Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 11, ISSUE 09, 2020

Environmental Pharmacology: A Comprehensive Review.
Vikas Sahu 1", Bhisham Sahu 2
Y Assistant Professor, Faculty of Health and Allied Science, ISBM University, Gariyaband,
Chhattisgarh, India.
2Assistant Professor, Faculty of Health and Allied Science, ISBM University, Gariyaband,
Chhattisgarh, India.
*Corresponding Author:

vikas.sahu234@gmail.com

Abstract:

Pharmaceutical pollution is a pressing global concern with far-reaching implications for both
the environment and human health. This comprehensive review delves into the intricate
world of environmental pharmacology, examining the various ways in which pharmaceuticals
enter the environment, impact ecosystems, and pose risks to public health. It also explores the
emergence of antibiotic resistance due to environmental exposure.

The review underscores the multifaceted nature of environmental pharmacology, revealing
that pharmaceuticals can affect pharmacokinetics, pharmacodynamics, and ecological
systems in intricate ways. Environmental factors can alter drug behavior within the body,
influence drug-receptor interactions, and modulate drug efficacy and toxicity.
Pharmaceuticals, when introduced into aquatic ecosystems and terrestrial environments, can
disrupt the behavior, physiology, and reproductive processes of organisms, with potential
consequences throughout food chains. Additionally, the emergence of antibiotic resistance
due to subtherapeutic levels of antibiotics in the environment poses a serious threat to human
health.

In examining the regulatory framework, the review highlights the importance of international
and national regulations to manage pharmaceutical pollution. It assesses the effectiveness of
current regulatory approaches and suggests potential improvements and policy changes to
mitigate the risks associated with pharmaceutical contamination.
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I. Introduction

A. Briefly introduce the topic of environmental pharmacology:

Environmental pharmacology is a multidisciplinary field that explores the interactions
between pharmaceutical substances, the environment, and living organisms. This emerging
field has garnered increasing attention in recent years due to concerns about the
environmental impact of pharmaceuticals. As research by Carpenter et al. (2018) has shown,
pharmaceuticals are continually entering the environment through various pathways, posing

potential risks to ecosystems and human health.

\
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Figure 1: Environmental Pathways of Pharmaceutical Pollution

B. State the importance of understanding environmental pharmacology:

Understanding environmental pharmacology is crucial because it allows us to comprehend
the far-reaching consequences of pharmaceutical pollution on the environment and public
health. Studies like those conducted by Boxall et al. (2015) emphasize the significance of
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addressing this issue as pharmaceuticals' persistence and potential ecological effects become

more evident (Pushpraj Singh et al., 2019).

C. Provide an overview of the scope and objectives of the review:

This comprehensive review aims to synthesize current knowledge on environmental
pharmacology. It will analyze the impact of environmental factors on drug behavior and
discuss the ecological and human health implications of pharmaceutical pollution.
Additionally, it will evaluate the regulatory framework and propose future research directions
in this field, drawing upon insights from research by Bound and Voulvoulis (2015) and

Lajeunesse et al. (2019).

D. Outline the structure of the paper:

The paper will follow a structured approach, beginning with an introduction, followed by
sections on historical perspectives, pharmacokinetics, pharmacodynamics, environmental
exposure to pharmaceuticals, environmental consequences of pharmaceutical pollution,
regulatory frameworks, and future directions. Each section will incorporate findings from
relevant research papers, providing a comprehensive overview of environmental

pharmacology.

I1. Historical Perspective

A. Discuss the historical development of environmental pharmacology:

The historical development of environmental pharmacology is marked by a gradual
realization of the intricate interplay between pharmaceuticals and the environment. Early
investigations, as described by Bjorklund et al. (2015), primarily focused on the fate of drugs
in the body, neglecting their environmental impact. However, researchers soon recognized
that pharmaceuticals could persist in the environment and affect ecosystems.

Furthermore, studies like those conducted by Petrovi¢ et al. (2016) shed light on the presence
of pharmaceuticals in water bodies, prompting concerns about their environmental
consequences. Over time, the field evolved to incorporate a broader perspective,
encompassing the assessment of ecological risks and the development of strategies to

mitigate pharmaceutical pollution.
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B. Highlight key milestones and discoveries in the field:

Key milestones and discoveries in environmental pharmacology have shaped our
understanding of pharmaceuticals’ environmental impact. Research by Kimmerer (2018)
revealed that pharmaceutical residues in the environment could lead to ecological disruptions
and even the development of antibiotic resistance in bacteria. These findings were
instrumental in raising awareness about the importance of monitoring and managing
pharmaceutical pollution.

Moreover, work by Fent et al. (2019) highlighted the role of wastewater treatment plants as
potential sources of pharmaceutical contamination, prompting efforts to improve treatment
processes. Additionally, the research conducted by Hughes et al. (2017) emphasized the
significance of studying pharmaceuticals' effects on aquatic organisms and ecosystems,

deepening our understanding of the ecological consequences.

I11. Environmental Factors Affecting Pharmacokinetics

A. Explain how environmental factors influence drug absorption:

Environmental factors can significantly impact drug absorption within the body. For instance,
research by Smith et al. (2016) has shown that food intake can alter the absorption rate of
certain drugs. High-fat meals, for example, can delay drug absorption, while acidic
environments in the stomach can affect the dissolution of specific drug formulations.
Furthermore, ambient temperature and humidity levels can influence skin permeability and
thus affect the absorption of transdermal medications. Understanding these factors is essential

for optimizing drug delivery and ensuring therapeutic efficacy.

B. Discuss the impact of the environment on drug distribution within the body:

Drug distribution is affected by various environmental factors. Studies by Guo et al. (2017)
have highlighted how changes in blood flow, temperature, and tissue composition can alter
drug distribution patterns. Additionally, environmental toxins and pollutants can compete
with drugs for binding sites on transport proteins, potentially leading to altered drug
distribution. These insights underscore the importance of considering environmental factors
in drug dosing and distribution modeling to enhance treatment outcomes (Nayak, C. B.et al.,
2020).
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C. Explore the effects of environmental factors on drug metabolism:

Environmental factors can exert a notable influence on drug metabolism. For example,
exposure to environmental contaminants such as heavy metals or industrial chemicals may
induce or inhibit drug-metabolizing enzymes. Research by Anderson et al. (2018) has shown
that certain environmental pollutants can disrupt the cytochrome P450 system, leading to
altered drug metabolism and potential drug interactions. Understanding these interactions is
crucial for personalized medicine and optimizing drug therapy in different environmental

contexts.

D. Analyze how environmental factors can affect drug elimination:

Environmental factors can play a role in drug elimination processes. Research by Li et al.
(2019) has demonstrated that environmental stressors, such as exposure to high temperatures
or pollution, can influence renal function and hepatic enzyme activity, potentially affecting
drug elimination rates. Additionally, changes in diet and fluid intake due to environmental
conditions can impact drug excretion. Recognizing the environmental variables that affect

drug elimination is vital for tailoring drug regimens to specific environmental contexts.

I11. Environmental Factors Affecting Pharmacokinetics

A. Environmental Factors Influence Drug Absorption:

Drug absorption, a crucial step in pharmacokinetics, can be significantly influenced by
environmental factors. Environmental conditions such as pH levels in the gastrointestinal
tract, the presence of food, and drug interactions with environmental substances can impact
drug absorption.

Research by Smith et al. (2016) underscores the importance of considering food intake. Some
medications require an empty stomach for optimal absorption, while others are better
absorbed with food. This knowledge is critical for healthcare providers when prescribing and
patients when taking medications, as it can affect drug efficacy and safety.

Additionally, studies by Lee et al. (2018) have demonstrated that environmental pollutants,
particularly certain heavy metals, can interfere with drug absorption by affecting
gastrointestinal transport mechanisms. Understanding how environmental factors influence
drug absorption is essential for tailoring dosing regimens and optimizing therapeutic

outcomes.
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B. Environmental Impact on Drug Distribution Within the Body:

The distribution of drugs within the body is not solely determined by physiological factors
but can also be influenced by environmental conditions. Guo et al. (2017) emphasize how
factors such as blood flow, temperature, and tissue composition can affect the distribution of
drugs. For instance, altered blood flow due to environmental factors can change the rate at
which drugs reach target tissues.

Moreover, environmental contaminants can compete with drugs for binding sites on transport
proteins, as indicated by studies conducted by Yang et al. (2015). This competition can lead

to altered drug distribution and potentially impact therapeutic effectiveness and toxicity.

C. Effects of Environmental Factors on Drug Metabolism:

Environmental factors can exert a significant influence on drug metabolism, involving the
body's enzymatic processes for drug transformation. Research by Anderson et al. (2018)
highlights that exposure to environmental pollutants can disrupt the activity of drug-
metabolizing enzymes, particularly those of the cytochrome P450 system. Such disruptions
can result in altered drug metabolism, potentially leading to drug interactions or variations in
drug response among individuals (Nayak, C. B.et al., 2018).

D. Environmental Factors and Drug Elimination:

Environmental factors can also impact drug elimination, which involves the removal of drugs
and their metabolites from the body. Li et al. (2019) point out that environmental stressors,
such as exposure to extreme temperatures or pollution, can affect renal and hepatic function.
Changes in these physiological processes may impact the rate at which drugs are eliminated,

potentially prolonging drug exposure or reducing therapeutic efficacy .

IV. Environmental Factors Affecting Pharmacodynamics

A. How Environmental Factors Alter Drug-Receptor Interactions:

Environmental factors can significantly influence drug-receptor interactions, affecting the
effectiveness of pharmaceutical compounds. Studies by Johnson et al. (2016) have shown that

changes in environmental temperature and pH levels can alter the conformation and binding

155



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 11, ISSUE 09, 2020

affinity of drug receptors. For example, a warmer environment can lead to increased receptor
sensitivity to certain drugs, potentially intensifying their effects.

Furthermore, research conducted by Chen et al. (2017) indicates that exposure to
environmental pollutants, such as endocrine-disrupting chemicals, can interfere with hormone
receptor interactions. This disruption can lead to hormonal imbalances and influence the
efficacy of medications that rely on hormonal pathways for therapeutic action. Understanding

these nuances is crucial for predicting drug responses in diverse environmental contexts.

B. The Role of the Environment in Modulating Drug Efficacy and Toxicity:

Environmental factors play a significant role in modulating drug efficacy and toxicity.
Variations in environmental conditions, such as temperature, humidity, and air quality, can
influence drug stability, altering its potency and therapeutic effect. For instance, a study by
Ma et al. (2019) demonstrated that temperature fluctuations can degrade certain drugs,
reducing their efficacy over time.

Additionally, environmental contaminants, as shown in research by Duran et al. (2017), can
interact with drugs in unexpected ways, leading to enhanced or reduced toxicity.
Understanding these interactions is critical for assessing the risks associated with
pharmaceutical pollution and potential health consequences.

C. Impact of Environmental Factors on Drug-Drug Interactions:

Environmental factors also play a role in drug-drug interactions, where the presence of
multiple medications can lead to synergistic or antagonistic effects. Studies by Alsanad et al.
(2019) have highlighted how variations in environmental conditions, such as temperature and
humidity, can influence the stability of drug combinations. Changes in drug stability can
impact the extent and nature of interactions between co-administered drugs.

Moreover, environmental stressors, such as pollution, can affect an individual's susceptibility
to drug interactions. Research by Sharma et al. (2018) suggests that exposure to
environmental toxins can compromise the body's ability to metabolize drugs, potentially

leading to unexpected drug interactions and adverse effects.

V. Environmental Exposure to Pharmaceuticals

A. How Pharmaceuticals Enter the Environment:
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Pharmaceuticals enter the environment through various pathways, and understanding these
routes is crucial for assessing their environmental impact. Research by Bound and Voulvoulis
(2015) elucidates that pharmaceuticals can be excreted by humans and animals in their
original or metabolized forms. These compounds can then enter wastewater treatment plants
through sewage systems.

Additionally, studies by Hughes et al. (2013) reveal that pharmaceutical residues can also
reach the environment via improper disposal of unused medications, agricultural runoff, and
the discharge of treated wastewater into rivers and oceans. As a result, pharmaceuticals can
find their way into aquatic ecosystems, soil, and air, posing potential risks to environmental

and human health.

B. Sources of Pharmaceutical Contamination in Water, Soil, and Air:

Pharmaceutical contamination in the environment can originate from various sources. In
water bodies, sewage effluents are significant contributors, as highlighted by research
conducted by Kasprzyk-Hordern et al. (2016). These effluents carry pharmaceutical residues
from households, hospitals, and industries, introducing a range of drugs into aquatic systems.
Moreover, agricultural practices, including the use of pharmaceuticals in livestock, contribute
to contamination of soil and water. Studies by Boxall et al. (2015) emphasize the role of
agricultural runoff in introducing veterinary pharmaceuticals into the environment.

In the air, pharmaceuticals can become airborne through processes such as volatilization from
surface waters or emissions from pharmaceutical manufacturing facilities. This airborne
contamination can be dispersed over wide areas, affecting both terrestrial and aquatic

gcosystems.

Water
Bodies
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Figure 2: 3D View of Pharmaceutical Residues in Different Environmental
Compartments

C. Risks Associated with Environmental Exposure to Drugs:

The potential risks associated with environmental exposure to pharmaceuticals are of
increasing concern. Research by Lajeunesse et al. (2019) highlights the ecological risks,
including disruptions to aquatic ecosystems, altered behavior in aquatic organisms, and the
development of antibiotic resistance in bacteria exposed to subtherapeutic levels of
antibiotics.

Moreover, studies by Ternes (2018) emphasize the potential for human exposure to
pharmaceutical residues through contaminated drinking water and agricultural products,
raising concerns about long-term health effects. The cumulative impact of chronic exposure

to trace amounts of multiple pharmaceuticals remains an area of ongoing research.

VI. Environmental Consequences of Pharmaceutical Pollution

A. Ecological and Human Health Risks of Pharmaceutical Pollution:

Pharmaceutical pollution poses significant ecological and human health risks. Research by
Fick et al. (2017) highlights how pharmaceutical residues can disrupt the behavior and
physiology of aquatic organisms, leading to reproductive and developmental abnormalities.
Additionally, studies by Llorca et al. (2018) emphasize the potential for pharmaceuticals to
accumulate in the food chain, raising concerns about human exposure through consumption

of contaminated aquatic organisms (Dr. Sanyogita Shahi et al., 2018).

Table 1: Human Health Risks of Pharmaceutical Pollution

Health Risk Potential Consequences
Drinking Water Exposure to pharmaceutical residues through tap water,
Contaminants potentially affecting human health.

Food Safety Contamination of aquatic organisms in the food chain, leading
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to dietary exposure.

o ) Environmental exposure contributing to antibiotic resistance,
Antibiotic Resistance ] ) o
reducing the effectiveness of antibiotics.

B. Impact of Pharmaceuticals on Aquatic Ecosystems:

Pharmaceuticals, even at low concentrations, can have profound impacts on aquatic
ecosystems. Research by Kolpin et al. (2019) demonstrates how pharmaceuticals can disrupt
the endocrine systems of aquatic organisms, affecting their reproductive and developmental
processes. Additionally, studies by Brooks et al. (2017) reveal the potential for behavioral
changes in aquatic species due to exposure to pharmaceuticals, which can affect their survival

and ecological interactions.

Table 2: Impact of Pharmaceuticals on Aquatic Ecosystems

Impact Consequences

_ Changes in feeding, mating, and other behaviors in aquatic
Altered Behavior )
organisms.

_ _ Effects on growth, reproduction, and immune function in
Disrupted Physiology ) )
aquatic species.

) . Reduced fertility and developmental abnormalities in aquatic
Reproductive Abnormalities )
organisms.

) ) ) Interference with hormone systems, affecting endocrine-
Endocrine Disruption
regulated processes.

) Accumulation of pharmaceuticals through the food chain,
Food Chain Effects S o )
potentially impacting higher trophic levels.

C. Emergence of Antibiotic Resistance Due to Environmental Exposure:

The environmental exposure to pharmaceuticals, especially antibiotics, can contribute to the
emergence of antibiotic resistance. Research by Larsson (2014) highlights that subtherapeutic
levels of antibiotics in the environment provide selective pressure for bacteria to develop
resistance. This resistance can then spread to human pathogens, posing a serious threat to

public health.
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VII. Regulatory Framework and Environmental Pharmacology

A. International and National Regulations Related to Pharmaceuticals in the Environment:
International and national regulations related to pharmaceuticals in the environment are
essential for mitigating their impact. Research by Daughton and Ruhoy (2017) underscores
the importance of international collaboration in addressing pharmaceutical pollution. Various
countries have developed regulations and guidelines for the management of pharmaceutical

waste and wastewater discharges.

B. Effectiveness of Current Regulatory Approaches:

Assessing the effectiveness of current regulatory approaches is crucial. Research by
Vikesland et al. (2019) suggests that existing regulations have made progress in reducing
pharmaceutical pollution, particularly in wastewater treatment plants. However, challenges
remain, such as monitoring pharmaceuticals in the environment and developing strategies for

their removal.

C. Potential Improvements or Policy Changes:

To address the challenges posed by pharmaceutical pollution, potential improvements and
policy changes are needed. Research by Zhang et al. (2017) advocates for more stringent
regulation of pharmaceutical manufacturing and wastewater treatment. Additionally, a greater
emphasis on eco-pharmacovigilance, as suggested by Laroche et al. (2019), could help
identify and mitigate risks associated with pharmaceuticals in the environment.

V111 Conclusion

Environmental pharmacology presents a complex and interconnected landscape where
pharmaceuticals interact with the environment, ecosystems, and human health. This
comprehensive review has highlighted the critical issues surrounding pharmaceutical
pollution and its far-reaching consequences.

Pharmaceuticals enter the environment through various pathways, including wastewater
discharge, improper disposal, and agricultural runoff. Once in the environment, they can
impact aquatic ecosystems, altering the behavior and physiology of organisms and potentially

affecting human health through the consumption of contaminated food and water. The
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emergence of antibiotic resistance due to environmental exposure to antibiotics poses an
alarming threat, limiting the effectiveness of critical medications.

Regulatory efforts have made progress in managing pharmaceutical pollution, but challenges
remain. Current approaches need continued evaluation and potential policy changes to
address the complex issues presented by pharmaceutical contamination. Strengthening the
regulation of pharmaceutical manufacturing and wastewater treatment, as well as promoting

eco-pharmacovigilance, are essential steps toward mitigating these risks effectively.
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