Introduction

Toxicology is the scienti ¢ discipline concerned with the study
of the adverse e ects of chemical, physical, or biological agents on
living organisms. Exposure to toxic substances can lead to a wide
range of health problems, including acute toxicity, carcinogenesis,
neurotoxicity, and reproductive disorders. Biomarkers of toxicity,
de ned as measurable indicators of biological processes, pathogenic
processes, or responses to an exposure, have emerged as valuable tools
for assessing toxicity, elucidating underlying mechanisms, and guiding
risk assessment and management strategies [1-3].

Methodology

Types of biomarkers

Biomarkers of toxicity can be classi ed into various categories
based on their nature, including biochemical, molecular, cellular, and
imaging biomarkers. Biochemical biomarkers, such asenzyme activities,
protein levels, and metabolite concentrations, provide direct measures
of cellular or tissue damage resulting from toxic insult. Molecular
biomarkers, including DNA adducts, gene expression pro les, and
microRNAs, o er insights into the molecular mechanisms underlying
toxicity and can serve as early indicators of adverse e ects. Cellular
biomarkers, such as apoptosis markers and oxidative stress indicators,
re ect changes at the cellular level in response to toxic insult. Imaging
biomarkers, such as magnetic resonance imaging (MRI) and positron
emission tomography (PET) scans, enable non-invasive visualization
and quanti cation of structural and functional changes in tissues or
organs following exposure to toxicants [4-7].

Mechanisms of biomarker action

Biomarkers of toxicity operate through various mechanisms,
re ecting the diverse pathways and processes involved in the response
to toxic insult. Biochemical biomarkers may indicate disruption of
cellular homeostasis, oxidative stress, in ammation, or speci ¢ organ
damage. Molecular biomarkers can provide insights into altered gene
expression, epigenetic modi cations, DNA damage, or activation of
signaling pathways associated with toxicity. Cellular biomarkers may
re ect apoptosis, necrosis, autophagy, or other cellular responses
to toxic insult. Imaging biomarkers o er visual representation of
anatomical, physiological, or metabolic changes induced by toxicants
in living organisms [8-10].

Applications of biomarkers

Biomarkers of toxicity nd broad applications across di erent

domains of toxicology, including environmental toxicology,
occupational toxicology, clinical toxicology, and drug development.
In environmental toxicology, biomarkers are used to assess the impact
of pollutants on ecosystems and wildlife populations. In occupational
toxicology, biomarkers help evaluate occupational exposures and
assess workers' health risks. In clinical toxicology, biomarkers aid in
the diagnosis, prognosis, and monitoring of toxicant-induced diseases
or syndromes. In drug development, biomarkers serve as surrogate
endpoints for evaluating drug safety and e cacy in preclinical and
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enhancing the utility and reliability of biomarkers in toxicology.
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