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About the Study
Oxidants, also known as Reactive Oxygen Species (ROS), 
play a crucial role in various physiological and patho-
logical processes within biological systems. While the 
production of oxidants is a normal byproduct of cellular 
metabolism, their excessive accumulation can lead to 
oxidative stress, which is associated with a wide range 
of diseases and aging. 
Oxidative stress and cellular damage
Excessive levels of oxidants can overwhelm the endoge-
nous antioxidant defense mechanisms of cells, resulting 
in oxidative stress. Oxidative stress occurs when the pro-
duction of oxidants exceeds the capacity of the antioxi-
dant defense systems, leading to the oxidation of lipids, 
proteins, and DNA. This oxidative damage can disrupt 
cellular structures and impair normal cellular functions, 
contributing to various diseases such as cardiovascular 
diseases, neurodegenerative disorders, and cancer.
DNA damage and mutagenesis
Oxidants can cause DNA damage by directly attacking 
the DNA molecule or by affecting the enzymes involved 
in DNA repair. Oxidative damage to DNA can lead to 
mutations, chromosomal abnormalities, and genomic 
instability. These genetic alterations can have serious 
consequences, including the initiation and progression 
of cancer.
Protein oxidation and dysfunction
Proteins are essential for the proper functioning of cells 
and tissues. Oxidative stress can lead to protein oxida-
tion, which can alter their structure, impair their en-
zymatic activity, and disrupt their normal interactions 
with other molecules. Protein oxidation has been impli-
cated in various diseases, including neurodegenerative 

disorders such as Alzheimer’s and Parkinson’s diseases.
Lipid peroxidation and membrane damage
Cellular membranes are primarily composed of lipids, 
and their integrity is crucial for maintaining cell struc-
ture and function. Oxidative stress can lead to lipid 
peroxidation, a process in which oxidants attack and 
degrade lipids, resulting in the formation of harmful 
byproducts. Lipid peroxidation can disrupt membrane 
integrity, impair membrane-associated functions, and 
promote the release of pro-inflammatory molecules, 
contributing to tissue damage and inflammation.
Mitochondrial dysfunction
Mitochondria are the powerhouses of the cell, respon-
sible for energy production through oxidative phos-
phorylation. However, they are also a major source of 
oxidant production. Oxidative stress can cause mito-
chondrial dysfunction, leading to impaired energy pro-
duction, increased oxidant production, and the release 
of pro-apoptotic factors. Mitochondrial dysfunction has 
been implicated in various diseases, including neurode-
generative disorders, cardiovascular diseases, and met-
abolic disorders.
Activation of signaling pathways
Despite their detrimental effects, oxidants also play 
important roles as signaling molecules. In moderate 
concentrations, oxidants can activate various signaling 
pathways involved in cellular processes such as cell 
growth, differentiation, and immune responses. These 
signaling pathways are tightly regulated and can influ-
ence gene expression and cellular behavior in response 
to environmental cues.
Antimicrobial defense
Oxidants play a critical role in the immune system’s de-
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fense against microbial pathogens. Immune cells pro-
duce oxidants as part of the antimicrobial response to 
kill invading microorganisms. However, excessive ox-
idant production can also lead to collateral damage to 
host tissues, contributing to tissue injury and inflamma-
tion.
Adaptation and hormesis
In certain contexts, exposure to low levels of oxidants 
can induce cellular adaptations and confer protection 
against subsequent stressors. This phenomenon, known 

as hormesis, suggests that mild oxidative stress can acti-
vate cellular defense mechanisms and enhance cellular 
resilience. Hormetic responses to oxidants have been 
observed in various biological systems, including aging, 
exercise, and ischemic preconditioning.
Oxidants, while essential for cellular functions, can have 
both detrimental and beneficial effects on biological 
systems. Excessive accumulation of oxidants can lead to 
oxidative stress, causing cellular damage and contribut-
ing to various diseases.




