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DESCRIPTION

Aging is a multifaceted process influenced by a combination of
genetic, environmental and metabolic factors. Among the leading
contributors to aging and agerelated degeneration is oxidative
stress, a biological condition where the production of harmful
molecules called Reactive Oxygen Species (ROS) overwhelms the
body's ability to neutralize those using antioxidants. Over time,
oxidative stress damages cellular components such as DNA,
proteins and lipids, leading to a decline in cellular function,
tissue degeneration and the onset of agerelated diseases.
Understanding the role of oxidative stress in aging is important
for exploring interventions that may slow down or even reverse
the aging process.

What is oxidative stress?

Oxidative stress refers to an imbalance between the production
of ROS and the body's ability to counteract their harmful effects
through antioxidants. ROS, also known as free radicals, are
highly reactive molecules containing oxygen. While ROS are a
natural by-product of cellular metabolism especially during the
process the
excessive accumulation can cause significant damage to cells and

of energy production in mitochondria their

tissues [1].

The role of oxidative stress in aging

Oxidative stress plays a pivotal role in aging through its direct
impact on cellular structures and functions. As ROS accumulate,
they cause damage to critical cellular components, including
DNA, proteins and lipids, which impairs the ability of cells to
function properly. Over time, this damage leads to cellular
dysfunction, tissue degeneration and the progressive decline in
physiological function associated with aging [2,3].

DNA damage and cellular senescence

ROS can cause damage to DNA by inducing mutations, strand
breaks and crosslinking. DNA damage that is not adequately
repaired can lead to the activation of pathways that induce

cellular senescence, a state in which cells stop dividing and lose
their ability to function optimally. Senescent cells accumulate in
tissues as we age, releasing pro-inflammatory molecules that
contribute to tissue dysfunction and chronic inflammation, a
phenomenon known as inflammation. Senescent cells also lose
their regenerative capacity, reducing the body's ability to repair
damaged tissues, which contributes to the physical decline seen
in aging [4].

Mitochondrial dysfunction

Mitochondria, the energy-producing organelles in cells, are a
major source of ROS production. As cells age, mitochondrial
function declines, leading to increased ROS production and
reduced energy output. Mitochondrial DNA (mtDNA) is
particularly susceptible to oxidative damage due to its proximity
to ROS production sites and its limited repair mechanisms.
Damaged mitochondria further exacerbate ROS production,
creating a vicious cycle of oxidative damage, mitochondrial
dysfunction and cellular aging. This mitochondrial dysfunction is
a key factor in the loss of cellular energy production and is linked
to conditions such as muscle weakness, neurodegeneration and
cardiovascular disease in older adults [5].

Lipid peroxidation and membrane damage

ROS can also attack lipids in cellular membranes, leading to a
process known as lipid peroxidation. This results in the
breakdown of lipid molecules, which compromises the integrity
of cell membranes, leading to cellular dysfunction and death.
Lipid peroxidation is particularly damaging to neurons, which
are highly dependent on membrane integrity for proper
signaling. As a result, oxidative stress-induced lipid peroxidation
has been implicated in neurodegenerative disorders, including
Alzheimer's disease and Amyotrophic Lateral Sclerosis (ALS) [6].

Oxidative stress and age-related diseases

The cumulative effects of oxidative stress contribute significantly
to the onset and progression of various agerelated diseases.
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Some of the well-documented connections between oxidative
stress and age-related diseases include:

Cardiovascular diseases

The cardiovascular system is particularly vulnerable to oxidative
stress, as ROS can damage endothelial cells lining blood vessels,
promoting atherosclerosis (the build-up of plaque in arteries).
Oxidative stress also promotes the oxidation of Low-Density
Lipoprotein (LDL) cholesterol, which is a key step in the
development of atherosclerosis. Over time, oxidative damage to
blood vessels can lead to hypertension, stroke and heart attacks

[7].
Neurodegenerative disorders

Neurodegenerative diseases such as Alzheimer's disease,
Parkinson's disease and ALS are strongly linked to oxidative
stress. The brain consumes a significant amount of oxygen and is
particularly susceptible to oxidative damage due to its high
metabolic activity. ROS-induced damage to neurons and glial
cells contributes to the loss of cognitive function and motor
control seen in these conditions. In Alzheimer's disease, for
example, oxidative stress is believed to play a role in the
accumulation of beta-amyloid plaques, which disrupt neural

communication [8].
Diabetes

Oxidative stress is a key factor in the development of type 2
diabetes and its complications. ROS can impair insulin
signalling, leading to insulin resistance, a hallmark of type 2
diabetes. Additionally, oxidative damage to pancreatic beta cells,
which produce insulin, can further exacerbate glucose regulation
problems. The chronic high blood sugar levels seen in diabetes
also promote the production of ROS,
complications such as diabetic neuropathy, retinopathy and
kidney disease.

contributing to

Cancer

Oxidative stress can induce mutations in DNA, promoting the
initiation and progression of cancer. While ROS-induced DNA
damage is a natural defence mechanism to trigger apoptosis in
damaged cells, chronic oxidative stress can overwhelm these
protective mechanisms, allowing damaged cells to proliferate
uncontrollably. Moreover, tumors often experience high levels of
oxidative stress, which can contribute to the development of
aggressive and treatmentresistant cancer cells [9].
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Stress management

Chronic psychological stress has been linked to increased
oxidative stress. Practices such as meditation, mindfulness and
yoga can help reduce stress and, in turn, lower ROS production,
promoting overall health and longevity [10].

CONCLUSION

Oxidative stress is a central player in the aging process and
contributes to the onset and progression of numerous age-
related diseases. By damaging key cellular components such as
DNA, proteins and lipids, oxidative stress accelerates cellular
aging and tissue degeneration. Understanding the mechanisms
behind oxidative stress and adopting lifestyle practices that
reduce its impact such as a healthy diet, regular exercise and
stress management offers potential strategies for promoting
healthy aging and reducing the risk of age-related degeneration.
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