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Abstract

The aging process is a complex, multifactorial phenomenon marked by the gradual
decline of physiological functions, leading to increased vulnerability to disease and death.
Driven by both intrinsic genetic programs and extrinsic environmental factors, aging affects
every cell, tissue, and organ system. Key biological mechanisms include genomic instability,
telomere attrition, epigenetic alterations, loss of proteostasis, mitochondrial dysfunction, and
cellular senescence. These changes collectively diminish the body’s resilience and regenerative
capacity over time. While aging is inevitable, research has uncovered strategies to slow its
progression and enhance quality of life, such as caloric restriction, exercise, pharmacological
interventions, and emerging therapies targeting cellular repair mechanisms. Understanding the
biology of aging not only offers insights into the human life span but also holds the potential to
delay age-related diseases and promote healthier aging.
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2.1. Introduction

Gerontologists put forth various theories on the process of ageing. One of the
key definition on ageing states that it is senescence-associated loss of functional
capacity in body that resulted under the cellular accumulation of toxic reactive oxygen
species (ROS) induced molecular oxidative damages. As a result, body as a whole
entity, loses the structural and functional capacity at cellular level due to oxidation of
major macro-molecules such as lipids, proteins and nucleic acids (Sohal and
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Weindruch 1996, Figure 1.1). Therefore, tissue repair and regeneration is a vital theme
in the ageing process.

Jurk et al (2012) have established the dynamic association between ageing and
inflammation. They have demonstrated that chronic, progressive low-grade
inflammation can accelerate ageing via ROS-mediated exacerbation of telomere
dysfunction and, cell senescence. Ultimately, it leads to create a tight link amongst
ageing, inflammation, necrosis factor kB, DNA damage and cellular senescence (Jurk
et al 2012). Ageing is also described on the language of physiological dysfunction and
disease susceptibility. It is established that ageing is a failure to gain in the efficiency
of physiological function, enhanced susceptibility to contract disease that finally leads
to death.

2.2. Mechanistic definition of ageing

Several mechanisms have been specified to describe the process of ageing.
Ageing and oxidative damage have a very strong positive correlation with each other in
animals (Richter 1994; Sohal and Orr 1995). Therefore, free radical based damage is
important to trigger the ageing process and a theory is emerged based on it. The “free
radical theory of ageing” is one of the most plausible and acceptable explanations for
the mechanistic basis of ageing which postulates that ageing and its related diseases are
the consequence of free radical-induced damage to cellular macromolecules and the
inability to counterbalance the produced high level of ROS by endogenous anti-oxidant
defenses (Paital et al., 2016; Oliveira and Schoffen 2010).

This leads to alter the nature of membrane fluidity due to lipid oxidation, the
reduced enzymatic and other functions of proteins due to oxidation of proteins and
alternation of gene expression due to DNA damage and cellular inefficiency to recruit
enzymatic works (Figure 2.1), together called as oxidative stress (OS). This gives a
foundation to the “rate of living theory” and longevity of an organism is thus supposed
to be influenced by its rate of cellular active oxygen species metabolism especially OS
status (Paital et al., 2016). In this context, mitochondrial rate of ROS production is
more important (Paital and Chainy, 2012, 2014). Indeed, the mitochondrial rate of free
radical production seems to have a much stronger correlation with maximum longevity
in animals (Gemma et al 2007; Buttemer et al 2010).

The aging process is a complex, multifaceted journey influenced by genetic
programming, environmental exposures, and lifestyle factors. At its core, aging reflects
the gradual accumulation of cellular and molecular damage, leading to a decline in
physiological function and increased susceptibility to disease and death. Scientific
advances have greatly deepened our understanding of aging, highlighting key

9



mechanisms such as genomic instability, epigenetic alterations, telomere shortening,
mitochondrial dysfunction, and loss of stem cell activity. These biological changes,
often called the hallmarks of aging, are interrelated and offer valuable insights into
potential interventions to delay aging and promote healthy longevity.
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Figure 2.1 Oxidative damage and ageing via reactive oxygen species accumulation and
other associated factors.

Conclusion

While aging is inevitable, it is not necessarily synonymous with disease or
disability. A growing body of research supports the idea that healthy aging—marked
by physical vitality, mental sharpness, and social well-being—is achievable through a
combination of preventive healthcare, good nutrition, regular physical activity, mental
stimulation, and strong social connections. Ultimately, understanding the aging process
empowers us not only to extend lifespan but also to enhance the quality of life in our
later years, paving the way for a more resilient and graceful aging experience.
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