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The Antioxidant Phytochemicals of Nutraceutical Importance
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Abstract: Over production of free radicals result in oxidative stress that deregulates the cellular and metabolic functions.
Phytochemicals with antioxidant property are of great interest due to their beneficial effects on human health as they offer
protection against metabolic dysfunction, gastro-duodenal pathogenesis, premature aging, inflammation, rheumatoid ar-
thritis, atherosclerosis, cancer, neuro-degenerative and cardiovascular diseases. Carotenoids, tocopherols, ascorbates,
lipoic acids, polyphenols and enzymes like super oxide dismutase, catalase, glutathione peroxidase, glutathione reductase
are strong natural antioxidants with free radical scavenging activity. Fruits, vegetables, cereals, legumes and beverages are
the main sources of polyphenols. Flavonoids possess ideal structural characteristics, which are responsible for their phar-
macological properties and are also powerful metal chelators. The future of dietary antioxidants hold a great promise to
ensure a better disease free lifestyle for the mankind by scavenging free radicals and consequently preventing mutagenic

changes and associated disorders.
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INTRODUCTION

Oxygen is essential for survival and about 5% of its in-
haled part is converted to reactive oxygen species (ROS)
such as [O,7], H,0, and ['OH] by univalent reduction. They
are also produced on exposure to sunlight, X-rays, ozone,
tobacco smoke, automobile exhaust, environmental pollut-
ants and by several other physiological processes. Presence
of unpaired electron in their outer orbit makes them highly
reactive to damage nucleic acids, proteins, lipids and carbo-
hydrates that consequently affect the immune functions caus-
ing degenerative diseases [1-3]. ROS are formed by four-
electron reduction of oxygen in respiratory chain followed
by a partial reduction from 1 to 3 to generate super oxide
anion [O;7] that can be protonated at low pH to H,O, [OH]
and H,0 [4, 5]. This process can be represented as:

0, ——0;——H,0, ——0H——H,0.

Generation of [O,] is also possible through Xanthine
oxidase (EC 1.1.3.22), a molybdenum containing enzyme by
activation of oxygen molecule. In addition to this, superox-
ides are also produced during mitochondrial respiration, by
NADPH oxidase, cytochrome P-450, cyclooxygenase and
lipoxygenase [6]. When production of free radicals exceeds
the body's antioxidant defense system, it results in oxidative
stress (OS). It is imposed on cells due to increase in oxidant
generation, decrease in antioxidant protection and failure
in repair of oxidative damage. Exposure to pathogens, inap-
propriate lifestyle, excessive exercise and byproducts of
normal metabolism are also contributing factors to OS [7, 8].
OS deregulates the cellular functions leading to neuro-
degenerative diseases, gastro-duodenal pathogenesis, cancer,
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cataracts, premature aging, inflammation, cardiovascular and
metabolic dysfunction [1, 9].

Antioxidants are known to defuse free radicals leading to
limited risk of OS and associated disorders. At cellular and
molecular levels they inactivate ROS and under specific low
concentration inhibit or delay oxidative processes by inter-
rupting the radical chain reaction of lipid peroxidation [10,
11]. Phytochemicals with antioxidant capacity naturally pre-
sent in food are of great interest due to their beneficial ef-
fects on human health as they offer protection against oxida-
tive deterioration [12]. Epidemiological and animal studies
suggest that the regular consumption of fruits, vegetables
and whole grains, reduces the risk of chronic diseases asso-
ciated with oxidative damage [9, 13]. Carotenoids, toco-
pherols, ascorbates, lipoic acids and polyphenols are strong
natural antioxidants with free radical scavenging activity.
Endogenous antioxidant enzymes like super oxide dismutase
(SOD), catalase, glutathione peroxidase, glutathione reduc-
tase, minerals like Se, Mn, Cu, Zn, vitamins A, C and E,
carotenoids, limonoids and polyphenols exert synergistic
actions in scavenging free radicals. Synthetic antioxidants
(Fig. 1) such as butylated hydroxy anisole (BHA) and buty-
lated hydroxy toulene (BHT) play a useful role in food and
pharmaceutical industries [14, 15]. The natural antioxidant
system is mainly classified into two categories namely in-
vitro and in-vivo antioxidants. On the basis of function they
can be further divided into following four categories:

Hy H; HO  Hj Hy H HC Hy
Hs Hs CH;

H3 Me
11 1.2

Fig. (1). Synthetic Antioxidants. 1.1. Butylated hydroxyl toluene
(BHT). 1.2. Butylated hydroxyl anisole (BHA).
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First line of defense comprises of preventive antioxi-
dants such as glutathione peroxidase, glutathione reductase,
SOD, catalase, selenoprotein, transferrin, ferritin, lactoferrin
and non-enzymatic proteins etc., which suppress the forma-
tion of free radicals. They act by quenching of [O,]™, de-
composition of H,0O, and sequestrations of metal-ions.

Second line of defense include the radical scavenging
antioxidants mainly glutathione (GSH) and antioxidant phy-
tochemicals. They act as free radical scavengers by suppress-
ing chain initiation or breaking chain propagation.

Third line of defense are complex group of enzymes
required for the repair of damaged proteins, DNA, oxidized
lipids and these enzymes can stop chain propagation of per-
oxyl lipid radicals.

Fourth line of defense is an adaptation where signal for
the production and reactions of free radicals and transport of
the appropriate antioxidant to the right site at the tail end of
disease where immunology plays an important role [14, 16].

Present review was with the objective to examine the
available evidences for the involvement of natural antioxi-
dants including carotenoids, tocopherols, ascorbates, lipoic
acids and polyphenols in the maintenance of “redox homeo-
stasis” in the redox regulation of normal physiological func-
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tions as well as pathogenesis of various diseases, including
cancer, diabetes mellitus, inflammatory diseases, neurode-
generative disorders and ageing. The discussion was devoted
to the various protective effects that may be provided by the
antioxidants against the deleterious action of free radicals
that play an important role in human health.

1. Carotenoids

Terpenes are the largest class of phytochemicals with
carotenoids and limonoids being its two major subclasses.
There are more than 700 naturally occurring carotenoids that
act as biological antioxidants and protect cells and tissues
from the damaging effects of free radicals. Carrots, toma-
toes, parsleys, orange and green leafy vegetables like ama-
ranth, chenopods, mustard, fenugreek, spinach, cabbage,
radish and turnip are the rich sources of carotenoids (Fig. 2).
They have been classified into two major groups on the basis
of their structure- carotenes (B-carotene, lycopene) contain-
ing only carbon and hydrogen that may be cyclic or linear
and oxycarotenoids (xanthophylls, lutein) containing carbon,
hydrogen and oxygen in the form of hydroxy, epoxy or oxy
groups [17, 18]. In carotenoids, the polyene chain contains
up to 15 conjugated double bonds, which are responsible for
their characteristic absorption spectra and specific photo-
chemical properties. They are found in linear or all trans

2.6

Fig. (2). Carotenoids. 2.1. a-Carotene. 2.2. Lutein (Xanthophyll). 2.3. g-Carotene. 2.4. Zeaxanthin. 2.5. Lycopene. 2.6. Astaxanthin.
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configuration and exposure to light or heat facilitates the
trans to cis isomerisation of one or more double bonds [19,
20].

Among the carotenes, only alpha, beta and epsilon caro-
tenes possess vitamin A activity and out of them B-carotene
is the most active. Natural B-carotene is the precursor of vi-
tamin A and has preventive action against eye diseases and
cancer. Carotenes enhance immune response and protect skin
cells against UV radiations. They help to lower the risk of
cardiovascular diseases, age related vision disorders, asthma
and reduce inflammation [5, 9]. Lycopene gives tomatoes
their red color and is particularly effective at quenching the
destructive singlet oxygen. Along with carotene and lutein, it
provides protection against lung, breast, uterus and prostate
cancers. Green leafy vegetables and corn are best source of
xanthophylls like lutein and zeaxanthin that are believed to
function as protective antioxidants for the retinal part of hu-
man eye. Astaxanthin, a xanthophyll found in salmon,
shrimp and other sea foods with potent antioxidant properties
[17, 21, 22]. Limonoids, the second major subclass of terpe-
noids, are the biologically active phytochemicals present in
citrus which act as antioxidant and protect lung tissues from
free oxygen radicals. In vitro studies show that limonin,
nomilin and limonoid glycosides have significant ability to
inhibit proliferation of human breast cancer [23, 24].

Moreover, foods containing provitamin A carotenoids are
the primary source of vitamin A in many countries, despite
the poor bioavailability of carotenoids. In addition, epidemi-
ologic studies suggest that dietary intake of carotenoids in-
fluences the risk for certain types of cancer, cardiovascular
disease and other chronic diseases. Although it would be
ideal to use humans directly to answer critical questions re-
garding carotenoids absorption, metabolism and effects on
disease progression, appropriate animal models offer many
advantages. Each potential model has strengths and weak-
nesses [5, 9, 25]. Like humans, gerbils, ferrets and prerumi-
nant calves all absorb B-carotene (bC) intact, but only gerbils
and calves convert bC to vitamin A with efficiency similar to
that of humans. Mice and rats efficiently convert bC to vita-
min A but absorb carotenoids intact only when they are pro-
vided in the diet at supra physiologic levels. Mice, rats and
ferrets can be used to study cancer, whereas primates and
gerbils are probably more appropriate for studies on bio-
markers of heart disease [25].

Epidemiologic studies indicate that an increased intake of
fruits and vegetables that contain carotenoids is associated
with a decreased risk of many types of cancer including
lung, breast and those affecting the gastrointestinal tract
[26-28], a decreased risk of cardiovascular disease [29], less
incidences of age-related macular degeneration and reduc-
tion in xeropthalmia in areas with low preformed vitamin A
(VA) intake [25, 30]. Consumption of certain fruits and
vegetables has also been associated with a decreased risk
of prostate cancer, and B-carotene (bC) supplementation has
been shown to enhance natural killer cell activity in elderly
humen [31-33]. In contrast, it has been reported that
supplementation of bC either with or without VA to high risk
populations that may increase the risk of lung cancer. These
epidemiologic associations between carotenoids intake and
risk of disease should be addressed to determine whether the
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carotenoids themselves are protective, or if carotenoids are
markers for other protective factors in foods [33].

Many clinical studies indicate a protective effect. Inhibi-
tory effects were reported in some studies using aberrant
crypt foci, an intermediate lesion leading to colon cancer, as
an end point and in mammary tumor studies, one using the
dimethylbenz(a)anthracene model, and the other the sponta-
neous mouse model. Inhibitory effects were also reported in
mouse lung and rat hepatocarcinoma and bladder cancer
models. However, another report found no effect in the N-
nitrosomethylurea-induced mammary tumor model when
crystalline lycopene or a lycopene rich tomato carotenoids
oleoresin was administered in the diet. This might be be-
cause of differences in routes of administration (gavage, in-
traperitoneal injection, intra-rectal instillation, drinking wa-
ter, and diet supplementation), species and strain differences,
form of lycopene (pure crystalline, beadlet, mixed caro-
tenoids suspension), varying diets (grain-based, casein
based) and dose ranges (0.5-500 ppm) [33, 34]. Some other
retrospective and prospective epidemiological studies indi-
cate that tomato consumption [31, 35], lycopene intake [36,
37], and serum lycopene [38-40] levels are associated with
decreased risk of cancers, most notably prostate and lung
cancer. These epidemiological leads have stimulated a num-
ber of animal model and cell culture studies designed to test
this hypothesis and to establish its biological plausibility. In
addition, positive results have been reported in rat aberrant
colon crypt formation and the rat hepatic preneoplasia model
[41-44]. However, with regard to mammary tumorigenesis,
results have proven ambiguous. Supplementing a semi puri-
fied diet with extremely low levels 5 x 10-5% (0.5 ppm) of
pure lycopene, showed significant inhibition of spontaneous
mammary tumor development [45]. Using the dimethylbenz
(a) anthracene (DMBA) model, Sharoni et al. [46] reported
that intraperitoneal (ip) injections (10 mg/kg bw, twice per
week) of a tomato carotenoid mixture 2 weeks before
DMBA administration to termination resulted in the inhibi-
tion of tumor multiplicity but had no effect on tumor inci-
dence, volume, or latency. Cohen et al. [41, 47] using the N-
nitrosomethylurea (NMU) model, reported no inhibitory
effect on any parameter of tumor growth when a lycopene
rich tomato carotenoids oleoresin (TCO) or pure lycopene
fed in the diet to rats 250 and 500 ppm (mg/kg) throughout
the experimental period. The discrepancies could be due to
different routes of administration (ip injection, versus diet)
and/or differences in carcinogens used (host-activated
DMBA versus direct-acting NMU), and strain differences
(outbred Sprague- Dawley [SD] versus inbred F-344). It is of
interest that these results in the rat model were supported by
two prospective human studies [48, 49], which showed no
association between intake of fruits and vegetables and
breast cancer risk.

2. Vitamin E (Tocopherols and Tocotrie-nols)

Vitamin E refers to a family of eight molecules having a
chromanol ring (chroman ring with an alcoholic hydroxyl
group) and a 12-carbon aliphatic side chain containing two
methyl groups in the middle and two more methyl groups at
the end. Tocopherols and tocotrienols are non-polar constitu-
ents of biological membranes that exist in nature in lipid
phase. Tocopherols consist of a chromane ring and a long
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saturated phytyl chain. Tocopherols commonly known as
tocols are 2-methyl-2-(4', 8', 12'- trimethyl tridecyl) chroman
- 6-0ls. When 3 double bonds are present at positions 3', 7'
and 11' of the side chain in tocols they are called to-
cotrienols. The a-, B-, y- and Q- tocols and tocotrienols differ
in the number and position of methyl groups attached to the
5, 7 and 8 position of the ring structure (Fig. 3). a -tocopherol
is the most abundant form, with high vitamin E activity and
singlet oxygen quenching ability than other forms of toco-
pherols but is less effective in scavenging superoxide anion
generated by xanthine oxidase [18, 33, 50]. y -tocopherols
can reduce the concentration of nitrogen dioxide most effec-
tively that is involved in carcinogenesis, arthritis and neu-
rologic diseases. Efficiency of scavenging hydroxyl, alkoxyl
and peroxyl radicals by a- tocopherol is approximately 10,
10%, and 10° (MV/s) respectively [19, 51]. Antioxidant mecha-
nisms of tocopherols mainly involve the transfer of hydrogen
at 6- hydroxyl group of a chromane ring, scavenging of free
radicals and regeneration in the presence of ascorbic acid.
Their phytyl chain adjusts itself in membrane bilayer while
active chromane ring is closely positioned to the surface.
This unique structure enables them to act as effective anti-
oxidants and to be regenerated through reaction with other
antioxidants [33, 52, 53].

The first dietary role discovered for tocopherol was as an
essential nutrient for normal development of an animal foe-
tus, hence, the name tos (Greek: childbirth), phero (Greek: to
bring forth) and ol (alcohol). Tocopherol fertility restoration
assays provided a basis for quantification, so-called "Interna-
tional Units" (1Us). The acetate of [dI]-alpha-tocopherol was
arbitrarily assigned the value of one IU per milligram (mg).

Ry

Ry
3.1 CHj;3
3.2 CHj;3
3.3 H
34 H
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The acetate and succinate derivatives are more stable, and
hence more suited for storage and for use in supplements.
Natural alpha tocopherol (RRR-alpha-tocopherol) had an
activity of 1.491U permg, whereas sglnthetic alpha-
tocopherol (a racemic mixture of all 8 =2° stereoisomers)
had an activity of one IU per mg. Beta, gamma and delta
tocopherols had activities of 0.60 U, 0.30 IU and 0.015 IU
per mg, respectively. For alpha-tocopherol, the asymmetric
carbon at the 2-position of the chromanol ring is the major
(perhaps the only) determinant of the difference in biological
activity [51-53].

Tocotrienols mainly found in palm oil, cereal grains and
kale are also potential antioxidant and their mechanism of
action is similar to tocopherols. They are associated with the
reduced risk of cancer, Alzheimer’s and cardiovascular dis-
eases, cholesterol lowering ability and inhibited LDL oxida-
tion [8, 33, 52]. a -tocotrienol is preferentially absorbed as
compared to its 8- and y- form. Even though tocotrienols
have a higher radical scavenging activity than tocopherols
but they are less bio-available as compared to the latter [25,
28]. Moreover, there are many biological functions of toco-
pherols, and the different forms do not have the same rela-
tive activities for each function. In the cancer prevention
effect of Vitamin E studies it was stated that gamma-
tocopherol was found most potent form for preventing breast
cancer [49-53].

The biological activity of Vitamin E which attracts the
most interest is the prevention of lipid peroxidation. Alpha-
tocopherol is the most active tocopherol against peroxyl
radicals (LOO") and delta-tocopherol is the least active (al-
pha>beta>gamma>delta). The anti-oxidant activity of Vita-

CHs

CHj3

Ry Rs

CH;  CHs
H CHs
CH;  CHs
H CHs

35 CH;3
3.6 CHj;3
3.7 H
3.8 H

CH;  CHs
H CHs
CH;  CHs
H CHs

Fig. (3). Tocopherols and Tocotrienols. 3.1. a-Tocopherol. 3.2. B-Tocopherol. 3.3. y-Tocopherol. 3.4. 3-Tocopherol. 3.5. a-Tocotrienol.

3.6. B-Tocotrienol. 3.7. y-Tocotrienol. 3.8. 3-Tocotrienol.



24 The Open Nutraceuticals Journal, 2009, Volume 2

min E is based on the ease with which the hydrogen on the
hydroxyl group of the chroman ring can be donated to neu-
tralize a free radical (creating a more stabile tocopheroxyl
radical). As with phospholipids, the polar chroman ring tends
to stay near the edges of the membrane, whereas the hydro-
phobic core will be buried deep into the membrane. When a
phospholipid tail becomes peroxidized by a free radical, the
tail becomes more polar and migrates to the surfaces where it
can meet the tocopherol chroman ring to be neutralized,
while forming a tocopheroxyl radical. The tocopheroxyl
radical can be reduced (restored) to tocopherol directly by
ubiquinol or vitamin C and then by glutathione or lipoic acid
(via Vitamin C), which are in turn reduced by NADH or
NADPH. As an anti-oxidant which protects the membranes
of cells and mitochondria, vitamin E would be expected to
boost the immune system and to protect against cancer [18,
53, 54]. The main rationale for the use of vitamin E to pre-
vent atherosclerosis and coronary heart disease is based on
the idea that a-tocopherol prevents oxidation of LDL choles-
terol. Better results were seen in a clinical trial that combined
vitamin E with vitamin C presumably because the vitamin C
provided a means to neutralize the tocopheroxyl radicals [18,
49-54].

3. Ascorbic Acid

Ascorbic acid (vitamin C) consists of a 6-carbon lactone
ring with 2, 3-enediol moiety and shows antioxidant activity
due to enediol group. It is a leading natural antioxidant that
can scavenge ROS and has anticarcinogenic effects [55, 56].
It first changes to semi-dehydroascorbic acid by donating
one hydrogen and an electron, followed by conversion into
L-dehydroascorbic acid by donating a second hydrogen atom
and electron (Fig. 4). Both L-ascorbic acid and L-dehydro
ascorbic acid retain the vitamin C activity [19]. The antioxi-
dant mechanism of ascorbic acid is based on hydrogen atom
donation to lipid radicals, quenching of singlet oxygen and
removal of molecular oxygen. Scavenging aqueous radicals
and regenerating a-tocopherol from the tocopheroxyl radical
are also one of its well-known antioxidant properties. It is
an excellent electron donor because of low standard one
electron reduction potential, which makes generation of
relatively stable semi-dehydro ascorbic acid possible and its
easy conversion from dehydroascorbic acid to ascorbic acid
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[57, 58]. It can donate a hydrogen atom to a tocopheroxyl
radical at the rate of 2x 10° M/s. Synthetic antioxidants were
found less effective than ascorbic acid [55, 57]. Oxidation of
ascorbic acid is highly influenced by heat, light, water, JJH,
oxygen concentration and metal ions like Cu* and Fe*. It
may be related to the prevention of some forms of cancer
and heart diseases. Ascorbic acid and tocopherol supplemen-
tation can substantially reduce oxidative damage. Their ef-
fects are greater in non-smokers than in smokers. Smoking
induces oxidative stress from numerous free radical com-
pounds in the gaseous phase and the radicals formed from
ascorbic acid act as pro-oxidant in smokers [8, 18, 59].
Moreover, ascorbate acts and an antioxidant by being itself
available for energetically favourable oxidation. Oxidants
(scientifically referred to as reactive oxygen species) and
including hydroxyl ions, and hydrogen peroxide, contain an
extra electron and thus are highly reactive and damaging to
humans and plants at the molecular level. This is due to their
interaction with nucleic acid, proteins and lipids. Reactive
oxygen species can 'donate’ their extra electron to ascorbate,
which becomes monodehydroascorbate and soon gains an-
other electron to become dehydroascorbate. The reactive
oxygen species are reduced to water while the oxidized
forms of ascorbate are relatively stable and unreactive, and
do not causes cellular damage [59, 60].

In addition, ascorbic acid and glutathione (GSH) are
important determinants of the intracellular redox state, and
both are known to accelerate the decomposition of S-
nitrosoglutathione (GSNO), an endogenous adduct of nitric
oxide (NO). The implications of these observations for
GSNO bioactivity are not yet clear. The effect of ascorbic
acid and GSH on GSNO bioactivity by using a bioassay with
isolated segments of guinea pig aorta suspended in organ
chambers, demonstrated arterial segments relaxation to
GSNO (0.1 mmol/L) that was significantly enhanced by 300
mmol/L ascorbic acid (7166% versus 5366%, P,0.05) but not
GSH. Both ascorbic acid and GSH significantly shortened
the duration of arterial relaxation in response to 0.1 mmol/L
GSNO, consistent with accelerated decomposition of GSNO.
The effect of ascorbic acid was abrogated by the copper(l)-
specific agent bathocuproine but not deferoxamine, indicat-
ing a dependence on the availability of redox-active copper.
Consistent with this notion, the action of ascorbic acid on
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Fig. (4). Sequential 1-electron reduction of L-ascorbic acid. 4.1. Ascorbic acid. 4.2. Semi-dehydroascorbic acid. 4.3. Semi-

dehydroascorbate radical. 4.4. Dehydroascorbic acid.
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GSNO bioactivity was also supported by copper-zinc super-
oxide dismutase, a physiologically relevant source of copper.
In contrast, the effect of GSH on GSNO degradation and
GSNO-mediated arterial relaxation was independent of tran-
sition metal ions. These data indicate that both ascorbic acid
and GSH modulate GSNO bioactivity and suggest a distinc-
tion between the mechanism of GSNO degradation by ascor-
bic acid or GSH. Whereas both ascorbic acid and GSH ac-
celerate the degradation of GSNO, only ascorbic acid is de-
pendent on the presence of transition metal ions [59, 60].

4. Lipoic Acids

Some sulphur containing compounds like glutathione
(GSH), lipoic acid (1, 2- dithilane-3-pentanoic acid) and di-
hydrolipoic acid (Fig. 5) present in meat, liver and heart
show antioxidant activities. They prevent oxidative damage
of proteins; regenerate GSH in liver, kidney and lung tissues.
There are evidences to show that they reduce diabetic related
complication and thus play an important role in reduction of
blood glucose concentration. Lipoic acid improves mito-
chondrial membrane potential, age related memory loss and
brain ailments, including Alzheimer’s and Parkinson’s dis-
ease [19, 61]. Racemic lipoic acid has been widely used in
the treatment of cirrohosis, mushroom poisoning and in case
of metal intoxication. Both oxidized (3-hydroxylipoic acid,
3-ketolipoic acid and bisnorlipoic acid) and reduced (dihy-
drolipoic acid) forms of lipoic acid (Fig. 5) act as antioxi-
dants and have abilities for radical scavenging and metal
chelation [61, 62].

Lipoic acid occurs in three different forms: R-lipoic acid
(R (+) enantiomer) is the only naturally-occurring form
found in nature from the simplest organisms up to the
humans. Life does not exist without it, and it is found in
every cell of the body. S-Lipoic acid (S (-) enantiomer) is a
by-product from chemical synthesis and may interfere with
some the beneficial properties of the R-form, especially in
interactions with proteins and enzymes. Alpha-lipoic acid
consists of 50/50 racemic mixture of the R and S
enantiomers and is the commonly commercially available
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form of lipoic acid. The antioxidant property of reduced
form is due to the presence of two SH-moieties, which form
1, 2-thiolane groups on oxidation. The lone pair repulsion in
the 1, 2-dithiolane moiety of oxidized lipoic acid becomes
less by reduction of the electron density in the ring system.
The relative stability of the radical cation and the sulphoxide
of lipoic acid are considerably increased and this explains the
antioxidant activity of oxidized lipoic acid. Interaction of
these forms with other antioxidants causes effective meta-
bolic regeneration and gene regulation [52, 60-62]. R-Lipoic
Acid (RLA) of it is recognized by the body due to the
structure and design of the binding sites. The differences
in activity of RLA, SLA and ALA are primarily due to
stereospecific binding and competitive inhibition at the
active sites of signaling proteins, transcription factors,
histone acetylation/deacetylation and flavo-enzymes. RLA is
a powerful antioxidant, a critical co-factor in ATP pro-
duction, regulates lipid and carbohydrate metabolism, signal
transduction and gene transcription. It is also neuropro-
tective, chelates heavy metals, can reverse enzyme and DNA
oxidative damage and crosses the blood brain barrier. It
has been shown to be more effective by a factor of 8-10 over
the commercially available alpha lipoic acid for reducing
inflammation. Within the mitochondria, RLA is reduced
to R-DHLA, the more potent antioxidant, 28 times faster
than SLA. It was also found more effective than SLA in
enhancing insulin-stimulated glucose transport and meta-
bolism in insulin-resistant rat skeletal muscle, and was also
more effective than racemic alpha-lipoic acid and SLA in
preventing cataracts in rats. Due to its essential role in
health, alpha-lipoic acid may very well join the ranks of vi-
tamins C and E as part of first-line of defense against free
radicals [61, 62].

5. Polyphenols

The term polyphenols or phenolics refer precisely to
those chemical compounds, which have an aromatic ring
with hydroxyl substituent(s), including their derivatives like
esters, methyl ethers and glycosides. On the basis of chemi-
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Fig. (5). Lipoic acids and its metabolites. 5.1. Glutathione. 5.2. Lipoic acid. 5.3. 3-Ketolipoic acid. 5.4. 3-Hydroxylipoic acid. 5.5. Bisnor-

lipoic acid. 5.6. Dihydrolipoic acid.
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cal structure, they can be classified into phenolic acids, fla-
vonoids, stilbenes and lignans. They are the most abundantly
occurring polyphenols in plants, of which flavonoids and
phenolic acids accounts for about 60% and 30% of total die-
tary phenols respectively. Derivatives of hydroxybenzoic or
hydroxycinnamic acids are the most common phenolic acids
in plants. Protocatechuic acid, gallic acid, syringic acid and
vanillic acid are some of the examples of phenolic acids de-
rived from hydroxybenzoic acid while p-coumaric acid, caf-
feic acid and ferulic acid (Fig. 6) are derivatives of hydroxy-
cinnamic acids [14, 16]. Ellagic acid (Fig. 7) a dimer of gal-
lic acid is the most potent natural chemopreventive agent,
which prevents oxidative damage of connective tissue and
repairs damaged proteins present in the walls of blood ves-
sels [63]. Antioxidant activity and biological properties of
polyphenols from berries, red wine, ginkgo, onions, apples,
grapes, chamomile, citrus, dandelion, green tea, hawthorn,
licorice, rosemary, thyme, fruits, vegetables and beverages
have been studied. They are rich sources of phenols that can
enhance the efficacy of vitamin C, reduce the risk of cancer,
act against allergies, ulcers, tumors, platelet aggregation and
are also effective in controlling hypertension [11, 13, 64].

Flavonoids and their relatives are derived biosyntheti-
cally from the Shikimate pathway. They share a three-ring
structure of two aromatic centers, ring A and B and a central
oxygenated heterocycle moiety, ring C (Fig. 8). They have a
flavone nucleus (2 phenyl-benzo-y-pyrone) and on the basis
of variation in the heterocyclic C ring may be classified into
flavones, flavonols, flavanones, flavanols, isoflavones, an-
thocyanidins and proanthocyanidins. Chalcones such as
butein, isoquirtigenin (Fig. 9) are considered to be members
of the flavonoids, despite of lacking heterocycle ring C [15].
Flavones and flavonols have a double bond between C-2
and C-3 (Figs. 10 & 11). Flavonols have a hydroxy group
at the C-3 position that is lacking in flavones. Flavanones
and flavanols are characterized by the presence of a saturated
three-carbon chain. Flavanols differ from flavanones by
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having a hydroxyl group at C-3 position (Figs. 12 & 13).
Isoflavones (Fig. 14) are derived by cyclization of chalcones
in such a way that the B ring is located at C-3 position. An-
thocyanins (Fig. 15) are composed of aglycon called antho-
cynidins and sugar moiety(ies). Proanthocyanidins are con-
densed tannins or polymeric flavonols, which are generally
formed as a result of coupling between electrophilic and nu-
cleophilic flavanyl units [16, 65].
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Fig. (8). Basic flavonoidal structure. 8.1. Flavone. 8.2. Flavonol.
8.3. Flavanone. 8.4. Flavanol.

Flavonoids possess ideal structure for free radicals scav-
enging activity and have been found to be more effective

Ry Ry

R R; Ro
6.1 COOH OH H
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Fig. (6). Phenolic acids. 6.1. Protocatechuic acid. 6.2. Gallic acid. 6.3. Syringic acid. 6.4. Vanillic acid. 6.5. p-Coumaric acid. 6.6. Caffeic

acid. 6.7. Ferulic acid. 6.8. Chlorogenic acid.
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Fig. (9). Chalcones. 9.1. Butein. 9.2. Isoquirtigenin.
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Fig. (10). Flavones. 10.1. Apigenin. 10.2. Vitexin. 10.3. Isovitexin. 10.4. Luteolin
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Fig. (11). Flavonols. 11.1. Kaempferol. 11.2. Quercetin. 11.3. Quercetrin. 11.4. Rutin. 11.5. Myricetin.

antioxidants in vitro than tocopherols and ascorbates. They
are efficient reducing agents that can stabilize the polyphe-
nols derived radicals and delocalise the unpaired electrons. It
has been reported that flavonoids with strong antioxidant
activity are excellent hydrogen donors and have a 3, 4'-
dihydroxy configuration. Interestingly the hydroxyl groups
on the chromane ring do not appear to participate directly in
the redox chemistry. Instead it is the hydroxyl group of
catechol moiety present in the B ring that donates or accepts
hydrogen. However, while the flavonoids nucleus does not
undergo direct redox modification, it does affect redox be-
haviour of substituents on B ring. Therefore, flavonoids con-
taining catechol structure can exert a powerful radical scav-
enging activity. The position and number of hydroxyl groups
also plays an important role in antioxidant activity. For ex-

ample in apigenin (Figs. 10.1), the three-hydroxyl groups at
position 5, 7, 4’ were associated with a small but definite
antioxidant effect, while kaempferol (Figs. 11.1) with an
additional hydroxyl at position 3 was more potent than api-
genin. Quercetin (Figs. 11.2) with additional hydroxyl group
at 3’ and myricetin at 3', 5’ positions (Figs. 11.5) were still
more effective [15, 18, 65]. Flavonoids can also generate
H,0, by donating a hydrogen atom from their pyrogallol or
catechol structure to oxygen, through a superoxide anion
radical. The pyrogallol-type compounds generate more H,0,
than that of catechol. H,O, has been reported to raise levels
of intracellular Ca®*, activate transcription factors, repress
expression of certain genes, promote or inhibit cell prolifera-
tion, be cytotoxic, activate or suppress certain signal trans-
duction pathways, promote or suppress apoptosis [12, 66].
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Fig. (12). Flavanols (Flavan-3-ols). 12.1. Catechin. 12.2. Epicatechin. 12.3. Catechin gallate. 12.4. Epicatechin gallate.
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Fig. (13). Flavanones. 13.1. Naringenin. 13.2. Hesperidin.

More than 4000 flavonoids have been identified in plants,
which are responsible for the color of vegetables, fruits,
grains, seeds, leaves, flowers, bark and products derived
from them [13, 14, 19]. Luteolin (Fig. 10.4), kaempferol,
quercetin, quercitrin, rutin, myricetin (Fig. 11) and vitamin C
(Fig. 4.1) are powerful antioxidants that inhibit the oxidation
of low-density lipoprotein (LDL), a major factor in the pro-
motion of atherosclerosis, which is the plaque build up in
arteries that can lead to heart attack or stroke. In general, the
aglycones were found with greater antioxidant potential than
their glycosides [9, 12]. Use of comet assay to assess DNA
damage during oxidative stress showed that quercetin was
more potent antioxidant as compared to rutin and vitamin C.
Isoflavones like daidzein (Fig. 14.1) and genestein (Fig. 14.2)
found abundantly in legumes such as lentils, chickpeas and
soybeans, have nutraceutical properties against tumor growth
and cancer and they form one of the main classes of oestro-
genic substances in plants. Anthocyanins, another major
group of flavonoids play a significant role in collagen pro-
tein synthesis and sport medicines. Athletes who exercise a
lot produce free radicals that can be tackled by anthocyanid-
ins [2, 67].
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Fig. (14). Isoflavones. 14.1. Daidzein. 14.2. Genistein.
6. Antioxidant Activity

Flavonoids are powerful metal chelators and scavengers
of free radicals and also act as anti-inflammatory, anti-ulcer,
antitumor and anticancer agents. They act as potent chain-
breaking antioxidants and possess vitamin C stabilizing ac-
tivity by increasing its absorption. Their activity depends
upon the arrangement of functional groups in nuclear struc-
ture [1, 65]. They interact with cellular signal pathways that
control cell cycle, differentiation and apoptosis. Their anti-
neoplastic effects can improve antioxidant activity, induction
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Fig. (15). Anthocyanins. 15.1. Pelargonidin. 15.2. Cyanidin. 15.3. Delphinidin.

of phase Il enzyme activity, inhibition of protein kinases and
interaction with type Il estrogen binding sites [15, 68].
Therapeutic usefulness of flavonoids has been demonstrated
in gastrointestinal hemorrhages, radiation reactions, ethyro-
blastosis, menorrhagia, bleeding cystitis, tuberculoses, he-
mophysis, periodontal diseases, epitasis and ophthalmic
disorders [69, 70].

The antioxidant activity of flavonoids can be explained
through their chelating action (Fig. 16). They bind with tran-
sition metal particularly iron and copper and thus inhibit of
transition metal-catalysed free radical formation. The two
most likely points of attachment of transition metal ions to
the flavonoids are the o-diphenolic groups at the 3', 4',-
dihydroxy positions in the B ring and the ketol structures, 4-
keto, 3-hydroxy or 4-keto, 5-hydroxy in the C ring. Chelated
in this way, transition metals would be unavailable to inter-
act with other compounds and initiate biologically damaging
reactions. Flavonoids inhibit lipid peroxidation, oxidation of
linoleic acid and Fe*? catalyzed oxidation of glutamine syn-
thase, through free radical scavenging and removal of metal
ions from catalytic sites via chelation [15, 71, 72]. The elec-
tron and H* donating capacity of flavonoids seem to contrib-
ute in the termination of lipid peroxidation chain reaction
based on their reducing power. Due to their reducing power
these phytochemicals act as both antioxidant and pro-oxidant
depending upon the exposed environment. They act as pro-
oxidant in the absence of free radicals. The classical antioxi-
dants, a-tocopherol and vitamin C, are also reported to be-
have in a similar fashion. Catechins, abundant in green tea,
also possess the antioxidative and pro-oxidative characteris-
tics of Cu*? induced LDL oxidation. In the initiation phase,
LDL oxidation was inhibited by the addition of catechins
(Fig. 12.1). In contrast, during the propagation phase of LDL
oxidation, it served as accelerators of oxidation [15, 18, 73].

Flavonoids are also known to modify the activities of
enzymes like protein kinase C, protein tyrosine kinase, al-
dose reductase, myeloperoxidase, NADPH oxidase, xanthine
oxidase, phospholipase, reverse transcriptase, ornithine de-
carboxylase, lipoxygenase, and cycloxygenase. Some of
these enzymes are involved in immune functions, carcino-
genesis, cellular transformations, tumor growth and metasta-
sis. The antioxidant function and enzyme modifying actions
of flavonoids account for many of their pharmacological
activities [29, 74].
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Fig. (16). Chelation of transition metals with flavonoids [Me"" =
Transition metal ions like Fe*?, Cu*].

7. Biological Activity

Biological effects of phenols are of great interest since
evidences were found that they offer protection against gas-
tro-duodenal pathogenesis, premature aging, inflammation,
metabolic dysfunction, cancer, neuro-degenerative and car-
diovascular diseases. Polyphenols have the potential to in-
hibit oxidation of LDL in vitro that is considered to be a key
mechanism in atherosclerosis. Certain studies have shown
that the consumption of beverages and foods rich in poly-
phenols resulted in reduced susceptibility of LDL to oxida-
tion induced in ex vivo by Cu*?. Flavonoids are effective
scavengers of free radicals, responsible for DNA damage and
tumor promotion. Their anticarcinogenic activity is ex-
pressed by multiple mechanisms, like activating and enhanc-
ing activities of antioxidant enzymes or by inhibiting certain
enzymes such as P-450 found in the liver. They metabolize a
significant number of carcinogens and play a major role in
the activation of carcinogens, such as polycyclic hydrocar-
bons and heterocyclic amines [1, 7, 75, 76].

Flavonoids were found to have beneficial effect in rheu-
matoid arthritis and experimental studies showed their anti-
inflammatory activity. It has been reported that flavonols and
flavone inhibit cytochrome P-450 enzymes while genistein
and quercetin inhibit protein tyrosine kinase involved in cell
proliferation. Catechins affect cell-signaling and cell cycle
progression by inhibiting signal transduction pathways me-
diated by epidermal and platelet-derived growth factors fa-
vorably. Apigenin, luteolin and quercetin have been shown
to cause cell cycle arrest and apoptosis by p53-dependent
mechanism [7, 75, 76]. Thus multiple mechanisms have been
identified for the anti-neoplastic effects of flavonoids, in-
cluding anti-inflammatory and anti-proliferative. However,
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these effects were often obtained with concentrations, which
are greater than what can be achieved in humans through
dietary means [9, 67]. Extracts from Silybum marianum have
been used for centuries in folk medicine for the treatment of
liver disorders. Silybin, the main flavolignan occurring in the
flavonoids mixture silymarin of this plant had shown posi-
tive effect on liver. Kolaviron from seeds of the Garcinia
kolu and hispidulin from Buccuris frimeru have also been
reported as hepatoprotective [9, 69, 70, 77, 78].

8. Dietary Polyphenols

Epidemiological studies provide convincing evidence
that diet rich in antioxidants is associated with a lower inci-
dence of degenerative diseases. Cereals, legumes (barley,
corn, nuts, oats, rice, sorghum, wheat, beans, and pulses),
oilseeds (rapeseed, canola, flaxseed and olive seeds), fruits,
vegetables and beverages (fruit juices, tea, coffee, cocoa,
beer and wine) are the main sources of dietary polyphenols
[12, 13, 14, 79-85]. Fruits like apple, grape, pear, cherry and
various berries contain up to 200-300 mg polyphenols per
100g fresh weights. A glass of red wine or a cup of coffee or
tea contains about 100 mg polyphenols. Their total dietary
intake may be about 1g per day, which is about 10 times
higher than that of vitamin C and 100 times higher than
those of vitamin E and carotenoids [11, 59, 86]. The major
constituents of tea polyphenols are flavonols (catechin, epi-
catechin, catechin gallate and epicatechin gallate), flavanols
(quercetin, kaempferol and their glycosides), flavones
(vitexin, isovintexin) and phenolic acids (gallic acid, chloro-
genic acid). They constitute up to 30% of the dry weight of
green leaves and 9-10% of the dry weight of black tea leaves
[14, 74, 87]. Ferulic acid is associated with dietary fiber
linked with hemi cellulose of the cell wall via ester bonds.
Caffeic acid in the form of caffeoyl esters and coumaric ac-
ids are common in apples, pears, and grapes. In addition,
apples and pears are rich in chlorogenic acid and grape in
gallic acid. Apples contain high levels of quercetin among
fruits [83, 87, 88]. Grain-derived products are very important
in human diet as they have higher concentration of phenolic
acids in the outer layers of kernel that constitute the bran [89,
90]. Most of the phenolic acid derivatives are hydrolysable
tannins and are usually esterified with glucose [90-92]. Cit-
rus fruits are main sources of flavonones and hesperidin is
found in abundance (120 -250 mg/lit) in orange juice [23, 93,
94]. Quercetin occurs in its glycosylated form as rutin in
fruits, vegetables and particularly onions are its rich source
[13, 16, 81, 82]. Anthocyanins are pigments of fruits such as
cherries, plums, strawberries, raspberries, balck berries and
red currant and their content varies from 0.15 to 4.5 mg/g in
fresh berries. Occurrence of some of the flavonoids is re-
stricted to a few foodstuff like the main source of isoflavon-
oid is soy, which contain ~1mg/g of genistein and daidzein
and have received considerable attention due to their sug-
gested role in prevention of cancer and osteoporosis. People
who consume traditional diets rich in soy and tea rarely ex-
perience breast, uterus and prostate cancer. Although there
are a range of potentially antimutagenic fruits, vegetables
and cereals but their intake is generally below the level nec-
essary to protect from various mutagens [20, 67, 77, 82, 83].
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9. Randomized Clinical Trails (RCTs)

In a clinical study [95], randomized, single-blind trial
conducted among 180 patients (99 males and 81 females)
with the metabolic syndrome, in the intervention group (n =
90) were instructed to follow a Mediterranean-style diet and
received detailed advice about how to increase daily con-
sumption of whole grains, fruits, vegetables, nuts, and olive
oil. Patients in the control group (n = 90) followed a prudent
diet (carbohydrates, 50%-60%; proteins, 15%-20%; total fat,
<30%). Nutrient intake; endothelial function score as a
measure of blood pressure and platelet aggregation response
to L-arginine; lipid and glucose parameters; insulin sensitiv-
ity; and circulating levels of high-sensitivity C-reactive pro-
tein (hs-CRP) and interleukins 6 (IL-6), 7 (IL-7), and 18 (IL-
18). After 2 years, patients following the Mediterranean-
style diet consumed more foods rich in monounsaturated fat,
polyunsaturated fat, and fiber and had a lower ratio of
omega-6 to omega-3 fatty acids. Total fruits, vegetables, and
nuts intake (274 g/d), whole grain intake (103 g/d), and olive
oil consumption (8 g/d) were also significantly higher in the
intervention group. The level of physical activity increased
in both groups by approximately 60%, without difference
between groups. Body weight decreased more in patients in
the intervention group (-4.0 kg) than in those in the control
group (-1.2 kg). Compared with patients consuming the con-
trol diet, patients consuming the intervention diet had sig-
nificantly reduced serum concentrations of hs-CRP, IL-6, IL-
7, and 1L-18, as well as decreased insulin resistance. Endo-
thelial function score improved in the intervention group
change +1.9 but remained stable in the control group +0.2.
At 2 years of follow-up, 40 patients in the intervention group
still had features of the metabolic syndrome, compared with
78 patients in the control group. A Mediterranean-style diet
might be effective in reducing the prevalence of the meta-
bolic syndrome and its associated cardiovascular risk [95]. In
another single-blind intervention trial [96], 406 patients 24 to
48 hours after acute myocardial infarction (AMI) were as-
signed to either diet A (204 patients, group A) or B (202
patients, group B) for 6 weeks. Group A received signifi-
cantly lower calories, a higher vegetables, fish proteins,
polyunsaturated fatty acids, and a higher polyunsatu-
rated/saturated fat ratio diet than did group B (higher total
calories and saturated fatty acids). Group A also received
less dietary cholesterol, salt, caffeine, and higher soluble
dietary fiber, vitamins and minerals than did group B. After
6 weeks, group A had a significant decrease in mean serum
total (-20.5 vs -8.6 mg/dl) and low-density lipoprotein (-16.6
vs -6.4 mg/dl) cholesterols, and triglycerides (-15.5 vs -7.6
mg/dl), with no decrease in high-density lipoprotein choles-
terol (-1.5 vs -1.3 mg/dl) compared with the initial levels and
changes in group B. Group A also had a greater decrease in
mean body weight (3.4 vs 1.3 kg) than that of group B [96].
To test whether a fat reduced diet rich in soluble dietary
fibre, antioxidant vitamins, and minerals reduces compli-
cations and mortality after acute myocardial infarction [97].
A randomised, single blind, controlled trial performed on
505 patients with suspected acute myocardial infarction
(AMI). Those with definite or possible AMI and unstable
angina based on WHO criteria were assigned to diet A (n = 204)
or diet B (n = 202) within 24-48 hours of infarction. Both
groups were advised to follow a fat reduced diet. Group
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A was also advised to eat more fruits, vegetables, nuts, and
whole grain products. Blood lipoprotein concentrations and
body weight fell significantly in patients in group A
compared with group B (cholesterol fell by 0.74 mmol/l in
group A v 0.32 mmol/l in group B, 95% confidence interval
of difference 0.14 to 0.70, and weight by 7.1 v 3.0 kg, 0.52
to 7.68). The incidence of cardiac events was significantly
lower in group A than group B (50 v 82 patients, p < 0.001).
Group A also had lower total mortality than group B.
Comprehensive dietary changes in conjunction with weight
loss immediately after acute myocardial infarction may
modulate blood lipoproteins and significantly reduce
complications and mortality [97]. In a randomized, placebo-
controlled trial [98], the effects of treatment with fish oil
(eicosapentaenoic acid, 1.08 g/day) and mustard oil (alpha-
linolenic acid, 2.9 g/day) were compared for 1 year in the
management of 122 patients (fish oil, group A), 120 patients
(mustard oil, group B), and 118 patients (placebo, group C)
with suspected AMI. Treatments were administered about 18
hours after the symptoms of AMI in all three groups. After 1
year total cardiac events were significantly less in the fish oil
and mustard oil groups compared with the placebo group
(24.5% and 28% vs. 34.7%, p < 0.01). Nonfatal infarctions
were also significantly less in the fish oil and mustard oil
groups compared with the placebo group (13.0% and 15.0%
vs. 25.4%, p < 0.05). Total cardiac deaths showed no signifi-
cant reduction in the mustard oil group; however, the fish oil
group had significantly less cardiac deaths compared with
the placebo group (11.4% vs. 22.0%, p < 0.05). Reductions
in blood lipoproteins in the two intervention groups were
modest and do not appear to be the cause of the benefit in the
two groups. Diene conjugates showed a significant reduction
in the fish oil and mustard oil groups, indicating that a part
of the benefit may be caused by the reduction in oxidative
stress. The findings of this study suggest that fish oil and
mustard oil, possibly due to the presence of ©-3 fatty acids,
may provide rapid protective effects in patients with AMI
[98]. However, a broad study based on detailed scientific
evidences is necessary to confirm such type of suggestions
and claims. AMI is associated with endothelial dysfunction
and tachycardia, characterized with hyperglycaemia, hyper-
insulinaemia, hypertriglyceridaemia, free radical stress, rise
in pro-inflammatory cytokines, and free fatty acids and
which are predisposing factors for disruption of atheroma
plaques, known to result in re-infarction and death [99].
Consumption of fruits, vegetables, and nuts [100] was pro-
tective against the risk of myocardial infarction, increased
consumption of pro-inflammatory macronutrients such as o-
6 fatty acids, trans fatty acids, saturated fatty acids, as well
as refined carbohydrates may produce oxidative stress (OS).
Further, consumption of high vegetables and fruits rich in
natural antioxidants largely prevent the negative effects on
endothelial function. Intervention trials, in 605 patients who
had a myocardial infarction were randomly assigned to a
‘Mediterranean-style’ diet or a control low-fat diet. After a
mean follow-up of 27 months, the risk of new AMI and epi-
sodes of unstable angina as well as total mortality were re-
duced by 70% by the Mediterranean diet [99, 100]. Lactate
dehydrogenase (LDH) level increased less in the intervention
group than in the control group, indicating that myocardial
damage was prevented by the cardio-protective diet. Total
cardiac events, including fatal and non-fatal myocardial in-
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farctions and sudden cardiac deaths, were significantly lower
in the intervention group when compared with the control
group, both after 6 weeks as well as after 1 year [101]. These
intervention trials indicate that further studies should be con-
ducted with Columbus diet and oils in patients with AMI, to
demonstrate mechanisms more scientifically, in the patho-
physiology of complications and deaths, among these pa-
tients. It is therefore suggested that a western diet should be
avoided in patients with AMI, and a diet, which is beneficial
to vascular endothelium and myocardium should be adminis-
tered. Inclusion of high fiber foods such as oats, fruits and
vegetables in the diet can decrease fat intake and modulate
blood lipids. To test this hypothesis, 61 group A and 59
group B patients with essential hypertension were adminis-
tered guava fruit preferably before meals in a randomized
and single-blind fashion for 12 weeks [102]. A significant
net decrease in serum total cholesterol (9.9%), triglycerides
(7.7%) and blood pressures (9.0/8.0 mm Hg) with a signifi-
cant net increase in high-density lipoprotein cholesterol
(8.0%) was observed after 12 weeks of guava fruit substitu-
tion in group A than in group B. The addition of guava fruit
in the usual diet might be responsible for providing signifi-
cant amounts of soluble dietary fiber and antioxidant vita-
mins and minerals responsible for the observed beneficiary
effects. The efficacy of the administration of fruits and vege-
tables [103] for 12 weeks as an adjunct to a prudent diet in
decreasing blood lipids in 310 (intervention; group A) and
311 (control; group B) patients with risk factors of coronary
artery disease (CAD) in a parallel, single-blind fashion was
studied. It was found that fruits and vegetables rich diet de-
creased total cholesterol level by 6.5% and low-density lipo-
protein cholesterol level by 7.3% in group A as compared to
group B. The high-density lipoprotein, cholesterol levels that
decreased during the diet stabilization period in both groups,
increased by 5.6% in group A after 12 weeks. Serum triglyc-
erides also decreased (7%) more in group A than B. Fasting
blood glucose decreased by 6.9% in group A and by 2.6% in
group B. The combined effect of a fat-modified diet plus
fruits and vegetables was greater than these changes. The
Diet and Moderate Exercise Trial (DAMET) is a randomized
and controlled study [104] on risk factors of coronary heart
disease (CHD) in 231 group A and 232 group B patients
with risk factors of CHD were administered a prudent diet
for 4 weeks. Group A patients in addition were also given at
least 400 g/day of fruits and vegetables that are rich in
dietary fibre and antioxidants such as vitamins A, C, E,
carotene and copper, selenium and magnesium. After 4
weeks, group A patients also did moderate exercise and
group B without exercise for another 20 weeks. After a
follow-up period of 24 weeks, adding exercise to diet was
associated with a significant decrease in blood total
cholesterol (8.9%) and LDL-cholesterol (6.7%) and
triglycerides (11.9%) and a marked increase in HDL-
cholesterol (16.5%). Mean blood pressures, fasting blood
glucose, body weight, body mass index, waist-to-hip ratio
and subcutaneous fat also showed a significant decrease in
group A, leading to a significant decrease in 12-year CHD
risk. A long-term follow-up based on scientifc merit is
necessary to demonstrate the role of such approach in
decreasing cardiovascular morbidity and mortality. Ischae-
mic heart disease remains a major cause of mortality in de-
veloped countries [105]. A number of important risk factors
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for the development of coronary atherosclerosis have been
identified including hypertension, hypercholesterolaemia,
insulin resistance and smoking. However, these factors can
only partly explain variations in the incidence of disease
either between populations or within populations over time.
In addition, population interventions based upon these fac-
tors have little impact in the primary prevention of heart dis-
ease. Recent evidences suggest that one of the important
mechanisms predisposing to the development of atheroscle-
rosis is oxidation of the cholesterol-rich low-density lipopro-
tein particle. This modification accelerates its uptake into
macrophages, thereby leading to the formation of the choles-
terol-laden ‘foam cell'. In vitro, low-density lipoprotein oxi-
dation can be prevented by naturally occurring anti-oxidants
such as vitamins C, E and B-carotene. These dietary antioxi-
dants may influence the rate of progression of coronary athe-
rosclerosis in vivo and discusses the need for formal clinical
trials of antioxidant therapy.

10. Randomized Clinical Trails (RCTs) on Antioxidant
Vitamins

Large, prospective cohort studies of [106] suggested that,
overall there is a lower risk of cardiovascular disease for
vitamin E users. However, there were several inconsistencies
in the data. One study clearly identified that higher doses of
vitamin E supplements for prolonged periods of time (100
IU for at least 2 years) was protective. In contrast, another
study did not find a protective effect in women taking vita-
min E supplements, although it identified vitamin E from
food sources to be potentially protective. Similarly, some of
the RCTs showed vitamin E to be a potentially promising
intervention in preventing cardiovascular disease, although
its benefit was not clearly and conclusively demonstrated.
Although a large number of ongoing randomized trials were
looking at the effect of vitamin E supplements in both pri-
mary and secondary prevention, which may help to clarify
the situation. The evidence from large, prospective epidemi-
ological studies of B-carotene (pro vitamin A) was somewhat
inconsistent, but did suggest the possibility of lower adverse
cardiovascular outcomes; in particular, for men who are cur-
rent or former smokers, and who consume large amounts of
dietary p-carotene provided by nutritional sources or vitamin
supplements. Some of the studies also suggested an associa-
tion between high p-carotene intake and a lower risk of can-
cer, particularly lung cancer. Evidences from RCTs failed to
demonstrate any benefit for B-carotene supplementation at
adequate doses, even for prolonged periods of time. Certain
studies also highlighted concern that an increased risk of
cancer was evident; in particular, one large trial amongst
smokers (B-Carotene and Retinol Efficacy Trial, RET) was
terminated earlier than planned due to an increase in lung
cancer amongst individuals randomized to receive B-carotene
and vitamin A [106]. The evidence from epidemiological
studies was inconclusive and did not clearly identify vitamin
C intake as a significant protective factor against cardiovas-
cular disease. In addition, few RCTSs rigorously assessed the
effects of vitamin C supplements. In a trial on 578 geriatric
patients, which assessed the use of 200 mg vitamin C sup-
plements found that mortality was not reduced after 6
months. In another trial, that examined the effect of a combi-
nation of vitamin C and molybdenum, failed to find a reduc-
tion in overall mortality or mortality from cardiovascular
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disease [106]. Prospective epidemiological investigations
suggested that there was a reduction in cardiovascular risk
associated with an increased intake of antioxidant vitamins,
particularly vitamin E. RCTs remain inconclusive with re-
gard to the role of vitamin E in cardiovascular protection.
The RCTs of B-carotene in primary prevention showed no
effect associated with the use of B-carotene, and possibly a
potential for harm. There were inconclusive and insufficient
epidemiological and clinical trial data with regard to the role
of vitamin C in cardiovascular protection.

CONCLUSIONS

Reactive oxygen species (ROS) and reactive nitrogen
species (RNS) are products of normal cellular metabolism.
ROS and RNS are known to act as secondary messengers
controlling various normal physiological functions of the
organism and therefore the production of NO« by NOS and
superoxide by nicotinamide adenine dihydrogen phosphate
(NADPH) is tightly regulated by hormones, cytokines, and
other mechanisms. In addition, ROS and RNS participate in
various redox-regulatory mechanisms of cells in order to
protect cells against oxidative stress and maintenance of cel-
lular “redox homeostasis”. Overproduction of ROS, most
frequently either by excessive stimulation of NADPH by
cytokines, or by the mitochondrial electron transport chain
and xanthine oxidase result in oxidative stress. Oxidative
stress is a deleterious process that can be an important me-
diator of damage to cell structures and consequently various
disease states and ageing. ROS appear to be key regulatory
factors in molecular pathways linked to neurodegenerative
and cardiovascular diseases development which offer poten-
tial therapeutic invention points. For example specific under-
standing of the regulation of antiproliferative pathways by
phytochemicals of nutraceutical importance such as caro-
tenoids, flavonoids, polyphenols, tocopherols and other po-
tent natural products and their role to control several diseases
induced by oxidative stress might aid in the design of novel
therapies targeting the respective molecular pathways. Since
continued research is needed to better understand the mecha-
nisms and specific pathways involved in ROS-induced dis-
eases, and to determine the most rational and effective com-
bination of antioxidants. Despite the problems associated
with extrapolating from animal models to humans, control-
ling for these variables in future feeding studies should pro-
vide more definitive answers to the question of the antican-
cer, antidiabetic, anti-ulcer, anti-inflammatory and an-
timutagenic effects as of carotenoids, flavonoids polyphe-
nols, tocopherols, and other potent natural products. Several
clinical evidences, together with epidemiologic observations,
suggest that for example tomato consumption may have or-
gan-specific chemopreventive effects with antioxidative phy-
tomolecules exerting protective effects on to tumour devel-
opment, tumour dissemination, neurodegenerative and car-
diovascular diseases. Hence, most of the data on free radical
biology have been generated from in vitro studies and need
to be verified in vivo. The recent advances in biochemistry
and molecular biology techniques provide new, powerful
tools for studying the expression of tissue antioxidant en-
zymes and for elucidating the mechanisms of the actions of
antioxidants. Thus the future of antioxidants hold a great
promise to ensure a better disease free lifestyle for the man-
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kind by scavenging free radicals and consequently prevent-
ing mutagenic changes and associated disorders.

In a number of clinical trials the importance of daily con-
sumption of whole grains, fruits, vegetables, nuts, and un-
saturated fatty acids rich vegetable oils with controlled diets
in the prevention or treatment of various diseases have been
described. However, broad studies based on detailed scien-
tific evidences and detailed mechanisms of their action are
necessary to confirm such type of suggestions and claims.
Further, a long-term follow-up is also necessary to
demonstrate the role of such approaches in decreasing
oxidative stress and associated disorders. Randomized clini-
cal trails (RCT) and evidences from epidemiological studies
on naturally occurring antioxidant vitamins such as vitamins
C, E and B-carotene have shown both protective and negative
effects therefore, a large number of trials are necessary with
critical evaluation of scientific data and their mechanism of
actions.
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