Calcd.: C, 61.26; H, 3.33; N, 21.01. Found: C, 61.23; H, 3.35; N, 21.03.
3.2.2. 1,6-Diamino-4-(6-methoxy-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4b)
White solid; Yield: 84 %; M.P.: 242-244°C; IR (KBr) ν cm−1 : 3454-3320 (-NH2 ), 2222 (-CN), 1709 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.66 (s, 2H, N1 -NH2 ), 7.31 (d, 1H, J = 8.0 Hz, C8 -H of coumarin), 7.18 (d, 1H, J = 8.0 Hz,
C7 -H of coumarin), 7.12 (s, 1H, C5 -H of coumarin), 6.62 (s, 1H, C3 -H of coumarin), 5.67 (s, 2H, C6 -NH2 ), 3.08 (s, 3H, -OCH3 of
C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 159.88, 159.45, 157.34, 153.38, 151.91, 149.55, 135.76, 134.68,
125.11, 117.03, 116.46, 116.29, 115.37, 114.98, 86.59, 74.40, 53.68; GC-MS (m/z): 349 (M+ ); Anal. Calcd. for C17 H11 N5 O4 (%):
Calcd.: C, 58.45; H, 3.17; N, 20.05. Found: C, 58.46; H, 3.18; N, 20.04.
3.2.3. 1,6-Diamino-4-(6-chloro-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4c)
White solid; Yield: 81 %; M.P.: 262–264 °C; IR (KBr) ν cm−1 : 3459-3321 (-NH2 ), 2221 (-CN), 1711 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.67 (s, 2H, N1 -NH2 ), 7.34 (s, 1H, C5 -H of coumarin), 7.29 (d, 1H, J = 8.4 Hz, C7 -H of
coumarin), 7.14 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.70 (s, 1H, C3 -H of coumarin), 5.69 (s, 2H, C6 -NH2 ); 13 C-NMR (100
MHz, DMSO-d6 , TMS) δ ppm: 160.14, 159.78, 157.26, 153.83, 151.92, 149.77, 135.32, 134.86, 125.71, 117.50, 116.43, 116.44,
115.82, 114.90, 86.01, 74.65; GC-MS (m/z): 353 (M+ ); Anal. Calcd. for C24 H13 N5 O3 (%): Calcd.: C, 54.33; H, 2.28; N, 19.80.
Found: C, 54.35; H, 2.29; N, 19.83.
3.2.4. 1,6-Diamino-4-(7-methyl-2-oxo-2H-chromen-4-yl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4d)
White solid; Yield: 88 %; M.P.: 253–255 °C; IR (KBr) ν cm−1 : 3451–3339 (-NH2 ), 2222 (-CN), 1708 (C=O of ester); 1 HNMR (400 MHz, DMSO-d6 , TMS) δ ppm: 8.69 (s, 2H, N1 -NH2 ), 7.52 (d, 1H, J = 8 Hz, C5 -H of coumarin), 7.42 (d, 1H, J = 8.4
Hz, C6 -H of coumarin), 7.31 (s, 1H, C8 -H of coumarin), 6.75 (s, 1H, C3 -H of coumarin), 5.68 (s, 2H, C6 -NH2 ), 2.32 (s, 3H, CH3
of C7 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 159.42, 159.30, 157.17, 153.33, 151.94, 149.58, 135.34, 134.71,
125.81, 117.35, 116.32, 116.02, 115.81, 114.93, 86.50, 74.43, 20.68; GC-MS (m/z): 333 (M+ ); Anal. Calcd. for C17 H11 N5 O3 (%):
Calcd.: C, 61.26; H, 3.33; N, 21.01. Found: C, 61.24; H, 3.34; N, 21.04.
3.2.5. 1,6-Diamino-2-oxo-4-{2-oxo-2H-benzo[h]chromen-4-yl}-1,2-dihydropyridine-3,5-dicarbonitrile (4e)
White solid; Yield: 82 %; M.P.: 287–289 °C; IR (KBr) ν cm−1 : 3412-3353 (-NH2 ), 2221 (-CN), 1714 (C=O of ester); 1 HNMR (400 MHz, DMSO-d6 , TMS) δ ppm: 8.65 (s, 2H, N1 -NH2 ), 8.33 (d, J = 8.0 Hz, 1H, C10 -H of coumarin), 8.01 (dd, 1H,
J = 8.0 and 2.8 Hz, C7 -H of coumarin), 7.88 (d, 1H, J = 8.8 Hz, C9 -H of coumarin), 7.74 (m, 3H, C5 -H, C6 -H and C8 -H of
coumarin), 6.79 (s, 1H, C3 -H of coumarin), 5.69 (s, 2H, C6 -NH2 ); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 170.11, 160.47,
160.26, 159.89, 154.82, 137.96, 134.18, 127.58, 126.86, 126.61, 126.03, 124.97, 122.64, 121.75, 121.13, 115.63, 115.58, 104.80,
99.72, 66.36; GC-MS (m/z): 369 (M+ ); Anal. Calcd. for C20 H11 N5 O3 (%): Calcd.: C, 65.04; H, 3.00; N, 18.96. Found: C, 65.06;
H, 3.02; N, 18.95.
3.2.6. 3,5-Dihydro-7-(6-methyl-2-oxo-2H-chromen-4-yl)-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6a)
White solid; Yield: 73 %; M.P.: 275–277 °C; IR (KBr) ν cm−1 : 3292 (-NH), 2222 (-CN), 1714 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.17 (m, 2H, Ar-H), 7.47 (m, 3H, Ar-H), 7.38 (s, 1H, NH of triazole), 7.30 (s, 1H, C5 -H
of coumarin), 7.28 (d, 1H, J = 8 Hz, C7 -H of coumarin), 7.10 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.74 (s, 1H, C3 -H of
coumarin), 2.37 (s, 3H, CH3 of C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.52, 164.01, 160.53, 160.84,
153.47, 150.32, 138.44, 137.75, 130.82, 128.95, 128.57, 126.51, 126.70, 125.88, 124.93, 120.73, 115.49, 104.48, 99.87, 84.47,
24.21; GC-MS (m/z): 419 (M+ ); Anal. Calcd. for C24 H13 N5 O3 (%): Calcd.: C, 68.73; H, 3.12; N, 16.70. Found: C, 68.74; H, 3.14;
N, 16.69.
3.2.7. 3,5-Dihydro-7-(6-methoxy-2-oxo-2H-chromen-4-yl)-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6b)
White solid; Yield: 74 %; M.P.: 264–266 °C; IR (KBr) ν cm−1 : 3324 (-NH), 2221 (-CN), 1715 (C=O of ester); 1 H-NMR (400
MHz, DMSO-d6 , TMS) δ ppm: 8.19 (m, 2H, Ar-H), 7.49 (m, 3H, Ar-H), 7.37 (s, 1H, NH of triazole), 7.29 (d, 1H, J = 8.4 Hz,
C8 -H of coumarin), 7.17 (d, 1H, J = 8 Hz, C7 -H of coumarin), 7.11 (s, 1H, C5 -H of coumarin), 6.66 (s, 1H, C3 -H of coumarin),
3.09 (s, 3H, -OCH3 of C6 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.44, 164.23, 160.74, 160.56, 153.25,
150.76, 138.83, 137.75, 132.47, 129.57, 128.67, 126.12, 126.01, 125.56, 124.53, 120.49, 115.87, 104.2, 99.17, 84.55, 55.92; GC-MS
(m/z): 435 (M+ ); Anal. Calcd. for C24 H13 N5 O4 (%): Calcd.: C, 66.21; H, 3.01; N, 16.09. Found: C, 66.24; H, 3.02; N, 16.06.
3.2.8. 7-(6-Chloro-2-oxo-2H-chromen-4-yl)-3,5-dihydro-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6c)
White solid; Yield: 69 %; M.P.: 257–259 °C; IR (KBr) ν cm−1 : 3284 (-NH), 2221(-CN), 1716 (C=O of ester); 1 H-NMR
(400 MHz, DMSO-d6 , TMS) δ ppm: 8.15 (m, 2H, Ar-H), 7.45 (m, 3H, Ar-H), 7.36 (s, 1H, NH of triazole), 7.34 (s, 1H, C5 -H
of coumarin), 7.29 (d, 1H, J = 8 Hz, C7 -H of coumarin), 7.14 (d, 1H, J = 8.4 Hz, C8 -H of coumarin), 6.77 (s, 1H, C3 -H of
coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.58, 164.42, 160.24, 160.37, 153.62, 150.87, 138.56, 137.48, 130.11,
128.93, 128.73, 126.86, 126.51, 125.24, 124.46, 120.69, 115.12, 104.38, 99.64, 84.88; GC-MS (m/z): 439 (M+ ); Anal. Calcd. for
C23 H10 ClN5 O3 (%): Calcd.: C, 62.81; H, 2.29; N, 15.92. Found: C, 62.84; H, 2.31; N, 15.90.
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Table 2
In vitro antibacterial activity (MIC) of compounds 4(a-e) and 6(a-e)
Product
Code
4a
4b
4c
4d
4e
6a
6b
6c
6d
6e
Ciproﬂoxacin

R
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo

Minimum inhibitory concentrations (MIC) (μg/mL)
S. aureus
E. faecalis
E. coli
P. auregenosa
3.12
12.50
3.12
12.50
25.00
12.50
3.12
0.78
3.12
3.12
6.25

3.12
6.25
3.12
1.56
3.12
6.25
6.25
6.25
12.5
12.5
3.12

6.25
6.25
25.0
6.25
3.12
6.25
12.5
12.5
12.5
6.25
12.5

6.25
12.5
25.0
0.78
12.5
6.25
6.25
25.0
6.25
25.0
12.5

3.2.9. 3,5-Dihydro-7-(7-methyl-2-oxo-2H-chromen-4-yl)-5-oxo-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6d)
White solid; Yield: 72 %; M.P.: 281–283 °C; IR (KBr) ν cm−1 : 3290 (-NH), 2221 (-CN), 1712 (C=O of ester); 1 H-NMR (400
MHz, DMSO-d6 , TMS) δ ppm: 8.16 (m, 2H, Ar-H), 7.48 (m, 3H, Ar-H), 7.36 (s, 1H, NH of triazole), 7.35 (d, 1H, J = 7.6 Hz,
C5 -H of coumarin), 7.15 (d, 1H, J = 8.4 Hz, C6 -H of coumarin), 7.10 (s, 1H, C8 -H of coumarin), 6.75 (s, 1H, C3 -H of coumarin),
2.41 (s, 3H, CH3 of C7 of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 170.52, 164.00, 160.51, 160.94, 153.27,
150.11, 138.06, 137.53, 130.28, 128.92, 128.75, 126.15, 126.07, 125.86, 124.39, 120.37, 115.94, 104.84, 99.78, 84.74, 24.31; GCMS (m/z): 419 (M+ ); Anal. Calcd. for C24 H13 N5 O3 (%): Calcd.: C, 68.73; H, 3.12; N, 16.70. Found: C, 68.74; H, 3.14; N, 16.69.
3.2.10. 3,5-Dihydro-5-oxo-7-(2-oxo-2H-benzo[h]chromen-4-yl)-2-phenyl-[1,2,4]triazolo[1,5-a]pyridine-6,8-dicarbonitrile (6e)
White solid; Yield: 68 %; M.P.: 270–272 °C; IR (KBr) ν cm−1 : 3290 (-NH), 2221 (-CN), 1712 (C=O of ester); 1 H-NMR (400
MHz, DMSO-d6 , TMS) δ ppm: 8.19 (m, 2H, Ar-H), 7.49 (m, 3H, Ar-H), 7.37 (s, 1H, NH of triazole), 8.36 (d, J = 8.4 Hz, 1H,
C10 -H of coumarin), 8.03 (dd, 1H, J= 4.4 and 2.8 Hz, C7 -H of coumarin), 7.85 (d, 1H, J = 8.8 Hz, C9 -H of coumarin), 7.72 (m,
3H, C5 -H, C6 -H and C8 -H of coumarin), 6.81 (s, 1H, C3 -H of coumarin); 13 C-NMR (100 MHz, DMSO-d6 , TMS) δ ppm: 169.88,
164.21, 160.94, 160.52, 154.83, 153.23, 137.67, 134.13, 130.26, 128.91, 128.74, 127.58, 126.87, 126.69, 126.11, 126.02, 124.83,
122.67, 121.74, 121.16, 115.99, 104.87, 99.70, 84.23; GC-MS (m/z): 455 (M+ ); Anal. Calcd. for C27 H13 N5 O3 (%): Calcd.: C, 71.21;
H, 2.88; N, 15.83. Found: C, 71.24; H, 2.82; N, 15.79.
3.3. Pharmacological screening
3.3.1. In vitro antibacterial screening
For a more comprehensive analysis of the results, we grouped all the compounds into two series: (A) that includes
1,6-diamino-dihydropyridino-coumarins 4(a-e), (B) that comprises phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 6(a-e). All
these were evaluated for their in vitro antibacterial studies against Staphylococcus aureus, Enterococcus faecalis, Escherichia
coli and Pseudomonas aeruginosa by broth micro dilution method [26].
Table 2 revealed that some of the title compounds exhibited excellent antibacterial activity against S. aureus and E. faecalis (gram +ve), E. coli and P. aeruginosa (gram -ve). The minimum inhibitory concentrations (MIC) for the title compounds
were observed in the range of 0.78–3.12 μg/mL. Inclusions such as -CH3 (4a) and (6d), -Cl (4c), (6c), -OCH3 (6b) and -benzo
(6e) substitution on coumarin exhibited excellent activity against S. aureus. The eﬃcacy of substituent at C6 position decreased in the order of -Cl of 6c > -CH3 of 4a ≈ -OCH3 of 6b against S. aureus. Moreover, -Cl substitution at the C6 position
of coumarin triazolo[1,5-a]pyridines 6c enhanced the activity by sevenfold as compared to the standard ciproﬂoxacin.
While, inclusion at C7 and C8 position of coumarin by -CH3 of 4d exhibited good activity against E. faecalis. Interestingly,
all most half of the title compounds showed enhanced activity against E. coli and P. aeruginosa as compared to the standard
Ciproﬂoxacin. The eﬃcacy of substituents at C6 , C7 and C8 position decreased in the order of -benzo (4e) ≈ -OCH3 (4a) ≈
-CH3 (6a) against E. coli and -CH3 (4d) > -CH3 (4a), (6a) ≈ -OCH3 (6b) against P. aeruginosa. Fig. 3 shows the graphical
representation of minimum inhibitory concentrations (MIC) (μg/mL) of all the compounds against tested bacterial stains.
3.3.2. In vitro antifungal screening
The 1,6-diamino-dihydropyridino-coumarins, 4(a-e) and phenyl-triazolo[1,5-a]pyridino-coumarins 6(a-e) were evaluated
for their in vitro antifungal studies against Candida albicans, Aspergillus ﬂavus and Aspergillus fumigatus by broth micro
dilution method [26].
Table 3 revealed that some of the title compounds exhibited excellent antifungal activity against C. albicans, A. ﬂavus
and A. fumigatus. The minimum inhibitory concentrations (MIC) for some of the title compounds are observed in the range
of 1.56–6.25 μg/mL.
Inclusion of the -CH3 substitution on coumarin 4d exhibited excellent activity against C. albicans. While, in case of
A. ﬂavus, most of the synthesized compounds proved its excellency over the standard Fluconozole. Series 6(a-e) showed
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Fig. 3. Graphical representation of in vitro antibacterial activity (MIC) of compounds 4(a-e) and 6(a-e).

Table 3
In vitro antifungal activity (MIC) of compounds 4(a-e) and 6(a-e)
Product
Code
4a
4b
4c
4d
4e
6a
6b
6c
6d
6e
Fluconozole

R
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo
6- CH3
6-OCH3
6-Cl
7- CH3
7,8-Benzo

Minimum inhibitory concentrations (MIC) (μg/mL)
C. albicans
A. ﬂavus
A. fumigates
12.5
6.25
3.12
1.56
3.12
12.5
6.25
12.5
6.25
6.25
3.12

6.25
6.25
25.0
6.25
3.12
3.12
12.5
0.78
25.0
6.25
12.5

12.5
12.5
25.0
6.25
12.5
12.5
12.5
3.12
12.5
1.56
6.25

promising activity compared to 4(a-e). Here we can clearly observe that the activity against A. ﬂavus is mainly due to the
type of the ring formed at the C4 of coumarin along with that of the substitution pattern on the coumarin ring. While the
eﬃcacy of substituent at C6 position decreased in the order of –Cl (6c) > -CH3 (6a) ≈ -benzo (4e) > -OCH3 (4b) ≈ -CH3
(4d) against A. ﬂavus. The substitution of -benzo (6e) and -Cl (6c) exhibited good activity against A. fumigatus. Fig. 4 shows
the graphical representation of minimum inhibitory concentrations (MIC) (μg/mL) of all the compounds against C. albicans,
A. ﬂavus and A. fumigatus.

3.3.3. Anti-inﬂammatory study
3.3.3.1. Egg albumin denaturation method. All the synthesized compounds were subjected to anti-inﬂammatory effect against
denaturation of hen’s egg albumin method [27] at the concentration (31.25–10 0 0 μg/mL) with standard aceclofenac drug
(31.25–10 0 0 μg/mL). The outcome of anti-inﬂammatory screening of compounds 4(a-e) and 6(a-e) by using egg albumin
denaturation method are summarized in Table 4.
The percentage inhibition of all the synthesized compounds showed (Fig. 5) remarkable increased activity against the denaturation of protein. In the case of compounds 4(a-e) only two compounds 4b and 4c exhibited excellent inhibition of heat
induced protein denaturation compared to standard aceclofenac drug (5.32%). Whereas, in case of compounds 6(a-e), compounds 6a, 6c and 6d showed good anti-inﬂammatory activity against the denaturation of protein method and remaining
compounds showed less activity.

10
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Fig. 4. Graphical representation of in vitro antifungal activity (MIC) of compounds 4(a-e) and 6(a-e).
Table 4
In vitro anti-inﬂammatory activity in protein denaturation method of compounds 4(a-e) and 6(a-e)
Product Code

% Inhibition of egg albumin in 31.25 μg/mL

Product Code

% Inhibition of egg albumin in 31.25 μg/mL

Control
4a
4b
4c
4d
4e
Aceclofenac

4.14
6.12
5.23
2.16
3.14
5.32

Control
6a
6b
6c
6d
6e
Aceclofenac

5.13
3.13
5.12
6.12
4.23
5.32

Fig. 5. Graphical representation of % Inhibition of egg albumin in 31.25 μg/mL for compounds 4(a-e) and 6(a-e).
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4. Conclusions
In summary, we have designed, synthesized and characterized a series of new 1,6-diamino-dihydropyridine and phenyl[1,2,4]triazolo[1,5-a]pyridine core at C4 position of coumarins using catalytic amount of base. The reaction has various advantages including superior synthetic eﬃciency, easy handling, high reactivity and easy workup procedures with good yield
as well as purity. In vitro antibacterial and antifungal activity assays revealed the signiﬁcant MIC values between 0.78–
6.25 μg/mL, indicating that 1,6-diamino-dihydropyridine and phenyl-[1,2,4]triazolo[1,5-a]pyridine-coumarins 4 and 6 are a
prime candidate for further development for a new class of antimicrobial agent. The anti-inﬂammatory activity by hen’s egg
albumin method showed an excellent result.
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ABSTRACT: Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related death worldwide. The destructive nature of the disease
makes it diﬃcult for clinicians to manage the condition. Hence, there is an
urgent need to ﬁnd new alternatives for HCC, as the role of conventional
cytotoxic drugs has reached a plateau to control HCC associated mortality.
Antioxidant compounds of plant origin with potential anti-tumor eﬀect have
been recognized as alternate modes in cancer treatment and chemoprevention. Resveratrol (RS) is a model natural nonﬂavonoid drug known for
its anti-cancer activity. However, its clinical application is limited due to its
poor bioavailability. The current research work aims to formulate, optimize,
and characterize RS loaded cationic liposomes (RLs) for speciﬁc delivery in
HCC. The optimized liposomes formulation (RL5) was spherical with a
vesicle size (VS) of 145.78 ± 9.9 nm, ζ potential (ZP) of 38.03 ± 9.12 mV,
and encapsulation eﬃciency (EE) of 78.14 ± 8.04%. In vitro cytotoxicity studies in HepG2 cells demonstrated an improved anticancer activity of RL5 in comparison with free RS. These outcomes were supported by a cell uptake study in HepG2 cells, in which
RL5 exhibited a higher uptake than free RS. Furthermore, confocal images of HepG2 cells after 3 and 5 h of incubation showed
higher internalization of coumarin 6 (C6) loaded liposomes (CL) as compared to those of the free C6. Pharmacokinetic and
pharmacodynamic (prophylactic and therapeutic treatment modalities) studies were performed in N-nitrosodiethylamine (NDEAcarcinogen) induced HCC in rats. Pharmacokinetic evaluation of RL5 demonstrated increased localization of RS in cancerous liver
tissues by 3.2- and 2.2-fold increase in AUC and Cmax, respectively, when compared to those of the free RS group. A
pharmacodynamic investigation revealed a signiﬁcant reduction in hepatocyte nodules in RL5 treated animals when compared to
those of free RS. Further, on treatment with RL5, HCC-bearing rats showed a signiﬁcant decrease in the liver marker enzymes
(alanine transaminase, alkaline phosphatase, aspartate transaminase, total bilirubin levels, γ-glutamyl transpeptidase, and αfetoprotein), in comparison with that of the disease control group. Our ﬁndings were supported by histopathological analysis, and we
were ﬁrst to demonstrate that NDEA induced detrimental eﬀect on rat livers was successfully reversed with the treatment of RL5
formulation. These results implied that delivery of RS loaded cationic liposomes substantially controlled the severity of HCC and
that they can be considered as a promising nanocarrier in the management of HCC.
KEYWORDS: Resveratrol, cationic liposomes, biocompatibility, hepatocellular carcinoma, pharmacokinetics, pharmacodynamics
skin, and endocrine disorders.2 Furthermore, these conventional approaches have not been successful in reducing the
overall mortality rate. Currently, sorafenib (Nexavar) is the
only USFDA approved drug for systemic administration in the
management of advanced HCC. Active eﬀorts have been made
in the past to develop similar therapies, with some of the
ongoing phases III trials focused on shedding light on cancer
therapy with better outcomes and minimal/no side eﬀects.3

1. INTRODUCTION
Noncommunicable diseases (NCD) are one of the signiﬁcant
causes of mortality in the 21st century, in which cancer stands
on top of the list, reducing the life expectancy to signiﬁcant
levels worldwide. As per the GLOBOCAN 2018 report, cancer
accounts for 20.3, 14.4, 57.3, and 7.3% mortality rates in
Europe, USA, Asia, and Africa, respectively.1 Hepatocellular
carcinoma (HCC) is the fourth-leading cause of cancer-related
deaths, which has led to a total of 841 080 new cases and
781 631 deaths in the year 2018 worldwide. Hence, there is an
alarming need to improve novel drug delivery strategies in
HCC.1
Currently, HCC is treated with invasive surgical and
chemotherapeutical approaches, which often lead to serious
side eﬀects such as hand−foot syndrome and gastrointestinal,
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Figure 1. Depicting the mechanism of accumulation/targeting of cationic liposomes in the liver cancer. (A) Enhanced permeability and retention
eﬀect (EPR) in which the RLs with appropriate sizes (<200 nm) extravasate through large fenestrations between the tumor blood capillary
endothelium (leaky endothelium) and enters the interstitial space. The gaps between the cancer endothelial cells are in the range 100−780 nm as
opposed to those of a healthy endothelium, which are 5−10 nm. (B) Targeting of RLs based on the electrostatic interaction between anionic liver
cells and cationic liposomes. In the plasma membrane of normal healthy cells, lipids are asymmetrically distributed across the inner and outer
leaﬂets, with phosphatidylserine (PS) being the most abundant anionic phospholipid located predominantly on the inner leaﬂet. Due to the
activation of the scramblase enzyme or oxidative stress in the tumor microenvironment, the symmetry of plasma membrane is lost, resulting in the
exposure of PS on the surface, which is a unique feature of cancerous cells. RS loaded cationic liposomes are an easy way to target the anionic
moiety of plasma membrane due to electrostatic interaction between them.

and low biological half-life (30−45 min).12,13 Among several
nanoparticles (poly-lactic-co-glycolic acid,14,15 gold,16,17 silver,18 liposomes,19 etc.) approaches, liposomes are the most
successfully nanoscale formulations used to deliver therapeutic
drugs and imaging agents. Encapsulating drugs in lipids oﬀers
structural properties similar to the natural cellular biomembrane, which provides several advantages including biocompatibility, higher stability, sustained release of the drug,
biodegradability, safety, and industrial scalability.20−22 Though
there are reports for the use of RS loaded liposomes (RLs) in
cancers such as cervical cancer,23 skin cancer,24−26 glioblastoma,27 breast cancer,28 and prostate cancer,29 the eﬃcacy of RL
was never assessed for its use in the treatment of HCC. In
HCC, the physiological changes in the surface properties of
liver tissue generate large fenestration in the endothelium and
anionic charge due to exposed phosphatidylserine (PS). These
anionic moieties are exposed to the outer surface, which makes
it an easy target to attract cationic liposomes for active
targeting of liposomes. A schematic diagram depicting the
probable targeting mechanism is shown in Figure 1.30,31
With this background, the present study aimed to
encapsulate RS in a unique blend of a lipid and cationic
charge generator for the formulation of cationic liposomes for
selective delivery in HCC. The performance of optimized RL5
was evaluated with in vitro cytotoxicity assay, cellular uptake, in
vitro cytocompatibility, in vivo pharmacokinetic proﬁle, and
pharmacodynamic study in NDEA induced HCC-bearing rats.

In the human body, the liver is the main detoxifying organ
responsible for eliminating the metabolic byproducts/toxins to
achieve homeostasis. However, the liver is susceptible to the
accumulation of reactive oxidative species (ROS) due to
imbalance between pro-oxidant and antioxidant compounds.
Scientiﬁc literature suggests that there is a signiﬁcant
correlation between the increased levels of oxidative stress
generated by these reactive oxygen species (ROS) and the
severity of chronic liver diseases. It should be noted that HCC
occurs in the background of chronic liver disease, making it
often diﬃcult to diagnosis at an initial stage.4
Antioxidant compounds of plant origin with potential antitumor eﬀects have been recognized as alternate modes in
cancer chemoprevention. Diﬀerent phytochemicals, including
nutrients and dietary agents, have been found to be eﬀective
against numerous types of cancers. Among the various
available groups of natural products and plant metabolites,
resveratrol (RS), a phytoalexin (plant antibiotic and antioxidant) found in peanuts, grapes, pines, berries, and various
herbs such as Polygonum cuspidatum and Vitis vinifera L., plays
an essential role as an antioxidant,5 anti-tumor,6 anti-aging,7
anti-diabetic,8 anti-inﬂammatory,9 cardioprotective,10 and antiobesity.11
Looking toward the potential beneﬁts of RS, its use in
prophylaxis and therapeutics would be of great importance in
the treatment of HCC. However, the use of free RS in the
treatment of human cancer possesses certain limitations owing
to the rapid metabolism and swift elimination from systemic
circulation, resulting in low bioavailability (<1% oral viability)
B

https://dx.doi.org/10.1021/acsbiomaterials.0c00429
ACS Biomater. Sci. Eng. XXXX, XXX, XXX−XXX

ACS Biomaterials Science & Engineering

pubs.acs.org/journal/abseba

Article

Table 1. Independent and Dependent Variables Used in the 32 Factorial Design Approach for Optimizing Liposomal
Formulationa
levels
Independent variables

−1

0

+1

Dependent variables

molar ratio of SL/Chol
concentration of SL and Chol (mg) based on molar ratio
concentration of SA (mg)

6:2
343:57
2.5

7:2
350:50
5.0

8:2
357:43
7.5

vesicle size (VS), ζ potential (ZP), and encapsulation eﬃciency (EE)

a
Concentrations of all the excipients are mentioned for the ﬁnal batch of 20 mL with 20 mg of resveratrol (RS). SL, soya lecithin; Chol, cholesterol;
SA, stearyl amine.

was analyzed by using a transmission electron microscope (TEM;
Philips CM12 Electron Microscope). For TEM analysis, the aqueous
dispersion of RL5 was stained with 1% phosphotungustic acid
(sequential two-droplet method) and was visualized under TEM. For
Fourier transform infrared spectroscopy (FT-IR, Shimadzu), each
chemical components of the formulation and lyophilized RL were
analyzed using a KBr pellet technique. For diﬀerential scanning
colorimetry (DSC) studies, dried samples of raw material and
optimized RLs were analyzed by using a DSC 823 instrument
(Mettler Toledo,). Brieﬂy, each sample (4−5 mg) was weighed,
compressed into an aluminum pan, and scanned in the temperature
range from 50 to 300 °C at a heating rate of 10 °C/min.
2.4. Estimation of Entrapment Eﬃciency (EE) and Drug
Loading (DL). The EE of RLs was determined using an indirect
method,34 which involves measuring the amount of free drug available
in nano dispersion. RL dispersion was centrifuged (Kubota 6500) at
2000 rpm (using rotor model AG-1212) at 4 °C for 10 min, and the
supernatant was then separated. The pellet of the unentrapped drug
(free drug) was determined by using a reverse-phase HPLC
method.13 The EE and DL35 were calculated by the formulas
shown below.

2. MATERIALS AND METHODS
2.1. Materials. RS (>98%) was supplied by M/s Sami
Laboratories (Bangalore, India). Lipoid S100 soyalecithin (N94%
phosphatidylcholine, SL) was provided by Lipoid GmbH, Ludwigshafen, Germany. Cholesterol (Chol) was purchased from Loba
Chemie Pvt. Ltd., Mumbai, India. HPLC-grade acetonitrile was
purchased from M/s Merck, Mumbai, India, and N-nitrosodiethylamine (NDEA-N0258), coumarin6 (442631), and stearylamine (SA74750) were purchased from Sigma-Aldrich, Bangalore, India. Serum
aspartate amino transferase (AST), serum alanine transaminase
(ALT), alkaline phosphatase (ALP), total bilirubin (TB), total
protein (TP), and γ-glutamyl transpeptidase (GGT) kits were
purchased from ERBA Diagnostics Mannheim GmbH, Bangalore
India. Rat α-fetoprotein (AFP) ELISA kit was purchased from QayeeBiotechnology Co., Ltd., New Delhi, India. HepG2 cell lines and
normal mouse ﬁbroblasts were obtained from the National Centre of
Cell Sciences, Pune, India. Fetal bovine serum (FBS), Pen-Strep (a
mixture of streptomycin and penicillin), and Dulbecco's modiﬁed
eagle medium (DMEM) were procured from HiMedia Laboratories
Pvt. Ltd., Bangalore, India.
2.2. Preparation of Resveratrol Entrapped Cationic Liposomes. On the basis of preliminary studies, a 32 factorial approach
(Design Expert Software (version 7, State-Ease Inc.) was used to
optimize the RLs, in which the molar ratios of soya lecithin/
cholesterol (SL/Chol) and SA were selected as independent variables.
The mean vesicle size (VS), ζ potential (ZP), and encapsulation
eﬃciency (EE) were selected as dependent variables (Table 1). The
generated polynomial equation was used for the evaluation of the
response,
Y = b0 + b1X1 + b2X 2 + b12X1X 2 + b11X12 + b22X 2 2

percent EE =

(WT − WF)
× 100
WT

(2)

percent DL =

WR
× 100
WL

(3)

where WT is the weight of RS used for liposome formation, WFis the
weight of unencapsulated RS, WR is the weight of RS in liposomes,
and WL is the total weight of lipid and RS added in formulation.
2.5. In Vitro Drug Release and Release Kinetic Studies of RL.
In vitro release of RS from liposomes was performed by ready-to-use
dialysis tubes (Spectrum Laboratories, Rancho Dominguez, CA)
having a MWCO of 12 400 Da, a pore size of <10 nm, and 10 cm
length with a membrane diameter of 10 mm with a seal at one end
and attached to a ﬂoatable cap. Release studies were performed in
phosphate buﬀer saline (PBS) (pH 7.4- simulated blood pH) and PBS
(pH 5.5- simulated tumor micro environment pH), both containing
0.1% v/v polyethylene glycol (PEG-400) to solubilize the released RS.
Brieﬂy, RL5 (5 mL equivalent to 4 mg RS) was transferred to dialysis
bag, which was immersed into a 200 mL bottle containing 100 mL of
PBS (pH 5.5 and 7.4). Bottles were placed on a magnetic stirrer preequilibrated at 37 ± 0.5 °C with a stirring speed of 100 rpm. At
speciﬁc time intervals, the aliquots (0.5 mL) were withdrawn and
replaced with an equal amount of fresh PBS. All aliquots were ﬁltered
by using a 0.45 μm syringe ﬁlter, and the amount of RS released was
analyzed by HPLC.36,37 In order to understand the drug release
mechanism of optimized formulation (RL5), diﬀerent kinetics models
such as zero order, ﬁrst order, Higuchi model, Korsmeyer -Peppas
model, and Hixson Crowell model were evaluated. The best model
was evaluated on the basis of the maximum value of the correlation
coeﬃcient (R2).36
2.6. Stability Studies of RL. RL5 dispersion and lyophilized
formulations were stored at 4 °C over a period of 3 months for
stability studies. Both RL5 dispersion and lyophilized form were
evaluated for VS, ZP, and EE for conﬁrmation of stability.33,38 After 3
months, the dispersion was centrifuged for 10 min at 2000 rpm and
the supernatant liposomes were evaluated for the entrapped RS.

(1)

RLs were prepared by a thin ﬁlm hydration method, as described
by Bangham et al. in 1965.32 Brieﬂy, RS (20 mg), SA, SL, and Chol
were solubilized in the mixture of organic solvent chloroform and
methanol (2:1 v/v). The organic solvent was evaporated on rotavapor
R-210 under reduced pressure (vacuum pump, V-700 Buchi) for 1 h
at 40 °C to obtain a thin ﬁlm. The ﬁlm was then treated with a stream
of nitrogen gas and kept in a vacuum overnight to remove any ﬁnal
traces of solvents. The lipid ﬁlm was hydrated at 40 °C with 20 mL of
phosphate buﬀer (pH 6.4) to aid in the formation of liposomes.
Formulated RLs were sonicated for 2 min on an ice bath using a high
intensity probe ultrasonic generator (Rivotek) with a probe diameter
of 15 mm (15 s on/oﬀ pulse). Following sonication, the resulting
liposome dispersion was centrifuged (Kubota 6500) at 2000 rpm at 4
°C for 10 min to separate the undissolved RS. RLs were then ﬁltered
ﬁve times using syringe ﬁlters (0.44 and 0.22 μm) successively to yield
monodispersed RLs. Finally, cryoprotectant (mannitol 5% w/v) was
added to RL dispersion and lyophilized (CHRIST Alpha 1−2 LD
plus) for further studies. For lyophilization, the RL dispersion was
frozen at −80 °C for 24 h, followed by freeze-drying for 48 h. The
lyophilizer was set with −55 °C as the condenser temperature and
0.023 mbar as the vacuum pressure. The lyophilized formulation was
evaluated for the appearance of the cake, reconstitution time, ZP, VS,
and EE.33
2.3. Characterization of Liposomes. Dynamic light scattering
(zetasizer Nano-ZS90, Malvern Instruments) was used to measure
VS, PDI, and ZP of all RL formulations, and the surface morphology
C
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Table 2. Experimental Groups Used in the Study to Evaluate the Eﬀect of Prophylactic and Therapeutic Treatment in HCC
Induced Ratsa
Group I (normal group)
Group II (disease control)
Group III received RS
Group IV received RL5

Group V received RS
Group VI received RL5

rats fed with standard diet and were administered with vehicle (a mixture of 1% DMSO and 1% Tween 80 in PBS) twice a week.
NDEA (carcinogen) intragastric administration until the 12th week
prophylactic treatment
NDEA administration until 12th week + simultaneous intraperitoneal dosing of RS (20 mg/kg body weight/twice a week)
NDEA administration until 12th week + simultaneous intraperitoneal dosing of RL5 (equivalent to RS 20 mg/kg body weight/twice
a week)
therapeutic treatment
NDEA administration until 12th week + intraperitoneal dosing of RS (20 mg/kg body weight/twice a week) starting from 9th week
NDEA administration until 12th week + intraperitoneal dosing of RL5 (equivalent to RS 20 mg/kg body weight/twice a week)
starting from 9th week

a

Note: RS, resveratrol; RL5, optimized RS loaded liposomes; NDEA, N-nitrosodiethylamine.

Liposomes were dissolved in chloroform and methanol mixture to
solubilize the lipids and RS. The solution was then diluted with
acetonitrile (a component of HPLC solvent system), followed by
centrifugation and ﬁltration by using syringe ﬁlter (0.45 μm) for
HPLC analysis.
2.7. In Vitro Biocompatibility Studies. 2.7.1. Blood Compatibility (Hemolysis Assay). The blood biocompatibility of RL5 was
conﬁrmed by an erythrocyte lysis test.39 Fresh blood was collected
into the heparinized tubes from rats and centrifuged at 2500 rpm for
10 min at 4 °C for separation of red blood cells. The pellet was
washed thrice with PBS and then ﬁnally resuspended in PBS and used
for hemolysis assay. An equal volume (1 mL) of erythrocyte
suspension and liposomal dispersion was mixed and incubated for 1
h at 37 °C under constant shaking. After 1 h, the mixture was
subjected to centrifugation and the supernatant was analyzed at 540
nm for percent hemolysis using an UV−vis spectrophotometer (UV1800 Shimadzu Corporation, Kyoto, Japan). The separated supernatant from the centrifuged blood sample was considered as blank and
supernatant derived from the blood sample treated with 1% Triton w/
v (hemolytic agent) was taken as the positive control. The
experiments were performed in triplicates, and the percent hemolysis
was calculated by using formula shown below:
percent hemolysis =

TA − BA
× 100
PCA − BA

of the incubation period, percent cell viability was estimated by MTT
assay method.
2.9. Quantitative and Qualitative Cell Uptake Assay. For
qualitative cell uptake analysis, coumarin 6 (C6) was used as a model
ﬂuorescent dye to evaluate the extent of cellular uptake of liposomes.
HepG2 cells were seeded in 6-well culture plates (50 000/well) and
were incubated overnight for the attachment of the cells. The eﬃcacy
of cellular uptake as a function of RL5 was evaluated by in vitro
incubation of HepG2 cells with free C6 and C6 loaded liposomes
(CLs) (equivalent to 1 μg/mL C6) for 3 and 5 h.42 The free C6
solution was prepared by solubilizing in 0.1% DMSO to yield a ﬁnal
concentration of 1 μg/mL.43 CLs were prepared by following the
method mentioned in section 2.2 and replacing RS with C6. After the
given time of incubation of C6 and CL, the medium was aspirated and
cells were washed with PBS ﬁve times, ﬁxed with 4% paraformaldehyde (Merck), and were observed under a confocal laser scanning
microscope (CLSM) (Olympus FV1000). For quantitative cell uptake
analysis, HepG2 cells were treated with RS and RL5 (equivalent to 10
μg/mL RS) and further incubated for 3 and 5 h to determine cell
uptake over time. Media was removed, and cells were washed thrice
with PBS and then lysed with 0.1% Triton X-100. Lysed cells were
then extracted with ACN for the complete dissolution of internalized
RS. Finally, the cell lysate was centrifuged at 10 000 rpm for 10 min
and supernatant was analyzed by HPLC.42
2.10. In Vivo Organ Toxicity Studies. Biochemical parameters
of hepatic and renal functions such as alanine transaminase (ALT),
aspartate transaminase (AST), blood urea nitrogen (BUN), and
creatinine were assessed by commercially available diagnostic kits
(Erba Diagnostics, Inc.). Organs such as liver, kidney, and spleen
tissues of rats were stained with hematoxylin and eosin (H&E) for
histopathological assessments.
2.11. Pharmacokinetic Study and Hepatic Accumulation of
RS by HPLC. Animal studies were approved by the Institutional
Animal Ethical Committee (KLECOP/IAEC/Res.22-10/10/2015),
KLE College of Pharmacy, Belagavi, India. Studies involving animals
were conducted in strict accordance with Animal Research: Reporting
of In Vivo Experiments (ARRIVE) guidelines.44 For in vivo
pharmacokinetic study, male Wistar albino rats (200 ± 20 g) were
obtained from our institution’s animal housing facility and were
housed in cages at room temperature 25 ± 2 °C and relative humidity
of 50−60% under a 12 h light/dark cycle. Rats were fed with a pellet
diet (VRK Nutritional Solutions, Pune, Maharashtra, India), with
water, ad libitum for 1 week before experiments. NDEA was used to
induce HCC in 6−7 week old healthy male rats. NDEA solution
reconstituted in saline was administered intragastrically at a dose of 10
mg/kg body weight with the frequency of 5 times a week for 12
weeks.45 HCC induced animals were randomly divided in two groups
(n = 3 for each time point) and were administered with 20 mg/kg
body weight of RS and equivalent RL5. Free RS was solubilized in a
mixture of 1% DMSO and 1% Tween-80 solution in phosphate buﬀer
saline (PBS).46 On the basis of the permissible limit (less than 10
mL) for intraperitoneal injection,47 the injection volume was kept
around 1 mL considering the weight of the rats. Experimental rats
were anaesthetized, and blood samples (1 mL) were collected in

(4)

where TA is test absorbance, BA is blank absorbance, and PCA is
positive control absorbance.
2.7.2. Cytocompatibility Assay. The cytocompatible behavior of
RS and RL5 was assessed using standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. Brieﬂy, normal
mouse ﬁbroblasts (L929) cell lines were grown in a mixture of
Dulbecco’s modiﬁed eagle medium (DMEM), fetal bovine serum
(FBS, 10%), and Pen-Step antibiotics (1%) in a CO2 incubator
(Eppendorf, New Brunswick, Galaxy 170R) at 37 °C with 95%
humidity. Seeding of L929 cell lines at the densities of 1 × 104 cells/
well in the 96 well plate was carried out, and the plates were incubated
for 24 h in a CO2 incubator to allow for cell adhesion. The media was
discarded and swapped with fresh media with varying concentrations
of RS and RL5 (250, 125, 62.5, 31.25, 15.63, and 7.81 μg/mL), and
the control wells were treated with equivalent volumes of media
without any test compound, followed by incubation for a period of 24
h. After the completion of the incubation period, the media in each
well was discarded and wells were gently washed with PBS. Cells were
then treated with 100 μL of MTT solution (0.5 mg/mL in phosphate
buﬀer saline), and the plate was incubated at 37 °C for 4 h. After 4 h,
the supernatant was discarded and DMSO (100 μL) was added to
each well to dissolve formed formazan crystals and analyzed by plate
reader (Lisa plus) to calculate the percent cell viability.40,41
2.8. In Vitro Cytotoxicity Assay. The cytotoxicity of RS and RL5
against HepG2 cell lines was performed as per the procedure
mentioned in section 2.7.2. HepG2 cell lines were incubated with RS
and RL5 of varying concentrations (250, 125, 62.5, 31.25, 15.63, and
7.81 μg/mL) equivalent to free RS for 24 and 48 h. After completion
D
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Table 3. Observed Responses from 32 Factorial Design of Resveratrol Loaded Liposomesa
independent variable
formulation code

A

B

RL1
RL2
RL3
RL4
RL5
RL6
RL7
RL8
RL9

−1
−1
−1
0
0
0
1
1
1

−1
0
1
−1
0
1
−1
0
1

dependent variable
EE (%)
49.26
62.57
58.91
62.76
78.14
65.31
63.65
70.74
65.85

VS (nm)

± 9.72
± 7.45
± 7.06
± 6.17
± 8.04
± 5.59
± 4.63
± 5.99
± 7.54

153.33
140.30
134.73
176.43
145.78
138.18
187.54
152.46
148.91

± 7.50
± 10.16
± 5.09
± 7.16
± 9.9
± 12.35
± 7.29
± 7.52
± 7.27

ZP (mV)
07.57
25.98
29.26
15.88
38.03
62.58
11.73
35.00
56.43

± 3.66
± 5.82
± 7.40
± 4.27
± 9.12
± 4.13
± 2.58
± 7.04
± 9.14

DL (%)
2.38
2.99
2.80
3.02
3.71
3.10
3.06
3.33
3.12

± 0.45
± 0.34
± 0.32
± 0.28
± 0.36
± 0.26
± 0.21
± 0.25
± 0.34

Note: (A) molar ratio of SL/Chol, (B) concentration of SA (mg). Each value represents the mean ± SD, n = 3. The composition of each batch is
given in Table 1. The optimized values are represented in bold.

a

EE = 75.09 + 4.92A + 2.40B − 1.86AB − 6.91A2 − 9.53B2

heparinized tubes via cardiac puncture at 15, 30, 60, and 120 min and
sacriﬁced by cervical dislocation. Major organs such as heart, spleen,
liver, lung, and kidney were excised, washed twice with ringer’s
solution, and immediately frozen until analysis. Isolated organs were
weighed, minced thoroughly, and homogenized (RQT-127AD, Remi
Elektrotechnik Ltd., Vasai, India) in 50% aqueous acetonitrile.
Homogenized samples were centrifuged (12 000 rpm for 12 min),
and the supernatant was preserved at −20 °C for further analysis. For
estimation of RS in rat plasma, blood samples were centrifuged at
4000 rpm for 10 min at 4 °C for plasma separation and were
preserved at −20 °C for further sample analysis. RS from frozen
isolated organs and plasma were estimated by using a modiﬁed HPLC
method.48 Separated biological samples from both tissue homogenate
and plasma (150 μL) were vortex-mixed with 150 μL of ACN for
deproteinization, followed by centrifugation at 12 000 rpm for 12 min.
Supernatants were separated, ﬁltered through 0.22 μm membrane
ﬁlter (Millipore), and ﬁnally analyzed by the HPLC system. The
pharmacokinetic investigation was performed by one compartmental
model using Kinetica software (Thermo-Scientiﬁc) to estimate the
parameters such as area under curve (AUC), peak plasma
concentration (Cmax), half-life (t1/2), and mean residence time
(MRT).49
2.12. Pharmacodynamics Activity: Prophylactic and Therapeutic Anti-Cancer Activity. The experimental animals were
divided into six groups (Table 2) with six animals in each group.
Group 2 (NDEA induced HCC rats: disease control) consisted of two
more rats to ensure the successful generation of HCC at the end of
the ninth week of the experiment. At the 13th week, rats in each
group were sacriﬁced and liver specimens were removed and weighed.
Plasma was collected from the blood by centrifugation at 4000 rpm
for 10 min at 4 °C for biochemical estimation of alanine transaminase
(ALT), alkaline phosphatase (ALP), aspartate transaminase (AST),
total bilirubin levels, γ-glutamyl transpeptidase (GGT), and αfetoprotein (AFP). After dissection, the liver was isolated and the
tumor nodules were counted and stored in buﬀered formalin for
histopathological examination.

(5)

The positive sign indicates that EE is directly proportional to
both the independent variables. The literature reveals that the
increase in the concentration of SL subsequently increases EE,
the reason for which could be attributed to the fact that
lipophilic drugs like RS tend to easily dissolve in lipid resulting
in a higher EE.50 SA at the same time alters the membrane
permeability or the electric charge density, resulting in
enhanced EE of the liposomes.51
VS = 145.46 + 10.25A − 15.32B − 6.40AB − 0.38A2
+ 9.92B2

(6)

where the positive sign indicates that VS is directly
proportional to A (molar ratio of SL/Chol) and the negative
sign indicates inversely proportional to B (concentration of
SA). The reduction in the VS could be due to the ability of SA
to generate a net positive charge on the surface of RLs. An
increase in the surface charge increases the intervesicular
Brownian moment, keeping the particles stable. It also avoids
the ripening of vesicles over time, which could be a key reason
for a smaller VS.52,53 The equation further advocates that VS
was directly proportional to the concentration of SL, for which
the reason could be attributed to the propensity of SL
molecules to coalescence, leading to an increase in VS.54
Hence, an optimum concentration of SL and SA is a prime
requirement to obtain stable monodisperse nanoliposomes.
ZP = 38.53 + 5.36A + 20.41B + 3.40AB − 9.84A2
+ 1.05B2

(7)

All the formulations were analyzed for ZP as a part of the
formulation development process. ZP is a useful tool to
indicate the vesicle surface charge, which is used to predict the
stability of colloidal dispersion. In general, ZP is the balance
between the surface positive and negative charges and is
directly proportional to the magnitude of the potential.55 On
the basis of the result, the positive sign indicates that the ZP is
directly proportional to A and B. Our experiments were
supported by the literature, which states that an increase in the
concentration of SA consequently increases the ZP. In the
present investigation, the ZP in all the formulations was
maintained on the positive side, owing to the charge imparted
by SA. Cationic lipid SA is an amphiphilic molecule, which has
a lipophilic region (hydrocarbon chain) and a hydrophilic

3. RESULT AND DISCUSSION
3.1. Formulation and Optimization of RS Loaded
Cationic Liposomes. Physicochemical properties and
stability are the key factors to be considered while developing
a new drug delivery system in all the formulation stage,
especially those proposed for parenteral administration. In the
present investigation, the RLs obtained from the 32 factorial
design conﬁrmed that the independent variables such as (A)
the molar ratio of SL/Chol and (B) the concentration of SA
had a signiﬁcant eﬀect on dependent variables such as EE, VS,
and ZP (Table 3). The quadratic equation generated from
Design-Expert Software (Stat-Ease Inc., Minneapolis, MN) for
EE is
E
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Figure 2. 2D contour and 3D response plots (design expert software) for (A and B) entrapment eﬃciency, (C and D) vesicle size, and (E and F) ζ
potential, respectively. The 32 level factorial design demonstrated the signiﬁcant inﬂuence of lipid and cholesterol molar ratio and stearyl amine
concentration on ζ potential, vesicle size, and encapsulation eﬃciency. SL, soya lecithin; Chol, cholesterol; SA, stearyl amine.

Figure 3. (A) Percent entrapment eﬃciency of RL1−RL9 by varying the ratio of SL/Chol. On the basis of the design of experiments, RL5
formulation was selected, owing to its highest EE for further in vitro cell uptake and animal study. (B) Graph showing the hydrodynamic diameters
of RL1−RL9 in deionized water at pH 7.0. The ﬁgure shows that all formulations were in the range 134.73 ± 5.09−187.54 ± 7.29 nm, from which
the optimized formulation RL5 was found to be 145.78 ± 9.9 nm in diameter. (C) Bar graph showing the ζ potential of RL1−RL9 in deionized
water at pH 7.0. All formulations were in the range 7.57 ± 3.66−62.58 ± 4.13 mV, from which the optimized formulation RL5 was found to be
38.03 ± 9.12 mV, representing a stable RL dispersion. (D) Surface morphology of RL5 was conﬁrmed and determined by TEM, which clearly
showed spherical morphology with uniform size distribution. (E) DSC thermogram of RS, exhibiting a sharp endotherm at 256.45 °C, indicating its
melting point, and conforming its crystalline nature, whereas SA, Chol, mannitol, and soya lecithin exhibited sharp endotherm peaks at 52, 149,
166.0, and 20.5 °C, respectively, corresponding to their melting points. The endotherm peak almost disappeared in the thermogram of RL5,
suggesting that RS was entrapped in liposomes. RL5 shows clear peak of mannitol at 166.0 °C, which corresponds to crystallized mannitol. (F) In
vitro drug release of RS from RL5 at pH 5.5 and 7.4 showed a faster release trend pH 5.5 when compared to pH 7.4. SL, soya lecithin; Chol,
cholesterol; SA, stearyl amine, RL, resveratrol loaded cationic liposomes.

F
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Figure 4. (A) FT-IR spectrum of RS, which revealed the intense absorption band of phenolic hydroxyl group at 3288 cm−1, benzene ring
absorption peaks of CC at 1606 cm−1, and medium absorption peak at 1514 cm−1. (B) FT-IR spectrum of SL (LIPOID S100), in which
characteristic peaks at 2954 cm−1 (hydroxyl stretching), 2900 and 2856 cm−1 (CH stretching of long fatty acid chain), 1739 cm−1 (carbonyl
stretching of the fatty acid ester), 1246 cm−1 (PO stretching band), 1097 cm−1 (POC stretching), and 972 cm−1 (N+(CH3)3 stretching
were observed. (C) FT-IR spectrum of Chol displayed a characteristic band between 2866−2931 cm−1 representing asymmetric and symmetric
stretching vibrations of CH2 and CH3 groups and a broad and intense band nearly at 3377.36 cm−1 due to OH stretching. The additional bands
at 1463 and 1375 cm−1 is due to asymmetric stretching vibrations and bending vibration of CH2 and CH3 groups. (D) FT-IR spectrum of SA
showed peaks at 2916 and 2850 cm−1, owing to CH stretching, and 1463 cm−1, owing to NH bending. Further, a sharp peak at 1315
cm−1 could be attributed to CN stretching and a peak at 721 cm−1 represents NH wagging vibration. (E) FT-IR spectra of mannitol showed
a broad characteristic peak at 3280 cm−1 assigned to the hydroxyl group. (F) FT-IR spectra of lyophilized RL5 showed characteristics peaks of
mannitol, Chol, and SA but did not show any characteristics peaks of RS, which indicates the complete entrapment of RS inside the liposomes.

region comprising a positively charged polar amine group. The
previous reported literature by Casals et al., clearly shows that
SA is asymmetrically distributed in the lipid bilayer, which was
predominantly on the outer surface as compared to the inner
core. A high positive ζ potential value of the formulated
liposomes conﬁrms that a signiﬁcant SA is available on the
outer surface, imparting the cationic charge on the liposomes.56,57 The application of ANOVA (Table S1) on the
outcomes conﬁrms the signiﬁcance of the model from F and P
values. The surface response curve and contour plots (Figure
2) reveal the eﬀect of SL and SA on EE, VS, and ZP. The
evaluation of liposomes suggested that RL5 demonstrated
desirable properties, i.e., more than 78% EE, ZP of 38 mV, and

the VS of less than 150 nm when compared with other
formulations. Finally, the optimized liposomes RL5 were
lyophilized by using cryoprotectant mannitol. The lyophilized
RL5 cake was found to be intact and ﬂuﬀy in nature with a
reconstitution time less than 35 s.
3.1.1. Evaluation of Optimized Liposomes Formulation.
VS, ZP, PDI, and EE of optimized liposomal formulation RL5
were found to be 145.78 ± 9.9 nm, 38.03 ± 9.12 mV, 0.359 ±
0.03, and 78.14 ± 8.04% (Figure 3A−C) respectively. Results
revealed that VS, EE, and ZP values of liposomes were directly
related to the concentration of SL and SA used in the
formulation. The morphological examination of liposomes
evaluated by TEM clearly showed a spherical morphology with
G

https://dx.doi.org/10.1021/acsbiomaterials.0c00429
ACS Biomater. Sci. Eng. XXXX, XXX, XXX−XXX

ACS Biomaterials Science & Engineering

pubs.acs.org/journal/abseba

Article

Table 4. Stability Studies of Optimized Liposomes RL5a
parameter →

ζ potential (mV)

vesicle size (nm)

EE (%)

storage condition ↓

initial

after 3 months

initial

after 3 months

initial

after 3 months

RL5, liquid dispersion at 4 °C
RL5, lyophilized at 4 °C

142.17 ± 6.20
143.76 ± 4.77

149.14 ± 12.62
147.80 ± 10.30

37.3 ± 4.53
36.66 ± 2.65

34.43 ± 4.80
35.03 ± 3.27

76.57 ± 2.51
76.44 ± 2.27

72.77 ± 3.05
75.36 ± 0.929

The data is expressed as mean ± SD (n = 3). The data were evaluated by Student’s paired t-test, which showed no signiﬁcant diﬀerence.

a

behavior of vesicles formulated by diﬀerent sets of lipids
(DPPC (16 carbon containing lipid; 1,2-dipalmitoyl-snglycero-3-phosphocholine,) and DSPA (18 carbon containing;
1,2-distearoyl-sn-glycero-3-phosphate, sodium salt) lipids,
DPPC and DPPA lipids, and DSPC and DSPA lipids) in
diﬀerent pH. Vesicles prepared with diﬀerent chain lengths
(DPPC and DSPA) showed an increased membrane
permeability and higher release of encapsulated calcein at a
lower pH when compared to the vesicles prepared by lipids
with same chain length (DPPC−DPPA and DSPC−DSPA).59
The drug release mechanism can be deﬁned as the way of the
release of payload from the nanocarrier. It is dependent of the
nature of the polymer/lipid used in the formulation and the
release conditions, which can follow several mechanisms such
as dissolution, diﬀusion, swelling, erosion, and degradation.36
To examine the release mechanism of RS from the RL5, ﬁve
kinetic models were applied to ﬁt the release data. On the basis
of the analysis (Figure S1A−E), the Hixson−Crowell model
showed the highest R2 value for RL5 at pH 5.5 (R2 value:
0.937) and 7.4 (R2 value: 0.971). Hence, the release of RS
from RL5 follows the Hixson−Crowell model, which occurs
through surface dissolution and is dependent on the surface
area and the diameter of vesicle.60,61
3.3. Stability Studies. Physical stability of liposomes is
indirectly proportional to the vesicle size and directly
proportional to the ζ potential of the dispersion. Aggregation
of vesicles, which represents poor stability, could be observed
during formulation processing and/or upon storage. The
increase in the diameter of liposomes results in a rapid uptake
by the reticuloendothelial system with subsequent clearance,
resulting in a short half-life. Therefore, preparing stable
liposomes with small and uniform size distribution is the
most signiﬁcant aspect in drug product development. Table 4
represents the storage stability studies conducted for optimized
RL5 after storage at 4 °C for 3 months in both dispersion and
lyophilized forms (reconstituted with water). After 3 months of
storage at 4 °C, there was no signiﬁcant diﬀerence in the VS,
ZP, and EE, which indicates a desirable stability of the
formulation.
3.4. In Vitro Biocompatibility Studies. 3.4.1. Blood
Compatibility (Hemolysis Assay) Studies. Outlining the
mechanism of liposomal interaction with red blood cells
(RBCs) is an important step toward establishing the
plausibility of using liposomes as delivery tools for biomedical
applications. Formulations are expected to be inert and
biocompatible with cells, blood, and blood components. In
the present investigation, RL5 formulation (equivalent to 20
mg/mL RS) and free RS (20 mg/mL) were evaluated for
hemolysis as compared to positive control (1% w/v Triton in
PBS) and negative control (0.1% v/v DMSO in PBS), as
depicted in Figure S2. Percent hemolysis values below 10%
were considered to be nonhemolytic.62 It was observed that
formulated cationic RL5 caused 1.88% hemolysis, which is
under the permissible limit (less than 10% lysis). Hemolysis
assay suggests that the concentration of SA used in the

an uniform size distribution (Figure 3D) of vesicles. The
reason for the formation of spherical morphology could be due
to the hydrophobic nature of the lipids, which, when exposed
to an aqueous environment, led to the spontaneous formation
of closed bilayers, exposing the polar hydrophilic layer to the
outer surface of liposomes. The shape and surface morphology
of the liposomes was found to be smooth with no vesicular
aggregation, which indicates the stability of the prepared
liposomes.
DSC thermograms of RS, SL, SA, Chol, mannitol, and
freeze-dried RL5 are shown in Figure 3E. The DSC
thermogram of RS exhibited a sharp endotherm at 256.45
°C, which indicates the crystalline state of RS and conﬁrms its
melting point. The melting peak almost disappeared in the
thermogram of RL5, suggesting that RS was entrapped in
liposomes and the formulation changed from the crystalline
state to the amorphous state. The DSC of pure SL exhibited
endothermic peaks at 20.5 °C, indicating the transition
temperature (Tm), which served as the basis for optimizing
the temperature required for the ﬁlm formulation of lipids.
Further, SA and Chol thermograms showed strong endotherms
at 52 and 149 °C, corresponding to their melting points,
respectively, conﬁrming their purity. These peaks were
however not observed in the thermograms of RL5, which
signiﬁes the interaction between RS and other lipid
components of the bilayer. RL5, however, shows a clear peak
of mannitol at 166.0 °C, which was used as a cryoprotectant
for lyophilization.
FT-IR spectroscopic studies were performed to analyze the
drug and polymer/excipients interaction. The FT-IR spectra of
lyophilized RL showed characteristics peak of mannitol but did
not show any characteristics peaks of RS, which indicates the
complete entrapment of RS inside the liposomes (Figure 4).
The clear peak of amine groups at 1450 cm−1 in the FT-IR
spectra of lyophilized RL5 could be attributed to the coating of
SA onto the liposomes.
3.2. In Vitro Release Study of RL5. In vitro drug release
proﬁles of RS from RL5 at pH 5.5 and 7.4 were obtained by
plotting the graph of cumulative percentage of the drug
released over time (Figure 3F). During the release study, 0.1%
(v/v) of PEG was added in release medium PBS (pH 5.5 and
7.4) to solubilize the released RS. Initially, a burst release
phase, releasing approximately 30% of resveratrol in both pH
medium was observed in the ﬁrst 2 h, followed by sustained
and complete drug release in 48 h. No signiﬁcant diﬀerence
was found for the release of RS from RLs over the entire study
period. A comparative faster release of RS at pH 5.5 (tumor
microenvironment) could be due to use of heterogeneous
lipids (SL and SA) used in the formulation of liposomes. SL
(Lipoid S 100: lipid mixture)58 and SA have an 18 carbon
chain as their backbone. Liposomes prepared with heterogeneous lipids when exposed to a decreased pH lead to an
increase in the membrane permeability and ultimately released
the payloads. Our results are in corroboration with the studies
performed by Karve et al., wherein they assessed the release
H
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Figure 5. (I)(A) Cytocompatibility of RS and RL5 determined by evaluating the cytotoxicity against normal mouse ﬁbroblast cell lines (L929)
using colorimetric MTT assay. RS and RL5 were found to be biocompatible at the concentration range 7.812−250 μg/mL. (B and C) Graph
showing cytotoxicity studies of BL, RS, and RL5 on HepG2 cell lines over a period of 24 and 48 h, and cell viability was estimated by MTT assay at
diﬀerent drug concentrations. BL were found to be biocompatible and showed no signiﬁcant cytotoxicity against HepG2, whereas RS and RL5
showed dose- and time-dependent changes in which RL5 demonstrated a signiﬁcantly higher cytotoxicity against HepG2 compared to that of RS.
I
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Figure 5. continued
The half-maximal inhibitory concentration (IC50) values of RS after 24 and 48 h of incubation were 84.49 and 68.23 μg/mL and for RL5 were
63.65 and 42.26 μg/mL, respectively. (D) Bar graph showing quantitative cell internalization of RS and RL5 in HepG2 cancer cells, which were
evaluated at 3 and 5 h time points by HPLC. The time-dependent cellular uptake showed augmented cellular internalization of RL5 as compared to
RS throughout the incubation time (p < 0.05). Results demonstrated 54.16 ± 9.61 and 74.98 ± 6.33% cellular internalization after 5 h of incubation
with RS and RL5, respectively. (II) Qualitative cell uptake study of C6 and CL showing time-dependent cellular uptake, wherein a higher uptake of
CL by HepG2 was observed as compared to that free C6 at 3 (A−D and I−L) and 5 h (E−H and M−P). Scale bar is 50 μm.

± 6.33% cellular internalization of RS and RL5, respectively
(Figure 5ID). By intending to evaluate the cellular internalization of developed liposomes, we developed CL and
evaluated it using CSLM. C6 is a derivative of coumarin and
is obtained from the plant origin. Owing to its ﬂuorescent and
lipophilic nature, it is used as a model ﬂuorescent agent to
qualitatively check the internalization of developed liposomes
via ﬂuorescence in both in vitro or in vivo experimental
systems.68 In our research investigation, CLSM results conﬁrm
that the HepG2 cells demonstrated a higher uptake of CL as
compared to free C6, which was evident from confocal images
of cells after 3 and 5 h of incubation (Figure 5IIL,P). An
intense green ﬂuorescence of CL was observed around the
nucleus within the cytoplasm of HepG2 cells, whereas free C6
demonstrated a weak ﬂuorescence signal (Figure 5IIC,G).
Upon incubation of CL with HepG2 cells, the increased
ﬂuorescence intensity in the HepG2 cell membrane could be
due to the accumulation of CL into the lysosomal compartment along with diﬀusion into the cytoplasm. Similar results
were demonstrated by Parvathaneni et al., in which free C6
showed a reduced cell internalization than its corresponding
CL.69 This diﬀerence could be attributed to the relatively
enhanced lipophilic nature of CL than C6. Out of the several
reasons, lipophilic nature, solubility of test compound, and the
time of incubation with cells are the key factors determining
the uptake of the compound by cells. The literature suggests
that C6, when suspended in aqueous media, is known to have a
lesser uptake when compared with that of C6 solubilized in
DMSO. This means that solubility of the compound is directly
proportional to the cell uptake.70,71
Cationic nanoparticles with a net positive surface charge
emerge as a promising option owing to their very strong
cellular interaction and desirable cellular uptake.30 As
explained above, apart from PS on the surface of cancerous
cells, it also contains strong negatively charged elements such
as chorionic gonadotropin, sialic acid, and anionic residues of
RNA as compared to normal cell surfaces.72,73 On the basis of
this fundamental electrostatic interaction, cationic liposomes
have a high tendency to accumulate in cancer cells through
endocytosis.72
3.7. In Vivo Toxicity Studies. The toxicity proﬁling of RS
and RL5 were carried out using diﬀerent toxicity markers.
BUN, and plasma creatinine levels were determined for
evaluating nephrotoxicity, while plasma ALT and AST levels
were determined for evaluating the hepatotoxicity. Untreated
animals served as the control for the comparison. As shown in
Figure S3I, animals treated with RS and RL5 did not induce
toxicity in the liver, spleen, and kidneys. The biochemical
evaluation was further corroborated with histopathological
examinations, suggesting a nontoxic behavior of free RS and
RL5. Histological sections of liver, kidney, and spleen (Figure
S3II) demonstrated normal parenchymal cell physiology,
indicating no signs of inﬂammation and necrosis.

formulation of RL5 is blood biocompatible and can be used for
in vivo administration.
3.4.2. Cytocompatibility Assay. Cytocompatibility is the
key parameter to be assessed for any bionanomaterial proposed
for in vivo drug delivery system. In the present investigation,
the cytocompatibility of RS and RL5 was evaluated against
primary mouse ﬁbroblast culture (L929) using colorimetric
MTT assay. Cytotoxicity of samples was compared with
control (untreated) cells that were considered as 100% viable
(Figure 5IA). Fibroblast cells were treated with RS and RL5 at
varying concentrations of 250, 125, 62.5, 31.25, 15.62, and
7.812 μg/mL and were evaluated for cell viability after 24 h.
Both RS and RLs showed no signiﬁcant diﬀerence in cell
viability, which conﬁrms its cytocompatibility.
3.5. Cytotoxicity Assay. Cytotoxicity studies of blank
liposomes, free RS, and RL5 were tested on a HepG2 cell line
over a period of 24 and 48 h using MTT viability assay at
diﬀerent drug concentrations (Figure 5IB,C). The halfmaximal inhibitory concentration (IC50) was calculated by
using Graph Pad Prism version 7.0, which signiﬁes a
quantitative measure of the concentration of a drug required
to inhibit a given biological process by half. Blank liposomes
were found to be biocompatible and showed no signiﬁcant
cytotoxicity against HepG2 when compared to control. RS and
RL5 showed dose- and time-dependent changes in which RL5
demonstrated a signiﬁcantly higher cytotoxicity against HepG2
when compared to RS. The IC50 of RS and RL after 24 h of
exposure were found to be 84.49 and 63.65 μg/mL,
respectively. After 48 h of incubation, the IC50 values of RS
and RL were 68.23 and 42.26 μg/mL, respectively. Our results
are in corroboration with the studies performed by Su et al.,
which showed that the IC50 values of free RS were around
68.4 and 34.2 μg/mL after 48 and 72 h, respectively.63 The
reason for improved activity and lower IC50 of RL5 in
comparison to those of RS could be because of the enhanced
uptake of liposomes and improved solubility of RS in
nanoliposomes formulation.64 Further, the negative charge
on hepatocytes is more likely to attract positively charged
liposomes, which increases the cell uptake of nanovesicles.65,66
Similar outcomes were reported by De et al., wherein they
developed SA based camptothecin loaded cationic liposomes.
They reported that camptothecin loaded cationic liposomes
demonstrated a manifold enhancement in the anti-cancer
therapeutic eﬃcacy both in vivo and in vitro in comparison with
free camptothecin. This enhanced anti-cancer eﬀect of
liposomes was due to the attraction between the SA containing
cationic liposomes toward the exposed PS group present on
liver cancer cells.67
3.6. Qualitative and Quantitative Cell Uptake Assay.
Cellular uptake eﬃciency was evaluated quantitatively by
HPLC and qualitatively by CLSM. The cellular uptake showed
an enhanced cellular internalization of RL5 as compared to
that of RS throughout the incubation time (P < 0.01). HPLC
analysis of cell extract after 5 h showed 54.16 ± 9.61 and 74.98
J
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Table 5. Pharmacokinetic Parameters of RS and RL5 in Rat Plasma and Organs Following ip Administration
parameters
blood
liver
spleen
lung
heart
kidney

RL5
RS
RL5
RS
RL5
RS
RL5
RS
RL5
RS
RL5
RS

Cmax

AUCtotal (μg/mL·min)

T1/2 (min)

MRT (min)

2.15
1.74
3.51
1.50
2.83
2.50
0.49
1.10
0.39
0.22
2.34
2.82

225.98
125.06
223.54
69.85
74.32
113.15
10.56
19.66
19.01
23.40
63.53
132.25

56.24
48.86
35.75
37.36
18.92
18.65

95.70
83.58
72.16
58.29
40.99
38.66

33.09
65.40
29.30
26.25

56.00
102.00
39.70
45.07

3.8. In Vivo Pharmacokinetic and Tissue Distribution.
Liposome drug delivery systems (DDS) are excellent
candidates to circumvent the limitations of free RS. An
assessment of pharmacokinetic proﬁle of RL5 in comparison
with that of free RS was performed by using standard
protocols. Results of the pharmacokinetic evaluation of RL5
after intraperitoneal injection in Wistar rats are shown in Table
5. The higher concentration of RS from RL5 in the plasma and
liver was achieved when compared to the animal group, which
received free RS. The increase in the plasma concentration of
RS in animals treated with RL5 could be due to opsonization
and macrophage uptake of liposomes.30 Furthermore, the
positive charge on liposome slows down the absorption rate
due to the electrostatic interaction between the positively
charged liposomes and the negatively charged peritoneal
mesothelium surface. The slow absorption is further prolonged
due to the low uptake of positive liposomes by peritoneal
macrophages.74 Vesicle size is known as one of the critical
parameters that impact the absorption, retention, and
lymphatic uptake of liposomes following intraperitoneal
injection.75 Hirano and Hunt et al. explained that the stability
of liposomes is important for the delivery of intact liposomes
after intraperitoneal injection. Poor stability of large liposomes
leads to fusion of liposomes and subsequent undesirable
leakage of payload in the peritoneal cavity.76 Lee et al. and
Dadashzadeh et al. also suggested that there is a possibility of
aggregation of cationic liposomes after intraperitoneal injection
due to an increase in vesicle size. Hence, size is considered as
an important factor for the eﬃcient delivery of liposomes
through intraperitoneal injection.75,77 In terms of distribution,
cationic liposomes were concentrated maximum in the liver,
followed by the spleen (Cmax 2.83 μg/mL, half-life of 30 min)
as compared to other organs. This diﬀerence in the distribution
could be attributed to the EPR eﬀect and/or electrostatic
interaction, as explained in Figure 1.65,67 Electrostatic
interaction between the positively charged liposomes and
negatively charged hepatocellular cancer cells makes the drug
delivery system a potential way of targeting anti-cancer drugs
to liver cancer. In a healthy condition, the liver comprises PS,
which is positioned internally (unexposed) in healthy liver
tissue and is mediated by a membrane protein or ATPdependent transporter, amino phospholipid translocase.78,79
This symmetry of PS phospholipid is lost in cancer tissues
because of decreased functional activity of enzyme-translocase
and/or oxidative stress in the tumor microenvironment or
activation of the scramblase enzyme. The loss of symmetry
thus exposes the PS on the surface of cancer tissue, which is a

salient feature of cancerous cells speciﬁcally endothelial cells
(ECs).31,80 The exposure of PS on the surface of cells, known
as the death knell, generates a negative charge on liver cancer
tissue.67,81 Pharmacokinetic evaluation, therefore, serves as
clear indicative of this mechanism, explaining the use of
cationic liposomes as a potential targeting approach to the
hepatocellular carcinoma.82−84
3.9. Anti-Cancer Eﬃciency of RS and RL5 in the
Experimentally Induced Animal Model. Prophylactic and
therapeutic anti-cancer properties of RL5 were assessed in
NDEA induced HCC rats. The morphologies of liver,
histopathology, relative body/liver weight ratio, tumor nodules,
and liver enzyme levels (alanine transaminase (ALT), alkaline
phosphatase (ALP), aspartate transaminase (AST), total
bilirubin levels, γ-glutamyl transpeptidase (GGT) and αfetoprotein (AFP)) were assessed in all groups to compare the
eﬃciency of RL5 with free RS. At the end of ninth week of the
experiment, two rats from the disease control group were
dissected and liver samples were examined through histopathology to conﬁrm successful induction of cancer in the liver.
The morphology of liver specimens was analyzed after 12
weeks of the experimental period for all the groups (Figure 6
IA−F). The administration of RS and RL5 to HCC-bearing
rats (Groups III−VI) showed very few hepatic nodules (Figure
6IIIB), as compared to the disease control group. The
preventive and therapeutic RL5 treated rats (Groups IV and
VI) showed a marked suppression in tumor development with
signiﬁcant changes in liver morphology, as compared to the
disease control group.
Histological examination revealed that administration of
NDEA induced granular cytoplasm with a condensed nucleus
with the presence of Councilman bodies, mononuclear
inﬂammatory cells, Kupﬀer cell hyperplasia, and neoplastic
lesion (Figure 6 IIB−E). In both prophylactic and therapeutic
treatment groups, the administration of RS and RL5 showed
that RL5 was better than free RS in the prevention of damage
and reduced the number of neoplastic lesions (Figure 6IIF−I).
RS is known to prevent the progression of cancer by targeting
multiple cellular targets aﬀecting the cellular proliferation and
growth: apoptosis, inﬂammation, invasion, angiogenesis, and
metastasis. Bishayee et al. demonstrated that RS inhibits
hepatic carcinogen-activating enzymes such as cytochrome
P450 1A1(CYP1A1) and CYP3A/2 in vitro and in vivo.85
Similar observations were reported by Dhir et al. and
Rajasekaran et al. which showed that RS signiﬁcantly decrease
the number of nodules and progression of cancer in NDEA
induced HCC in rodents.86,87 NDEA administration to rats
K
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Figure 6. (I) Representative images of rat’s livers: (A) normal group liver tissue appears normal with no macroscopically detectable pathological
changes. (B) Disease control group liver tissues demonstrated signiﬁcant changes in terms of color, consistency, and the surface texture. Tissue
appeared pale pink in color with increased size and corrugated surface with multiple macroscopic nodules (yellow arrows). (C) Prophylactic RS
treated group demonstrated very few nodules (yellow arrows) and lesions. (D) Prophylactic RL5 treated group in rats showed marked reduction in
the number of nodules and damaged caused by NDEA. (E and F) Therapeutic RS and RL5 treated groups in rats showed reduction in the number
of nodules. (II) Histopathological images of rat’s livers: (A) Normal group showed normal hepatic lobule between the central vein and normal
peripheral interlobular septum with the portal area comprising a portal vein, hepatic arteries bile ducts, and lymphatic vessels. (B−E) Disease
control group showed injuries mainly as enlarged hepatocytes with granular cytoplasm with condensed nucleus (ballooning degeneration) with the
presence of Councilman body (red arrows) and inﬁltration by mononuclear inﬂammatory cells (black arrows), kupﬀer cell hyperplasia (blue
arrows), and neoplastic lesion, which is multicentric in origin (green arrows), was seen. (F) Prophylactic RS treated group showed neoplastic
lesions with inﬂammatory cells, revealing the moderate improvement over the NDEA treated animals. (G) Prophylactic RL5 treated group showed
hepatocyte maintaining normal architecture. (H) Therapeutic RS treated group showed neoplastic lesions. (I) Therapeutic RL5 treated group
showed inﬂammatory cells in portal tract with moderate improvement over those of the disease control group. (III) (A) Liver/body weight ratio
signiﬁcant reduction in the liver/body weight ratio after administration of RS and RL5 as compared to disease control group. (B) Number of
nodules on liver in each group; prophylactic and therapeutic RLs treated groups showed a signiﬁcantly (P < 0.001) less number of nodules. (C−H)
Enzyme estimations: the activities of serum alanine transaminase (ALT), alkaline phosphatase (ALP), aspartate transaminase (AST), total bilirubin
levels, γ-glutamyl transpeptidase (GGT), and α-fetoprotein (AFP) were measured to assess the degree of hepatic cell damage. The data were shown
as mean ± SD of six animals and statistically analyzed by one way ANOVA. Statistical signiﬁcance was considered at #P < 0.001 when compared
with the normal group; ***P < 0.001, **P < 0.01, *P < 0.05, and ns: no signiﬁcance when compared with the disease control group.

liver damage is shown in Figure 6IIIH. Comparative AFP levels
estimation of HCC induced rats treated with RS and RL5
clearly shows that RL5 treated rats had lower AFP levels than
rats treated with free RS. Preventive and therapeutic treatment
with RS and RL5 showed a signiﬁcant decrease (P < 0.001) in
AFP levels compared to those of disease control rats.
Overall, the cell uptake studies described above clearly
support the idea that cationic liposomes have an inherent
inclination toward PS groups present on the cancer cells, which
was evident by higher internalization of RL5 than RS. These
outcomes represent a novel strategy to target cancerous cells
and can be used as an eﬀective platform for the delivery of
drugs and biological molecules for the treatment of HCC. The
outcomes corroborate with the in vivo results discussed above,

lead to a marked elevation in levels of serum AST, ALT, ALP
total bilirubin, and GGT levels, as shown in Figure 6IIIC−G,
which is an indication of hepatocellular damage. Metabolism of
NDEA in the liver causes damage to liver cells due to
generation of reactive oxygen species (ROS). This process
triggers uncontrolled proliferation of hepatocyte, ultimately
leading to the generation of HCC.88,89 RL5 treatment to HCCbearing rats showed a signiﬁcant decrease in the activities of
AST, ALT, ALP, and GGT as compared to the disease control
group.
Serum α fetoprotein (AFP) is considered as one of the key
marker enzymes that is reported to increase in several diseases/
disorders including hepatocellular carcinoma.88 The eﬀect of
RS and RL5 on α-fetoprotein protein levels in NDEA induced
L
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which not only shows improvement in the therapeutic
eﬃciency of the optimized RL5 compared to free RS but
also conﬁrms the biocompatible nature of the liposomes.
Looking forward, it would be worth performing an experiment
in combination with sorafenib (USFDA approved drug) to
evaluate the eﬀect of combination therapy.
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4. CONCLUSION
In spite of its well-known application in cancer therapeutics,
the use of RS is limited due to its physiological properties such
as poor bioavailability and low half-life. Liposomes are one of
the potential formulation systems approved by the FDA for
application in cancer therapeutics. In the present investigation,
we attempted to improve the bioavailability and the kinetic
proﬁle of RS by using cationic liposomes as a carrier for HCC.
Optimized RL5 with a SL/Chol ratio of 7:2 and SA (5 mg)
demonstrated desirable VS (145.78 ± 9.9 nm), ZP (38.03 ±
9.12 mV), and EE (78.14 ± 8.04%) values. The in vitro
biocompatible nature of RLs was conﬁrmed by the absence of
cytotoxicity against ﬁbroblast (L929) cell lines and blood
erythrocytes. In vitro cell culture assay showed an enhanced
uptake of RL5 in HepG2 cells, resulting in enhanced tumor cell
killing ability when compared to free RS. This could be due to
the high aﬃnity of positively charged liposomes toward the
negative charge of phosphatidylserine exposed on cancer cells.
In vivo pharmacokinetic and pharmacodynamic studies
revealed selective accumulation of RLs in liver cancer tissue,
which demonstrated both chemopreventive and therapeutic
eﬀects on NDEA initiated HCC. Taken together, RS loaded
cationic liposomes delivery system has a promising potential
for the treatment of HCC and may provide a platform to
enhance the delivery of small molecule anti-cancer drugs.
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Osiński, B.; Musiał, W. Evaluation of the Release Kinetics of a
Pharmacologically Active Substance from Model Intra-Articular
Implants Replacing the Cruciate Ligaments of the Knee. Materials
2019, 12 (8), 1202.
(62) Dhawan, V.; Magarkar, A.; Joshi, G.; Makhija, D.; Jain, A.;
Shah, J.; Reddy, B. V. V.; Krishnapriya, M.; Róg, T.; Bunker, A.;
Jagtap, A.; Nagarsenker, M. Stearylated Cycloarginine Nanosystems
for Intracellular Delivery-Simulations, Formulation and Proof of
Concept. RSC Adv. 2016, 6 (114), 113538−113550.
(63) Su, D.; Cheng, Y.; Liu, M.; Liu, D.; Cui, H.; Zhang, B.; Zhou,
S.; Yang, T.; Mei, Q. Comparision of Piceid and Resveratrol in
Antioxidation and Antiproliferation Activities In Vitro. PLoS One
2013, 8 (1), No. e54505.
(64) Lu, X.-Y.; Hu, S.; Jin, Y.; Qiu, L.-Y. Application of Liposome
Encapsulation Technique to Improve Anti-Carcinoma Effect of
Resveratrol. Drug Dev. Ind. Pharm. 2012, 38 (3), 314−322.
(65) Wang, H.; Thorling, C. A.; Liang, X.; Bridle, K. R.; Grice, J. E.;
Zhu, Y.; Crawford, D. H. G.; Xu, Z. P.; Liu, X.; Roberts, M. S.
Diagnostic Imaging and Therapeutic Application of Nanoparticles
Targeting the Liver. J. Mater. Chem. B 2015, 3 (6), 939−958.
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