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Abstract: Aging is a complex biological and physiological change that leads to a loss of function in
all living organisms. Although the mechanism behind the aging process is still largely unknown, sci-
entific studies have shown that oxidative stress and age-related low autophagy, which are associated
with various chronic diseases such as cancer, diabetes, cardiovascular diseases, and neurodegen-
erative diseases, promote aging. Interestingly, many medicinal plants and their biologically active
compounds have the ability to extend lifespan as they can inhibit oxidative stress and promote
autophagy. This review evaluates and provides up-to-date information on the anti-aging potential
of bioactive compounds in edible medicinal plants. In this study, seventeen (17) biologically ac-
tive compounds from edible medicinal plants with anti-aging effects were reviewed. In vivo and
in vitro studies showed that these biologically active compounds exhibit anti-aging effects via various
mechanisms such as the activation of autophagy, increases in antioxidant enzymes, reductions in
reactive oxygen species, the inhibition of inflammatory markers, and the downregulation of senes-
cence genes. This study suggests that edible medicinal plants containing these bioactive compounds
may promote health and extend lifespan. However, the exact mechanisms, effective doses, clinical
trials, and chronic and genotoxic effects of bioactive compounds as anti-aging agents should be
further investigated.

Keywords: bioactive compounds; edible medicinal plants; aging; oxidative stress; longevity

1. Introduction

Aging is an irreversible and unavoidable biological phenomenon that is characterized
by the impairment of physiological functions, ultimately leading to the development of
chronic diseases and the death of living organisms [1,2]. This intricate process involves
various biochemical and genetic signaling pathways, including the mammalian target of
rapamycin, insulin-like growth factor-1, factor forkhead box O-3, nuclear factor kappa B,
nuclear factor erythroid 2-related factor 2, and sirtuins, all of which play important roles in
determining lifespan and the onset of age-related diseases [3,4]. Globally, healthy aging is
a glorious adventure. According to estimates by World Population Prospects [5], approx-
imately 994 million (12%) and 1.6 billion (16%) people worldwide will be aged 65 years
and older by 2030 and 2050, respectively. However, aging is associated with a multitude
of chronic diseases, such as cardiovascular diseases, dementia, musculoskeletal disorders,
cancer, diabetes, glaucoma, and neurodegenerative diseases [6–9]. These diseases pose a sig-
nificant threat to life and can have profound psychological and economic impacts on both
the affected individuals and their families [7]. Although the exact molecular mechanisms
underlying the aging process remain largely unknown, scientific research has indicated
that lifestyle, genetic factors, dietary habits, oxidative stress, genomic instability, decreased
age-related autophagy, and cellular senescence play a crucial role in its regulation [9–11]. In
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particular, oxidative stress has been identified as one of the main factors in the development
of many chronic diseases associated with aging. Consequently, strategies aimed at delaying
or attenuating these factors, particularly oxidative stress, have great promise for promoting
healthy aging.

Research studies have provided evidence that edible medicinal plants contain a variety
of bioactive compounds that have the potential to reduce the risk of chronic diseases,
delay the aging process, and extend lifespans [2,12]. These plants serve as a rich and
renewable source of bioactive phytochemicals, i.e., non-nutritive components that confer
protective properties to plants. Edible medicinal plants, including fruits and vegetables,
are particularly rich in these bioactive compounds. Consequently, these plants represent an
invaluable reservoir of innovative pharmacological substances that can be utilized in the
development of novel drugs and bioactive foods.

Notably, conventional drugs used in the treatment of diseases, such as artemisinin
and quinine for combating malaria, vinblastine for cancer therapy, morphine and codeine
for use as opioid analgesics, and aspirin for use as a non-steroidal anti-inflammatory drug,
are derived from various medicinal plants [13–15]. These phytochemicals can be classified
into different groups, including polyphenols (flavonoids, phenolic acids, lignans, stilbenes,
and tannins) [2,16], carotenoids (carotenes and xanthophylls) [17], phytosterols (sterols and
stanols) [18], and terpenoids (monoterpenoids, diterpenoids, hemiterpenoids, triterpenoids,
tetraterpenoids, sesquiterpenoids, polyterpenoids, and sesterterpenoids) [2,19]. Through
various mechanisms such as oxidative stress suppression, the regulation of age-related
genes, immunomodulation, apoptosis regulation, autophagy regulation, cellular senescence
suppression, and the regulation of mitochondrial function and biogenesis [2,3,7,12], these
bioactive compounds exhibit anti-aging effects and contribute to lifespan extension.

Scientific investigations have provided evidence that bioactive compounds possess
remarkable properties, counteracting the aging process in different model organisms [20–23].
For instance, Kim et al. [20] demonstrated that quercetin effectively mitigates the senescence
of vascular smooth muscle cells induced by H2O2 through the regulation of apoptosis via
the AMPK signaling pathway. Similarly, Liu et al. [21] discovered that lycopene inhibits
oxidative stress and apoptosis in the ovaries of aging hens by activating the Nrf2/HO-1
signaling pathway in hens with D-galactose-induced aging. The therapeutic advantages
of the various common compounds derived from natural sources have been extensively
examined in the treatment of chronic ailments. These compounds include epigallocatechin
gallate from green tea, resveratrol from grapes, chlorogenic acid from carrots and apples,
curcumin from turmeric, and quercetin from sage and onions [22,23]. In light of this context,
this article presents a comprehensive review of seventeen biologically active compounds
found in edible medicinal plants. These compounds, namely, chlorogenic acid, caffeic
acid, quercetin, rutin, anthocyanins, resveratrol, β-carotene, lycopene, lutein, diosgenin, β-
sitosterol, epigallocatechin gallate, curcumin, ellagic acid, luteolin, fisetin, and kaempferol,
have been extensively investigated for their potential to promote healthy aging and prolong
lifespan (Figure 1). This review covers the edible sources of these medicinal plants, the
chemical constituents of the bioactive compounds, their mechanisms of action, and in vitro
and in vitro anti-aging activities in various experimental models. The significance of this
research lies in its emphasis on identifying the bioactive compounds found in medicinal
plants and their anti-aging potentials.
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Figure 1. Edible medicinal plants: bioactive compounds with anti-aging potentials found in them 
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2. Materials Used for the Study

The literature materials utilized in this current investigation were sourced from vari-
ous databases, namely, Springer, Sciencedirect, Frontiers, Wiley, PubMed, and MDPI. The
articles utilized in this study spanned from January 2002 to March 2024. The search terms
used include “anti-aging” and “bioactive compounds”, with the addition of specific com-
pounds such as chlorogenic acid, caffeic acid, quercetin, rutin, anthocyanins, resveratrol,
β-carotene, lycopene, lutein, diosgenin, β-sitosterol, epigallocatechin gallate, curcumin, el-
lagic acid, luteolin, fisetin, and kaempferol. Only papers published in the English language
were considered for inclusion in this study. The mechanisms of action for the selected
bioactive compounds against anti-aging were detailed in Table 1. The chemical structures of
the selected bioactive compounds were obtained from the PubChem and NIST Chemistry
databases, and subsequently they were redrawn using ChemDraw software (version 12.0.2),
as shown in Figure 1.

3. Proposed Mechanism of Action of the Bioactive Compounds

Various signaling pathways have been identified as regulators of aging and age-related
diseases. These pathways include insulin-like growth factor-1 (IGF-1), the mammalian
target of rapamycin (mTOR), the nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB), factor forkhead box O-3 (FOXO3), nuclear factor erythroid 2-related factor
2 (Nfr2), and sirtuins (SIRT) [3,4]. Recent research suggests that reducing insulin/IGF-1
signaling can extend life expectancy and improve health by increasing stress resistance
(Figure 2). In situations where there is a deficiency of nutrients, insulin production and
IGF-1 signaling are reduced, leading to the activation of transcription factor proteins called
FOXO. These proteins then stimulate the production of various protective proteins, such as
superoxide dismutase, catalase, glutathione S-transferase, and chaperones [24–26]. These
proteins play a critical role in protecting cells and delaying the aging process by neutralizing
reactive oxygen species (ROS), repairing DNA damage, maintaining protein structure, and
detoxifying heavy metals. Interestingly, a specific variant of the foxo3 gene has been linked
to a longer lifespan in humans, suggesting that the activation of FOXO transcription factors
also has anti-aging effects in humans [27,28].

Recent studies have revealed that quercetin has a positive impact on the lifespan of
worms. Specifically, it has been observed that quercetin can increase both the average
and median lifespan of worms by 18% and 21%, respectively. However, it does not seem
to affect the maximum lifespan of these organisms [29]. Interestingly, the life-extending
effect of quercetin is not observed in worms that lack the daf-2 gene, which encodes a
receptor similar to the human IGF-1 receptor. On the other hand, the mutation of the
daf-16 gene does not impede the life-prolonging effects of quercetin, suggesting that other
pathways may be involved in mediating these effects on lifespan [29]. In a separate
study conducted by Baur et al. [30], the potential of resveratrol, a phenolic compound
found in grapes, blueberries, and red wine, to extend the lifespan of mice fed on a high-
calorie diet was demonstrated. The researchers observed that resveratrol improved insulin
sensitivity and reduced IGF-1 levels in the blood, indicating a decrease in the insulin/IGF-
1 signaling pathway. Additionally, the substance exerted positive effects on motor and
balance functions as the performance of treated mice in athletic challenges improved over
time. Resveratrol was also found to mitigate the age-related degeneration of cognitive
function, blood vessels, and bone. However, it is important to note that resveratrol did not
extend the lifespan of mice that were not fed a high-calorie or high-fat diet, as evidenced
by studies conducted by Pearson et al. [31] and Miller et al. [32].
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Figure 2. Proposed mechanisms of the anti-aging effects of the bioactive compounds isolated from
edible medicinal plants.

A recent study conducted by Mao et al. [33] demonstrated that the lifespan of aged
female mice was extended by 9% through the targeting of the IGF-1 receptor using a
monoclonal antibody. This intervention not only reduced inflammation but also inhibited
tumor formation. However, the effectiveness of interventions targeting IGF-1 to promote
longevity in humans has yet to be determined. mTOR, a kinase responsible for regulating
cell growth, metabolism, and nutrient recognition, is suppressed in conditions of amino
acid or glucose deficiency, such as during fasting, calorie restriction, and prolonged exercise.
This suppression of mTOR halts cell growth in order to maintain existing nutrient and
energy levels [34]. On the other hand, autophagy plays a vital role in sustaining nutrient
and energy levels by eliminating damaged molecules and organelles, thereby rejuvenating
cells and tissues [35,36]. The involvement of mTOR and autophagy in the aging process
is supported by various observations. The inhibition of mTOR is mediated by AMPK,
as depicted in Figure 2. The activation of AMPK not only enhances ATP production by
promoting lipid oxidation but also inhibits ATP-consuming pathways involved in liver
gluconeogenesis, such as the biosynthesis of new molecules. Furthermore, AMPK activation
stimulates the expression of genes associated with lipid oxidation and mitochondrial
biogenesis through the activation of PGC-1α [37]. In a study conducted on mice fed on a
high-calorie diet, resveratrol was found to extend lifespan by increasing AMPK activity.
This increase in AMPK activity subsequently led to an elevation in PGC-1α activity and the
generation of new mitochondria [30]. Other natural compounds, such as epigallocatechin
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gallate (EGCG) found in green tea and curcumin extracted from turmeric, have also been
shown to activate AMPK [38,39].

There are natural compounds, including fisetin and quercetin that have demonstrated
the ability to inhibit mTOR and potentially induce autophagy [40–42]. The inhibition of
mTOR is widely recognized as an effective mechanism for extending lifespan, making these
natural compounds and their derivatives promising candidates for the development of
anti-aging nutraceuticals.

Sirtuins, on the other hand, play a critical role in regulating various cellular metabolic
pathways, thereby influencing lifespan and aging. One notable sirtuin is sirtuin-1, which
functions by deacetylating and activating PGC-1α. This activation leads to an increase in
fatty acid oxidation and mitochondrial biogenesis, both of which are crucial for cellular
function [43]. Additionally, sirtuin-1 also deacetylates FOXO proteins, resulting in their
activation (Figure 2).

This activation, in turn, stimulates the transcription of proteins that enhance stress resis-
tance and ultimately contribute to a longer lifespan [44]. Furthermore, specific polyphenolic
compounds found in edible medicinal plants, such as fisetin, quercetin, and resveratrol,
have been shown to activate sirtuin-1 (Figure 2). These compounds have the potential to
modulate sirtuin activity and potentially influence lifespan and aging [45].

Moreover, it has been suggested that the process of aging is primarily attributed to a
persistent imbalance between reactive oxygen species (ROS) and antioxidants, commonly
referred to as oxidative stress. This imbalance ultimately leads to cellular senescence,
functional alterations, and the onset of various diseases, such as cardiovascular disease,
diabetes, and cancer [16,46]. Polyphenols possess the ability to act as exogenous antioxi-
dants, effectively mitigating the harmful impacts of reactive oxygen species (ROS) through
various mechanisms. One such mechanism involves the direct elimination of ROS owing
to the presence of phenolic hydroxyl groups on the polyphenol molecules. In addition,
polyphenols can augment cellular antioxidant activity by modulating the NF-kB- and
Nrf2-mediated pathways (Figure 2). Several polyphenols, including EGCG, luteolin, and
curcumin, have been identified as potent inhibitors of ROS [16].

4. Bioactive Compounds
4.1. Chlorogenic Acid

Chlorogenic acid (CGA) is a polyphenol found in vegetables, coffee, fruits, and tea and
has been associated with some of the beneficial effects found in the consumption of these
substances [47–49]. In most cases, these beneficial properties are associated with aging,
such as the improvement in cognitive function and protection from neurodegenerative
conditions such as Parkinson and Alzheimer’s disease [50,51]. According to the research
carried out by Zheng et al. [52], investigating the direct impact of CGA on the aging process,
the potential of the bioactive compounds to extend the lifespan of the organism Caenorhab-
ditis elegans was examined. The nematode was chosen as an excellent model for this
observation due to its amenability to genetic manipulation and suitability to testing for the
ability of a compound to prolong lifespan. By treating the wild-type worms with different
concentrations of CGA (0–2000 µM) through a lifespan assay, a concentration of 50 µM was
observed as extending the adult mean lifespan of the worms by 20.1%. In addition, aging
has been established as a contributing factor to the decrease in body movement observed
in nematodes [53]. However, treating the worms with CGA caused a significant delay in
the decline of body movement [52]. Further investigation into the molecular mechanism
responsible for the role of CGA in lifespan extension and delaying age-dependent decline in
body movement revealed that CGA modulates the insulin/insulin-like signaling pathway
through the DAF-16 transcription factor.

In a similar experiment, Siswanto et al. [54] demonstrated that the treatment of Hep3B
and HeLa cell lines with a concentration of 20 and 40 µM of CGA led to a significant
increase in the lifespan of Caenorhabditis elegans. However, lower doses of about 4–10 µM
did not achieve the same result. In their research, the increase in lifespan was associated
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with the induction of SKN-1. In previous studies, SKN-1 and DAF-16 have been found to
protect the organism from stress and also promote longevity [55]. In yeast, CGA obtained
from almond skin extract was found to improve the lifespan of the organism [56]. Using a
CGA concentration of 25 µM, the chronological lifespan of the yeast cells was improved by
0.08 days.

Through the administration of 20 or 40 mg/kg of CGA to mice that were 17 months old
for a period of two weeks, Hada et al. [57] examined the effect of the bioactive compound in
terms of regulating vascular changes in the cell. By using saline and angiotensin as negative
and positive controls, respectively, the research examined the in vivo effect of CGA on
vascular senescence. Using the SA-β-gal assay, the aorta of the mice was examined for the
phenotype of senescence in the presence and absence of CGA. The result of the experiment
showed that angiotensin- and H2O2-induced senescence was suppressed in mice treated
with CGA in a dose-dependent manner [57]. The suitable concentration was observed to be
between 0.5 µM and 1.0 µM because, at a concentration of about 5.0 µM, CGA was found
to be toxic, leading to cell damage and reduced cell proliferation. In addition, through
an in vitro analysis, increased expression levels of SIRT1 and eNOS, which are known to
be senescence-related markers, were found in Human Umbilical Vein Endothelial Cells
(HUVECs) incubated with CGA [57].

Based on the relationship between aging and certain health conditions such as demen-
tia, Kato et al. [58] examined the capacity of CGA to improve cognitive function. In their
experiment, 28 elderly individuals who lived in communities were placed on a 6-month
intake of beverage which contained 330 mg of CGA dissolved in 100 mL of water. Through
a cognitive assessment and an examination of central nervous system vital signs after the
period of nutritional intervention, the result showed a significant improvement in cognitive
function. Specific factors such as verbal memory, attention, cognitive flexibility, motor
speed, and executive function were shown to have improved significantly. To ascertain
these effects in the short term, Suzukamo et al. [59] examined the cognitive response of
individuals who were placed on an active beverage containing 270 mg of CGA for two
weeks. A comparison of baseline to end-point values showed that CNS vital signs, such as
psychomotor speed and motor speed, improved drastically in an individual that had the
CGA beverage. Similarly, Saitou et al. [60] affirmed the potential of CGA to delay cognitive
decline and improve cognitive functions in individuals who complained of subjective
memory loss.

In UV-induced fibroblast cells, the anti-aging properties of CGA were observed by
treating the cells with CGA for four days [61]. Previous studies have shown a direct
relationship between exposure to UV rays and an increase in ROS level in cells resulting in
apoptosis [62]. Therefore, the detection assay test kit was used to measure ROS levels in the
cells before and after treatment with CGA. In addition, the expression of the COL-3 gene,
which is known to be abundant in younger individuals was measured, using a real-time
quantitative reverse transcription polymerase chain reaction. In the result obtained, ROS
levels in the cells decreased and COL-3 gene expression increased when the models were
compared with untreated cells [63]. In a similar experiment using human fibroblasts and
keratinocytes exposed to ultraviolet rays, [64] examined the anti-aging effect of CGA. In
their experiment, CGA was obtained from a Cecropia obtuse extract and was identified
through LC-MS as the major compound in the plant extract. Therefore, using a highest
concentration of 20 µg/mL and a lowest concentration of 5 µg/mL, CGA prevented an
increase in protein carbonyl content in the cell, which can lead to oxidative damage [65].
Also, treatment of the cells with CGA led to an increase in HA and collagen content and a
decrease in MMP-1.

CGA was also recognized as a major compound in the plant Aster koraiensis and its
effect on retinal pathogenic neovascularization was examined [66]. In individuals above the
age of 65, retinal pathogenic neovascularization has been associated with irreversible vision
loss [67]. Therefore, using a mouse model with oxygen-induced retinopathy, Kim et al. [66]
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observed a significant reduction in retinal vascular changes upon treatment with 25 and 50
mg/kg/day of CGA.

4.2. Quercetin

Quercetin, which is chemically known as 3,5,7,3′,4′-pentahydroxyflavone, is a dietary
flavonoid and can be found in certain foods such as red wine, apples, and onions [68,69].
The pharmaceutical properties of quercetin have been attributed to its ability to scavenge
free radicals [70]. Quercetin exhibits various biological activities, such as anti-inflammatory,
anti-obesity, antioxidant, neuroprotection, antimicrobial, anticancer, and antiviral activ-
ity [71]. In addition, the neuroprotective effect of the compound has been observed due to
its capacity to protect neurons from the effect of toxic agents and injury, reduce oxidative
stress, and modulate certain mechanisms associated with cell death [70,72]. Yang et al. [73]
examined the anti-aging effect of quercetin using the organism Simocephalus vetulus. This
organism is known for its small size, short lifespan, and the presence of genes, which
could be relevant to determining aging in humans. Through proteomic analysis, the re-
search investigated the lifespan and proteins expressed in the organism upon treatment
with different concentrations of quercetin. At concentrations of 1 and 2.5 mg/L, a signifi-
cant increase in the average lifespan of S. vetuculus was recorded. Maximally, a lifespan
increase of about 22% was recorded in the group treated with 1 mg/L of quercetin. In
addition, the research established the ability of quercetin to increase lifespans, without
affecting other growth parameters such as reproduction and intrinsic growth rate. Using
human erythrocytes with induced aging, Remigante et al. [74] examined the protective role
quercetin could play in minimizing oxidative damage in cells. Having treated the cells
with 100 mM of D-Gal for 24 h, which is expected to accelerate aging, the cells were then
treated with 10 µM of quercetin for 1 h. Results from the experiment showed the capacity
of quercetin to protect the membrane lipids from oxidative damage, which could lead to
aging. Previous studies have shown that when erythrocytes age, they are highly suscep-
tible to oxidative damage due to their inability to neutralize reactive oxygen species [75].
Therefore, inducing the red blood cells to have D-galactose negatively impacted lipid
peroxidation and increased glycated hemoglobin levels. However, when the cells were
pretreated with quercetin, the examination of different markers associated with oxidation
and lipid peroxidation showed that the cells were protected from oxidative damage and
that lipid peroxidation was ameliorated. In the fruit Phyllanthus emblica, quercetin was
found to be an abundant flavonoid and this was attributed to the capacity of the fruit extract
to protect against aging in Caenorhabditis elegans [76]. The result of the experiment showed
that the lifespan of the worm was extended by about 18.53%. This has been associated with
signaling pathways such as SIRT1, which is known to regulate aging-related diseases [77].
By combining quercetin with resveratrol, [78] reported a reduction in aging biomarkers in
human kidney cell cultures in a dose-dependent manner, thereby affirming the anti-aging
potential of these compounds. Quercetin has also been identified as a senolytic compound
due to its ability to reduce the burden of senescent cells and also reduce the expression
of pro-inflammatory cytokines [79,80]. Using hydrogen peroxide to induce senescence in
pre-adipocytes and adipocyte cells, Zoico et al. [81] reported that the treatment of these cells
with quercetin led to a reduction in beta galactosidase activity through the downregulation
of miR-155-5p expression and upregulation of the SIRT-1 pathway. While investigating the
effect of quercetin on UV-mediated aging, Shin et al. [82] treated human skin tissues with
quercetin and irradiated the skin tissues with ultraviolet rays for 10 days. The results of
the experiment showed that quercetin suppressed expression of MMP-1, which is associ-
ated with wrinkle formation in the skin. Also, inflammatory responses in the skin tissues
were attenuated due to a reduction in COX-2 expression, thereby showing that quercetin
possesses anti-wrinkle and anti-inflammatory properties.
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4.3. Rutin

Rutin is also known as 3,3′,4′,5,7-pentahydroxyflavone-3-rhamnoglucoside and it is
found in fruits such as apples and in certain plants such as buckwheat, passion flower,
and tea. Rutin is a modified version of quercetin that is mostly abundant in fruits and
vegetables [83]. Li et al. [84] examined the effect of rutin on age-related metabolic disorders
using aged rats. By maintaining the rats on a standard diet and comparing them with
those who had 2% rutin incorporated into their diet, Li et al. [84] discovered that rutin
significantly inhibited increases in fasting blood glucose, insulin levels, and blood pressure.
Also, the IPGTT and IPITT tests that were carried out showed that rutin improved glucose
and insulin tolerance in the aged rats. Although the antioxidative and anti-inflammatory
properties of rutin were established in previous research [85–87], Choi et al. [88] discovered
that rutin could reduce skin aging. Using human dermal fibroblasts (HDFs), the experiment
showed that rutin was non-toxic to cells at concentrations of less than 100 µM, inhibited
cell damage, and protected the cells from hydrogen peroxide-induced oxidative damage
and senescence. In addition, through the regulation of enzymes in the extracellular matrix,
the treatment of HDF with rutin resulted in an increase in dermal density and elasticity,
which helped to reduce skin aging.

Due to cellular senescence being the central hallmark of aging, other studies have
also confirmed the ability of rutin to target senescent cells, thereby having the potential
to be a senotherapeutic agent. Through the screening of a library of natural medicinal
agents derived from plants, Liu et al. [89] observed that rutin could reduce the expression
of senescence-associated secretory phenotypes. In another study, Chattopadhay et al. [90]
observed that the ability of rutin to extend the lifespan of Drosophila melanogaster was due
to its capacity to mediate hormesis. By treating the fruitfly with different concentrations
of rutin of about 100–800 µM, the median lifespan of the fruitfly increased at specific
concentrations of 200 and 400 µM. Therefore, just like other hormetins, rutin could extend
the lifespan of the organism at lower concentrations without resulting in adverse effects. By
supplementing the drinking water administered to 8-month-old mice with 0.2 mg/mL of
sodium rutin, a 10% lifespan extension was observed in the models [91]. When compared to
caffeic acid, rutin was found to exhibit greater anti-aging effects due to its ability to scavenge
hydrogen peroxide and inhibit the activities of tyrosinase, elastase, and hyaluronidase. The
secretion of these enzymes has been greatly associated with the aging process.

4.4. Anthocyanins

Found in abundance in the flesh, skin, and roots of grains and colored fruits and veg-
etables such as berries and potatoes, anthocyanins are water-soluble plant pigments known
for their beneficial effects on health [92,93]. In addition, research has shown that the con-
sumption of foods rich in anthocyanins may lower the risk of certain chronic illnesses [92].
Due to their known antioxidative potential, the capacity of anthocyanins to delay aging or
the progression of age-related diseases has therefore been explored [94,95]. For instance,
purple sweet potato extracts, known to contain a high quantity of anthocyanins, have
been investigated for their life-prolonging potential in Drosophila melanogaster [96]. In their
research, NAME examined the effect of purified purple sweet potato extract on female
wild-type D. melanogaster. While the treatment groups were fed with different concentra-
tions of the extract (0.5, 2.0. 5.0. 8.0 and 10 mg/mL), the control group was fed with a
basal diet. The lifespan assay that was carried out to the determine maximum lifespan
showed that the lifespan of the organism significantly increased from being fed the diet in
a concentration-dependent manner. Lifespans of about 2.84%, 10.78%, 16.34%, 18.57%, and
20.46% were recorded when compared to the control. In addition, the extract was non-toxic
and no lethal effect was observed in the organism. Aside from the prolonged lifespan, other
physical activities such as crawling ability, stress tolerance and intestinal activity were
improved in the purple sweet potato extract treatment group when compared to the control
group. These beneficial physiological functions of the plant extract have been attributed to
the antioxidative effect of anthocyanins, expressed through the activation of the autophagy
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pathway [97]. Similarly, using concentrations of 0.5 and 2.0 mg/mL of anthocyanin extract
from purple sweet potato extracts, Han et al. [98] also reported a similar finding for male
Drosophila melanogaster.

Wang et al. [99] examined the effect of cranberry anthocyanin extract on age-related
genes in fruit flies. By feeding the fruit flies for 81 days with a diet containing either
5 mg/mL or 20 mg/mL of cranberry anthocyanin extract, the maximum lifespan of the
flies was examined against a control group. On average, the lifespan of the fruit flies fed
with the cranberry anthocyanin extract was found to increase in a concentration-dependent
manner with the 20 mg/mL group, resulting in a 10% increase in lifespan when compared
to the control. By quantifying the expression of SOD, MTH, InR, TOR, Hep, and PEPCK
genes in the treatment and control group, the real-time PCR experiment showed that
this could be attributed to the upregulation of the SOD gene and downregulation of the
MTH, InR, TOR, Hep, and PEPCK genes. These findings were found to be consistent
with other studies where the upregulation of SOD gene was associated with longevity
and where the downregulation of MTH, InR, TOR, Hep and PEPCK was associated with
lifespan extension, the delayed onset of age-related diseases, and the management of type
2 diabetes [100–102]. Yan et al. [103] discovered that the mulberry anthocyanin extract had
the potential to prevent oxidative damage and increase the lifespan of Caenorhabditis elegans.
The MTT assay carried out using Hep 2 cells, revealing that the extract was non-toxic and
exhibited antioxidative properties through the activation of Nrf2 signalling pathway. This
also corresponds to the findings of Li et al. [104], where anthocyanins prepared from the
Dendrobium officinale flower were found to increase the lifespan of Caenorhabditis elegans.
This was attributed to the upregulation of the SOD gene, which resulted in a 56.25% increase
in lifespan of the organism, and was also associated with other factors such as improved
resistance to stress.

Liu et al. [105] investigated the effect of blueberry anthocyanin on epithelium cells
relating to retinal pigment. These are known for their susceptibility to injury as aging occurs.
Using in vitro models with light-induced retinal damage, the blueberry anthocyanin extract
was found to be non-toxic. At concentrations of 1 or 10 µg/mL, the blueberry anthocyanin
extracts were found to decrease the percentage of senescent cells in the retinal pigment,
and they also reduced intracellular ROS levels.

4.5. Resveratrol

Resveratrol is a widely recognized polyphenolic compound found in different plant
sources like grape, peanut, and berry fruits [106]. It has gained considerable attention due
to its various health benefits, including its potential as an anti-obesity agent, cardiopro-
tective and neuroprotective properties, antitumor activity, antidiabetic effects, antioxidant
properties, and anti-aging effects, as well as its role in glucose metabolism. Notably, this
compound has shown promising therapeutic properties in various diseases, such as cancer,
neurodegeneration, and atherosclerosis. These effects are mediated through the regu-
lation of multiple synergistic pathways that modulate oxidative stress, cell death, and
inflammation [106].

Using a mice model with age-related Alzheimer’s disease, Porquet et al. [107] exam-
ined the effect of resveratrol in terms of promoting longevity. The SAMP8 mice models used
were fed with a resveratrol diet and compared to models fed with a normal standard diet
for a period of 7 months. The results from the experiment showed that the models placed
on the resveratrol diet had an increased life expectancy of more than 33% when compared
to the control group. Previous research has also shown that, in mice that are about 9 months
old, cognitive impairment may set in, which can lead to age-related decline [108]. However,
Porquet et al. [107] observed that when mice models that were about 9 months old were fed
the resveratrol supplement, memory was not impaired. The molecular mechanism behind
this cognitive protection, as revealed by the Western blot analysis carried out, showed that
SIRT1 and AMPK levels were increased in the models, while p53 acetylation decreased.
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This aligned with previous reports examining the properties of SIRT1 in different animal
models and their capacity to protect against cognitive stress [109,110].

In similar research using silkworms, activation of the SIRT7 pathway, which was
induced at different stages of the life cycle, was said to be responsible for the potential of
resveratrol to extend lifespans [111]. Song et al. [111] examined the effect of resveratrol
on the silkworm Bombyx mori. By treating worms with 500 µM of the solution, a lifespan
assay was carried out to ascertain survival. In addition, other factors such as body weight,
fecundity, stress tolerance, and level of antioxidants were measured. Results from the
experiment showed that the mean and maximum lifespan of the worms treated with
resveratrol increased by 3.18% and 2.31%, respectively. Additionally, it was observed that
treatment with resveratrol had no side effects on the silkworms, offered protection from
environmental stress, and improved the antioxidative properties of the organism.

In the model organism Drosophila melanogaster, exposure to 7.5, 15, 30 and 60 mg/kg
concentrations of resveratrol for 7 days led to an increase in lifespan of about 18.6%, 20.9%,
39.5%, and 41.9%, respectively [112]. Further investigation to examine if resveratrol can im-
prove oxidative damage caused by 1-Methyl-4-Phenyl-1,2,3,6-Tetrahydropyridine (MPTP)
showed that it improves behavioral deficits in flies, such as climbing rates; reverses the ac-
cumulation of hydrogen peroxide; and reverses lesions formation due to oxidative damage.

In some age-related conditions, such as oculopathy, which can lead to visual impair-
ment and blindness, mitochondrial dysfunction has been recognized as a major contributing
factor [113,114]. Wang et al. [115] examined the effect of resveratrol on mitochondrial qual-
ity and function in aging zebra fish retina. By treating the 19–23-month-old zebra fish with
20 mg/L of resveratrol for 10 days, the researchers examined mitochondrial quality and
function. The research showed that upon the treatment of the aged zebra fish retina with
resveratrol, mitochondrial integrity could be likened to that of a 5-day-old retina. Also, the
fusion and fission that took place in the mitochondria were found to improve in the aging
zebra fish retina due to resveratrol treatment.

Through genetic modification, a type of rice known as the resveratrol rice has been
developed by modifying rice with stilbene synthase, which is known as the resveratrol
biosynthase gene [116]. Islam et al. [117] examined the anti-aging effect of resveratrol
rice by feeding grains to Drosophila melanogaster. By supplementing the standard corn
meal with resveratrol, the lifespan assay carried out revealed that flies whose meals were
supplemented with resveratrol had a significantly extended median lifespan in both males
and females. Also, locomotive deterioration, which we expected to be evident in aged flies,
was ameliorated in the flies that fed on the resveratrol supplemented grains. In addition,
other features such as a healthy body weight, the inhibition of eye degeneration, and the
amelioration of neurodegeneration were observed in D. melanogaster, thereby affirming the
potential of resveratrol as an anti-aging compound.

In a similar experiment, Khan et al. [118] examined the effect of a callus culture of
resveratrol rice on the lifespan of Drosophila melanogaster. In their research, the callus culture
was established as containing 180 times more resveratrol than the rice itself. Therefore,
by maintaining the matured flies in the callus media, a lifespan assay was carried out to
examine survivability. The results of the experiment showed that all the fly strains main-
tained in the callus media had an extended lifespan, with a highest increase of 50% when
compared to the control group. Also, as the age of the flies progressed, the deterioration of
locomotion was ameliorated in the treatment group.

4.6. Epigallocatechin Gallate

Epigallocatechin gallate, also known as tea catechin due to its primary sources, has been
identified for its pharmacological activities and beneficial roles in human health [119,120].
This has been mostly associated with its antioxidative functions and its potential to protect
cells against stress-related diseases. As a result, several studies have been carried out to de-
termine the effect of epigallocatechin gallate on aging. Cai et al. [121] examined the in vitro
effect of epigallocatechin gallate on the formation of lipofuscin, a pigment known for its
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role in aging. Using human serum albumin, a concentration of 6 mg/kg of epigallocatechin
gallate was compared to a control group where only distilled water was administered.
Histological studies carried out in the brain region showed that epigallocatechin gallate
had neuroprotective potential, preventing the deposition of lipofuscin.

In preadipocytes, the potential of EGCG to inhibit or eliminate senescence has also
been examined [122]. By adopting the use of 3T3-L1 preadipocytes cells with hydrogen
peroxide-induced senescence, the effect of 50 and 100 µM of EGCG was assessed. The
results from the experiment showed that at both concentrations, EGCG inhibited the devel-
opment of hydrogen peroxide-induced senescent cells and downregulated the expression
of cell-cycle inhibitors. Further research on the underlying mechanism responsible for
this result revealed that this inhibition was primarily due to the potential of EGCG to
modulate the pro- and anti-apoptotic pathways. This result was similar to the findings of
Lilja et al. [123], where the potential of EGCG to delay senescence and other senescence-
induced inflammatory processes in 3T3-L1 preadipocytes was compared to that of other
compounds. The outcome also showed that at concentrations of 50 and 100 µM, EGCG
effectively reduced the secretion of proinflammatory cytokines, thereby affirming its antiox-
idative and anti-inflammatory potential, which is important in the treatment of metabolic
disorders.

Using the model organism Drosophila melanogaster, the potential of EGCG to increase
the lifespan of the organism was also discovered [124]. By placing the fruit flies on a diet
supplemented with EGCG, a lifespan experiment was carried out and the results were
compared with those of another group fed a control diet but with all other parameters
being equal. The results of the research showed that there was a significant increase in
the lifespan and survival rate of flies whose diet contained an EGCG concentration of
10 mg/mL. In addition, the climbing assay revealed a higher fitness level when compared
to the control.

In healthy and obese rats, the potential of EGCG to extend lifespan has also been
examined [125,126]. In these experiments, the incorporation of EGCG into the diets of
the rat delayed death and also improved other parameters associated with aging, such as
serum glucose levels, inflammation, and oxidative stress. The ethanolic extracts of the plant
Sclerocarya birrea have also been found to contain EGCG, whose anti-aging potential has
been discovered at concentration of about 5 µg/mL using an anti-collagenase assay [127].
Therefore, the plant extract has been recommended for its suitability to be incorporated as
an anti-aging ingredient. When combined with hyaluronic acid, EGCG exhibited improved
anti-aging potential and protection against skin damage due to UV exposure [128].

4.7. Caffeic Acid/Dihydrocaffeic Acid

Caffeic acid is a phenol and is also known as 3,4-hydroxycinnamic acid. Several in silico
studies have confirmed its antioxidative potential [129–131]. Found in high concentrations
in several plants and food derived from plants such as coffee, olive oil, and wine, caffeic
acid is confirmed to be a naturally occurring flavonoid [132].

Girsang et al. [133] examined the anti-aging potential of caffeic acid in an in vitro
study using several inhibitory assays such as collagenase, elastase, hyalurodinase, and
tyrosinase. Results from the assays revealed that the inhibitory potential of caffeic acid was
concentration-dependent, as a higher concentration of the compound resulted in greater
inhibition of these compounds which have been associated with skin aging. This was
attributed to the potential of caffeic acid to attach to proteins associated with aging [134]. In
Drosophila, caffeic acid was discovered to protect against intestinal stem cell aging [135]. By
examining the adult stem cells of the Drosophila midgut, Sheng et al. [135] observed that,
at an optimal concentration of 0.2 mg/mL, supplementation with caffeic acid delayed the
onset of intestinal stem cells and progenitor cells. Also, at the same optimal concentration,
caffeic acid prevented an age-related decline in intestinal function in aged Drosophila
by regulating the acid–base homeostasis, strengthening intestinal barrier integrity, and
increasing the lifespan of the organism.
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By synthesizing caffeic acid with a bioactive peptide (APPPKK), Lee et al. [136] exam-
ined the effect of the conjugate on skin aging. The caffeic acid and peptide conjugate were
found to be biocompatible as the cell viability essay revealed the 90% viability of fibroblast
cells, even at a concentration of 100 µM. Using a DPPH antioxidant assay, the research
revealed that the caffeic acid and peptide conjugate exhibited anti-aging effects by reducing
stress in the cells. In addition, different concentrations of the conjugate ranging from
1 to 100 µM did not result in ROS generation when compared to the control and reduced
hydrogen peroxide-induced oxidative stress in the cells.

Also, using young and old fibroblast cells, Okada and Okada [137] studied the effect
of quercetin, resveratrol, and caffeic acid on the expression of different aging-related genes.
By adopting quantitative real-time PCR analysis, the research reported that these three
compounds regulated the aging process in the cells through different mechanisms. Using a
multifunctional microfluidic device, Zhang et al. [106] examined the anti-aging potential of
caffeic acid phenethylester in Caenorhabditis elegans. Different concentrations of caffeic acid
phenethylester were used, such as 20, 50, 100, and 120 µM. At a concentration of 100 µM,
the mean lifespan of the worms was increased by 15.8% and the resistance of the worms to
heat stress was enhanced at concentrations of 20, 50, and 100 µM. In addition, the survival
rate of the worms was found to be highest at 54.3% when a concentration of 50 µM was
used. In a similar study, Gutierrez-Zetina et al. [138] reported that 200 µM of caffeic acid
increased the survival rate of Caenorhabditis elegans undergoing thermal stress. In addition,
the maximum lifespan of the worms was also found to increase, and this was attributed to
a reduction in intracellular reactive oxygen species and the activation of genes associated
with longevity.

4.8. Lycopene

Lycopene is a carotenoid pigment that is found in abundance in red fruits and veg-
etables such as tomato, pawpaw, grapefruit, and watermelon [139,140]. It is a com-
pound known for its various bioactivities and its potential as an effective antioxidant
has been extensively explored [141,142]. According to this research, inflammation and
oxidative stress due to aging are associated with the development of neurodegenera-
tive conditions [143,144]. Therefore, the potential of lycopene to offer protection against
conditions such as cancer, diabetes, and inflammatory diseases has been explored [145].
Zhao et al. [146] examined the effect of lycopene, a carotenoid pigment, on cognitive im-
pairment in mice and the associated mechanisms. In their research, behavioral tests,
biochemical analysis, and quantitative real-time PCR were carried out to determine the
effect of lycopene on aged mice whose diet had been supplemented with lycopene for
2 months. The results from their experiment showed that, in the lycopene-supplemented
group, aging-induced spatial working memory was attenuated when compared to the
control. Also, other factors were improved, such as age-induced neuronal degeneration,
MDA, and BDNF expression, which is associated with learning and memory. In addition,
lycopene was discovered to reduce the accumulation of the amyloid beta peptide, which
is known for its role in the development of major neurodegenerative conditions such as
Alzheimer. This aligns with previous studies which have identified that the antioxidative
potential of lycopene could find application in the management of neurodegenerative
conditions [147–149].

In a similar study, 100 ng/mL of lycopene was found to reduce oxidative stress, thereby
ameliorating ovarian aging in aged chicken [21]. The research reported that in chickens
who aged naturally and those in whom aging was induced with D-gal, the administration
of 100 ng/mL of lycopene for 72 h resulted in the attenuation of oxidative stress and this
was confirmed via the activation of the Nrf2/HO-1 pathway. This result aligns with the
findings of Rakha et al. [150], where the administration of 200 nm of lycopene to oocytes
resulted in less degeneration, thereby minimizing postovulatory aging, which is known to
be as a result of oxidative stress.
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Considering other compounds that contain lycopene, Blakeslea trispora powder has
been found to contain about 1.9% of lycopene and has been associated with anti-aging
effects in mice [151]. By administering different concentrations of the powder (0, 267, 534,
1068 mg/kg) for 30 days, Hu et al. [152] observed that antioxidant activities were improved
in mice and this was confirmed through biochemical assessments, which revealed the
major pathways affected. By combining lycopene with nicotinamide mononucleotide, a
compound known for its role in activating anti-aging pathways, Liu et al. [153] examined
how the synergistic potential of both compounds can be beneficial to the aging process.
Using male rats which were between 6 and 8 weeks old, the research investigated the effect
of nicotinamide mononucleotide and lycopene, both individually and when combined, on
the learning and memory of the aging models. At optimal concentrations of 100 mg/kg of
nicotinamide mononucleotide and 50 mg/kg of lycopene, the oxidation-associated markers
were greatly reduced in the cells, thereby preventing oxidative damage and improved
cognitive functioning in the aged models. In addition, the combination of both compounds
regulated senescence-related genes in the aging models.

4.9. Lutein

Based on the assessment of human diet, lutein has been found to be the most prevalent
carotenoid and can be found in foods such as green vegetables, fruits, and egg yolk [154,155].
It is a bioactive compound known for its biological properties such as its antioxidative
potential and its capacity to prevent age-related macular degeneration, cardiovascular
diseases, and lung cancer [156]. With respect to its anti-aging potential, Zhang et al. [157]
investigated the potential effects of lutein on the lifespan of Drosophila melanogaster. From
their research, 0.1 mg/mL of lutein increased the mean lifespan of the organism by 11.35%
(from 49.0 to 54.6 days). Also, the survival time of the flies and the maximum lifespan were
significantly increased. An assessment of the underlying mechanism revealed that the flies
that were fed the lutein-supplemented diet had a decrease in malonyldialdehyde levels,
and the PCR experiment revealed the upregulation of antioxidant enzymes.

In a randomized, double-blind trial, the photoprotective potential of lutein was inves-
tigated by assessing the minimal erythema dose [158]. In their research, NAME assessed
the effect of the dietary lutein supplementation of 20 mg per day for 12 weeks on thirty
women. The results revealed a 22% increase in photoprotective activity, marked by a signif-
icant increase in MED in the test group. In ARPE-19 cells exposed to high concentrations
of glucose to induce senescence, the administration of 1 µg/mL of lutein was found to
significantly reduce the activity of SA-b-gal, which is known as a biomarker of cellular
senescence [159]. Similarly, a study using the same type of cells [160] reported that at con-
centrations of 1 to 20 µM, cells treated with lutein exhibited a decrease in SA-b-gal activity
in a concentration-dependent manner. Consequently, other parameters such as a decrease
in the lysosome content of the cells, the restoration of cell cycling, and the regulation of
anti-senescence-related proteins confirmed the role of lutein in preventing aging.

4.10. β-Sitosterol

β-sitosterol is a compound with a chemical structure similar to cholesterol; it is a
phytosterol found in various parts of plants such as the fruit, leaves, and rhizomes [161].
Generally, in rats and mice, β-sitosterol is known to be non-toxic, even at concentrations
as high as 1000 mg/kg. The compound has been identified for its antioxidative, antidi-
abetic, and anti-inflammatory properties [119,162,163]. To determine its role in aging,
Hah et al. [164] examined the effect of β-sitosterol in the catabolism pathway that occurs
as a result of age-related muscle loss. Using male mice, the researchers investigated the
muscle mass and strength of the models, which is expected to decline with age and may
eventually result in loss of independence. By examining grip strength and conducting
a treadmill analysis and histological evaluation of muscle tissue, the results from the
experiment confirmed that β-sitosterol protected the mice from muscle loss, which was
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induced by dexamethasone. In addition, grip strength was restored in the group treated
with β-sitosterol.

The presence of β-sitosterol has been identified in a traditional Chinese medicine
known as Thamnolia vermicularis [165]. Haiyuan et al. [166] analyzed the protective effect of
both β-sitosterol and vermicularin, which are both by-products of Thamnolia vermicularis, on
skin aging. By coculturing these compounds with human skin fibroblasts and keratinocytes,
their biological effects on skin drying and wrinkling were analyzed. The findings from the
research showed that β-sitosterol increased the expression of hyaluronic acid synthases,
which is essential in the production of hyaluronic acid, known for its role in skin moisture
retention. Also, it contributed to the expression of functional proteins in the skin, which
could contribute positively to skin aging.

4.11. Curcumin

Curcumin, also known as 1,7-bis (4-hydroxy-3-methoxyphenyl)-hepta-1,6-diene-3,5-
dione, is a bioactive compound extracted from Curcuma longa, which is more commonly
known as turmeric. Curcumin has been identified for its various biological and phar-
macological properties [167]. The antioxidative, anti-inflammatory, and neuroprotective
functions of curcumin have been found to slow the aging process [168,169]. As a result,
several studies have examined its specific role in alleviating aging symptoms, extending
lifespan, and delaying the onset of age-related diseases. Lee et al. [170] reported that
curcumin had the potential to extend the adult lifespan and modulate the expression of
age-related genes in Drosophila melanogaster. Using two different strains of the organism,
employing 100 µM and 250 µM of curcumin led to 16% and 19% increases in lifespan,
respectively. Also, the lifespan extension effect of curcumin was reported to be dependent
on sex and genetic background. However, certain age-related genes, such as mth, thor,
INR, and INK, were also found to be modulated by curcumin supplementation. Even in
the larval stage of organisms, Soh et al. [171] reported that the supplementation of larval
feed with curcumin could extend the minimum and maximum lifespan of the adult fly.
By acting as a diet restriction nutraceutical, larval feeding with curcumin was found to
increase development time, but also significantly delay the onset of senescence.

Liao et al. [172] examined the effect of curcumin on lifespan extension in Caenorhabditis
elegans. Using 20 µM of curcumin, the result from the experiment revealed that curcumin
supplementation can extend the maximum adult lifespan of the organism by 17 days
and delay the process of aging. This was attributed to the antioxidative potential of the
compound through its reduction of intracellular reactive oxygen species. Sun et al. [173]
examined the effect of curcumin on hydrogen peroxide-induced senescence in Human
Umbilical Vein Endothelial Cells. The results of the experiment showed that pretreatment of
the cells with 25 µM curcumin significantly reduced hydrogen peroxide-induced apoptosis
in the cells and protected the cells against cell growth arrest. However, at low concentrations
from about 0.1 to 1 µM, Grabowska et al. [174] reported the inability of curcumin to delay
senescence in the cells.

For six months, Shailaja et al. [175] examined the effect of curcumin on the inflam-
matory indices of aging in albino Wistar rats. Using curcumin concentrations of 100, 200,
and 400 mg/kg, the findings from the experiment showed that antioxidant capacity was
maintained, thereby resulting in a significant reduction in anti-aging inflammatory markers.
Using Saccharomyces cerevisiae as the experimental model, Stepien et al. [176] examined the
effect of curcumin on cell aging. Going by the strain used (BY4741), 200 µM of curcumin
had a positive effect on minimum and maximum lifespans. Additionally, the reproductive
lifespan of the yeast strain was extended.

4.12. Luteolin

Luteolin, known chemically as 3′,4′,5,7-tetrahydroxy flavone, can be found in different
vegetables and fruits such as carrots, blackberries, grapes, blueberries, cabbage, peppers,
broccoli, etc. [177]. This bioactive compound is known for its neuroprotective, antioxidative,
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anti-inflammatory, and anticancer activities [177,178]. Xing et al. [179] investigated the
effect of Luteolin on embryo development using fresh and aged mouse oocytes. The
researchers sought to determine the potential of luteolin to delay postovulatory oocyte
aging, which is a major disadvantage in artificially assisted reproduction [180]. Using
an optimal concentration of 5µM of luteolin, the result from the experiment showed that
luteolin, just like some other bioactive compounds like quercetin and resveratrol, could
protect the oocyte from post-ovulatory aging. This was attributed to the activation of
the SIRT1 gene, which is known for its role in lifespan extension and anti-aging [181].
Xie et al. [182] investigated the protective role of luteolin in preventing the degeneration of
the intervertebral disc. This condition is known to result in lower back pain and is primarily
caused by cellular senescence or apoptosis. By adopting the use of immortalized nucleus
pulposus cells, the treatment of the cells with luteolin at a range of 1–4 µM revealed that
viability was concentration-dependent. The senescent activity of luteolin was observed in
its potential to regulate the SIRT6 gene. In another study by Zhu et al. [183], the potential
of luteolin to attenuate senescence was also confirmed in hydrogen peroxide-induced
oxidative cells.

4.13. Fisetin

Fisetin is a naturally occurring flavonoid found in fruits and vegetables, such as apples,
grapes, onions, and cucumbers [184]. It has been recognized for its anticancer activities and
its ability to prevent old-age-related conditions [185,186]. To examine the effect of fisetin
on the neurodegenerative decline associated with Alzheimer’s disease, Currais et al. [187]
investigated the role of the compound in SAMP8 models of aging. Feeding the models
with approximately 25 mg/kg/day of fisetin for a period of 7 months, certain behavioral
changes and protein expression were analyzed between the fisetin-fed mice and the control
mice. The outcome of the experiment showed that fisetin had the potential to suppress
changes associated with aging, which contribute greatly to the development of age-related
disorders. Also, other observations, such as a decrease in brain inflammation and the
alteration of specific brain and plasma metabolites, were also recorded.

Yousefzadeh et al. [188] investigated a list of flavonoids using senescent murine and
fibroblast cells. These cells, which had undergone genotoxic and oxidative stress, were
treated with different concentrations of the flavonoids ranging from 1 to 15 µM. The
results from the experiment showed that at a concentration of 5 µM of fisetin was able
to reduce senescent cells and also suppressed senescent markers without hindering cell
proliferation. In vivo testing using a mice model also revealed that by supplementing mice
diets with 500 mg/kg of fisetin for four weeks intermittently, senescent-induced markers
were significantly reduced. In a similar experiment which investigated the role of fisetin
in reducing senescence, Mahoney et al. [189] examined this in vascular cells and arteries
so as to improve arterial function in old mice. An optimal concentration of 1 µM of fisetin
was observed to reduce SA-β gal activity, which is associated with senescent cells. Further
experimentation revealed that in human aortic endothelial cells, 1 µM of fisetin reduced
the viability of senescent cells. In a more translational model such as sheep, the treatment
of 6–7-year-old female sheep with 100 mg/kg of fisetin for 7 weeks led to a significant
reduction in senescent cells [190].

Through its antioxidative potential, a concentration of 10 µM of fisetin delayed pos-
tovulatory oocyte aging in MII oocytes [191]. This was confirmed to occur through its
elevation of SIRT1 expression levels. In a telomerase-deficient mouse model, the supple-
mentation of a diet with 500 mg/kg of fisetin for a period of 7 weeks was observed to
result in the reversal of premature aging signs [192]. This was observed through significant
upregulation of aging markers and reduced collagen fiber deposition. In Caenorhabditis
elegans, dietary supplementation with fisetin significantly improved the response of the
cells to stress and aging [193]. Worms treated with 0.1 g/L of fisetin had an increase in both
their mean and maximum lifespans. Furthermore, by examining the impact of fisetin on a
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Parkinson’s disease model, fisetin was found to inhibit the degeneration of dopaminergic
neurons, thereby establishing its potential in delaying the onset of age-related diseases.

4.14. Kaempferol

Kaempferol, a flavonoid scientifically referred to as (3,4′,5,7-tetrahydroxyflavone), is
abundantly found in various edible medicinal plants, such as broccoli, onion, tea, toma-
toes, and grapes. Several scientific studies have highlighted the remarkable properties of
Kaempferol, including its potent antioxidant, anticancer, anti-aging, and cardioprotective
activities [194–196]. In a study conducted by Min et al. [197], it was observed that aged
rats treated with 2 or 4 mg/kg/day of kaempferol for a period of 10 days experienced the
suppression of the NF-κB cascade. This suppression was achieved through the modulation
of nuclear factor-inducing kinase (NIK)/IκB kinase (IKK) and mitogen-activated protein
kinases (MAPKs).

4.15. β-Carotene

β-carotene, a provitamin A, is present in various fruits and vegetables. This provitamin
A activity is specific to carotenoids derived from plants, which are responsible for the
vibrant red, orange, and yellow hues observed in plants, fruits, and vegetables [198].
Notably, pumpkins, carrots, apricots, and mangos are rich sources of β-carotene [12].
Recent studies, conducted in vivo and in vitro, have shown that β-carotene possesses
impressive anti-aging properties [199]. Exposure to β-carotene has been found to reduce
the activity of SA-β-Gal, decrease the production of P21, P16, and P53, and lower the levels
of pro-inflammatory factors such as IL-1β, IL-6, and tumor necrosis factor-β (TNF-β) in
senescent mesenchymal stem cells (MSCs) induced by H2O2. These effects are accompanied
by a decrease in the phosphorylation levels of nuclear factor-kappaB (NF-B). It seems that β-
carotene exerts its anti-aging effects by regulating the lysine acetyltransferase 7 (KAT7)-P15
axis, which leads to a G1-phase cell-cycle arrest [199].

4.16. Diosgenin

Diosgenin, a steroid saponin present in various plant species, has been identified as
a promising bioactive biomolecule with a wide range of significant medicinal properties.
These properties include hypolipidemic and hypoglycemic effects, antioxidant and anti-
inflammatory activities, and antiproliferative properties [2,200,201]. In a recent study by
Song et al. [202], diosgenin was investigated for its anti-aging activity. This naturally
occurring steroidal sapogenin is primarily found in the roots of yam Dioscorea villosa and
the seeds of fenugreek Trigonella foenum-graecum. The researchers specifically examined
its effects on the male Nothobranchius guentheri, an aged fish model. The results were
remarkable, as diosgenin administration significantly extended both the average and
maximum lifespans of these aged male fish. Moreover, the study revealed that diosgenin
treatment led to a reduction in the accumulation of histological aging biomarkers, namely,
LF and SA-β-Gal. In addition, diosgenin administration resulted in decreased levels of
reactive oxygen species (ROS), protein oxidation, and lipid peroxidation in the aged fish.

4.17. Ellagic Acid

Ellagic acid, a dietary polyphenol abundant in fruits and vegetables, possesses various
beneficial properties, including antioxidant, antiproliferative, chemo-preventive, and anti-
atherogenic effects [203]. In a study conducted by Rahimi et al. [204], it was observed that
a low dosage of ellagic acid (30 mg/kg) only induced a reduction in the detrimental effects
of D-galactose-induced aging after a 10-week treatment period. However, a high dosage of
ellagic acid (100 mg/kg) proved to be effective in both 6 and 10 weeks of treatment in the
D-galactose-induced aging model. Another study by Rahimi et al. [205] demonstrated the
anti-aging effects of ellagic acid on SH-SY5Y cells following D-galactose-induced aging. The
researchers discovered that ellagic acid (0.01–10 µM) significantly enhanced cell prolifera-
tion and GSH levels, while reducing ROS, MDA, TNF-α, β−GAL, and AGEs levels in the
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presence of D-glactose-induced aging. Additionally, pre-incubation with ZnPP hindered
the protective activities of ellagic acid (0.1 and 1 µM) on cell proliferation, ROS, MDA,
GSH, and TNF-α levels during D-galactose-induced aging, except for the effects of EA
(10 µM), which remained unaltered. The study also emphasized the significant protection
provided by ellagic acid at a concentration of 10 µM in terms of cell proliferation and TNF-α
levels. Xian et al. [206] reported that ellagic acid ameliorated cognitive impairment and
hippocampal damage, elevated GABA and 5-HT levels, and suppressed inflammation and
oxidative stress in a D-galactose-induced aging rat model. Furthermore, Naghibi et al. [207]
discovered that ellagic acid treatment increased the levels of antioxidant enzymes and re-
duced malondialdehyde concentration. Moreover, ellagic acid administration upregulated
the mRNA and protein levels of SIRT1 and NRF2, and deacetylated NRF2 protein in aged
rats, suggesting that ellagic acid exerts protective effects on aged rats by activating SIRT1
and NRF2 signaling.

Table 1. Bioactive compounds with anti-aging effect.

Bioactive
Compound

Experimental
Models Condition Effective Dose Mechanism References

Chlorogenic acid Caenorhabditis elegans Aging 50 µM

Extension of adult mean
lifespan by 20.1% through
modulation of the
insulin/insulin-like signaling
pathway through the DAF-16
transcription factor.

[52]

Chlorogenic acid Hep3B and HeLa
cell lines Aging 20–40 µM Increase in lifespan through the

induction of SKN-1. [54]

Chlorogenic acid Yeast Aging 25 µM

Increase in chronological
lifespan through the activation
of antioxidative stress response,
activation of SOD2 and
SIR2 levels.

[56]

Chlorogenic acid Mice, HUVECs Vascular damage 40 mg/kg

Suppression of angiotensin-
and H2O2-induced senescence
in a dose-dependent manner
through increased expression of
Sirt1 and eNOS.

[57]

Chlorogenic acid 28 elderly individuals Dementia 330 mg

Significant improvement in
verbal memory, attention,
cognitive flexibility, motor
speed and executive function.

[58]

Chlorogenic acid 26 participants
between 50–65 years Dementia 270 mg

Improvement of CNS vital signs
such as psychomotor speed and
motor speed.

[59]

Chlorogenic acid 38 healthy
participants

Subjective
memory loss 300 mg Delayed cognitive decline and

improved cognitive function. [60]

Chlorogenic acid UV-induced
fibroblast cells

Increase in ROS
levels due to
UV exposure

25 µg/mL Increase in COL-3
gene expression. [61]

Chlorogenic acid Human fibroblast
and keratinocytes

Exposure to
ultraviolet rays 20 µg/mL

Increase in Hyaluronic acid and
collagen content and a decrease
in MMP-1.

[64]

Chlorogenic acid Mouse Retinal pathogenic
neovascularisation 25–50 mg/kg/day Significant reduction in retina

vascular changes. [66]

Quercetin Simocephalus vetulus Short lifespan 1 mg/L Increase in lifespan of 22%. [73]

Quercetin Human erythrocyte Aging 10 µM Protection of membrane lipids
from oxidative damage. [74]

Quercetin Caenorhabditis elegans Aging 0.15 mg/mL
Extension18.53% in lifespan by
the regulation of the SIRT1
signaling pathway.

[76]
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Table 1. Cont.

Bioactive
Compound

Experimental
Models Condition Effective Dose Mechanism References

Quercetin Pre-adipocytes and
adipocyte cells Aging 20 µM

Reduction in beta galactosidase
activity through the
downregulation of miR-155-5p
expression and upregulation of
the SIRT-1 pathway.

[81]

Quercetin Human skin tissues UV-mediated aging 20 µM

Suppressed expression of
MMP-1 and the attenuation of
inflammatory responses in the
skin tissues due to a reduction
in COX-2 expression

[82]

Rutin Rats Aging 2%

Significant inhibition of
increases in fasting blood
glucose, insulin levels, and
blood pressure.

[84]

Rutin Human dermal
fibroblast Skin aging 50 µM Increase in dermal density

and elasticity. [88]

Rutin Human prostrate
stromal cell line Senescence 100 µM

Reduce the expression of
senescence-associated
secretory phenotype.

[89]

Rutin Drosophila
melanogaster Aging 100 µM Extension of lifespan via

mediating hormesis. [90]

Rutin Aged mice Aging 0.2 mg/mL Lifespan extension of 10%. [91]

Anthocyanins Female Drosophila
melanogaster Aging 10 mg/mL

Prolonged lifespan through the
regulation of the
autophagy pathway.

[96]

Anthocyanins Male Drosophila
melanogaster Aging 2.0 mg/mL

Prolonged lifespan through the
regulation of the
autophagy pathway.

[98]

Anthocyanins Fruitflies Aging 20 mg/mL

Increase in lifespan of 10%
through the upregulation of
SOD gene and downregulation
of the MTH, InR, TOR, Hep and
PEPCK genes.

[99]

Anthocyanins Caenorhabditis elegans Aging 100 µg/mL
Prevent oxidative damage
through the activation of Nrf2
signaling pathway.

[103]

Anthocyanins Caenorhabditis elegans Aging 150 µL

Upregulation of the SOD gene
which resulted in a 56.25%
increase in lifespan of the
organism and was also
associated with other factors,
such as improved resistance
to stress.

[104]

Anthocyanins Retinal pigment
epithelial cells

Aging- and
light-induced
damage

10 µg/mL

Decrease in the percentage of
senescent cells in the retinal
pigment and also reduced
intracellular ROS levels.

[105]

Resveratrol SAMP8 mice model Aging 1 g/kg
Increased life expectancy
through an increase in SIRT1
and AMPK levels.

[107]

Resveratrol Bombyx mori Aging 500 µM Lifespan extension through the
activation of the SIRT7 pathway. [111]

Resveratrol Drosophila
melanogaster Aging 60 mg/kg

Increase in lifespan and
improvement of behavioral
deficit due to oxidative damage

[112]

Resveratrol Zebra fish retina Oculopathy 20 mg/mL Restoration of
mitochondrial integrity. [115]



Sci 2024, 6, 36 20 of 30

Table 1. Cont.

Bioactive
Compound

Experimental
Models Condition Effective Dose Mechanism References

Resveratrol Rice Drosophila
melanogaster Aging 31.54 µg/L Significant extension

median lifespan. [117]

Epigallocatechin
gallate

Human serum
albumin Aging 6 mg/kg

Neuroprotective potential by
preventing the deposition
of lipofuscin.

[121]

Epigallocatechin
gallate

3T3-L1 Preadipocyte
cells Senescence 100 µM

Induce senescence through
modulation of the pro- and
anti-apoptotic pathways.

[122]

Epigallocatechin
gallate

Drosophila
melanogaster Aging 10 mg/mL Significant increase in lifespan

and increased survival rate. [124]

Epigallocatechin
gallate

Human keratinocyte
cells Aging 20 µL

Improved anti-aging potential
and protection against
skin damage.

[128]

Caffeic acid Drosophila
melanogaster Aging 0.2 mg/mL

Increase in lifespan by delaying
the onset of intestinal stem cells
and progenitor cells.

[135]

Caffeic acid +
APPPKK Fibroblast cells Skin aging 100 µM Reducing stress in cells. [136]

Caffeic acid Caenorhabditis elegans Aging 100 µM Increase in mean lifespan.

Caffeic acid Caenorhabditis elegans Aging 200 µM Increase in maximum lifespan. [138]

Lycopene Mice Cognitive
impairment 50 mg/kg

Improvement in age-induced
neuronal degeneration and
MDA and BDNF expression.

[146]

Lycopene Aged chicken Ovarian aging 100 ng/mL
Reduce oxidative stress via the
activation of the
Nrf2/HO-1 pathway.

[21]

Lycopene Oocytes Post-ovulatory aging 200 nm Reduce oxidative stress. [150]

Blakeslea trispora
(1.9% Lycopene) Mice Aging 1068 mg/kg Improved antioxidant activities. [152]

Lutein Drosophila
melanogaster Aging 0.1 mg/mL

Increased maximum lifespan
via a decrease in
malonyldialdehyde levels and
the upregulation of
antioxidant enzymes.

[157]

Lutein Women Photoprotection 20 mg/day
Increase in photoprotective
activity marked by a significant
increase in MED.

[158]

Lutein ARPE-19 cells Senescence 1 µg/mL Significant reduction in
SA-b-gal activity. [159]

Lutein ARPE-19 cells Senescence 20 µM Decrease in SA-b-gal activity. [160]

B-sitosterol Male mice Age-related
muscle loss 200 mg/kg Protection from muscle loss and

the restoration of grip strength. [164]

B-sitosterol +
vermicularin

Human skin
fibroblasts and
keratinocytes

Skin aging 50 µM Increased expression of
hyaluronic acid synthases. [166]

Curcumin Drosophila
melanogaster Aging 250 µM

Extension of adult lifespan
through the modulation of
age-related genes such as mth,
thor, INR, and INK

[170]

Curcumin Larval feed Senescence 20 µM

Extend the minimum and
maximum lifespan of the adult
fly by increasing the
development time and delaying
the onset of senescence.

[171]
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Table 1. Cont.

Bioactive
Compound

Experimental
Models Condition Effective Dose Mechanism References

Curcumin Caenorhabditis elegans Aging 20 µM
Extend the maximum adult
lifespan by 17 days and delay
the process of aging.

[172]

Curcumin
Human Umbilical
Vein
Endothelial Cells

Senescence 25 µM
Reduction in hydrogen
peroxide-induced apoptosis in
the cells.

[173]

Curcumin Albino Wistar rats Aging 400 mg/kg
Significant reduction
in anti-aging
inflammatory markers.

[175]

Curcumin Saccharomyces
cerevisiae Aging 200 µM Extension of minimum and

maximum lifespan. [176]

Luteolin Mouse oocytes Postovulatory oocyte
aging 5 µM

Protection of oocytes from
post-ovulatory aging due to the
activation of the SIRT1 gene.

[179]

Luteolin
Immortalized
nucleus
pulposus cells

Cellular senescence 4 µM Regulation of the SIRT6 gene. [182]

Fisetin SAMP8 Neurodegenerative
decline 25 mg/kg

Suppression of changes
associated with aging through
the alteration of specific brain
and plasma metabolites.

[187]

Fisetin Murine and
fibroblast cells Senescence 5 µM Suppression of senescent cells. [188]

Fisetin Vascular cells Senescence 1 µM Reduction in SA-β gal activity. [189]

Fisetin Sheep Senescence 100 mg/kg Reduction in senescent cells. [190]

Fisetin MII oocytes Post-ovulatory
oocyte aging 10 µM Elevation of SIRT1 expression

levels. [191]

Fisetin Mouse Premature Aging 500 mg/kg
Significant upregulation of
aging markers and reduction in
collagen fiber deposition.

[192]

Fisetin Caenorhabditis elegans Aging 0.1 g/L Increase in both their mean and
maximum lifespan. [193]

Kaempferol Aged rats Aging 4 mg/kg

Suppression of the NF-κB
cascade through the modulation
of nuclear factor-inducing
kinase (NIK)/IκB kinase (IKK)
and mitogen-activated protein
kinases (MAPKs).

[197]

β-carotene Mesenchymal
stem cells Senescence 5 µM

Decrease the activity of
SA-β-Gal, reduce the
production of P21, P16, and P53,
and lower the levels of
pro-inflammatory factors like
IL-1β, IL-6, and tumor necrosis
factor-β (TNF-β).

[199]

Ellagic acid Mice Aging 100 mg/kg Reduction in ROS levels. [204]

Ellagic acid SH-SY-5Y Aging 10 µM

Significantly increase cell
proliferation and GSH levels,
while decreasing ROS, MDA,
TNF-α, β−GAL, and
AGEs levels.

[205]

Ellagic acid Rats Aging 100 mg/kg

Improved cognitive impairment
and hippocampal damage,
increased GABA and 5-HT
levels, and suppressed
inflammation and
oxidative stress.

[206]
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Table 1. Cont.

Bioactive
Compound

Experimental
Models Condition Effective Dose Mechanism References

Ellagic acid Rats Aging 30 mg/kg

Increased the levels of
antioxidant enzymes and
reduced malondialdehyde
concentrations.

[207]

5. Conclusions

The bioactive phytoconstituents in edible medicinal plants, including chlorogenic
acid, caffeic acid, quercetin, rutin, anthocyanins, resveratrol, β-carotene, lycopene, lutein,
diosgenin, β-sitosterol, epigallocatechin gallate, curcumin, ellagic acid, luteolin, fisetin, and
kaempferol, have been recognized for their potential to counteract the aging process and
extend lifespans in various model organisms. These natural compounds, obtained from
plant sources, have shown promising effects in combating age-related changes through
various mechanisms. These bioactive phytoconstituents have the ability to slow down the
aging process and improve overall health and longevity. The exploration of these natural
compounds found in edible medicinal plants could provide an inexhaustible source for
the development of anti-aging therapies and interventions. One limitation of this study
is the absence of a clearly defined mechanism of action for the utilization of bioactive
compounds as anti-aging agents. In addition, there is a scarcity of clinical trial studies
available to support this approach. However, it is imperative to prioritize additional
research efforts towards comprehending the underlying mechanisms of action of these
bioactive compounds. Furthermore, it is crucial to conduct thorough investigations into
the chronic and genotoxic effects of these compounds and optimize their usage for anti-
aging purposes. This optimization process should encompass quality control analysis, the
determination of safe doses, and rigorous clinical trials.
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