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ABSTRACT

Aging i1s an undeniable fact shadowing animal life but while it comes to human, aging affects
all aspects of their physical and emotional abilities. Aging oceurs by multi-stimuli which is affected
by both environmental and internal conditions. During the past decade, remarkable recognition
of cellular senescence and its related pathways has happened. The increased production and/or
ineffective scavenging of oxidants in particular, Reactive Oxygen Species (ROS) play a eritical role
in cellular senescence. High reactivity of ROS determines chemical changes in virtually all cellular
components, leading to senescence mostly via DINA damage. Present paper discusses the oxidative
stress as the main cause of aging and the benefit of antioxidants. So far, more effective explorations
are needed to decrease the deleterious effects of oxidative-stress-induced aging. This approach could
be achieved through manipulations of antioxidant enzyme systems, development of drug therapies,
manipulation of aging related genes and genetic manmpulation of plant-based anticxidant
Tesources.
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INTRODUCTION

Aging i1s an undeniable fact shadowing animal life but while it comes to human, aging affects
all aspects of their physical and emotional abilities. To compromise with aging-induced
deteriorations, humans always were thoughtful to find the solutions that either prevent or cure
various symptoms of aging. Various natural or synthetic agents, hormones, enzymes, genetical and
physiological ways were examined to approach this goal. Amongst natural resources, plants in
particular have shown very optimistic effects as anti-aging. Present study discusses the oxidative
stress as the main cause of aging and the benefit of antioxidants.

WHAT IS THE REAL CONCEPT OF AGING?

In general, aging refers to ‘an accumulation of changes in a cell, tissue or an organ over time
which leads to lose its routine function and wvitality, undergoing mortality (Atwood et @l., 2005).
Masoro (1995) delightfully expressed aging as: deteriorative changes with time during
postmaturational life that underlie an increasing vulnerability to challenges, thereby decreasing
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the ability of an organism to survive. Causes of this deterioration may be found in; accumulation
of genetic damage or mutations in genes; the deposition of lipofuscin and advanced glycation
endproduects in many cell and tissue locations; the abnormal modifications of proteins and the
accumulation of insoluble aggregates; damage by ROS in many contexts; loss of immune functions
and auteimmunity; osteoporesis and ostecarthritis; inflammatory damage to tissues; hormone
imbalance; the loss or gain of DINA methylation and finally incidence of tumors (Holliday, 2006).
Despite the public perception, aging i1s not a unmiversal phenomenon though plenty studies
mentioned some plants or animals with negligible senescence.,

MOLECULAR BIOLOGY OF SENESCENCE

The word of ‘senescence’ 1s derived from the Latin word ‘senex’, meaning old age or advanced
age. In biology, senescence states deteriorative processes of aging that follow development and
maturation. Senescence has engaged human thoughts along history, nevertheless, it 1s well
understood nowadays that multi-stimuli lead to senescence, of which changes in chromosome
structures and functions were recognized as roots of this progress. Senescence could be defined for
an individual, an organ, a tissue and lastly a cell.

Senescence may impact on aging through two mechanisms; accumulation of senescent cells in
tissues may reach a point that compromises functionality and senescence may also limit the
regenerative potential of adult stem cells (a linmtation that may be produced as well by quiescence
or apoptosis of stem cells) (Collado ef al., 2007). Leonard Hayflick and Paul Moorhead in 1961
discovered that human fibroblasts derived from embryonic tissues could only divide a finite number
of times in culture, usually around 50 Cumulative Population Doublings (CPDs). This phenomenon
herein called Eeplicative Senescence’ (RS) (also known as Hayflick phenomenon’). They presciently
hypothesized the existence of cellular factors, whose loss through consecutive cell divisions limited
the proliferation of normal cells (Campisi and d'Adda di Fagagna, 2007).

Cellular senescence is a signal transduction program leading to irreversible cell cycle arrest. This
growth arrest can be triggered by many different mechanisms including recognition by cellular
sensors of DINA double-strand breaks leading to the activation of cell cycle checkpoint responses and
recruitment of DNA repair foci. To picture the main causes of senescence, Campisi and d'Adda di
Fagagna (2007) categorized them as; telomerase dependent senescence, DNA-damage initiated
senescence, senascence caused by chromatin perturbation, oncogene-induced senescence and stress-
induced senescence (Fig. 1),

Senescence 1s initiated by the shortening of telomeres (telomeric senescence or replicative
senescence) or by other endogenous and exogenous acute and chronic stress signals (STASIS: stress
or aberrant signaling-induced senescence) (Shay and Roninson, 2004). Briefly, Teplicative
senescence’ is defined to senescence that cccurs following extended proliferation, presumably
triggered by a cell-intrinsic mechanism. Stress-induced premature senescence, accelerated
senescence or extrinsic senescence is referred to rapid senescence triggered by non-telomeric signals
or extrinsic stress (Ben-Forath and Weinberg, 2005) of which oxidative stress plays a fundamental
role {(Campisi, 2001; Campisi and d'Adda di Fagagna, 2007; Harman, 1981). In Mammals, cellular
senescence 1s confined to mitotic cells, able to preoliferate unlike the post-mitotic cells which
permanently lose the ability to divide owing to differentiation. The senescent cells often share
similar features known as ‘senescent phenotype’ which include; resistance to cell-death signals
{apoptosis resistance), changes in gene expression (altered gene expression) and stopped
proliferation (growth arrest). The features and stringency of the senescence growth arrest
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Fig. 1: Multi-stimuli induce cellular senescence. High levels of ambient oxygen concentration and
H,O,, low level of antioxidants lead to ROS formation. Consequently, DNA damages occur
and redox pathways are activated. Intrinsic senescence triggers by telomere shortening
while DNA damaging, oncogenic signaling, oxidative stress, overexpression of tumor
suppressors, cytokines and undefined stress signals (culture shock) induce extrinsic

senescence

vary depending on the species and the genetic background of the cell (Campisi and d'Adda
di Fagagna, 2007),

Suppressicn of genes required for cell eyele progression and upregulation of growth inhibitory
genes may lead to senescence. Cells may undergo senescence by overexpression of certain
oncoproteins (e.g., RAS-RAF-MEK signaling cascade) or while the DNA damage is irreversible
and/or irreparable. Premature senescence may appear due to the activation or overexpression of
major tumor suppressor genes including p16INEK4a Cyclin-Dependent. Kinase Inhibitor (CDKI),
p21WAF1 and p27 MeConnell ef al., 1998),

Extensive investigations have shown some oncogenes such as activated Ras (H-RasV12) trigger
a permanent arrest that might induce replicative senescence. The tumor suppressor pl6IINK4a
which activates pb3 together with general cell cycle regulators pRb, p107 and p130, plays a key
roles in Ras-induced senescence (Serrano et al., 1997). Various oncogenesis pathways were shown
to cause premature senescence.

Overall, telomere uncapping can trigger a DNA damage response that results in senescence-like
growth arrest. It was found that telomerase shortening-induced senescence acts as a DINA damage
response which is mediated by the ATM/ATR-p53-p21 pathway (Herbig ef al., 2004). In other way,
telomerase dysfunction activates DNA damage resulting in cell cycle growth arrest. Thereby, the
agents that trigger DNA damage might manipulate the cellular genome and induce senescence. It
is  helieved that inactivation of pb3 could inhibit the DNA-damage induced senescence
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{Ongusaha et al., 2003). The pb3 protein 1s stabilized and proceeds to p21CIP1/WAF leading to
premature senescence (Ben-Porath and Weinberg, 2005). P53 and pEb were found to be essential
for the initiation and maintenance of the senescent state. These findings suggested a linear
signaling model; therefore a stress signal activates pb3 which in turn activates pRb. The p21WAF1
protein, an inhibitor of cyclin K/Cdk2 complexes which 1s a direct transcriptional target of pb3 was
proposed to link these two pathways, However, p21 undergo RAS-induced senescence (Pantoja and
Serrano, 1999). In general, pb3 plays a prominent role in mediating the response to telomere
dysfunection, DNA damage and oxidative stress.

Cells might undergo premature senescence by overexpression of viral oncoproteins such as the
SV40 large T-antigen and the human papillomavirus E6 and E7 proteins (Ben-Porath and
Weinberg, 2005; Wright and Shay, 2001), germline homologous recombination in the mouse and
somatic homologous recombination in human cells, nuclear injection of antibodies
dommnant-negative forms of these proteins and RINA1 expression knockdown methods (Ben-Porath
and Weinberg, 2005),

ANTI-AGING PRODUCTS; FACT OR FICTION?

In general, an anti-aging product expected to prevent, reduce or treat age-related features
along with maximizing the quality and quantity of the normal life-span of an individual.
Anti-aging products (medicines) with their multiple claims cover mainly two broad categorizes;
‘cosmeceutical age related products’ and ‘anti-aging drugs’. Cosmeceuticals are referred to
substances that exerted both cosmetic and therapeutic henefits. Statistical shows cosmeceuticals and
anti-aging products were sold more than $16 billion by 2010 in USA (Rivers, 2008). Anti-aging
drugs are associated with age-dependent degenerative diseases such as; diabetes, atherosclerosis,
hypertension, macular degeneration, cancer, Alzheimer's disease and osteoarthritis.

There are scientific controversy regarding anti-aging nutritional supplementation and medicine.
Scientist’s legitimate efforts emphasize to clearly discriminate between the anti-aging quackery and
those valuable efforts that lead to recover or delay aging processes. Wick (2002) claimed in addition
to questionable and even harmful effects of anti-aging products, many of them were found not to
meet the quantitative and/or qualitative criteria given on the label. Olshansky et al. (2002) have
criticized the anti-aging industry in response to what they see as unscrupulous profiteering from
the sale of unproven anti-aging supplements. Recommendation of anti-aging products may damage
the credibility of experimental gerontology as the scientific discipline that focuses on studies of the
aging process to understand the fundamental of aging and subsequently use this knowledge to
extend the quantity, while maintaining the quality, of human life (Wick, 2002).

Proper diet and calorie intake as well as regular exercise and good environmental conditions
are known to contribute to anti aging. In addition to certain super foods, some herbal preparations
have been shown to have anti-oxidant property contributing to delaying the aging process

{Dhar, 2009).

AGING AND OXIDATIVE STRESS

What is oxidative stress? In Sies (1985); oxidative stress has been defined as ‘a disturbance in
the pro-oxidant/antioxidant balance in favour of the former’. Thus oxidative stress is essentially an
imbalance between the production of various reactive species and the ability of the organism’s
natural protective mechanisms to cope with these reactive compounds and prevent adverse effects.
The oxidative stress conecept was redefined as ‘an imbalance between oxidants and antioxidants in
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favor of the oxidants leading to a disruption of redox signaling and control andfor molecular
damage’ (Veskoukis ef al.,, 2012). Instate, an antioxidant characterizes a substance that, when
present at low concentrations compared with those of an oxidizable substrate, significantly prevents
or delays a pro-oxidant initiated oxidation of the substrate (Abdollahi et al., 2004). A pro-oxidant
is a toxic substance that causes oxidative damage to lipids, proteins and nucleic acids, resulting in
various pathelogic events and/or diseases. Pro-oxidant is a synonym for reactive species (Prior and
Cao, 1999).

Antioxidants can be categorized into nonenzymatic and enzymatic ROS scavengers.
Nonenzymatic antioxidants include dietary compounds, such as vitamins (C and E) and minerals
{selenium and zinc) and also glutathione, uric acid, tocopherol, retinol and ubiquinel. Superoxide
Dismutase (50D), Catalase (CAT), y-Glutamyl Transpeptidase (GT), glutathione reductase and
glutathione percxidase (GFX) are the main enzymatic antioxidants. The sum of all known and
unknown endogenocus and exogenous antioxidants in a medium is usually called Total Antioxidant
Capacity (TAC) and gives a holistic view of antioxidant status (Rezaie et al., 2007),

ROS formation: Reactive species are unstable, highly reactive structures. They may be free
radicals with half-lives vary from a few nanoseconds to seconds and hours. They trigger chain
reactions resulting in the oxidation of macromolecules in order to reach a steady state. They are
divided into four main categories based on their central atom; ROS, Reactive Nitrogen Species
(RNS), reactive sulfur species and reactive chloride species (Halliwell and Gutteridge, 2007).

ROB are oxygen-derived small molecules, including oxygen radicals [superoxide (O,*), hydroxyl
(HO%), peroxyl (RO.*) and alkoxyl (RO*)] and certain non-radicals that are either oxidizing agents
and/or are easily converted into radicals, such ashypochlorous acid (HOCI), Ozone (Qy), singlet
oxygen (*0O,) and hydrogen peroxide (H,O,) (Bedard and Krause, 2007). The concentration of
reactive species i1s a key factor in their effect. If the concentration is excessively high, they may
become very harmful for macromolecules (Veskoukis et af., 2012},

ROS are generated in multiple compartments and by multiple enzymes within the cell and
external pro-oxidant stimuli, such as radiations, pathogen infections, herbicides/pesticides, toxins
and Ultra Vicolet (UV). ROS are formed via proteins within the plasma membrane (e.g., NADFH
oxidases); lipid metabolism within the peroxisemes; activation of various cytosoclic enzymes (e.g.,
cyclooxygenases). The majority of cellular ROS (approximately 90%) 1s generated within the
mitochondria describing its crucial role to aceelerate premature senescence (mitochondrial theory
of aging) (Balaban et al., 2005; Burdon, 1995; Droge, 2002).

Oxidative phosphorylation generates a potential energy for protons (AY) across the
mitochondrial inner membrane via the oxidation of NADH or FADH (Balaban ef al., 2005). The
generated ATP is coupled with a reaction in which O, is reduced to H,O. It is believed under certain
conditions, O, can also be reduced to H,O via superoxide anion (O, *) and H,O,. It is recognized that
the cellular production of (O,7*) and H,O, favors the formation of other reactive oxygen and
nitrogen species (i.e., (HO*) and peroxynitrite (ONOO™) and excessive production of these species
causes oxidative stress (Lopez-Lazaro, 2007),

Bedard and Krause (2007) postulated ROS generation as a cascade of reactions that starts with
the production of superoxide. Thereafter, (O,7*) rapidly dismutates to (HO®*) either spontaneously
or catalyzed by SOD. Afterward, superoxide reacts with nitric oxide to form (ONOO™), the
peroxidase-catalyzed formation of hypochlorous acid from hydrogen peroxide and the iron-
catalyzed Fenton reaction leading to the generation of hydroxyl radical. During Fenton reactions,
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hydrogen peroxide is partially converted inte the extremely reactive (HO*), which immediately
attack surrounding macromolecules, including DINA, proteins and lipids. Hydroxyl radicals exert
their pathogenic activity also indirectly, by reacting with unsaturated fatty acids under the
formation of organic peroxides, which decompose to aldehydes. The latter are responsible for a
number of toxic effects, including the formation of protein—protein aldehyde bridges (Terman and

Brunk, 2006).

ROS and aging: Harman (1956) suggested ROS formation induces macromolecular damages
leading to progressive deleterious changes that were termed aging or senescence. The “oxidative
stress theory” defines a progressive and irreversible accumulation of ROS-induced oxidative
damage influencing the aging process (Kregel and Zhang, 2007). A key assumption of the free
radical hypothesis of aging 1s that the endogenocus antioxidant defenses of aerobic cells are deficient.
and the residual prooxidants exert a certain level of oxidative stress even under normal
physiological conditions (Schal and Orr, 1992).

There are undeniable relevant between the multi-stimuli of aging. Increases in interacellular
ROS level lead to DNA damage through erroneous repair or replication, which has the possibility
to be converted into mutations. Mutations are well recognized to cause cancer and have also been
proposed to initiate senescence (Vijg, 2000). It is apparent that ROS implicate in both cellular
senescence and 1n organismal aging (Beckman and Ames, 1998). Indeed, mice that are genetically

%8HC oene are less sensitive to the toxic effects of ROS at both the cellular and

deficient for the p
organismal level and such mutant mice live 30% longer than their wild-type littermates,
indicating that in these mice the process of organismal aging is delayed (Migliaccio et af., 1999;
Lundberg et al., 2000).

Oxidants might non-specifically induce a spectrum of damage to cellular components (e.g., DNA)
that directly leads to senescence or this damage might induce senescence by secondarily activating
important intracellular pathways, such as the DNA damage response {(Lu and Finkel, 2008).
Oxidative stress may activate numerous intracellular signaling pathways via ROS-mediated
modulation of various enzymes and critical transcription factors. Increases of ROS level activate
transcription factors or oxidative damage is transferred to the nucleus within a cell and bind to
promoter regions of particular genes. Consequently, the stress-activated pathways might impact
the gene expression and the cell might underge apoptosis, proliferation or eytokines (Kregel and
Zhang, 2007; Abdollahi et al., 2005; Kajbaf et al., 2007; Najafi et al., 2009).

Oxidants may directly activate certain redox-sensitive pathways linked to senescence. The
activation of redox-sensitive transcriptional factors by age-related oxidative stress causes the
upregulation of pro-inflammatory gene expression. As a result, various pro-inflammatory molecules
are generated, leading to an inflammation cascade associated with different age related
pathologies such as cancer, cardicvascular diseases, arthritis and several neurodegenerative
diseases (Chung et al., 20086, Kregel and Zhang, 2007). Recently, the efficacy of different
antioxidants in various diseases like diabetes (Afshari ef al., 2004; Hasani-Ranjbar ef al., 2009,
2010a, 2011; Radfar et «l., 2005, Rahimi ef al., 2005), Langerhans islet transplantation
{(Larijan et al., 2011; Mohammadi ef al., 2011; Mohseni-Salehi-Monfared ef al., 2009), Alzheimer’s
disease (Nunomura et «f, 2008), inflammatory and oxidant-related  diseases
{Hasani-Ranjbar et «l, 2009, 2010b; Rahima ef al, 2010; Malekirad ef al., 2011;
Mohammadirad et «f., 2011; Momtaz and Abdollahi, 2010; Mousavi et af., 2010), rheumatoid
arthritis (Abdollahi ef al., 2005; Mirshafiey and Mohsenzadegan, 2008), cancers (Izzo and Krnst,
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2009; Shadnia et al., 2005) and inflammatory bowel disease (Rahimi et al.,, 2009; Rezaie ef al.,
2007; Rastegarpanah et al., 2011) has been systematically reviewed. Antioxidants have been
also proven to reduce the harmful effects of xenobiotic exposures (Abdollahi ef al., 2004;
Karami-Mohajeri and Abdollahi, 2010; Seltaninejad and Abdollahi, 2009; Mohammadirad and
Abdollahi, 2011; Shadnia et al., 2011).

One of the effective factors on cellular senescence has been recognized to be ambient oxygen
concentration (Parrinello et al., 2003). Different studies have clarified, since intracellular oxidants
increase by altering ambient oxygen concentrations or lowering antioxidant levels, this accelerates
the onset of senescence while lowering ambient oxygen or increasing ROS scavenging appears to
delay senescence (Lu and Finkel, 2008). For instance, human fibroblasts experienced premature
senescence when cultured in high ambient oxygen conditions (40-50%), while their proliferative
lifespan significantly extended when grown in low ambient oxygen (2-3%) more likely to
physiological oxygen levels (Chen et al., 1995). Even, telomere shortening is alse dependent on
ambient oxygen concentration. Senescence induced by oxidative stress might be as result of a
telomere-dependent and -independent way. Exposure to mild oxidative stress leads to faster
telomere shortening, whereas maintenance of telomere length improves under low oxidative stress
{Von Zglinicki, 2002). The rate of telomere shortening 1s accelerated in fibroblasts grown in high
oxyegen conditions (Forsyth ef al., 2003),

The concentration of hydrogen peroxide appears important as very high concentrations of ROS
appear to trigger apoptosis while lower concentrations appear to favor senescence (Colavitti and
Finkel, 2005). The cells treated with hydrogen peroxide induced a predominant (G1 arrest with an
increase in ph3 protein levels and increased ph3 activity, including the subsequent overexpression
of p21 (Chen et al., 1998). Another study exhibited the reduction of ambient oxygen level decreases
the proportion of pre-senescent p2l-expressing cells without any effect on pl6-expressing cells. This
explains that oxdative stress-induced senescence, like telomere dysfunection operates through the
pH3-p21-Rb axis (Itahana et al., 2003).

In normal dipleid fibroblasts, Ras expression leads to overexpression of p16 and p21 which
results a telomere-independent growth arrest. More interestingly, in primary cells, increased Ras
expression enhances intracellular ROS levels which appears to be important for cellular senescence.
Since culturing Ras expressing cells in either low oxygen or treating these cells with a hydrogen
peroxide scavenging agent (e.g., N-acetyleysteine (NAC)) blocked Ras-induced senescence
{(Lee et al., 1999; Serrano et al., 1997).

It was reported that p16INK4a/pRb pathway could increase intracellular ROS levels through
activation of PEC® (Protein Kinase C &), which, in turn seems to lead to further production of ROS
by activating NADPH oxidase, thus establishing a self-sustained positive feedback loop. In addition,
the activation of PEC?® results in depletion of WARTS protein (WTS/large tumour-suppressor 1
mitotic kinase) expression, the kinase essential in eytokinesis and G2M cell cycle arrest which act
as a second barrier ensuring irreversibility of senescence (Takahashi ef @l., 2006). Other studies
indicate that oxidative stress can induce p16, through the action of p38 MAPK, a member of the
Stress-Activated Protein Kinase family (SAPK) (Iwasa et al., 2003). Another study implicated
enhancement of KOS level in H;O,-induced senescence cells causes the activation of p38 by
increasing the expression of a subset of p38 MAPK-dependent genes {(Zdanov et al., 2008),

Antioxidants and aging: Any substance that delays, prevents or removes oxidative damage to
a target molecule is called an antioxidant. Since oxidative stress counts as a fundamental reason
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Tahble 1: Plant species with anti-aging effects

Scientific name

Common name Active ingredients

Mechanism of actions/effects

References

Aloe vera Aloe - Skin wrinkles !, skin elasticity ! Cho et al. (2009)
(xanthorrhoeaceae)

Camellia sinensts  Green tea Epigallocatechin-3-gallate (EGCE) ROSI, brain cognition!, photoaging! Zaveri (2006)
(Theaceae) Hsu (2005)
Ginkgo biloba Ginkgo Flavonoids, terpens, gingkolides ROSI, brain cognition, Smith and Luo (2004)
(Ginkgoaceas)

Glycine max Say Isoflavones CAT1, skin smoothing, Chiu et @l. (2009)
(Soy extract) UVB-induced DNA damage! Kim et gl. (2004)
(Fabaceae)

Malus domestica apple Phloridzin (polyphenol) SOD1, Sir21, ROSI Xiang ef al. (2011)
(Rosaceae) Peng et al. (2011)
Paeoniae lactiflora  Chinese peony  Paeoniflorin UVB-induced DNA damage!, Lee et al. (2006)

(Paeoniaceas) skin wrinkles!, brain cognitiont Ohtaet al. (1994)
Panax ginseng Ginseng Ginseng, ginsenoside Rgl and Rb1l ROSI, NO!, aging-associated Cheng ef al. (2005)
(Araliaceae) neurological disorders!, Ho ef al. (2010)

Phoenix dactylifera Date

Phyrtosterols, phitosteroids,

UVB-induced DNA damage!,
skin wrinkles!|

Regenerative, antioxidizing,

Kang et al. (2009)

Bauza et al. (2002)

(Arecaseae) palm kernel Ursolic acid, isoflavones and soothing skin Dweck (2009)
policosonols, pro-vitamin A
and Vitamin E
Quercus rober Oak Suberin, hydroxycarboxylic acids  Tensor and soothing skin Coquet et al. (2005)
(Cork extract)
(Fabaceae)
Rubus fruticosus Blackberry Polyphenols ROS|, brain cognition! Shukitt-Hale e al. (2009)
(Rosaceae)
Vitis vinifera Grape seed Proanthocyanidins, resveratrol ROSI, UV radiation-induced Sangeetha et al. (2005)

(Vitaceae) peroxidationl

inducing both cellular and organismal senescence, thus antioxidants could be considered as either
senescence inhibitors or even as treatment of aging. As mentioned earlier, animals are dealing with
different endogenous and exogenous barriers, consequently are equipped with defense mechanisms. In
between, animal body faces oxidative stress through both enzymatic and nonenzymatic systems. Regarding
their origin, various antioxidants such as glutathione, uric acid, CAT and SOD can be synthesized in vivo,
whereas others, namely; polyphenols and P-carotene, are obtained from food. Based on their physical
properties, antioxidants can be divided into water soluble antioxidants such as uric acid, glutathione and
polyphencls or lipid-soluble antioxidants such as vitamins A and E and lipoic acid. Due to the inadequacy
of antioxidant defenses, cells are under a certain level of oxidative stress even under normal physiological
conditions. Following sections will describe the enzymatic antioxidants, later, polyphenols and the important
plant speciesfcomponents correlated with aging process will introduce (Table 1).

SOD, GPX and CAT: An imbalance in the ratio of SOD to GPX and CAT results in the accumulation of
H,O, which may participate in the Fenton reaction, resulting in the formation of noxious hydroxyl radicals.
This obviously lead to oxidative stress and results in premature cellular senescence. It has been observed
that enhancement of lipid peroxidation in the brain of aging mice could change Cu/Zn-superoxide dismutase
(SODDYGPX1 plus CAT) ratio. Therefore, it was proposed the balance in the activity of the SOD to GPX
plus CAT ratio (SODXGPX plus CAT)) is an important determinant of cellular aging (De Haan et al., 1995).
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SOD catalyzes dismutation of superoxide anions to hydrogen peroxide. SOD1 and SOD2 are counted as
two intracellular SOD enzymes which convert O, into H,O, that is then further deactivated by CAT to
water and oxygen or by the various glutathione peroxidases (GPXs) to reduced glutathione and water. Serra
et al. (2003) reported increasing the level of SOD expanded the life span of primary fibroblasts as well as
decreasing the rate of telomere shortening. Another study showed reduction of SOD resulted in the
induction of p53 which is essential for senescence to happen (Balaban et al., 2005).

GPX eatalyzes the degradation of H,O, and hydroperoxides originating from unsaturated fatty acids
at the expense of reduced glutathicne. Among the enzymatic antioxidants, GPX is considered one of the most
important metabolites and is the first line of defense against reactive species. Lipid hydroperoxides are
destroyed by glutathione peroxidase (Ames et al., 1993). Glutathione is important for the regeneration of
antioxidant vitamins E and C. GPX participates in several different biochemical processes: in the regulation
of protein and DNA synthesis and as an essential cofactor of many enzymes (Halliwell and Gutteridge, 2007;
Veskoukis ef al., 2012).

CAT converts H,O, into molecular oxygen and water. In a study, CAT activity increased with age
suggests an increase in H,O, formation in erythrocytes (Inal et al., 2001). Conversely, Goth (1989) found
low CAT activity in the aging process. Hydrogen peroxide is removed by CAT and GPX activities in
erythrocytes (Andersen et al., 1997).

Polyphenolic compounds: Polyphenolics cover broad classes of compounds with decisive antioxidant
properties. As antioxidants, polyphencls may protect cell constituents against oxidative damage and,
therefore, limit the risk of various degenerative diseases associated to oxidative stress. Plentiful evidences
indicate that polyphenocls might exert several other specific biological effects such as; the inhibition or
reduction of different enzymes such as telomerase, eveloxygenase, the interaction with signal transduction
pathways and cell receptors (D'Archivio et al., 2007).

Polyphendlics are plant secondary metabolites (a part of plant’'s defense system) which have at least cne
aromatic ring in their molecule and usually exist in the form of glycosides. These compounds may be
classified into different groups as a function of the number of phenol rings that they have. Distinctions are
thus made between the phenolic acids, flavoncids, stilbenes and lignans (Manach et al., 2004),

In addition to the protective effects of endogenous enzymatic antioxidant defenses, consumption of
dietary antioxidants appears to be of great importance. Fruits and vegetables, the main source of
antioxidants in the diet, are associated with a lowered risk of degenerative aging diseases (Ames et al.,
1993). Galli et al. (2002) showed increasing dietary intake of polyphencls, can retard and even reverse age-
related declines of brain funection, cognition and motor performance in rats. Antioxidants dietary
supplementation can decrease the vulnerability to oxidative stress in vivo by reductions in neuronal
signaling.

Flavonoids and aging: The general flavoncid structure is a flavan nucleus, 15 carbon atoms arranged
in three rings (A, B, C). The various classes differ in their level of oxidation and in their pattern of
substitution of the c-ring. Anti-aging potential of polyphenalics of which flavonoids considered as a central
group was studied extensively. Flavonoids were shown to activate key enzymes in mitochondrial respiration
and to protect neuronal cells by acting as antioxidants, thus breaking the vicious cycle of oxidative stress
and tissue damage. Flavonoids possess a highly reactive hydroxyl group that gets oxidized by electron-
donation, thus stabilizing the radical to a less reactive molecule, An investigation revealed flavonoids
efficiently attenuate the deleterious effect of free radicals and ROS/RNS (Schmitt-Schillig et al., 2005). Many
flavonocids are known to possess anti-aging properties in terms of prevention or treatment. In between some
compounds attracted more attentions; cateching of green tea, resveratrol of grape extract, anthocyanins of
berry extracts and Vitamin E.
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Resveratrol: Resveratrol (3,5 4'-trihydroxystilbene) was first isolated from the roots of white hellebore
(Veratrum grandiflorum O, Loes) in 1940 and later was found in grapes and red wine. Resveratrol exhibited
beneficial effects in mammals to prevent or delay the onset of cancer, heart disease, ischaemic and
chemically induced injuries, diabetes, pathological inflammation, viral infection and possibly might extend
the lifespans of various organisms from yeast to vertebrates (Baur and Sinclair, 2006). Majority of evidences
confirm resveratrol might perform its life expanding activity through SIE family and mimies the effects
of CR on life extending (Alarcon de la Lastra and Villegas, 2005; Denu, 2003: Lin et al., 2000). Recently,
gene expression profiling suggested both CR and resveratrol may retard some aspects of aging through
alterations in chromatin structure and transcription in rat (Barger et al., 2008).

Catechins: Japanese and Chinese are the first populations consuming green tea. Originally, green tea is
the unfermented leaves of Camellia sinensi that are steamed and dried to inactivate the polyphenol oxidase
enzyme, a process that essentially maintaing the polyphencls in their monomeric forms. Several
polyphenclic cateching were isolated from green tea: -(-) Epicatechin (EC), (-) Epicatechin-3-gallate {(KCG),
{(-) Epigallocatechin (EGC), (-) Epigallocatechin-3-Gallate (EGCG), (+) catechin and (+) Gallocatechin (GC).
The main antioxidant properties of green tea are attributed to catechins particularly EGCQG, which is the
most abundant with about 65% of the total catechin content (Zaveri, 2008). Green tea catechins are rapidly
abgorbed and are distributed mainly into the mucous membranes of the small intestine, liver and the
plasma. The antioxidative capacity of human plasma is increased by consumption of green tea constantly
(Kimura et al., 2002).

Consumption of green tea catechin provokes antioxidative enzymes (Khan et al., 1992). Unno et al.
(2004) reported intake of green tea catechin partially improves the morphologic and functional alterations
that occur naturally in the brains of aged mice with accelerated senescence (SAMP 10 mice). Catechins
exhibited protective effect on cognitive dysfunction and suppressed cerebral atrophy in these animals.
Furthermore, green tea also decreased the levels of 8-oxo-deoxyguanosine (8-oxod(3), a marker of oxidative
DNA damage, in mice kidney, liver and cerebrum, suggesting that green tea polyphenols may have a
beneficial effect on aging-induced damage (Zaveri, 2006).

Anthoeyanins: Anthocyanins differ from other natural flavonoids in the range of colors that can be derived
from them and by their ability to form resonance structures by changes in pH. Anthocyanins serve as the
major components of different berries. Anthocyanins maintain DNA integrity and exhibit potential
antioxidant properties. Studies have shown that supplementations with berries rich in anthocyanins were
effective in reducing oxidative stress associated with aging and were beneficial in reversing age-related
neuronal and behavioral changes. Supplementation with anthocyanins for 6-8 months retarded age-related
declines in neuronal and cognitive function by improving antioxidant status (Bagchi et al., 2004).

Vitamin E and aging: Vitamin E is a ubiquitous natural compound derived from plant kingdom. The term
vitamin E embraces all tocopherols and tocotriencls showing the biological activity of the isomer RRR-a-
tocopherol. Chemically, tocophercl is 6-chromanol derivative. There are four forms of tocophercl
esteroisomers (¢, B, §, v) depending on the different substituent positions onits chromane ring. There is also
a synthetic form of vitamin E derived from phytol that is called all-rac-c-tocopherol with lower biological
activity than the natural cne (Nachbar and Korting, 1995). The antioxidative activity of Vitamin E has been
confirmed in numerous in vitro and in vive experiments (Huang et al., 1988: MeCall and Frei, 1999: Roob
et al., 2000). Among the natural forms of tocophercl having Vitamin E activity, «-tocopherol has the
greatest physiological effects, including suppression of lipid peroxidation (Bjorneboe et al., 1990). Vitamin
E is recognized to be the most natural accruing lipid-soluble antioxidant in human tissue (Chow, 1991;
Furuse, 1987 Nachbar and Korting, 1995).
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Vitamin E is believed to be a food component that may have an anti-aging effect (Meydani, 1992). To
be considered as an anti-aging, vitamin E has raised various controversies. The photoperotective effect of
Vitamin E has been proven years ago (Werninghaus et al., 1991; Kagan ef al., 1992; Mayer, 1993; Nachbar
and Korting, 1995). Thereby, scientific reasonable documents on its anti-aging properties have not been
found vet.

Ginseng and aging: Gingeng, the root and rhizome of Panax ginseng C A Meyer., has been known as a
most precious medicine in China, Japan and Korea for centuries. Modern medicine also identified different
pharmacological properties for Ginseng as; increasing immune funection, improvement of brain function,
enhance central cholinergic system function, inhibition of free radical and NO generation and promotion
of proliferation of rodent progenitor cells in vitro and in vive (Cheng et al., 2005; Chai, 2008). Ginseng,
ginsenoside Rgl and Rb1 (solated compounds), have the ability to interfere almost all of the pathways that
accelerate aging process (Cheng et al., 2005). Pharmacologically, polyphenols are the active antioxidant
constituents of Ginseng which might benefit aging-related diseases.

Ginkgo biloba and aging: Ginkgo biloba is believed to be the cldest tree on earth, more than 200 million
vears antiquity. Scientific data strongly support the efficacy of Ginkgo for treatment of age-related disorders
(Gaby, 1996). Ginkgo portraits great biological activities of which, improvement of brain activity and blood
circulation, absorb the most attention. Two major classes of compounds; flavoncids and terpens are
responsible for unique properties of this species. The antioxidant effect of its flavonoids may be achieved by
direct attenuation of reactive oxygen species, thereby decreasing tissue levels of ROS and inhibition of
membrane lipid peroxidation (Smith and Luo, 2004).

Oken et al. (1998) estimated Ginkgo extract is capable to improve cognition funetion of brain in
Alzheimer Disease (3% difference). Gingkolides the most important isclated compound from Ginkgo biloba
demonstrates antioxidant, neuroprotective and chclinergic activities relevant to Alzheimer's disease
mechanisms. In addition, the therapeutic efficacy of Ginkgo extracts in Alzheimer's disease reported to be
similar to currently prescribed drugs such as tacrine or donepezil with minimal side effects in clinical trials
(Perry et al., 1999). Another study showed Ginkgo extract (KGb 761), increased stress resistance and
extends organism’s life span in Caenorabditis elegans (Wu et al., 2002).

B-ecarotene and aging: B-carotene is one of more than 600 carctencids known to exist in nature. About 50
of the naturally cccurring carotencids can potentially yield vitamin A and are thus referred to as provitamin
A. P-carotene is the most abundant and most efficient provitamin A and is known to quench singlet oxygen.
Some authors concluded B-carotene dose not possess antioxidant protective effects against chronic disease
as great as Vitamin E. Probably, the majority of d-carctene's beneficial in vive, is not derived from its
antioxidant properties but rather it might grow from its effect on a number of bicchemical systems
(Pryor et al., 2000). Eicker et al. (2003) reported p-carotene is capable of protecting fibroblast from the
induction of photoaging-associated mitochondrial DNA (mtDNA) deletions. They also exhibited in a dose
dependent manner B-carotene interacts with UVA radiation in the cell and gshows protective properties from
the induction of a photoaging-associated mtDNA mutation.

CONCLUSION

Up to date studiss indicate that genetic, nutrition, physical activity and environmental conditions could
affect lifespan. A better understanding of the causes of senescence or age-related dysfunctions might open
new ways to slow aging. As a result, remarkable aging risk factors could be distinguished, avoided and their
harmful effects could be minimized. Additionally, the more sensitive body parts to degenerative effects of
aging might be recognized. Up to date, animal models have shown promising differences in lifespan while
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genetically modified. However, the relevance of some animal models to human aging is unclear. Literature
review suggests that ROS participate in aging process, therefore many investigations have been conducted
to delay aging by reducing free radical damages. So far, more effective explorations are needed to decrease
the deleterious effects of ROS-induced senescence. This approach could be achieved through manipulations
of antioxidant enzyme systems, development of drug therapies, manipulation of senescence related genes
and genetic manipulation of plant-based antioxidant resources.
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