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ABSTRACT

Aging is such a process through which all human beings go, some people age faster some slower. Aging is an
inevitable physiological change occurring in organisms over time. Many factors like lifestyle and genetics can cause
aging these are primary factors, some other external factors like environment, stress, improper sleep, and nutrition
are also caused by premature aging or unhealthy aging. There are more than 300 theories for aging, and among all
Free radical theory is the leading cause of aging. Aging is a process that we can neither stop nor reverse but we can
make it healthy or successful aging. Healthy aging is about creating the environments and opportunities that enable
people to be and do what they value. Therefore one of the best ways to deal with aging caused by free radicles is to
encounter them with various antioxidants. — Nutrient antioxidants belonging to exogenous antioxidants are
compounds that cannot be produced in the body and must be provided through foods or supplements, such as
vitamin E, vitamin C, carotenoids, trace metals (selenium, manganese, zinc), flavonoids, omega-3 and omega-6 fatty
acids
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1. INTRODUCTION

Aging is such a process through which all human beings go, some people age faster some slower. Aging can be
defined as “a gradual deterioration in the ability to perform the physiological activity”. This change is irreversible
and unstoppable. Many factors like lifestyle and genetics can cause aging these are primary factors, some other
external factors like environment, stress, improper sleep, and nutrition are also caused by premature aging or
unhealthy aging. The scientific community has generated over 300 theories to explain the driving forces behind
aging [1]. Denham Harman's Free Radical Theory of Ageing, first proposed in 1956, has significantly influenced
aging research for the past half-century [2]. Gershman and Gilbert were the first to notice similarities between
reactive species produced during cellular respiration and those made by irradiation: the generation of free radicals
such as hydroxyl (.OH) and superoxide (O2.-) radicals, as well as the less reactive non-radical oxygen species,
hydrogen peroxide (H202) [3]. Oxidative stress, cellular senescence, and consequently, SASP factors are involved
in several acute and chronic pathological processes, such as CVDs, acute and chronic kidney disease (CKD),
neurodegenerative diseases (NDs), macular degeneration (MD), biliary diseases, and cancer. Cardiovascular (CV)
risk factors (ie, obesity, diabetes, hypertension, and atherosclerosis) are associated with the inflammatory pathway
mediated by IL-1a, IL-6, IL-8, and increased cellular senescence [4].

1. WHAT ARE FREE RADICALS

A free radical can be defined as any molecular species capable of independent existence that contains an unpaired
electron in an atomic orbital. The presence of an unpaired electron results in certain common properties shared by
most radicals. Many radicals are unstable and highly reactive. They can either donate an electron to or accept an
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electron from other molecules, therefore behaving as oxidants or reductants. The most important oxygen-containing
free radicals in disease states are hydroxyl radical, superoxide anion radical, hydrogen peroxide, oxygen singlet,

hypochlorite, nitric oxide radical, and peroxynitrite radical. These are highly reactive species, capable in the nucleus,

and the membranes of cells of damaging biologically relevant molecules such as DNA, proteins, carbohydrates, and

lipids. [5]
1.1 Characteristics of free radicals [5]
. They are highly reactive due to the presence of unpaired electrons in the outermost shell.
. They cause the generation of new radicals.
. They have a very short or ultra-short life span
. Production of free radicals causes damage to the body

1.2 Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (NOS)
In general pro-oxidants/oxidants are termed ROS/RNS. The most important free radicals produced during metabolic
reactions are radicals derived from oxygen and ROS. Both the ROS and RNS can be classified into two groups of
compounds namely; radicals and non-radicals. Radicals are the species that contain at least one unpaired electron in
the shells around the atomic nucleus and are capable of independent existence. The oxygen molecule itself is a
radical, and because of the presence of two unpaired electrons, it is referred to as biradical. Examples of the radicals
include Superoxide (O.-), Oxygen radical (O,..), Hydroxyl (OH-), Alkoxyradical (RO-), Peroxyl radical (ROO-),
Nitric oxide (nitrogen monoxide) (NO) and nitrogen dioxide (NO). The high reactivity of these radicals is due to
the presence of one unpaired electron which tends to donate it or to obtain another electron to attain stability. The
nonradical species include hydrogen peroxide (H,O;), hypochlorous acid (HOCI), hypobromous acid (HOBr),
ozone(03), singlet oxygen (10), nitrous acid (HNO,), nitrosylcati (NO+), nitrosyl anion (NO-), dinitrogen trioxide
(N,0O), dinitrogen tetraoxide ((N,O), nitronium (nitryl)cation (NO-), organic peroxides (ROOH), aldehydes(HCOR)
and peroxynitrite (ONOOH). These nonradical species are not free radicals but can easily lead to free radical
reactions in living organisms [6].

Table 1: list of ROS and NOS produced during metabolism. [6]

FREE RADICALS SYMBOLS HALF LIFE
Reactive oxygen species (ROS)

Superoxide 0,° 10-6 s
Hydroxyl OH* 10-10 s
Alkoxyl radical RO- 10-6
Peroxyl Radical ROO- 17s
Non radicals Hydrogen peroxide H,0, Stable
Singlet oxygen 10, 10-6s
Ozone O3 Stable
Organic peroxide ROOH Stable
Hypochlorus acid HOCI Stable
Hypobromous acid HOBr Stable
Reactive Nitrogen Species (RNS)

Nitric oxide NO* Stable
Nitrogrn dioxide NO,* Stable
Non radicals

Peroxynitrite ONOO 10-3s
Nitrosyl cation NO* -
Nitrosyl anion NO -
Dinitrogen trioxide N>O3 -
Dinitogen tetraoxide N2O4 -
Nitrous acid HNO, -
Peroxynitrous acid ONOOH Fairly stable
Nitryl chloride NO,CI -

1.3 Generation of free radicals
The generation of ROS begins with rapid uptake of oxygen, activation of NADPH oxidase, and the production of the
superoxide anion radical (O), eqn (1),

20,+ NADPH (oxidase) 20,*+NADP +H ............ @)
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The 20 is then rapidly converted to H,O, (eqn (2)) by SOD™

20,% + 24" SOD §202+ Oz 2)
These ROS can act by either of the two oxygen-dependent mechanisms destroying the microorganism or other
foreign matter. The reactive species can also be generated by the myeloperoxidase-halide-H202 system. The
enzyme myeloperoxidase (MPO) is present in the neutrophil cytoplasmic granules. In the presence of the chloride
ion, which is ubiquitous, H,O, is converted to hypochlorous (HOCI, egn (3)), a potent oxidant and antimicrobial
agent.

Cl*+H,0, +H—— 3 HOCI +H,0................... ?3)
ROS are also generated from 20,°" and H,0, via 'respiratory burst' by Fenton (eqn (4) and/or Haber-Weiss (eqn (5)
reactions.

H,0o+ Fe2t WOH+ OH +Fe¥................ O]
02 + H,Q4 »OH + OH®+0O2 .., &
The enzyme nitric oxide synthase produce reactive nitrogen species (RNS), such as nitric oxide (NO) from arginine
(ean (6).

L-Arg+ O, + NADPH—»O*+ citrulline................. (6)
An inducible nitric oxide synthase (iNOS) is capable of continuously producing large amount of NO®, which act as
a0,* quencher. The NO*® and O,°* react together to produce peroxynitrite (ONOO", eqn (7)), a very strong oxidant,
hence, each can modulate the effects of other. Although neither NO® nor O,* is a strong oxidant, peroxynitrite is a
potent and versatile oxidant that can attack a wide range of biological targets.
NO® + O, GNOO™ .........e..... @)

Peroxynitrite reacts with the aromatic amino acid residues in the enzyme resulting in the nitration of the aromatic
amino acids. Such a change in the amino acid residue can result in the enzyme inactivation. However, nitric oxide is
an important cytotoxic effector molecule in the defense against tumor cells, various protozoa, fungi, helminths, and
mycobacteria The other sources of free radical reactions are cyclo oxygenation, lipooxygenation, lipid peroxidation,
metabolism of xenobiotics, and ultraviolet radiations [6].
1.4 Properties of free radical

e Superoxide lon Radical (02*) [11,12]
Superoxide anion radical is the most important widespread ROS formed by the enzymatic process, autooxidation
reaction, and nonenzymatic electron transfer reactions in which an electron is transferred to molecular oxygen. It is
mostly produced within the mitochondria and its reactivity with the biomolecules is low. The enzymes that can
produce superoxide include xanthine oxidase, lipooxygenase, cyclooxygenase, and NADPH-dependent oxidase. It
can exist in two forms such as O2¢- or hydroperoxyl radical (HO2) at low pH. The hydroperoxyl radical is the most
important form and can easily enter the phospholipid bilayer than the charged form (O2e-). Under physiological pH
the most occurring form is superoxide. It can act as a reducing agent and it reduces iron complexes such as
cytochrome-c and ferric-ethylene diamine tetraacetic acid (Fe+-EDTA), in which Fe+3 is reduced to Fe+2. It can
also act as an oxidizing agent and oxidize ascorbic acid and tocopherol.

¢ Hydroxyl Radical (OHe) [13,14,15,16]
Hydroxyl radical is the neutral form of hydroxide ion and is a highly reactive free radical. It can strongly react with
both organic and inorganic molecules including DNA, proteins, lipids, and carbohydrates, and cause more severe
damage to the cells than any other ROS can do. It is formed in a Fenton reaction, in which H202 reacts with metal
ions (Fe? 2 or Cu?), often bound in complex with different proteins such as ferritin (an intracellular protein that
stores iron) and ceruloplasmin (plasma copper carrying protein) or other molecules. Under stress conditions, an
excess of O2e-releases free iron from ferritin, and the released free iron participates in the Fenton reaction to form
OHe. 1t is also formed by the reaction between superoxide radicals and H202 in a reaction called Haber— Weiss
reaction..

e Peroxyl Radical (ROO) [17,18]
It is derived from oxygen in living systems. The simplest form of peroxyl radical is perhydroxyl radical (HOO~)
which is formed by the protonation of superoxide. About 0.3 % of the total O2e- in the cytosol of a typical cell is in
the protonated form. It initiates fatty acid peroxidation and also can promote tumor development.

e Hydrogen Peroxide (H202) [19,20,21]
Hydrogen peroxide is formed in vivo in a dismutation reaction catalyzed by the enzyme superoxide dismutase
(SOD). It is not a free radical but it can cause damage to the cell at relatively low concentrations (10 IM), but at
higher levels, the cellular energy-producing enzymes such as glyceraldehyde-3-phosphate dehydrogenase are
inactivated. It can easily penetrate the biological membranes. H202 has no direct effect on DNA but can damage

24195 ijariie.com 4573



Vol-10 Issue-3 2024 IJARIIE-ISSN(O)-2395-4396

DNA by producing hydroxyl radical (OH-) in the presence of transition metal ions. The major antioxidant enzymes
that can eliminate the H202 include catalase, glutathione peroxidase, and peroxiredoxins.
Singlet Oxygen (*Oz) [22-29]
It is an electronically high excited, meta-stable state of molecular oxygen and is a highly reactive toxic reactive
oxygen species. Upon activation, the molecular oxygen is excited to first state 1Ag and then to the next higher
excited singlet state, 1eg. The first excited state, 1Ag, has two electrons with opposite spins in the same n* orbital
whereas, the second excited state, leg, has one electron in each degenerated n* orbital with opposite spins. The 1Dg
state is extremely reactive, and compared to the other electronically excited states] It is produced in vivo by the
activation of and eosinophil. It is also formed by some of the enzymatic reactions catalyzed by enzymes such as
lipoxygenases, deoxygenates, and lacto peroxidase. It is a highly potent oxidizing agent that can cause DNA damage
and tissue damage.

e Ozone (O3) [30-35]
Ozone is a powerful oxidant that may be produced in vivo by antibody antibody-catalyzed water oxidation pathway
which plays an important role in inflammation. It can form free radicals and other reactive intermediates by
oxidizing the biological molecules. It can cause lipid peroxidation and oxidize different functional groups, for
example, amine, alcohol, aldehyde, and sulphydryl, present in proteins and nucleic acids]. It can also cause
chromosomal aberrations which may be due to direct attack by O3 or by the free radicals generated by it.

e Hypochlorous Acid (HOCI) [36-39]
It is a major oxidant produced by the activated neutrophils at the site of inflammation from hydrogen peroxide and
chloride in a reaction catalyzed by the enzyme myeloperoxidase.
HOCI is a strong reactive species involved in oxidation and chlorination reactions. It can oxidize thiols and other
biological molecules including, ascorbate, urate, pyridine nucleotides, and tryptophan. HOCI chlorinates several
compounds such as amines to give chloramines;
tyrosyl residues to give ring chlorinated products, cholesterol, and unsaturated lipids to give chlorohydrins, and it
can also chlorinate DNA..

e Nitric Oxide or Nitrogen Monoxide (NO-) [40-45]
It is a small molecule generated in tissues by different nitric oxide synthases (NOS) which convert L-arginine to L-
citrulline. In this reaction, one of the terminal guanido nitrogen atoms undergoes oxidation and produces NO. Three
types of isoforms of NOS such as neuronal NOS (nNOS), endothelial NOS (eNOS), and inducible NOS (iNOS) are
involved in the formation of the NO radical.
It is both aqueous and lipid soluble and therefore it readily diffuses through the cytoplasm and plasma membrane].
The NOe is an important intracellular second messenger that stimulates guanylate cyclase and protein kinases and
helps in smooth muscle relaxation in blood vessels. It is identical to endothelium-derived relaxing factor (EDRF)
produced by vascular endothelial cells which is an important mediator of vascular responses [42]. It can also act as
an important cellular redox regulator] and regulate enzymatic activity by nitrosylating the proteins. Since it is
involved in many biological activities like blood pressure regulation, smooth muscle relaxation, neurotransmission,
defensive mechanisms, and immune regulation.

e Peroxynitrite (OONO") and Other Reactive Nitrogen Species [46-49]
Peroxynitrite (OONO-) is formed by the reaction between O2[1- and NO _. It is highly toxic and can directly react
with CO2 to form other highly reactive nitroso peroxo carboxylate (ONOOCO2-) or peroxynitrous acid (ONOOH).
The ONOOH further undergoes homolysis to form both OHe and NO2 or rearranges to form NO3. OONO- can
oxidize lipids, oxidize methionine and tyrosine residues in proteins, and oxidize DNA to form nitroguanine. The
nitrotyrosine residues are considered as a marker of peroxynitrite-induced cellular damage \.
NO reacts with O2 and water to form nitrate and nitrite ions. One electron oxidation of NOe results in nitrosonium
cation (NO2[1+) while one electron reduction results in nitroxyl anion (NO-). These two ions can react with NO and
form N20 and OH_. NO_ can react with a variety of radicals such as H202 and HOCI to form N203, NO2-
andNO3-.
1.5 Sources of Free Radicals
The ROS can be produced from either endogenous or exogenous sources. The endogenous sources of OS include
different cellular organs such as mitochondria, peroxisomes and endoplasmic reticulum, where the oxygen
consumption is high.
Mitochondria
Most of the intracellular ROS are derived from mitochondria (Fig. 1). The superoxide radicals are produced at two
major sites in the electron transport chain, namely complex | (NADH dehydrogenase) and complex 11 (ubiquinone
cytochrome c reductase). The transfer of electrons from complex | or 1l to coenzyme Q or ubiquinone (Q) results in
the formation of a reduced form of coenzyme Q (QH2). The reduced form QH2 regenerates coenzyme Q via an
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unstable intermediate semiquinone anion Q- in the Q-cycle. The formed Q- immediately transfers electrons to
molecular oxygen leading to the formation of superoxide radicals [50].

The superoxide anion is converted to hydrogen peroxide by the action of mitochondrial superoxide dismutase
(MnSOD). H202 can be detoxified by the Catalase (CAT) and glutathione peroxidase (GPx). The other
mitochondrial components which contribute to the formation of ROS include monoamine oxidase, ketoglutarate
dehydrogenase, glycerol phosphate dehydrogenase, and p66shc [51].
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Figure 1: Mitochondrial ROS production

e  Peroxisomes [52,53]
In peroxisomes, the respiratory pathway involves the transfer of electrons from various metabolites to the oxygen
leading to H202 formation. But is not coupled to oxidative phosphorylation to produce ATP instead free energy is
released in the form of heat. The other free radicals produced in peroxisomes include H202, O2+- OHe¢ and NO-.
The b-oxidation of fatty acids is the major metabolic process producing H202 in the peroxisomes. As reviewed
elsewhere, the different peroxisomal enzymes such as acyl CoA oxidases, D-amino acid oxidase, L-a-hydroxy
oxidase, urate oxidase, xanthine oxidase, D-aspartate oxidase have been shown to produce different ROS.

e Endoplasmic Reticulum [54,55]
The enzymes of endoplasmic reticulum such as cytochrome p-450 and b5 enzymes and diamine oxidase contribute
to the formation of ROS. Another important thiol oxidase enzyme, Eroplp catalyses the transfer of electrons from
dithiols to molecular oxygen results in the formation of H202.
1.6 Molecular Targets of Free Radicals [56]
When there is an imbalance between the free radical production (ROS/RNS) and antioxidant defenses, the former
will be produced in higher concentrations leading to oxidative stress and nitrosative stress. Since these free radicals
are highly reactive, they can damage all the three important classes of biological molecules including nucleic acids,
proteins, and lipids.

o Deoxyribonucleic Acid (DNA) [57-59]
Both ROS/RNS can oxidatively damage the nucleic acids. ThemitochondrialDNA ismore vulnerable to the ROS
attack than the nuclear DNA, because it is located in close proximity to the ROS generated place. ROS, most
importantly, the OHe radical directly reacts with all components of DNA such as purine and pyrimidine bases,
deoxyribose sugar backbone and causes a number of alternations including single and double stranded breaks in
DNA.
The major free radical induced adducts of the sugar moiety in DNA include glycolic acid, 2-deoxytetrodialdose,
erythrose, 2-deoxypentonic acid lactone, 2-deoxypentose-4-ulose. 8-hydroxy deoxyguanosine is considered as the
biomarker of oxidativeDNA damage and is involved in mutagenesis, carcinogenesis and ageing.

e Ribonucleic acid (RNA) [60-65].
ROS can attack different RNAs produced in the body. The RNA is more prone to oxidative damage than DNA, due
to its single stranded nature, lack of an active repair mechanism for oxidized RNA, less protection by proteins than
DNA and moreover these cytoplasmic RNAs are located in close proximity to the mitochondria where loads of ROS
are produced. Indeed, RNA is subjected to more oxidative damage than DNA in humans. 7, 8-dihydro-8-
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oxoguanosine (8-0xoG) is the most extensively studied RNA damage product and its levels are raised in various
pathological conditions like Alzheimer’s disease, Parkinson’s disease, atherosclerosis, hemochromastosis and
myopathies.

e Lipids[66,67].
The membrane lipids, especially the polyunsaturated fatty acid residues of phospholipids are more susceptible to
oxidation by free radicals. The lipid peroxidation is very important in vivo because of its involvement in various
pathological conditions. The lipid peroxidation results in the loss of membrane functioning, for example, decreased
fluidity, inactivation of membrane bound enzymes and receptors.

e Proteins [68,69].
The protein oxidation can be induced by radical species such as O, ¢-, OHe, peroxyl, alkoxyl, hydroperoxyl as well
as by the non-radical species such as H,O,, Oz, HOCI, singlet oxygen, OONO-. ROS oxidize different amino acids
present in the proteins, causing formation of protein— protein cross linkages, results in the denaturing and loss of
functioning of proteins, loss of enzyme activity, loss of function of receptors and transport proteins.

2. WHAT IS AGING [70, 71]
Aging is an inevitable physiological change occurring in organisms over time. It ultimately ‘leads to death naturally
as one gets old along with gradual dysfunctions of all organs in the organisms including unicellular organisms,
plants, animals, and humans’. Aging is the direct cause of diseases and death in humans so it is one of the biggest
questions among many biological phenomena. Despite the efforts of several researchers, the progression and the
mechanisms of aging are not clearly understood yet. Of various theories with regards to the causes of aging, there
are two important theories including genetic programming theories of aging, suggesting that aging and lifespan of
organ-isms are genetically determined, and theories of aging related to primary damage, claiming that aging is
induced by the accu-mulation of damages in organisms from multiple harmful fac—tors. The wear-and-tear theory,
error catastrophe theory, the free radical theory, DNA damage hypothesis, loss of adaptive cellular mechanisms, the
mitochondrial theory, and the cell membrane theory are known to be included in the theories of aging related to
primary damage.
2.1 Factors Associated With Aging
There are many factors which plays very important role in aging. It is very difficult to explain the actual cause of
aging but for the understanding the factors which are associated with aging can be categorized into following two
types:

i. Intrinsic factors [72, 77]
Aging is caused by intrinsic factors and is determined by both, physiological factors and genetic predisposition.
Different signs of aging occur as cellular proliferation and hormone levels decrease, or as a result of diverse factors:
telomere shortening and accumulation of dysplastic keratinocytes; degradation of the extracellular matrix; mutations
in nuclear and mitochondrial genes, Production of reactive oxygen species (ROS) in the mitochondria that results
from an oxidative cell metabolism and a decrease in antioxidant activity and multiple lipid or amino acid metabolic
aberrations. Such disturbances cause functional and physical changes due to abnormal water distribution or a lack of
hygroscopic substances.
Extrinsic factors [78, 80]
Environmental factors such as smoking, automobile contaminants, alcohol consumption, dietary habits, industrial
waste, stress and lifestyle options can contribute to aging. These factors do not cause aging directly but they speed
up the whole aging process.
2.2 Mechanism of Aging [81, 82]
There are many theories of the biological causes of aging, which suggest that many different mechanisms contribute
to the aging process. According to Kirkwood “the rate of accumulation of stress-induced random molecular damage
is dependent on the capacity of the antioxidant system and efficiency of repair systems. As these systems are not
100% efficient, cells always contain some unrepaired damage that leads to the activation of a stress response and up-
regulation of mechanisms to remove the damage or to prevent cell division. However, these responses also become
less efficient with age so that damaged components accumulate leading to cellular defects, which gives rise to tissue
dysfunction and aging”.
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Figure- 2 The Underlying Process of Aging

2.3 Aging Theories [83, 84]
Despite recent advances in molecular biology and genetics, the mysteries that control the human lifespan remain
unclear.

Many theories have been proposed to explain the process of aging, but neither of them appears to be fully
satisfactory. The traditional aging theories hold that aging is not an adaptation or genetically programmed.
Modern biological theories of aging in humans fall into two main categories:

1. Programmed theory
The programmed theory has three sub-categories:
a. Programmed Longevity
b. Endocrine Theory
C. Immunological Theory
2. Damage or error theories
The damage or error theory includes:
a. Wear and tear theory
b. Rate of living theory
c. Free radicals theory
d. Somatic DNA damage theory

3. FREE RADICAL THEORY OF AGEING [85, 92]
The free radical theory of aging (FRTA), and the simultaneous discovery of the important, ubiquitous
involvement of free radicals in endogenous metabolic reactions, was proposed by Harman in 1954. The FRTA
arose from the application of a broad background in chemistry and biology to a consideration of aging
phenomena from the premise that a single common process, modifiable by genetic and environmental factors,
was responsible for the aging and death of all living things.
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The FRTA postulates that the common aging process is the initiation of free radical reactions (FRRs). These
reactions, however, initiated, could be responsible for the progressive deterioration of biological systems over
time owing to their innate ability to produce random change due to the high chemical reactivity of the
intermediate free radicals.

The FRTA was extended in 1972 with the suggestions that (a) most FRRs were initiated by the mitochondria at
an increasing rate with age, and (b) the life span is determined by the rate of free radical damage to the
mitochondria. Consequences of mitochondrial aging were discussed in 1983. Collectively, the FRRs initiated by
the mitochondria constitute the inherent aging process. Later, it became clear [98, 99] that improvements in
general living conditions increased ALE-B by decreasing the FRRs associated with suboptimal living
conditions.

The FRTA suggests that measures to decrease (a) the chain lengths of FRRs, e.g., with antioxidants such as
vitamin E, and/or (b) their rates of initiation, e.g., by minimizing copper, iron, and other oxidant catalysts, can
lower the rate of formation of aging changes, even under optimal living conditions, and in turn decrease the rate
of aging and of disease pathogenesis. Many studies now support this possibility..

3.1 Advancement and Corollaries of Free Radical Theory of Aging
a. Oxidants and Evolutionary Theories of Aging
b. Oxidants and the Somatic Mutation Theory of Aging
c. Oxidants and Mitochondrial Theories of Aging

3.2 Age Related Issues and Free Radicals [93-116]

Oxidative stress, cellular senescence, and consequently, SASP factors are involved in several acute and chronic
patho-logical processes, such as CVDs, acute and chronic kidney disease (CKD), neurodegenerative diseases
(NDs), macular degeneration (MD), biliary diseases, and cancer. Cardiovas—cular (CV) risk factors (ie, obesity,
diabetes, hypertension, and atherosclerosis) are associated with the inflammatory pathway mediated by IL-1a, IL-6,
IL-8, and increased cellular senescence]. Moreover, vascular calcification is linked to SASP-driven osteoblastic
transdifferentiation of senescent smooth muscle cells. In many neurodegenerative conditions, including Alzheimer’s
disease (AD), brain tissue biopsies show increased levels of p16, MMP, and IL-6. Chronic obstructive pulmonary
disease, biliary cirrhosis, cholangitis, and osteoarthritis share several damaging SASP profiles including IL-6, 1L-8,
and MMP. The induction of epithelial to mesenchymal transition mediated by RONS promotes cancer metastasis. In
synthesis, given the close relationship between oxidative stress, inflammation, and aging, the oxidation-
inflammatory theory of aging or oxi-inflame-aging has been proposed: aging is a loss of homeo-stasis due to
chronic oxidative stress that affects especially the regulatory systems, such as nervous, endocrine, and immune
systems. The consequent activation of the immune system induces an inflammatory state that creates a vicious circle
in which chronic oxidative stress and inflammation feed each other, and consequently, increase the age-related
morbidity and mortality.
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Figure 3 Oxidative stress, age-related diseases, and relative biomarkers.
Abbreviations: 4-HNE, trans-4-hydroxy-2-nonenal; 8oxodG, 7,8-dihydro-8-oxo-2'-deoxyguanosine; 8oxoGuo, 7,8-
dihydro-8-oxoguanosine; ADMA, asymmetric dimethyl I-arginine; AGEs, advanced glycation end products; CKD,
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chronic kidney disease; CVDs, cardiovascular diseases; F2-1soPs, F2-isoprostanes; MDA, malondialdehyde; MPO,
myeloperoxidase; NDs, neurodegenerative diseases; NT, nitrotyrosine; oxLDL, oxidized low-density lipoprotein;
PC, protein carbonyl; Prx, peroxiredoxins; P-VASP, phosphorylated vasodilator-stimulated phosphoprotein; Trx,
thioredoxin
The connection between oxidative stress and the main age-related diseases are,
Cancer
Cardiovascular disease
Neurological disease
Pulmonary disease
Rheumatoid arthritis
Nephropathy
Ocular disease
3.4 Healthy Aging [117-122]
Aging is a process that we can neither stop nor reverse but we can make it healthy or successful aging. Healthy
aging is about creating the environments and opportunities that enable people to be and do what they value. WHO
defines healthy aging as “the process of developing and maintaining the functional ability that enables well-being in
older age”
The body has several mechanisms to counteract oxidative stress by producing antioxidants, either naturally
generated in situ (endogenous antioxidants), or externally supplied through foods (exogenous antioxidants). The
roles of antioxidants are to neutralize the excess of free radicals, to protect the cells against their toxic effects, and to
contribute to disease prevention.
Anti-oxidants can be classified as enzymatic antioxidants and non-enzymatic antioxidants.
The major antioxidant enzymes directly involved in the neutralization of ROS and RNS are superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GRX).
The non-enzymatic antioxidants are also divided into metabolic antioxidants and nutrient antioxidants. Metabolic
antioxidants belonging to endogenous antioxidants are produced by metabolism in the body, such as lipoid acid,
glutathione, L-arginine, coenzyme Q10, melatonin, uric acid, bilirubin, metal-chelating proteins, transferrin, etc.
Nutrient antioxidants belonging to exogenous antioxidants are compounds that cannot be produced in the body and
must be provided through foods or supplements, such as vitamin E, vitamin C, carotenoids, trace metals (selenium,
manganese, zinc), flavonoids, omega-3 and omega-6 fatty acids, etc
4, CONCLUSION
Free radicals, atoms, and molecules containing one or more unpaired electrons in the outer orbit and are capable of
independent existence which are highly reactive and cause damage to the body. There are two types of radicals in
the body i.e. reactive oxygen species (ROS) for example superoxide, hydroxyl, and alkoxy radicals etc. these
radicals form into mitochondria, peroxisome, and endoplasmic reticulum, and the target of these radicals are DNA,
RNA, lipids and proteins.
Aging is an unavoidable, irreversible, and unstoppable phenomenon occurring in organisms at one time. Aging can
be caused by many factors which are categorized into intrinsic (time and genes) and extrinsic (smoking, alcohol,
lifestyle, stress, environment, etc.). This process of aging is defined by many scientists and over three hundred
theories were proposed. The most prominent and acceptable theory to date is the Free radical theory of aging
(oxidative stress).
Aging can neither be stopped nor avoided but the means of proper diet including functional food and dietary
supplements, exercise, adopting a healthy life style, and avoiding such things that cause oxidative stress can make
the aging process healthy or successful.
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