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Introduction

Toxicology is the study of the adverse e ects of chemicals, drugs,
and environmental factors on living organisms. Traditionally [1],
toxicology relied on generalized models that assumed a one-size- ts-
all approach to understanding how toxicants a ect human health.
However, thisapproach o en failed to account for individual variability
in response to exposure. Personalized toxicology seeks to address this
limitation by tailoring risk assessments, prevention strategies, and
therapeutic interventions based on an individual’s genetic makeup,
lifestyle, and environmental exposures [2].

e core concept of personalized toxicology revolves around
recognizing that people are not all alike in how they metabolize, process,
or react to toxic substances. Genetic factors, such as polymorphisms
in enzymes involved in drug metabolism, can signi cantly in uence
how a person responds to a drug or environmental toxin. Personalized
toxicology combines insights from genomics, proteomics,
metabolomics, and environmental science to develop strategies that are
customized to an individual’s unique characteristics [3].

Mechanisms of Personalized Toxicology

Genetic variability in toxicology: One of the key pillars of
personalized toxicology is understanding how genetic factors in uence
toxicity. Genetic polymorphisms in drug-metabolizing enzymes,
transporters, and receptors can have a signi cant impact on an
individual’s response to toxins and drugs. For example, enzymes in
the cytochrome P450 family, which are responsible for metabolizing
a wide variety of substances, can vary in their activity based on genetic
variation. Some individuals have polymorphisms that lead to poor
metabolism of certain drugs, while others may have hyperactive
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