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Aging, senescence, telomeres, in molecular biology have uncovered critical
NAD+, senolytics, longevity, anti- mechanisms underlying aging, such as telomere
aging therapy, cellular shortening, epigenetic drift, mitochondrial
reprogramming, caloric dysfunction, and cellular senescence. Anti-aging

restriction, regenerative medicine.  therapies now aim to target these hallmarks with

strategies including caloric restriction mimetics,
senolytics, stem cell therapy, NAD" boosters,
and gene editing. This review explores the
cellular basis of aging, evaluates the scientific
validity of current interventions, and assesses
their translational potential. By bridging
fundamental science with clinical innovation,
anti-aging research offers new hope for
promoting healthspan and longevity.

1. INTRODUCTION

As global life expectancy rises, the quest not only to live longer but to age healthier

has intensified. Aging is no longer viewed as an inevitable fate but as a modifiable

biological process. Groundbreaking discoveries in genomics, metabolomics, and

systems biology have fueled a surge in anti-aging research, giving rise to targeted

therapies aimed at delaying aging or reversing age-related cellular damage. This

article delves into the biology of aging and critically analyzes therapeutic

interventions developed to extend healthspan.

Understanding Aging: Hallmarks and Mechanisms

Aging is a complex biological process influenced by various interconnected molecular
and cellular mechanisms. Several key hallmarks have been identified that drive the
aging process and age-related diseases:

VOL. 4 Issue. 1 2026 Page | 42



Genomic Instability: Accumulation of DNA damage from external and internal
sources leads to mutations and chromosomal aberrations, compromising genomic
integrity over time.

Telomere Attrition: Telomeres, the protective caps at the ends of chromosomes,
shorten with each cell division. Critically short telomeres trigger cellular senescence
or apoptosis, limiting tissue regeneration.

Epigenetic Alterations: Changes in DNA methylation, histone modification, and
chromatin remodeling disrupt gene expression patterns, contributing to cellular
dysfunction during aging.

Loss of Proteostasis: Impaired protein folding, clearance, and degradation systems
(e.g., autophagy and the ubiquitin-proteasome system) lead to accumulation of
misfolded or aggregated proteins, stressing cellular functions.

Mitochondrial Dysfunction: With age, mitochondrial efficiency declines, resulting in
reduced ATP production and increased generation of reactive oxygen species (ROS),
which further damage cellular components.

Cellular Senescence: A state of permanent cell cycle arrest triggered by stress or
damage. Senescent cells secrete pro-infllmmatory factors (the senescence-associated
secretory phenotype, SASP), contributing to tissue dysfunction and chronic
inflammation.

Inflammaging: The Role of Systemic Inflammation

Inflammaging refers to the chronic, low-grade systemic inflammation that
characterizes aging. It is driven by:

Accumulation of senescent cells and SASP
Chronic activation of innate immunity
Mitochondrial dysfunction and ROS production
Dysbiosis of the gut microbiome

Inflammaging contributes to the progression of various age-related diseases, including
cardiovascular disease, neurodegeneration, and cancer, by promoting tissue damage
and impairing repair mechanisms.

Genetic and Epigenetic Influences on Aging

Aging is not only driven by damage accumulation but also by regulated genetic and
epigenetic programs that influence lifespan and healthspan.

Key Genetic Regulators:
Sirtuins (SIRTS):

A family of NAD*-dependent deacetylases that regulate DNA repair, mitochondrial
function, and metabolic homeostasis.

SIRT1 activates longevity-associated pathways and mimics effects of caloric
restriction.

Enhances stress resistance and reduces inflammation.
FOXO Transcription Factors:

These factors (especially FOXO3) promote the expression of genes involved in stress
resistance, apoptosis, DNA repair, and metabolism.

Genetic variants of FOXO3 are linked to human longevity.
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mTOR Pathway (mechanistic Target of Rapamycin):
A central nutrient-sensing pathway that regulates cell growth, protein synthesis, and
autophagy.

Inhibition of MTOR (e.g., by rapamycin) has been shown to extend lifespan in various
organisms by promoting autophagy and reducing metabolic stress.

Epigenetic Reprogramming and Cellular Resetting:

Aging is associated with a drift in the epigenetic landscape, including changes in
DNA methylation patterns, histone modifications, and chromatin accessibility.

Epigenetic clocks (e.g., Horvath clock) use methylation markers to accurately predict
biological age.

Reprogramming technologies using Yamanaka factors (OSKM) can reset the
epigenome, reverting cells to a pluripotent state and rejuvenating aged cells—though
full reprogramming risks tumorigenesis.

Partial reprogramming strategies aim to reset aging markers without erasing cell
identity, offering a potential therapeutic avenue for age-related degeneration.

Current Anti-Aging Strategies

Scientific research is increasingly focused on interventions that slow, halt, or even
reverse aging-related decline. These strategies target core aging mechanisms and
show promise in preclinical and, in some cases, clinical settings.

1. Caloric Restriction (CR) and CR Mimetics

Caloric Restriction (reduction in calorie intake without malnutrition) extends lifespan
and healthspan in multiple organisms by reducing metabolic stress and enhancing
cellular repair.

CR Mimetics aim to mimic these benefits without reducing food intake:

Resveratrol: A polyphenol that activates SIRT1 and may improve mitochondrial
function.

Metformin: An antidiabetic drug that reduces insulin/IGF-1 signaling and oxidative
stress.

Rapamycin: An mTOR inhibitor that promotes autophagy and has extended lifespan
in mice.

2. Senolytics

Senolytics are drugs that selectively clear senescent cells, which accumulate with age
and drive inflammation and tissue dysfunction through the senescence-associated
secretory phenotype (SASP).

Examples:
Dasatinib (a cancer drug)
Quercetin (a plant flavonoid)

Senolytics have shown benefits in models of osteoarthritis, cardiovascular disease,
and frailty.

3. NAD* Boosters

NAD* (Nicotinamide Adenine Dinucleotide) is essential for mitochondrial function,
DNA repair, and sirtuin activation.
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NAD" levels decline with age, contributing to metabolic dysfunction and aging-
related diseases.

Boosters include:
Nicotinamide Riboside (NR)
Nicotinamide Mononucleotide (NMN)

These supplements aim to restore NAD" pools and improve energy metabolism and
cellular reparr.

Stem Cell Therapy in Aging

Stem cell-based therapies are at the forefront of regenerative medicine and hold
significant promise for combating aging-related degeneration and restoring tissue
function.

Key Potential of Stem Cells in Aging:

Regeneration of damaged or aged tissues

Immunomodulation to reduce chronic inflhmmation (inflammaging)
Rejuvenation of aging organs through improved repair and cellular replacement
Main Applications:

Mesenchymal Stem Cells (MSCs):

Multipotent adult stem cells found in bone marrow, adipose tissue, and umbilical
cord.

Uses:

Cartilage repair (e.g., in osteoarthritis)

Reduction of systemic inflammation via secretion of anti-inflammatory factors
Support of tissue repair in aging-related damage

Induced Pluripotent Stem Cells (iPSCs):

Somatic cells reprogrammed back to a pluripotent state using Yamanaka factors
(Oct4, Sox2, Klf4, c-Myc).

Uses:
Patient-specific cell therapy (personalized medicine)
Disease modeling and drug testing

Potential to generate any cell type for regenerative applications, though
tumorigenicity and ethical concerns remain challenges

Challenges and Considerations:
Risk of immune rejection (less with autologous iPSC-derived cells)
Potential for tumor formation (especially with iPSCs)

Need for controlled differentiation and delivery to ensure safety and efficacy

Shahzad (2025) examined economic innovation in public markets through the case of
Punjab Sahulat Bazaars Authority (PSBA), highlighting its contribution to affordable
essential commodities and improved market governance. The study emphasized
innovative strategies, including dynamic pricing mechanisms, solar-powered market
infrastructure, women-friendly vendor facilities, and mobile bazaars designed to serve
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underserved communities. Using a qualitative documentary approach, Shahzad (2025)
reported that these initiatives improved operational efficiency, market accessibility,
and consumer affordability, with price reductions of up to 35% without direct
government subsidies. The findings suggest that transparent governance, institutional
reforms, and innovative market management can strengthen public welfare and
provide a potentially replicable model for developing economies.

Kayitesi and Sohail (2026) examined the challenges and enabling factors affecting
women entrepreneurs involved in avocado exports in Kigali City, Rwanda. The study
identified key barriers including limited access to finance, lack of training, social
constraints, and market-related difficulties. The authors highlighted that supportive
financial policies, entrepreneurial skills development, and improved business
resources are essential for strengthening women’s participation and sustainable
growth in export-oriented entrepreneurship.

Summary

Anti-aging science is evolving from myth to medicine. Rather than pursuing
immortality, modern therapies aim to enhance healthspan—the period of life spent
free from disease. By targeting the biological underpinnings of aging, from cellular
senescence to epigenetic drift, researchers are unlocking novel interventions that may
redefine aging as a treatable condition.
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Figure 2: Timeline of anti-aging therapeutic developments
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