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Abstract

Aging is defined as the gradual physical and biological changes
in a living thing that leads to senescence or a downturn in biologi-
cal functions and the organism’s capacity to respond to metabolic
stress. Reverse aging is a procedure that reverses the body’s natu-
ral ageing process. Using human cells and simple organisms, some
scientific studies have shown that it is possible to reverse the ageing
process, but little has been added to the field. Research into length-
ening life expectancy has historically been met with scepticism and
worries that it might increase the number of elderly people and the
prevalence of aging-related diseases. This review summarizes our
current knowledge of reverse ageing. Several substances, including
rapamycin and metformin, are crucial to the process of reversing
ageing. Recent studies have found that metformin-based drug ther-
apy, vitamin D3 supplementation, and calorie restriction can all slow
down or reverse the effects of ageing. This manuscript discusses the
mechanism of reverse ageing, the role of various molecules in it, and
studies done in vitro, in vivo and in silico.
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Introduction

Early adulthood is the beginning of a gradual, ongoing process of
natural change called aging. Many bodily processes start to gradually
deteriorate in the early middle years. The According to the Danaid
hypothesis, taxon-specific limitations on an organism’s capacity to
sustain itself for an indefinite period frequently results from the fact
that living things are innately highly complex systems. Although it
doesn’t rely on it, this is comparable to a natural selection force that
weakens with ageing [1]. At the molecular, cellular, tissue, and or-
ganismal levels, ageing is marked by a progressive decline in func-
tional capacity. An organism’s susceptibility to illness rises as it ages,
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making it more frail and increasing the likelihood that it will pass
away. Age is the main risk factor for a wide range of illnesses in peo-
ple, including osteoporosis, cancer, cardiovascular disease, diabetes
and neurodegeneration [2].

Research into lengthening longevity has historically been met
with scepticism and worries that it might increase the number of el-
derly people and the prevalence of aging-related diseases. However,
research on a variety of organisms has shown that major lifespan ex-
tensions typically go hand in hand with reduced or delayed morbidity
[3]. By preventing and/or delaying physical and biological decline
and regaining lost functional abilities, reasoned anti-aging techniques
based on scientific data seek to slow down the ageing process. Hor-
mone supplements, such as the growth hormone Dehydroepiandros-
terone (DHEA), melatonin, and oestrogen, as well as dietary supple-
ments containing synthetic and natural antioxidants in purified form
or in plant extracts are some methods. Even though some of these
treatments have shown various clinical advantages in the care of the
elderly, none of them really slows down the ageing process [4]. Nu-
merous theories contend that different ageing phenotypes result from
the age-dependent buildup of damage [5,6]. Senescence, defined as
irreversible cell-cycle arrest brought on by a number of mechanisms
such as telomere shortening, genotoxic stress, mitogens, inflamma-
tory cytokines, and activation of the pS3 tumour suppressor and/or
the cyclin-dependent kinase inhibitor p16, may eventually result from
this. It is believed that cellular senescence plays a role in the dysfunc-
tion of ageing tissues and organs. Senescence and ageing both affect
metabolic pathways improperly and may be brought on by internal or
external signalling. On the other hand, both protect the organism from
the effects of the spread of damaged cells by limiting the proliferation
of potentially damaged cells (due to exposure to harmful conditions)

[7].
Current Research on Reverse Aging

In mice, cellular rejuvenation therapy effectively reverses the ef-
fects of ageing. Wang and colleagues first revealed in 2016 that they
could use the Yamanaka factors to slow down the ageing process and
lengthen the lifespan of mice with a disease that causes premature
ageing. More recently, the team discovered that the Yamanaka factors
can speed up muscular renewal in young mice. Following these initial
findings, additional researchers have applied the same methodology
to enhance the performance of various tissues, including the heart,
brain, and the vision-related optic nerve [8]. First indication that a
person’s biological age can be changed: The body’s epigenetic clock,
which calculates a person’s biological age, has been suggested for the
first time in a small clinical study in California that it might be possi-
ble to turn it backward. Nine healthy volunteers were given a cocktail
of three common drugs over the course of a year: growth hormone,
two diabetes medications, and they lost, on average, 2.5 years from
their biological ages, which were determined by analysing genetic
markers. Immune systems of the participants also displayed signs of
renewal. Even the trial’s organisers were surprised by the results, but
because the trial was small and lacked a control arm, researchers warn
that the results are preliminary. The body’s epigenome, which consists
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of methyl groups that tag DNA, is what powers the epigenetic clock.
These tags follow a person’s biological age, which can be older or
younger than chronological age and changes over the course of a per-
son’s life. By choosing groups of DNA-methylation sites throughout
the genome, scientists can create epigenetic clocks [9]. Lu and col-
leagues found that old mice are regenerating into young ones. Sinclair
and his team have restored ageing cells in mice to younger iterations
of themselves by using proteins that can transform an adult cell into
a stem cell. Old mice with poor eyesight and damaged retinas were
miraculously able to see again in his team’s first discovery, which was
published in late 2020, with vision that occasionally even matched
that of their progeny [10]. Using growth hormone and DHEA to treat
10 healthy men for a month, Fahy and his team discovered some
regeneration of his own thymus. During the treatment phase of the
TRIIM trial, participants’ blood was drawn by the researchers. Tests
revealed that each participant’s blood-cell count had improved. Mag-
netic Resonance Imaging (MRI) was also used by the researchers to
compare the thymus composition between the beginning and end of
the study. They discovered that in seven of the participants, regener-
ated thymus tissue had taken the place of accumulated fat [11] (Table

1.

Bioactive Com-

pounds Role References

Korean red ginseng was discovered
to be useful in extending life in test
animals when taken over an extend-
Korean Panax

ed period. Specifically found the

ginseng Choi [12]

presence of phenol chemicals such
C A Meyer

as maltol has longevity properties
by inhibiting oxidation of lipid

molecules.

Berries high in antioxidants can
improve memory and cognition
in older animals. This influence is
likely to be by polyphenols’ direct
Berry supple-
mentation

interactions with aging neurons, L
R Willis et al., [13]
which decrease the effects of
tension-induced cellular signals
and boosts neurons’ ability to retain
appropriate activities throughout

lifespan.

Lengthening of lifespan is achieved
via mTOR suppression. Although
the function of rapamycin in diet in
preventing age-related vascular dys-

Rapamycin function is unknown, it is believed

. P Lesniewski et al., [14]
that it has a positive impact through
lowering cell damage, stimulat-
ing AMPK, and enhancing the
production of proteins that regulate

the cell cycle.

Reverses the age-related elevation
in microglial stimulation and the
Vitamin D3 corresponding rise in IL-1 levels Moore et al., [15]
while acting as an anti-inflammato-

ry molecule.

In humans, it may slow down
ageing and postpone the onset of
age-related illnesses by reducing

ER damage and peroxidation.
Metformin also affects AMPK, to

reduce type I programmed cell

Metformin Wang et al., [16]

death linked to ageing, oxidative
stress, and inflammatory processes.

Diet. Suppl-containing vegetables
and/or extracts rich in antioxidants
can reduce the susceptibility to

Dietary supple- oxidative stress and, as a result,

Galli etal., [17]

mentation can be a crucial part of a healthy
lifestyle plan to promote improved
neural and cognitive functionality in

later stages of life.
Eicosapentaenoic In the ageing brain, DHA and EPA
acid (EPA) and have therapeutic potential. DHA it-
docosahexaenoic | self causes a substantial restoration
; . K Dyall et al., [18]
acid (DHA); of the alterations brought on by

omega-3 fatty ageing, indicating a significant role

acids in brain ageing.

Table 1: Role of various molecules in reverse aging.

Abbreviations: mTor- mammalian target of rapamycin, AMPK-5"-AMP-ac-
tivated protein kinase, Suppl- Supplementation, ER- Endoplasmic Reticu-
lum, IL-1- Interleukin-1, mTorC-mammalian target of rapamycin complex

Mechanisms Involved in Reverse Aging

There are several pathways that have been identified for reversing
the effects of aging. In this review we have focused on 3 such path-
ways:

Metformin and rapamycin in reverse aging

Rapamycin: Mammal longevity is increased, however the mecha-
nism of action is uncertain, but it might entail changes in cell growth,
proliferation, increase in type Il programmed cell death, or reductions
in mitochondrial dysfunction. The mTOR signaling system in mam-
mals is inhibited by rapamycin [19].

There are two complexes that makeup mTOR: mTORC1 and
mTORC2. mTOR plays a crucial role in the regulation of growth
factor recognition, insulin/Insulin Growth Factor/Phosphoinositi-
de-3-Kinase/AKT, ribosome efficiency, AMPK, lysosomal amino
acid detecting, caloric restriction, translation, type II programmed
cell death, mitochondrial biogenesis, and metabolic processes as well
as stem cell activity [20]. By reducing autophagy and proteasomal
function, mMTORCI inhibition is thought to have pleiotropic effects
that enhance protein and organelle balance. In toxin-induced variants
of Parkinson’s controls, rapamycin therapy has been demonstrated to
minimize the death of neurons and reverses amyloid B - accumulation
[21].

Metformin: It is a biguanide analog and the primary medication
recommended for the clinical management of adult-onset diabetes
(Type 2). Despite the fact that metformin has a weaker hypoglycemic
impact than other biguanides, doctors frequently recommend it be-
cause of its safety. AMPK is a crucial component in the process of its
anti-glycemic impact [22]. Forkhead box O-class (FOXO) transcrip-
tion factors that stimulate genes involved in cancer suppression and
thermoregulation are activated by AMPK, which also phosphorylates
and promotes Unc-51 Like autophagy activating Kinase 1 (ULK1)
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of the ULK complex. Metformin reduces ER oxidation, ROS, and
aging-related oxidative stress which in turn, fuels the ongoing in-
flammatory activity. By encouraging the synthesis of mitochondrial
Uncoupling Protein (UCP-2), AMPK reduces Nuclear Factor kappa-
light-chain-enhancer of activated B cells (NF-kB) and lowers ER and
lipid peroxidation. UCP-2 actively suppresses the generation of ROS
through decreasing activity of NAD(P)H oxidase and induces the pro-
duction of thioredoxin by activating the transcription factor FOXO3
[16]. Studies in multiple model organisms and human cell lines have
elucidated metformin’s role in targeting multiple mechanisms of ag-
ing. It inhibits mitochondrial complex I and thereby oxidative phos-
phorylation leading to an increased AMP: ATP ratio, causing a direct
activation of AMPK. AMPK-dependent mechanisms contribute to the
downstream inhibition of mTORC]1, improved nutrient sensing and
type II programmed cell death; thereby reducing the occurrence of
diseases associated with aging (Figure 1) [23].

Figure 1: Explains how metformin and rapamycin help individuals pro-
long their lives by preventing heart disease, cancer, and cellular ageing.
Both rapamycin and metformin target different signalling pathways.
Rapamycin inhibits the mTOR signalling system in mammals, which is
assumed to have pleiotropic effects that strengthen protein and organelle
stability. Metformin, on the other hand, imposes its impact on AMPK,
AMPK-dependent pathways contribute to the downstream inhibition of
mTORCI, improved nutrient sensing, and type II programmed cell death.
Adapted from Wang et al., [16].

Abbreviations: P13K- Phosphoinositide 3-kinases, TSC 1-Tuberous scle-
rosis 1, TSC 2-Tuberous sclerosis 2, RAPTOR- Regulatory-associated
protein of mTOR, mLST8-mammalian lethal with SEC13 protein 8, DEP-
TOR- DEP domain containing MTOR interacting protein, PRAS40- Pro-
line-rich Akt substrate of 40 kDa, FIP200- PTK2/FAK family-interacting
protein of 200 kDa, ATG13- Autophagy Related-13, ATG101- Autophagy
Related-101, IGF-1R- Insulin Growth Factor- 1-Receptor, IR- Insulin Re-
ceptor.

Role of Sirtuins in Longevity

Age-related disorders now have sirtuins, which are epigenetic reg-
ulators as a targeted therapy. The cellular distribution and functioning
of the seven human sirtuins (SIRT1-7) vary. There is mounting data
that indicates small-molecule SIRT1 enhancers could prevent age-re-
lated diseases including type 2 diabetes [24]. In liver, SIRT1 levels
decline with ageing, perhaps as a result of decreased NAD+ avail-
ability and concurrently rising build-up of damaged DNA. SIRT1
level was shown to decline with age in both arteries, indicating that

it may play a role in cardiovascular disorders associated with aging
[25]. Through the deacetylation of crucial substrates like p53, Peroxi-
some Proliferator Activated Receptor (PPAR) co-activator 1 (PGC-1)
and NF-«B which are tightly associated to some age-related ailments,
SIRT1 protein regulates various cellular functions. The most well-
known SIRT1 substrate is p53, a tumour suppressor that regulates
programmed cell death and the cell cycle in response to numerous
biological cues. It deacetylates and links to p53, inhibiting p53-de-
pendent programmed cell death [26]. It has been demonstrated that
SIRT1 and SIRT?2 are able to block Nuclear Factor-kB signaling by
deacetylating p65, which alters the protein’s ability to interact with
DNA and activates the transcriptional activity of inflammatory pro-
tein genes [25]. Overall, sirunins support the longer lifespan induced
by calorie restriction (Figure 2).

Figure 2: Explains the role of sirtuins in longevity. Sirtuins belongs to
the class of signalling molecules. Calorie Restriction causes the levels
of sirtuins to increase, different types of sirtuins exert different functions
which overall contribute in promoting prolonged lifespan. Adapted from
Grabowska et al., [25].

Abbreviations: H4K 16- Histone H4 lysine K16, H3K9- Histone H3 lysine
K 9,H2A- Histone H2A, H2B- Histone H2B, H3K 18- Histone H3 lysine
K18

L

Plant polyphenols in reverse aging

Organic molecules called polyphenols, which are abundantly pres-
ent in plants, have drawn the attention of researchers from around the
world because of their unique actions [27]. Due to its anti-oxidant
qualities and abilities to reduce inflammation, it has sparked signif-
icant amount of interest in enhancing health, minimizing chronic
illnesses, and prolonging lifespan. Several polyphenols, such as kae-
mpferol, ellagic acid, curcumin, catechins and quercetin, have indeed
been found to extend survival in a variety of animal studies [28]. A
growing body of studies has shown that organic polyphenols can treat
age-related neurological diseases. Grapes are a glaring indication of
fruits that are rich in polyphenolic amounts. In a mouse model of Par-
kinson’s, the addition of grape polyphenol to the diet greatly improved
memory reconsolidation; a process by which fresh learning events are
converted into long-term memory [27]. The free radical theory is the
most widely accepted explanation of the mechanism of ageing. ROS
and Reactive Nitrogen Species (RNS) are primarily produced in mito-
chondria during terminal oxidation or commonly termed as oxidative
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phosphorylation. Although a complex of both exogenous and endoge-
nous antioxidants neutralises ROS/RNS, some of it nevertheless man-
ages to evade these protective mechanisms and harm biological mol-
ecules like peptides, nucleic acids and lipids. The free radical ageing
theory postulates that ROS/RNS cause reactive damage, which leads
to cell malfunctioning and functional decline, ageing, and emergence
of progressive illnesses. This suggests that antioxidants that were
effective in eliminating ROS/RNS are also capable of lowering the
rate at which people age [29]. The location, functional patterns of the
hydroxyl groups, amount and polyphenols’ ability to remove ROS
are all influenced by the glycosylation of phytochemical compounds.
They can control the generation and functioning of endogenous an-
tioxidant and oxidase enzymes and may increase cellular antioxidant
capacity by controlling the nuclear factor erythroid 2-related factor
2(Nrf2)-regulated route [28]. When polyphenols like resveratrol and
quercetin were originally observed in yeast, numerous other experi-
mental models, including C. elegans, Drosophila melanogaster, and
mice, were used to corroborate the findings [29] (Figure 3 and Table

1.

Figure 3: Explains the possible role of plant polyphenols in reducing the
detrimental effects of aging and contributing towards expanding the lifes-
pan due to its anti-oxidant qualities, abilities to reduce inflammation and
minimizes the risk of chronic illnesses. Adapted from Hano & Tungmun-
nithum [29].

Future Prospective and Conclusion

Till date, only lower organisms have been able to exhibit age re-
versal. Complex higher organisms can produce side effects that could
increase the risk of cancer. Since Embryonic Stem Cells (ESCs) can
specialize into any form of adult cell, the main emphasis is on dis-
covering ways to convert adult cells back to ESCs [34]. Due to the
intrinsic biological properties of Stem Cells (SCs), including capacity
for self-renewal, and ability for multidirectional specialization, SC
therapies offer a wide range of future prospects in the area of regen-
erative medicine and hence could slow down or possibly stop ageing
[35]. One such research looked at caffeine, a quasi adenosine receptor
inhibitor, as a potential medication to prevent cognitive deficits due
to important alterations in adenosinergic neuronal activity associated
with age [36].

Another study demonstrated that the GABA(B) blocker CGP55845
completely reversed the acquisition impairments in olfactory discrim-
ination in cognitive impairments in older Fischer 344 rats, restoring

Type Cell line/
.. . Com-
of Objective Animal Results Ref
pound
Study model
The results
showed that
GSH depletion
. [30]
increased the
. 1. Human sensitivity
The goal of this study .
to dotermi Umbilical of vascular
was to determine
Vein Endo- endothelial cells
whether exogenous )
L. thelial Cells and fibroblasts
antioxidants have the s
In . (HUVEQ). R to oxidative
X ability to counteract Quercetin
vitro . 2. Human stress-related
the effects of oxida- K .
K Skin inflammatory
tive stress and GSH X K .
X . Fibroblast stimuli. In sum-
depletion associated A
R . (HSF) cell mary, dietary
with ageing. o
models antioxidants
may be crucial
in lowering
inflammatory
reactions.
The data
provides a thor-
Determining the ough analysis
differences between of proteome
the effects of Rapamy- dynamics
cin (RP) and subacute with ageing,
. . C57BL/6
In Calorie Restriction fomal Rapamy- subacute CR,
emale
vivo (CR) on the homeo- . cin and RP, and [31]
mice
stasis of the liver they highlight
proteome in mice and a functional
the ability to slow the relationship
effects of ageing. between protein
homeostasis and
longevity.
These supple-
ments are linked
to reduced rates
of mortality
Analyzing the human and contribute
Genotype-Tissue to enhanced
Expression (GTEx) Cho- lifespans in
transcriptomic data droitin model species.
In combined with eight Sulphate Possible mech-
- . ) - L [32]
silico different expression Supple- anisms involve
profile datasets to menta- improving

define the aging
matreotype across
tissues.

tions

extracellular
matrix balance
and lowering
prolonged age
associated
inflammatory
activity.
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Genetic block-
ade of NFkB
in the skin of

chronologically

aged mice

X reversed the

According to the

global gene

study, a surprising |
R expression
amount of plasticity
program and

exists in ageing, ASP-

. 4-hy- tissue charac-
In with many molecular pS0-ER L.
R . . droxy- teristics to those
vivo characteristics of transgenic . . [33]
tamoxifen | of young mice,

mammalian ageing mice

demonstratin,
potentially reversible for the first ti N

or the first time
by the focal genetic

that di ti
blockade of NFxB. at disruption

of a single gene
is sufficient to
reverse features
of aging, at
least for the

short-term.

Table 2: Studies on age reversal that were conducted in silico, in vivo and
in vitro.

Abbreviations: ASP-p50-ER -Dominant negative p50 fused to mutant es-
trogen receptor, GSH- Glutathione

functionality. These findings indicated the value of olfactory discrim-
ination learning as a preclinical model for evaluating innovative ther-
apeutics to enhance cognitive abilities in ageing and emphasised the
possibilities of attacking GABA(B) receptors to alleviate age-related
cognitive impairments [37]. Researchers from all over the world are
working to create approaches to comprehend the aging process so that
technology can be developed to do so at the cellular level. Hopefully,
in the future scientists might be able to successfully carry out reverse
aging in higher complex animals as well.
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