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Abstract

Background: Eco-pharmacology, as a novel branch of science, was established to ensure that consequential
environmental problems associated with pharmaceuticals are pointed out in a timely way and addressed
accordingly. The environmental impact of pharmaceuticals is increasingly recognized as a significant concern
within healthcare. Medical education plays a crucial role in preparing future healthcare professionals to integrate
these principles into their practice. However, there is currently not much published data on their knowledge,
attitude, and practice of eco-pharmacology in India.

Aim and Objective: This study's objective is to comprehensively evaluate the level of knowledge, attitudes,
and practices regarding Eco Pharmacology among second-year medical students.

Material and Methods: This cross-sectional, descriptive study was carried out with undergraduate students. A
validated, self-administered questionnaire was given to 150 Undergraduates. Volunteers were provided with a
sheet containing 26 pre-validated questionnaires with a time limit of 30 minutes to evaluate the level of their
knowledge, attitudes, and practices regarding Eco Pharmacology.

Results: The total study population was 123, of which 71.00% were aware of the term "eco-pharmacology,"
though there were gaps in knowledge observed, especially with respect to eco-pharmacovigilance and
environmental legislation. The majority of students recognised the environmental hazards posed by
pharmaceutical contamination, including antibiotic resistance and incorrect disposal. There were positive
attitudes demonstrated, with several students advocating for including eco-pharmacology in the medical school
curriculum. Despite this, 50.00% of students admitted to inappropriately disposing of expired drugs.
Conclusion: Among second-year MBBS students, the attitude and practice of eco pharmacology were
suboptimal, and they had limited knowledge about eco pharmacology.

Keywords: Eco-Pharmacology, Environmental Pharmacology, Eco-Pharmacovigilance, Green Pharmacy,
World Health Organization.
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Introduction

The World Health Organization (WHO) defined
pharmacovigilance as “the science and activities
relating to the detection, assessment, understanding
and prevention of adverse effects or any other
possible  drug-related  problems”[1,2]. EPV
encompasses the scientific endeavours and
initiatives aimed at identifying, assessing,
comprehending, and mitigating the negative
impacts of pharmaceuticals on the environment.
This reflects the approach communicated at the
International Society of Pharmacovigilance annual
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meeting in Ghana in November 2010,[3] and that
was endorsed by Velo and Moretti.[4] The term
‘eco-pharmacovigilance’ was first coined by Velo;
[5]; however, several other articles have suggested
terms to characterise this emerging field: eco-
pharmacology, [6] environmental pharmacology
[71 pharmacoenvironmentology,[8] pharmacovigi
lance,[9] and eco-pharmacostewardship.[10] The
majority of active pharmaceutical ingredients
(APIs) are polar compounds known as "small
molecules,”  which  are  categorised as
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"micropollutants" due to their presence in aquatic
environments, typically at concentrations ranging
from milligrams (mg) to nanograms (ng).[11]
Research indicates that households often dispose of
medications by either throwing them in the garbage
or flushing them down the toilet or sink. This
practice is concerning because over 7% of
households retain unused medications, which
increases the risk of accidental or intentional
ingestion. [12,13] The storage of unused
medications not only signifies inefficiencies in
healthcare delivery but also raises considerable
concerns regarding environmental and health risks
from improper disposal. A crucial aspect that
remains unclear is the extent to which drug residues
detected in the environment stem from discarded
medications.[14] Moreover, a significant body of
research indicates that a majority of patients keep
unused, unwanted, or expired medications, which
increases the likelihood of these drugs being used
outside of medical purposes, often as a form of
self-prescription. [15-18] The improper disposal of
pharmaceuticals by the general public has been
recognized as a contributing factor. [19,20]
Identifying the specific origins of observed
environmental effects poses challenges, as it
remains unclear whether impacts on species stem
from single medications, combinations thereof, or
their derivatives. The environmental impact of
pharmaceuticals is increasingly recognized as a
significant concern in healthcare. Educating future
healthcare professionals is essential for integrating
these principles into practice. However, there is
currently scant published data on the knowledge,
attitudes, and practices of Ecopharmacology among
healthcare professionals in India.

Materials and methods
Study design: cross-sectional descriptive study

Study setting: Karpaga Vinayaga Institute of
Medical Science and  Research  Centre,
Chengalpattu

Study period: December 2023 and February 2024
[3 months].

Ethical approval: After obtaining approval from
the Institutional Ethics Committee, the study was
initiated. The second-year MBBS students were
approached and given information regarding the
study, and those who volunteered were included as
participants in this study. (IEC Ref. No.
KIMS/PG/12/12/2023).

Inclusion criteria

1. Second-year MBBS students who gave
informed consent to participate in this study
were included.

Exclusion criteria
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1. Second-year MBBS students who were
unavailable when the questionnaire was
distributed.

2. Those who were not willing to participate.

3. Second-year MBBS students who participated
in the pilot study were also excluded.

Statistical analyses: The study participants'
responses were coded using the Statistical Package
for the Social Sciences (SPSS version 21.0) (IBM,
New York, USA). The normality of the data was
tested using the Kolmogorov-Smirnov test. The
results were given utilising descriptive statistics
(frequency, percentages, median + interquartile
range). Chi-square was used to find an association
between knowledge, attitude, practice, and year of
education.

Procedure

Study tool: questionnaire and validation: A 25-
item structured questionnaire was developed by the
faculty of the Department of Pharmacology,
KIMS&RC. The questionnaire consists of two
parts. Section I comprised undergraduates'
demographic data and Section II comprised 25
questions about Eco pharmacology under three
domains: knowledge domain (Question no. 1-8),
attitude domain (Question no 9-17), and practice
domain (Question no 18-25). The “knowledge”
domain had eight closed-ended questions {1,2,4-8}
which could be answered by simple “yes or no”,
where a score of 1 for “yes” and 0 for “no” was
given. A score of 1 was allocated for a correct
response, whereas there was no negative score for
the wrong response (Question no: 3). The mean
knowledge score was calculated. Attitudes were
assessed using a 3-point Likert scale with choices
of “Agree,” “Neutral”, and “Disagree”. Questions
that can be answered by a simple “yes or no”,
where a score of 1 for “yes” and 0 for “no” was
given. An expert panel validated the questionnaire's
validity in terms of content, highlighting the
questions' relevance, clarity, and simplicity of
usage. The relevance, feasibility, comprehension,
and clarity of the questionnaire were evaluated by
pilot-testing it on 30 undergraduates. The final
analysis of the study results did not include the
responses obtained from the pilot study
participants.  Using  Cronbach's  alpha, the
questionnaire's reliability and internal consistency
were assessed. Cronbach's alpha (o = 0.69)
suggests its adequate internal consistency.

Sample size calculation: The prevalence of
knowledge of eco-pharmacology among the second-
year MBBS students was 46.00%, from the pilot
study. Using this knowledge prevalence from the
pilot study and assuming a confidence interval of
95%, absolute precision of 5%, and non-response
rate of 10%, the final sample size calculated for this
study was 111. OpenEpi software version 3 was
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used to calculate the sample size. (Open-Source
Epidemiologic ~ Statistics for Public Health,
WWW.openepi.com).

Data collection: The study participants received the
finalized version of the questionnaire together with
the necessary instructions to complete it
anonymously. Second-year MBBS students were
given instructions to hand in completed
questionnaires the same day. Confidentiality of the
collected data was ensured by submitting the
completed questionnaire in a sealed container.

Results

Demographic details: Out of 150 questionnaires
provided, 123 were completed and returned, which
gave an 82.00% response rate. Study participants
were more females (n=78, 63.41%) than males
(n=45, 36.59 %) [Table 1].

Second-year MBBS students’ Knowledge
towards Eco-pharmacology: The results indicate
different levels of awareness and comprehension of
eco-pharmacology  concepts. Out of the
participants, 71 students said they were familiar
with the term "eco-pharmacology," and 52 students
said they were not familiar with it. Likewise, 68
students were familiar with "Eco
pharmacovigilance," while 55 students did not
know the term. On querying regarding the inclusion
of eco-pharmacovigilance in the Indian regulatory
system, 104 students were correct in their
identification of its inclusion, while 19 students had
no idea of its incorporation. A vast majority of 110
students accepted the relationship between
environmental contamination by pharmaceutical
medications and the threat of antibiotic resistance
and cumulative toxicity, while just 13 students
failed to notice this relationship.

For the proper disposal of used or expired
medication, 115 students accepted the related
public safety risks, while 8 students did not endorse
this statement. On the environmental role of drugs
used by people, 92 students concurred that drugs
may pollute water and land, but 31 students
disagreed. For knowledge about current rules and
policies related to the environmental role of
pharmaceuticals, 55 students claimed knowledge of
such guidelines, while 68 students were ignorant of
the prevailing guidelines. Lastly, 81 students were
concerned with the disposal of unused medicines,
while 42 students did not see this as a matter of
importance. In general, the findings imply that
though most students reveal awareness of the
environmental effects of pharmaceuticals, there are
significant knowledge gaps, especially related to
eco-pharmacovigilance and regulatory
mechanisms. These results indicate that there is a
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requirement for more educational programs aimed
at improving the knowledge of eco-pharmacology
and related practices in the medical curriculum.
[Figure 1].

Second-year MBBS students’ Attitude towards
Eco-pharmacology: The findings reflect a positive
opinion in the response, as 113 students advocated
for the discussion of eco-pharmacology in the
syllabus, whereas 10 students did not agree. A
majority of the students (109) also opined that
regularly adding knowledge regarding eco-
pharmacology would minimise environmental
pollution, and 111 students felt that knowledge of
environmental hazards would encourage them to
use appropriate medication disposal systems. In
addition, 113 students favoured introducing
guidelines for the public on ecologically safe drug
disposal, and 99 students also concurred that drug
take-back programs should be adopted by
manufacturers and pharmacies. Most (107)
believed that they must safeguard the environment
from pharmaceutical waste, and 110 students
agreed on the need for environmental risk
management plans for drugs until expiration. When
it comes to environmental risk reporting, 108
students concurred that doctors should report the
events, and 115 students felt that patient safety
would increase through such reporting of risks.
These findings identify a robust general interest in
eco-pharmacology and being environmentally
friendly, although there are some sectors in which
education and involvement might prove to be
positive. [Figure 2].

Second-year MBBS students’ practice towards
Eco-pharmacology: The majority of respondents
(84.60%) have participated in a CME or conference
on Eco pharmacology, whereas 15.4% have not.
When inquired about engaging in campaign
activities on the subject, 30.90% said they were
willing to do so, whereas 68.30% were not
interested in engaging in such activities. A
considerable number, 58.50%, have seen the
misuse of unused or expired drugs, and 67.50% of
the individuals who witnessed the misuse reported
it. In terms of purchasing drugs, 60.20% purchase
drugs in bulk for family members and store them
for up to one month (48.80%). In terms of
disposing of expired or unused medicine, 50.40%
dispose of it with household rubbish, 38.20% take
it back to the pharmacy, and 11.40% empty the
drugs from the containers before discarding. For
expired syrups or lotions, 64.20% dispose of them
in the trash, 22.00% drain them down the sink, and
13.80% incinerate them [Table 2].
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Table 1: Gender-wise distribution of study participants
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Gender Number of participants %

Female 78 63.41

Male 45 36.59

Total 123 100.00

Table 2: Practice of Ecopharmacology of MBBS Students Participated in the Stud
S.No | Questions Categories Frequency | Percentage
(n) (%)

1 Have you attended any | a) Yes 104 84.60
CME/CONFERENCE regarding | b) No 19 15.40
Eco pharmacology?

2 Will  you participate in | a) Yes 38 30.90
campaign activities regarding | b) No 84 68.30
Eco pharmacology?

3 Have you ever witnessed any | a) Yes 72 58.50
unused/expired drugs being | b) No 50 40.70
disposed of improperly?

4 If yes, have you reported that? a) Yes 83 67.50

b) No 14 11.40

5 Do you buy drugs in bulk for | a) Yes 74 60.20
family members? b) No 47 38.20

6 If, yes how long you will store it | a) 1-year 20 16.30

b) till expiry 7 5.70
¢) not more than a month 60 48.80

7 How will you dispose of | a) Along with household waste 62 50.40

unused/expired medicines? b) Remove the drug from its container | 14 11.40
before throwing it in the garbage
¢) Return it to the pharmacy. 47 38.20

8 How will you dispose of | a)Pour in the sink 27 22.00

leftover syrup/lotion? b) throw it in the garbage 79 64.20
¢) burn it 17 13.80

8. HAVE YOU EVER WORRIED ABOUT WHAT TO DO WITH EXCESS

7. ARE YOU FAMILIAR WITH CURRENT REGULATIONS AND GUIDELINES

REGARDING THE ENVIRONMENTAL IMPACT OF PHARMACEUTICALS.

5. CAN THE EXPIRED /UNUSED MEDICINES WHICH ARE NOT PROPERLY

4. DO YOU THINK ENVIRONMENTAL POLLUTION BY DRUGS CAN BE A
REASON FOR ANTIBIOTIC RESISTANCE AND CUMULATIVE TOXICITY?

2. HAVE YOU EVER HEARD THE TERM “ECO PHARMACOVIGILANCE”?

1. HAVE YOU EVER HEARD THE TERM “ECO PHARMACOLOGY”?

Polillan et al.

MEDICINES?

6. DO YOU FEEL DRUGS THAT YOU CONSUME CAN CAUSE
ENVIRONMENTAL (WATER AND SOIL) POLLUTION?

DISPOSED POSES HAZARD TO PUBLIC SAFETY?

3. ECO PHARMACOVIGILANCE IN INDIA IS A PART OF?

m Adequate knowledge

® inadequate Knowledge

Figure 1: Knowledge of Ecopharmacology of MBBS Students Participated in the Study
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17. DO YOU AGREE PATIENT SAFETY WILL BE ENHANCED, IF YOU
REPORT THESE EVENTS?

16. DO YOU AGREE IT IS THE RESPONSIBILITY OF DOCTORS TO REPORT
THESE EVENTS?

15. 1S IT NECESSARY FOR ASSESSING & MANAGING RISKS UNTIL EXPIRY
OF A DRUG USING ENVIRONMENTAL RISKS MANAGEMENT PLANS?

14. DO YOU THINK PROTECTING ENVIRONMENT FROM THE
PHARMACEUTICALS WASTE IS YOUR RESPONSIBILITY?

13. DO YOU THINK MANUFACTURES AND PHARMACIES SHOULD HAVE
DRUG TAKE BACK SCHEMES?

12. DO YOU THINK THERE SHOULD BE GUIDELINES FOR PUBLIC FOR
ECOLOGICALLY SAFE DISPOSAL OF DRUGS?

11. IF YOU WERE AWARE OF THE ENVIRONMENTAL RISKS, WOULD YOU
BE MORE INCLINED TO USE PROPER MEDICATION DISPOSAL METHODS?

10. DO YOU THINK CONTINUOQUSLY ENRICHING THE KNOWLEDGE

ABOUT ECO PHARMACOLOGY WILL REDUCE ENVIRONMENTAL
POLLUTION?

9. DO YOU THINK DISCUSSION ON ECO PHARMACOLOGY IN THE

CURRICULUM IS NECESSARY?

m Good Attitude
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m Poor Attitude

Figure 2: Attitude towards Ecopharmacology by MBBS Students Participated in the Study

Discussion

This study assessed knowledge, attitudes, and
practices (KAP) regarding eco-pharmacology
among  second-year MBBS  students in
Chengalpattu, achieving a high response rate (82%)
with a female predominance (63.41%). Awareness
was moderate—57.7% knew the term “eco-
pharmacology” and 55.3% “eco-
pharmacovigilance,” while 42-45% were unaware.
This aligns with findings by Advani and Jadhao
(2019), who reported only 39% awareness among
healthcare professionals in India,[21] and Gubae et
al. (2023), where 20% of Ethiopian pharmacy
students recognized the term.[22]

Although conceptual knowledge was limited, most
participants understood the environmental risks of
pharmaceuticals, including antibiotic resistance and
contamination. Similar fragmented awareness was
reported by Bhatt and Kumar (2022) among Indian
medical personnel.[23] Attitudes were highly
positive, with most students supporting inclusion of
eco-pharmacology in the MBBS curriculum,
echoing earlier findings that healthcare trainees
show environmental concern despite limited
knowledge. [21, 24] However, practices remained
suboptimal. About half of the respondents disposed
of expired drugs with household waste, and 64.00%
discarded syrups or lotions in trash—patterns
consistent with previous Indian studies where
80.00-90.00 % of respondents used unsafe disposal
methods. [21, 25] This gap highlights the need for
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structured teaching, take-back programs, and
awareness drives to translate knowledge and
attitude into sustainable practice. The observed
KAP pattern—moderate knowledge, positive
attitude, poor  practice—reflects  curricular
insufficiency rather than student apathy. These
results identify the importance of increased
education about proper drug disposal, more active
participation in public awareness campaigns, and
easier-to-access disposal programs to decrease the
amount of pharmaceutical waste and environmental
impact. In general, the research illustrates the fact
that, as much as there is a favourable attitude
toward eco-pharmacology among second-year
MBBS students, there remain substantial
knowledge gaps and a call for additional learning
interventions. Such findings emphasise the need to
integrate eco-pharmacology into training in
medicine as well as health professional
development activities, not merely to increase
sensitisation but to promote an informed
appreciation of environmental roles by healthcare
professionals.

Limitations of the study

A small sample size, single-centre study, and
inclusion of only second-year MBBS students were
some of the study's limitations. Future multicentric,
large-scale prospective research, which includes all
sorts of Health Care Professionals (HCPs), might
validate our preliminary results. The impact of
awareness campaigns and training sessions on eco-
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pharmacology by HCPs can also be explored
further.
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