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Abstract

Aging is a multifaceted process inherent to all living organisms, driven by numerous
internal and external factors. Biological aging is marked by the progressive decline of
essential physiological processes, leading to tissue integrity loss and cellular function
deterioration. This review explores the mechanisms underlying skin aging,
emphasizing the role of cellular senescence and its impact on dermal health, with a
focus on the senescence-associated secretory phenotype (SASP) and its contribution
to systemic inflammation, cancer development and age-related diseases. The effects
of UV induced senescence in carcinogenesis is also addressed, relating the oxidative
damage caused by prolonged exposure to ultraviolet radiation with the premature
acquisition of senescent-like characteristics in cells that ultimately lead to
photocarcinogenesis. Furthermore, this review highlights the potential of natural
senolytic compounds as a basis for the development of novel treatment options for
age related diseases in the skin. In vitro research has shown promising results for
some natural compounds applied to the treatment of skin diseases. However, many
aspects of their use in vivo are still unknown. Future research focused on describing
the natural compound’s interactions on an organism are still needed if these products

are ever to be used for the research of new senolytic formulations.
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INTRODUCTION

Aging is a complex process, intrinsic to living organisms, whose course depends on
numerous internal and external factors. By definition, biological aging consists of the
progressive loss of physiological processes resulting in alterations of tissue integrity
and cellular functions (1). This loss of functions occurs due to failures in cellular
repair systems, facilitating the occurrence of genetic defects that, in turn, compromise
tissues and become more prominent over time. Simultaneously, there is a reduction in
mechanisms capable of reducing the proliferation of damaged cells (2,1). These
mechanisms include, but are not limited to, apoptosis, autophagy, and cellular
senescence and, apparently, occur in different degrees for different cells (1). Cellular
senescence is a state of permanent mitotic interruption, which is related to the
limitation of tumour progression (3), as well as wound healing and embryonic
development. Thus, the cell that has its cycle interrupted does not undergo apoptosis,
and acquires a phenotype state known as SASP (senescence-associated secretory
phenotype), resulting in the secretion of cytokines, chemokines, metalloproteases, and
other proteins that lead to systemic inflammation. This process contributes to the
emergence of natural aging characteristics and the development of chronic diseases
common in old age (3,4). In this scenario, depending on some environmental factors,
skin cells may also suffer the effects of cellular senescence which may contribute to
specific aging markers from changes in appearance (wrinkles or fragile skin) to skin
cancer (5,6).

The skin is the most exposed organ of our body and is in immediate contact with the
environment, suffering direct action from factors such as atmospheric pollution and
ultraviolet (UV) radiation, which can cause significant changes in tissues, such as
mutations in mitochondrial DNA, reactions with reactive oxygen species (ROS), and
shortening of telomeres, thus accelerating aging (5). Throughout the aging process,
the components of skin layers tend to undergo senescence (7), with one of the

consequences being the reduction in collagen production.
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In general, the macroscopic consequences of prolonged exposure to UV radiation
manifest visually on human skin in the form of wrinkles, sagging, reduced tensile
strength, changes in pigmentation, and, more acutely, hyperchromic spots (5).
However, the manifestation of these visual symptoms may indicate more intense
damage to fibroblasts that make up the dermal matrix. Fibroblasts are cells capable of
creating and maintaining a diverse range of connective tissues rich in extracellular
matrix, which ensure the skin's protective and elastic properties (8). As aging
progresses, fibroblasts manifest a new phenotype that drastically reduces the volume
of proteins produced, with the main consequence of this process being the reduction
in the quality of the dermal matrix necessary for the skin to maintain its integrity (5).
In addition, this process can be accelerated by contact with UV radiation, which
already has the power to cause oxidative damage to DNA due to its relationship with
the production of reactive oxygen species (ROS), thus decreasing the dermal matrix's
ability to reduce damage and, in more extreme cases, causing photocarcinogenesis (6).
Fortunately, in most cases, acute mechanisms of cellular aging come into play before
the cell acquires neoplasic characteristics, thus preventing tumor development.
Despite this, older adults present failures in the mechanism responsible for the
elimination of senescent cells, signalled by secreted cytokines and chemokines (9), a
fact that results in the accumulation of these cells in various tissues, such as the
intestine, skin, bones, and liver (10). This leads to structural, degenerative, and
irreversible damage, as well as fibrosis (1).

Currently, the main way to deal with this undue accumulation of cells in tissues is the
use of senotherapeutics, medications capable of attenuating the accumulation of
senescent cells in tissues (11). Senotherapeutics are divided into two classes
depending on their mechanism of action: senolytics, which kill cells and induce
senolysis, and senomorphics, which reduce the production of SASPs, causing
senostasis (11). Several drugs with senolytic capacity have already been approved for
clinical use, such as glucocorticoids, metformin, rapamycin, quercetin, and navitoclax
(12). Despite this, the range of drugs with senotherapeutic characteristics is still very
limited. A promising source of new senolytic drugs is those derived from natural
products. Agents such as fisetin, quercetin, piperlongumine, and mixed extracts of
turmeric are some examples of natural products with potential senolytic action (13).
Furthermore, piperlongumine and extracts derived from plants of the genus Solidago

are the derivatives of natural products with the greatest action on dermal matrix cells,
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thus being an important basis for research on new medications capable of reducing
skin senescence.

Concerning this scenario, the aim of this review is to correlate cell senescence and
risk for skin cancer, identify potential natural products with senolytic effects and
understand how their application can be more efficient through the use of novel

research in biotechnology.

SEARCH STRATEGY AND SELECTION CRITERIA

The present project is a literature review with the objective of studying natural
products with senolytic capabilities and their effects on the aging process of skin.
Bibliographic references were obtained through research in the following data banks:
Cochrane, PubMed, Scopus and Scielo utilising the following keywords ‘“Natural
Products”,  “Senolytics”, “Cellular  senescence”, “Dermal Matrix” and
“Photocarcinogenesis”. It is worth mentioning that pertinent bibliographic references
present in the articles used were also considered in this study.

References selected for this project act in accordance with the following inclusion
criteria: qualitative and quantitative research published in English or Portuguese
between 2004 and 2024. Works with focus on the aging process of other tissues or
articles that do not include information about natural products with senolytic potential
were excluded from the research. Finally, the quality control method for the chosen
articles was based on metrics used by the data banks in which they were published.

To ease the data extraction of the chosen references, a spreadsheet was made
containing the following information: authors, year of publication, study type,
methodology used, results, and conclusions. At last, the collected data was
synthesized following the main themes of the project and the quality of data evaluated

with the aim of accomplishing the study's objectives.

ANALYSIS OF INFORMATION AND DISCUSSION

Cellular Senescence, Aging and Longevity

During the aging process, cells are exposed to senescence-inducing factors (i.e.
oxidative stress, telomere shortening, DNA damage, etc.) that are able to induce
changes in the individual's morphologic and genetic profile. Cells that undergo this
process normally activate a number of metabolic pathways that are responsible for

suppressing occasional tumour growth and promoting cell cycle arrest (1). These
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responses are triggered mainly by the production of a myriad of pathway mediators
that activate the defence mechanisms of a senescent cell, more notably the p53
(cellular tumour antigen), pl6 (cyclin-dependent kinase inhibitor) and p21
(pleiotropic cyclin dependent kinase inhibitor) (14) genes, all of which are directly
involved in the acquisition of the senescent phenotype. The process begins with the
activation of the p53 gene that implies in alteration in gene expression that enables the
transcriptional activation of the p21 gene responsible for halting the cellular cycle
(14). However, the activation of the pathways related to the p53 and p21 genes is
temporary resulting in a decrease in protein levels after the establishment of growth
arrest, the lack of these proteins, in turn, activate the expression of the p16 gene which
maintains the cell cycle arrest for longer periods of time (14). These changes in
metabolism and expression, however, are not entirely related to the acquisition of the
senescence-associated secretory phenotype (SASP) as cells that overexpress the pl16
and p21 genes develop senescent characteristics but do not secrete any chemicals
related to the SASP (15). The acquisition of the phenotype in question is usually
related to the presence of cellular damage combined with the aforementioned
metabolic changes (15).

All of this seems invasive and unnatural at first, but senescence plays an
important role in human aging. Senescence is often categorized as a defence strategy
against external or internal stressors (1), as it prevents the proliferation of mutated or
malfunctioning cells by locking some cells in a specific stage of the cell cycle (GO0). In
this state, the cell is not able to duplicate, thus, reducing the occurrence of fibrosis and
tumorigenesis (4), all of that while partially maintaining cellular function. The
chemokines, cytokines, growth factors and proteases secreted by cells that have
acquired the SASP are normally related to primary inflammatory response healing of
the affected tissue. However, they are also responsible for warning nearby cells that
one of them is senescent, consequently marking it for programmed death (16).
Without this process, tumours and defected cells would proliferate in an uncontrolled
manner compromising the integrity of the tissue they are part of, ultimately leading to
age related diseases such as cancer and organ failure. This mechanism would be
perfect for an organism defence if the biological organism were not subject to so
many other aging-promoting mechanisms that are subjected to endogenous and
exogenous influences, which can determine the course of the aging process, resulting

in healthy aging or pathological aging.
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Common Pathogenic Mechanisms Underlying Senescence and Cancer

As one gets older, the defence mechanisms of the body will tend to naturally fail in
eliminating senescent cells, leading to their accumulation in various tissues and
subsequently to organismal senescence (3). This happens mainly because of the aging
process of T cells in the immune system, which induces many alterations capable of
undermining their objective function of eliminating senescent cells. The induction of
this specific phenotype in older T cells provokes the production of pro-inflammatory
factors that not only have detrimental effects on immune response but are also capable
of stimulating other T cells to become immunologically non-functional (17,18).
Immune cells also experience a loss of flexibility in their membranes with aging that
can significantly impair their ability to secrete signalling molecules and, mainly, form
immune synapses. In turn, this compromises almost all signalling pathways related to
the cell’s protective functions (19,20,21) ultimately leading to more senescent cells
being present in an individual the longer it lives.

Within this context, some works have shown that the induction of cell senescence
could be a strategy for cancer treatment. In fact, as cancer cells enter the cellular
process of senescence, they would stop the uncontrollable division and the secretion
of proteases that attack the cellular matrix leading to the metastatic characteristic of
some cancers (22). Paradoxically, cells undergoing senescence may also induce
tumour initiation and metastasis through the secretion of SASP-related substances
capable of creating the perfect environment for cancer development (22, 23).

These substances are normally associated with inflammation and clearance of
senescent cells. However, in greater quantities, they are known for disrupting tissue
structure and causing a myriad of age related diseases such as pulmonary
hypertension, collagen loss and skin thinning, Alzheimer’s disease, Parkinson’s
disease, osteoarthritis and intervertebral disc degeneration, chronic obstructive
pulmonary diseases, emphysema, and many others (3,24,25,26,27,28). More
importantly, the SASP related chemicals might also create an immunosuppressant
microenvironment that favours malignant transformation and progression depending
on the cell type undergoing senescence, the tissue affected as well as the process
inducer (22). In other words, even if the cellular arrest caused by senescence impedes
the multiplication of malignant cells, the phenotypic change related to this arrest also

provokes the secretion of cytokines, chemokines and growth factors that can lead
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other cells to tumorigenesis (3, 22). If combined with the loss of function in the
immune system related to the process of aging, senescent cells cannot be cleared fast
enough to prevent their accumulation in tissues, consequently increasing the
production of chemicals responsible for cancer development.

This process is especially evident in skin cancer, as this tissue is constantly exposed to
the action of external stressors and can easily be a target for the induction of cellular
senescence. Constant exposure, mainly to atmospheric pollution and ultraviolet (UV)
radiation, hastens the process of tissue deterioration, causing a myriad of symptoms

both macro and microscopically.

Skin, Environamental Factors and Skin Cancer

The skin is the most exposed organ of our body, its main function is to protect our
other organs from physical and chemical damage coming from the outside, thus
helping maintain our body's homeostasis. Because of this, the skin is constantly
bombarded with external stressors that can accelerate aging in its tissues, a process
known as extrinsic skin aging (29). Each type of skin aging is associated with
different symptoms. Normal aging is related mainly to functional alterations in the
cells that compose the dermal matrix, whereas aging provoked by stress is normally
characterized by morphologic and physiologic changes that lead to premature aging.
Common manifestations of this can appear on skin in the form of wrinkles, solar
elastosis and pigment irregularities (5,29). Studies suggest that even though many
factors are responsible for inducing extrinsic aging in skin, UV radiation and, in
lesser effect, air pollution are the stressors that are able to cause the most damage to
the structures of this organ (5,6).

The penetrating properties of UV radiation allows it to interact directly with the
dermis layer of the skin thus damaging the fibroblasts that are responsible for
maintaining the skin’s dermal matrix. This interaction can cause a variety of adverse
effects such as mutations on the cell’s DNA, oxidative damage and telomere
shortening all of which provoke the cell into entering a senescence state prematurely
(5,7). Senescence in fibroblasts manifest in the form of a phenotype that greatly
reduces the amount of proteins produced and secreted by the cell. This lack of
extracellular protein present in senescent skin weakens the dermal matrix responsible

for keeping the skin’s integrity and function, consequently making it less effective in
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keeping the UV radiation from causing age-related diseases and, ultimately,
photocarcinogenesis (5,6,29).

UV radiation is capable of induction of carcinogenesis by altering the function of
genes responsible for cell growth through mutations in genomic DNA. This process is
divided in three stages: initiation, promotion and progression. Even if mutations in the
DNA are normally associated with initiating tumorigenesis, these normally remain
dormant until exposure to promoting agents that may or may not be carcinogenic
themselves, which effectively starts tumour development. Tumour progression, on the
other hand, is related to multiple mutations in tumour suppressor genes and oncogenes
that are responsible for preventing tumour development (30). UV radiation, however,
is a complete carcinogen, meaning it can act as both initiator and promoter in this
process, due to the physical differences between UVA and UVB rays. Even though
the former is a fairly less efficient carcinogen than the latter, UV A radiation can serve
as initiator with UVB serving as promoter in the development of skin cancer (31).

In addition, by applying stress directly to the fibroblasts in the dermis, ultraviolet
radiation can lead to skin cancer through the induction of premature senescence
leading to senescent cell accumulation (32). This is evident, especially in aged skin,
where prolonged in vitro exposure to UV radiation induce the acquisition of SASP
(33). The presence of this phenotype creates an inflammatory microenvironment that
relates to an increase in carcinogenesis in the skin, mainly in the form of carcinomas
(34). In other words, the behaviour of SASP-related chemicals in skin is not different
from its effects in other tissues, which means that they create an environment that
facilitates malignant transformation both by inducing carcinogenesis in healthy cells
and by disabling immune clearance of the senescent cells. This process becomes more
prominent in aged individuals, since their immune system is already less efficient
because of the aging natural process, so the presence of senescent cells and their
carcinogenic substances are greatly increased.

The exposure to this specific stressor can also induce metabolic pathways that
counteract cellular arrest caused by senescence. Normally, there is a balance between
the p53 pathway (responsible for inducing cell cycle arrest) and the AKT/mTOR pro-
survival signalling pathway. However, the induction of senescence by UV is capable
of shifting the antagonistic balance between the two through the super expression of
one of the two pathways (35). This means that if the metabolic balance tips in favour

of the AKT/mTOR metabolic pathway, senescent or damaged cells that are currently
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under cellular arrest may be pushed back into the cell cycle, thus increasing the
probability of malignant transformation because of the increased proliferation of cells
that already acquired cancerous properties (35).

Concerning this scenario, it is possible to conclude that UV radiation by itself is
capable of inducing and promoting tumour development in skin cells (via induction of
cellular senescence), as well as accelerating the aging process of fibroblasts related to
photoprotection, consequently weakening the body’s natural defences against the
stress caused by prolonged exposure to UV light. In tandem, these symptoms promote
a vicious cycle of defence inhibition and tumour development, in which a stressor is
able to single-handedly create an environment that facilitates tumour growth in this

specific tissue.

Spontaneous and drug-induced senescence that promote skin cancer

As described, senescence is a natural process that can also occur without any
influence from the environment. The term “inflammaging” refers to the chronic, low-
grade inflammation that is related to aging and age-related pathologies, a process that
affects various tissues in the body and is characterized by the balance between pro-
and anti-inflammatory responses (36). This inflammatory response is caused by the
body’s natural process of cell clearance, in which small pieces of the destroyed cells
called cellular debris still linger in the body’s tissues and are recognized by pattern
recognition receptors (PRRs), which detect stressed or dying cells and initiate the
inflammation related to their degradation. With age, the process of imunnosenescence
makes the clearing of the debris less effective, leading to a prolonged exposure to
these molecules, progressive activation of PRRs related to immune response and,
consequently, to more inflammation (36). Inflammaging is largely related to this
imbalance between the production and disposal of cellular debris, characterizing it as
an autoimmune process where the immune response of the aging body can harm cells
adjacent to the inflammation.

This chronic inflammation can also serve as an internal stressor capable of inducing
senescence in other cells. This creates a paradox: inflammaging induces cells into
acquiring the SASP, consequently, secreting SASP related chemicals that are related
to age related pathologies and propagation of senescence via bystander effect
(senescence induced senescence) (36). In turn, since the SASP is regulated similarly

as the inflammatory response to other stresses, these senescent cells created via
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chronic inflammation contribute to the overall, low grade, general inflammation of
tissues (37). Even though the progression of these symptoms can be halted by
chemical treatment, in more aggressive pathologies such as cancer, the treatment itself
can become a driving factor for senescence.

Drug induced senescence is normally used in oncogenic treatment because of the cell
cycle arrest caused by the process. Ideally, this stops tumour progression and leads the
way for an effective cycle of chemotherapy. However, several studies have reported
that the use of senescence-inducing drugs generates a reversible, drug-resistant state
in cells as an acute response to initial treatment (38). Drugs that transiently induce the
acquisition of the senescent phenotype more often generate resistant cells. The
application of such drugs are associated with an initial phase of cellular death that
may seem beneficial in short-term treatment, but negatively influences
complementary therapy by creating strands of senescent cells that are resistant against
a second phase of drug application (38). Furthermore, drug induced senescent cells
are able to bypass the senescence plateau, resuming the cellular cycle and developing
into highly tumorigenic cells that, because of the paracrine factors secreted by
senescent cells with the SASP, are welcomed to an environment that is beneficial to
the growth and development of tumours (39,40). Consequently, drug induced
senescence can be detrimental for the long-term treatment of diseases such as cancer,
seeing as it cannot fully maintain cell cycle arrest in the cells and induces the
selection of drug resistant strands of cells that can possibly become tumours in the
future. With this in mind, it is necessary that novel treatments capable of tackling both
of these issues be discovered if we ever hope to mitigate the effects of senescence-
induced pathologies.

Applying Biotechnology for Skin Cancer treatment

The dichotomy of senescence being both beneficial and detrimental for disease and
cancer progression made the use of senescence as a therapeutic factor in cancer
treatment uncertain for many years. This, however, changed in the last few years after
a series of studies proved that systematically eliminating senescent cells could
alleviate the progression of age related diseases or infections as the one caused by
Sars-CoV-2 (41,42,43). In this way, it is evident the interest in the development of
drugs that can selectively Kill these types of cells (the senolytics) in order to combat

several diseases, including cancer.
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Currently, there are some senolytic drugs that are able to act in skin cancer, two of
them being cardiac glycosides and FOX04 peptidomimetics. The former is a natural
compound used in cardiology as a cationic inhibitor for Na'/K'-ATPase. The
inhibition of this metabolic pathway depolarizes the cellular membrane, ultimately
provoking apoptosis. Since senescent cells have a bigger concentration of intercellular
cations, the effects of the drug in these cells are greater, consequently augmenting the
efficiency of the treatment (44,45). The latter is a compound that mimics the FOX04
peptide related to the prevention of apoptosis in senescent cells by sequestering p53 in
the nucleus. The synthetic FOX04 competes with the endogenous peptide, provoking
the targeted apoptosis of senescent cells by releasing the stored p53 (46). Ultimately,
even though there is plenty of research backing these two options of targeted
apoptosis for senescent cells, these treatments are normally recommended for use
specifically in melanomas. This urges the need for the research and development of a
wider variety of efficient options for treating skin cancer, many of which can be found
in less researched natural products.

Many natural compounds have been reported to alleviate the development of age
related diseases, most of them are potent antioxidants that reduce the oxidative stress
suffered by the cells, slowing the aging process. However, there are a few of these
compounds that are capable of acting directly in the clearing of senescent cells,
making them perfect candidates for the development of novel senolytic drugs (13).
Fisetin is a common flavonoid found in many fruits and vegetables. This substance
presents antitumor activity by inhibiting cancer cell proliferation and inducing cancer
cell apoptosis in a variety of cell lines, mainly umbilical vein endothelial cells and
fibroblasts (47). Even if fisetin is an extremely cell-specific senolytic agent, it proved
to be a potent senolytic flavonoid, reducing senescence markers in the tissues that are
affected by the presence of this compound (48). Curiously, the anti-proliferative and
proapoptotic effects of fisetin were limited to cancer cells, normal cells were much
less affected by the treatment, showing good selectivity (49).

Piperlongumine is a biologically active compound extracted from piper plants. This
alkaloid has been reported to have wide pharmacological activity, being its anti-
cancer characteristics the most well studied of them all (50). Piperlongumine can kill
various types of cancer cells including, colon, skin, breast, lung, central nervous
system, pancreatic, nasopharyngeal, osseous bladder, prostate, and leukemia with the

ability of having selective cytotoxic effects on these cells, and having weak activity
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on healthy cells (50,51). For example, piperlongumine was able to suppress skin
cancer growth and reduce cell viability by preferentially killing senescent human
fibroblasts induced by ionizing radiation without creating more ROS. These effects,
however, were mild in normal fibroblasts (50,52). Even though this compound has
proven to be effective in preventing cancer development and eliminating senescent
cells, its specific targets in the cell are still largely unknown, proving the need to
deepen the overall understanding of these compounds.

Solidago virgaurea, commonly known as Goldenrod, is traditionally used in medicine
as an anti-inflammatory herbal medicine. Compounds isolated from this plant are
reported to have anti-inflammatory, cytotoxic, anti-microbial, anti-mutagenic, anti-
oxidative, analgesic and anti-oxidative properties (12). Furthermore, L&nmermannan
proved that an alcoholic extract of Solidago alpestris, was able to block negative
effects of senescence in human skin fibroblasts. The extract was not only able to delay
the acquisition of the senescent secretory phenotype, but also preserved the papillary
phenotype related to the functionality of human dermal fibroblasts, thus maintaining
their ability to stimulate the formation of a full-thickness human skin equivalent (12).
At last, the extract was also able to revert the gene expression profile of senescent
fibroblasts into one resembling a healthy cell, reducing the expression of various
SASP factors and consequently ameliorating the negative effects of the SASP in
adjacent cells, mainly the stimulation of pre-neoplasic cell growth. All of this while
maintaining the irreversible growth arrest caused by senescence (12).

As is common with most drugs derived from natural products, low bioavailability is a
problem that limits the use of some of these compounds as effective treatments for
age related diseases in skin. In order to solve this, nanocarriers can be used to deliver
these drugs to their targets in a way that makes their therapeutic use more viable (53).
Lignin based polymeric nanoparticles (NPs) are a novel technique of creating support
structures that uses a natural polymer as its base, lignin grants the NP a high drug
loading efficiency, prolonged half-life in the bloodstream, sustained drug release
behavior, good bioavailability and tissue permeability, biodegradability,
biocompatibility and low toxicity, making it perfect for drug delivery (53).
Furthermore, the lignin present in the polymeric NP is also able to act as a UV light
blocker acting on wavelengths between 250 and 400nm, thus reducing the effects of
UV radiation on skin (54). With this in mind, the use of a lignin based NP to transport

one of the natural product based senolytics explained above can not only alleviate the
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low bioavailability that limits their use, but also create an environment in which the

skin being treated is also protected by a layer of UV blocking structures.

CONCLUSION

This review has provided a comprehensive overview of cellular senescence and its
effects on skin aging. Literature indicates that cellular senescence can contribute
significantly to the development of age related diseases through different mechanisms,
such as reducing collagen production, weakening the dermal matrix responsible for
UV protection, SASP related inflammation and oncogenesis. These findings suggest
that targeting senescent cells may be a viable strategy for alleviating age-related skin
deterioration. Senotherapeutics, especially those derived from natural sources, present
a promising new approach to the clearing of senescent cells in human tissues,
potentially enhancing long-term skin health and delaying the onset of many age-
related conditions.

Despite the extensive research on the effects of senolytic natural extracts in different
tissues, there are still some gaps in our understanding of the mechanisms regarding
these products. For instance, the substrate interactions and pharmacological synergism
of these compounds are not yet fully understood, meaning that the long-term effects
of these senotherapeutics on overall aging are still largely unknown. Furthermore,
most research conducted focused on this topic relies on in vitro models, which may
not replicate perfectly their effects on a living organism. Future research should focus
on deepening the understanding of how these natural compounds interact with skin
cells, investigating the molecular mechanisms behind their pharmacological action
may yield important findings on how to better apply natural compounds for the
treatment of age-related skin diseases.

In conclusion, the reviewed literature highlights the potential of natural senolytics in
addressing skin aging and reducing the development of skin cancer, as well as calling
attention to the need for future research on this topic. By filling the existing gaps and
exploring new therapeutic avenues, we can advance our understanding and treatment
of age-related skin conditions, ultimately improving quality of life for aging

populations.
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