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Description

Flavonoids, a diverse group of polyphenolic compounds abundant in
fruits, vegetables, and plant-derived beverages, have obtained significant
attention for their potential health benefits, including anticancer
properties. Accumulating evidence suggests that certain flavonoids
exhibit potent antiproliferative activity against various cancer cell
lines, making them attractive candidates for cancer therapy. Cancer
continues to pose a formidable challenge to global public health, with
incidence rates rising steadily and therapeutic options remaining
limited. In recent years, there has been growing interest in exploring
natural compounds as adjunctive or alternative therapies for cancer
management. Flavonoids, a class of polyphenolic compounds
ubiquitous in plant-based foods, have emerged as promising candidates
due to their diverse biological activities, including antioxidant, anti-
inflammatory, and antiproliferative properties. Flavonoids comprise a
structurally diverse group of secondary metabolites characterized by a
common C¢-C;3-C¢ carbon framework. Based on their chemical
structure, flavonoids can be classified into several subclasses, including
flavones, flavonols, flavanones, flavanols (catechins), anthocyanins,
and isoflavones.

These compounds are abundant in a wide array of plant-derived
foods, such as fruits, vegetables, grains, herbs, and beverages like tea
and red wine. Common dietary sources of flavonoids include citrus
fruits (e.g., oranges, lemons), berries (e.g., blueberries, strawberries),
onions, kale, cocoa, and green tea. The antiproliferative activity of
flavonoids is mediated through numerous molecular mechanisms,
showing their potential as cancer chemopreventive and therapeutic
agents. Certain flavonoids, such as quercetin and kaempferol, exert
their antiproliferative effects by modulating cell cycle progression.
These compounds inhibit Cyclin-Dependent Kinases (CDKs), resulting
in cell cycle arrest at G1, S, or G2/M phases, thereby preventing
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uncontrolled cell proliferation. Flavonoids possess pro-apoptotic
properties, promoting programmed cell death in cancer cells. Mechanisms
of flavonoid-induced apoptosis include activation of caspase rapid,
modulation of Bcl-2 family proteins, disruption of mitochondrial function,
and generation of Reactive Oxygen Species (ROS).

Angiogenesis, the formation of new blood vessels, plays an important
role in tumor growth and metastasis. Certain flavonoids, such as
Epigallocatechin Gallate (EGCG) and genistein, inhibit angiogenesis by
targeting key angiogenic factors like Vascular Endothelial Growth Factor
(VEGF) and Matrix Metalloproteinases (MMPs), thereby impeding tumor
neovascularization and growth. Flavonoids can modulate various signaling
pathways implicated in cancer pathogenesis, including PI3K/Akt, MAPK/
ERK, NF-«kB, and Wnt/B-catenin pathways. By interfering with these
signaling cascades, flavonoids exert pleiotropic effects on cancer cell
proliferation, survival, invasion, and metastasis. Flavonoids exhibit potent
antioxidant and anti-inflammatory activities, mitigating oxidative stress
and chronic inflammation, which are features of cancer development and
progression. By scavenging free radicals and inhibiting inflammatory
mediators, flavonoids create an unfavorable microenvironment for tumor
growth and metastasis.

The Structure-Activity Relationships (SARs) of flavonoids play a
pivotal role in determining their antiproliferative efficacy and
specificity against cancer cells. Structural features such as the number
and position of hydroxyl groups, the presence of methoxy or prenyl
substituents, and the configuration of the C-ring influence the
bioactivity of flavonoids. For example, flavonoids with multiple
hydroxyl groups, particularly at the 3-position of the C-ring, exhibit
enhanced antioxidant and antiproliferative properties due to their
ability to donate hydrogen atoms and scavenge free radicals more
effectively. Additionally, flavonoids with a catechol B-ring structure,
such as epicatechin and Epigallocatechin Gallate (EGCG), display
superior antiproliferative activity compared to their non-catechol
counterparts, attributed to their higher affinity for DNA and protein
targets.

Conclusion

In conclusion, flavonoids represent a diverse class of natural
compounds with potent antiproliferative activity against cancer cells.
Through modulation of cell cycle progression, induction of apoptosis,
inhibition of angiogenesis, and modulation of signal transduction
pathways, flavonoids exert pleiotropic effects on cancer cell
proliferation, survival, and metastasis. Structure-Activity Relationships
(SARs) play an essential role in determining the bioactivity of
flavonoids, highlighting the importance of structural optimization in
drug design and development. The growing body of evidence
supporting the anticancer properties of flavonoids shows their potential
as adjunctive or alternative therapies for cancer prevention and
treatment. Continued study and efforts aimed at elucidating the
molecular mechanisms underlying flavonoid-mediated antiproliferative
effects and conducting well-designed clinical trials are essential for
harnessing the full therapeutic potential of flavonoids in cancer therapy.
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