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Introduction:

ABSTRACT

Every day we hear more and more about free radicals and how they are
linked with innumerable diseases and health conditions from ageing to
muscular degeneration and even some forms of cancer. The problem is
not in knowing that these microscopic enemies exist. We know that they
do! The problem is how to fight them so that they are rendered harmless.
Under normal metabolic conditions each cell of human body is exposed
to about 10'° molecules of superoxide anions (primary free radical) each
day. For a person weighing 150 pounds, this amounts to about 4 pounds of
superoxide per year, a substantial amount! Once formed, superoxide can
react through catalytic pathways in the cell to form many other reactive
oxygen/nitrogen species (ROS/RNS). The antioxidant defense system in
the human body is extensive and consists of multiple layers, which protect
against different types of ROS/RNS. Many of the biological effects of
antioxidants appear to be related to their ability not only to scavenge the
deleterious free radicals but also to modulate cell signalling pathways.
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ecules that can efficiently repair an oxidative damage site
on the macromolecules. Physical defense of biological sites

Continuous exposure to various types of oxidative stress
from numerous sources (endogenous and exogenous) has
led this cell and the entire organism to develop defense
mechanisms for protection against oxygen centered reactive
metabolites (ROS/RNS). Indirect approaches may involve
control of the endogenous production of ROS/RNS by, for
example, altering the activity of enzymes, which indirect-
ly produce oxygen metabolites. An efficient repair system,
one of the most important methods for the organism to cope

with oxidative damage, consists of enzyme and small mol-
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such as membranes is also an important mechanism along
the cell to cope with oxidative stress. Among the various
defense mechanisms, the one involving antioxidants (enzy-
mic and nonenzymic) are extremely important due to its di-
rect removal of ROS/RNS. The antioxidant defense system
apparently developed throughout the evolutionary process,
perhaps in response to changing concentration of oxygen
in atmosphere. This system contains two major groups-an-
tioxidant enzymes and low molecular weight antioxidants
(LMWA).!
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An antioxidant can be defined as: “any substance that when
present in low concentrations compared to that of an oxi-
dizable substrate significantly delays or inhibits the oxida-
tion of cellular biomolecules (lipids, proteins, carbohydrates
and DNA)”.? Antioxidants are a heterogeneous family of
molecules, difficult to classify by common shared structur-
al properties. Moreover, other compounds should also be
considered that do not act directly as antioxidants, but just
indirectly either by modulation of direct agents or by regu-
lation of biosynthesis of antioxidants, promoting their syn-
thesis and/or availability. Several classifications have been
attempted in the past taking into account the origin (natural
or synthetic), nature (enzymatic or nonenzymatic), chemi-
cal-physical properties (hydrophilic or lipophilic), structure
(carotenoids, flavonoids, polyphenols, etc.), mechanisms
(interceptive, preventive, chain breaking, repairing and
adaptive etc; Fig.1). However, antioxidants can be broadly
classified as illustrated in Figure 2. In the present review,
we aim to highlight the physiological role of low molecular
weight antioxidants and their orchestration in the neutraliza-
tion of ROS/RNS.

— PREVENTIVE ANTIOXIDANTS

|, Non-radical decomposition of hydroperoxides
and hydrogen peroxide:
Catalase, Glutathione peroxidase,
Phospholipid hydroperoxide, Thioredoxin,
Glutathione-S-transferase.

—> Sequestration of metals by chelation:
Transferrin, Lactoferrin, Haptoglobin,
Hemopexin, Ceruloplasmin, Albumin

— Quenching of active oxygen:

ANTIOXIDANT Superoxide dismutase (SOD), Carotenoids,
DEFENSE —» Vitamin E
SYSTEM

— RADICALS SCAVENGING ANTIOXIDANTS
(Scavenge radicals to inhibit chain initiation and
break Chain propagation)

Lipophilic

Vitamin E, Ubiquinol, Carotenoids
Hydrophilic
Vitamin C, Uric acid, Bilirubin, Albumin

—»  REPAIR AND DE NOVO ENZYMES
(Repair the damage and reconstitute membranes)
Lipase, protease, DNA repair enzymes, Transferase

L—» ADAPTATION: Generation of appropriate
antioxidant enzymes and transfer them to appropriate
site at the right time and concentration.

Figure 1: Antioxidant Defense System.
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ANTIOXIDANTS

i —

NONENZYMATIC ENZYMATIC

DIRECT INDIRECT/ANCILLARY
SOD,

Catalse,
GSH-PX

GSH-S-Transferases,
UDP-Glucuronyl Transferases,
GSSG-Reductase,
NADPH-Quinone Oxidoreductase,
Glucose-6-phosphate dehydrogenase

POLYPEPTIDES METAL
Thioredoxins,
Glutaredoxins,
Sulfiredoxins

MINERALS
PROTEINS Zinc, Copper,
Alburin, Selenium,

Ceruloplasmi Mang

LIPOPHILIC
Vitamin-A, vitamin E,
Carotenoids,

@-3 and @-6 Fatty
acids

—'I| DIETARY/EXOGENOUS

HYDROPHILIC
LOwW Vitamin C,

MOLECULAR
WEIGHT
ANTIOXIDANTS

Polyphenols

LIPOPHILIC
Lipoic acid, Ubiquinonone,
Plasmalogen

— ENDOGENOUS [|—|

HYDROPHILIC
Uric acid, Glutathione,
Conjugated-bilirubin,
Melatonin, Amino acids
(Cys, Met, Arg, etc.)

Figure 2. Classification of Antioxidants
LOW-MOLECULAR WEIGHT ANTIOXIDANTS

There are several low molecular Weight antioxidants
(LMWA) that are particularly important in blood and other
biological fluids, where antioxidant enzymes are absent or
present only in small amounts. The small molecule antiox-
idants include lipid soluble and water soluble antioxidants.
The lipid soluble antioxidants are localized in the cellular
membranes and lipoproteins, whereas water-soluble antiox-
idants are present in aqueous fluids, such as blood and the
fluids within the cells and surrounding them. They can scav-
enge ROS before they cause damage to the various biologi-
cal molecules, or interrupt the chain reaction of lipid peroxi-
dation. In human tissues, cellular LMWAs are obtained from

various sources.*
VITAMINS
Vitamin A

Vitamin A is a group of nutritionally unsaturated hydrocar-
bons which include retinol, retinal, retinoic acid and sever-
al provitamin A carotenoids among which -carotene is the
most important.® Plant carotenoids are the primary dietary
source of provitamin-A worldwide, with B-carotene as the
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most well-known provitamin A carotenoid.In vertebrates,
B-carotene is converted into two molecules of retinal, in a
reaction catalyzed by PB,B-carotene-15,15’-monooxygenase
(BCMO I). Of the 50 different carotenoids that can be me-
tabolized into vitamin A, B-carotene has the highest provi-
tamin A activity. The formed retinal is further metabolized
to the vitamin A derivatives retinoic acid (RA) and retinol.®

The antioxidant action of carotenoids involves the ability
of these pigments to physically quench or inactivate 'O,. In
doing so, ground state oxygen and triplet state of carotenoid
is generated. The triplet state of carotenoid returns to ground
state by dissipating its energy through rotational and vibra-
tional interactions with the solvent system.” The efficacy of
carotenoids for physical quenching depends upon the num-
ber of conjugated bonds that determines their lowest triplet
energy state, presence of the functional groups in the mol-
ecule and the type of solvent used.® ® Carotenoids are also
shown toreact with other free radicals including chain-prop-
agating RO,'which are generated in the process of lipid per-
oxidation. The reaction with free radicals is shown to act by
three pathways: radical addition, electron transfer or hydro-
gen abstraction depending upon the physical property of the
carotenoids, type of reactive species and the environment
(polar or non-polar) employed to study this reactions.!'

Vitamin A presents both kinds of antioxidant activities: It is
able to scavenge ROS by a direct mechanism and also inhib-
its, by its oxidized metabolite retinoic acid, NO production
through inhibition of iNOS gene transcription in different
tissues.’ Additionally, the recent report by World Cancer
Research Fund (WCRF)!! concluded that foods containing
carotenoids probably protect against mouth, pharynx, lar-
ynx and lung cancer; while foods containing (3-carotene and
lycopeneprobably protect against oesophagus and prostate

cancer respectively.
Vitamin E/ a-Tocopherol

Vitamin E is a generic name foreight different isoforms with
biological activity, isolated from plantsources: a-, -, - y-
tocopherol and a-, B- 8- and vy- tocotrienol."? Vitamin E is
the primary lipophilic antioxidant,which may have an im-
portant role in scavenging of free oxygen radicals and stabi-
lizes the cell membranes.VitaminE is present in all cellular
membranes where it may be bound to the protein complexes
and may affect oxidative changes which occur in organ-
elles. It acts by at least two different mechanisms: directly
scavenges ROS and upregulates antioxidant enzymes such
as Glutathione peroxidase, Catalase from liver, Super oxide
dismutase, Glutathione-s-transferase, Glutathione reducatse
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and NAD(P)H: quinine reductase.” Moreover, it is known
that antioxidants such as vitamin E, coenzyme Q, ascorbic
acid, glutathione and selenium may act synergically, pre-

venting lipid peroxidation and cell destruction.'?

Vitamin C/Ascorbic acid

Ascorbate is the most important antioxidant present in the
hydrophilic compartments. Its activity is expressed through
a variety of mechanisms, which still await to be fully clar-
ified. In principle, it acts by scavenging ROS directly, and
among these species probably the most important are O,
and ONOO-." Secondly, it has been shown that ascorbate
can recycle a-tocopherol which in turn helps to prevent
lipid peroxidation.!® Without ascorbate, the a-tocopheroxyl
radical can assume a prooxidant role and continue or even
enhance the chain reaction of lipid peroxidation.'® Further,
ascorbate helps in transportation of drugs across the blood
brain barrier."” In these regard, it may act as a double target-
ing molecule, working both as a carrier and as antioxidant in

neurodegenerative diseases.

Ascorbate functions as an antioxidant by giving upto two
electrons. It can lose one electron to form the semidehy-
droascorbate, the ascorbyl radical, a relatively stable res-
onance-stabilized radical of low reactivity. The loss of a
second electron results in the formation of dehydroascobate.
Ascorbate and ascorbyl radical have low reduction poten-
tials putting these species on the lower end of the “pecking
order” and they can therefore react with stronger oxidizing
species such as ‘OH, O,", etc. Ascorbate plays an important
role with the lipophilic antioxidant vitamin E in protecting
the membranes from oxidative stress. Being soluble in the
aqueous phase it can regenerate vitamin E which is pres-
ent in the membrane. It can reduce the tocopheryl radical,
formed when vitamin E scavenges a lipid radical within
a membrane. The hydroxyl group of vitamin E has been
shown to be at the membrane-water interface, in close prox-
imity to the water soluble ascorbate. The tocopherol radical
formed from the lipid radical can then be recycled back to
tocopherol by ascorbate.'®

An important aspect of the antioxidant capability of ascor-
bate is to be recycled back to the reduced ascorbate. Gluta-
thione is important in the recycling of ascorbate by direct
chemical reduction and by glutathione dependent enzymes. "
Two of the ascorbyl free radicals formed can spontancously
dismutate, generating one molecule of ascorbic acid and one
molecule of dehydroascorbic acid.”” The latter can be effi-
ciently reduced to ascorbic acid by thioredoxin (Trx) or glu-
taredoxin (Grx). Glutaredoxins are oxidized by substrates,
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and reduced non-enzymatically by glutathione. In contrast
to Trx, which are reduced by thioredoxin reductase, no ox-
idoreductase exists that specifically reduces Grx. Instead,
Grx are reduced by the oxidation of glutathione. Oxidized
glutathione is then regenerated by glutathione reductase.!
Almost all forms of ROS oxidise methionine residues of
proteins to a mixture of the R- and S-isomers of methionine
sulfoxide. Because organisms contain methionine sulfoxide
reductases (MSRs), which catalyze the thioredoxin-depen-
dent reduction of sulfoxide back to methionine, the cyclic
oxidation/reduction of methionine residues might serve as
antioxidant systems to scavange ROS, and also to facilitate
the regulation of critical enzyme activities.?

ANTIOXIDANTS CONTAINING SULFYDRYL MOI-
ETY

Glutathione (GSH)

Glutathione, the most abundant tripeptide thiol (y-glutam-
yl-cysteinyl-glycine, GSH)isa major component of the
cellular antioxidant system, with the following characteris-
tics: 1) dietary GSH can be partly absorbed from the small
intestine and can be synthesized de novo, so that GSH is
an exogenous and endogenous antioxidant.ii) although glu-
tathione radical (GS”) formed from the oxidation of GSH
is a pro-oxidant radical, GS" can react with another GS’
to yield GSSG, which is then reduced to GSH by the NA-
DPH-dependent glutathione reductase; iii) GSH can react
with a variety of xenobiotics (electrophilic compounds) in
the catalytic reaction of glutathione-S-transferase; iv) GSH
effectively scavenges ROS (e.g., lipid peroxyl radical, per-
oxynitrite and H,0,) and directly and indirectly through en-
zymatic reactions; v) GSH can conjugate with NO, resulting
in the formation of a S-nitroso-glutathione adduct, which is
cleaved by the thioredoxin system to release GSH and NO*;
and vi) GSH interacts with glutaredoxin and thioredoxin
(thiol-proteins), which play important roles in the regulation
of cellular redox homeostasis.*

Glutathione also participates in redox signalling through the

removal of H,O,,

senger, and by reversing the formation of sulfenic acid, a

which has the properties of a second mes-

moiety formed by reaction of critical cysteine residues in
signalling proteins with H,O,. Moreover, the concentra-
tions of ascorbate and glutathione are greatly modified in
response to a variety of environmental triggers, particularly
those that cause increased oxidative stress. GSH, which has
one cysteine, and the small protein thioredoxin, which has
two cysteines in its active site, often have complementary, if
not overlapping roles in cytoprotection. The role of GSH as
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a substrate for Glutathione peroxidase, to yield GSSG, rep-
resents the predominant mechanism for reduction of H,O,
and lipid hydroperoxides. Therefore, although it does not
react directly with hydroperoxides, it works effectively as
an antioxidant. Another role for GSH in antioxidant defence
depends upon its ability to react with carbon radicals, act-
ing in a concerted manner with SOD to prevent oxidative
damage.’

Lipoic acid

a-Lipoic acid, which plays an essential role in mitochondrial
dehydrogenase reactions, has recently gained considerable
attention as an antioxidant. Lipoate, or its reduced form, di-
hydrolipoate, reacts with ROS such as O,”,OH, HOCI, RO,
and '0,,. It also protects membranes by interacting with vita-
min C and glutathione, which may in turn recycle vitamin E.
In addition to its antioxidant activities, dihydrolipoate may
exert prooxidant actions through reduction of iron. a-Lipo-
ic acid administration has been shown to be beneficial in a
number of oxidative stress models such as ischemia-reper-
fusion injury, diabetes (both a-lipoic acid and dihydrolipoic
acid exhibit hydrophobic binding to proteins such as albu-
min, which can prevent glycation reactions), cataract forma-
tion, HIV activation, neurodegeneration, and radiation in-
jury. Furthermore, lipoate can function as a redox regulator
of proteins such as myoglobin, prolactinand thioredoxin.?*

MINERALS
Copper

Copper attends to important catalytic functions in a number
of enzymes such as Cu, Zn-SOD, cytochrome oxidase, and
ceruloplasmin. In these enzymatic reactions, copper tightly
binds to proteins such that the redox activity of the result-
ing chelate formed is strictly regulated. Copper and zinc,
and manganese are indispensable metals for the activities of
Cu, Zn-SOD and Mn-SOD, respectively. Therefore, dietary
deficiencies of these minerals markedly decrease tissue Cu,
Zn-SOD and Mn-SOD activities and result in peroxidative
damage and mitochondrial dysfunctions.”

Zinc

Zinc is present in all organs, tissues, and fluids of the body.
Out of three types of SOD, Zinc is present in the SOD of
cytosol and extracellular space. Although the evidence for
the antioxidant properties of zinc is compelling, the mecha-
nisms are still unclear. In general, the mechanism of antioxi-
dation can be divided into acute and chronic effects. Chronic
effects involve exposure of an organism to zinc on a long

term basis, resulting in the production of other antioxidant
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molecules, such as the metallothioneins.Zn™ may induce
metallothionein synthesis, forming a zinc-thiolate moiety
that functions as a preffered sacrificial site for oxidant at-
tacks.?® 27 In these terms, zinc acts as a precursor (pro-an-
tioxidant). The acute effects regards either i) protection of
protein sulphydryls or ii) reduction of OH" formation from
H,0O, through the antagonism of redox-active transition met-
als, such as iron and copper.

Manganese

The redox-active metal, manganese plays a key role in cel-
lular adaptation to oxidative stress. Without the deleterious
side effects of Fenton chemistry, manganese can safely op-
erate as a cofactor for SOD and also provide oxidative stress
resistance through formation of nonproteinaceousmanga-

nese-based antioxidant.?®
Selenium

The antioxidant effects of selenium appear to be mediated
through the glutathione peroxidase that removes potential-
ly damaging lipid hydroperoxides and hydrogen peroxides.
Selenium has also been identified as an essential cofactor
for selenoprotein P and other selenoproteins. Thus, seleni-
um can act as an antioxidant in the extracellular space, the
cell cytosol, in association with cell membrane preserving
structuralintegrity.”

AMINO ACIDS AND PEPTIDES:
Amino acids

Sulfur containing amino acids like cysteine and methionine
have antioxidant effects. Cysteine is the limiting amino
acid for GSH synthesis. At low concentrations, the primary
mechanism of protection by thiol antioxidants is mediated
by their proglutathione property rather than direct scaveng-
ing of ROS. Methionine is an efficient scavenger of almost
all oxidizing molecules under physiological conditions,
such as H O, “'OH, ONOO-, and HOCI.*®

272
Histidine containing dipeptides

Carnosine and related dipeptides (anserine, homocarnosine)
are naturally occurring histidine containing compounds.
They are found in several tissues particularly in muscles.
Carnosine is a water soluble natural metabolite of animal
tissues. It has antioxidant properties due to its biological
functions of scavenging active ROS. It is a scavenger of OH
and O,” and a strong quencher of 'O,. Because of its water
solubility, carnosine provides cells with an antioxidant sys-
tem that functions in the cytosolic environment,where water

soluble oxidation mediators (such as transition metals and

- Page: 175

- Review Article | Lamichhane A, et al. Low molecular weight antioxidants

oxygen radicals) are often present in high concentrations.?!
Melatonin

N-Acetyl-5-methoxytryptamine, commonly known as mel-
atonin, is a product of the vertebrate pineal gland as well
as of other select organs. It was initially found to function
as a mediator of circannual reproductive rhythms as well
as of circadian cycles. Subsequently, however, melatonin
was shown to have significantly broader actions including
oncostatic effects, immune system stimulation and anti-in-
flammatory functions. Even more recently, and somewhat
unexpectedly, melatonin was identified as a powerful direct

free radical scavenger and indirect antioxidant.*

Melatonin is a powerful free radical scavenger and a broad
spectrum antioxidant. Because of its small size and highly
lipophilic properties, melatonin crosses all bio membranes
and easily reaches subcellular compartments, including mi-
tochondria and nuclei. Melatonin prevents lipid peroxida-
tion, protein, and DNA damage. In particular, melatonin has
been found to preserve optimal mitochondrial function and
homeostasis by reducing and preventing mitochondrial oxi-
dative stress, thereby curtailing subsequent apoptotic events
and cell death. The ability of melatonin to scavenge the "OH
is much higher than other antioxidants including mannitol,
glutathione and vitamin E. Melatonin can also scavenge
0,", ‘OH, '0,, H,0,, HOCI, NO*, and ONOO'. Not only is
melatonin itself a direct free radical scavenger, but metab-
olites that are formed during these interactions (i.e., cyclic
3-hydroxymelatonin, N1-acetyl-N2-formyl-5-methoxyky-
nuramine, and N1-acetyl-5 methoxykynuramine), are like-
wise excellent scavengers of toxic reactants. Furthermore,
melatonin plays an important role in activating antioxidant
defenses such as SOD, catalase, glutathione reductase and
glucose-6-phosphate dehydrogenase.*

Polyamines

The naturally occurring polyamines, spermine, spermidine
and the diamine putrescine are widespread in nature. They
have been implicated in growth and differentiation process-
es. Polyamines also have been reported as antioxidant (free
radical scavengers).’* %

METABOLIC WASTE PRODUCTS
Uric acid

Uric acid is produced from hypoxanthine and xanthine by
xanthine oxidase (XO) and xanthine dehydrogenase (XDH)
enzymes.*® Xanthine dehydrogenase belongs to the group

of molybdenum containing hydroxylases involved in the
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oxidative metabolism of purines. The enzyme is a homodi-
mer. Xanthine dehydrogenase can be converted to xanthine
oxidase by reversible sulfhydryl oxidation or by irreversible
proteolytic modification. At physiological pH, it is present
as urate ion since pKa of uric acid is around 5.4. Ames et
al.’” suggested that urate is a powerful scavenger of ROS
in vitro, proposing that it functions as a biological antioxi-
dant. Uric acid is one of the most important antioxidants in
plasma. Urate reacts with "OH, RO,’, 'O,, H,0,, O,, NO,,
ONOO- and oxo-heme oxidants produced by peroxide reac-
tion with haemoglobin.?” 3 It also binds metal ions like Cu
and Fe making them poorly reactive in catalysing free-rad-
ical reactions. 3 % These reactions generate urate radical
and the unpaired electron is localised over the purine ring,
giving a resonance stabilized radical that does not react with

oxygen to form RO,» .

It has been reported that uric acid may also prevent degra-
dation of type 3 SOD (SOD,), an enzyme critical in main-
taining endothelial and vascular function. The removal of
0,” by SOD, prevents the reaction and inactivation by O, of
the important endothelial vasodilator, NO. SOD,, by remov-
ing superoxide, therefore helps to maintain NO level and
hence endothelial function. Normally, SOD, is inactivated
in the presence of H,O,,
of the enzyme. However, uric acid blocks SOD inactivation

suggesting a feedback inactivation

by H,0,, by regenerating SOD, with the production of urate
radical. This latter radical, although potentially pro-oxidant,
has been found to be markedly less reactive than classic ox-
idants and can be rapidly regenerated back to urate in the
presence of ascorbate.*!

Bilirubin

In 2002, an attractive concept was put forward by Snyder
and colleagues consisting of the biliverdin reductase (BVR)
mediated reduction of biliverdin (BV) to bilirubin (BR) and
subsequent oxidation of BR by hydrogen peroxide back to
BV forming a catalytic antioxidant cycle that is driven by
NADPH, the reducing cofactor of BVR (Fig 3) Baranano et
al., 2002*; Greenberg, 2002 **; Sedlak and Snyder, 2004.*
Especially lipophilic ROS such as lipid hydroperoxides and
peroxyl radicals were described to feed this antioxidant cy-
cle and later, synergistic effects of glutathione have been
described (Sedlak et al., 2009) .* Many researchers favour
an important role of biliverdin reductase for antioxidant and

cytoprotective effects of the heme oxygenase system.*->!
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Fe™
H,0
NADPH NADP*
0 co K j
NADPH NADP*

H j\ f BR \Q
Heme = Biliverdin Bilirubin
X J

Lipophilic
ROS
BR: Biliverdin Reductase. eg ROO'

Figure 3: Role of Biliverdin Reductase and Bilirubin as

Free Radical Scavengers.
OTHERS
Coenzyme Q

Coenzyme Q or ubiquinone is a biological compound that
is widely distributed in plants, animals and in most micro-
organisms. It is a lipophilic molecule present in all tissues
and cells and associated with biomembranes. It is composed
of a redox active benzoquinone ring conjugated to an iso-
prenoid chain. The length of the chain differs amongspe-
cies; in humans, ubiquinone contains predominantly 10 iso-
prenyl units and is designatedCoQ,,.** This compound acts
both as an electron carrier and proton translocator. Due to
its lipophilicity, ubiquinone interacts with dehydrogenases
and shuttles a pair of two single electrons to cytochromes
by diffusion.* Coenzyme Q is known to play an important
role as a mobile redox proton carrier in the energy trans-
ducing membranes.Besides, coenzyme Qacts as a carrier of
electrons from respiratory complexes I and II to complex
111, and generation of O, by autoxidation of ubisemiqui-
none. The reduced form of coenzyme Q, ubiquinol, has been
shown to act as an antioxidant against free radical mediated
oxidations in membranes and lipoproteins.> 3

Current evidence suggests that ubiquinol and a-tocopherol
act in concert to scavenge radicals during autoxidation of
mitochondrial membranes. a-Tocopherol seems to act as a
direct scavenger forming tocopheroxyl radical, whereas ubi-
quinol reacts with tocopheroxyl radical to regenerate o-to-
copherol.**

Plasmalogens

Plasmalogens are phospholipids containing vinyl ether link-
age at the sn-1 position of the glycerophospholipid back-
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bone. They are physiological antioxidants with the vinyl
ether functionality serving as sacrificial trap for free radicals
and singlet oxygen. The quenching of 'O, by plasmalogens
is mostly reactive in nature and results from its preferential
interaction with the vinyl ether bond. Broniec et al. suggest-
ed that plasmalogens could protect unsaturated membrane
lipids against oxidation induced by singlet oxygen, and that
the oxidation products are not excessively cytotoxic.>®

ORCHESTRATION OF LMWA

The interaction between different LMWA is a complex pro-
cesses, with various metabolites and enzymes system having
synergistic and interdependent effects on one another. The
amount of protection provided by any antioxidant therefore
depends on its standard redox potentials (EO; V), concentra-
tion, the reactivity towards particular ROS/ RNS, and the
status of antioxidants with which it may interact (Table 1).
Higher the negative standard redox potential of a LMWA,
more is the reducing capacity. Glutathione with its highest
negative redox potential renders it an important antioxidant
and a convenient cofactor for enzymatic reactions that re-
quire readily available electron pairs, the so-called “reduc-

ing equivalents”.

Table 1: Comparative standard redox potential of some
LMWA which participate in the formation of antioxi-
dant network.

Low Molecular Weight Antioxidants (LMWA)

Em Reduced Oxidized
-0.330 GSH (Glutathione) GSSG
-0.320 Dihydrolipoic acid Lipoic acid
-0.220 Ubiquinone Ubisemiquinone
-0.038 Ubiquinone Ubiquinol
0.190 Ubisemiquinone Ubiquinol
0.282 Ascorbate Ascorbyl
0.480 Tocopherol Tocopheroxyl

Previously, scientists believed that each antioxidant works
separately, independently of others. However, Packer and
Colman®’ showed that there is a dynamic connection among
certain key antioxidants. The expression “antioxidant or-
chestration”clearly demonstrates that antioxidants do not
act alone but are linked together into a net. The interaction
of various LMWA, e.g. DHLA, GSH, ubiquinone, ascorbate
and o-tocopherol has already been established based on the
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concept of mode of action of the antioxidant(Fig 4).

vit-C

NADPH+H'
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. REL ROH. ROOH
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ROO* |
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'\-"n-Ed/ D Vi Vit.C' }—<
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GSH: Glutathione; GR: Glutathione Reductase; TRX: Thioredoxin; GRX: Glutaredomin:

TRI-R: Thioredoxin Reductase; ATLA" a-Tipoic acid: DHLA: Dilydrolipoic acid
B Alleyl Radical; RO": Alkonyl radical: ROO™: Perowyl radical

Figure 4: Orchestration of Low Molecular Weight Antiox-

idants
CONCLUSIONS AND FUTURE PERSPECTIVES

The ROS/ RNS are involved in a variety of biologic phe-
nomena. In lowamounts, they modify and fine-tune intra-
cellular signalling, and their potentially adverse effects are
prevented by the various cellular antioxidant systems. Ox-
idative stress is the result when the ROS/RNS are present
in higheramounts due to their excessive production and/or
the inadequate antioxidant systems and failure to repair ox-
idative damage. Oxidative stress is involved in damage of
macromolecules such as polyunsaturated fatty acids (PUFA)
in membrane phospholipids and plasma lipoproteins, essen-
tial proteins and nucleic acids. Additionally, ROS/RNS in-
duced oxidative stress has been implicatedwith age related
diseases such as atherosclerosis and cardiovascular diseases,
neurodegenerative diseases, cancers, skin diseases, compli-
cations in diabetes mellitus etc.

Most of the LMWA act as “double edged swords” as they
are beneficial within their limited range and act as pro-ox-
idants that boost up further oxidant production following
excess intake.Antioxidants have become very well recog-
nized nutraceutical ingredients of the diet. Intake of LM WA
rich diet or supplements may help in the prevention of var-
ious diseases and complications as discussed. The regular
screening of antioxidant levels should be done to know the

deficient or the excess status. The therapeutic use of anti-
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oxidants might involve naturally occurring molecules (with

or without structural adaptation) or completely synthetic

products. One possible limitation of antioxidant therapy is

that cell death will already have occurred by the time overt

symptomatology of disease becomes evident. Therefore, it

is important to start the therapies directed against oxidative

stress at an early stage in the disease process.
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