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Abstract:  

In recent years, there has been a tremendous increase in the pace of human ageing around 

the world. WHO estimates that about 22% of the world’s population will be over 60 years 

of age by 2050. Ageing is characterized by gradual loss of musculo-skeletal, sensory, 

cognitive, reproductive, immunological, endocrinal and psychological functions. It is a 

major risk factor for many non-communicable, chronic and degenerative diseases. 

Modern science has identified different ageing mechanisms at cellular and molecular 

levels such as chromosome and telomere regulation, proteostasis, insulin signaling, 

autophagy, oxidative stress, mitochondrial functioning, cytoskeletal integrity and 

hormesis. These ageing mechanisms are potential therapeutic targets to prevent and 

control ageing and associated diseases. The quest for blissful ageing draws our attention 

to affordable, accessible, safer, age-friendly and holistic approach of Ayurveda in 

prevention and treatment of geriatric disorders. Acharya Charaka describes health and 

bliss to be synonymous. For healthy ageing, classical interventions such as mitahara 

(dietary restriction), upavasa (fasting), rasayana chikitsa (rejuvenation therapy), 

mahakashaya (main decoctions), rasaushadhi (metal or mineral formulations), abhyanga 

(oil massage), vyayama (physical exercise), achara rasayana (rejuvenating behavioral 

therapies), etc. have been ascribed to improve longevity and extend corresponding health 

span. Recent evidence also supports the role of these classical interventions in 

geroprotection due to their anti-oxidant, telomerase enhancing, autophagy inducing, 

senolytic, hormetic and adaptogenic activities. Hence, the present article reviews classical 



and contemporary information related to the geroprotective potential of Ayurveda’s 

behavioral regimens and therapeutics at cellular levels leading to blissful ageing.  
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Introduction: 

     Human ageing involves multiple physiological, psychological and social changes that 

cause functional impairment and disruption of homeostasis further leading to an 

increased susceptibility to diseases and an exponential rise in mortality. It is estimated 

that by 2050, 19% of Indians and 22% of the world’s population will be over 60 years of 

age1,2. Ageing is a major risk factor for many cerebrovascular diseases, 

neurodegenerative diseases, infections, geriatric syndromes, cancer and disabilities. 

Today, the biggest killers of older people are heart disease, stroke and chronic lung 

disease3. Contemporary anti-ageing interventions such as hormonal therapy, rapamycin, 

resveratrol, etc. have detrimental side-effects. Hence, there is a global demand for safer, 

cost-effective and broad spectrum geroprotective interventions for healthy ageing. Such 

geroprotective interventions can be developed by understanding various molecular and 

cellular mechanisms involved in ageing process and by identifying potential anti-ageing 

therapeutic targets. The quest for blissful ageing draws our attention to affordable, 

accessible, safe, age-friendly and holistic interventions of Ayurveda, that have been 

ascribed to increase both lifespan and corresponding health span on the basis of 

Ayurveda’s principles. The geroprotective potential of these classical interventions still 

remains untapped due to the skepticism about their classical anti-ageing claims and lack 

of evidence on how these interventions work. Recent researches strongly support the 

geroprotective role of these classical behavioral regimens and therapeutic interventions in 

healthy ageing and also in prevention and treatment of geriatric disorders by 

manipulation of multiple ageing mechanisms at cellular and molecular levels. 

 

Ageing mechanisms: 

     Various theories including Programmed theory of ageing, Somatic mutation theory, 

Wear and Tear theory, Cross-linking theory, Free radical theory and Immunological 

theory explain the pathophysiology of cellular ageing1. Genetic and bio-chemical 



researchers have identified multiple ageing mechanisms that can be optimized as 

potential therapeutic targets of cellular ageing and age-related disorders (Table 1). 

 

Concept of ageing in Ayurveda: 

     Acharya Sharangdhara describes a sequential loss of biological features such as balya 

(childhood), vriddhi (growth), chhavi (complexion), medha (intellect), twak (dermal 

health), drishti (vision), shukra (reproductive function), vikrama (valor), buddhi 

(intelligence), karmendriya (physical capacity), chetana (liveliness) and jivita (life) 

respectively in successive decades of life since birth13. Ayurveda considers ‘old age’ 

above 60 years (Charaka samhita) or 70 years (Sushruta samhita)14 and ‘Jara’ (ageing) as 

a swabhavikvyadhi (natural/inevitable disease),15characterized by predominant 

Vatadosha, dhatu-upadhatu kshaya, malakshaya, ojakshaya, vishamagni, and indriya 

daurbalya. The classical texts also explain the health- and longevity-promoting properties 

of different dietary (mitahara, upavasa), pharmacological (rasayana chikitsa, 

vayasthapana mahakashaya, jeevaneeya mahakashaya, rasaushadhi) and behavioral 

(abhyanga, vyayama, achara rasayana) interventions for prevention and treatment of 

geriatric disorders. 

 

Modern insights on selective anti-ageing interventions of Ayurveda: 

1. Mitahara (Dietary restriction): 

     Dietary restriction (DR) without malnutrition, the best-studied longevity-promoting 

intervention, can increase lifespan and health benefits in diverse species from yeast to 

primates. DR mice were protected against multiple age-associated diseases, including 

cancer. DR rhesus monkeys have reduced incidence of diabetes, cancer, cardiovascular 

disease and brain atrophy17. Humans on a DR diet for a limited period of time show a 

decrease in risk factors associated with coronary heart disease, an improvement in 

glucocorticoid function and an increase in insulin sensitivity16. Calorie restriction 

increases both mean and maximum life-span in a variety of species17. Caloric restriction 

induces autophagy (Levine and Kroemer, 2008)18, reduces the release of growth 

hormone, insulin and insulin-like growth factor 1 (IGF1) and also brings changes in 



human transcriptome, hormonal status, oxidative stress, inflammation, mitochondrial 

function and glucose homeostasis (Fontana et al., 2010)9. 

 

2. Upavasa (Fasting): 

     Periodic fasting regimens exert anti-ageing effects, facilitate long-term memory 

formation in Drosophila melanogaster (Hirano et al., 2013), alleviate Alzheimer’s, 

Parkinson’s, Huntington’s diseases and fronto-temporal dementia in mice, minimize the 

risk of developing age-related diseases such as neurodegeneration, cancer, or 

cardiovascular diseases in animal models and humans, and also increase life span by 83% 

in rats (Longo and Mattson, 2014)9. Fasting reduces oxidative stress79, induces autophagy 

and increases lifespan in a TOR-independent manner80. 

 

3. Rasayana chikitsa (Rejuvenation and Anti-ageing therapy): 

     Rasayana chikitsa, one of the eight major clinical disciplines of Ayurveda, enhances 

the qualities of rasadhatu and helps attain longevity, memory, intelligence, health, 

youthfulness, luster, excellent complexion and voice, optimum physical and sensory 

strength, mastery over phonetics and brilliance19. It encompasses a plethora of herbal and 

metallic or mineral formulations as well as behavioral medicine.  

     Multiple anti-ageing pharmacological activities of classical rasayana herbs have been 

proven by modern researches (Table 2).   

     Amalaki rasayana, a classical herbal formulation shows effective anti-ageing effect by 

improving tolerance to a variety of cell stresses through reduced ROS and lipid 

peroxidation, enhanced SOD activity and Hsp27 and by repairing DNA damage and 

maintaining telomere length facilitated by an increase in telomerase activity54,55,56. 

Triphala rasayana shows anti-oxidant, nitric oxide scavenging, anti-cancer, 

immunomodulatory and anti-inflammatory activity57.Brahma rasayana retards ageing 

process and tumor growth19. 

     Natural products such as Resveratrol (Draksha), catechin (Khadir, Ashoka), 

epicatechin (Vijaysara),curcumin (Haridra) and quercetin (Amalaki, Nimba, Draksha) 

have been identified for their anti-ageing activity5. 

 



4. Mahakashayas (Main decoctions): 

     Vayasthapana drugs show significant anti oxidant activity clinically by improving 

body luster and relieving symptoms like joint pain, muscular cramps, loss of appetite, 

constipation, anxiety, stress and loss of concentration58.Menopausal syndrome 

(psychological disturbances like irritability, depression, sleep disturbance, nervousness 

and dizziness) can be managed by Jeevaneeya drugs59.  

 

5. Rasaushadhi (Metal or mineral formulations): 

     Shilajit (Asphaltum punjabianum) shows anti-inflammatory, analgesic, anti-diabetic, 

immunomodulatory, anti-anxiety and adaptogenicproperties60,61. Tamra bhasma 

(incinerated copper) when given in lower doses, potentiates anti-oxidant activity in rats61. 

Swarna bhasma (incinerated gold) preparations have significant anti-oxidant and 

restorative effects in global and focal models of ischemia. Swarna bhasma-treated 

animals have shown significant increase in superoxide dismutase and catalase activity 

that reduces free radical concentrations in the body61. 

 

6. Abhyanga (Oil massage): 

     Sesame oil massage is proven to be effective in geriatric population62. Application of 

medicated oil followed by a gentle massage relaxes the tight junctions between 

endothelial cells in the CNS vessels, relieves stress and activates brain function63. 

Massage improves immunity and anti-oxidant activity64, induces autophagy65, and 

reduces the levels of stress-related hormones with a concomitant increase in circulating 

lymphocytes and regional cerebral blood66.  

 

7. Vyayama (Physical exercise): 

     Lifelong exercise is known to extend mean life-span67. Regular physical activity in 

older adults could maintain age-related decreases in anti-oxidant defense68.Physical 

activity training augments telomerase activity in myocytes, and circulating mononuclear 

cells in rats and human leukocytes69. Exercisers have lengthened telomeres69.Long- and 

short-term voluntary physical exercise up-regulates cardiac telomere-stabilizing proteins 



and thereby induces anti-senescent and protective effects70.Habitual physical exercise is 

associated with greater telomere length in postmenopausal women71.  

 

8. Achara rasayana (Behavioral medicine): 

     Successful ageing is most commonly operationalized as life satisfaction, high morale 

or the subjective appraisal of well-being that can be achieved by special health-promoting 

right conduct and behavior72.High subjective well-being including life satisfaction, 

absence of negative emotions, optimism and positive emotions causes better health and 

longevity73.Social and spiritual stimulations aimed at reversing age-related loss of 

dynamical complexity act upon even higher levels to ensure a reduced risk of social 

problems in ageing12. 

 

Discussion: 

     Ageing is influenced by time-progression, genetics, physical and social environments, 

personal characteristics and diseases. The underlying mechanisms of ageing process and 

age-related pathologies are identical74. Hence, these intricate and interrelated mechanisms 

controlling cellular ageing were summarized to provide deeper insights into potential 

therapeutic targets that may delay ageing, promote healthy longevity and also prevent and 

treat age-related diseases. Considering the diversity of ageing mechanisms and the rising 

demand for comprehensive, economical, safer anti-ageing and geroprotective 

interventions, modern researches on a few selected classical interventions that are 

described to possess anti-ageing properties in Ayurveda, were reviewed to evaluate their 

potential geroprotective role on cellular ageing mechanisms and associated diseases. 

     Dietary interventions such as mitahara and upavasa induce autophagy and regulate 

hormones, mitochondrial functioning and metabolic homeostasis. Pharmacological 

interventions including single rasayana herbs, herbal formulations and mahakashayas 

target multiple ageing mechanisms due to their diverse phyto-constituents. Since brain 

helps govern ageing of many organs75, medhya rasayanas (Mandukaparni, Yashtimadhu, 

Guduchi, Shankhapushpi) possessing cerebroprotective and neuroprotective activities 

hold significance as anti-ageing medicine. Lifelong and periodic exposure in short doses 

to various stressors such as metal nanoparticles, physical and mental challenges, etc. may 



inhibit or retard the ageing process by hormesis9,11,12,76. Induction of hormesis may be 

achieved with the help of hormetins like classical metallic formulations, abhyanga, 

vyayama and certain rasayanas. Daily behavioral regimens like abhyanga, vyayama and 

achara rasayana help reduce stress hormones, induce autophagy and maintain the 

synchrony of the circadian system that is tightly coupled to cellular metabolism77. Achara 

rasayana positively influences our environment, people, relationships, attitudes, values, 

health, social policies, support systems and their services, thus supporting and 

maintaining our intrinsic capacity and functional ability, which is a key to Healthy 

Ageing78. 

     The selected interventions of Ayurveda exhibit anti-ageing effects in different 

laboratory organisms and humans, implying some commonalities in the underlying 

ageing mechanisms and universal applicability of these interventions.  

 

Conclusion: 

     Acharya Charaka has rightly stated that ‘health’ and ‘bliss’ are synonymous. Ageing 

can be a blissful celebration only if it is coupled with optimum health. Ayurveda’s 

dietary, pharmacological and behavioral interventions act as potent anti-oxidants, 

telomerase activity enhancers, calorie restriction mimetics, autophagy inducers, 

senolytics, hormetins and/or adaptogens, thus manipulating different cellular ageing 

mechanisms to maintain genomic stability as well as cellular, metabolic and protein 

homeostasis. Hence, the promising geroprotective role of Ayurveda’s interventions in 

delaying and reversing ageing process, increasing lifespan, maintaining health and 

preventing and mitigating age-related disorders is scientifically supported by both 

Ayurveda and modern science. These evidence-based, accessible, affordable, safer and 

holistic geroprotective interventions of Ayurveda may contribute significantly in the 

development of WHO’s global strategy and action plan for healthy ageing. Integrative 

approach of multidisciplinary sciences like Ayurveda, Gerontology and Biogenetics 

towards understanding ageing and optimizing classical anti-ageing interventions may 

help to reduce the age-related disease burden globally, improve the quality of life and 

embrace the positive perceptions of ageing. Further research on evaluation of long-term 



effects of these classical geroprotective interventions, individually or in combination, on 

molecular and cellular ageing mechanisms is necessary. 
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Table 1: Important ageing mechanisms and potential anti-ageing therapeutic 

targets4,5,6,7,8,9,10,11,12 

Sr. 

No. 

Ageing mechanism Cause of ageing Potential anti-ageing 

therapeutic target 

1. Chromosome and 

telomere regulation 

Shortening of telomere 

length 

Improvement of 

telomerase activity and 

suppression of telomere 

shortening 

2. Proteostasis Proteostasis failure Regulation of proteostasis 

3. Insulin signaling Increased insulin/ IGF-1 

signaling 

Reduction in insulin/ IGF-

1 signaling 

4. Autophagy Inhibition of autophagy Stimulation of autophagy 

5. Oxidative stress Increase in oxidative 

stress 

Reduction of oxidative 

stress or anti-oxidation 

6. Mitochondrial 

functioning 

Mitochondrial 

dysfunction 

Boosting mitochondrial 

function 

7. Cytoskeletal integrity Dysregulation of 

cytoskeleton 

Maintenance of 

cytoskeletal structure 

8. Hormesis Absence of hormesis Induction of hormesis 



Table 2: Rasayana herbs and their anti-ageing pharmacological activities 

Sr. 

No. 

Herb Anti-ageing pharmacological activities 

1. Amalaki, 

(Emblica officinalis) 

Anti-oxidant20, adaptogenic21, telomerase 

enhancing22, autophagy inducing23, insulin 

sensitizing24, mitochondrial biogenesis enhancing25 

activities 

2. Haritaki 

(Terminalia chebula) 

Anti-oxidant26, adaptogenic21, cytoprotective27, 

oxidative stress inhibitory28, neuroprotective29, 

autophagy enhancing activities30, inhibition of age-

dependent shortening of the telomeric DNA 

length28 

3. Bibhitaki 

(Terminalia bellirica) 

Anti-oxidant, anti-depressant activities31. 

4. Mandukparni 

(Centella asiatica) 

Anti-oxidant32, DNA protective33, anti-amnesic34, 

neuroprotective35, neuroregenerative35, anti-

inflammatory36, nootropic37 and mitochondrial 

dysfunction inhibitory38 activities 

5. Yashtimadhu  

(Glycyrrhiza glabra) 

Anti-oxidant39, nootropic39, adaptogenic39, 

autophagy inducing40, mitochondria 

protective40activities 

6. Guduchi 

(Tinospora cordifolia) 

Anti-oxidant39, life-span enhancing41, nootropic39, 

neuroprotective42, hepatoprotective42, hormone 

regulatory43, anti-stress39, immunomodulatory39, 

adaptogenic21, insulin sensitizing activities43. 

7. Shankhapushpi 

(Convolvulus pluricaulis) 

Anti-oxidant, neuroprotective, memory enhancing, 

anti-stress, anxiolytic, anti-depressant activities44.  

8. Vidari 

(Pueraria tuberosa) 

Anti-oxidant, immunomodulatory, adaptogenic, 

anti-inflammatory activities45 

9. Shatavari 

(Asparagus racemosus) 

Anti-oxidant, adaptogenic21, phyto-estrogenic 

activity46 

10. Ashwagandha 

(Withania somnifera) 

Anti-oxidant47, adaptogenic21, anti-ageing48, 

immunomodulatory49, telomerase enhancing48, 

neuroprotective49, anti-stress48 activities 

11. Pippali 

(Piper longum) 

Anti-oxidant50, adaptogenic21, senolytic51, 

autophagy promoting52 activities 

12. Bhallatak 

(Semicarpus anacardium) 

Anti-oxidant, cytoprotective, anti-inflammatory 

activities53 

 


