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Introduction

Reactive oxygen species (ROS) are chemically reactive molecules
containing oxygen, including free radicals such as superoxide anion
(0O27) and hydroxyl radical (¢OH), as well as non-radical species
like hydrogen peroxide (H,O;). ROS are natural byproducts of
cellular metabolism, particularly during mitochondrial oxidative
phosphorylation. While they play critical roles in cell signaling
and homeostasis, excessive ROS production can lead to oxidative
stress, damaging lipids, proteins, and DNA. Understanding the
balance between ROS production and antioxidant defenses is
essential for appreciating their dual role in health and disease.

Discussion

At physiological levels, ROS function as important signaling
molecules. They regulate processes such as cell proliferation,
differentiation, immune responses, and apoptosis. For example,
phagocytes produce ROS to kill invading pathogens, contributing
to host defense mechanisms. ROS also modulate transcription
factors and signaling pathways, influencing gene expression and
cellular adaptation to stress.

However, overproduction of ROS or insufficient antioxidant
defense leads to oxidative stress, a key factor in the pathogenesis
of various diseases. Excessive ROS can damage cellular
macromolecules, triggering lipid peroxidation, protein oxidation,
and DNA strand breaks. This oxidative damage is implicated in
aging, neurodegenerative disorders such as Alzheimer’s and
Parkinson’s disease, cardiovascular diseases, diabetes, and
cancer. Environmental factors, including UV radiation, pollution,
and smoking, further exacerbate ROS production, contributing to
tissue injury and disease progression.

Cells maintain ROS homeostasis through antioxidant systems,
including enzymatic antioxidants like superoxide dismutase,
catalase, and glutathione peroxidase, as well as non-enzymatic
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antioxidants such as vitamin C, vitamin E, and glutathione. The
balance between ROS generation and neutralization is critical
for cellular health; disruption of this balance can shift ROS from
being signaling molecules to cytotoxic agents.

Therapeutic strategies targeting ROS include antioxidants,
lifestyle interventions, and pharmacological agents that either
scavenge ROS or enhance endogenous antioxidant defenses. In
cancer therapy, pro-oxidant approaches are sometimes used to
selectively induce oxidative stress in tumor cells, highlighting the
context-dependent role of ROS.

Conclusion

Reactive oxygen species are essential regulators of cellular
signaling and immune defense, but their overproduction can
lead to oxidative stress and tissue damage. Maintaining a balance
between ROS generation and antioxidant defenses is critical for
health. Understanding the dual nature of ROS provides insights
into disease mechanisms and offers potential therapeutic
avenues for managing conditions associated with oxidative stress.
As research advances, targeted modulation of ROS may become a
key strategy in precision medicine.



