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Abstract 
 
Senolytics represent a group of substances that can eliminate senescent cells in several aging-related pathologies 
including Alzheimer`s disease, atherosclerosis, and type 2 diabetes, etc. Also, senolytic use has been proposed as a 
potential adjuvant approach to improve the response to senescence-inducing conventional and targeted cancer 
therapies. In various studies natural compounds (quercetin, fisetin, piperlongumine and curcumin) have been 
discovered to be effective senolytic agents. Despite the unequivocal promise of senolytics, some senolytics have low 
bioavailability. In this review, we summarize and discuss the latest methods to improve the bioavailability of 
immunomodulatory and/or immunostimulatory senolytic bioactive substances. Therefore, an in-depth discussion on 
diverse delivery strategies of senolytic agents and latest updates on a novel senotherapeutic research will be provided. 
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INTRODUCTION 
 
Senolytics are drugs or compounds that 
selectively induce the death of senescent cells, 
which are aged or damaged cells that no longer 
function correctly and can contribute to aging 
and age-related diseases including Alzheimer`s 
disease, atherosclerosis, and type 2 diabetes, 
etc (Van Deursen, 2014). Some natural 
compounds have also been shown to exhibit 
senolytic properties, such as: quercetin, fisetin, 
resveratrol, piperlongumine, curcumin, etc. The 
biggest challenge with natural senolytics is 
their low bioavailability, which refers to the 
amount of the compound that is absorbed and 
available for use in the body (Boccardi & 
Mecocci, 2021).  
Several methods to improve the bioavailability 
of natural senolytics were described in 
literature like: i) encapsulation of natural 
senolytics in innovative delivery systems; ii) 
co-administration with absorption enhancers; iii) 
combination with other senolytics and iv) dose 
optimization. 
Researchers are exploring novel delivery 
systems for natural senolytics, like 
nanoparticles or conjugating the compounds 
with carrier molecules that can help enhance 
their delivery to specific tissues or organs. 
These approaches hold promise for improving 

the bioavailability and effectiveness of natural 
senolytics (Obeid et al., 2017; Squillaro et al, 
2018). Another strategy to improve the 
bioavailability of natural senolytics is to co-
administration the compound with absorption 
enhancers, which can help improve the 
absorption and bioavailability of the compound 
(Hosseini et al., 2022). 
Combining natural senolytics with other 
senolytic compounds, such as dasatinib or 
navitoclax, can also help improve their 
bioavailability and effectiveness, as these drugs 
can enhance the elimination of senescent cells 
and increase the overall therapeutic effect 
(Sierra-Ramirez et al., 2020).  
Optimizing the dosage and timing of natural 
senolytics can also improve their 
bioavailability. For example, taking the 
compound with a high-fat meal can improve its 
absorption, while taking it at a specific time of 
day or in divided doses can help maintain 
optimal blood levels of the compound (Rein et 
al., 2013).  
This review presents senolytics from natural 
sources and highlights the methods to improve 
the bioavailability of senolytic substances from 
natural sources. Therefore, a discussion on 
diverse delivery strategies of natural senolytic 
agents and latest updates on a novel 
senotherapeutic research were provided.   
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MATERIALS AND METHODS 
 
This review is based on secondary research 
sources. The search was carried out in various 
databases like ScienceDirect, Pubmed, Scopus, 
etc. in February 2023, using keywords like 
“senescence”, “senescent cells”, “senotherapy”, 
“natural senolytics”, “improve bioavaibility 
natural senolytics” and “senolytic delivery”. 
The search was conducted taking into 
consideration various types of papers like 
reviews, books, research articles, online articles 
ahead of print.  
 
RESULTS AND DISCUSSIONS 
 
Senolytics from natural sources 
Natural compounds that possess antioxidant 
and anti-inflammatory properties hold the 
greatest potential for promoting healthy aging 
and combating senescence (Gurau et al., 2018). 
Table 1 displays the most encouraging natural 
compounds for combating senescence, which 
have demonstrated significant reduction of 
senescent cells in animal models.  

Table 1. Natural compounds for combating senescence 
Compounds Target References 

Tocotrienols Multiple pathways  
(mTOR, NFκB, miRNAs) 

Lagoumtzi & 
Chondrogianni, 2021; 

Meganathan et al., 2016;  

Quercetin Multiple pathways 
(mTOR, NFκB, miRNAs) 

Lagoumtzi & 
Chondrogianni, 2021; von 
Kobbe, 2019; Zhang et al, 
2022; Zoico et al., 2021 

Curcumin 
Multiple pathways  

(MAPK, NF-κβ, COX2, 
 Bcl-2,cyclin B1) 

Bielak-Zmijewska et al., 
2019; Lagoumtzi & 

Chondrogianni, 2021; Li 
et al., 2019 

Resveratrol Multiple pathways 
 (ROS, SASP, miRNAs) 

Mamun et al., 2022; von 
Kobbe, 2019 

Vitamin B3 mTOR 
Kirkland & Tchkonia, 

2020; Zhang et al., 2021; 
Zhou, 2021 

Piperlongumin
e 

Multiple pathways 
 (ROS, apoptosis) 

Lagoumtzi & 
Chondrogianni, 2021; Liu 
et al., 2018; Mamun et al., 

2022 

Fisetin Multiple pathways  
(PI3K, mTOR, SASP) 

Lagoumtzi & 
Chondrogianni, 2021; 

Yousefzadeh et al., 2018 

BCL= B-cell lymphoma 2 
COX-2 = cyclooxygenase-2 
MAPK = mitogen-activated protein kinases  
miRNA = micro RiboNucleic Acid 
mTOR = mammalian target of rapamycin   
NFκB = nuclear factor kappa-light-chain-enhancer of activated B cells 
PI3K = phosphatidylinositol 3-kinase 
ROS = reactive oxygen species. 
SASP = senescence associated secretory phenotype  
 
Considerable research efforts are currently 
focused on identifying senolytics from natural 
sources that may aid in the prevention of 
pathological conditions, particularly age-related 

diseases (Barrera et al., 2021; Kirkland and 
Tchkonia, 2020; Vázquez et al., 2022). 
Tocotrienols are members of the vitamin E 
family, which are a group of fat-soluble 
antioxidants that help to protect cells from 
oxidative damage caused by free radicals. 
Unlike the more well-known vitamin E form, 
tocopherols, tocotrienols have an unsaturated 
side chain that allows them to more easily 
penetrate cell membranes and reach deep into 
fatty tissues, providing enhanced antioxidant 
protection. They have been shown to have a 
range of health benefits, including anti-
inflammatory and anti-cancer effects, and are 
being studied for their potential to prevent or 
treat various age-related diseases (Mecocci et al., 
2018). Quercetin can targets senescent cells and 
triggers their programmed cell death which can 
help to eliminate damaged cells that might 
otherwise contribute to age-related diseases. At 
the same time, it can delay senescence and/or 
promote the clearance of senescent cells in 
healthy tissues, which can help to maintain 
healthy cellular function and prevent the onset 
of age-related diseases. This dual and 
complementary action makes quercetin an 
attractive candidate for developing senolytic 
therapies aimed at preventing or treating age-
related diseases (Dagher et al., 2021; Geng et 
al., 2018; Hwang et al., 2018; Zhu et al., 2015). 
Fisetin (3,3′,4′,7-tetrahydroxyflavone), a 
flavonoid is found in strawberries, apples, 
persimmons, and cucumbers, has been shown 
to selectively induce apoptosis in senescent 
cells (Zhang et al., 2018; Yousefzadeh et al., 
2018). Curcumin, a compound is found in 
turmeric, a spice commonly used in cuisine, 
has been shown to have anti-inflammatory and 
antioxidant effects, and it may also have 
senolytic properties (Li et al., 2019). 
Resveratrol, a compound found in grapes, 
peanuts, and red wine, has been shown to have 
various anti-aging effects, including the ability 
to modulate cell senescence (Farhadnejad et al., 
2019). B3 vitamins like nicotinamide 
(niacinamide), niacin (nicotinic acid), and 
nicotinamide riboside, found in white meat, 
peanuts, and mushrooms, are all precursors of 
nicotinamide adenine dinucleotide (NAD). 
NAD+ is the oxidized form of NAD and serves 
as an essential cofactor in various cellular 
pathways, including energy metabolism and 
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oxidative stress (Sauve, 2008). Piperlongumine 
is a natural compound found in Piper longum, 
known for its anticancer properties. Research 
has shown that piperlongumine has a selective 
effect on senescent cells, inducing their cell 
death (Bogan & Brenner, 2008; Wang et al., 
2016; Zhang et al., 2018). 
 
Methods to improve the bioavailability of 
natural senolytics  
 
Encapsulation of senolytics in innovative 
delivery systems 
The use of nanotechnology in natural senolytics 
delivery is an emerging field that shows great 
promise in improving the effectiveness and 
reducing the side effects of senolytic therapies 
(Squillaro et al., 2018). Nanotechnology offers 
several advantages in senolytic drug delivery, 
such as targeted delivery, controlled release, 
and increased cellular uptake. By designing 
nanocarriers with specific properties, such as 
size, shape, and surface charge, the delivery of 
senolytics can be targeted to senescent cells 
while minimizing damage to healthy cells. 
Moreover, nanocarriers can encapsulate 
senolytics, protecting them from degradation 
and enhancing their bioavailability (Obeid et al., 
2017). Additionally, smart nanocarriers can be 
designed to release senolytics in response to 
specific signals or biomarkers, such as 
senescence-associated beta-galactosidase (SA-
β-gal), which is highly expressed in senescent 
cells (Adamczyk-Grochala & Lewinska, 2020; 
Lee et al., 2006).  
The initial innovative nanosystem that was 
developed to deliver cargo specifically to 
senescent cells is a mesoporous silica 
nanoparticle structure coated with galacto-
oligosaccharides and loaded with rhodamine B, 
in which the nanoparticles are taken up by 
human senescent cells, they become activated 
by SA-β-gal (Agostini et al., 2012). 
Additionally, research has demonstrated that 
encapsulating a senolytic agent, navitoclax, 
with β (1,4)-galacto-oligosaccharides 
effectively removes senescent cells in models 
of senescence induced by damage or 
chemotherapy (Muñoz-Espín et al. 2018). 
Conjugating drugs with nanostructures can also 
potentially exhibit a senomorphic effect by 
blocking the SASP (Thapa et al., 2017; 

Lewinska et al., 2020). An in vitro study 
conducted recently found that nanoparticles 
modified with a monoclonal antibody against 
the CD9 receptor (which is overexpressed in 
aging cells) and loaded with rapamycin (a well-
known mTOR inhibitor with anti-aging 
properties) can exhibit an anti-senescence 
effect (Thapa et al., 2017). Additionally, 
promising results have been documented for 
CD9-targeted PEGylated liposomes as a drug 
delivery system to target senescent cells. The 
uptake of these liposomes was found to be 
higher in premature senescent human dermal 
fibroblasts compared to young human dermal 
fibroblasts (Nguyen et al., 2017). Furthermore, 
there has been research conducted to explore 
the targeted delivery of rapamycin (known as a 
senolytic) to decrease senescence in cells that 
overexpress the CD9 receptor. Results 
indicated that rapamycin promoted cell 
proliferation and reduced the number of SA-β-
gal-positive cells (Nguyen et al., 2017).  Ke et 
al. (2018) showed that MoS2 NPs suppressed 
hydrogen-peroxide-induced senescence in 
endothelial cells. 
All of these systems were proven effective for 
the delivery various senolitic substances, and 
could be explored for senolytics from natural 
sources. Furthermore, research has 
demonstrated that magnetite nanoparticles 
functionalized with quercetin (known as 
MNPQ) exhibit both senolytic and senostatic 
activity in prematurely-senescent human 
fibroblasts (via hydrogen peroxide treatment in 
vitro). In vitro experiments showed that MNPQ 
particles were able to eliminate senescent 
human fibroblast cells. MNPQ was also found 
to decrease the senescence-mediated 
proinflammatory response, as evidenced by 
reduced secretion of IL-8 and IFN-β, 
accompanied by the activation of AMP-
activated protein kinase (Lewinska et al., 2020). 
Other innovative delivery systems include 
nanosuspensions, dendrimers, carbon 
nanotubes, polymeric micelles and lipid based 
nanoparticles such as liposomes, solid lipid 
nanoparticle, nanoemulsion and nanostructured 
lipid carriers  are extensively reported to 
enhance the solubility, bioavailability 
of  resveratrol, curcumin, quercetin, epigallocat
echin gallate (EGCG), and fisetin,  but were not 
yet explored for senotherapy (Nagesh et al., 
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2019; Obeid et al., 2017; Squillaro et al., 2018). 
Overall, the use of nanotechnology in senolytic 
drug delivery holds tremendous potential in 
improving the efficacy and safety of senolytic 
therapies and could pave the way for new 
treatments for ageing and age-related diseases.  
 
Co-administration with absorption enhancers 
Co-administration of natural senolytics with 
absorption enhancers has been proposed as a 
potential strategy to improve the bioavailability 
and efficacy of these compounds. Absorption 
enhancers are compounds that increase the 
absorption of other substances across biological 
membranes. Studies have shown that 
absorption enhancers can increase the 
bioavailability and pharmacological activity of 
natural senolytics (Hosseini et al., 2022). For 
example, the natural senolytic fisetin has low 
bioavailability due to its limited absorption and 
rapid elimination from the body. However, co-
administration of fisetin with quercitin has been 
shown to increase its bioavailability (Hosseini 
et al., 2022), that has the potential to improved 
efficacy in eliminating senescent cells. 
Similarly, another study showed that co-
administration of the natural senolytic 
quercetin with the absorption enhancer piperine 
increased the bioavailability and therapeutic 
effects of quercetin in age-related diseases 
(Sharma et al., 2020). Therefore, co-
administration of natural senolytics with 
absorption enhancers has the potential to be a 
promising approach to improve the efficacy of 
natural senolytics in eliminating senescent cells,  
 
Combination with other senolytics  
The combination of natural senolytics with 
other senolytics is an emerging strategy to 
increase the effectiveness of senotherapy in the 
treatment of age-related diseases.  
Studies have shown that combining natural 
senolytics with other senolytics can increase 
their senolytic activity and improve their 
therapeutic effects. For example, the 
combination of the natural senolytic fisetin 
with the senolytic dasatinib has been shown to 
improve the clearance of senescent cells in 
vitro and in vivo, resulting in improved 
healthspan and lifespan in animal models of 
age-related diseases (Colman et al., 2020). 
Similarly, the combination of the natural 

senolytic quercetin with the senolytic 
navitoclax has been shown to have synergistic 
effects in eliminating senescent cells and 
improving the healthspan in mouse models of 
age-related diseases (Sierra-Ramirez et al., 
2020). The combination of senolytic dasatinib 
and quercetin has been extensively studied and 
has been shown to eliminate senescent cells in 
both human and animal models (Xu et al, 2018; 
Zhu et al., 2015). While the combination of 
dasatinib and quercetin is not FDA-approved 
for this indication at the present, it has been 
tested/proposed in several clinical trials for the 
treatment of various age-related diseases, such 
as frailty, mild cognitive impairment and 
Alzheimer's disease (Boccardi & Mecocci, 
2021). Overall, combining natural senolytics 
with other senolytics may represent a suitable 
approach for enhancing the effectiveness of 
senotherapics in the treatment of age-related 
diseases. However, more research is needed to 
optimize the dosages and combinations of 
natural senolytics and other senolytics, as well 
as to assess their safety and potential side 
effects. 
 
Dose optimization 
Optimizing the dosage and timing of natural 
senolytics is an important consideration for 
improving bioavailability and efficacy of 
natural senolytics. There are several factors to 
consider when determining the optimal dosage 
and timing of natural senolytics. One factor is 
absorption, which can be affected by factors 
such as food intake. For example, some natural 
senolytics have poor solubility and limited 
bioavailability, which can be improved by 
taking them with a high-fat meal. The presence 
of fat in the meal can increase the absorption of 
these compounds by enhancing their solubility 
and uptake in the intestines (Rein et al., 2013). 
Another factor is the timing of administration, 
which can influence the pharmacokinetics and 
bioavailability of the compound. For example, 
some natural senolytics have a short half-life 
and may require frequent dosing to maintain 
effective blood levels. Therefore, optimizing 
the dosage and timing of natural senolytics can 
improve their bioavailability and therapeutic 
effects, and may have important clinical 
implications for the treatment of age-related 
diseases. However, it is important to note that 
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the optimal dosages and timing of natural 
senolytics may vary depending on the specific 
compound, individual patient factors, and the 
disease being treated, and should be determined 
on a case-by-case basis (Rein et al., 2013). 
 
CONCLUSIONS 
 
This review presents senolytics from natural 
sources and highlights the methods to improve 
their bioavailability like encapsulation in 
innovative delivery systems, co-administration 
with absorption enhancers, combination with 
other senolytics and dose optimization. Overall, 
these methods have shown promise in 
improving the bioavailability of natural 
senolytics, which could lead to enhanced 
therapeutic efficacy and improved health 
outcomes. 
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