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Introduction

Oxidative stress is a biological condition 
resulting from an imbalance between reactive 
oxygen species (ROS) production and the 
body’s antioxidant defense mechanisms. 
While ROS are natural byproducts of 
cellular metabolism and play roles in cell 
signaling and immune defense, excessive 
accumulation can damage proteins, lipids, and 
DNA, contributing to cellular dysfunction 
and disease. Oxidative stress has been 
implicated in aging, cardiovascular disease, 
neurodegeneration, cancer, and chronic 
inflammatory conditions.

Mechanisms of Oxidative Stress

Under normal conditions, ROS such as 
superoxide anion, hydrogen peroxide, and 
hydroxyl radicals are neutralized by antioxidant 
systems including superoxide dismutase, 
catalase, and glutathione peroxidase. 
Oxidative stress occurs when ROS generation 
exceeds the capacity of these defenses, leading 
to cellular damage. Environmental factors 
such as pollution, UV radiation, smoking, and 
unhealthy diet can exacerbate ROS production. 
Additionally, mitochondrial dysfunction and 
chronic inflammation contribute to sustained 
oxidative stress.

Clinical Implications

Oxidative stress plays a pivotal role in 
the pathogenesis of many diseases. In 
cardiovascular disease, ROS promote 

endothelial dysfunction, lipid peroxidation, 
and atherosclerosis. In neurodegenerative 
disorders like Alzheimer’s and Parkinson’s 
disease, oxidative damage accelerates 
neuronal loss and cognitive decline. Chronic 
inflammation in autoimmune conditions is 
both a source and consequence of oxidative 
stress, amplifying tissue injury.

Therapeutic Approaches

Management of oxidative stress focuses on 
reducing ROS production and enhancing 
antioxidant defenses. Lifestyle interventions, 
including balanced diet, regular exercise, 
and avoidance of environmental toxins, are 
fundamental. Pharmacologic antioxidants, 
such as N-acetylcysteine and vitamin E, have 
shown potential benefits in certain conditions, 
though clinical efficacy varies. Emerging 
therapies targeting mitochondrial function 
and redox signaling pathways offer promising 
avenues for future research.

Conclusion

Oxidative stress is a critical factor in the 
development and progression of numerous 
diseases. Understanding its mechanisms and 
impact on cellular function provides insight 
into preventive and therapeutic strategies. By 
integrating lifestyle interventions, antioxidant 
therapies, and targeted research, it is possible 
to mitigate oxidative damage, improve health 
outcomes, and reduce the burden of chronic 
disease.
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