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			Abstract

			Biorhythms, redundancy and reserve: The dynamic equilibrium in the interactions of biorhythms with the rhythms of the surrounding ecosystem forms the basis of life. The biorhythms can be categorized by their relationship to 24-h day cycle as circadian, ultradian and infradian. In addition, there are other rhythmic patterns generated outside the CNS, such as the cardiac rhythm. In addition, there are rhythmic contractions of muscles controlling gastrointestinal motility and uterine contractions. The organ reserve is the ability of an organ to endure recurring stressful conditions and restore the homeostasis and normal physiological function. There occurs age-related decline in physiological functions attributable to loss of organ reserve due to multiple factors.

			Molecular basis of reserve and redundancy: The intermediary metabolism comprising of cellular biochemical reactions and metabolites is enriched with biochemical steps or intracellular structures exhibiting excess metabolic capacity than required for normal basic functions. In addition, the mitochondrial DNA (mtDNA) found in multi-copies, serves as a structural excess capacity for cellular energy metabolism. Similarly, the DNA repeats in telomeres serve as structural excess capacity for repair. The organ reserve is, thus, a joint contribution of excess metabolic capacities of several metabolic pathways and biochemical structures enabling a built-in robust metabolism and structural mechanisms for stress response and repair. 

			Physiology of metabolic reserve and redundancy: The living systems owe their survival to a series of complex biochemical pathways for maintenance and repair, and the defence systems creating the homeo-dynamic space which provides the buffering capacity for a biological system. The aging and the age-related diseases can be held as the consequences of a progressive shrinkage of the homeo-dynamic space, due to failure of maintenance and repair. The senescent changes occur in the cells, tissues and organs, and in turn affect the functioning of the biological systems. At subcellular level, mitochondrial oxidative stress and dysfunction play an important role in aging, and microRNAs (miRNAs) are important regulators of aging and age-related diseases. 

			Impact of senescence of organs and systems: Various stimuli appear to converge on certain pathways that influence cell cycle regulation, DNA repair and apoptosis, and the process of cellular senescence. At the cellular level, these pathways are regulated by the tumor suppressor proteins p53 and pRb. The p53 is a crucial mediator of the cellular response to damaged DNA and dysfunctional telomeres, and in turn activates the cyclin-dependent inhibitor p21. The senescence is induced at cellular level via the p53 pathway in response to DNA damage and telomere dysfunction, whereas the p16/pRb pathway mediates senescence caused by oncogenic stimuli, chromatin disruption, and other cellular stresses. The aging of organs is progressive and irreversible, and associated with increased incidence and prevalence of atherosclerosis, hypertension, coronary artery disease and cardiac failure, cerebrovascular and peripheral vascular disease, and various neurodegenerative disorders. 

			Conclusion-Retarding aging and disease: The age is the most important determinant of health in general and cardiovascular health in particular. But, retarding the rate of progression of CVDs at subclinical level need to be considered before the clinical disease becomes manifest. The modalities to prevent, retard or treat the CV changes with aging have been shown to reduce the prevalence of CVDs. The life-style interventions in form of regular physical exercise, smoking cessation and intervention in sleep disorders are established practical ways. There are promising data about calorie restriction (CR) and calorie restriction mimetics (CRMs) being promising tools for reducing morbidity and mortality related to metabolic, cardiovascular and neurodegenerative diseases.
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			Biorhythms, Redundancy and Reserve

			The Physiology of Biorhythms

			The dynamic equilibrium in the interactions of biorhythms with the rhythms of the surrounding ecosystem forms the 

basis of life [1]. The biorhythms can be categorized by their relationship to 24-h day cycle and can be circadian, ultradian and infradian (Figure 1). A major environmental stimulus for the circadian rhythm is a 24-h pattern of light and darkness representing a clock that entrains various aspects of our physiology [2]. The pineal gland is sensitive to light and secretes melatonin, which may serve as the underlying physiological basis for circadian biorhythm. The neural circadian clock is located in the hypothalamic suprachiasmatic nucleus (SCN) and the projections from the SCN influence motor, sensory and autonomic systems [3,4]. Further, the circadian clock appears to regulate maintenance of neural stem cells, whereas energy metabolism modulates both neural stem cell physiology and circadian clock machinery [5]. Apart from the master clock, it appears that every cell expresses a clock-gene and circadian rhythms can be observed at the cellular level. The metabolic patterns also follow a circadian rhythm.
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			The ultradian rhythms take various forms from the repetitive beating of the heart to the respiratory rhythm. There are shorter duration ultradian rhythms relating to feeding patterns and metabolism. They relate to the cycles in digestive systems and the distribution of food intake throughout the day. The ultradian cycles are linked to circadian rhythms and any alteration in one will lead to disruptions in the other. There are additional ultradian rhythms driven by the CNS and are not as directly affected by the circadian clock, such as the rhythmic pattern of breathing. The central pattern generator for breathing appears to be located in the pre-Bötzinger complex of the brain stem [6]. There exist other central pattern generators for rhythmic motor behaviors such as mastication, walking or running. The central pattern generators for these rhythms are highly organized and complex, involving coordinated neural activation of multiple muscles. A regularly occurring physiological process that recurs at longer than 24-h is infradian. The infradian rhythms include cycles associated with reproduction, seasonal change and aging. The infradian rhythms are influenced by the circadian clock as well as other factors related to environmental exposure. In addition, there are other rhythmic patterns which are generated outside the CNS, the most obvious being the cardiac rhythm [7]. The cardiac pacemaker cells with complex interaction between conductance for various ions affect membrane excitability and action potential generation. In addition to the heart, there are rhythmic contractions of muscles controlling gastrointestinal motility and uterine contractions. 
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			The Organ Reserve and Redundancy

			The organ reserve describes the ability of an organ to endure recurring stressful conditions and restore the homeostasis and normal physiological function in following such conditions [8]. A part of the age-related decline in physiological functions is attributable to reduction in organ reserve as present in various body systems and the gradual functional decline in specific tissues or organs (e.g., immune-, musculoskeletal-, nervous systems) is a key characteristic of aging. Although organs vary in the rate of functional decline with age, this gradual linear decline of reserve capacity with age shows values ranging from 0.5% to 1.4% per year [9]. The decline appears to accelerate by the fifth decade of age, which may explain, in part, the age-related increase in vulnerability to disease and disability (Figure 2). 

			The clinical evidence shows that organ reserve correlates with the ability of older adults to cope with an added workload or stress, suggesting its role in the aging process. Several metabolic pathways exhibit excess metabolic capacities, such as, bioenergetics pathways and antioxidants system. These pathways comprise molecular components having an excess of quantity and/or activity than that required for basic physiological demand. These excess capacities may provide the intermediary metabolism the ability to instantly cope with, or manage, an additional workload or stress. The excess metabolic capacities, thus, can be viewed as an adaptability mechanism that substantiates organ reserve and contributes to the cellular defence systems. When metabolic excess capacities or organ reserves are impaired or exhausted, the ability of the cell to cope with stress is reduced. Under these circumstances, there occurs cell senescence, transformation or apoptosis [10]. 

			The reserve is also pertaining to the ability of an organ to recover from trauma. Organ reserve may, thus, be a verifiable phenomenon. In any given individual, various organs, tissues and cell types are affected by aging in unique ways depending on complex interactions among genetics, nutritional status, medications and environmental and physical as well as emotional stressors. There occurs organ-specific decline in functions with age in the older adults, such as decreases in strength, balance and cognition. The reserve capacity in a healthy young adult is 7 to 11 times greater than the average demand, but, by age 85, organ reserve is reduced to about 50% or less of its original capacity. There lies an individual variability in the organ reserve as well as the pace at which it diminishes with age. The decrease in organ mass, tissue anatomy and physiological function with age have been demonstrated in the human heart, brain, liver, kidney, salivary glands, stomach and muscle tissue. The major storage reservoir of protein in the body is skeletal muscle, which tend to be lost with age manifesting as decrease in muscle mass and strength. By 6th decade of life, voluntary muscle contractile strength decreases by over 20% in both men and women. By the time men and women are in their 7th or 8th decade of life, on average they have lost about 20% to 40% of the contractile strength of voluntary muscles, and over 50% by the 9th decade. 

			The brain shows a decrease of viable cells with age, amounting in some areas to about 25% to 30% decrease, and an overall decrease in brain tissue of about 9% to 17%. Similarly, renal mass tends to decrease with advancing age. From birth to young adulthood, renal mass increases from about 50 g to 400 g, then decreases to 300 g in the 9th decade. The cardiac output shows a significant average decline of approximately 1% per year after the third decade of life [11]. The aging research supports the notion that rate, and severity of decline varies between individuals and even between specific organs within individuals and may not always correlate with age. Further, the clinical trials have shown that declines in organ mass and function are reversible in some tissues, such as muscle and brain. The organ reserve appears to be, in part, a joint contribution of excess metabolic capacities of several metabolic pathways and biochemical structures. These pathways collectively contribute to organ reserve and enhance the ability of the tissues to cope with stress and recovery from injury. Physiologically, the organs are thought to have a certain capacity to withstand perturbations and return to equilibrium or homeostasis, a concept that has been termed organ redundancy, which in turn depends on the reserve [12]. The concept of redundancy applies to various essential physiological functions frequently in overlapping ways that govern and adapt the organism as a whole to the environments and social circumstances [13]. The decline or exhaustion of the excess capacities diminishes organ reserve.

			The Concept of Degeneracy and Plasticity

			The degeneracy refers to the physiological concept that different pathways can lead to the same functional output [14]. Thus, degeneracy, is the ability of elements that are structurally different to perform the same function and relates to the structural variation underlying functional plasticity [15]. It is different from redundancy, in which the same function is performed by identical elements. The degeneracy promotes stability in a self-organizing system, but it also allows elements to functionally diverge by an evolutionary process [16]. 

			Degeneracy is a property of complex adaptive systems operating at multiple levels. In biological systems, the loss of a component can be compensated either by redundant elements (the other identical components) or by degenerate elements (structurally different components that perform the same function). Degeneracy is a phenomenon whereby different structural permutations recurrently lead to similar end results. Degeneracy is not limited to the internal structures of an organism but may also occur between internal structures and environmental resources, enabling epigenetic adaptation to the environment. Plasticity of biological systems refers to the ability of living organisms to inculcate a change in their state in response to stimuli for an adaptive response. Plasticity is usually an evolutionary adaptation to environmental variation that is reasonably predictable and occurs within the lifespan of an individual organism, allowing to adapt the phenotype to an external or internal stressor. The plasticity can increase fitness, generate novelty and facilitate evolution. Plasticity of biological systems can occur at various levels such as molecular, cellular, systemic and behavioral [17]. 

			Neuroplasticity, neuroelasticity or neural plasticity is the ability of the brain to change brain activity associated with a particular function transferred to a different area, the proportion of grey matter or strengthen or weaken the synapses over time [18]. The aim of neuroplasticity is to optimize the neural networks during phylogenesis, ontogeny, and physiological learning, as well as after a brain injury [19]. The recent research has shown that many aspects of the brain can be altered even through adulthood [20]. Neuroplasticity can be observed at multiple scales, from microscopic changes in individual neurons to larger-scale changes such as cortical remapping in response to injury, which has significant implications for recovery from brain damage. The modulation of neuroplastic mechanisms by physical and chemical agents is a promising therapeutic tool in restorative neurology [21]. 

			Molecular Basis of Reserve and Redundancy

			Reserve Capacity and Intermediary Metabolism

			The intermediary metabolism refers to the cellular biochemical reactions and metabolites. It is enriched with biochemical steps or intracellular structures exhibiting excess metabolic capacity than required for normal basic functions [22]. The excess metabolic capacities are present in energy and redox systems such as glycolysis, hexose monophosphate shunt (HMS), tricarboxylic acid (TCA) cycle, oxidative phosphorylation and Na/K ATPase. The energy and redox systems are intrinsically connected to the cellular structural and metabolic integrity. The mitochondrial DNA (mtDNA) found in multi-copies, serves as a structural excess capacity for cellular Energy metabolism and contributes to organ reserve. In addition, the DNA repeats in telomeres serve as structural excess capacity. Thus, there is a built-in robust metabolism and structural mechanisms for stress response and repair. These mechanisms decline with age around the 5th decade as seen in the skeletal muscle which shows decreasing mitochondrial respiratory capacity [23]. The organ reserve and redundancy may require the contribution of excess metabolic capacities from various pathways of intermediary metabolism relating to energy metabolism and genome stability. There occurs molecular stress with the increased metabolic demand, chronic stress or deranged homeostasis leading to hyperfunction and compensatory hypertrophy. The molecular correlates of hyperfunction utilize the excess metabolic capacities for the adaptive response, as seen in the heart response to chronic high blood pressure in form of myocardial hypertrophy [24]. 

			Apart from, the effacement of the excess metabolic capacities, aging at the molecular level is characterized by the progressive accumulation of molecular damage through environmental and metabolically generated free radicals, spontaneous errors in biochemical reactions and nutritional components. The damage to the maintenance and repair pathways comprising homeo-dynamic mechanisms leads to age-related failure of homeo-dynamics, increased molecular heterogeneity, reduced stress tolerance, altered cellular functioning, senescence and apoptosis [25]. It is argued that the cellular life involves inevitable accumulation of damage at cellular level which is diluted when cells divide if the damage is milder and the severe damage is cleared by protective systems. The milder damages at cellular level lead to cell cycle arrest and restriction on cell division necessarily leading to cellular senescence and aging, accompanied by loss of physiological reserve and redundancy at tissue level. In the long run, the processes affecting the damage accumulation are lifespan regulators [26].

			Excess Metabolic Capacity of Bioenergetics Pathways

			The excess metabolic capacities include enzymatic activities, copy numbers of mtNDA and repeats of telomeres. The excess capacity may also rely on the functional resilience of a biochemical network. Further, the excess metabolic capacities appear to be interconnected and influence each other through synergistic or additive effects. The reduction in excess metabolic and structural capacities results in an increase in cell entropy and oxidation resulting in cell senescence, transformation and apoptosis, and compromised organ reserve. Energy is required for various cellular functions maintaining activity, structural integrity and the homeostasis. The bioenergetics pathways adjust to the functional demand of the biological system. The increased functional demand leads to metabolic and physical stress, and production of excessive heat and free radicals, which may accelerate the cell entropy [27]. The excess capacity of bioenergetics pathway intermediates affects the aging process through altering the cell epigenetic patterns as documented by the increased levels of acetyl-CoA and NAD in aging Drosophila and mice, seem to influence the lifespan by altering the epigenetics balance [28,29]. The glycolytic pathway as such has excess capacity in vivo and its excess metabolic capacity is demonstrated by excess activity its enzymes, such as phosphor-glucose isomerase, phosphor-glucomutase, triosephosphate isomerase and glycerol-phosphate dehydrogenase, which are present in considerable excess capacity. NADPH helps the cells resist oxidative stress and protects cellular functions from oxidative damage [30]. 

			Excess Capacity of Mitochondrial DNA

			The mtDNA is critical for maintaining oxidative phosphorylation and ATP production. It also maintains an excess respiratory capacity. The mtDNA-encoded subunits provide the catalytic activities in electron transport chain (ETC) complexes I, III, and IV as well as ATP synthase. The coordinated gene expressions of mtDNA and nuclear DNA are necessary for the assembly of the ETC complexes and ATP synthase.  Further, the mitochondrial complex IV exists in excess relative to the other three ETC complexes and drives most of the respiratory capacity of the ETC. The excess capacity of complex IV appears to decline with age and in animal models, the decrease in the reserve capacity of complex IV diminishes resilience and shortens lifespan in Drosophila melanogaster [31]. Whereas, function-reducing mutants in the respiratory complexes of the mitochondria extend, rather than shorten the life span in C elegans, which can be interpreted as a trade-off for delayed development and loss of fertility. It appears that the metabolic compensation by an alternative metabolic pathway bypass and the mutated enzyme could explain the effect of the mutations in C. elegans on longevity. The higher organisms, including flies and mammals lack the specific alternative metabolic pathways that bypass and compensate for, the deficient mitochondrial function. Given that the damage to mtDNA increases with age, reduced mtDNA stability negatively impacts the reserve capacity of mitochondrial respiration and thus the organ reserve and redundancy. At a certain threshold level of mtDNA mutant load, there occur cellular dysfunction and the accumulating mtDNA mutations appear to be involved in pathogenesis of various age-related disorders of skeletal muscle, heart and vascular system, and neurodegenerative diseases [32].

			The Telomeres Reserve Capacity

			Telomeres are located at the terminals of a linear DNA string of chromosomes and have reserve capacity of the repetitive DNA sequence TTAGGG, which maintains genome integrity and controls cellular senescence and apoptosis. Telomeres excess capacity is essential for maintaining metabolic functions for tolerating stress and recovery from an injury and delaying cell senescence. The constitutive telomerase activity appears to represent an excess metabolic capacity that through oxidative defence and DNA repair mechanisms compensates for the short telomere. Each time a somatic cell divides, there occurs erosion of the telomere sequence. Further, the exposure to oxidizing agents, such as free radicals, radiation and a high oxygen tension, cause telomeric DNA damage and telomeres dysfunction which induces DNA damage response (DDR) and triggers replicative senescence [33]. The mtDNA damage and mutations increase sharply after the fifth decade of age. Major causes for mtDNA susceptibility to mutations include oxidant injury and limited repair of mtDNA. Further, aging reduces the copy number of mtDNA. Ecological factors can also contribute to increasing mtDNA instability and thus influence the aging process. Mitochondrial dysfunction contributes to telomeres shortening and senescence in somatic cells. These factors compromise the bioenergetics reserve capacity, increase cell entropy, trigger cell senescence, and apoptosis and accelerate the process of aging and increase the risk of age-related disorders.

			Physiology of Metabolic Reserve and Redundancy

			The Bio-Homeo-Dynamic space 

			The living systems owe their survival and health to a series of complex biochemical pathways of maintenance and repair. Simultaneously, the defence systems create the homeo-dynamic space characterized by stress tolerance, molecular damage control and continuous remodeling. The homeo-dynamics encompasses the ever-dynamic biological systems - cells, tissues, organs and organisms, which are never static. The idea of homeo-dynamic space may be considered as the ‘survival ability’ or the ‘buffering capacity’ of a biological system [34]. It refers to the three main characteristics of the living systems which are the ability to respond to external and internal stress, the ability to control the levels of molecular damage and the ability to constantly repair and adapt in dynamic interactions. The biological systems maintain the biological rhythms, sense and respond to intra- and extra-cellular stressors through innate and adaptive immune responses, scavenge and remove of reactive oxygen and other free radical species and keep thermal regulation and neuro-endocrine balance. Concurrently, there occurs repair of nuclear and mitochondrial DNA, repair and turnover of normal and damaged RNA and proteins, detoxification of chemicals, drugs and nutritional metabolites, removal of damaged membranes and organelles and wound healing, apoptosis and tissue regeneration. 

			Maintenance and Repair in Biological Systems

			The maintenance and repair systems, and bio-homeo-dynamics depend on reserve and redundancy and may explain the issues related to aging, age-related diseases and longevity. The aging and the age-related diseases can be held as the consequences of a progressive shrinkage of the homeo-dynamic space, due to the failure of maintenance and repair. The cells are the basic building blocks of tissues and with aging, become larger but less able to divide and multiply. There occurs an increase in intracellular pigments and fatty substances. Many cells lose their ability to function or begin to function abnormally. The aging changes occurring in the cells, tissues and organs, in turn affect the functioning of the biological systems [35]. Several metabolic pathways including bioenergetics pathways and antioxidants system, exhibit excess metabolic capacities than required for basic physiological demand in vivo. The excess metabolic capacities can be viewed as an innate mechanism of adaptability that substantiates organ reserve. When the metabolic excess capacities or organ reserves are impaired or exhausted, the ability of the cell to cope with stress is reduced leading to cellular senescence, transformation or apoptosis. Aging is a complex process due to the interaction of many lifelong influences which include heredity, environment, culture, diet, exercise and leisure, past illnesses, and various other factors. All vital systems begin to lose some function with age during adulthood. 

			The aging organs slowly lose function, which may not be noticeable because the organs are rarely used to their fullest ability and have a reserve ability to function beyond the usual needs. Some body systems begin aging as early as age 30, whereas other aging processes are not common until much later in life. Further, age affects each individual differently from others. With aging, the connective tissue becomes stiffer making the organs, blood vessels and airways more rigid. The cell membrane changes affect diffusion of oxygen and nutrients and removal carbon dioxide and other wastes. Many tissues atrophy. The major changes in organ reserve occur in the heart, lungs, and kidneys, usually appearing slowly and over a long period. The stressors producing an extra workload include illness, significant life changes and sudden increased physical demands on the body as a result of change in activity level. The recovery from illnesses is seldom complete, leaving some residual disability. The loss of reserve also makes it harder to restore homeostasis in the body with robustness.

			The Importance of Redundancy

			The human body is designed with parts that are supposed to last a lifetime. The redundancy ensures that when function of a part of organ is compromised because of blockage of blood vessels or airways, the other parts can take over to preserve the vital functions. When the severity of the injury or disease is mild to moderate, often the patient remains asymptomatic or sub-symptomatic, as the loss of functionality of the diseased areas is compensated by the unaffected regions. With progressing pathology, when the unaffected areas lose the ability to compensate, there occurs a functional decline manifesting with disruption of normal function and symptoms and signs of the disease. The disease-related outcomes or other derivative measures, thus, cannot be predicted on basis of clinical features but the screening of the organ is required to provide a measure of unaffected or healthy anatomical structure remaining to understand the prognostic outcomes. Further, evidence from multiple parameters is needed as one parameter may not provide sufficient information. The majority of research and clinical studies using the primary endpoint approach, thus, may be erroneous because the biological redundancy entails the use composite endpoints to determine the extent of damage to an organ, disease status and best possible treatment intervention in a particular setting [36]. 

			Impact of Senescence of Organs and Systems

			There is rise in percentage of the older adult population over the years as the life expectancy is improving and fertility trends are declining. With age, the functional reserve and redundancy of various organs wear out. Most organ functions decline by about one percent per year, the decline starting at about age forty or earlier, continues throughout life often without perceptible loss of function. Further, the age of functional decline is variable for different organs in different individuals. The internal organs including brain, heart, lungs, and kidneys show a slow and gradual decline. The older adults often have multiple age-related functional impairments at level of various organs due to loss of organ reserve and redundancy.

			Senescence, Debility and Age-related Diseases

			The process of aging of organs is universal, progressive and vastly irreversible. With aging, the brain loses its abilities affecting the cognitive function. The peak cognitive function is around age of twenty, plateaus for about ten years and then starts the slow decline. Given the large amount of redundancy in the brain, the decline is not noticeable and becomes apparent initially with highly technical or fast paced activities, in unfamiliar situations, or in emotional or physical stressful situations. Some individuals may age without much deterioration in body organs and systems, whereas others may be ridden with the extreme age-associated changes. Further, the aging process may affect some body systems more severely whereas others are spared from a serious disability. Thus, aging is associated with a progressive but varying decline in numerous physiological functions and significantly affects the body organs and various systems including the brain, heart and vasculature. Similarly, the bone mineral density (BMD) along with a protein-collagen matrix in the bones is highest at age of 20 BMD in men, higher than women. Thereafter, for women as for men, the decline is about one percent per year leading to gradual osteopenia and osteoporosis, and increased fracture risk. Muscle mass and strength decline in a similar fashion resulting in sarcopenia. Most people lose perhaps 30 percent of their muscle mass between ages 50 and 70. The usual loss is about 1 percent per year starting in third decade of life. The typical aspect of aging is the variability of the functional decline affecting different organs.

			Concepts of Genome Stability and Aging

			Pathophysiologically, a number of diverse stimuli induce senescence. These factors appear to converge on certain pathways that influence cell cycle regulation, DNA repair and apoptosis, and the process of cellular senescence. At the cellular level, these pathways are regulated by the tumor suppressor proteins p53 and pRb. The p53 is a crucial mediator of the cellular response to damaged DNA and dysfunctional telomeres, and in turn activates the cyclin-dependent inhibitor p21 (Figure 3). It is considered that senescence occurs via the p53 pathway in response to DNA damage and telomere dysfunction, whereas the p16/pRb pathway mediates senescence caused by oncogenic stimuli, chromatin disruption, and other cellular stresses [37]. Many of the genes and their related pathways have been studied in model organisms like Saccharomyces cerevisiae (yeast), the Caenorhabditis elegans (nematode), Drosophila melanogaster (fruit fly) and Mus musculus and other mice. Further, the chronic oxidative stress compromises telomere integrity and accelerates the onset of senescence in animal studies as well as in the human endothelial cells. Angiogenesis is another critical mechanism, responsible for repairing tissues after damage caused by daily wear and tear and events such as myocardial ischemia and infarction and cerebrovascular stroke. Processes and pathways having impact on angiogenesis, include cellular senescence, telomere attrition, oxidative damage, NO and hypoxia, and vascular growth factors [38]. The age-related impairment of angiogenesis contributes to increased end-organ damage and affects cardiovascular health.
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			Alterations in CV Morphology and Physiology

			The age-related CV pathophysiological alterations at macro level include altered ventricular systolic and diastolic functions and diminished cardiac reserve, cardiac hypertrophy, increased arterial stiffness, and impaired endothelial function. Simultaneously, important changes are taking place at micro level; at cellular, subcellular and molecular levels. At the subcellular level, mitochondrial oxidative stress and dysfunction play an important role in cardiac aging. There is an increasing evidence to suggest that microRNAs (miRNAs) are important regulators of aging and cardiovascular diseases [39]. The evidence suggests that increased miR-34a expression in the aged heart contributes to cardiac aging [40]. At the cellular and subcellular levels, there are defects in mitochondrial function. The myocardial ATP content falls due to decreased ability to generate ATP by oxidative metabolism and leads to progressively reduced myocardial performance. Myocardial metabolism is altered, with the substrate utilization switching from mostly fatty acids to glucose. The macro- and micro level changes in CV structure and function pose the older adults to the increased risk for CV Diseases, manifesting as various patterns of diseases of heart and vasculature, have impact on quality of life, and affect the individual survival. In a response to increased vascular resistance, there occurs remodelling of myocardium which includes myocyte hypertrophy and alterations in extracellular matrix (ECM). The cardiac hypertrophy results in increased myocardial oxygen demand and decreased coronary perfusion pressure due to compression of the coronary microcirculation causing a mismatch in oxygen/nutrient supply-demand and inducing a state of relative myocardial ischemia. The reduced myocardial performance and functional cardiac reserve and predisposes to the development of heart failure (HF). The HF adversely affects the cardiac pumping capacity, which may be asymptomatic for a variable period. The clinical course of HF is gradually progressive, which affects QOL especially during later years of life. 

			The research suggests the existence of mitochondrial plasticity. The heart has multiple redundant mechanisms that increases its resiliency [41]. The changes in the metabolic fluxes in the failing heart lead to accumulation of metabolic intermediates that alter signal transduction pathways to promote LV remodeling [42]. In the failing heart, the redundant ATP production/transportation systems, such as CK (creatine kinase), mitochondrial electron transport system, AK (adenylate kinase), glycolytic, and guanine nucleotide phosphor-transfer pathways, may all be impaired leading to exhaustion of the cardiac reserve [43]. There is impaired resiliency of the heart due to blockade of one or multiple metabolic pathways and the redundancy of energy production systems entails that some regulators of mitochondrial metabolism such as calcium may contribute to the maintenance of cellular energy homeostasis in the failing heart. The cardiac muscle can increase ATP turnover rates from resting to heavy exercise, by 10-fold; whereas, the skeletal muscle manifests an energy reserve range of up to 100-fold [44]. The apparent narrower range in the heart relative to skeletal muscle may reflect fundamental differences in the physiological roles of the heart versus skeletal muscle, in which the heart maintains consistently high levels of contractile function, whereas the need for large increases in skeletal muscle performance is intermittent. The data are consistent with the notion that metabolic stress modulates mitochondrial oxidative phosphorylation activity in the heart. The myocardial energy insufficiency has been recognized as a key feature of systolic heart failure [45]. In the failing heart, the mitochondrial bioenergetics dysfunction is brought about by a complex interplay of multiple perturbations that progressively hamper the myocardial function. The activity of complexes I and IV, nicotinamide nucleotide transhydrogenase (NADPH-transhydrogenase, Nnt) and the Krebs cycle enzymes isocitrate dehydrogenase, malate dehydrogenase and aconitase are markedly decreased in end-stage heart failure. The diminished REDOX capacity with lower total glutathione and coenzyme Q10 levels are also a feature of chronic left ventricular failure. In brief, the energy deficiency in end-stage failing human left ventricle predominantly involves concomitantly impaired activities of key electron transport chain and Krebs cycle enzymes. Augmented oxidative modification of these enzyme subunit structures, and the formation of highly reactive secondary metabolites, involves dysfunction due to diminished capacity for management of mitochondrial reactive oxygen species, which contribute further to progressive decreases in bioenergetic capacity and contractile function in human heart failure [46]. 

			Cardiovascular Aging and Disease

			In general, aging is associated with a progressive but varying decline in numerous physiological functions, and significantly affects the body organs and various systems including the heart and vasculature. The aging process and its impact, in turn, depend on various factors, from individual genetic constitution to the lifestyle patterns which include the environment and lifestyle influencing the risk factors variously. In fact, age is the most important determinant of cardiovascular (CV) health. With advancing age, there is an increase in incidence and prevalence of atherosclerosis, hypertension, coronary artery disease and cardiac failure, and cerebrovascular and peripheral vascular disease. Further, the cardiovascular system (CVS), which is a nonlinear and nonstationary system, is affected by multiple factors such as systolic arterial pressure, arterial stiffness and systemic vascular resistance and their interactions [47].  During perinatal life striated muscles grow through the acquisition of more contractile cells - myocytes or fibres, followed by their postnatal hypertrophy. With aging process, in the aging heart and skeletal muscle, these events are reversed. There occurs a progressive loss of myocytes that cannot be fully compensated despite the presence of cell renewal systems or reactive myocyte hypertrophy [48]. Hence the functional reserve capacities of the heart and skeletal muscles decline with age. In fact, the reserve capacity of the heart is a major determinant of an individual’s ability to remain active and cope with pathophysiological stressors and cardiovascular diseases. There occurs an exponential rise in both the CV risk and the incidence of CV events in older adults parallel with the advancing age [49]. Statistically, the older adults (>60 years old) account for more than 80 percent of coronary heart disease, more than 75 percent of congestive heart failure, and more than 70 percent of atrial fibrillation patients [50]. It is estimated that by 2030, approximately 20% of the population will be aged 65 or older, and in this age group, CVDs will amount to over 40% of all deaths and rank as the leading cause of disability and suboptimal quality of life during later years [51,52]. 

			Conclusion: Retarding Aging and its Impact

			The modalities to prevent, retard or treat the CV changes that accompany aging will reduce the prevalence of CVDs. But, retarding the rate of progression of CVDs at subclinical level need to be considered before the clinical disease becomes manifest. There are strategies aiming to reduce the oxidative stress which exacerbates aging process and leads to debility to human body in general and CVS in particular. The life-style interventions in form of regular physical exercise, smoking cessation and intervention in sleep disorders are established practical ways to prevent and treat atherosclerosis and CVD. There are promising data from experimental biology high-lightening calorie restriction (CR) as a tool for reduction in oxidative stress and increasing longevity. The dietary modification in form of calorie restriction with adequate nutrition (CRAN) and adding antioxidants as nutraceuticals is a practical and simple intervention. Multiple mechanisms have been implicated in the beneficial effects of CR including inhibition of mTOR signaling, normalization of mitochondrial biogenesis, attenuation of mitochondrial ROS production and the subsequent ROS-induced signaling, and increased SIRT1 signaling [53]. There are several synergistic mechanisms at work with CRAN (Fig 4). There occurs an increase in NO with a combination of reduced ROS is both neuro and cardio protective, due to activation of the Nrf2 antioxidant pathway. The CR reduces oxidative stress-induced induction of pro inflammatory markers, like NF-κB-mediated cytokine synthesis, protection from endothelial damage and reversal of the progression to atherosclerosis. In human clinical studies, the CR has been shown to improve diastolic function and rejuvenate the aging heart [54.55]. The use of the CR may appear challenging. But it is possible to mimic the beneficial effects of diet regulation by using certain neutraceuticals or pharmaceuticals, called CR Mimetics (CRMs) [56,57]. The use of CRMs such as resveratrol and metformin, which activate the SIRT1-AMPK system, and rapamycin, which inhibits mTOR, show that it is possible for a rodent to be obese and sedentary while maintaining the physiology of a lean animal [58,59]. The supplementation of CRMs like resveratrol have been shown calorie restriction-like effects on energy metabolism and metabolic profile in obese humans [60].
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Figure 1: The Circadian, Infradian and Ultradian Biorhythms.
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Figure 3: The Concept of Genome Stability and Aging.






OEBPS/image/56938.png
va r‘ous O ans

Low < : B
o 20 30 a0 S0 B0 70 80 ‘90 100
Age in vears
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