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A B S T R A C T

Cellular senescence is a hallmark of aging, it is a permanent state of cell cycle arrest induced by cellular stresses.
During the aging process, senescent cells (SCs) increasingly accumulate in tissues, causing a loss of tissue-repair
capacity because of cell cycle arrest in progenitor cells and produce proinflammatory and matrix-degrading
molecules which are known as the senescence-associated secretory phenotype (SASP), and thereby contribute to
the development of various age-related diseases. Genetic evidence has demonstrated that clearance of SCs can
delay aging and extend healthspan. Senolytics, small molecules that can selectively kill SCs, have been devel-
oped to treat various age-related diseases. In recent years, emerging natural compounds have been discovered to
be effective senolytic agents, such as quercetin, fisetin, piperlongumine and the curcumin analog. Some of the
compounds have been validated in animal models and have great potential to be pushed to clinical applications.
In this review, we will discuss cellular senescence and its potential as a target for treating age-related diseases,
and summarize the known natural compounds as senolytic agents and their applications.

1. Introduction

Aging is an irreversible process characterized by a progressive loss
of physiological integrity, causing impaired function and increased
vulnerability to death (López-Otín et al., 2013). It has been shown to be
the primary risk factor for major age-related diseases, such as cancer,
diabetes, cardiovascular disorders, and neurodegenerative diseases. The
hallmarks of aging, such as cellular senescence, genomic instability,
telomere attrition, epigenetic alterations, and mitochondrial dysfunc-
tion, have been described previously (López-Otín et al., 2013). Accu-
mulating evidence suggests that targeting some of the aging hallmarks,
for example, cellular senescence, can significantly improve human
health and extend healthspan (Childs et al., 2017; He and Sharpless,
2017; Kirkland and Tchkonia, 2017; Naylor et al., 2013; Niedernhofer
and Robbins, 2018).

Cellular senescence is a phenomenon where normal cells stop di-
viding. Senescent cells (SCs) accumulate in various tissues during the
aging process. On one hand, cellular senescence blocks the propagation
of damaged cells in order to maintain tissue homeostasis (Demaria

et al., 2014). On the other hand, it plays a causative role in irreparable,
deleterious cellular damage and loss of tissue homeostasis, which re-
lates to aging and aging-associated diseases (Campisi and d’Adda di
Fagagna, 2007). Accumulating evidence demonstrates that elimination
of SCs can reduce age-dependent deterioration in tissues and organs,
which is useful in improving the treatment of age-associated diseases
and alleviating the side effects of therapy-induced senescence (Baker
et al., 2011; Campisi and d’Adda di Fagagna, 2007; Childs et al., 2015;
He and Sharpless, 2017; Kirkland and Tchkonia, 2017; Naylor et al.,
2013; Niedernhofer and Robbins, 2018).

Small molecules that can selectively kill SCs, called senolytics, have
the potential to both prevent and treat age-related diseases, thereby
extending healthspan. Until now, several classes of senolytic agents,
including natural compounds such as quercetin (Geng et al., 2018;
Hwang et al., 2018; Zhu et al., 2015), fisetin (Yousefzadeh et al., 2018),
piperlongumine (Wang et al., 2016b; Zhang et al., 2018), and curcumin
analog EF24 (Li et al., 2019), and targeted therapeutics, which are
mainly senolytic target inhibitors, have been identified. Compared to
the targeted senolytics, natural senolytic compounds are less potent, but
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have low toxicity. They may also have a better chance of being trans-
lated into the clinical setting to treat age-related diseases or used as a
lead for the development of more specific and potent senolytic agents.
In this review, we summarize the natural senolytic compounds and
their applications in eliminating SCs.

2. Cellular senescence

In 1961, Leonard Hayflick and Paul Moorhead first discovered that
normal human fibroblasts have a finite proliferative capacity in culture
(Hayflick and Moorhead, 1961), coined as “cellular senescence”, and
hypothesized that it might be an underlying cause of aging. Later, it was
uncovered that this kind of cellular senescence (replicative senescence)
was due to the loss of telomeres after extensive proliferation in the
absence of endogenous telomerase activity (Sharpless and Sherr, 2015).
Indeed, in vitro senescence can be induced by different damaging sti-
muli, such as DNA damage, oncogene induction, oxidative stress, che-
motherapy, mitochondrial dysfunction and epigenetic changes
(Hernandez-Segura et al., 2018). A key feature of in vitro senescence is
the enlarged and irregularly shaped cell body, which is associated with
the activation of mTOR (Bent et al., 2016) and ATF6α pathways
(Cormenier et al., 2018; Druelle et al., 2016). In addition, SCs display
increased lysosomal content, accumulation of mitochondria, enlarged
nuclear size and increased DNA damage (Hernandez-Segura et al.,
2018). Based on these changes, scientists identified a series of senes-
cence markers, such as increased p16 and beta-galactosidase activity, to
detect cellular senescence (Childs et al., 2017).

An increasing body of evidence demonstrates that cellular senes-
cence plays an important role in tissue remodeling, injury, and repair
both in normal development and physiology and in various patholo-
gical conditions and diseases (Childs et al., 2017; He and Sharpless,
2017; Hernandez-Segura et al., 2018; Naylor et al., 2013). Transient
induction of senescence during the acute phase of tissue injury is pre-
sumably beneficial. SCs can help tissue repair by recruiting immune
cells to clear damaged cells and stimulating the proliferation and dif-
ferentiation of neighboring cells including tissue stem and progenitor
cells to repopulate the damaged tissue through secreting senescence-
associated secretory phenotype (SASP) (Demaria et al., 2014). Cellular
senescence is also a mechanism to suppress tumor occurrence. How-
ever, excessive and aberrant accumulation of SCs in tissues can nega-
tively affect regenerative capacities and create a proinflammatory en-
vironment favorable for the onset and progression of various age-
related diseases, including cancer. Therefore, cellular senescence is a
double-edged sword, especially in fighting against cancer. Inhibiting
the induction of senescence is detrimental, but elimination of SCs after
detrimental stimuli may be beneficial. Besides cancer, cellular senes-
cence is associated with many other diseases, termed senescence-re-
lated diseases, including organ fibrosis, atherosclerosis, obesity, type 2
diabetes, neurological, muscle disorders and osteoarthritis, which was
described previously (Muñoz-Espín and Serrano, 2014). Therefore, both
pro-senescent and anti-senescent approaches can be desirable, de-
pending on the therapeutic context.

3. Cellular senescence as a therapeutic target

Although cellular senescence is known to be involved in aging,

whether SCs are causally implicated in age-related dysfunction, and
whether their removal is beneficial had remained unclear until 2011
(Baker et al., 2011). To examine the role of cellular senescence in aging
and age-related pathologies, Baker et al. designed a transgenic strategy
for the clearance of SCs in mice and demonstrated that elimination of
SCs using the genetic method can significantly delay the onset of age-
related pathologies and extend healthspan, providing the first evidence
that cellular senescence is causally implicated in generating age-related
phenotypes (Baker et al., 2011). Later, they further demonstrated that
clearance of SCs delayed tumorigenesis and attenuated age-related
deterioration of several organs without apparent side effects (Baker
et al., 2016). Furthermore, they reported that senescent intimal foam
cells are deleterious at all stages of atherosclerosis and using transgenic
and pharmacological approaches to eliminate SCs hold promise for the
treatment of atherosclerosis (Childs et al., 2016). Consistently, Demaria
et al. generated a mouse model in which SCs can be visualized and
eliminated in living animals, and demonstrated the beneficial role of
SCs and their SASP in tissue repair (Demaria et al., 2014). Therefore,
pro-senescent therapies can be useful for the treatment of age-related
diseases and for ongoing tissue repair processes (Demaria et al., 2014),
whereas anti-senescent therapies may be beneficial to eliminate se-
nescence and fibrosis in ‘resolved’ injuries or to rejuvenate the tissues
(Fig. 1). Above all, the evidence from genetic animal models suggest
that cellular senescence can be a therapeutic target for aging and age-
related diseases.

4. Senolytics

Clearance of SCs by genetic methods prompted a gold rush in the
discovery of small molecules that can selectively kill SCs without de-
pending on a transgene. These molecules are called “senolytics” which
is from the words “senescence” and “lytic” (destroying). To date, a
series of senolytic agents have been identified to target SCs, including
targeted therapeutics such as dasatinib (Zhu et al., 2015), a non-specific
tyrosine kinase inhibitor; inhibitors of the anti-apoptotic Bcl-2 family
proteins (Chang et al., 2016; Yosef et al., 2016; Zhu et al., 2016), HSP90
and histone deacetylase (Fuhrmann-Stroissnigg et al., 2017); UBX101
(Jeon et al., 2017), an inhibitor of the MDM2/p53 protein interaction;
and a modified FOXO4-p53 interfering peptide (IP) (Baar et al., 2017).
In addition, cytotoxic agents encapsulated with β(1,4)‐galacto‐oligo-
saccharides have also been used to target SCs that have a high level of
lysosomal β‐galactosidase activity (Muñoz-Espín et al., 2018). In this
review we will just briefly touch on the targeted senolytics as they were
well summarized elsewhere (Childs et al., 2017). Of notice is that
emerging natural compounds such as quercetin (Justice et al., 2019;
Zhu et al., 2015), fisetin (Yousefzadeh et al., 2018; Zhu et al., 2017) and
piperlongumine (Wang et al., 2016b; Zhang et al., 2018) are discovered
to be effective senolytic agents. Recently we reported that EF24, a novel
curcumin analog, to be another senolytic agent (Li et al., 2019). Be-
cause most of these senolytic agents come from food or other natural
products, they have the advantage of low toxicity and have great po-
tential to be translated into clinical applications. Here we will focus on
discussing the new natural senolytics and their applications in treating
or delaying age-related diseases.

Fig. 1. Cellular senescence and senolytics.
Senescence-induced stimuli lead to normal
cells to be senescent, senolytic agents can
eliminate senescent cells (SCs) and promote
regeneration of normal cells.
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5. Senolytic agents derived from natural product

Many natural compounds have been reported to have effects of anti-
aging or age-related diseases, such as resveratrol (Knutson and
Leeuwenburgh, 2008), berberine (Xu et al., 2017), rutin (Li et al., 2016;
Yang et al., 2012), catechin (Assuncao and Andrade, 2015;
Bernatoniene and Kopustinskiene, 2018), proanthocyanidin (Liu et al.,
2018), ginkgo biloba extract (EGb 761) (Sastre et al., 1998) and other
phytomolecules (Mukherjee et al., 2011). Most of them are anti-
oxidants, but not all were reported to reduce the viability of SCs. For
example, Yousefzadeh et al. tested a panel of flavonoids, including re-
sveratrol, fisetin, luteolin, rutin, epigallocatechin gallate, curcumin,
pirfenidone, myricetin, apigenin, catechin, and quercetin, of which fi-
setin was shown to have good senolytic activity, luteolin and curcumin
showed weak senolytic activity while the others were not able to reduce
the viability of SCs (Yousefzadeh et al., 2018). Many of the compounds
exert their anti-aging functions mainly by reducing the oxidative da-
mage levels in certain organs instead of through killing SCs, which
therefore were not categorized as senolytic agents in this review. We
believe that more and more natural compounds will be discovered to be
effective senolytic agents in the near future. Here we focus on sum-
marizing both the classical function and the new senolytic activities of
the reported senolytic agents from natural products.

5.1. Quercetin, an attractive flavonol

Quercetin is one of the most studied dietary flavonoid ubiquitously
present in various vegetables as well as in tea and red wine (Formica
and Regelson, 1995). Quercetin has wide bio-activities, such as anti-
oxidant, anti-obesity, anti-carcinogenic, anti-viral, anti-bacterial and
anti-inflammatory (Anand David et al., 2016). Accordingly, quercetin is
now largely utilized as a nutritional supplement and as a phytochemical
remedy for a variety of diseases like diabetes, obesity, and circulatory
dysfunction, including inflammation, as well as mood disorders. The
most obvious feature of quercetin is its strong antioxidant activity
which potentially enables it to quench free radicals from forming re-
sonance-stabilized phenoxyl radicals. However, chemical instability,
poor water solubility and low bioavailability of quercetin greatly limit
its applications (Wang et al., 2016a). However, delivery systems have
been utilized to improve its stability, efficacy and bioavailability.

The bio-activities and clinical applications of quercetin are well
summarized elsewhere (Boots et al., 2008; Formica and Regelson,
1995); here we will focus on its senolytic activity. Oxidative stress le-
vels increase with progression of the aging process, and given that
quercetin is a strong antioxidant, people hypothesize that quercetin
may delay aging via reducing oxidative stress levels. Chronic quercetin
treatment can reverse cognitive deficits in aged and ethanol-intoxicated
mice, which is associated with its antioxidant property (Singh et al.,
2003). In 2007, it was reported that quercetin increases oxidative stress
resistance and longevity in Saccharomyces cerevisiae (Belinha et al.,
2007). The data suggests the potential of quercetin in delaying aging
and extending lifespan. It has been demonstrated that the healthspan of
mice can be enhanced by killing SCs. In 2015, quercetin was first found
to be a senolytic agent that can effectively kill senescent human en-
dothelial cells and mouse bone marrow-derived mesenchymal stem
cells (BM-MSCs) (Zhu et al., 2015). Later, quercetin was used as a
geroprotective agent against both accelerated and natural aging in
hMSCs (Geng et al., 2018), providing a potential therapeutic inter-
vention for treating age-associated disorders. However, quercetin has to
be combined with dasatinib to show good senolytic activity (Zhu et al.,
2015).

5.2. Fisetin

Fisetin is another flavonoid which exists in various fruits and ve-
getables such as apples, grapes, persimmons, strawberries, cucumbers,

and onions (Arai et al., 2000). The average dietary intake of naturally
occurring fisetin in Japan is approximately 0.4mg/day (Arai et al.,
2000; Kimira et al., 1998), apparently without any adverse effects. It
has been reported that fisetin can exert numerous beneficial biological
activities, including anti-tumor, anti-oxidant, anti-inflammatory, anti-
angiogenic, hypolipidemic and neuroprotective effects (Khan et al.,
2013; Pal et al., 2016; Sundarraj et al., 2018). The ability of flavonoids
to scavenge free radicals confer them marked antioxidant activity and
significant biological effects. The anti-oxidative effect of fisetin have
been evaluated by both cyclic voltammetry and quantum-chemical-
based calculations (Khan et al., 2013; Marković et al., 2009). Emerging
data have demonstrated that fisetin has good anti-tumor activity by
inhibiting cancer cell proliferation, inducing cancer cell apoptosis, in a
variety of cancer cell lines (Kashyap et al., 2018; Lall et al., 2016).
Interestingly, the fisetin mediated anti-proliferative and proapoptotic
effects were limited to cancer cells, and normal cells were much less
affected by fisetin treatment (Lall et al., 2016), showing good selectivity
between normal and cancer cells.

Fisetin is widely available as a nutritional supplement and has a
highly favorable side-effect profile. In 2017, fisetin was first discovered
to selectively induce apoptosis in SCs but not in proliferating human
umbilical vein endothelial cells (HUVECs) (Zhu et al., 2017). However,
it is not senolytic in senescent IMR90 cells, a human lung fibroblast
strain, or primary human preadipocytes (Zhu et al., 2017), suggesting
that it is a cell-specific senolytic agent. Later, the senolytic activity was
validated by an in-vivo study in which a panel of flavonoid polyphenols
were screened for senolytic activity using senescent murine and human
fibroblasts (Yousefzadeh et al., 2018). Of the flavonoids tested, fisetin
was the most potent senolytic agent that can reduce senescence markers
in multiple tissues. Consistent with the in vitro result, fisetin reduced
senescence within a subset of cells in murine and human adipose tissue,
demonstrating its cell-type specificity.

5.3. Piperlongumine, an active alkaloid

Piperlongumine is a biologically active component from Piper spe-
cies. It is the major alkaloid from long peppers and is also found in other
important medicinal plants (Bezerra et al., 2013). Piperlongumine has
been reported to have wide pharmacological activities, such as anti-
tumor, anti-angiogenic, anti-metastatic, anti-platelet aggregation, anti-
nociceptive, anti-depressant, anti-atherosclerotic, anti-diabetic, and
anti-bacterial (Bezerra et al., 2013). Particularly, its anti-cancer activ-
ities has been extensively studied by different research groups. Speci-
fically, piperlongumine can kill various cancer types, including leu-
kemia and solid tumors, such as colon, skin, breast, lung, central
nervous system (CNS), pancreatic, nasopharyngeal, osseous, bladder,
renal, and prostate cancers (Bezerra et al., 2013; Piska et al., 2018). Of
notice is that its cytotoxicity was limited to tumor cells in the micro-
molar range without causing toxicity to normal cells (Bezerra et al.,
2013). This compound showed selective cytotoxicity over cancer cells
and presents only weak activity in normal cells. For example, pi-
perlongumine was able to suppress leukemia growth and reduce cell
viability by triggering cell apoptosis, however, only weak cytotoxicity
was observed in normal lymphocytes (Bezerra et al., 2007). Besides
affecting cell death and cell cycle, piperlongumine can also regulate
signal transduction pathways, such as receptor tyrosine kinase (Raf-1)
and extracellular signal-regulated kinases (ERK1/2) (Bezerra et al.,
2013). In addition, piperlongumine can suppress tumor progression and
migration. Piperlongumine induces cell death selectively in tumor cells,
possibly by its effects on oxidative stress response enzymes such as
GSTp1 and CRB1 (Bezerra et al., 2013).

By screening a small library of structurally diverse, rationally-se-
lected small molecules that target pathways predicted to be important
for the survival of SCs, we identified piperlongumine as a promising
novel lead for the development of senolytic agents (Wang et al., 2016b).
Piperlongumine preferentially killed senescent human WI-38 fibroblasts
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induced by ionizing radiation, replicative exhaustion, or ectopic ex-
pression of the oncogene Ras. Pretreatment of the pan-caspase inhibitor
Q-VD-OPh (QVD) can significantly block the apoptosis induced by pi-
perlongumine, suggesting the involvement of caspase in the cell death
caused by piperlongumine. Interestingly, unlike in some cancer types,
piperlongumine killed SCs by inducing apoptosis without inducing the
production of reactive oxygen species (ROS) (Wang et al., 2016b). In
addition, we found that piperlongumine synergistically killed SCs in
combination with ABT-263, a Bcl-2/Bcl-xL inhibitor. Initial structural
modifications to piperlongumine identified analogs with improved
potency and/or selectivity in inducing SC death. However, the targets
of piperlongumine are largely unknown. Later, we used a piperlongu-
mine-based chemical probe to pull-down piperlongumine-binding pro-
teins from live cells and then performed a mass spectrometry-based
proteomic analysis to identify potential molecular targets of pi-
perlongumine in SCs. One prominent target was oxidation resistance 1
(OXR1), an important antioxidant protein that regulates the expression
of a variety of antioxidant enzymes. We found that OXR1 was upre-
gulated in senescent human WI38 fibroblasts. Piperlongumine was
bound to OXR1 directly and induced its degradation through the ubi-
quitin-proteasome system in an SC-specific manner (Zhang et al., 2018).
These findings provide new insights into the mechanism by which SCs
are highly resistant to oxidative stress and suggest that OXR1 is a novel
senolytic target of piperlongumine that can be further exploited for the
development of new senolytic agents.

5.4. EF24, a novel curcumin analog

Besides the aforementioned natural compounds, many others have
been identified for medicinal purposes (Harvey, 2008; He et al., 2014,
2013; Molinski et al., 2009; Newman and Cragg, 2016). Curcumin, a
hydrophobic polyphenol derived from the rhizome of the herb Curcuma
longa, is a well-defined one. Curcumin has been demonstrated to have
wide-spectrum biological and pharmacological activities, such as anti-
cancer, anti-inflammation, anti-oxidation, and anti-microbial, which
was summarized previously (Aggarwal and Harikumar, 2009; Anand
et al., 2008; Gupta et al., 2013; Hatcher et al., 2008; Maheshwari et al.,
2006). Many researches have studied the therapeutic potential of cur-
cumin and showed the beneficial aspects of curcumin in delaying aging
and the prevention and treatment of age-associated diseases (Grill et al.,
2018; Takano et al., 2018; Yang et al., 2017). Moreover, curcumin was
shown to prolong lifespan and extend health span in Drosophila mela-
nogaster (fruit fly) (Chandrashekara et al., 2014) and Caenorhabditis
elegans (Liao et al., 2011). However, one potential problem hindering
the clinical use of curcumin is its low potency and poor absorption
characteristics (Shoba et al., 1998). Indeed, curcumin itself was re-
ported to show weak senolytic activity by a recent study (Yousefzadeh
et al., 2018). To improve the bioavailability and biological efficiency of
curcumin, a series of curcumin analogs were developed, such as EF24
(Adams et al., 2005; He et al., 2018), HO-3867 (Selvendiran et al.,
2009), 2-HBA (Dinkova-Kostova et al., 2007) and Dimethoxycurcumin
(DIMC) (Tamvakopoulos et al., 2007), which were shown to be more
active over curcumin in reducing age-dependent deterioration (such as
cancer, inflammation, et al).

Recently, from these curcumin analogs, we identified EF24 as the
most potent senolytic agent (Li et al., 2019). EF24 reduced cell viability
not only in ionizing radiation induced SCs, but also in SCs induced by
extensive replication or ectopic transfection of the Ras oncogene. More
importantly, EF24 has a broad-spectrum senolytic activity against dif-
ferent types of SCs, including human IMR-90 fibroblasts, HUVECs and
human renal epithelial cells (Li et al., 2019). It has been shown that
EF24 induces apoptosis in various tumor cells in part by increasing ROS
production and inducing oxidative stress-mediated endoplasmic re-
ticulum stress. However, EF24 did not increase ROS production in
normal or SCs, suggesting that EF24 induces apoptosis in SCs in a ROS
production independent manner. Alternatively, EF24 can reduce the

expression of Bcl-xl and Mcl-1 expression in SCs but not in normal cells,
which may be in part mediated by the proteasomal degradation
pathway. These findings provide new insights into the mechanisms by
which curcumin analogs function as anti-aging agents and suggest that
the curcumin analog EF24 has the potential to be used as a novel se-
nolytic agent for the treatment of age-related diseases.

5.5. Moderate senolytic activity of goldenrod extract

In 2018, Lämmermann et al. identified an extract from the plant
Solidago virgaurea subsp. alpestris, 1201, that can block the negative
effects of senescence in human skin fibroblasts, including the SASP in
vitro (Lämmermann et al., 2018). 1201 was not only able to delay the
acquisition of a senescent phenotype, but was also able to reduce the
cell numbers of SCs by 30%, with the senolytic effect of 1201 being
mediated by the induction of apoptosis. Interestingly, when 1201 was
added to the medium during the differentiation process of the epi-
dermal layer, it resulted in an increase in the epidermal thickness
compared to untreated controls. Thus, the natural plant extract may
represent a promising possibility to block age-related loss of tissue
functionality.

5.6. Effect of natural senolytics on aged mice

As summarized above, only a small number of natural compounds
were evidenced to be effective senolytic agents in vitro. However, two of
them have been demonstrated to beneficial to health in animal models,
that is, fisetin and quercetin; the rest are yet to be determined. Fisetin
has been shown to extend the replicative lifespan of S. cerevisiae by 55%
(Howitz et al., 2003) and the lifespan of D. melanogaster by 23% (Wood
et al., 2004). Administration of fisetin to wild-type mice late in life
restored tissue homeostasis, reduced age-related pathology, and ex-
tended median and maximum lifespan (Yousefzadeh et al., 2018).
Given that fisetin is a natural compound found in common foods and
available as an oral dietary supplement without adverse side effects, it
is feasible to translate fisetin to human clinical trials in the future. For
quercetin, it shows senolytic activity in vitro but in a cell-specific
manner. The combination of quercetin with dasatinib, a tyrosine kinase
receptor inhibitor, showed better effect on eliminating SCs. Single
treatments of quercetin plus dasatinib had phenotypic effects persisting
far after the drug is no longer present (Zhu et al., 2015). Transplanting
small numbers of SCs into young mice was shown to cause persistent
physical dysfunction, as well as the spread of cellular senescence to host
tissues (Xu et al., 2018). The senolytic cocktail of quercetin plus dasa-
tinib was able to cause selective elimination of SCs and decrease the
number of naturally occurring SCs and SASP in explants of human
adipose tissue (Xu et al., 2018). Moreover, the senolytic cocktail in-
creased post-treatment survival by 36% while reducing mortality ha-
zard to 65% in the study, providing proof-of-concept evidence that
senolytics can enhance remaining health and lifespan in old mice (Xu
et al., 2018). The existing in vivo results are encouraging and indicate
that the natural compounds have great potential to be pushed to clinical
applications (Fig. 2).

6. Conclusion and perspectives

Genetically and pharmacologically targeting fundamental mechan-
isms of aging is anticipated to treat or delay the onset of multiple age-
related diseases (Childs et al., 2017; Hernandez-Segura et al., 2018;
Kirkland and Tchkonia, 2017; Muñoz-Espín and Serrano, 2014; Naylor
et al., 2013; Niedernhofer and Robbins, 2018). Cellular senescence has
been demonstrated to be a key mechanism that drives aging. In this
review we summarized the known senolytic agents derived from nat-
ural compounds. Natural senolytic compounds have the advantages of
low toxicity, however they are usually less potent than targeted seno-
lytics and thus have to be combined with other senolytic agents to be
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effective in clearing SCs (Zhu et al., 2015). Additionally, the mechan-
isms of action of most natural senolytics have not been well defined nor
have their molecular targets been identified and characterized, making
it very difficult to rationally modify the compounds to improve their
senolytic activity. Exploring and understanding the targets and me-
chanisms will provide insights into the mechanisms of their senolytic
actions. Most of the natural compounds, except fisetin, are studied with
just in vitro experiments; animal experiments or human population
studies are urgently needed to verify their senolytic activity in vivo. It is
promising that we develop more natural compounds to the forefront of
senolytic agents and apply them in the treatment of aging and age-
related diseases.
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