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ABSTRACT

This review synthesizes insights from the studies
investigating mechanisms and strategies for
extending lifespan and healthspan. Telomere
shortening is key to cellular aging, as evidenced by
the fact that activation of telomerasein normal
human cells prolongs their replicative lifespan by
preserving telomere length and young cell
phenotypes. Through the modulation of pathways
such as sirtuins and caloric restriction mimetics, the
polyphenolic molecule resveratrol improves age-
related illnesses and increases longevity and
healthspan in model species. Nevertheless, there
are difficulties in applying these advantages to
people.Reactive oxygen species (ROS) produce
cumulative  oxidative damage to cellular
macromolecules, including as proteins, lipids, and
nucleic acids, which is closely associated with
aging. An enzyme called peptide methionine
sulfoxide reductase A (MSRA) fixes oxidized
methionine residues in proteins. It has been linked
to reducing oxidative damage and affecting
longevity. With a primary focus on neural tissues,
this study investigates the effects of MSRA
overexpression in Drosophila melanogaster. The
results show that transgenic flies that overexpress
MSRA have noticeably longer lifespans, improved
tolerance to oxidative stress caused by paraquat,
and postponed reductions in physical and
reproductive activity that are linked with
senescence.  MSRA's  strong  antioxidative
mechanism is demonstrated by the lifespan
extension attained with MSRA overexpression,
which surpasses previous oxidative damage
mitigation techniques.Finally, invertebrate models
emphasize pharmacological methods to aging
intervention, particularly high-throughput screening
to uncover drugs that reduce aging.

Key words: Telomeres, Calorie restriction(CR)
Diet, Resveratrol, MSRA peptidyl enzyme,
C.elegans & D.melanogaster, IGF signalling, DAF-
2 receptor.

l. INTRODUCTION

Senescence often known as aging, is the
gradual deterioration of cellular integrity and
physiological processes over time, which reduces
resilience and raises the risk of illness and death.
The accumulation of molecular damage, telomere
shortening, genomic instability, epigenetic changes,
and oxidative stress are the hallmarks of aging at
the cellular level. One of the most important
aspects of aging is cellular senescence, a condition
in which cells irreversibly lose their capacity to
divide. Telomere attrition and the initiation of DNA
damage responses are frequently connected to
thisphenomenon. The  senescence-associated
secretory phenotype (SASP), which is caused by
pro-inflammatory substances secreted by senescent
cells, is linked to age-related illnesses and tissue
failure.This condition made the researchers to work
on the delay of senescence,which in other terms
known as Extension of Lifespan.

Several mechanisms and interventions for
lifespan extension was evolved in the research
scale. The goal of lifetime extension initiatives is to
improve healthspan, or the percentage of life spent
in good health, and postpone the onset of aging-
related  deterioration.  Numerous  molecular
processes and therapies that impact lifespan have
been identified by aging research:

1.Telomere Maintenance:

Normal human diploid cells in culture
have a limited lifespan for proliferating and go into
a nondividing condition known as Senescence,
which is marked by changes in gene expression.
[1,2].The fact that replicative senescence depends
on cumulative cell divisions rather than
chronological or metabolic time suggests that a
"mitotic clock™ controls proliferation[3]. It is
believed that telomere loss regulates the onset of
senescence[4-7]. The ribonucleoprotein enzyme
telomerase synthesizes the repeats of the sequence
TTAGGG/CCCTAA at the chromosome ends that
make up human telomeres[8,9]. In human germline
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cells, telomerase is active, and the telomeres in
these cells are kept at roughly 15 kilobase pairs
(kbp). On the other hand, telomere length is
significantly shorter[10]and telomerase is not
expressed in the majority of human somatic
tissues[11,12]. According to the telomere
hypothesis of cellular aging[13], cells undergo
senescence when a threshold telomere length is
reached as a result of increasing telomere
shortening during each division.It has been possible
to clone the human telomerase reverse transcriptase
component (hTRT)[14]. In normal human diploid
cells, which produce low quantities of the template
RNA component of telomerase (hTR) but not
hTRT, we have recently shown that telomerase
activity can be restored by transient production of
hTRT[15]. This gave researchers the chance to
experiment with telomere length and test the theory
that cellular senescence is caused by telomere
shortening.

2. Mimetic Compounds and Caloric Restriction:

It has been demonstrated that CR
increases lifespan in a variety of animals, most
likely as a result of metabolic reprogramming and
decreased oxidative damage. By triggering the
proteins like sirtuinswhich involved in many
biological processes that control metabolism, stress
reactions, and DNA repair, substances such as
resveratrol imitate CR.It has been shown that
modifying the Sir2 gene [16],AMPK signaling[17],
TOR signaling[18],and insulin  signaling[19]
experimentally can alter lifespan in a variety of
organisms. The prospect that it would one day be
feasible to prolong human longevity has been
strengthened by the recent descriptions of several
nutritional and pharmaceutical therapies that can
increase lifespan and avoid age-related disorders.
For instance, the lifespan of yeast [20],
worms[21],flies [22],and rodents [23] is increased
by caloric restriction (CR), a dietary regimen that
involves a reduction in calorie intake. Furthermore,
a number of more recent research have shown that
CR can lower age-related and all-cause mortality in
rhesus monkeys [24-26]despite one study finding
that CR had no effect on monkey lifespan [27].1t
has also been demonstrated that nutritional
supplementation with a small chemical, such as
rapamycin [28],metformin [29],spermidine [30], or
resveratrol [31], can prolong the lifespan of several
model organisms as an alternative to CR.
Resveratrol has been the most extensively
researched molecule among these in the context of
aging research, not only because of its apparent
lack of toxicity [32],but also because of its
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exceptional capacity to treat and prevent a variety
of age-related diseases in mammals, such as
diabetes, cancer, Alzheimer's disease, and heart
disease  [32,33].In addition to  discussing
resveratrol's capacity to prolong the healthspan of
mammals, we also give an overview of how it
extends longevity in a variety of animals and offer
insight into the myriad debates, difficulties, and
potential applications of these discoveries in the
clinic.

3.Extension of High-quality life using peptide
MSRA:

An organism's lifespan is determined by
the complex process of aging, which is impacted by
both environmental and genetic variables. Reactive
oxygen species (ROS) generated during regular
metabolism are thought to cause cumulative
oxidative damage to cellular macromolecules,
including proteins, lipids, and nucleic acids, which
shortens lifespan and speeds up aging[34,35]. The
oxidative damage theory of aging is supported by
multiple lines of evidence, with oxidative protein
changes potentially being of particular significance.
According to one study, an 80-year-old person may
have up to 50% of their proteins oxidized [36]. In
the fruit fly Drosophila, the amount of oxidized
protein likewise rises with age [37], and animals
that live longer are more resilient to ROS
[38,39,40,41].Drosophila’s lifespan is increased by
overexpressing superoxide dismutase and catalase,
two enzymatic components of the cellular
antioxidant system[42].while its lifespan is
shortened by genetic disruption of the superoxide
dismutase—catalase antioxidant system[43]. Other
lifespan-extending measures like cutting calories
and modifying genes related to growth-factor
signaling cascades and cell metabolism may also
have an indirect effect by lowering ROS generation
or raising antioxidant levels[44].Methionine (met)
makes up around 2% of amino acid residues in
proteins[45] and physiological oxidants easily
convert it to methionine sulfoxide [met(O)]
[46]. The enzyme peptide methionine sulfoxide
reductase A (MSRA) [47]catalyzes the reduction of
met(O) back to methionine. The biological activity
of several proteins is impacted by the presence of
oxidized met residues[48], and MSRA has been
proposed to function as a regulator of cellular
excitability. Additionally, there is growing evidence
that met-MSRA may be a significant antioxidant
system in cells. Yeast and human T lymphocyte
cells that overexpress the MSRA gene are protected
against oxidative stress[49]while strains of
Escherichia coli and yeast that lack the gene are
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more vulnerable to it [50].In rats, MSRA
expression and activity decline with age[51], and
Alzheimer's disease patients' brains likewise exhibit
down-regulated enzyme activity[52]. Calmodulin's
amount of oxidized met, which is crucial for
cellular Ca2- Rats' homeostasis has been
demonstrated to rise dramatically with age [53].
Met residues may potentially contribute to
longevity, according to a mitochondrial genotyping
study of Japanese centenarians[54]. According to a
recent study by Moskovitz et al[55] mice with
lower levels of MSRA activity live shorter lives.
Therefore, we postulated that overexpressing
MSRA to aid in the repair of oxidized methionine
residues in proteins could prolong life and reduce
the harmful age-related consequences of ROS.

4.Invertebrates’ Pharmacological  Lifespan
Extension:

The potential for treating age-related
disorders makes novel chemicals that slow down
aging very desirable. Here, is the case that the
discovery of potential compounds and mechanistic
insights will result from the recent development of
a new subfield called the chemical biology of
aging, which will eventually advance the treatment
of age-related illnesses.In addition to offering the
ability to efficiently screen hundreds of thousands
of chemical compounds, cell culture and
invertebrate model organisms also enable the quick
elucidation of the genetic pathways that these
compounds are targeting due to their strengths in
molecular genetics.The contribution of invertebrate
models to the comprehension of the pharmacology
of aging is compiled in this review, along with
predictions for the future of the area. Since the
majority of the chemical biology of aging research
to far has been done on nematodes, we shall almost
entirely concentrate on studies on C. elegans.
Nevertheless, we will also talk about a small
number of pharmacological aging investigations
that were conducted on the fruit fly Drosophila
melanogaster (D. melanogaster).

PHARMACOLOGICAL STATEGIES FOR
LIFE SPAN EXPANSION
1.Telomerase Shortening:

The process of maintaining telomeres in
human cells relies on the enzyme telomerase,
which is a specialized ribonucleoprotein reverse
transcriptase. This enzyme extends the ends of
chromosomes by synthesizing telomeric simple
sequence repeats using a segment of its RNA
component. In certain conditions, human cells can
also lengthen telomeres through a different

mechanism that involves homologous
recombination, which has been observed in some
transformed fibroblast cultures and a small humber
of cancers. The composition of telomerase
ribonucleoproteins is only partially understood. Our
understanding of the proteins associated with
human telomerase has been developed through
various candidate approaches. The RNA
component of telomerase is widely transcribed and
forms a stable, yet catalytically inactive,
ribonucleoprotein. The processing and stability of
human telomerase RNA (hTR) depend on the
binding of small nucleolar ribonucleoproteins like
dyskerin, NHP2, NOP10, and GARL1 to the H/ACA
motif of hTR. The catalytic function is achieved
through the binding of the telomerase reverse
transcriptase subunit (TERT) and is influenced by
other factors, including chaperones and nucleic
acid-binding  proteins.  Additionally, certain
unknown conformational changes or interactions
are required to recruit telomerase to telomeres
during the DNA synthesis phase of the cell cycle.
Most human somatic cells lose telomerase activity
after early fetal development, while telomerase-
positive cells are more commonly found in mouse
tissues. The inactivation of telomerase in human
somatic cells primarily results from the
transcriptional repression of TERT, which can be
countered by the constant expression of a human
TERT (hTERT) transgene. This continuous
expression of hTERT in pre-senescent fibroblasts,
lymphocytes, epithelial cells, and other cell types
can prolong their replicative lifespan. Other forms
of telomerase inactivation, such as alternative
mRNA splicing that produces a catalytically
inactive version of hTERT, have been observed
during early development. The general suppression
of telomerase activity in somatic cells may serve as
a tumor-suppressing mechanism, particularly in
long-lived organisms. Since telomere shortening in
telomerase-negative cells restricts their ability to
proliferate, the chances of accumulating the
numerous spontaneous DNA mutations necessary
for cancer development are likely reduced. This
theory aligns with findings from certain mouse
models, although the short telomeres resulting from
telomerase disruption can also increase the risk of
tumorigenesis by causing genomic instability.In
human somatic tissues, telomerase inactivation has
some exceptions, particularly in a limited number
of adult tissues that are rapidly proliferating.
Telomerase is active in certain germline, epithelial,
and hematopoietic cells. In the stages of these cell
lineages where telomerase is present, its activation
is associated with the transcription of the hTERT
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gene. Sometimes, this activation is further
enhanced by an increase in ribonucleoprotein
levels, posttranslational modifications of hTERT, or
the movement  of  catalytically  active
ribonucleoprotein within the nucleus. In somatic
stem cells, telomerase does not compensate for the
loss of telomeres due to proliferation; it only
functions during a specific phase of progenitor cell
proliferation and is later downregulated during
terminal differentiation. While one might expect
telomerase activation to restore every telomeric
repeat lost during previous DNA replication cycles,
this telomere length maintenance has been well-
studied in single-celled organisms like yeasts and is
currently being researched in long-term cultures of
mammalian cells. In cancer cells, the equilibrium
between telomere loss and addition can sustain
stable telomere lengths over prolonged periods of
division. However, in normal human somatic
tissues, telomerase activation does not lead to the
establishment or maintenance of stable telomere
lengths. The temporary nature of telomerase
activation in normal somatic cell lineages is in stark
contrast to the continuous activation seen in tumor
cells. The extent of telomere shortening that
somatic cell telomerase activation can counteract is
influenced by the initial telomere length, the rate of
telomere shortening with each cell division, the
level of telomerase activity, and the cellular
regulation of telomere-telomerase interactions.
There is still much to learn about the mechanisms
that determine telomere length, especially in light
of observations like the proliferation-linked
activation of telomerase in cells that experience
rapid telomere erosion[69].

2.Hypotheses of anti-aging effect by Caloric
restriction:

The specific mechanisms by which caloric
restriction influences longevity have not been
conclusively established. There are numerous
hypotheses that require further testing to fully
comprehend how reduced food intake leads to an
extended lifespan. Early studies on caloric
restriction proposed several theories, such as the
developmental delay hypothesis by McCay et al.,
which suggested that slowing growth through
caloric restriction could increase lifespan. Pearl's
reduced metabolic rate hypothesis posited that
caloric restriction lowers metabolic rates, thereby
extending lifespan. Additionally, the Ilaboratory
gluttons  hypothesis examined whether the
overeating of lab animals compared to their wild
counterparts negatively impacted their health,
suggesting that the benefits of caloric restriction

might simply be a result of excessive eating.
However, most of these early theories have been
largely dismissed due to conflicting findings from
various studies.

The most credible explanation for the anti-
aging effects of caloric restriction relates to the
reduction of oxidative stress. When oxygen is
metabolized in the body, it is converted into
reactive oxygen species (ROS), which can damage
cellular macromolecules and contribute to age-
related changes. It is believed that caloric
restriction lowers ROS production, thereby slowing
the aging process. This hypothesis has been
supported by numerous studies, although it is not
without controversy. For instance, mice lacking the
antioxidant superoxide dismutase did not exhibit
accelerated aging despite increased oxidative
damage, and reducing ROS production did not
prolong the lifespan of Drosophila. Therefore,
further research is needed to clarify the connections
between ROS, lifespan, and caloric restriction.

Moreover, caloric restriction has been
shown to lower body temperature, which is
considered one of the mechanisms that contribute
to increased lifespan. Specifically, the benefits of
caloric restriction were negated when animals on a
restricted diet were kept at higher temperatures.
Overall, current evidence suggests that a complex
interplay of various mechanisms may underlie the
positive effects of caloric restriction on
longevity[70].

3.Extension of High-quality life using peptide
MSRA:

It is now well established that the peptide
methionine sulfoxide reductase
system plays arole in aging and the lifespan of
Escherichia coli, yeast, Drosophila, and mammals,
although the underlying molecular
mechanisms are still unclear . Research conducted
by Stadtman and Hoshi’s laboratories
utilizing knock-out mice and transgenic
Drosophila, respectively, examined the function of
MsrA in  lifespan regulation related to
the enzyme's antioxidant properties. In transgenic
Drosophila, the over expression of Msr
A increased the average lifespan
by as much as 70%;the
flies showed greater resistance to
stress induced by paraquat and maintained
excellent health. Conversely,
mice that were deficient in the msr A
gene exhibited heightened sensitivity to  oxidative
stress; they exhibited an accumulation of oxidized
proteins and experienced a

oxidative
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40% reduction in lifespan. Furthermore, MsrA MsrB proteins could account for
animals developed physical and the observed changes in peptide methionine

neurological issues. The relationship between
thioredoxin/thioredoxin reductase and the peptide
methionine sulfoxide reductase system
in regulating cellular

redox balance was highlighted by

the differing levels of thioredoxin
reductase expression in  MsrA mice compared to
wild-type counterparts. The
thioredoxin/thioredoxin  reductase  system s
a crucial part of

the defense mechanisms utilized against damage
caused by reactive oxygen species
in both vertebrates and
invertebrates, and it also plays an essential role in
protein maintenance. It is involved in the thiol-
disulfide  exchange necessary for the regeneration
of catalytic sites in various enzymes such as
peroxiredoxin, along with MsrA  and MsrB. The
thioredoxin/thioredoxin  reductase system was
initially found to remain unchanged during aging

. However, more
recent research appears to indicate that the
thioredoxin/thioredoxin reductase
system participates in aging
and specifically in controlling lifespan

.Adecline in the system's efficiency

was noted in older rats, which was compensated in
animals that underwent caloric restrictions, known
to slow the aging process. Loss-of-function
mutations in the Drosophila thioredoxin reductase 1
gene were found to significantly decrease adult
lifespan, while the disruption of this gene
in both Drosophila and mice leads to embryonic de

ath. In  contrast, the overexpression of human
thioredoxin in mice improves resistance
to oxidative stress and extends lifespan .

We  have demonstrated that, in  rat
organs where MsrA is particularly abundant—
namely the liver, Kkidney, and brain—the activity
of peptide  methionine  sulfoxide  reductase
is significantly diminished with aging
. This decline correlates with a reduction in ~ MsrA
gene expression in the liver and kidney. In contrast,
in the brain, the differences we observed in gene
expression were not statistically significant, and the
MsrA protein level was only reduced in 26-month-
old rats at the very end
of their lifespan. This fascinating observation may
now be understood better in light of the discovery
of multiple MsrB genes that encode at least
four distinct proteins in  mammalian cells, in
addition to MsrA. Although MsrB2 (Cbs-1) is not
abundant in the brain, the other

sulfoxide reductase activities during brain
aging. Dysfunctional expression and/or activity of
the peptide methionine sulfoxide reductases system
may clarify the accumulation of faulty repair within
proteins and could potentially
therefore add to the age-related buildup of oxidized
proteins, assessed by measuring protein  carbonyl
levels. Indeed, MsrA has been referred to as an
antioxidant system that
can operate catalytically because, in proteins, the
methionine residues that are on the
surface can serve as

scavengers for various oxidants

. Arreduction in MsrA activity could thus induce an
imbalance in cellular redox homeostasis, a rise in
the level of reactive oxygen species, and as a
resultan accumulation of oxidative protein
damage.

Using replicative senescence as a model
for cellular aging, we have examined the function
and regulation of the peptide methionine sulfoxide
reductase system in both young and aged WI-38
fibroblasts . Following a finite number of divisions,
primary human cells enter a phase of replicative
senescence characterized by growth arrest and
resistance to mitogenic stimuli. At this point, cells
display numerous morphological and biochemical
alterations linked to aging; specifically, they
accumulate altered macromolecules, including
damaged DNA and oxidized proteins . There is
currently evidence indicating that the enzymatic
systems responsible for protein maintenance are
influenced during replicative senescence. In fact,
the degradation activities of the proteasome have
been demonstrated to be significantly diminished in
fibroblast cells experiencing replicative senescence;
this reduction is correlated with a decrease in
proteasome levels . The condition of the peptide
methionine sulfoxide reductases system was
evaluated in WI-38 fibroblasts as they undergo
cellular senescence. Total peptide methionine
sulfoxide reductaseActivity was evaluated by
observing the decrease of the synthetic substrate N-
acetyl(3 H)MetR,S(0) to N-acetyl(3 H) MetR,S,
which can be reduced by MsrA or MsrB. We
demonstrated a decline in peptide methionine
sulfoxide reductase activity in senescent cells,
associated with a reduction in gene expression for
both MsrA and MsrB2 (Cbs-1). In contrast, in
Saccharomyces cerevisiae, no changes in the
expression of the peptide methionine sulfoxide
reductase genes were noted between young and old
yeast cells during replicative senescence . However,

DOI: 10.35629/4494-1004401412

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 405



International Journal of Pharmaceutical Research and Applications

UPRA Journal

1 Volume 10, Issue 4 July-Aug 2025, pp: 401-412 www.ijprajournal.com

in that research, no alterations were found in the
oxidative stress response genes during senescence,
suggesting the presence of potential oxygen-
independent factors of aging. In that same research,
the impact of MsrB on the replicative lifespan of
yeast cells was also examined. The deletion of the
msrA gene resulted in a lifespan reduction of 26%,
while overexpression led to a 25% increase in
lifespan. Little to no impact of MsrB (SelR) was
observed, yet the lifespan of the double mutant
DmsrA/msrB was shortened compared to the msrA
mutant, indicating the involvement of both proteins
in yeast longevity. The influence of MsrA and
MsrB on lifespan is no longer noticeable when
yeasts are cultivated under anaerobic conditions.
Nonetheless, MsrA overexpressing Yyeast cells
showed improved survival rates and no buildup of
protein oxidative damage when subjected to H202,
paraquat, or 2-amidinopropane dihydrochloride
treatment[71].

4.Invertebrates’  Pharmacological Lifespan
Extension:

4.1 Selecting a suitable model to find substances
that prolong lifespan:

a) Caenorhabditis elegans:

C. elegans is quickly taking the lead as the
preferred invertebrate model for chemical studies
on aging and age-related traits because of its short
lifetime and ease of cultivation. In fact, C. elegans
is a potent system for figuring out the mode of
action of well-known pharmaceutical therapies due
to its abundance of genetic tools, which also serve
as a model for evaluating the biological effects of
several chemicals.These various investigations
have shown how adaptable the approach is for
chemical testing and screening. In light of this,
worm peculiarities should be kept to a minimum
when evaluating how drugs affect lifespan. This
subject has already been discussed previously
[56]for their justifications of consistency in the
lifetime assays.

b)Drosophila melanogaster:

It is more difficult to screen a large
number of compounds in D. melanogaster than in
C. elegans, but the existence of complex
behavioural traits and a variety of reliable models
of age-related disorders in humans make these
tough tasks important.Drosophila have long been
utilized to investigate for aging-related chemical
effects.In 1948, the fruit fly was employed to
ascertain the biological impacts of the chemical
components of royal jelly; thus, pantothenic acid

was proposed as a means of prolonging the fly's
lifespan[57].

4.2 List of Aging Pathways that Lifespan can use
as Targets:
a) Oxidative stress and its impact on lifespan:
Age-related diseases are evidently largely
caused by macromolecular oxidative damage,
which is a characteristic of aging[58]. The
modulation of mitochondrial activity has been the
subject of numerous investigations because
mitochondria are a major generator of oxygen
radicals, including diffusible hydrogen peroxide
(H202). Mn superoxide dismutase (MnSOD), an
enzyme that catalyzes the conversion of superoxide
anion (O2 * —) to H202, is the main enzyme in
mammals that guards against oxidative damage in
the mitochondria. Although lowering MnSOD in
mice models does not cause accelerated aging,
knocking out the gene encoding MnSOD is
developmentally ~ fatal, = demonstrating  the
significance of this function[59]. Exercise can
decrease the accelerated aging disease caused by
limiting mitochondrial function by lowering the
mitochondrial specific RNA polymerase[60].

b) Role of protein homeostasis in promoting
longevity:

A well-researched phenomena that is
common to many human disorders is the creation
of molecular aggregates. It is particularly well-
researched in neurodegenerative diseases, where
abnormal protein types like huntingtin (in
Huntington's disease), B-synuclein (in Parkinson's
disease), and B-amyloid (in Alzheimer's disease)
may accelerate the course of the illness[61]. Non-
neurological systemic illnesses such as type Il
diabetes and a number of myopathies also exhibit
aggregate formation. In fact, during the past few
decades, it has become evident that one
morphological characteristic of aging is the
creation of protein aggregates. Protein homeostasis
networks deteriorate with age; this decline in
fidelity has been documented in numerous systems
and is probably a significant factor in organism
aging.Therefore, pharmacologically addressing the
age-related loss of protein homeostasis may help to
prolong life and lessen or delay the pathogenesis of
age-related diseases.

c) Dietary restriction pathway and its effect on
lifespan:

One reliable strategy for increasing the
longevity of model organisms is dietary restriction
(DR). The positive effects of DR in invertebrates
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extend their lifespan and also mitigate many age-
related declines in stress resistance, motor function,
and protein homeostasis [62]. Research on flies,
worms, and yeast has focused on signaling
components that initiate the DR response by
adjusting nutritional circumstances[63].Although it
is well established that DR increases the longevity
of lab animals and is reliable in invertebrate
models, it is unclear if this is true for populations
with specific genetic backgrounds, such as wild
populations.

d) Insulin/IGF like signaling and its effects on
lifespan:

It has been demonstrated that insulin/IGF
like signaling (11S) plays a significant role in
regulating lifespan. Indeed, the earliest evidence of
a significant impact on metazoan lifespan was
found in C. elegans genes involved in this
pathway[64]. In vertebrates, including humans,
homologous pathways have been demonstrated to
affect lifespan [65]. Insulin and insulin-like ligands
regulate the activation of the insulin/IGF receptor
in C. elegans through the 1IS pathway. In C.
elegans, the downstream FOXO type transcription
factor, DAF-16, is activated when the receptor
(DAF-2) is inhibited.  Pro-longevity gene
transcription is triggered by activated DAF-16
when it translocates into the nucleus [66]. In
addition to the induction of stress-resistant genes
that confer thermotolerance and increased
resistance to oxidative damage[67], this causes
significant morphological and metabolic changes,
such as an increase in the storage of fat and
glycogen in intestinal and hypodermal cells[68].

1.  CONCLUSION

The study showed that by inhibiting
telomere shortening, which is connected to cellular
senescence, telomerase increased the longevity of
healthy human cells. The findings suggest that
telomere loss plays a significant role in regulating
the quantity of cell divisions prior to senescence.
While preserving regular cellular processes, the
results point to possible medical uses, including
preventing age-related illnesses and enhancing cell-
based treatments. Beside of that, a variety of
compoundssuch as resveratrol and its synthetic
counterpartshave  demonstrated potential  for
boosting health and longevity. Regulatory obstacles
still exist despite tremendous advancements since
aging is not formally recognized as a disease.
Future studies must concentrate on determining
safe and efficient substances that promote longevity

as well as resolving moral dilemmas related to
lifespan extension.Therefore, while vertebrate
models remain essential for later-stage research, the
cost-effectiveness and amenability to genetic
manipulation of invertebrate models, coupled with
the efficiency of in vitro systems, position them as
indispensable tools in the ongoing quest to
understand and ultimately manipulate the aging
process  through  chemical interventions.In
conclusion, the evidence clearly points to a
connection between aging and oxidative damage,
specifically protein oxidation. By fixing oxidized
methionine residues, the enzyme methionine
sulfoxide reductase A (MSRA) seems to be
essential in reducing this damage. The concept that
increasing MSRA activity could potentially prolong
longevity and lessen age-related decline is
supported by the observed fall in MSRA activity
with age, as well as by the protective effects of
MSRA against oxidative stress and the shorter
lifespan of species without MSRA. Consequently,
more investigation into the therapeutic potential of
overexpressing MSRA or other ways to increase its
activity is necessary, providing a promising path for
therapies meant to support healthy aging.
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