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ABSTRACT 

A steady loss in cellular and physiological processes is a hallmark of ageing, a complicated biological condition 

that increases susceptibility to illness and mortality. Numerous interrelated biological processes, such as telomere 

attrition, genomic instability, epigenetic changes, mitochondrial dysfunction, cellular senescence, loss of 

proteostasis, and others, are responsible for this process. These processes cause tissue deterioration, disturb 

cellular homeostasis, and foster inflammation, which pave the way for age-related illnesses like cancer, heart 

disease, neurological disorders, and metabolic syndromes. Even while our understanding of these systems has 

advanced significantly, it must be improved to translate fundamental research into effective treatment plans. The 

cellular causes of ageing are thoroughly examined in this work, along with how they contribute to age-related 

illnesses and new therapeutic strategies such as telomerase activation, mitochondrial therapies, senolytics, and 

epigenetic reprogramming. This work attempts to promote a better knowledge of ageing and direct the 

development of therapies to enhance health span and postpone the start of age-associated illnesses by combining 

cellular biology, molecular genetics, and innovative therapeutics. 

INTRODUCTION 

All living things experience ageing, an unavoidable biological process that shows up as a gradual deterioration in 

cellular and physiological processes. It is a complex process influenced by stochastic, environmental, and genetic 

factors. Fundamentally, ageing is caused by the slow buildup of cellular and molecular damage that compromises 

the body's capacity to remain resilient and in a state of homeostasis. Although ageing is not a disease in and of 

itself, it is the main risk factor for most chronic illnesses, such as cancer, metabolic syndromes, neurological 

diseases, and cardiovascular diseases. Together, these age-related illnesses add to the burden of morbidity and 

mortality worldwide. 

Addressing these issues requires an understanding of the biology of ageing. Significant research on the cellular 

and molecular mechanisms underlying ageing has established numerous signature processes. These include 

cellular senescence, mitochondrial failure, telomere attrition, epigenetic changes, genomic instability, and 

proteostasis loss. Combined, these processes impair cells' and tissues' regular ability to function, which causes the 

gradual deterioration that comes with ageing. 

Recent developments in genomics, biotechnology, and molecular biology have expanded our knowledge of these 

mechanisms. According to new research, ageing is a dynamic process that may be affected and controlled rather 

than just a passive decline. Preclinical research has demonstrated the potential of treatments that target cellular 

senescence, improve mitochondrial function, or reverse epigenetic modifications. 
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This essay thoroughly analyses the cellular processes that underlie ageing, emphasising how these processes affect 

the development and course of age-related illnesses. It also investigates the treatment possibilities of focusing on 

these systems to prolong life expectancy and lessen the burden of age-related illnesses. This study aims to support 

continuing efforts to convert the biology of ageing into practical healthcare treatments by integrating existing 

knowledge and recommending topics for further study. 

 

Fig 1: Aging and aging-related diseases: from molecular mechanisms to interventions and treatments 

KEY CELLULAR MECHANISMS OF AGING 

1. Genomic Instability 

Ageing is characterised by genomic instability, brought on by cumulative DNA damage and compromised repair 

systems. Among the causes of DNA damage are: 

• Intrinsic factors: oxidative stress and replication mistakes. 

• Extrinsic influences include environmental pollutants and ultraviolet (UV) radiation. 

The accumulation of DNA damage causes chromosomal rearrangements, mutations, and loss of genomic integrity, 

exacerbating diseases including immunosenescence and cancer. 
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Type of DNA Damage Source Impact 

Double-strand breaks Ionizing radiation 
Genomic instability, cancer 

risk 

 

Oxidative lesions  
Reactive oxygen species 

(ROS) 
Mutations, aging progression 

 

 

2. Telomere Attrition 

The protecting telomeres at the ends of chromosomes get shorter with every cell division. When they become 

dangerously short, cells undergo apoptosis or senescence. Telomere attrition is linked to: 

• Cellular senescence: Reduced ability to proliferate. 

• Age-related conditions include idiopathic pulmonary fibrosis and atherosclerosis. 

Research shows telomerase activation may postpone senescence, providing a potential treatment option for age-

related illnesses. 

3. Epigenetic Alterations 

Epigenetic modifications, including DNA methylation, histone modifications, and chromatin remodelling, modify 

gene expression without changing DNA sequences. Epigenetic alterations related to aging include 

Global hypomethylation: This is associated with genomic instability. 

Hypermethylation of tumour suppressor genes: This makes people more prone to cancer. 

4. Mitochondrial Dysfunction 

Mitochondria are the organelle powerhouses that generate energy through oxidative phosphorylation. Aging 

impairs mitochondrial function through 

Reduction in ATP production 

Increased ROS production, thereby causing oxidative damage 

Mitochondrial dysfunction leads to neurodegenerative diseases, such as Alzheimer's and Parkinson's. 

5. Cellular Senescence 

Senescence is an irreversible growth arrest state induced by stressors such as DNA damage or oncogene activation. 

Senescent cells accumulate in ageing tissues, secreting inflammatory factors known as the senescence-associated 

secretory phenotype (SASP), which exacerbates tissue dysfunction and chronic inflammation. 

http://www.ijrst.com/


International Journal of Research in Science and Technology                                              http://www.ijrst.com 

 

(IJRST) 2024, Vol. No. 14, Issue No. 4, Oct-Dec                                       e-ISSN: 2249-0604, p-ISSN: 2454-180X 

 

67 

 

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY 

 

6. Loss of Proteostasis 

Proteostasis maintains protein folding, trafficking, and degradation. Aging disrupts proteostasis, leading to protein 

aggregation and ultimately affecting cellular function. The classic diseases associated with proteostasis failure are 

Alzheimer's and Huntington's diseases. 

 

Fig 2: Iron and copper accumulate in senescent cells. 

SENESCENCE-RELATED DISEASES AND CELLULAR PATHWAYS 

1. Cancer 

Genomic instability associated with ageing and telomere shortening enhances the vulnerability to cancer 

development. Oncogene and tumour suppressor mutations, combined with epigenetic alterations, promote 

carcinogenesis. 

2. Cardiovascular Diseases 

Mitochondrial decline and oxidative stress contribute to vascular senescence, endothelial dysfunction, and 

atherosclerosis. Telomere loss further potentiates cardiovascular risks. 

3. Neurodegenerative Disorders 

Neurodegenerative diseases include Alzheimer's, Parkinson's, and Huntington's. These are implicated with 

dysfunction in the mitochondria, proteostasis failure and chronic inflammation. Misfolded protein accumulation 

and oxidative damage trigger neuronal death. 
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4. Metabolic Disorders 

Metabolic pathways fail due to ageing, which leads to insulin resistance, diabetes, and obesity. Cellular 

senescence in adipose tissue amplifies metabolic dysregulation. 

 

Disease Key Cellular Mechanism Implications 

 

Alzheimer's 

disease 

Proteostasis failure, mitochondrial 

dysfunction 

Cognitive decline, 

neuronal death 

Type 2 diabetes  
Cellular senescence, mitochondrial 

dysfunction 

Impaired glucose 

metabolism 

Atherosclerosis Telomere attrition, oxidative stress 
Plaque formation, 

cardiovascular risk 

 

DEVELOPING THERAPEUTIC INTERVENTIONS 

1. Senolytics 

Senolytic drugs target and eliminate senescent cells, decreasing inflammation and restoring tissue function; 

preclinical work shows promise for delaying various age-related diseases. 

2. Mitochondrial Interventions 

Enhancement of mitochondrial function may mitigate the effects of ageing. 

3. Epigenetic Reversal 

Therapeutic opportunities exist to reverse epigenetically modified changes using DNA methylation or 

histone deacetylase inhibitors in cancer and other age-associated disorders. 

4. Telomerase Activation 

Telomerase-based therapies aim to halt the shortening of telomeres, potentially delaying ageing and reducing 

risks of age-associated diseases. 
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Fig 3: Crosstalk between aging and NAFLD in aging-related metabolic disease Conclusion 

The molecular mechanisms of ageing—genomic instability, telomere attrition, epigenetic alterations, 

mitochondrial dysfunction, and loss of proteostasis—provide an understanding of the biological basis of ageing 

and age-related diseases. Such new ways of understanding the mechanisms advance therapeutic interventions for 

the effects of ageing and improve healthspan. Further research efforts should be oriented toward integrating multi-

omics approaches into the study of ageing, resulting in targeted therapies. 
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