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Numerous biological processes, many of which interact with crucial pathways implicated in the
development and progression of chronic diseases, allow nutraceuticals to provide their therapeutic
advantages. Their antioxidant activity is one of [(D] main processes; substances like polyphenols,
carotenoids, and vitamins (like C and E) neutralize reactive oxygen species (ROS), shielding cells
from damage brought on by oxidative stress. According to Pisoschi et al., oxidative stress has  [@)]
significant role inagingand [@] number of chronic illnesses, including cancer, neurodegeneration,
and cardiovascular disease (Figure 1). Presents [@] schematic representation of oxidative stress
and its pivotal role in cellular damage leading to aging and chronic degenerative diseases. It highlights
how reactive oxygen and nitrogen species (RONS) produced endogenously or triggered by external
factors such as toxins, smoking, and ultraviolet (UV) light, accumulate within cells, inducing
widespread oxidative stress. This oxidative burden causes multiple forms of molecular and cellular
damage, including: DNA damage, which can lead to mutations and genomic instability; Protein
oxidation, impairing structural and enzymatic functions; Membrane damage, disrupting cellular
compartmentalization and signaling; Mitochondrial dysfunction, diminishing energy production and
amplifying ROS generation; Endoplasmic reticulum (ER) stress, which contributes to protein
misfolding and cell stress responses. In order to maintain cellular homeostasis, polyphenols like
resveratrol and flavonoids like quercetin scavenge free radicals and increase [®] activity of
endogenous antioxidant enzymes like glutathione peroxidase and superoxide dismutase. The anti-
inflammatory properties of nutraceuticals are another important mechanism. The pathophysiology of

conditions including cancer, diabetes, and arthritis is linked to chronic inflammation. Nutraceuticals
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