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Abstract 

   This review focuses on the evidences documented that calorie 

restriction (CR) without malnutrition slows biological processes of 

aging and delayed aging signs, improve healthspan, increase 

average maximal lifespan and reduce the incidence of age-related 

diseases such as obesity, diabetes mellitus hypertension, 

cardiovascular disease and cancer in model organisms, rodents and 

in human and non-human primates. The cell senescence, and age-

related diseases involves oxidative stress as an early stage in its 

development as confirmed by a decrease in antioxidant defenses 

and an increase in oxidative damage, leading to mitochondrial 

impairment and mitochondrial DNA damage, these changes have 

been coupled to increased oxidative damage to DNA, lipids and 

proteins in tissues with age. Accumulated oxidative stress 

resulting from a gradual shift in the redox status of cells 

considered to be a key mechanism underlying the aging process. 

Calorie restriction an experimental model to extend survival and 

delay aging and age-related diseases, is recognized to slow the rate 

of accrual of age-related oxidative stress and preserves 
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mitochondrial function. The aim of this review research was to 

discuss recent evidence developments to understand the advances 

consequences and mechanisms of calorie restriction on 

mitochondrial functions, reducing of reactive oxygen species and 

cellular oxidative stress resistance and how the pathways they 

regulate can delay the aging process, as a potent anti-aging factor 

in animal cells. 
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1.Introduction 

     Aging is a progressive loss of functions and energy production and 

accumulation of cellular damages in cells that is accompanied by decreasing 

fertility and increasing onset age-related diseases and mortality with 

advancing age (1). Calorie restriction (CR) defined as a 20%-40% reduction 

in calorie intake below usual ad libitum without malnutrition, slows aging, 

extend maximal and average life span in animals (2). The anti-ageing effects 

of Calorie restriction includes delayed onset of the most common chronic 

diseases, such as type 2 diabetes, cardiovascular diseases, neurogenerative 

disorder and cancer.  In particular, the metabolic and molecular changes 

induced by CR in humans are similar to those promoting health and 

prolonging life of CR-treated animals (3). 

     Abundant experimental evidence indicates that the CR effect on 

stimulating health impinges several metabolic and stress-resistance 

pathways. Downstream effects of these pathways include a reduction in 

cellular damage induced by oxidative stress, enhanced efficiency of 

mitochondrial functions and maintenance of mitochondrial dynamics and 
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quality control, thereby attenuating age-related declines in mitochondrial 

function (4). Caloric restriction, retards the aging process, delays the age-

associated decline in physiological fitness, and extends the life span of 

organisms (5). Calorie restriction trial in healthy humans provide new 

evidence of persistent metabolic slowing accompanied by reduced oxidative 

stress, which supports the rate of living and oxidative damage theories of 

mammalian aging (6). Caloric restriction decreases aging rate 

and mitochondrial ROS (MitROS) production and oxidative stress in rat 

post-mitotic tissues. Low levels of these parameters are also typical traits of 

long-lived mammals and birds (7). 

    The free radical theory/oxidative stress of aging has provided a theoretical 

framework for an enormous amount of work leading to significant advances 

in understanding of aging (8). The oxidative stress theory of aging proposes 

that free radicals resulting from cellular mitochondrial respiration cause 

cumulative oxidative damage over time, leading to senescent degeneration 

and age-related diseases. Functionally, oxidative stress results when the 

homeostasis between the formation of free radical oxidants and the 

deactivation of these agents and repair of associated damage through 

endogenous antioxidant defenses and repair mechanisms tilts in favor of the 

free radicals (9). The effects of caloric restriction on the mitochondrial free 

radical theory of aging has been lowering mitROS generation, oxidative 

stress rate and low sensitivity of membranes to oxidation in calorie restricted 

animals compared with ad libitum-fed animals (10). Increasing evidence 

demonstrates that CR can prevent and reverse the physiological and 

pathophysiological alterations associated with aging (11-14). CR delayed the 

onset of age-associated pathologies. Specifically, CR reduced the incidence 

of diabetes, cancer, cardiovascular disease, and brain atrophy. These data 

demonstrate that CR slows aging in a primate species (15). In this review, 

we will focus on the current evidence knowledge about the influence of CR 

regimes on mitochondrial biogenesis and functions, reducing of reactive 

oxygen species and cellular oxidative stress resistance and how the bio-

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/caloric-restriction
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mitochondrial-ros
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/oxidative-stress
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mechanisms they regulate can delay the aging process, as a potent anti-aging 

factor in animal cells. 

2. Caloric restriction attenuates oxidative stress in aging 

     A chronic state of oxidative stress exists in cells because of an imbalance 

between pro-oxidants and antioxidants. The amount of oxidative damage 

increases in the cells with as an organism ages and is postulated to be a 

major causal factor of senescence. Support for this hypothesis includes the 

following observations: (i) Overexpression of antioxidative enzymes retards 

the age-related accrual of oxidative damage and extends the maximum life-

span (ii) Variations in longevity among different species inversely correlate 

with the rates of mitochondrial generation of the superoxide anion radical 

(O2) and hydrogen peroxide. (iii) Restriction of caloric intake lowers steady-

state levels of oxidative stress and damage, retards age-associated changes, 

and extends the maximum life-span in mammals (16).  

     A proposed mechanism of lifespan extension and delayed aging 

associated with CR is a reduced rate of mitochondrial reactive oxygen 

species generation (mitROS) and less oxidative damage of mtDNA (17). It 

has been shown that some long-lived species have markedly lower rates of 

mitROS production compared to their short-lived counterparts (18, 19). 

Calorie restriction have a protective effect on oxidative stress and damage 

are diminished in mice lacking sirtuin-3 (SIRT3), a mitochondrial 

deacetylase. SIRT3 reduces cellular ROS levels dependent on superoxide 

dismutase 2 (SOD2), a major mitochondrial antioxidant enzyme. SIRT3 

deacetylates two critical lysine residues on SOD2 and promotes its 

antioxidative activity. Importantly, the ability of SOD2 to reduce cellular 

ROS and promote oxidative stress resistance is greatly enhanced by SIRT3 

(Figure:1) (20). 

     Donato et al (21) demonstrated that life-long caloric restriction reduces 

oxidative stress (Nitrotyrosine and superoxide-dependent suppression) by 

enhancing NO and increasing in superoxide dismutase (SOD), total SOD, 
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and catalase activities, CR normalized age-related changes in the critical 

nutrient-sensing pathways Sirtuin-1(SIRT-1) and mammalian target of 

rapamycin (mTOR).  

       Someya et al. (22)  describing a new function for the 

mitochondrial SIRT3 protein in the prevention of age-related hearing loss 

mediated by caloric restriction during aging.  These tantalizing results 

suggest that SIRT3 might play an important role in providing resistance to 

oxidative stress, slowing the aging process in mammals and inhibiting the 

age-related loss of spiral ganglion neurons and hair cells. they discover that 

SIRT3 regulates the mitochondrial glutathione antioxidant defense system. 

 

Figure (1): CR reduces oxidative stress by inducing SIRT3  

► SIRT3 activates SOD2 via deacetylation ► SIRT3 reduces cellular ROS and 

promotes stress resistance by deacetylating SOD2 ► SOD2 is activated by SIRT3 via 

deacetylation during CR (20). 

 

    Oxidative stress reduction was proposed to mediate CR effects, 

decreasing oxidative stress and increasing antioxidant defense has been 

https://www.sciencedirect.com/science/article/pii/S0092867410012882#bib9
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirt3
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/glutathione
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hypothesized as one mechanism by which caloric restriction increases 

longevity in animals (23,24,25). Redman et al (6) found new evidence that 

prolonged CR enhances resting energy efficiency, resulting in decreased 

oxidative damage to tissues and organs, which supports the rate of living and 

oxidative damage theories of mammalian aging (Figure 2) (6). current data 

support the observation that sustained calorie restriction extends life without 

chronic disease and promotes a more youthful physical and mental 

functionality (26). Jang et al (27) demonstrate that CR is a powerful 

mediator of mitochondrial function, mitochondrial ROS production, and 

oxidative damage, providing a solid protection against oxidative stress–

induced neuromuscular defects and muscle atrophy in vivo even under 

conditions of high oxidative stress. 
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Figure (2): CR enhances resting energy efficiency, resulting in 

decreased oxidative damage to tissues and organs (6) 

  

3. Caloric Restriction Preserves Mitochondrial Function in 

aging 

     Age-related changes in mitochondria are associated with decline in 

mitochondrial function. With advanced age, mitochondrial DNA volume, 

integrity and functionality decrease due to accumulation of mutations and 

oxidative damage induced by reactive oxygen species (ROS). In aged 

subjects, mitochondria are characterized by impaired function such as 

lowered oxidative capacity, reduced oxidative phosphorylation, decreased 

ATP production, significant increase in ROS generation, and diminished 

antioxidant defense. Mitochondrial biogenesis declines with age due to 
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alterations in mitochondrial dynamics and inhibition of mitophagy, an 

autophagy process that removes dysfunctional mitochondria. Age-dependent 

abnormalities in mitochondrial quality control further weaken and impair 

mitochondrial function (28,29,30). 

   Several investigations proved that CR attenuated the levels of ROS 

production in the mitochondria, restores aged-related mitochondrial 

dysfunction and attenuates oxidative damage in mitochondria (12,14,31-34). 

CR increases mitochondrial biogenesis and bioenergetics efficiency (35,36). 

CR decreases oxidant emission, increases antioxidant scavenging, and 

minimizes oxidative damage to DNA and protein in the mitochondria, 

therefore CR preserves mitochondrial function by protecting the integrity 

and function of existing cellular components (38). Several   studies provide 

the strongest evidence linking the activity of SIRT3 with the beneficial 

effects of calorie restriction in mammals, particularly effects on 

mitochondrial ROS production, on mitochondrial function including 

enzymes of the respiratory chain, tricarboxylic acid cycle, fatty acid β-

oxidation and ketogenesis (38,39,40), SIRT3 activity and subsequent control 

of enzymes involved in energy metabolism is consistent with an overall role 

of protecting against age-related diseases (41).   

      Possible mechanisms of attenuate mitochondrial ROS production and 

preserve Mitochondrial Function by Caloric Restriction summarized in 

figure 2(4). 
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Figure (2) CR-induced alterations in mammalian mitochondrial 

function implicated in longevity extension (4). 

    Shinmura et al (34) demonstrates that Calorie Restriction primes cardiac 

mitochondria into a stress-resistant state, through enhances Sirtuin activity 

which associated with a decrease in the amount of acetylated mitochondrial 

proteins. they proposed that the beneficial effect of CR on mitochondrial 

function is mediated by deacetylating specific mitochondrial proteins, 

deacetylation of NDUFS1 (complex I) and/or Rieske subunit of cytochrome 

bc1 complex (complex III) plays a key role in the reduced ROS production 

in the mitochondria (Figure 3). Activation of Sirt1   mitochondrial 

biogenesis through activation of peroxisome proliferator-activated receptor 
γ coactivator 1 in the skeletal muscle (38). Nisoli et al (39) demonstrated that 

3 months of CR enhanced mitochondrial biogenesis in the murine heart and 

that this phenomenon was dependent on endothelial nitric oxide synthase. 
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   Someya et al. (22) show that caloric restriction leads to an increase in 

SIRT3 levels in the mitochondria by promoting 

the deacetylation of isocitrate dehydrogenase 2 (IDH2), SIRT3 promotes the 

accumulation of NADPH, hence activating glutathione reductase (GSR), 

which generates reduced glutathione (GSH), a cellular antioxidant (Figure 

4).  

    Qui et al (20) demonstrated that CR activated SIRT3 and reduces cellular 

ROS levels dependent on promotes superoxide dismutase 2, a major 

mitochondrial antioxidant enzyme. SIRT3 deacetylates two critical lysine 

residues on SOD2 and promotes its antioxidative activity. Importantly, the 

ability of SOD2 to reduce cellular ROS and promote oxidative stress 

resistance is greatly enhanced by SIRT3. Activation of Sirt1 also contributes 

to decreased oxidative damage in CR-treated hearts by upregulating 

antioxidant enzymes including MnSOD (40).  

 

 

https://www.sciencedirect.com/science/article/pii/S0092867410012882#bib9
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mitochondrion
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/deacetylation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/isocitrate-dehydrogenase
https://www.sciencedirect.com/topics/neuroscience/reduced-nicotinamide-adenine-dinucleotide-phosphate
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/glutathione-reductase
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/glutathione
https://www.sciencedirect.com/topics/neuroscience/antioxidants
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Figure (3): Possible mechanism(s) by which CR attenuates ROS 

production from mitochondria (34)  

Possible mechanism(s) by which CR attenuates ROS production from mitochondria 

during ischemia/ reperfusion. ADP indicates adenosine diphosphate; ATP, adenosine 

triphosphate; FAD, flavin adenine dinucleotide (oxidized); FADH2, flavin adenine 

dinucleotide (reduced); GPx, glutathione peroxidase; iP, inorganic phosphate; NAD, 

nicotinamide adenine dinucleotide (oxidized); NADH, nicotinamide adenine dinucleotide 

(reduced); ROS, reactive oxygen species; and SOD, superoxide dismutase. 

 

Figure (4): Caloric Restriction, SIRT3, and Age-Related Hearing 

Loss(22) 

(During aging (left), oxidative damage (ROS, reactive oxygen species) leads to the loss 

of spiral ganglion neurons and sensory hair cells in the ear, leading to age-related hearing 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/caloric-restriction
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirt3
https://www.sciencedirect.com/topics/immunology-and-microbiology/spiral-ganglion
https://www.sciencedirect.com/topics/immunology-and-microbiology/hair-cell
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loss. Caloric restriction (right) prevents the age-associated loss of spiral ganglion neurons 

and sensory hair cells). 

 

4. Caloric Restriction, Sirtuin (SIRT) and aging 

       Sirtuins are a family of of NAD+-dependent enzymes (proteins), 

mediate a number of metabolic and behavioral responses to CR. Mammals 

have seven homologs of sir2 enzymes (SIRT1–7).  SIRT1, SIR6, and SIR7 

are found primarily in the nucleus; SIRT3, SIR4, and SIR5 are 

mitochondrial; and SIRT2 is cytoplasmic. Sirtuins have NAD+-dependent 

protein deacetylase activity and ADPribosyltransferase activity. In addition, 

SIRT5 has desuccinylase and demalonylase activity (41- 45). The 

physiological effects of deacetylation of sirtuin targets may be classified into 

two categories; the control of metabolism and the response to oxidative 

stress. The sum of all of the known activities of sirtuins on transcription 

factors and metabolic enzymes would program cells for oxidative 

metabolism in mitochondria. Sirtuins are considered among the most 

promising targets for modulating aging-associated cellular and molecular 

processes and disease pathologies (45). Sirtuins are critical mediators of the 

beneficial effect of CR on signs of ageing and diseases (41). Multiple studies 

have shown declines in SIRT activity or levels with age in different 

organisms, tissues, and cells types, SIRT levels and enzymatic activation 

decline during normal aging, and loss of their protective effects contributes 

to multiple aging-associated pathologies (50-56).  

     Calorie restriction increases SIRTs activation which is modulate highly 

conserved metabolic pathways (insulin-like growth factor (IGF)/insulin, 

mammalian target of rapamycin/ribosomal protein S6 kinase (mTOR/S6K), 

AMP-activated protein kinase (AMPK), RAS, and AKT/protein kinase B 

(AKT/PKB) signaling pathways) and protect cells from multiple stressors; 

oxidative, genotoxic, proteostatic associated with aging (57,58,59). 
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  Sirtuins (SIRT1-7) have been implicated to mediate the beneficial effects 

of calorie restriction for healthy aging. At molecular mechanisms (Figure 5) 

underlying the sirtuin-mediated anti-ageing effects of calorie restriction in 

cardiac and skeletal muscle. the effects of CR involve nutrient-signaling path 

ways, such as those of the mammalian target of rapamycin (mTOR), the 

insulin-like growth factor 1 (IGF-1), and a family of seven proteins named 

sirtuins (41). Many of the proteins targeted by te acetylation/deacetylation 

are localized in the mitochondria and are involved in the tricarboxylic acid 

cycle, β-oxidation, and oxidative phosphorylation (60). 

         As cellular energy sensors, SIRTs link metabolism and DNA repair, 

two central inter-dependent aspects of aging (59,61), and SIRT activation by 

NAD or caloric restriction may promote longevity in part by augmenting 

DNA repair mechanisms. SIRTs may also link metabolism, DNA repair, and 

aging by regulating mitochondrial functions, either onsite by protecting cells 

from oxidative stress in mitochondria (SIRTs 3–5) (62), or remotely by 

regulating transcription of mitochondrial ribosomal proteins and translation 

factors (SIRT7) (63). SIRTs also regulate autophagy, another critical aging-

associated process that modulates cellular stress responses (64). 
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Figure 5. Molecular mechanisms underlying the sirtuin-mediated anti-

ageing effects of Calorie Restriction in cardiac and skeletal muscle (41) 

 Abbreviations: CR, calorie restriction; PI3K, phosphatidylinositol-3-kinase; AKT, 

protein kinase B; TOR, target of rapamycin; AMPK, AMP-activated protein kinase; 

FOXO, forkhead box O transcription factor; GLUT-4, glucose transporter type 4; 

PEPCK1, phosphoenolpyruvate carboxykinase 1; PGC1α, proliferator-activated receptor-

gamma coactivator-1α; IR, insulin receptor; IGF1, insulin-like growth factor1;  

 

      SIRT1(Silent information regulator-1), also known as sirtuin 1, has been 

reported to be involved in the regulation of various important biological 

processes, including inflammation, mitochondrial biogenesis, as well as cell 

senescence and consequent aging. The level of SIRT1 is decreased in both 
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transcriptional and postranscriptional conditions during aging, accompanied 

by attenuated mitochondrial biogenesis, an important component of aging-

related diseases. SIRT1 can activate several transcriptional factors, such as 

peroxisome proliferator activated receptor γ co-activator 1α (PGC-1α) and 

hypoxia-inducible factor 1α (HIF-1α) resulting in ameliorated mitochondria 

biogenesis and extended life span (65). Sirt1 plays a crucial role in both 

cellular senescence and ageing, and it was recognized as modulator of the 

oxidative stress response by inducing the expression of antioxidant enzymes 

such as superoxide dismutase and catalase (51,52). SIRT1 declines with 

aging and its related physiological/pathophysiological processes and it’s a 

key regulator of aging-related metabolic changes, and may be a potent 

biomarker of aging (53,54).   

     SIRT1 protein levels are increased in response to CR in many key 

metabolic tissues, caloric restriction significantly increases SIRT1 activation 

in mammalians and human (55). SIRT1 also plays a role in the regulation of 

phenotypes induced by caloric restriction, a diet regimen that delays aging 

and extends life span in a wide variety of organisms (56,66). extensive 

studies have clearly revealed that SIRT proteins regulate diverse cell 

functions and responses to stressors and that SIRT proteins protect against 

age-related diseases (cardiovascular diseases, diabetes, neurodegenerative 

diseases, cancer) (67)  

    CR enhances mitochondrial biogenesis by up-regulating the expression of 

the endothelial nitric oxide synthase (eNOS), promoting the production of 

NO, and increasing SIRT1 expression.CR is capable of reducing the levels 

of NADH or the nicotinamide-degrading enzyme 

pyrazinamidase/nicotinamidase 1 (PNC1), which consequently activates the 

Sir2 deacetylase and increases the lifespan (47,68).  

    SIRT3 regulates mitochondrial biogenesis, and it is correlated with the 

expression of genes related to mitochondrial function, including PGC1α and 

UCP1, SIRT3 also appears to be an antioxidant protein, as SIRT3 reduced 

reactive oxygen species through post-translational regulation of superoxide 



دهوك جامعة  /المشترك الأول بين كلية التربية البذنية وعلوم الرياضة  -وقائع المؤتمر العلمي الذولي الثاني
 المجلذ الرابع /1212نيسان   11-12ومركز نون للبحوث والذراسات المتخصصة 

 
 

 

311 
 

dismutase 2 via deactylation in response to oxidative stress (69). SIRT3 

polymorphisms have been associated with longevity in human populations 

(70).  

      Sirtuins (SIRTs), a family of nicotinamide adenine dinucleotide (NAD)-

dependent deacetylases, are emerging as key molecules that regulate aging 

and age-related diseases including cancers, metabolic disorders, and 

neurodegenerative diseases, SIRTs could be important regulators of 

beneficial CR-mediated functions in delayed aging and longevity in 

mammals (Figure 6) (71).  
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Figure (6): SIRTs-mediated pathways that induce anti-aging effect of 

CR in mammals (71) 

 (+), enhancement; (−), inhibition(68):(eNOS, endothelial nitric oxide synthase; FOXO, 

forkhead box O; H3K9, histone H3 lysine 9; H3K56, histone H3 lysine 56; IDH2, 

isocitrate dehydrogenase 2; PGC1 α, peroxisome proliferator-activated receptor-γ co-

activator 1 α; SOD2, superoxide dismutase 2) 

5.Conclutions 

  The anti-ageing effects of Calorie restriction includes stimulating health 

impinges several metabolic and stress-resistance pathways, which is leading 

to delayed onset of the most common age-related diseases. Downstream 

effects of these pathways include a reduction in cellular damage induced by 

oxidative stress, enhanced efficiency of mitochondrial functions and 
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maintenance of mitochondrial dynamics and quality control, thereby 

attenuating age-related declines in mitochondrial function. Caloric 

restriction, retards the aging process, delays the age-associated decline in 

physiological fitness, and extends the life span of organisms. Calorie 

restriction trial in healthy humans provide new evidence of persistent 

metabolic slowing accompanied by reduced oxidative stress, which supports 

the rate of living and oxidative damage theories of mammalian aging. A 

mechanism of lifespan extension and delayed aging associated with CR is a 

reduced rate of mitochondrial reactive oxygen species generation (mitROS) 

and less oxidative damage of mtDNA. CR attenuated the levels of ROS 

production in the mitochondria, restores aged-related mitochondrial 

dysfunction, attenuates oxidative damage in mitochondria, increased 

mitochondrial biogenesis and bioenergetics efficiency. Caloric restriction 

enhances mitochondrial SIRT3, SIRT4, and SIRT5 activates mitochondria 

functions and plays an important role in decline ROS production, delay 

aging and longevity. 

     Sirtuins are considered among the most promising targets for modulating 

aging-associated cellular and molecular processes and disease pathologies. 

Sirtuins are critical mediators of the beneficial effect of CR on signs of 

ageing and diseases. CR activated mitochondrial SIRTs and reduces cellular 

ROS levels dependent on promotes mitochondrial antioxidant 

enzyme. Calorie restriction increases SIRTs activation which is modulate 

highly conserved metabolic pathways (insulin-like growth factor 

(IGF)/insulin, mammalian target of rapamycin/ribosomal protein S6 kinase 

(mTOR/S6K), AMP-activated protein kinase (AMPK), RAS, and 

AKT/protein kinase B (AKT/PKB) signaling pathways) and protect cells 

from multiple stressors; oxidative stress, genotoxic, proteostatic associated 

with aging. 
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