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Senescence is the result of a process that is physiological for cells. With aging,
there is an increase in the number of senescent cells in organisms, and these
cells produce a number of compounds known as senescence-associated se-
cretory phenotype (SASP). These compounds secreted by senescent cells
cause healthy cells in the microenvironment to exposure senescence. There-
fore, preventing the accumulation of senescent cells in tissues is important for
healthy cells. Senolytics are compounds that can specifically eliminate senes-
cent cells. One of the most important differences between a cell in its normal
physiological process and a senescent cell is that senescent cells are resistant
to apoptosis. Although senolytics have different mechanisms of action, they
jointly target the anti-apoptotic pathways of the cells and the compounds in
these pathways, thereby enabling the senescent cells to undergo apoptosis
and be destroyed. In addition, accumulation of senescent cells in tissues in-
creases the risk of susceptibility to various chronic diseases, especially cardio-
vascular diseases, neurodegenerative diseases, cancer and kidney diseases.
Therefore, it is forecasted that inhibiting the accumulation of senescent cells in
tissues may reduce the risk of disease. In this review study, the effects of
senolytic compound examples such as Dasatinib, Quercetin, Navitoxlac (ABT -
263) and Fisetin on cardiovascular diseases, neurodegenerative diseases, can-
cer, kidney diseases and inflammation were briefly summarized.
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1. INTRODUCTION

important and fundamental events in development

Aging is an inevitable end for living things and one of
the biggest risk factors for many diseases. Aging is
actually expressed in two terms: aging and
senescence. While aging refers to aging at the
organism level, senescence describes cellular aging.
In this context, it can be concluded that aging occurs
in organisms with the increase of senescence. Also
there are important differences between aging and
senescence. Aging is a process, it happens over time.
starts from

Senescence is a process that

embryogenesis and is a necessary mechanism for

and wound healing (Zia et al., 2021). The concept of
senescence was first used by Leanord Hayflick.
Leonard Hayflick and Paul Moorhead have observed
through their study in human fibroblast cells that cells
do not divide forever in culture, their ability to divide
continues up to a certain limit. This observation has
been given to the literature as the ‘Hayflick Limit'
Cells have a certain capacity to divide following their
physiological processes and this is known as the
‘Hayflick Limit'. After an average of 40-60 divisions,

cells reach the Hayflick limit and cells in their normal
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physiological process enter senescence (Hayflick,
1965).

Senescence, which is the result of physiological
processes of cells, can be induced by various
mechanisms and factors. Examples of these are
exposure to ionizing radiation, chemotherapy agents
(e.g etoposide, doxorubicin), reactive metabolites (e.g
ROS, NOS), inflammatory cytokines (e.g IL-6, IL-1),
injury and pathogen-associated molecules (e.g
HMGB1, LPS, viral RNA), oncogene activation and
telomere erosion (Zhang et al, 2021). In addition,
replicative stress, genotoxic stress, oxidative stress,
oncogene activation and inflammatory factors can
also be effective in the senescence of cells (Y. Wang
et al, 2021, Zhang et al, 2021). Cells that have

undergone senescence are called senescent cells

Table 1: Characteristic features and markers of senescent cells

Characteristic Features Marker

Proliferative arrest

Secretion of senescence-associated

secretory phenotype (SASP) ase enzymes

Altered metabolism, including in-
creased B-galactosidase activity,
which is part of carbohydrate metab-

olism

Observation of cells under a light micro-

Changes in cell morphology
scope

Low expression of Ki-67

Various cytokine, chemokine and prote-

(Childs et al, 2017). These cells differ from non
senescent cells. Senescent cells enter a state of cell
cycle arrest characterized by distinct biomarkers
such as

enlarged morphology, increased -

galactosidase activity, release of a number of
inflammatory SASPs, formation of epigenetic and
DNA damage-related changes. These features and
markers are shown in detail in Table 1.

The most basic feature that should not be forgotten
for senescent cells is that although these cells show
growth inhibition, they are still metabolically active.
This metabolic activity confers on cells their unique
senescence-associated secretory phenotype (SASP)
(Birch and Gil, 2020). Senescent cells may adversely
affect the tissue microenvironment and adjacent

healthy cells, mainly by secreting proinflammatory

| Explanation

Ki-67 is a proliferation marker, this marker is seen
as a reliable marker especially in cancer studies
with the change in expression levels at certain

stages of the cell cycle (Sun and Kaufman, 2018).

SASP components secreted by senescent cells
can cause inflammation, inhibition of stem cells
and the mechanism of apoptosis (Ohtani, 2022;
Wyld et al,, 2020)

B-gal is an enzyme involved in the metabolism of
galactose-containing carbohydrates. it has been
determined that the activity of this enzyme in-

Measuring B-galactosidase levels (SA-

creases with aging. Among the aging markers, 3

Bgal) (de Mera-Rodriguez et al., 2021a)

gal is considered one of the best characterized
markers (de Mera-Rodriguez et al., 2021b; Debacg-

Chainiaux et al., 2009).

Senescent cells are morphologically larger than

non senescent cells (Beck et al., 2020).

Along with senescence, changes occur in the ex-

pression of cyclin and cyclin-dependent kinases,

Activation of tumor supressors such as

Persistent activation in DNA damage

which are primarily regulators of the cell cycle, as

p53, p16™NK4a cyclins and cyclin-

response i
dependent kinases

well as p53 and p16™*4a which are tumor su-
pressor genes (Gire and Dulic, 2015; Mijit et al.,

2020; Rayess et al., 2012).
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Various cytokines,
chemokines and protease

enzymes

Healty Cell SASP

A
Stress Factors

'—

Senescent Cell

)

Healthy cells in the
microenvironment

Figure 1: Various factors secreted by the senescent cell under the influence of stress factors and its effect on the healthy mic-

roenvironment (Lee et al., 2021)

cytokines, triggering tissue dysfunction or adverse
consequences. This effect is shown in Figure 1. This
effect of senescent cells increases the risk of various
chronic diseases such as cardiovascular diseases,
neurodegenerative diseases and kidney diseases.

The World Health Organization (WHO) reported that
the elderly population is gradually increasing and this
increase is occurring faster than expected. With the
increase in the elderly population, the spread of
chronic diseases also increases. WHO reports that
more than Q0% of individuals over the age of 65 have
at least one chronic disease, such as cardiovascular
disease, cancer, dementia, diabetes, osteoarthritis,
and osteoporosis, while more than 70% have at least
two such conditions. The occurrence of susceptibility
to diseases with aging both reduces the quality of life
of individuals and causes an economic burden for
countries. For this reason, it is necessary to improve
the

accumulation of senescent cells. Senolytics are a

risk of developing diseases due to the

group of therapeutic compounds that specifically
select senescent cells and eliminate them (Kirkland
and Tchkonia, 2020). These substances are able to do
this effect by taking advantage of a very important
property of senescent cells. This feature is that
senescent cells are resistant to apoptosis (Cerella et
al, 2016). Senescent cells that are resistant to
apoptosis act by activating the mechanisms in anti-
apoptotic pathways and molecules in this pathway or
by suppressing the activation of molecules in the
In addition,

apoptotic pathway. considering the

diversity of senescent cells, there are more effective
senolytics on the cell type and different cell lines
where each senolytic drug is more effective.

The first drug whose senolytic effect was discovered
was Dasatinib (D). Dasatinib is particularly effective on
aging preadipocytes. Before the discovery of its
senolytic effect, dasatinib was used clinically in the
treatment of advanced chronic leukemia, acute

lymphoblastic leukemia, and chronic myeloid
leukemia (Zhang et al, 2021). Quercetin (Q) BCL-2,
another identified senolytic, is a naturally occurring
flavonoid compound that targets the PIZK/AKT
pathway, insulin/IGF-1, HIF-1a pathways. It has been
shown to be more effective on senescent endothelial
cells (Hwang et al, 2018). As can be seen in the
examples of Dasatinib and Quercetin, the cell type,
target pathway and molecules that each senolytic
drug acts on differ.

In addition to quercetin, one of the natural senolytics
is gingerenone. Gingerenone, a very new senolytic, is
ginger extract. Among the basic components of
ginger, gingerenone and 6-shogaol show senolytic
effect. As in studies D and Q, gingerenone and 6-
shogaol showed more effective senolytic effect in
combination. This result obtained in the study with W
-38 human fibroblasts showed that senolytics induce
apoptosis and gingerenone A has a significant effect
in suppressing SASP. In addition, it has been reported
that gingerenone A shows senolytic effect by
reducing the expression of the anti-apoptotic protein

Bel-xL. In addition to the Bcl-xL suppression effect, it
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is also important that gingerenone A increases p53
gene expression (Moaddel et al, 2022; Rad & Grillari,
2024).

Another natural senolytic, fisetin, like quercetin, is a
flavonoid compound from the family of natural
pigments known as polyphenols. Fisetin, which is
found in various fruits and vegetables, especially
strawberries, enables senescent cells to go to
apoptosis with the change in iron and copper ions
concentration in the cell More Fe and Cu ion
accumulation occurs in senescent cells compared to
normal cells. The reason for this is that structures
such as Atp7a, which are responsible for the uptake
of copper and iron into the cell become
dysfunctional with aging. With the application of
fisetin and quercetin, which are senolytic agents in
senesent cells, copper and iron accumulated in the
cell are subjected to reduction-oxidation (redox)
reactions with fenton and fenton-like reactions, and
many reactive oxygen species are formed as a result
of these reactions. Reactive oxygen species formed
by fisetin and quercetin are H202 and OH-. In
particular, excessive accumulation of hydroxyl (OH-)
radical in the cell causes this radical to attack
macromolecules, mainly DNA, and thus the cell goes
into apoptosis. Since the accumulation of copper and
iron ions in the normal cell is at a level that can be
tolerated by the mechanisms developed by the cell
itself, the normal cell can continue its physiological
process (Y. Wang et al., 2021). Finally, considering the
different targets of senolytics, it is noteworthy
whether the use of these substances in various
chronic diseases will affect the course of the disease
and improve the quality of life of the individual. In this
review study, the effects of senolytics, which are new
generation drugs, on various chronic diseases are
discussed.

2. SENOLYTICS AND THEIR EFFECTS ON VARIOUS
DISEASE

2.1. Senolytics and cardiovascular diseases
Cardiovascular diseases (CVD) are diseases that
threaten heart health and affect the circulatory

system (Ozkan et al., 2019).The risk of CVD increases

with aging, and CVD is reported as the cause of death
in 40% of individuals over the age of 65 (Owens et al,
2021; Virani et al, 2021). Examples of this group of
diseases are coronary heart disease, cerebrovascular
disease, rheumatic heart disease, heart failure,
hypertension, congenital heart disease, deep vein
thrombosis, and pulmonary embolism (Ozkan et al.,
2019). Adverse conditions such as heart failure and
valvular heart disease, an increase in the prevalence
of atherosclerosis, coronary artery stenosis and
subsequent myocardial infarction and thoracic aortic
aneurysm are seen with aging. In addition, as a result
of increasing mitochondrial damage with aging,
hypertrophy and fibrosis occur (Iske et al, n.d). As the
population continues to age, the incidence of CVD is
expected to increase rapidly, and it is thought that
this situation will create a serious burden both in
terms of health and economy in the global sense.
Senolytics as a new approach in CVD is a treatment
tool that is still considered new, but at the same time
it is seen as promising. Zhu et al. targeted siRNA-
mediated inhibition of components of senescent cells
and used dasatinib and quercetin in their study. It has
been determined that the combined application of
dasatinib and quercetin is more effective in vivo
compared to their individual use. D and Q
administration has been shown to reduce lung
fibrosis and hepatic stenosis, improve vasomotor
function, ventricular function, and neurogenesis, and
prevent age-related bone loss, anxiety-related
behavior, and increase life expectancy in preclinical
models (Zhu et al., 2015).

2.2. Neurodegenerative diseases

Some neurological diseases, especially Alzheimer's
and Parkinson's diseases incidence increase with
aging.
products; it has also been reported to protect primary

Senolytic substance fisetin clears ROS

neurons of rats against glutamate toxicity,
hypoglycemia, and oxidative damage by improving
glutathione (GSH) metabolism (Ishige et al., 2001; Pal
et al, 2016). It has also been reported that fisetin
aluminum-induced

administration reduces

neurotoxicity and increases GSH levels in brain
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tissues (especially cortex and hippocampus) of mice
by increasing the production of endogenous
antioxidants such as superoxide dismutase, catalase,
and glutathione s-transferase (Pal et al, 2016). In a
different study, a significant improvement in learning
and memory was also observed in mice fed a fisetin-
containing diet (500 mg/kg food) for 10 months
compared to mice fed a fisetin-free diet. Fisetin is a
natural flavonoid compound found in fruits and
vegetables (mostly 160 ug/g in strawberries) and is a
senolytic substance (Y. Wang et al,, 2021). In a study in
rats, a diet containing strawberry extract was found
that rats

(hippocampal-mediated behavior) better than the

could retain  spatial  information
control group. Furthermore, fisetin has been shown to
have the potential to protect as well as increase cell
survival, induce differentiation and enhance long-
term memory in nerve cells (Maher, 2009; Pal et al,
20106).

2.3. Senolytics and cancer

Cancer is the second disease with the highest
mortality rate in the world (Demirbas Karadeniz et al,
2021). The most common types of cancer are lung,
breast and colorectal cancers. Lung, liver and
stomach cancers are the leading cancer-related
deaths (Ferlay et al, 2015). To combat this disease,
mainly ~ chemotherapy, stem cell therapy,
radiotherapy, complementary treatment methods (for
example, aromatherapy) and surgical methods are
used. These treatment methods can be applied alone
or in combination, depending on the patient's current
condition and the prognosis of the disease. The use
of senolytics for cancer treatment has been tried
relatively recently. As mentioned in Table 1, one of
the distinguishing features of senescent cells is the
occurrence of changes in gene expression. Changes
in gene expression cause changes in chromatin
structure and as a result, disorders in the apoptosis
mechanisms of cells (Sieben et al, 2018). Senescent
cells usually have increased levels of anti-apoptotic
BCL2 family proteins. Compounds targeting this
family of proteins have been extensively investigated

in senolytic therapy. Various studies have shown that

the senolytics navitoclax (ABT263) and ABT737,
inhibitors of BCL-2, BCL-XL and BCL-W, reactivate
the apoptotic pathway and eliminate many types of
senescent cells, including senescent cancer cells. (L.
Wang et al, n.d). Fisetin has been shown to induce
apoptosis in lung cancer via mitochondrial pathways.
Furthermore, fisetin induce DNA fragmentation, ROS
generation and apoptosis in NCI-H460 (lung cancer
cell line) cells through a decrease in Bcl-2 and an
increase in Bax expression (Lall et al., 2016).

2.4. Senolytics and kidney diseases

With aging, as with other organs, there are a number
of changes and dysfunction in the kidney (Epstein,
199006).
quercetin have been reported to improve diabetes-

Senolytic drugs such as dasatinib and

related insulin resistance and other chronic kidney
diseases in mice by disabling the anti-apoptotic cell
survival pathways of aging cells. In the first clinical
study on the application of senolytics, D+Q alleviated
the physical dysfunction in idiopathic pulmonary
fibrosis (IPF), a disease associated with cellular aging
and with a fatal effect (Hickson et al., 2019).

2.5. Senolytics and inflammation

Inflammation is a response of the immune system to
harmful  (radiation, various pathogens, toxic
compounds, damaged cells) components and stimuli
in the body (Chen et al., 2018). With aging, there is an
increase in the number of senescent cells in the
organism. With this increase, the senescence-
associated secretory phenotype (SASP) secreted by
senescent cells causes tissue infiltration of immune
cells, causing chronic low-grade inflammation, which
in turn causes age-related diseases. In a study in
male C57BL/6 mice, dasatinib and quercetin were
administered and it was shown that D and Q reduced
adipose tissue inflammation and improved systemic
metabolic function in aged mice (Islam et al., 2023). In
another study using two different zebrafish models,
the roles of the senolytic drugs dasatinib, navitoclax
and venetoclax in inflammation were investigated.
Study findings show that applied senolytics have an
anti-inflammatory effect by providing healing of

chronic inflammation (Hernandez-Silva et al., 2022).
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3. RESULT AND DISCUSSION

Senolytics are therapeutic approaches that target
accumulated senescent cells during the aging
process, aiming to eliminate these cells. Senescent
cells are cells associated with aging and various
pathological conditions, contributing to inflammation
and tissue deterioration. The potential benefits of
senolytics include improving the quality of life in
elderly individuals,

enhancing or delaying the

progression of  chronic diseases, reducing
inflammation, and overall health preservation. Such
therapies can offer potential treatment options for
various health issues such as cardiovascular diseases,
neurodegenerative diseases, cancer, kidney diseases,
and inflammation. As emphasized in our review, it is
of significant importance to conduct more in vivo and
in vitro studies on the effects of senolytics. Different
senolytic agents' effects on various disease groups,
their mechanisms, and potential side effects should
be explored in more detail. The results of such
studies, when incorporated into the literature, can
enhance the knowledge and understanding within
the scientific community in this field. Additionally, for
senolytic therapies to transition into clinical usage,
more research, development, and clinical trials are
necessary. The safety, efficacy, and long-term
be better

understood through larger-scale clinical studies. In

outcomes of these therapies can
conclusion, it can be stated that senolytics present a
potential approach in treating age-related diseases,
and our review aims to contribute to the literature by
highlighting the significance of this area.

4. CONCLUSION

In this review, the effects of senolytic substances on
cardiovascular diseases, neurodegenerative diseases,
cancer, kidney diseases and chronic inflammation by
targeting senescent cells that increase and
accumulate in tissues due to aging were evaluated.
The findings suggest that senolytics can alleviate the
symptoms and effects of age-related diseases,
reduce the risk of developing these diseases, and
improve quality of life. However, many more studies
field. Bothin

are needed in this vitroand in

vivo studies should be increased and added to the
literature. Studies have shown that the combined use
of D and Q senolytics provide more effective results
than using these senolytics alone. This creates a new
question mark in minds and arouses curiosity about
the combined applications of different senolytic
substances. With the increase in the research to be
done, both the

substances should be ensured and the results of the

identification of new senolytic

combined use of different senolytic substances, as in
the case of D and Q, should be investigated. Another
question in this field of research is the mechanism of
action of senolytic substances. Senolytic compounds
have various mechanisms of action such as induction
of apoptosis, which is programmed cell death,

suppression of anti-apoptotic compounds and

pathways, provision of ROS accumulation and

mitochondrial ~ dysfunction,  enhancement  of

intracellular stress responses and proteolysis.

However, these mechanisms have not been

specifically elucidated for each senolytic substance.
These mechanisms need to be elucidated with new
studies. In this way, specific pathways and molecules
can be targeted and new strategies can be
developed in the treatment of diseases.
Acknowledgements: This study was presented orally
by Kubra DANIS at the 6th International Health
Science and Life Congress (IHSLC 2023).

Financial Support: This research received no grant
from any funding agency/sector.

Conflicts of Interest: The authors have no conflicts of
interest to declare.

REFERENCES

1. Beck, J., Horikawa, I. and Harris, C. (2020). Cellular Senescence:
Mechanisms, Morphology, and Mouse Models. Veterinary
Pathology, 57(6), 747-757. https.//
doi.org/10.1177/0300985820943841/ASSET/IMAGES/
LARGE/10.1177_0300985820043841-FIG2.JPEG

2. Birch, J. and Gil, J. (2020). Senescence and the SASP. many
therapeutic avenues. Genes and development, 34(23-24), 1565-
1576. https.//doi.org/10.1101/GAD.343129.120

3. Cerella, C, Grandjenette, C., Dicato, M. and Diederich, M. (2016).
Roles of Apoptosis and Cellular Senescence in Cancer and

405-415.  https.//
doi.org/10.2174/1389450116666150202155915

4. Chen, L, Deng, H., Cui, H., Fang, J., Zuo, Z, Deng, J., Li, Y., Wang,

Aging. Current drug targets, 17(4),



10.

11.

12.

13.

14.

15.

Danis, K. and Mutlu, A. G. /Turkish Journal of Health Science and Life (2024), 7(3), 105-112.

111

X. and Zhao, L.
inflammation-associated diseases in organs. Oncotarget, 9(6),
7204. https://doi.org/10.18632/0ONCOTARGET.23208

Childs, B. G., Gluscevic, M. Baker, D. J, Laberge, R-M,

Marquess, D., Dananberg, J. and van Deursen, J. M. (2017).

(2018). Inflammatory responses and

Senescent cells: an emerging target for diseases of ageing.
https://doi.org/10.1038/nrd.2017.116

de Mera-Rodriguez, J. A., Alvarez-Hernan, G., Gafian, V., Martin-
Partido, G., Rodriguez-Leon, J. and Francisco-Morcillo, J.
(2021a). Is Senescence-Associated B-Galactosidase a Reliable
in vivo Marker of Cellular Senescence During Embryonic
Development? Frontiers in Cell and Developmental Biology, 9.
36. https://doi.org/10.3389/FCELL.2021.623175/BIBTEX

de Mera-Rodriguez, J. A., Alvarez-Hernan, G., Gafian, V., Martin-
Partido, G., Rodriguez-Leon, J. and Francisco-Morcillo, J.
(2021b). Is Senescence-Associated B-Galactosidase a Reliable
in vivo Marker of Cellular Senescence During Embryonic
Development? Frontiers in Cell and Developmental Biology, 9.
36. https://doi.org/10.3389/FCELL.2021.623175/BIBTEX
Debacg-Chainiaux, F., Erusalimsky, J. D. Campisi, J. and
Toussaint, O. (2009). Protocols to detect senescence-
associated beta-galactosidase (SA-Bgal) activity, a biomarker
of senescent cells in culture and in vivo. Nature Protocols 2009
4:12, 4(12), 1798-1806. https.//doi.org/10.1038/nprot.2009.191
Demirbas Karadeniz, Z., Universitesi, T., Anabilim, H., Trabzon,
D., Akeren, Z. and Hintistan, S. (2021). KANSER HASTALARININ
SEMPTOM YONETIMINDE AROMATERAPI KULLANIMI USAGE
OF AROMATHERAPY IN SYMPTOM MANAGEMENT IN
CANCER PATIENTS. SAUHSD, 4(3), 136-154. https.///
doi.org/10.54803/sauhsd.837654

Epstein, M. (1996). Aging and the kidney. Journal of the
American Society of Nephrology, 7(8),
doi.org/10.1681/ASN.V781106

Ferlay, J. Soerjomataram, |, Dikshit, R, Eser, S., Mathers, C.,

1106-1122. https.//

Rebelo, M., Parkin, D. M., Forman, D. and Bray, F. (2015). Cancer
incidence and mortality worldwide: sources, methods and
major patterns in GLOBOCAN 2012. International journal of
cancer, 136(5), E359-E386. https.//doi.org/10.1002/1JC.29210
Gire, V. and Dulic, V. (2015). Senescence from G2 arrest,
revisited. https.//doi.org/10.1080/15384101.2014.1000134, 14(3),
297-304. https://doi.org/10.1080/15384101.2014.1000134
Hayflick, L. (1965). The limited in vitro lifetime of human diploid
cell strains. Experimental Cell Research, 37(3), 614-636. https.//
doi.org/10.1016/0014-4827(65)90211-9

Hernandez-Silva, D., Canton-Sandoval, J., Martinez-Navarro, F.
J., Pérez-Sanchez, H., de Oliveira, S., Mulero, V., Alcaraz-Perez,
F. and Cayuela, M. L. (2022). Senescence-Independent Anti-
Inflammatory Activity of the Senolytic Drugs Dasatinib,
Navitoclax, and Venetoclax in Zebrafish Models of Chronic
Inflammation. International Journal of Molecular Sciences, 23
(18), 10468. https://doi.org/10.3390/1JMS231810468/51
Hickson, L. T. J., Langhi Prata, L. G. P,, Bobart, S. A, Evans, T. K,
Giorgadze, N., Hashmi, S. K,, Herrmann, S. M., Jensen, M. D,, Jia,
Q., Jordan, K L., Kellogg, T. A, Khosla, S., Koerber, D. M,

16.

17.

18.

10.

20.

21

22.

23.

24.

25.

26.

27.

Lagnado, A. B, Lawson, D. K, LeBrasseur, N. K, Lerman, L. O,
McDonald, K. M. McKenzie, T. J, . Kirkland, J. L (2019).
Senolytics decrease senescent cells in humans: Preliminary
report from a clinical trial of Dasatinib plus Quercetin in
individuals with diabetic kidney disease. EBioMedicine, 47, 446-
456. https.//doi.org/10.1016/J.EBIOM.2019.08.069

Hwang, H. T. V., Tran, D. T. Rebuffatti M. N., Li, C. S. and
Knowlton, A. A. (2018). Investigation of quercetin and
hyperoside as senolytics in adult human endothelial cells. PLoS
ONE, 13(2). https://doi.org/10.1371/JOURNAL PONE.0190374
Ishige, K., Schubert, D. and Sagara, Y. (2001). Flavonoids protect
neuronal cells from oxidative stress by three distinct
mechanisms. Free radical biology and medicine, 30(4), 433-446.
https://doi.org/10.1016/S0891-5849(00)00498-6

Iske, J., Seyda, M., Heinbokel, T., Maenosono, R., Minami, K,
Nian, Y., Quante, M., Falk, C. S., Azuma, H., Martin, F., Passos, J.
F.. Niemann, C. U., Tchkonia, T., Kirkland, J. L., Elkhal, A. and
Tullius, S. G. (2020). Senolytics prevent mt-DNA-induced
inflammation and promote the survival of aged organs
following transplantation. https://doi.org/10.1038/s41467-020-
18039-X

Islam, M. T, Tuday, E,, Allen, S., Kim, J., Trott, D. W., Holland, W.
L., Donato, A. J. and Lesniewski, L. A. (2023). Senolytic drugs,
dasatinib and quercetin, attenuate adipose tissue inflammation,
and ameliorate metabolic function in old age. Aging Cell, 22(2),
€13767. https.//doi.org/10.1111/ACEL.13767

Kirkland, J. L. and Tchkonia, T. (2020). Senolytic drugs: from
discovery to translation. Journal of Internal Medicine, 288(5),
518. https://doi.org/10.1111/J0IM 13141

Lall. R. K, Adhami, V. M. and Mukhtar, H.

flavonoid fisetin  for

(2016). Dietary
cancer prevention and treatment.
Molecular nutrition and food research, 60(6), 1396. https.//
doi.org/10.1002/MNFR.201600025

Lee, S, Wang, E. VY., Steinberg, A. B., Walton, C. C,, Chinta, S. J.
and Andersen, J. K. (2021). A guide to senolytic intervention in
neurodegenerative disease. Mechanisms of Ageing and
Development, 200. https://doi.org/10.1016/J.MAD.2021.111585
Maher, P. (2009). Modulation of multiple pathways involved in
the maintenance of neuronal function during aging by fisetin.
Genes and Nutrition, 4(4), 297. https://doi.org/10.1007/512263-
009-0142-5

Mijit, M., Caracciolo, V., Melillo, A, Amicarelli, F. and Giordano, A.
(2020). Role of p53 in the Regulation of Cellular Senescence.
Biomolecules, 10(3). https.//doi.org/10.3390/BIOM10030420
Ohtani, N. (2022). The roles and mechanisms of senescence-
associated secretory phenotype (SASP): can it be controlled by
senolysis? Inflammation and Regeneration, 42(1), 1-8. https.//
doi.org/10.1186/541232-022-00197-8/FIGURES /3

Overview of Cellular Senescence and Aging | Cell Signaling
Technology. (ty.). Gelis tarihi 20 Subat 2023, génderen https:.//
www.cellsignal.com/science-resources/overview-of-cellular-
senescence

Owens, W. A., Walaszczyk, A, Spyridopoulos, |, Dookun, E. and

Richardson, G. D. (2021). Senescence and senolytics in



28.

20.

30.

3L

32.

33

34.

35.

36.

37.

38.

Danis, K. and Mutlu, A. G. /Turkish Journal of Health Science and Life (2024), 7(3), 105-112.

112

cardiovascular disease: Promise and potential pitfalls.

Mechanisms of Ageing and Development, 198. https.//
doi.org/10.1016/JMAD.2021.111540

Ozkan, O. P., Kemal Blyukinal, S., Yigit, Z., inci, Y., Sakar, F. S.,
Ozgelik Ersu, D., Universitesi, I. A, Bilimleri, S., Beslenme, Y.,
Enstitist, K & Ad, K (2019).

Kardiyovaskuler hastalik tanisi almis hastalarin saglikli yasam

Bolumii, D.. Universitesi, .,

bicimi davranislarinin  degerlendirilmesi. Mersin Univ Saglik
Bilim
mersinsbd.407399

Pal, H. C, Pearlman, R. L. and Afaq, F. (2016). Fisetin and Its Role

Derg, 12(1), 22-31. https.//doi.org/10.26559/

in Chronic Diseases. Advances in experimental medicine and
biology, 928, 213-244. https://doi.org/10.1007/978-3-319-41334
-1.10

Rayess, H., Wang, M. B. and Srivatsan, E. S. (2012). Cellular
senescence and tumor suppressor gene pi16. International
Journal of Cancer. Journal International du Cancer, 130(8), 1715.
https://doi.org/10.1002/1JC.27316

Sieben, C. J., Sturmlechner, I, van de Sluis, B. and van Deursen,
J. M. (2018). Two-Step Senescence-Focused Cancer Therapies.
Trends in cell biology, 28(9), 723-737. https.//doi.org/10.1016/
J.TCB.2018.04.006

Sun, X. and Kaufman, P. D. (ty.). Ki-67: more than a proliferation
marker. https://doi.org/10.1007/500412-018-0659-8

Virani, S. S, Alonso, A, Aparicio, H. J, Benjamin, E. J,
Bittencourt, M. S., Callaway, C. W., Carson, A. P., Chamberlain, A.
M., Cheng, S., Delling, F. N., Elkind, M. S. V., Evenson, K R,
Ferguson, J. F., Gupta, D. K, Khan, S. S,, Kissela, B. M., Knutson,
K. L. Lee, C. D, Lewis, T. T., .. Tsao, C. W. (2021). Heart Disease
and Stroke Statistics - 2021 Update: A Report From the
E254-E743.
https://doi.org/10.1161/CIR.0000000000000950/FORMAT/
EPUB

Wang, L., Lankhorst, L. and Bernards, R. (ty). Exploiting
the https.//
doi.org/10.1038/541568-022-00450-9

American Heart Association. Circulation, 143(8),

senescence  for treatment of cancer.
Wang, Y., He, Y., Rayman, M. P. and Zhang, J. (2021). Prospective
Selective Mechanism of Emerging Senolytic Agents Derived
from Flavonoids. Journal of Agricultural and Food Chemistry,
69(42), 12418-12423. https://doi.org/10.1021/
ACS.JAFC.1C04379/ASSET/IMAGES/MEDIUM/
JF1C04379_0003.GIF

Wyld, L., Bellantuono, I, Tchkonia, T., Morgan, J., Turner, O.,
Foss, F., George, J., Danson, S. and Kirkland, J. L. (2020). cancers
Senescence and Cancer: A Review of Clinical Implications of
Senescence and Senotherapies. Cancers, 12. https.//
doi.org/10.3390/cancers12082134

Zhang, L., Pitcher, L. E., Prahalad, V., Niedernhofer, L. J. and
Robbins, P. D. (2021). Recent advances in the discovery of
senolytics. Mechanisms of Ageing and Development, 200,
111587. https://doi.org/10.1016/J.MAD.2021.111587

Zhu, Y., Tchkonia, T., Pirtskhalava, T., Gower, A. C., Ding, H.
Giorgadze, N., Palmer, A. K, Ikeno, Y., Hubbard, G. B., Lenburg,

M., O'hara, S. P., Larusso, N. F., Miller, J. D., Roos, C. M., Verzosa,

39.

G. C, Lebrasseur, N. K, Wren, J. D, Farr, J. N, Khosla, S., .
Kirkland, J. L. (2015). The Achilles’ heel of senescent cells: from
transcriptome to senolytic drugs. Aging cell, 14(4), 644-658.
https.//doi.org/10.1111/ACEL.12344

Zia, A. Farkhondeh, T. Pourbagher-Shahri, A. M. and
Samarghandian, S. (2021). The role of curcumin in aging and
senescence:  Molecular mechanisms. Biomedicine and
Pharmacotherapy, 134, 111119. https:.//doi.org/10.1016/

J.BIOPHA.2020.111119



