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DESCRIPTION

Mitochondria, often referred to as the powerhouse of the cell,
play a pivotal role in energy production, metabolism, and cellular
homeostasis. However, exposure to heavy metals, such as lead,
mercury, cadmium, and arsenic, can disrupt mitochondrial
function and dynamics, leading to a cascade of detrimental
effects on cellular health. In this article, we explore the intricate
relationship between heavy metal exposure and mitochondrial
dysfunction, including mitochondrial DNA damage, oxidative
stress, and impaired energy metabolism. Mitochondria are
highly susceptible to the toxic effects of heavy metals due to their
essential role in cellular metabolism and their relatively limited
capacity for detoxification. Heavy metals can accumulate within
mitochondria, disrupting electron transport chain function and
impairing adenosine triphosphate production. Additionally,
heavy metal-induced oxidative stress can damage mitochondrial
membranes, proteins, and DNA, further compromising
mitochondrial function and integrity. One of the primary
mechanisms by which heavy metals impair mitochondrial
function is through the generation of reactive oxygen species.
Heavy metals, such as mercury and cadmium, can undergo redox
cycling reactions within mitochondria, leading to the production
of ROS and the subsequent induction of oxidative stress. ROS can
damage mitochondrial components, including lipids, proteins,
and DNA, exacerbating mitochondrial dysfunction and cellular
damage. Mitochondrial DNA (mtDNA) is particularly vulnerable
to heavy metal-induced damage due to its proximity to the ETC,
where ROS are generated, and its lack of protective histones
and efficient DNA repair mechanisms. Heavy metal exposure
can induce mtDNA mutations, deletions, and oxidative lesions,
impairing mitochondrial gene expression and compromising
respiratory chain function. Furthermore, heavy metal-induced
mtDNA damage can trigger apoptotic pathways and contribute
to cellular dysfunction and tissue injury. In addition to mtDNA
damage, heavy metal exposure can disrupt mitochondrial
dynamics, including fusion, fission, and mitophagy processes.

Disruption of mitochondrial dynamics can impair mitochondrial
quality control mechanisms, leading to the accumulation of
dysfunctional mitochondria and the dysregulation of cellular
energy metabolism. Moreover, heavy metals may interfere
with mitochondrial biogenesis pathways, further compromising
mitochondrial function and exacerbating cellular stress
responses. Lead, a well-known neurotoxicant, has been shown to
accumulate in mitochondria and disrupt mitochondrial function
in various cell types, including neurons and cardiomyocytes.
Lead exposure can impair mitochondrial respiration, decrease
ATP production, and induce oxidative stress, contributing to
neurotoxicity, cardiovascular dysfunction, and other adverse
health effects. Similarly, mercury exposure has been associated
with mitochondrial dysfunction, oxidative stress, and apoptosis
in multiple organ systems, including the brain, liver, and kidney.
Cadmium exposure has been implicated in the disruption of
mitochondrial dynamics and energy metabolism, leading to
cellular dysfunction and tissue damage. Understanding the
impact of heavy metal exposure on mitochondrial function and
dynamics is essential for elucidating the mechanisms underlying
heavy metal toxicity and developing strategies for mitigating
its adverse effects on cellular health. Therapeutic interventions
aimed at preserving mitochondrial function, enhancing
antioxidant defences, and promoting mitochondrial biogenesis
may hold promise for protecting against heavy metal-induced
toxicity and mitigating associated health risks. In conclusion,
heavy metal exposure exerts profound effects on mitochondrial
function and dynamics, leading to oxidative stress, mtDNA
damage, and impaired energy metabolism.
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