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ABSTRACT

Antibiotics have revolutionized modern medicine by effectively treating a wide range of bacterial infections. However, the increasing misuse and overuse of these
life-saving drugs have raised serious concerns regarding their toxicity in human beings. Antibiotic toxicity refers to the harmful effects that may occur due to
inappropriate dosage, prolonged use, drug interactions, or patient-specific conditions such as renal or hepatic impairment. Common types of toxicities include
hepatotoxicity, nephrotoxicity, ototoxicity, neurotoxicity, gastrointestinal disturbances, and hypersensitivity reactions.

This project aims to explore and analyze the various toxic effects caused by commonly used antibiotics, their mechanisms, risk factors, and clinical consequences.
Through an extensive review of secondary data, medical literature, and case studies, the study highlights the importance of rational antibiotic prescribing and the
need for awareness regarding their safe usage. It also emphasizes the role of healthcare professionals in monitoring drug safety, educating patients, and implementing
preventive measures like therapeutic drug monitoring (TDM).

In conclusion, while antibiotics remain essential in the fight against infections, their misuse can lead to serious adverse effects. There is a growing need for stricter
regulations, healthcare education, and patient counseling to ensure antibiotics are used safely and effectively, minimizing the risk of toxicity.

1: INTRODUCTION
1.1 Background

In India, antibiotics are widely used, but their irrational use is a significant concern. According to a study by the Indian Council of Medical Research
(ICMR), India has one of the highest antibiotic consumption rates globally, contributing to the rise of antimicrobial resistance (AMR) and antibiotic
toxicity [3]. Antibiotics such as ciprofloxacin, amoxicillin, and azithromycin are frequently prescribed, often without proper medical supervision, leading
to adverse effects on the liver (hepatotoxicity), kidneys (nephrotoxicity), and ears (ototoxicity) [7]

While antibiotics are essential for treating bacterial infections, misuse, including self-medication and failure to complete prescribed courses, has resulted
in increasing incidences of toxicity [9]. Additionally, antibiotics are available over-the-counter (OTC) in India, contributing to widespread irrational use,
particularly in rural areas [5]

Past Context

The use of antibiotics in India began in the mid-20th century with the introduction of penicillin, which marked a turning point in the treatment of bacterial
infections. However, by the 1980s, widespread misuse of antibiotics, including aminoglycosides (e.g., gentamicin) and fluoroquinolones (e.g.,
ciprofloxacin), led to concerns about antibiotic toxicity. Studies during this time revealed rising incidents of liver damage, kidney toxicity, and ototoxicity
in patients [9]. The lack of regulation, self-medication, and unprescribed use of antibiotics, particularly in rural areas, worsened the situation. By the late
1990s, the Indian healthcare system began recognizing the need for action to address adverse drug reactions (ADRS) related to antibiotic use.

Present Context

Currently, India faces a growing challenge with antimicrobial resistance (AMR) and the toxicity of antibiotics. Despite government initiatives like the
National Action Plan on Antimicrobial Resistance (NAP-AMR) introduced in 2017 and the Pharmacovigilance Programme of India (PvPl), the overuse
and misuse of antibiotics continue to pose serious risks. The rampant use of antibiotics in treating viral infections and non-prescribed conditions has led
to nephrotoxicity, hepatotoxicity, and auditory nerve damage from drugs like isoniazid and colistin [1][2]. In urban and rural settings, the continued
availability of antibiotics without prescription fuels resistance and increases the likelihood of serious side effects, further straining the healthcare system.
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Future Context

In the future, India’s efforts to combat antibiotic toxicity and resistance will likely focus on improving antibiotic stewardship through stricter regulations
and public awareness campaigns. The future may witness a shift toward personalized medicine, where antibiotics are prescribed based on precise
diagnostics, reducing unnecessary usage and limiting the potential for toxicity [6] Additionally, alternative treatments and new antibiotic classes with
fewer toxic effects may become a priority in the research and development sector. Collaboration between global health organizations, pharmaceutical
companies, and Indian authorities will be crucial in tackling these challenges. The integration of advanced diagnostic tools and Al-based decision-making
systems could help ensure more accurate antibiotic prescriptions, further reducing the risk of adverse reactions.

1.2 The Problem of Toxicity in India

India's healthcare system faces a severe burden from antibiotic misuse, leading to various toxicities. Hepatotoxicity, nephrotoxicity, ototoxicity, and
gastrointestinal disturbances are common side effects observed due to overuse of antibiotics. A study highlighted that aminoglycosides, such as
gentamicin, contribute to nephrotoxicity and ototoxicity in hospitalized patients across Indian hospitals.[1]

The problem is compounded by:

1. The over-the-counter availability of antibiotics without a prescription [2]
2. Self-medication practices, especially in rural areas [4]

3. Lack of awareness about the dangers of improper usage [6]

4. Inadequate monitoring and reporting systems for adverse drug reactions [8]
1.3 Need for the Study

Antibiotic misuse has become a public health crisis in India. With approximately 75% of antibiotic prescriptions being self-medicated or purchased
without a prescription [3], awareness about antibiotic-induced toxicity remains alarmingly low. Furthermore, healthcare professionals, especially in rural
areas, are often unable to monitor or provide adequate counseling regarding the safe use of antibiotics. This study is crucial to address the knowledge
gap about the toxic effects of antibiotics, especially in the Indian population.

TOXICITY OF COMMONLY USED ANTIBIOTICS

Antibiotic Mechanism of Action Toxicity and Side Effects

1. Penicillin Inhibits bacterial cell wall synthesis. - Allergic reactions (rash, anaphylaxis)
- Neurotoxicity (confusion, seizures in high doses)
- Hematologic toxicity (haemolytic anaemia)

2. Gentamicin Inhibits bacterial protein synthesis by bindingto | - Nephrotoxicity (kidney damage)
the 30S ribosomal subunit. - Ototoxicity (hearing loss, balance issues)
- Neurotoxicity (muscle weakness)

3. Ciprofloxacin Inhibits bacterial DNA gyrase, preventing DNA | - Hepatotoxicity (liver damage)
replication. - Tendinitis and tendon rupture
- Photosensitivity
- CNS toxicity (dizziness, confusion)

4. lsoniazid Inhibits synthesis of mycolic acids in bacterial | - Hepatotoxicity (liver damage)
cell walls (mainly used in TB treatment). - Peripheral neuropathy (nerve damage)
- Allergic reactions (rash, fever)

5.  Clindamycin Inhibits bacterial protein synthesis by binding to | - Diarrhoea (can lead to pseudomembranous colitis)
the 50S ribosomal subunit. - Hepatotoxicity (liver dysfunction)
- Allergic reactions (skin rash, fever)

6. Ceftriaxone Inhibits bacterial cell wall synthesis. - Allergic reactions (skin rashes, anaphylaxis)
- Nephrotoxicity (kidney damage, especially in high
doses or long-term use)
- Gallbladder sludge (bilirubin buildup)

Table 1 TOXICITY OF COMMONLY USED ANTIBIOTICS

MECHANISM OF ACTION OF ANTIBIOTICS
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Step Description

1Administration Oral, 1V (intravenous), topical

2 Absorption & Distribution | Enters bloodstream and reaches infection site

3Target Identification Antibiotic identifies bacterial components (not human cells)

4 Action on Bacteria - Inhibits cell wall (e.g., Penicillin)
- Disrupts protein synthesis (e.g., Gentamicin)
- Blocks DNA replication (e.g., Ciprofloxacin)
- Interferes with metabolism (e.g., Sulphonamides)

5 Effect - Bactericidal: Kills bacteria
- Bacteriostatic: Stops growth

6 Excretion Eliminated via kidneys (urine) or liver (bile)

Table 2 MECHANISM OF ACTION ANTIBIOTICS
1.4 Objectives of the Study

The purpose of this study is to comprehensively review and analyze the toxicity of antibiotics in human beings, with a particular focus on India's healthcare
context. Antibiotics are essential in treating bacterial infections, but their misuse and overuse can lead to serious toxic effects, which may have a significant
impact on public health. This study aims to explore the different types of antibiotic toxicity including nephrotoxicity, hepatotoxicity, ototoxicity,
gastrointestinal disturbances, and allergic reactions and their prevalence in the Indian population.

1.5 Scope of the Study

This study focuses solely on antibiotic toxicity in India and utilizes data from Indian hospitals, research publications, and government health organizations
like ICMR (Indian Council of Medical Research) and CDSCO (Central Drugs Standard Control Organization). The project will exclude animal studies,
non-antibiotic drugs, and non-human subjects. The primary emphasis is on human-related toxicities and the Indian healthcare system.

2 - MATERIALS AND METHODS
2.1. Study Design

This paper adopts a descriptive and analytical research design to examine the toxicity associated with various classes of antibiotics among the Indian
population. The study is primarily based on secondary data sourced from peer-reviewed journals, government health reports, and clinical trials published
in India.

2.2)Objective

1. Toinvestigate the different types of antibiotic-induced toxicities prevalent in Indian patients, particularly in rural and urban areas through published
papers and review article.

2. Toexamine the role of self-medication, over-the-counter sales, and polypharmacy in increasing the risk of toxicity.

3. Torecommend preventive measures, focusing on awareness programs and changes in policy for the rational use of antibiotics.
2.2. Data Collection Sources

1. Research Databases: PubMed, Google Scholar, ResearchGate, and Scopus.
Hospital Records & Case Studies: Data cited from Indian hospitals as presented in published articles.

2. Published Journals: Indian Journal of Pharmacology, Indian Journal of Nephrology, and Indian Journal of Otolaryngology.
2.3. Selection Criteria for Literature

1. Studies published between 2005 and 2023.

2. Research focusing on human subjects within the Indian healthcare system.
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3. Articles with specific emphasis on nephrotoxicity, hepatotoxicity, ototoxicity, and allergic reactions caused by antibiotics.

4.  Preference was given to clinical trials, observational studies, meta-analyses, and systematic reviews.
2.4. Analytical Approach

1. Aqualitative content analysis was performed to extract relevant insights.

2. The selected literature was categorized based on the type of antibiotic, type of toxicity, affected organ system, and demographic characteristics of
patients (e.g., age, comorbidities).

3. Comparative evaluation was conducted to identify patterns of toxicity, prevalence, and risk factors unique to the Indian population.
2.5. Ethical Consideration

As this study is based entirely on secondary data and involves no direct human or animal participants, ethical approval was not required. However, all
sources were used responsibly and cited appropriately in accordance with APA referencing style

3: Mechanisms of Antibiotic Toxicity

Antibiotics, though pivotal in combating bacterial infections, can elicit toxic effects through various mechanisms.

These effects may stem from direct interactions with host cellular components, immune-mediated responses, or indirect disturbances such as microbiota
imbalance. Understanding these mechanisms is crucial for optimizing therapy, reducing adverse events, and guiding the development of safer
antimicrobial agents

3.1 Introduction

While antibiotics are designed to selectively target bacterial cells, they can also interact with human cells and tissues, leading to toxicity. These toxic
effects can be dose-dependent, idiosyncratic, or occur due to prolonged use, underlying health conditions, or drug interactions. Understanding the
underlying mechanisms is essential to minimizing harm and improving therapeutic outcomes.

This chapter outlines the various mechanisms by which antibiotics cause toxicity in human beings, especially within the Indian clinical context.

3.2 Major Mechanisms of Antibiotic Toxicity

Mechanism Description Examples

1. Mitochondrial Some antibiotics (e.g., aminoglycosides, chloramphenicol) interfere with mitochondrial Gentamicin — nephrotoxicity and
Toxicity protein synthesis, causing oxidative stress and apoptosis in human cells. ototoxicity

2. Direct Cellular Certain antibiotics directly affect cellular membranes or organelles, leading to tissue ~ Vancomycin — renal tubule
Damage Necrosis. damage

3. Immune-mediated  Hypersensitivity reactions occur when the immune system overreacts to the antibiotic,

. L . . Penicillin — anaphylaxis, rash
Reactions resulting in inflammation or systemic responses.

Antibiotics can generate reactive oxygen species (ROS), leading to damage in renal, Isoniazid, Rifampin —

4. Oxidative Stress . . .
hepatic, or neural tissues. hepatotoxicity

5. Disruption of Gut ~ Broad-spectrum antibiotics disturb the intestinal microbiome, enabling overgrowth of ~ Clindamycin — Clostridioides
Flora harmful organisms. difficile (C. diff) infection

Some antibiotics penetrate the CNS and interfere with neurotransmitters, causing Metronidazole, Cefepime —

6. Neurotoxicity . . .
seizures or encephalopathy. confusion, seizures

Certain antibiotics damage the auditory and vestibular systems due to accumulation in ~ Amikacin, Gentamicin — hearing

7. Ototoxici
v inner ear fluids. loss

Macrolides and fluoroquinolones block potassium channels in cardiac tissue, increasing Azithromycin, Levofloxacin —

8. QT Prolongation
Q 9 risk of arrhythmia. torsades de pointes
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Mechanism Description Examples

Doxycycline, Ciprofloxacin — skin
9. Photosensitivity Some antibiotics react with UV light, leading to skin damage when exposed to sunlight. rasthy P -

Table 3 Mechanism of antibiotic toxicity
Direct Cellular Toxicity

Many antibiotics exert toxic effects directly on host cells, especially those that share similar pathways with bacterial cells. For instance, aminoglycosides
can bind to mitochondrial ribosomes in mammalian cells due to their structural similarity to bacterial ribosomes, leading to mitochondrial dysfunction
and cell death.[10]

2. Oxidative Stress and ROS Generation

Some bactericidal antibiotics, like quinolones and B-lactams, induce oxidative stress by promoting the formation of reactive oxygen species (ROS) in
both bacterial and mammalian cells. These ROS can damage DNA, proteins, and lipids, contributing to toxicity in tissues like the liver and kidneys.[11

3. Nephrotoxicity

Nephrotoxicity is most commonly associated with aminoglycosides (e.g., gentamicin), vancomycin, and amphotericin B. These antibiotics are
concentrated in renal tubular cells where they can induce cellular apoptosis through oxidative stress, mitochondrial damage, and lysosomal
dysfunction.[12]

4. Hepatotoxicity

The liver, being the primary site of drug metabolism, is particularly susceptible to antibiotic-induced toxicity. Drugs like isoniazid, rifampicin, and
tetracyclines have been shown to induce hepatocellular injury via metabolic activation to reactive intermediates, leading to cell necrosis or immune-
mediated damage.[13]

5. Neurotoxicity

Certain antibiotics such as metronidazole, imipenem, and fluoroquinolones can cross the blood-brain barrier and interfere with neuronal function. These
drugs may modulate GABA receptors or cause mitochondrial damage in neural tissue, resulting in seizures, neuropathy, or encephalopathy.[14]

6. Hypersensitivity Reactions

Some individuals experience immune-mediated reactions to antibiotics, ranging from mild rashes to life-threatening anaphylaxis. p-lactams (especially
penicillin), sulfonamides, and macrolides are commonly associated with hypersensitivity responses due to drug-protein conjugates acting as haptens.[1

Conclusion

While antibiotics are essential in fighting infections, their potential for toxicity cannot be overlooked. The mechanisms of toxicity—ranging from
oxidative damage to hypersensitivity reactions—demand careful consideration in clinical practice. Monitoring, appropriate dosing, and alternative
therapies are vital strategies to minimize harm and improve patient safety.

4 - Results & Discussion

Overview

The discussion chapter synthesizes the findings from the literature reviewed in the previous chapters, specifically focusing on the mechanisms of antibiotic
toxicity, the prevalence of side effects in Indian populations, and the potential impact on public health. The key objective of this chapter is to interpret
the findings in relation to the research questions and provide insights into the current situation regarding antibiotic toxicity in India.

Mechanisms of Antibiotic Toxicity

Antibiotics, while essential in treating bacterial infections, are known to cause various adverse reactions in the human body. The most common forms of
toxicity include nephrotoxicity, hepatotoxicity, ototoxicity, and gastrointestinal disturbances. From the review of existing studies, it is evident that
antibiotics like aminoglycosides, penicillin’s, cephalosporins, and tetracyclines are associated with significant toxic effects, particularly in individuals
with pre-existing health conditions or those undergoing prolonged treatment regimens.

In India, the misuse of antibiotics, often without medical supervision, leads to the accumulation of high concentrations of these drugs in the bloodstream.
This, in turn, increases the risk of toxicity. Aminoglycosides, for example, have been linked to nephrotoxicity and ototoxicity, where prolonged exposure
can cause acute kidney injury and hearing loss, respectively [1]. Similarly, beta-lactams, though relatively safe, have been reported to cause liver toxicity
in some cases, especially in individuals with compromised liver function.
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Antibiotic Class Primary Organ | Mechanism of Toxicity Clinical
Affected Symptoms
Aminoglycosides Kidney Accumulation in renal tubular Acute kidney
(Nephrotoxicity) cells causing oxidative stress injury, reduced
and cell death urine output
Ear (Ototoxicity) Damage to cochlear hair cells Hearing loss,
through free radical formation tinnitus, vertigo
Tetracyclines Liver Disruption of mitochondrial Jaundice, liver
(Hepatotoxicity) function in hepatocytes enzyme elevation
Macrolides (e.g., Erythromycin) Gut, Liver Alters gut microbiota; liver Diarrhoea, liver
enzyme interference discomfort
Fluoroquinolones CNS, Inhibit GABA receptors; Dizziness, tendon

Musculoskeletal

tendinopathy

rupture, anxiety

Sulphonamides

Skin, Kidney

Hypersensitivity reactions;
crystal formation in renal
tubules

Rash, Stevens-
Johnson syndrome,
haematuria

Chloramphenicol

Bone Marrow

Mitochondrial protein synthesis
inhibition

Aplastic anaemia,
fatigue

Penicillin’s/Cephalosporins

Immune system

Allergic reactions via immune
system activation

Rash, anaphylaxis,
itching

Table 4 Mechanisms of Antibiotic Toxicity
Prevalence of Antibiotic Toxicity in India

The prevalence of antibiotic-induced toxicity in India is significantly high, primarily due to factors such as self-medication, lack of access to appropriate
healthcare, and insufficient patient education. Studies indicate that aminoglycosides and fluoroquinolones are widely used in Indian hospitals for their
broad-spectrum action, but these antibiotics are known for their nephrotoxic and hepatotoxic properties. [7]

In India, where infectious diseases remain a major public health issue, the over-reliance on antibiotics leads to antibiotic resistance and increased risks of
side effects. According to a report by the Indian Council of Medical Research [3], about 30-40% of patients in India experience antibiotic-related adverse
effects, with nephrotoxicity and gastrointestinal issues being the most common. This underscores the importance of proper monitoring and the need for
more stringent guidelines on antibiotic use in India.

Impact on Public Health and Healthcare System

The widespread occurrence of antibiotic toxicity in India poses significant challenges for the healthcare system. Healthcare costs associated with treating
adverse effects from antibiotics are increasing, as patients who experience toxicity often require additional treatment for kidney damage, liver failure, or
other complications. This not only strains public health resources but also reduces the effectiveness of antibiotics in treating infections, thereby
contributing to the problem of antibiotic resistance.

Moreover, the lack of awareness among the general population regarding the proper use of antibiotics exacerbates the issue. A significant proportion of
the Indian population self-medicates with antibiotics, which increases the likelihood of incorrect dosing and prolonged use, thereby elevating the risk of
toxic reactions.

Challenges in Managing Antibiotic Toxicity in India

One of the key challenges in managing antibiotic toxicity in India is the inadequate monitoring system in healthcare settings. Often, patients on antibiotic
treatment are not closely monitored for side effects, particularly in resource-limited settings where medical facilities may be understaffed. In some cases,
healthcare providers may not have access to the necessary diagnostic tools to identify early signs of toxicity, resulting in delayed treatment.

Additionally, antibiotic stewardship programs which are essential in regulating the appropriate use of antibiotics are not widespread in Indian hospitals,
especially in rural areas. The absence of such programs contributes to the continued misuse of antibiotics and an increase in side effects.

Recommendations for Mitigating Antibiotic Toxicity
Based on the findings from the literature, several recommendations can be made to reduce the incidence of antibiotic toxicity in India -

1.  Improved Prescription Practices: Healthcare professionals must adhere to evidence-based guidelines when prescribing antibiotics. This includes
choosing the most appropriate antibiotic, adjusting dosages based on the patient’s health status, and considering the potential for toxicity.
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2. Strengthening Antibiotic Stewardship Programs: There is a need to implement more robust antibiotic stewardship programs across India. These
programs should aim to educate healthcare professionals on the risks of antibiotic misuse and provide protocols for monitoring patients undergoing
antibiotic treatment.

3. Patient Education: Raising awareness among the Indian population about the dangers of self-medication, the proper use of antibiotics, and the
importance of adhering to prescribed treatment regimens can help minimize the risks of toxicity.

4.  Enhanced Monitoring and Diagnostics: There should be an emphasis on the early detection of antibiotic toxicity through regular monitoring of
kidney and liver functions, particularly in high-risk patients. Access to diagnostic facilities must be improved, especially in rural areas.

5. Research on Safer Alternatives: Research into developing antibiotics with fewer side effects, especially for vulnerable populations such as the
elderly, children, and those with comorbidities, is essential to reduce the burden of toxicity.

Conclusion

In conclusion, while antibiotics play a vital role in treating infections, their toxicity is a significant public health concern in India. The prevalence of
adverse effects, particularly nephrotoxicity and hepatotoxicity, is high due to factors such as antibiotic misuse, lack of monitoring, and inadequate patient
education. By implementing improved prescribing practices, strengthening antibiotic stewardship programs, and educating the public, it is possible to
reduce the risks associated with antibiotic toxicity. Additionally, continued research into safer antibiotic alternatives will be crucial in safeguarding the
health of the Indian population.

5: Conclusion & Suggestions/Recommendations

Conclusion

The review of existing literature on the toxicity of antibiotics in human beings, particularly within the Indian context, highlights the critical issue of
antibiotic misuse and its associated toxicities. Antibiotics, while essential in treating bacterial infections, are frequently linked to severe adverse effects
such as nephrotoxicity, hepatotoxicity, ototoxicity, and gastrointestinal disturbances. These effects are especially concerning in India, where self-
medication and the overuse of antibiotics are prevalent. This misuse has been exacerbated by factors such as poor healthcare access, inadequate patient
education, and an overburdened healthcare system.

Antibiotics like aminoglycosides and fluoroquinolones are commonly implicated in toxicity, particularly with long-term use or in patients with pre-
existing health conditions. The Indian healthcare system’s lack of robust monitoring mechanisms and insufficient implementation of antibiotic
stewardship programs further contribute to the escalating issue of antibiotic resistance and adverse reactions. The prevalence of these side effects presents
a significant challenge to public health, necessitating immediate corrective actions.

Recommendations
Based on the findings of this review, the following recommendations are proposed to mitigate the occurrence of antibiotic toxicity:
1.  Enhancing Prescribing Practices:

Healthcare providers should adhere to evidence-based guidelines for antibiotic prescriptions, ensuring that the right antibiotics are prescribed at
appropriate doses and durations.

Regular training programs for medical professionals on antibiotic toxicity and best practices should be implemented to reduce prescription errors.

2. Antibiotic Stewardship Programs:

Nationwide antibiotic stewardship programs should be established in both public and private healthcare sectors to encourage rational antibiotic use.
These programs should also include regular audits of antibiotic prescriptions and outcomes to ensure compliance with treatment protocols.

3. Public Education Campaigns

The government and healthcare organizations should launch public awareness campaigns focused on the dangers of self-medication, the importance of
completing prescribed courses, and the risks of antibiotic resistance.

Educational materials, especially in regional languages, should be distributed to target rural populations and vulnerable groups.
4. Improved Monitoring and Diagnostic Facilities

Hospitals and clinics should adopt routine monitoring of liver, kidney, and hearing functions for patients undergoing long-term antibiotic treatments,
particularly those receiving aminoglycosides and fluoroquinolones.

Diagnostic technologies like point-of-care tests should be integrated into healthcare facilities to allow for quicker detection of antibiotic-related toxicities.

5. Stronger Regulation and Enforcement:
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The Indian government should strengthen the regulation and enforcement of antibiotic prescriptions. Over-the-counter sales of antibiotics should be
strictly controlled to prevent misuse.

Pharmacies should be regularly audited, and penalties for illegal sales of antibiotics should be enforced.
6. Research into Safer Alternatives

Investment in the development of new antibiotics with lower toxicity profiles should be prioritized, particularly those targeting specific pathogens while
minimizing adverse effects on the human body.

There should also be an increased focus on finding alternative treatments to antibiotics, such as vaccines and immune-modulating therapies.

Issue Identified Recommendation

Overuse and misuse of antibiotics Implement strict prescription-only policies; monitor antibiotic sales.

Lack of public awareness Conduct nationwide awareness campaigns on antibiotic risks and resistance.
Inadequate monitoring of side effects Strengthen pharmacovigilance systems in hospitals and clinics.

Self-medication and OTC antibiotic access Enforce regulations to ban over-the-counter sales of antibiotics.

Incomplete dosage regimens by patients Educate patients on completing full antibiotic courses to avoid resistance/toxicity.

Poor diagnostic support for bacterial infections  Invest in rapid diagnostic tools at primary healthcare centres.
Antibiotic resistance Promote research into alternative therapies and resistance-modifying agents.
Lack of physician training on toxicity Include antibiotic toxicity modules in medical and pharmacy education.
Table 5 Recommendations
Final Thoughts

In conclusion, antibiotic toxicity is a significant public health issue in India, with widespread consequences on both individual and societal levels.
However, through improved prescribing practices, the establishment of antibiotic stewardship programs, public education, better monitoring, and research
into safer alternatives, the impact of these toxicities can be reduced. It is essential for healthcare providers, policymakers, and the public to collaborate in
addressing this issue to preserve the efficacy of antibiotics and safeguard the health of the population.
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