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ABSTRACT

Aging is a multifaceted biological process characterized by a decline
in physiological function and increased susceptibility to age-related
diseases. This narrative review explored the potential anti-aging effects of
phytochemicals-bioactive compounds derived from plants by examining
their mechanisms of action and health benefits. Phytochemicals exhibit
significant antioxidant and anti-inflammatory properties that may mitigate
oxidative stress and chronic inflammation, both of which are pivotal
contributors to aging. We conducted a comprehensive search across major
medical and scientific databases, including PubMed, Google Scholar,
Web of Science, Scopus, and Embase, to identify reviews, meta-analyses,
original articles, randomized clinical trials, and case series related to
the anti-aging effects of phytochemicals. The search strategy utilized
the keywords of phytochemicals, bioactive compounds, antioxidants,
nutraceuticals, aging, oxidative stress, cellular senescence, and
inflammation. Studies published between 2000 and 2025 were included,
with an emphasis on the most recent and high-quality research addressing
the role of phytochemicals in the aging process. Key phytochemicals such
as resveratrol and curcumin can activate longevity-associated pathways,
including sirtuins, to promote cellular health and longevity. Furthermore,
phytochemicals can modulate cellular signaling pathways related to
senescence and metabolic regulation. The integration of these compounds
into dietary strategies presents a promising approach to enhance health.
By elucidating the protective effects of phytochemicals against age-
related decline, this article aimed to inform future research directions and
dietary recommendations for aging populations, ultimately contributing
to improved health outcomes and quality of life in older adults.

Please cite this article as: Sattarian A, Akbarzadeh Morshedi M. Key Phytochemicals with Anti-Aging Effects: A
Narrative Review. Int J Nutr Sci. 2026;11(1):1-13. doi: 10.30476/ijns.2026.107333.1491.

Introduction

Aging is a complex biological process characterized
by a gradual decline in physiological functions,
increased vulnerability to diseases, and a reduction

in overall health (1). As the global population
age increases, there is a growing interest in
understanding the mechanisms underlying aging
and identifying potential interventions to promote
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longevity and enhance quality of life (2). Among
these interventions, phytochemicals as bioactive
compounds derived from plants have garnered
significant attention due to their diverse therapeutic
properties and potential role in mitigating age-related
decline (3). Phytochemicals encompass a wide range
of substances, including flavonoids, polyphenols,
terpenoids, and alkaloids, which are known for their
antioxidant, anti-inflammatory, and neuroprotective
effects (4). These compounds can modulate various
biological pathways associated with aging, such
as oxidative stress, inflammation, and cellular
senescence (5). Oxidative stress, resulting from
an imbalance between Reactive Oxygen Species
(ROS) production and antioxidant defenses, is a
key contributor to age-related cellular damage (6).
Phytochemicals possess the ability to scavenge
free radicals and enhance endogenous antioxidant
mechanisms, thereby potentially reducing oxidative
damage and promoting cellular health (7).

Inflammation is another critical factor in the aging
process. Chronic low-grade inflammation, often
referred to as “inflammaging”, has been implicated
in the development of age-related diseases such as
cardiovasculardisorders, neurodegenerative diseases,
and metabolic syndromes (8). Many phytochemicals
exhibit anti-inflammatory properties by inhibiting
pro-inflammatory cytokines and signaling pathways,
suggesting their utility in combating age-associated
inflammation (9). Moreover, phytochemicals have
been shown to influence cellular signaling pathways
that regulate longevity (10). For instance, compounds
like resveratrol and curcumin have been identified as
activators of sirtuins, a family of proteins associated
with longevity and metabolic regulation (11, 12). By
modulating these pathways, phytochemicals may
contribute to improved health span as the period of
life spent in good health beyond merely extending
lifespan (13).

This narrative review aimed to consolidate
current knowledge regarding the anti-aging effects
of various phytochemicals. By examining the
existing literature on their mechanisms of action,
potential health benefits, and implications for aging
populations, we searched to provide a comprehensive
overview that could highlight the relevance of these
natural compounds in promoting healthy aging.
Ultimately, understanding the role of phytochemicals
in the aging process could pave the way for novel
dietary strategies and therapeutic approaches aimed
at enhancing longevity and improving quality of life
for older adults.

Materials and Methods

A narrative literature review was conducted from

May 2000 to May 2025, encompassing all available
literature from the following databases undertaken
including ISI Web of Science, MEDLINE (PubMed),
Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), Google Scholar, Science Direct,
and Scopus. The search strategy enrolled both Medical
Subject Headings (MeSH) and non-MeSH keywords:
((“Phytochemicals” OR “Bioactive Compounds” OR
“Antioxidants” OR “Flavonoids” OR “Polyphenols” OR
“Terpenoids” OR “Glucosinolates” OR “Phytosterols”
OR “Secondary Metabolites” OR “Nutraceuticals”
OR “Plant-Derived Compounds”) AND (“Aging”
OR “Senescence” OR “Cellular Senescence” OR
“Telomeres” OR “Cellular Aging” OR “Oxidative
Stress” OR “Gerontology” OR “Longevity” OR
“Age-related Diseases” OR “Epigenetics” OR
“Mitochondrial Dysfunction” OR “Inflammation”)).
These search terms were tailored to the specific
databases and comprised a blend of free-text searches.

The selection of articles was restricted to studies
published in English, with no limitations on the year
of publication; however, the most significant articles
were those published after 2020. Ultimately, a total of
109 articles were chosen for inclusion in the review.
The following data regarding study characteristics
were extracted from the included records as type
of study, type of phytochemical agent, and the
conclusions drawn by each study. The authors
reviewed both the titles and abstracts. If the abstracts
indicated the use of diaries containing narrative
elements, the full texts were examined, and those
meeting the pre-established eligibility criteria were
incorporated into the review. A narrative approach,
featuring summary tables and graphs, would aid in
synthesizing the included studies.

Aging and Related Mechanisms

Aging is a complex process involving the
gradual decline of cellular function, linked to
mechanisms like telomere attrition, DNA damage,
and mitochondrial dysfunction (Table 1) (14).
Cellular senescence, a state of permanent cell cycle
arrest, is triggered by stresses such as oxidative
damage, radiation, or oncogenic activation (15). This
process is mediated by pathways like p53/p21 (16)
and pl6INK4a/pRB (17), which halt proliferation to
prevent potential cancer, but also contribute to aging
by releasing the Senescence-Associated Secretory
Phenotype (SASP), including inflammatory
cytokines and proteases (18). Senescence is induced
by telomere shortening, activating the DNA Damage
Response (DDR) and engaging p53 and pl6INK4a
to enforce cell cycle arrest (19, 20). Oncogene-
Induced Senescence (OIS) occurs via the ARF-
p353-p21 pathway, acting as a tumor suppressor (21).
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Table 1: A summary of key mechanisms and pathways in aging.

Mechanism

Key pathways/Regulators

Associated features

Telomere Attrition
Oncogene-induced senescence (OIS)  ARF-p53-p21
Mitochondrial dysfunction

DDR, p53, pl6INK4a

Increased ROS production

Cell cycle arrest, DNA damage
Tumor suppression, proliferation halt
DNA /protein damage, reinforced

senescence
Epigenetic changes Histone modifications, SAHF Stable repression of proliferation
formation genes
SASP and inflammation cGAS-STING, NF-xB Chronic inflammation, tissue
dysfunction

DDR: DNA Damage response; ARF: Alternative reading frame; ROS: Reactive oxygen species; SAHF: Senescence-
associated heterochromatic foci; SASP: Senescence-associated secretory phenotype; NF-kB: Nuclear factor xB.

Table 2: key phytochemicals and the related mechanisms affecting aging.

Phytochemical Mechanisms affecting aging Specific effects and numbers
Resveratrol Reduces oxidative stress, activates AMPK/  Extends lifespan by 70% in yeast, 26-25% in
SIRT1, inhibits IGF-1, anti-inflammatory, high-fat diet mice, improves insulin resistance,
induces autophagy reduces ROS; 0.01-0.04% dietary dose
Curcumin Anti-inflammatory, antioxidant, induces Extends Drosophila lifespan, 0.2%
autophagy, increases SOD, extends lifespan tetrahydrocurcumin increases mouse
survival, 32% increase in SOD activity at 2
mg/g in Drosophila
Quercetin Scavenges ROS (6x antioxidant capacity of Extends Caenorhabditis elegans lifespan
trolox/vitamin C), anti-inflammatory, activates by 20% at 200 mM, rejuvenates senescent
proteasome, extends lifespan via age-1/daf-2 fibroblasts; inhibits IL-1a, TNF-a production
Epigallocatechin Reduces oxidative stress, activates SIRT1,  Extends Caenorhabditis elegans lifespan,
Gallate (EGCGQG) anti-inflammatory, induces autophagy increases mouse lifespan from 801 to 852
days at 80 mg/L (18% EGCG), diminishes
mid-life deaths in female mice
Epicatechin gallate Reduces oxidative stress, increases SOD/ Promotes survival (8.4% mortality vs. 50% in

(ECG) GSH, activates AMPK, lowers IGF-1, anti-
inflammatory, induces autophagy

controls after 15 weeks in diabetic mice), 0.25%
in drinking water; increases hepatic SOD

AMPK: AMP-activated protein kinase; SIRT1: Sirtuin 1; IGF-1: Insulin-like growth factor 1; ROS: Reactive oxygen

species; SOD: Superoxide dismutase; GSH: Glutathione.

Mitochondrial dysfunction increases ROS, damaging
DNA and proteins, reinforcing senescence (22).
Epigenetic changes, such as histone modifications
and the formation of Senescence-Associated
Heterochromatin Foci (SAHF), stabilize this state
(23); while the cGAS-STING pathway links DNA
damage to inflammation and amplifies SASP effects
(24). In aging, senescent cells accumulate, resisting
apoptosis and promoting chronic inflammation via
SASP, linked to “inflammaging,” which exacerbates
tissue dysfunction and age-related diseases (25). This
accumulation alters tissue homeostasis and stem
cell function and accelerates aging (26). A recent
research explored senotherapeutics, like senolytics
to eliminate senescent cells and senomorphics to
modulate SASP, offering potential to extend health
span and improve quality of life, though challenges
remain in targeting specific cell types (27).

Cellular Aging and Key Phytochemicals
Phytochemicals, which are natural compounds

found in plants, can help slow down aging by fighting
oxidative stress and inflammation (Table 2) (28).
These agents like resveratrol (found in grapes)
and quercetin (in onions) act like antioxidants,
neutralizing these harmful molecules and boosting
our body’s own defenses, such as enzymes that
protect cells (29). For example, it was shown that
quercetin is more effective than vitamin E at fighting
oxidation (30). They also reduce inflammation, which
is like a low-level fire in the body that can speed up
aging, by calming down pathways that cause it, such
as one called Nuclear Factor kB (NF-kB). This can
help lower the risk of diseases like heart problems
or arthritis (31-33).

Phytochemicals also seem to help by influencing
how the cells age and clean themselves. As the human
get older, cells can enter a state called senescence,
where they stop dividing and start releasing
chemicals that can harm nearby cells, speeding up
aging (34). Compounds like resveratrol can delay this
by activating proteins called sirtuins, which help cells
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handle stress better (35). Another way is by boosting
autophagy, which is like a cleanup process where cells
remove damaged parts (36). For instance, curcumin
(from turmeric) and Epigallocatechin Gallate (EGCG;
from green tea) can trigger this process, helping cells
stay healthy (37, 38). In simple organisms like worms,
it was shown that these compounds can extend life,
suggesting they might do the same for us by keeping
cells functioning well (39).

Finally, phytochemicals might affect how the genes
work, which is key to aging. In the aging process,
the tips of chromosomes, called telomeres, shorten,
and the gene activity can get out of balance due to
changes in how genes are turned on or off, known as
epigenetic changes (40, 41). While there are no much
direct evidences yet, and some phytochemicals like
resveratrol may help by activating sirtuins, which
can tweak gene activity to support longevity (42).
They can also change the gut bacteria, leading to
substances that influence how genes are expressed,
potentially keeping cells younger. This area is still
being studied, but it suggests phytochemicals could
help maintain our genetic health as we age (43).

Resveratrol

The anti-aging effects of resveratrol are mediated
through multiple pathways. It activates SIRT1, which
regulates proteins like p53 and FOXO transcription
factors, crucial for cellular senescence (44). This
activation mimics caloric restriction, extending
lifespan in yeast, worms, and flies (45). Resveratrol
reduces oxidative stress by scavenging ROS and
enhancing antioxidant enzyme activity, protecting
against DNA damage and mitochondrial dysfunction
(46). It also exhibits anti-inflammatory effects by
inhibiting NF-kB and reducing proinflammatory
cytokines like IL-6 and TNF-a, mitigating
inflammaging (47). Resveratrol modulates cellular
senescence by influencing cell cycle arrest pathways,
such as p53 and pl6INK4a, and inducing autophagy,
which enhances cellular cleanup and delays
senescence (48). A preclinical study suggested
resveratrol to influence telomere length by activating
telomerase, the enzyme maintaining telomeres,
with animal studies showing an increased telomere
length and telomerase activity in rats treated with
resveratrol. However, these effects are less studied
in humans (49).

Some Randomized Clinical Trials (RCTs) have
explored the efficacy of resveratrol on aging-related
markers, with mixed results. A systematic review
and meta-analysis of 17 RCTs, including 736
subjects, found that resveratrol supplementation
did not significantly affect circulating inflammatory
markers such as IL-6, TNF-a, and hs-CRP, with

weighted mean differences calculated using fixed-
effects or random-effects models, suggesting
limited anti-inflammatory benefits (50). Another
systematic review of 10 RCTs concluded that
resveratrol supplements, at doses ranging from 8
mg/day to 1500 mg/day for 2-12 months, did not
improve cardiovascular risk markers, including
C-reactive protein (CRP), cholesterol level, blood
pressure, and blood glucose, indicating no significant
cardioprotective effects in healthy individuals. These
findings highlight the gap between preclinical
promise and human translational outcomes,
with subgroup and sensitivity analyses showing
heterogeneity in study results (51).

While some RCTs have focused on specific
age-related diseases, such as Alzheimer’s disease,
showing that resveratrol can alter AD biomarkers and
preserve blood-brain barrier integrity (52). A review
over 110 clinical trials on resveratrol focused on
cardiovascular functions with conflicting results on
energy metabolism in humans suggested variability
in efficacy for resveratrol (53). Notably, there is a lack
of large-scale human RCTs specifically examining
resveratrol’s effect on telomere length suggesting
potential but with no definitive human evidence to
call for future observational and large-scale clinical
trials to confirm these effects. (54).

The potential efficacy of resveratrol to
influence telomere length is supported by an in
vitro study illustrating delayed senescence in
endothelial progenitor cells through telomerase
activation (55), and animal studies demonstrated
an increased telomere length in rats (56). However,
translating these findings to humans requires
further research, given the complexity of aging
mechanisms and the variability in RCT outcomes.
Therapeutic implications include potential dietary
interventions using resveratrol-rich foods, but
challenges include determining clinically relevant
doses and understanding long-term effects. Future
researches should focus on human intervention
trials, particularly on telomere length and other
direct aging biomarkers, to bridge the gap between
preclinical and clinical evidence (57).

Curcumin

Curcumin, found in turmeric, might help
treatment of many diseases (58-60). Curcumin can
slow down aging by fighting damage from harmful
molecules and reducing inflammation, which can
speed up aging (61). Curcumin reduces oxidative
stress by scavenging ROS and enhancing antioxidant
enzyme activity, such as superoxide dismutase
(SOD), with a 32% increase in SOD activity
observed at 2 mg/g in Drosophila (62, 63). It also
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exhibits anti-inflammatory effects by inhibiting NF-
kB and reducing proinflammatory cytokines like
IL-6, TNF-a, and CRP, with significant reductions
observed in seven of ten meta-analyses of RCTs
(64, 65). Curcumin modulates cellular senescence
by influencing cell cycle arrest pathways, such as
p53 and pl6INK4a, and inducing autophagy, which
enhances cellular cleanup and delays senescence (66).
A preclinical study suggested curcumin to influence
telomere length by reducing shortening, with
animal studies showing extended lifespan in model
organisms like C. elegans and D. melanogaster (67).

Curcumin also impacts muscle function and
physical performance, critical for aging populations
(68). A RCT has shown improvements in handgrip
strength (1.43% increase), weightlifting strength
(6.08% increase), and walking speed (5.51 m
improvement) in healthy elderly individuals, as well
as enhancing physical performance in frail elderly,
with large effect sizes in short physical performance
battery (d=0.75), knee extension (d=0.69), and flexion
peak torque (d=0.82) (69). For cognitive health,
curcumin reduces amyloid-beta level and improves
cognitive scores in neurodegenerative diseases, with
mixed results in RCTs, particularly in Alzheimer’s
disease (70, 71).

A systematic review included 15 RCTs, focusing on
conditions like sarcopenia, frailty, Parkinson’s disease,
dementia, Alzheimer’s disease, and cognition, with
detailed outcomes. For sarcopenia, a study with 30
participants (69.8+5 years, 13 male, 17 female) found
curcumin (500 mg/day Cureit) to improve handgrip
strength by 1.43%, weightlifting strength by 6.08%,
and walking speed by 5.51 m over three months, with
no adverse events (72). For frailty, another RCT with
17 participants (66—94 years, 8 males, 9 females)
showed curcumin (1000 mg/day Curcumin) enhanced
physical performance, with large effect sizes (d=0.75
for short physical performance battery, d=0.69 for
knee extension, d=0.82 for flexion peak torque), also
with no adverse events (73).

In  neurodegenerative  diseases, RCTs
demonstrated mixed results. For Parkinson’s disease,
curcumin improved motor function and quality of
life (74), while in Alzheimer’s disease, it reduced
amyloid-beta level and improved cognitive function,
but not consistently (75). A meta-analysis of RCTs
illustrated that curcumin could significantly lower
malondialdehyde (MDA) level in five of six meta-
analyses, and reduced CRP, IL-6, and tumor necrosis
factor alpha (TNF-0) in multiple studies, indicating
its role in reducing oxidative stress and inflammation
as key aging markers (76). Another RCT with
60 overweight and obese adolescent girls found
curcumin (500 mg/day) to significantly reduce IL-6,

hs-CRP, and MDA, and increased total antioxidant
capacity (TAC), after controlling for confounders,
suggesting benefits for inflammation and oxidative
stress markers relevant to aging (77).

The effect of curcumin on telomere length is
supported by preclinical studies, but human RCTs
specifically on telomere length are limited, with
most evidences from animal models showing
extended lifespan. The wvariability in RCT
outcomes, particularly for cognitive function,
suggests challenges in bioavailability and dosage,
with clinical practice noting low solubility and
rapid degradation under physiological conditions
(78, 79). Therapeutic implications include dietary
interventions using curcumin-rich foods, but
challenges include determining clinically relevant
doses and understanding long-term effects. Future
researches should focus on human intervention
trials, particularly on telomere length and other
direct aging biomarkers, to bridge the gap between
preclinical and clinical evidence (80).

Quercetin

Quercetin, a flavonoid found in foods like onions,
apples, and berries, exhibits anti-aging potential
through the antioxidant, anti-inflammatory, and
senomorphic properties (81-83). This phytochemical
reduces oxidative stress by scavenging ROS and
enhances antioxidant enzymes like SOD via the
Nuclear factor erythroid 2-related factor 2 (Nrf2)
pathway (84). It also mitigates inflammation by
inhibiting NF-«kB and reducing cytokines like
IL-6 and TNF-a (85). Quercetin also delays
senescence by modulating p53/p21 and pl6INK4a
pathways, inducing autophagy, and acting as a
senolytic, selectively clearing senescent cells (86).
In Caenorhabditis elegans, quercetin extended
lifespan, suggesting longevity potential, though
human translation remains understudied (87).

Human RCTs evaluating the effects of quercetin
on aging-related cellular and biochemical markers
are limited but provide insights into its potential. A
meta-analysis found that quercetin supplementation
(500-1000 mg/day, 8—12 weeks) significantly reduced
inflammatory markers like CRP and IL-6 in patients
with chronic conditions such as metabolic syndrome
and osteoarthritis (88). Another RCT on sarcopenic
elderly participants showed that quercetin (500 mg/
day for 12 weeks) improved physical function and
improvement in walking speed, suggesting benefits
for age-related muscle decline (89). However, a review
of RCTs noted inconsistent effects on oxidative stress
markers like MDA, and no significant impact on
TAC in most trials (85). No RCTs directly assessed
quercetin’s impact on telomere length or senescence-
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specific markers like pl6INK4a in humans, though
preclinical studies suggest it rejuvenates senescent
fibroblasts (90). The lack of consistent human RCT
data on cellular senescence markers, coupled with
challenges in bioavailability, highlights the need for
larger, well-designed trials to confirm the anti-aging
effects. Future researches must focus on telomere
dynamics and senescence biomarkers to bridge the gap
between preclinical promise and clinical efficacy (91).

Epigallocatechin-3-gallate (EGCG)

EGCG, found in green tea, might help slow
down aging by fighting damage from harmful
molecules and reducing inflammation, which can
speed up how cells age (92). It reduces oxidative
stress by scavenging ROS and enhancing antioxidant
enzyme activity, such as SOD (93). It also exhibits
anti-inflammatory effects by inhibiting NF-xB and
reducing proinflammatory cytokines like IL-6 and
TNF-a (94). EGCG modulates cellular senescence
by influencing cell cycle arrest pathways, such as
p53 and pl6INK4a, and inducing autophagy, which
enhances cellular cleanup and delays senescence
(95). Preclinical studies suggest EGCG can act as
a senolytic, selectively eliminating senescent cells,
further supporting its anti-aging potential (96).
Additionally, EGCG has shown neuroprotective
effects, reducing amyloid-beta levels and improving
cognitive scores in neurodegenerative diseases, as
seen in reviews on Alzheimer’s disease (97).

Human RCTs evaluating EGCG on aging cellular
and biochemical markers are limited but provide
insights into its potential. A notable RCT investigated
a diet and lifestyle intervention that included green
tea (a source of EGCG) and reported a significant
decrease in DNA methylation age (DNAmAge),
a biochemical marker of biological aging, in the
treatment group compared to controls. Specifically,
the treatment group showed a 3.23-year decrease
in DNA age compared to controls (p=0.018), with
an average 1.96-year decrease within the group
(p=0.066) (98). Additionally, RCTs have explored
EGCG’s impact on cognitive function in populations
at risk for accelerated aging, such as individuals
with Down syndrome (99). Researchers found
that EGCG combined with cognitive training may
improve memory, executive function, and attention in
young adults with Down syndrome, though amyloid
biomarkers were not reported due to technical issues
(100). RCTs in healthy adults showed mixed results,
with single doses of EGCG having little influence
on cognition but potentially increasing calmness and
reducing stress, with increased brain waves associated
with relaxation and focused attention. However, no
RCTs directly assessed EGCG impact on telomere

length or other specific aging markers like oxidative
stress or inflammation. The lack of consistent human
RCT data on cellular senescence markers, underscores
the need for larger, well-designed trials to confirm
EGCG’s anti-aging effects (101).

Epicatechin

Epicatechin gallate (ECG), found in green tea,
might help slow down aging by fighting damage
from harmful molecules and reducing inflammation
(102). The anti-aging effects of ECG are inferred
from antioxidant properties, which may reduce
oxidative stress, a primary driver of cellular
senescence (103). ECG, like other catechins, can
scavenge ROS, potentially protecting against these
damages, as suggested by studies on tea polyphenols
(104). It may also exhibit anti-inflammatory effects
by inhibiting NF-kB and reducing proinflammatory
cytokines. However, specific studies on ECG-related
pathways such as p53/p21 or pl6INK4a, are limited,
with most evidence derived from EGCG, which
shows delay in senescence by inducing autophagy
and acting as a senolytic (105). Preclinical studies
on ECG, such as its role in blocking cellular foam
formation in atherosclerosis, suggest cardiovascular
benefits (106), which may indirectly relate to aging,
but direct evidence on senescence is sparse.

Human RCTs evaluating ECG effects on aging
cellular and biochemical markers are notably absent.
One RCT on epicatechin-enriched extract from
Camellia sinensis addressed age-related muscle
mass loss (107). Other RCTs on catechins, such as
those on cognitive function in Down syndrome,
focused on EGCG, not ECG. The lack of specific
RCTs on ECG highlights a gap in the literature, with
challenges in bioavailability and dosage. The ECG
ability to influence telomere length is inferred from
studies on catechins, but human RCTs specifically
on telomere length are absent, with most evidence
from animal models showing extended lifespan for
related compounds (108).

Other Phytochemicals

Sulforaphane, an isothiocyanate found in
cruciferous vegetables like broccoli, exhibits
significant anti-aging potential through the potent
activation of the Nrf2 pathway, a master regulator
of antioxidant responses (109). Sulforaphane
enhances the expression of antioxidant enzymes
such as Heme Oxygenase-1 (HO-1) and NAD(P)
H Quinone Dehydrogenase 1 (NQOI), reducing
ROS and mitigating oxidative damage to DNA
and mitochondria (110). It also inhibits pro-
inflammatory pathways like NF-kB, reducing
SASP-related cytokines such as IL-6 and TNF-a
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(111). Sulforaphane may also delay senescence by
stabilizing mitochondrial function and inducing
autophagy (112). A RCT showed sulforaphane (100
pmol/day for 12 weeks) reduced oxidative stress
markers (e.g., MDA) in type 2 diabetes patients,
suggesting potential anti-aging effects, but larger
trials are needed (113).

Genistein, an isoflavone found in soybeans,
contributes to anti-aging effects through its estrogen-
like activity and antioxidant properties, influencing
cellular senescence and age-related pathways (114).
Genistein activates estrogen receptor signaling,
which modulates gene expression related to cell
survival and repair, potentially counteracting age-
related declines in tissue homeostasis (115). It
reduces oxidative stress by upregulating antioxidant
enzymes like SOD and catalase, protecting against
DNA damage and mitochondrial dysfunction,
key drivers of aging (116). Genistein also inhibits
inflammatory pathways, reducing SASP components
like IL-8, and may delay senescence by modulating
p53 and p21 pathways (117). In rodent models,
genistein extended lifespan and improved bone
health, mimicking estrogen’s protective effects (118).
RCTs on postmenopausal women (supplemented with
genistein) showed bone mineral density improvement
and reduction of inflammatory markers, suggesting
benefits for age-related conditions. However, no
RCTs directly assess the impact of genistein on
senescence-specific markers or telomere length in
humans, highlighting a research gap. Further human
studies are required to confirm anti-aging efficacy
of genistein (119-121).

Conclusion

Phytochemicals like resveratrol, curcumin,
quercetin, EGCG, ECG, sulforaphane, and
genistein show promise in slowing aging and
cellular senescence by reducing oxidative stress,
inflammation, and SASP effects; while modulating
pathways like SIRT1, Nrf2, and p53/p21. Preclinical
studies demonstrated lifespan extension and
delayed senescence, but human RCTs revealed
mixed results, with benefits in physical function,
cognitive health, and inflammatory markers, yet
limited data on telomere length and senescence-
specific markers. Challenges include bioavailability
and inconsistent outcomes, necessitating larger,
well-designed human trials to confirm their anti-
aging efficacy and translate preclinical findings
into clinical applications.
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