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DESCRIPTION

Drug toxicology is the scientific study of the harmful effects of
drugs and chemical substances on living organisms. It focuses on
identifying, understanding and preventing adverse reactions
caused by pharmaceutical compounds, environmental chemicals
and biologically active agents. In modern healthcare, drug
toxicology is not just a laboratory discipline but a cornerstone of
patient safety, regulatory science and rational drug use. As the
number of available medications continues to grow, so does the
complexity of predicting how these substances will behave in the
human body.

From a clinical perspective, drug toxicology serves as a warning
system. Every therapeutic drug has the potential to become toxic
if misused, overdosed, or combined improperly with other
substances. The boundary between a therapeutic dose and a
toxic dose is often narrow, particularly for drugs used in
oncology, cardiology and neurology. Instead, safety depends on
dosage, duration, patient condition and biological variability.
Drug toxicology provides the framework for understanding this
delicate balance. One of the central concerns in drug toxicology
is organ specific toxicity.

The liver, kidneys, heart and nervous system are particularly
vulnerable to drug induced damage. The liver, being the primary
site. of drug metabolism, is frequently exposed to reactive
metabolites that can cause cellular injury. Hepatotoxicity
remains one of the leading causes of drug withdrawal from the
market. Similarly, nephrotoxicity can occur when drugs impair
kidney filtration or damage renal tubules, leading to long term
complications. Cardiotoxicity and neurotoxicity are equally
concerning, especially with drugs that affect electrical
conduction or neurotransmitter balance.

One of the most underestimated aspects of drug toxicology is
cumulative exposure. Many patients take multiple medications
over long periods, often without fully understanding the long
term toxic risks. While each drug may be safe individually,
combined exposure can lead to additive or synergistic toxicity.
This is especially relevant in chronic disease management, where

polypharmacy is common. Drug toxicology should therefore not
be viewed in isolation but as a dynamic interaction between
multiple agents within a biological system. Another critical issue
is genetic variability in drug response. Individuals metabolize
drugs differently due to variations in enzymes, transporters and
receptors. This means that a dose that is safe for one person may
be toxic for another.

Pharmacogenetic differences can influence how quickly a drug is
broken down or how strongly it binds to its target. Drug
toxicology increasingly recognizes that toxicity is not only dose
dependent but also genetically influenced. This shift is pushing
medicine toward more personalized approaches, although
implementation remains limited in many healthcare systems.
Environmental and occupational exposure also play a major role
in drug toxicology. People are constantly exposed to industrial
chemicals, pesticides and pollutants that may interact with
medications. Another important dimension is the role of self
medication and over the counter drug use. In many regions,
individuals frequently consume medications without proper
medical supervision. Painkillers, antihistamines and herbal
supplements are often used casually, despite their potential toxic
effects when misused.

Herbal products, in particular, are commonly perceived as
harmless, yet many contain biologically active compounds that
can interfere with prescription drugs or cause direct toxicity.
Drug toxicology must therefore address not only pharmaceutical
drugs but also the expanding world of alternative and
complementary medicines. From a regulatory standpoint, drug
toxicology is essential for drug approval and post marketing
surveillance. Before a drug reaches the market, it undergoes
extensive toxicological testing in preclinical studies. These tests
evaluate acute toxicity, chronic toxicity, reproductive toxicity and
carcinogenic potential. As a result, some toxic effects only
become apparent after widespread clinical use. This limitation
underscores the importance of pharmacovigilance systems that
continuously monitor adverse drug reactions in real world
settings.
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