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ABSTRACT 
 
The decoupling of Biological Age from Chronological Age represents a critical frontier in modern gero-science. While C-Age is an immutable metric 
of time, B-Age is a dynamic measure of physiological integrity, functional reserve, and molecular wear and tear. As the global population undergoes a 
"Silver Tsunami"—with the over-60 demographic projected to exceed 2 billion by 2050—the burden of age-related multimorbidity has intensified, 
driven primarily by accelerated biological ageing. This review synthesises current evidence on the aetiology of biological ageing, emphasising the 
"Hallmarks of Ageing" such as genomic instability, telomere attrition, and epigenetic alterations. Crucially, this paper critically examines the 
reversibility of B-Age, with a primary focus on the Ayurvedic concept of Rasayana (rejuvenation therapy). We present mechanism-based evidence from 
indexed literature demonstrating how specific Ayurvedic interventions modulate cellular ageing. Key findings include the telomerase-activating 
properties of Withania somnifera, the potent DNA-protective effects of Emblica officinalis, and the epigenetic remodelling potential of Curcuma longa 
via sirtuin activation. Furthermore, we analyse clinical data on Panchakarma- and Yoga-based lifestyle interventions to reverse markers of 
"inflammaging" and oxidative stress. By integrating ancient Ayurvedic wisdom with modern epigenetic metrics, this paper proposes a holistic, evidence-
based framework for "de-ageing" strategies. The review concludes that B-Age is a modifiable risk factor and that standardised Ayurvedic protocols offer 
potent, pleiotropic gero-protective avenues to extend health-span alongside lifespan. 
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INTRODUCTION 
 
The linear progression of time is inevitable, yet the rate at which 
human bodies degrade is not. This divergence defines the 
distinction between Chronological Age (C-Age) and Biological 
Age (B-Age). C-Age is a static demographic variable, whereas B-
Age is a fluid phenotypic proxy for mortality risk and 
healthspan.1,2 

 

The Global Imperative 
The world is facing a demographic shift of unprecedented scale. 
According to the World Health Organization (WHO), the 
proportion of the world's population over 60 years will nearly 
double from 12% to 22% between 2015 and 2050.3 If this 
population ages biologically faster than they do chronologically, 
the "dependency ratio" will cripple healthcare systems globally. 
Accelerated B-Age is now recognised as the root cause of the 
"multimorbidity crisis"—the coexistence of cardiovascular 
disease, neurodegeneration, and metabolic dysfunction.4 

 

Aetiology 
The Hallmarks of Ageing Current gero-science defines biological 
ageing through twelve interconnected "Hallmarks," including 
genomic instability, telomere attrition, epigenetic alterations, loss 
of proteo-stasis, and mitochondrial dysfunction.5 These 
molecular defects accumulate over time, driven by environmental 
insults (exposome), sedentary behaviour, and chronic 
"inflammaging".6 

 

 

 

Reversibility of Biological Age   
Contrary to historical dogma, B-Age is malleable. Landmark 
clinical trials have demonstrated that pharmacological and 
lifestyle interventions can reverse epigenetic clocks (e.g., 
Horvath Clock), effectively making an individual biologically 
younger than their chronological years.7 

 

METHODS 
This narrative review employed a systematic search strategy 
across online databases such as PubMed, Scopus, and DHARA 
(Digital Helpline for Ayurveda Research Articles). A 
comprehensive search was conducted for articles including the 
keywords Biological Age, Telomerase Activators, Ayurveda, 
Rasayana, and Oxidative Stress. 
 
DISCUSSION 
 
Modern Interventions 
Evidence suggests three pillars for decelerating B-Age: Metabolic 
Modulation (Caloric restriction/Intermittent Fasting to inhibit 
mTOR)8; Hermetic Stress (HIIT exercise to induce 
"mitohormesis")9; and Epigenetic Hygiene (Methylation-
supportive diets).10 

 

The Ayurvedic Pharmacopoeia: Evidence for Reversal 
Ayurveda frames Jara (ageing) not just as a temporal event but as 
a metabolic crisis characterised by the depletion of Ojas (vital 
essence) and the accumulation of Ama (cellular waste). The 
specialised branch of Rasayana aims to reverse this via three 
modes: Kamya (promoter of health), Naimittika (curative), and 
Ajasrika (dietary).11 
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Ashwagandha (Withania somnifera): The Telomere Guardian 
Ashwagandha is classified as a Balya Rasayana (strength-
promoting).11 Modern studies have identified its active 
constituents, withanolides (specifically Withaferin A), as potent 
modulators of cellular lifespan. A seminal study by Raguraman 
and Subramaniam (2016) demonstrated that Withania somnifera 
root extract increased telomerase activity by ~45% in HeLa cell 
lines.12 Telomerase protects the chromosomal caps (telomeres) 
from attrition during cell division, directly countering replicative 
senescence.11 Stress and Cortisol: Chronic stress accelerates 
biological aging by shortening telomeres. Clinical trials show that 
Ashwagandha significantly reduces serum cortisol levels (by up 
to 30%), thereby shielding the genome from stress-induced 
degradation.13 

 
Amalaki (Emblica officinalis): Genomic Stability and DNA 
Repair 
As the primary ingredient in Chyawanprash, Amalaki acts as a 
Vayah-sthapana (age-stabilising) agent.14 Research indicates 
Amalaki extract inhibits the enzymes collagenase and elastase, 
which degrade the extracellular matrix, thus preserving tissue 
elasticity.14 DNA Repair: In Drosophila melanogaster models, 
Amalaki Rasayana upregulates the expression of Superoxide 
Dismutase (SOD) and Catalase genes.15 This enhances the 
organism's capacity to scavenge reactive oxygen species (ROS), 
reducing oxidative DNA damage—a primary driver of the 
"GrimAge" clock.15,16 

 
Curcumin (Curcuma longa): Epigenetic Remodelling and 
Sirtuins 
Curcumin is a potent epigenetic modulator.17 Sirtuin Activation: 
It acts as a caloric restriction mimetic by activating Sirtuin-1 
(SIRT1) and AMP-activated protein kinase (AMPK). These 
pathways are critical for cellular repair, autophagy, and 
mitochondrial biogenesis.17 Senolysis: Curcumin has been 
identified as a natural "senolytic"—a compound that selectively 
induces apoptosis in senescent cells that secrete inflammatory 
factors (SASP), thus reducing systemic inflammation. 18 

 
Brahmi (Bacopa monnieri): Neuroprotection and Cognitive Age 
Categorised as Medhya Rasayana (brain tonic), Brahmi targets 
neural ageing.19 Nootropic Action: Bacosides A and B in Brahmi 
enhance kinase activity and neuronal synthesis, promoting 
synaptic plasticity.20 processing speed, effectively reversing 
"cognitive biological age" by reducing acetylcholinesterase 
activity and preventing beta-amyloid accumulation. 19,20 

 
Guduchi (Tinospora cordifolia): Immuno-senescence Delay 
Known as Amrita (Nectar), it specifically targets the immune 
system's ageing process (immune-senescence). Studies confirm 
Guduchi enhances the phagocytic activity of macrophages and 
induces a balanced Th1/Th2 cytokine response, ensuring the 
ageing body can still effectively fight pathogens without 
succumbing to chronic inflammation. 21 

 
Panchakarma: Cellular Detoxification  
This biopurification therapy aims to eliminate Ama (lipophilic 
toxins). A longitudinal study on Panchakarma demonstrated a 
significant reduction in plasma levels of lipophilic toxicants 
(PCBs, pesticides). This detox alleviates the toxic load on 
mitochondria, restoring bio-energetic efficiency and reducing the 
biological age of metabolic organs.22 

 
Triphala: The Gut-Brain-Ageing Axis 
Triphala, a combination of Amalaki (Emblica officinalis), 
Haritaki (Terminalia chebula), and Bibhitaki (Terminalia 
bellirica) acts as a polyphenolic prebiotic. It restores gut 
microbiome diversity, which typically declines with age 

(dysbiosis).23 Research confirms Triphala exhibits free radical 
scavenging activity superior to singular antioxidants, protecting 
fibroblasts from age-related oxidative stress and reducing 
systemic inflammation via the gut-brain axis.23 

 
Yoga and Sadvritta: The Mind-Body Epigenome 
Sadvritta refers to the code of conduct and behavioural ethics, 
which parallels modern "lifestyle medicine".11 The Yoga and 
Meditation-based Lifestyle Intervention (YMLI) study showed 
that after 12 weeks, practitioners exhibited a significant decrease 
in 8-OHdG (a marker of oxidative DNA damage) and IL-6 (an 
inflammatory cytokine), alongside maintenance of telomere 
length.24,25 Regular yoga practice increases Brain-Derived 
Neurotrophic Factor (BDNF) levels, thereby protecting against 
neurodegeneration and brain atrophy.26 

 
Limitations and Future Directions 
While the potential of Ayurvedic interventions in reversing 
biological age is supported by compelling mechanistic evidence, 
several limitations warrant consideration. 
Need for Longitudinal Trials: Most current data are derived from 
in vitro studies, animal models, or short-term human trials. Large-
scale, longitudinal, randomised controlled trials (RCTs) 
specifically measuring epigenetic ageing clocks (e.g., Grim Age, 
Dunedin PACE) pre- and post-Ayurvedic intervention are 
essential to establish causality.7 
Standardisation: The variability in the phytochemical 
composition of polyherbal formulations creates challenges for 
reproducibility. Future research must utilise standardised extracts 
to ensure consistent biological outcomes.27 
Integration Protocols: Establishing safe and effective protocols 
for integrating Rasayana therapy with standard geriatric care 
requires rigorous study to identify potential herb-drug 
interactions. 11 

 
CONCLUSION 
 
Biological age serves as a superior predictor of health outcomes 
compared to chronological age, offering a quantifiable target for 
medical intervention. The "Hallmarks of Aging" provide the 
molecular targets, but modern pharmacotherapy often lacks a 
holistic approach. Ayurveda, through its Rasayana branch, offers 
a sophisticated, multi-targeted strategy. The evidence reviewed 
highlights that Ayurvedic interventions do not merely "mask" 
signs of aging but intervene at the cellular and genetic level, like 
Ashwagandha protects telomeres, Amalaki safeguards genomic 
stability, Curcumin mimics caloric restriction via epigenetic 
pathways, and Yoga reverses oxidative stress markers. Integrating 
these standardized Ayurvedic protocols into public health 
strategies represents a viable, cost-effective, and scientifically 
grounded method to reverse biological age and manage the global 
aging crisis. 
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