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ABSTRACT 

 

 
ARTICLE DETAILS 

 
This thorough analysis explores the complex interactions between aging, the beginning of 

different diseases, and cellular control, with a special emphasis on neurodegeneration. Sustaining 

cellular homeostasis requires cellular regulation, which includes signaling pathways, proteostasis, 

and organelle communication. Age-related problems can result from intricate pathways that are 

currently poorly understood. These disorders range from cardiovascular ailments to 

neurodegenerative conditions like Alzheimer's and Parkinson's diseases. Oxidative stress is a 

major contributor to metabolic syndrome and aging. It is caused by an imbalance between the 

formations of reactive oxygen species (ROS) and antioxidant defense mechanisms. Moreover, 

changes in intracellular pH levels have been connected to neurodegenerative illnesses and the 

aging process, suggesting a new direction for research into the causes of and possible preventions 

for age-related neurodegeneration. Autophagy is an essential process for cellular upkeep that is 

critical to neurodegenerative pathways and brain aging because it promotes the breakdown of toxic 

chemicals and damaged organelles. Furthermore, aging and longevity are greatly influenced by 

the reduction in cellular energy metabolism, which is controlled by conserved pathways including 

mTORC and insulin/IGF1. Furthermore, it is noted that protein misfolding and aggregation are 

essential mechanisms in neurodegenerative illnesses that cause neuronal populations to 

malfunction and die. Knowing how these variables interact dynamically offers important insights 

into the pathophysiology of disease and the dynamics of aging, perhaps pointing to new 

therapeutic targets for the prevention and treatment of age-related disorders. 
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DECIPHERING CELLULAR REGULATION, AGING, 

& DISEASE 

 For cells to function properly, signaling pathways, protein 

homeostasis (proteostasis), organelle-to-organelle and 

organelle-cytosol communication must all be regulated.[1] 

Several essential activities, including cell division, death, 

proteolysis, and autophagy, are regulated by the molecular 

signals that are triggered by secreted metabolites, lipids, 

proteins, and nucleic acids. These signals also start 

transduction cascades in various cellular compartments. [2,3] 

Due to reasons that are currently poorly understood, the 

incidence of age-related illnesses, including atherosclerosis, 

hypertension, type 2 diabetes, osteoporosis, cataracts, 

Alzheimer's, and cardiovascular disease, grows exponentially 

with age.[4] Proteostasis breakdown and inflammation are 

observed in certain age-related neurodegenerative disorders 

as well as normal aging. Within the brain or spinal cord, 

neuroinflammation is seen as a healthy physiological reaction 

that aids in tissue healing and facilitates the removal of 

neuronal waste. Nonetheless, a few chronic inflammatory 

disorders can be attributed to persistent and unchecked 

inflammatory signals. The principal inflammatory sources in 

the central nervous system (CNS) are brain-resident 

microglia and astrocytes. These glial cells enhance the 

processes that lead to a neurotoxic environment when they 

are in a diseased state. [5, 6] Since neurons are mostly non-

dividing cells with a limited ability for regeneration, 

excessive neuronal death in the central nervous system (CNS) 

affects motor, cognitive, and memory abilities, which are 

commonly observed in Parkinson's disease (PD) patients. 

Therefore, inflammation has been recognized as a 

contribution to neurodegeneration, combined with glial 

https://doi.org/10.47191/ijpbms/v4-i4-24
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activation and peripheral immune infiltration [7, 8] Reactive 

oxygen species (ROS) of many types, including superoxide 

anion radical (O2 •−), hydrogen peroxide (H2O2), and 

hydroxyl radical (HO•), are produced by living cells. [9,10]. 

Exogenous stimuli that can cause ROS formation include 

tobacco smoke, heavy metals, air pollution, UV, X, and γ 

radiation, and certain medicines. [11,12] Polypeptides are 

rarely found operating alone; instead, they are typically 

involved in multimeric protein assemblies. Because these 

assemblies require energy input to operate and are made up 

of multiple intricately coordinated moving elements, they 

might be thought of as protein machines.[13] These protein 

machines, which include the nuclear pore, ribosomes, 

proteasomes, replisomes, spliceosomes, and mitochondrial 

machinery involved in ATP production, appear to be 

incredibly complex and dynamic. They are arranged in 

interdependent communities that maintain cellular 

homeostasis by acting in various cellular landscapes in a 

spatially and temporally coordinated manner. [13, 14] In 

young adults, skeletal muscle makes up more than one-third 

of total body mass. It plays a key role in both the bulk of 

postprandial glucose absorption and the whole-body 

metabolic rate. [15, 16] Keeping one's independence and 

promoting "healthy aging" have been linked to increasing 

one's muscle mass and strength. Although having muscular 

mass is vital to one's quality of life, aging is linked to a 

progressive loss of muscle mass that affects a part in the 

emergence of age-related illnesses and disabilities. [17, 18] A 

loss of skeletal muscle mass, quality, and function known as 

sarcopenia is typically linked to aging and occurs 

independently of weight reduction. Sarcopenia, according to 

the European Working Group on Sarcopenia in Older People 

(EWGSOP), is a disease of the muscles caused by a lifetime 

accumulation of alterations in both low muscle mass and poor 

muscle function. [19] 

 

THE NEXUS OF OXIDATIVE STRESS, METABOLIC 

SYNDROME, AND AGING DYNAMICS 

The processes of oxidative phosphorylation and aerobic 

metabolism frequently result in the production of reactive 

oxygen species (ROS). In addition, ROS production and 

accumulation are usually increased during disease 

pathogenesis (i.e., age-related diseases) [21]. Numerous 

physiological changes, such as the build-up of oxidized-

damaged molecules, elevated concentrations of defective 

macromolecules, and numerous breaches in cellular 

homeostasis, are associated with oxidative stress. Oxidative 

stress occurs when there aren't enough antioxidants to stop 

harmful oxidative damage caused by reactive oxygen species 

(ROS). Examples of ROS include superoxide anion (O2 S−), 

hydroxyl radical (OHS), singlet oxygen (1 O2), and hydrogen 

peroxide (H2O2). Anaerobic metabolism, on the other hand, 

produces just 197 kJ. Although it uses oxygen as a final 

electron acceptor, the extremely effective aerobic metabolism 

burns substrates without direct substrate–oxygen contact. In 

the process, reactive oxygen intermediates are released by the 

electron chain, most likely due to physiological mechanisms 

rather than coincidence. The fact that these reactive oxygen 

species (ROS) have an unpaired electron with an autonomous 

existence in their outermost orbit is one of their key 

properties. A few ROS can cross membranes and activate 

essential physiological processes, such as nitric oxide, 

although most ROS are less reactive hydrogen peroxide. The 

redox signaling is critical to inflammation via the activation 

of NF-kB and AP1[22,23]. There are hundreds of 

mitochondria in each human cell, and each mitochondria 

possesses several copies of the mitochondrial DNA 

(mtDNA). Since 13 polypeptides that make up the respiratory 

enzyme complexes necessary for the OXPHOS system to 

function normally are encoded by the mitochondrial genome, 

somatic mutations in mtDNA may have a direct role in the 

process by which ROS start a vicious cycle and age the 

body.[24] A person with metabolic syndrome has a number of 

metabolic risk factors in common. The International Diabetes 

Federation (IDF) arranged a meeting in 2005 wherein a 

consensus was reached over the definition of Metabolic 

Syndrome. As mentioned below, obesity as determined by 

body mass index and waist circumference is the main 

contributing factor (BMI). Apart from central obesity, other 

characteristics that need to be considered for the diagnosis of 

metabolic syndrome include blood pressure, lower HDL 

cholesterol, triglyceride estimation, or fasting plasma glucose 

in humans. [25] 

 

INTRACELLULAR PH IN AGING & 

NEURODEGENERATION 

The biological process of aging is typically irreversible and is 

a major risk factor for numerous neurodegenerative illnesses 

[26]. In various organisms, nine characteristics of aging have 

been postulated. These characteristics include deregulated 

nutrition sensing, mitochondrial dysfunction, telomere 

attrition, genomic instability, altered intercellular 

communication, loss of proteostasis, and mitochondrial 

dysfunction. These hallmarks fall into three categories: 

primary, antagonistic, and integrative. These hallmarks 

typically co-occur during aging and are connected to one 

another; figuring out how these hallmarks relate to one 

another and what their exact causal networks are could help 

future research on aging and aging-related diseases [27]. 

Apart from the characteristics of aging that were previously 

described, there is increasing evidence that changes in 

intracellular pH are closely associated with the aging process 

and neurological illnesses associated with age. Mammals 

have strictly controlled intracellular pH in their central 

neurons, and variations in this pH are crucial for synaptic 

plasticity and signaling [28, 29]. More specifically, a modest 

intracellular in cortical neurons. This decline serves as a 

feedback mechanism to lower excitability and local 

bioelectric activity. However, there may be a higher chance 

of cell death when the intracellular pH is outside of a range 
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and hits its limits [30, 28, 31, and 32]. Crucially, a number of 

neurodegenerative illnesses have been linked to a drop in 

brain pH levels [33,34as well as throughout the typical aging 

process [35, 36, and 37]. Furthermore, it has been noted that 

in the mouse hippocampal tissue, acute neuroinflammation 

can cause intracellular acidification [38]. For instance, there 

is a negative correlation between age and intracellular pH in 

mammalian cortical neurons, as demonstrated by the 

significantly lower pH in hippocampal slices from elderly rats 

compared to slices from young rats [35, 39]. Similarly, it has 

been noted that aging causes a reduction in intracellular pH 

in human neurons [37, 40]. Reduced intracellular pH may 

result from events that overload and disturb pH regulation 

systems, such as age-related declines in buffering capacity 

and disruption of several transmembrane acid/base 

transporters [35, 39, 41]. For example, altered H+ 

homeostasis may be related to impaired Na+–H+ exchange, 

which uses the inwardly directed electrochemical Na+ 

gradient generated by Na+–K+ ATPase to export H+. This is 

because Na+–H+ exchange is the dominant regulatory 

mechanism for proton extrusion in cultured hippocampal 

neurons [35]. Furthermore, decreased ATP synthesis with age 

may potentially impact ATP-driven ion pumping, such as the 

production of Na+ gradients by Na+–K+ ATPase [42]. 

Controversial are the effects of age-related changes on pH 

regulation. While progressive increases in acidification may 

make brain tissue more susceptible to stressful situations, a 

small drop in intracellular pH may offer neuroprotection [43, 

44, 45]. 

 

THE SIGNIFICANCE OF AUTOPHAGY IN 

CELLULAR HOMEOSTASIS AND HEALTH 

"Self-eating" or autophagy is the process by which lysosome-

entrapped harmful chemicals, protein aggregates, and 

damaged organelles are broken down [46]. Because 

autophagy produces the metabolites required for cells to 

survive under acute stress, it is essential for maintaining 

cellular integrity and homeostasis [47]. Additionally, by 

limiting nutrition during the catabolic pathway, which serves 

as a fueling and recycling process to supply essential energy 

and building blocks for the synthesis of macromolecules, 

autophagy can support the maintenance of cellular energy 

status [48]. There are three types of autophagy: chaperone-

mediated autophagy (CMA), macro autophagy, and micro 

autophagy. Each of these has a different purpose and mode of 

action [49[Micro autophagy is a non-selective lysosomal 

degradation process that involves autophagic tubes directly 

engulfing cytosolic cargo at a boundary membrane. These 

tubes then facilitate the vacuolar membrane's invagination 

and the scission of vesicles into the lumen.[50]. The process 

of macro autophagy, also referred to as autophagy, requires 

the formation of an autophagosome, a double-membrane 

structure that encloses cellular material and eventually fuses 

with lysosomes [51]. Cytosolic protein degradation is 

guaranteed by CMA. The particular receptor known as 

lysosome-associated membrane protein type 2A (LAMP-2A) 

is used by substrate proteins to bind to the lysosomal 

membrane [52]. in closing the process known as autophagy, 

or "self-eating," is essential for breaking down cellular trash 

and preserving cell viability. It involves several kinds, each 

with a distinct purpose, such as macro autophagy, chaperone-

mediated autophagy (CMA), and micro autophagy. By 

supplying energy and repurposing resources, autophagy aids 

cells in enduring stress. 

 

CELLULAR ENERGY & AGING: UNVEILING 

PATHWAYS 

Cellular energy levels significantly decline with ageing, 

impacting longevity and general health. Numerous conserved 

pathways that control vital metabolic processes, including 

insulin/IGF1, mTORC, AMPK, and sirtuins, are intimately 

linked to this loss. Investigating these pathways can lead to 

new understandings of how the aging process works as well 

as approaches to encourage positive aging outcomes. [53, 54] 

Furthermore, it appears that essential metabolic processes in 

live cells depend on elements like ROS and p53 signaling [55, 

56]. From yeast to mammals, the insulin/IGF1 signaling (IIS) 

pathway is known to be a conserved lifespan system [57]. 

Proliferation, survival, and metabolic activities are all 

regulated by the IIS pathway. The insulin receptor (IR) is 

occupied by insulin and IGF1. Insulin receptor substrate 

(IRS1-4) proteins are examples of signaling adaptor proteins 

that bind to tyrosine residues to activate AKT and PI3K, 

which in turn operate upon several target pathways, including 

mTOR GSK3β [58, 59]. It has been evident over the past ten 

or so years that mutations in certain regions of the 

insulin/PI3K cascade have a significant impact on longevity 

[58, 60]. IGF-1 and GH must target both the cerebral 

vasculature and the central nervous system [61,62]. Aging 

was associated with a marked reduction in GH secretion and, 

consequently, IGF-1 production in the liver. Age-related 

cognitive decline and cerebrovascular diseases are both 

influenced by this IGF-1 reduction [63–65]. Based on 

existing research, it is suggested that GH/IGF-1 deficiency 

accelerates the development of atherosclerosis and causes 

cerebral hemorrhage as people age [66–68]. It has been 

demonstrated that as people age, the severity of brain damage 

from acute ischemia increases, which results in a lack of IGF-

1-mediated neuroprotection [69–71]. Furthermore, recent 

studies have demonstrated that intracerebroventricular (ICV) 

administration of IGF-1 to aged rats following a stroke 

significantly reduces the infarct volume [72,73]. This is 

consistent with the Lewis dwarf rat's reported GH/IGF-1 

deficiency, as the aging model did not significantly alter the 

infarct size following endothelin-1-induced focal cerebral 

ischemia. Pilger et al.'s study [74The pond snail (Lymnaea 

stagnalis) is a unique invertebrate model that has been widely 

used to investigate learning and memory. It was shown that 

L. stagnalis exhibited age-associated memory impairment 

that was reversible with IGF-1 therapy [74]. There have been 
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reports of IGF-1's neuroprotective effects during mammalian 

aging [58, 60,75]. Mammal lifespan modulation and age-

related diseases are associated with IGF-1 insufficiency. 

Stallalis hints at its anti-aging and neuroprotective properties, 

which are consistent with research on very long-living 

individuals. Access to running wheels enhanced cognitive 

performance and dentate gyrus cell proliferation in mice 

exposed to chronic stress, most likely as a result of elevated 

IGF-1 and GST activity. [58, 60,76, 77]]. Mice having access 

to running wheels had enhanced dentate gyrus cell 

proliferation and less cognitive impairment throughout an 

eight-week period of chronic restraint stress lasting 12 hours. 

Increased GST activity and elevated IGF-1 levels may be the 

cause of this impact [78]. 

 

CELLULAR REGULATION, AGING, & 

NEURODEGENERATION DYNAMICS 

Signaling pathways, protein homeostasis (proteostasis), 

organelle-to-organelle and organelle-cytosol communication 

must all be regulated for cells to operate properly.[79] 

Transduction cascades in numerous cellular compartments 

are initiated by molecular signals elicited by secreted 

metabolites, proteins, lipids, and nucleic acids. These 

cascades control a number of vital processes, such as 

autophagy, proteolysis, apoptosis, and cell division. [80,81] A 

few unique indicators that are closely connected to the aging 

process are chromosomal structure, epigenetic regulation, 

telomere attrition, loss of proteostasis, energy metabolism, 

mitochondrial dysfunction, and altered intercellular 

communication. [82,83] A decrease in the rate of 

reproduction and an eventual exponential rise in population-

level mortality over time can be used to summarize the 

dynamic context of lower individual fitness, which is best 

understood in the context of ageing. This can be explained by 

a time-dependent decline in the physiological traits of the 

organism. Although the aging process is a largely predictable 

event, it may be thought of as the living system allowing the 

environment to reach a state of thermodynamic equilibrium. 

This process is driven by stochastic hazards of both intrinsic 

(such as reactive oxygen species, or ROS), extrinsic (such as 

accidents, predation, pollution, and infections), and off 

pathway toxic metabolites, replication, transcription and 

translation errors, misfolded proteins, weather, and pollution. 

In fact, aging does not go away in settings where outside 

influences are minimal, such well supervised laboratory 

settings. The physiology of aging is inherently characterized 

by these hazards' tendency to self-and-cross, magnifying their 

own frequencies and causing harmful effects. [84, 85, 86] A 

broad range of neurological conditions referred to as 

neurodegenerative illnesses are brought on by certain 

neuronal populations malfunctioning and dying. These 

conditions are characterized by modifications to behavior, 

motor function, and/or cognition. Most of these diseases 

worsen over time, gradually impairing brain function until 

death occurs. They may start in infancy, early adolescence (or 

juvenile variations thereof), or adulthood.[87] Motor neurons 

are a subtype of neurons that control voluntary muscular 

movement. A notable subclass of neurodegenerative 

disorders known as motor neuron diseases (MNDs) affect 

populations of motor neurons. Weakness and atrophy of the 

muscles result from their dysfunction or death. Motor neurons 

contain axonal processes that are extraordinarily long—up to 

or more than one meter—because they are the most strongly 

polarized neural cells. They consequently need a lot of energy 

and rely on efficient axonal transmission.[88] 

 

MITOCHONDRIAL DYSFUNCTION: AGING & 

DISEASE IMPLICATIONS 

Ageing and the etiology of several illnesses, such as 

metabolic and neurological disorders, are linked to 

mitochondrial dysfunction [89, 90,91,92]. ROS, Ca2+, ATP, 

NAD+, and NADH produced from mitochondria are 

examples of retrograde signaling molecules that can function 

as vital messengers to set off cellular reactions that control 

the metabolic status. 93, 94. The ability of glycolytic 

substrates to protect cells from fatal cell damage can be used 

to experimentally evaluate the involvement of mitochondrial 

malfunction in cytotoxicity that results in necrotic cell death 

(95). Glycolysis serves as a substitute ATP source to partially 

replenish the ATP generation that is lost following 

mitochondrial damage. Cells are saved from necrotic death 

by this ATP, which can be as little as 15 or 20% of normal 

levels. The standard glycolytic substrate, glucose, inhibits 

anoxic cell death in most cell types. The liver, on the other 

hand, is distinct since its job is to keep blood glucose levels 

steady. Even in anoxia, hepatocytes glycolyze glucose weakly 

due to the lack of hexokinase. Better than glucose, fructose is 

a glycolytic substrate that keeps hepatocytes viable after 

exposure to cyanide, oligomycin, and anoxia (95, 96). The 

modification in metabolism that comes with ageing is another 

significant factor. Recent research has shown that senescent 

human skin fibroblasts have elevated protein and activity 

levels of specific glycolysis-related enzymes. [97, 98]. One 

common indicator of aging is the buildup of misfolded and 

aggregated proteins, which is caused by a dysfunctional 

proteostasis regulatory system. Particularly with aging, the 

cell's ability to preserve folded forms of metastable proteins 

is compromised, leading to a significant challenge in the form 

of decreased proteostasis capability and increased protein 

damage. [99] 

 

CONCLUSION 

The exploration of the intersection between cellular 

regulation, aging, and disease pathogenesis unveils a complex 

web of mechanisms underlying age-related disorders, 

particularly neurodegenerative diseases. From the regulation 

of signaling pathways to the maintenance of cellular 

homeostasis through processes like autophagy, oxidative 

stress, and metabolic control, various factors contribute to the 

aging process and the onset of diseases. The findings 
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underscore the importance of understanding these 

mechanisms not only to decipher the fundamental processes 

of aging but also to identify potential therapeutic targets for 

combating age-related diseases and promoting healthy aging 

outcomes. By elucidating the role of oxidative stress, 

intracellular pH alterations, energy metabolism, and protein 

misfolding in aging and disease progression, researchers can 

pave the way for the development of targeted interventions 

aimed at preserving cellular function and mitigating age-

related neurodegeneration. Moreover, the comprehensive 

understanding of conserved pathways like insulin/IGF1 and 

mTORC provides insights into potential strategies for 

extending longevity and improving overall health in aging 

populations. By harnessing the power of cellular regulation 

and metabolic pathways, it may be possible to develop 

interventions that not only delay the onset of age-related 

diseases but also enhance the quality of life in older adults. In 

essence, unraveling the complexities of cellular regulation, 

aging dynamics, and disease pathways offers promising 

avenues for future research and therapeutic development 

aimed at promoting healthy aging and reducing the burden of 

age-related diseases on society. Through continued 

exploration and innovation, we can aspire to improve the 

well-being and longevity of individuals as they age, 

ultimately enhancing the overall healthspan of the population. 
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