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DESCRIPTION
Radiation-induced oxidative stress is a fundamental mechanism 
underlying genetic instability and cancer development. When 
biological systems are exposed to radiation, particularly ionizing 
radiation, the energy absorbed leads to the radiolysis of water 
molecules, resulting in the production of reactive oxygen species. 
These species, including hydroxyl radicals, superoxide anions, 
and hydrogen peroxide, are highly reactive and capable of 
damaging essential cellular components such as DNA, proteins, 
and lipids. Among these targets, DNA is particularly vulnerable, 
as oxidative damage can lead to mutations that drive 
carcinogenesis.

The interaction between reactive oxygen species and DNA 
results in a variety of lesions, including base modifications, 
single- and double-strand breaks, and the formation of abasic 
sites. One of the most common oxidative lesions is 8-
oxoguanine, which can mispair with adenine during DNA 
replication, leading to point mutations. If these lesions are not 
repaired efficiently, they can accumulate and contribute to 
genomic instability, a hallmark of cancer. The persistence of 
oxidative DNA damage is therefore a key factor in radiation-
induced mutagenesis.

Oxidative stress also affects cellular proteins, particularly those 
involved in DNA repair and cell cycle regulation. Oxidative 
modification of these proteins can impair their function, 
reducing the cell’s ability to detect and repair DNA damage. 
This creates a feedback loop in which impaired repair leads to 
further accumulation of damage, exacerbating genomic 
instability. Additionally, lipid peroxidation can disrupt cellular 
membranes and alter signaling pathways, further contributing to 
cellular dysfunction.

Cells are equipped with antioxidant defense systems to 
counteract oxidative stress. Enzymes such as superoxide 
dismutase, catalase, and glutathione peroxidase play crucial roles 
in neutralizing reactive oxygen species and maintaining redox

balance. However, excessive radiation exposure can overwhelm 
these defenses, leading to sustained oxidative damage. This 
imbalance between reactive oxygen species production and 
antioxidant capacity is a critical determinant of cellular response 
to radiation.

Radiation-induced oxidative stress also activates signaling 
pathways associated with inflammation and cell proliferation. 
Chronic activation of these pathways can create a 
microenvironment that supports tumor growth and progression. 
In this context, oxidative stress not only initiates genetic damage 
but also contributes to the promotion and progression of cancer. 
This dual role highlights its importance in the overall process of 
carcinogenesis.

In the context of cancer therapy, oxidative stress plays a 
paradoxical role. While radiotherapy relies on the generation of 
reactive oxygen species to kill cancer cells, it can also damage 
normal tissues, leading to side effects and long-term 
complications. Strategies to modulate oxidative stress, such as 
the use of antioxidants or radioprotective agents, are being 
explored to enhance therapeutic outcomes while minimizing 
harm to healthy tissues.

Research into oxidative stress has also led to the identification of 
biomarkers for radiation exposure and susceptibility. 
Measurements of oxidative DNA damage, antioxidant enzyme 
levels, and lipid peroxidation products can provide valuable 
insights into the biological effects of radiation. These biomarkers 
are useful in both clinical and environmental settings for 
assessing risk and monitoring exposure.

In conclusion, oxidative stress is a central mechanism through 
which radiation induces genetic instability and cancer. Its impact 
on DNA, proteins, and cellular signaling pathways underscores 
its significance in carcinogenesis. Continued research in this 
area is essential for developing strategies to mitigate radiation-
induced damage and improve cancer prevention and treatment.
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