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Abstract

There has been considerable public and scientific interest in the use of phytochemicals derived
from dietary components to combat human diseases. They are naturally occurring substances
found in plants. Ferulic acid (FA) is a phytochemical commonly found in fruits and vegetables
such as tomatoes, sweet corn and rice bran. It arises from metabolism of phenylalanine and tyro-
sine by Shikimate pathway in plants. It exhibits a wide range of therapeutic effects against vari-
ous diseases like cancer, diabetes, cardiovascular and neurodegenerative. A wide spectrum of
beneficial activity for human health has been advocated for this phenolic compound, at least in
part, because of its strong antioxidant activity. FA, a phenolic compound is a strong membrane
antioxidant and known to positively affect human health. FA is an effective scavenger of free rad-
icals and it has been approved in certain countries as food additive to prevent lipid peroxidation.
It effectively scavenges superoxide anion radical and inhibits the lipid peroxidation. It possesses
antioxidant property by virtue of its phenolic hydroxyl group in its structure. The hydroxy and
phenoxy groups of FA donate electrons to quench the free radicals. The phenolic radical in turn
forms a quinone methide intermediate, which is excreted via the bile. The past few decades have
been devoted to intense research on antioxidant property of FA. So, the present review deals
with the mechanism of antioxidant property of FA and its possible role in therapeutic usage
against various diseases.
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There is an emerging interest in the use of naturally occurring antioxidants for their therapeutic
usage. Particularly, phenolics are considered as potential therapeutic agents against a wide
range of ailments including neurodegenerative diseases, cancer, diabetes, cardiovascular dys-
function, inflammatory diseases and in ageing [1]. Phenolics are widely distributed in the plant
kingdom and are therefore an integral part of the diet, with significant amounts being reported
in vegetables, fruits and beverages [2]. Although the dietary intake of phenolics varies consider-
ably among geographic regions, it is estimated that daily intake range from about 20 mg to 1 gm,
which is higher than that for vitamin E [3] Phenolics exhibit a wide range of biological effects in-
cluding antibacterial, anti-inflammatory, antiallergic, hepatoprotective, antithrombotic, antiviral,
anticarcinogenic and vasodilatory actions [4]. Dietary plant phenolic compounds have been de-
scribed to exert a variety of biological actions such as free radical scavenging, metal chelation,
modulation of enzymatic activity and more recently to affect signal transduction, activation of
transcription factors and gene expression. They received particular attention in the past 10
years because of their putative role in the prevention of several human diseases, particularly
atherosclerosis and cancer [5].

Sources of Ferulic Acid (FA)

FA is a ubiquitous plant constituent that arises from the metabolism of phenylalanine and tyro-
sine. It occurs in seeds and leaves both in its free form and covalently linked to lignin and other
biopolymers. In wheat, FA is ester linked to cell wall carbohydrates and occurs in higher concen-
tration in the alcurone, pericarp and embryo cell walls. The trans-isomer predominates and ac-
counts for 90% of the total phenolic acids in common flour [6]. FA is also a major constituent of
fruits (e.g. orange), some vegetables (e.g. tomato, carrot), and sweet corn [7].

FA (4-hydroxy-3-methoxy cinnamic acid) (Fig. 1) is a phenolic compound it possesses three dis-
tinctive structural motifs that can possibly contribute to the free radical scavenging capability of
this compound. The presence of electron donating groups on the benzene ring (3 methoxy and
more importantly 4-hydroxyl) of FA gives the additional property of terminating free radical
chain reactions. The next functionality-the carboxylic acid group in FA with an adjacent unsatu-
rated C-C double bond-can provide additional attack sites for free radicals and thus prevent
them from attacking the membrane. In addition, this carboxylic acid group also acts as an anchor
of FA, by which it binds to the lipid bilayer, providing some protection against lipid peroxidation.
Clearly, the presence of electron donating substituents enhances the antioxidant properties of F2

[8].
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Fig. 1

Structure of FA

Mechanism of Antioxidant Action of FA

The antioxidant potential of FA can usually be attributed to its structural characteristics (Fig. 2).
FA, because of its phenolic nucleus and unsaturated side chain can readily form a resonance sta-
bilized phenoxy radical, which accounts for its potent antioxidant activity. Any reactive radical
colliding with FA easily abstracts a hydrogen atom to form phenoxy radical. This radical is highly
resonance stabilized since the unpaired electron may be present not only on the oxygen but it
can be delocalized across the entire molecule. Additional stabilization of the phenoxy radical is
provided by the extended conjugation in the unsaturated side chain. This resonance stabilization
accounts for the effective antioxidant potential of FA. Moreover this phenoxy radical is unable to
initate or propagate a radical chain reaction, and its most probable fate is a collision and conden-
sation with another ferulate radical to yield the dimer curcumin. Such coupling may lead to a
host of products, all of which still contain phenolic hydroxyl groups capable of radical scaveng-
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ing. The presence of a second phenolic hydroxyl group substantially enhances the radical scav-
enging activity due to additional resonance stabilization and o-quinone formation [9].
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Resonance Stabilization of FA radical

Fig. 2

Metabolism and Absorption of FA

The absorption, metabolism and tissue distribution of FA has been extensively studied in ro-
dents and humans. The metabolites of FA and their relative proportions will depend on many
factors, including dose, route of administration and animal species. Ingestion of FA into humans
is metabolized and excreted in urine as 3-hydroxyphenyl and 3-methoxy-4-hydroxy phenyl de-
rivatives of phenyl propionic acid, hydracrylic acid and glycine conjugates. Feeding studies in
rats with FA revealed metabolism to a dehydroxylated compound and the same hydroxy
methoxy derivatives, as in the human studies, with FA itself being partly excreted as the glu-
curonide [10]. Intraperiotneal administration of FA to the rats is excreted as 3-hydroxy phenyl
propionic acid a major urinary metabolite [11].

Bioavailability of FA

The physiological importance of FA and notably its antioxidant property depends upon its avail-
ability for absorption and subsequent interaction with target tissues [12]. It is more bioavailable
than other dietary flavonoids and monophenolics so far studied [13]. FA stays in blood for longer
than other antioxidants such as vitamin C. FA would therefore be expected to stay in the body
long enough to help in keeping the free radicals at bay. Under normal conditions 56.1% of per-
fused FA enters the enterocytes by a yet unidentified mechanism. In these cells, FA is readily con-
jugated and the resulting metabolites leave the intestinal cells only towards the serosal side be-
cause no conjugated forms of FA are detected in the intestinal lumen. Under such conditions
56.1% of perfused FA, corresponding to the absorption, is recovered in the plasma mesenteric
vein as conjugated derivative. A part of these conjugates enters into the hepatocytes and se-
creted in the bile (6%) and 49.9% of the perfused dose is distributed to the peripheral tissues
and may have biological effects [14].
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Chronic or acute inflammation is a multiple process, which is mediated by activated inflamma-
tory or immune cells. From the immune system, macrophages play a central role in managing
many different immunopathological phenomena such as the overproduction of pro-
inflammatory cytokines and inflammatory mediators (reactive oxygen species (ROS), nitric ox-
ide (NO) and prostaglandin E;) generated by activated inducible nitric oxide synthase (iNOS)
and cyclooxygenase [15]. It has been reported that a number of antioxidants including FA and
related ester derivatives decrease the levels of some inflammatory mediators, e.g., prostaglandin
E2 and tumor necrosis factor-alpha [16] and iNOS expression and function [17] in cells stimu-
lated by the bacterial endotoxin lipopolysaccharide. There is evidence that hydrophobic ester
derivatives of FA have enhanced inhibitory activity on iNOS protein expression in lipopolysac-
charide/interferon-y (LPS/IFNy) activated RAW 264.7 cells [18]. Hosada et al. [19] reported that
feruloyl-myo-inositois the derivatives of FA suppressed the cyclooxygenase-2 promoter activity
through the (3-galactosidase reporter gene assay system in human colon cancer DLD-1 cells. It
was also reported that FA inhibits the production of murine MIP-2, one of the members of
chemokine superfamily, in LPS-stimulated RAW 264.7 cells in a dose dependent manner. These
findings suggest that FA might have potential as an anti-inflammatory drug and reveals at least
in part the mechanisms of its anti-inflammatory effect [20].

Therapeutic Usage of FA

FA is receiving greater attention nowadays in the research world because of its wide range of
therapeutic effects. For example alkyl ferulate has an anti-carcinogenic potential and is a more
effective cancer preventive agent. Another FA derivative in which geranyl group is attached to
the phenolic hydroxyl group of ethyl ferulate, exhibits anti-colon carcinogenesis [21]. A novel
polyphenol with FA and gallic acid is found to have higher activity as an anti-carcinogen than the
original phytochemicals. The compounds consisting of FA and myo-inositol also have potential
as cancer chemopreventive agents [22]. Most of its therapeutic potentials are ascribed to antioxi-
dants and anti-inflammatory activity.

Antidiabetic Effect

Diabetes is the most common endocrine disorder characterized by the hyperglycemia, which
causes over production of free radicals thereby result in oxidative stress [23]. This stress is de-
fined as an imbalance between the levels of prooxidants and antioxidants in the biological sys-
tems, leading to cellular injury [24]. It has been reported that the blood glucose level in strepto-
zotocin induced diabetic animals is reduced by the administration of FA. FA, which has been
shown to have antioxidant properties, helps to neutralize the free radicals produced by strepto-
zotocin in the pancreas and thereby decrease the toxicity of streptozotocin. This decreased ox-
idative stress/toxicity on the pancreas may help the beta cells to proliferate and secrete more in-
sulin, which may have been reduced due to streptozotocin treatment. This increased insulin se-
cretion can cause increased utilization of glucose by the extra hepatic tissues and thereby de-
crease the blood glucose level [25]. Nomura et al. [26] have also been reported that amide com-
pounds of FA exhibited their stimulatory abilities on insulin secretion in rat pancreatic RIN-5F
cells. Administration of FA at a dose of 0.01% and 0.1% of basal diet showed it can suppress the
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blood glucose levels in streptozotocin induced diabetic mice. In KK-Ay mice 0.05% of FA sup-
pressed the blood glucose level effectively [27].

Anticancer Effects

Free radicals are considered as important factors in the etiology of cancer. Dietary components
with antioxidant activity have been receiving particular attention as potential inhibitors of sev-
eral cancers [28]. Phytochemicals can exert anti-cancer activities, partially based on their ability
to quench ROS and thereby protecting critical cellular molecules (i.e. DNA, proteins and lipids)
from oxidative insult [29]. Phytochemicals may also interfere with intracellular signaling path-
ways, such as those, which regulate proliferation, induction of apoptosis and response to oxida-
tive stress [30]. Important mechanisms for the anticarcinogenic effects of polyphenols include
the reduction of proliferative activity and the induction of apoptosis in cancer cells [31]. Studies
have shown that FA exhibits anticarcinogenic effects against azoxymethane-induced colon car-
cinogenesis in F344 rats [32]. [t has also been reported to depress 12-O-tetradecanoylphorbol-
13-acetate (TPA)-promotion of skin tumorgenesis [33] as well as to inhibit occurrence of pul-
monary cancers in mice [34]. Stich et al. [35] have reported that there was a significant decrease
in urinary N-nitrosoproline levels in humans on treatment with FA. The mechanism suggesting
that inhibition of nitrosation and endogenous formation of carcinogenic nitrosamines. Several
plant phenolics are known to be potent inhibitors for mutagenesis and carcinognesis by poly-
cyclic aromatic hydrocarbon [36]. They act as effective electrophilic trapping agents [37] and are
also known to be blockers of nitrosamine formation [38].

Antiapoptotic Effect

Apoptosis is a certain type of cell death in multicellular organisms and involves a cascade of
closely regulated intracellular events leading to cell suicide [39]. Reports suggest that phenolic
compounds generally bring about the normal homeostasis by inducing apoptosis in various can-
cer cells [40]. Studies have shown the cytotoxic effects of these dietary polyphenols against dif-
ferent tumors, mediated through apoptosis [41]. Cells undergoing programmed cell death ex-
press phosphatidyl serine on their surface, which aids in their recognition and phagocytosis by
macrophages, thereby limiting inflammation [42]. Externalization of phosphatidyl serine by hy-
drogen peroxide (H,0,) indicates pre-apoptotic stage of the peripheral blood mononuclear cells
(PBMCS). The inhibition of externalization of phosphatidyl serine by FA indicates the anti-
apoptotic activities of these polyphenols in human PBMCS. The decrease in H,0,-induced exter-
nalization of phosphatidyl serine in peripheral blood mononuclear cells pretreated with
polyphenols indicates the involvement of scavenging of radicals by the phenolics and/or dissoci-
ation of phenolic-translocase enzyme binding due to oxidative stress [43]. Khanduja et al. [43]
have reported that phenolic compounds like FA significantly exhibit anti-apoptotic activity in
normal PBMCS exposed to H,0, induced oxidative stress.
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Acute and chronic exposure to sun rays promotes premature skin ageing, erythema, inflamma-
tion, immunodepression and photo-carcinogenesis [44]. Exposure of ultra violet (UV) radiation
results in the generation of reactive oxygen/nitrogen species resulting in oxidative damage.
These events can ultimately lead to diseases related to UV-radiation, such as irritation or sun-
burn, photoallergy, immunosuppression, photoageing and skin cancer [45]. Recently a great deal
of focus has been shed on the antioxidant potentialities of FA. This is due to its phenolic nucleus
and an extended side chain conjugation, FA readily forms a resonance stabilized phenoxyl radi-
cal, which accounts for its potent antioxidant potential. UV absorption by FA catalyses stable
phenoxyl radical formation and thereby potentiates its ability to terminate free radical chain re-
actions. By virtue of effectively scavenging chain reactions and deleterious radicals and sup-
pressing radiation-induced oxidative reactions, FA may also serve as an important antioxidant in
preserving physiological integrity of cells exposed to both air and the impinging UV radiation

[9].
Hepatoprotective Effect

Chronic alcohol ingestion is associated with a variety of pathological conditions varying from
simple intoxication to severe, life threatening derangement of metabolism in liver [46]. Intake of
alcohol results in excessive generation of free radicals [47], which alter the biomembrane and
cause severe damage. FA works well in herbal antioxidant formula, vitamin and herbal health

supplement, and body’s immune system can be benefited from FA. These reports heavily favour
the idea that regular ingestion of FA may provide substantial protection against alcohol and
polyunsaturated fatty acid (PUFA) induced toxicity and may provide the body with the ability to
triumph over the deleterious effects of alcohol and PUFA [48]. Treatment with FA significantly
decreased the activities of these enzymes in plasma. FA is shown to preserve physiological in-
tegrity of the cells exposed to various stress. This can be attributed to the effective antioxidant
property of FA. Normally phenolic compounds act by scavenging free radicals and quenching the
lipid peroxidative side chain. Phenolic compounds can act as free radical scavengers by virtue of
their hydrogen donating ability and forming aryloxyl radicals [49]. It has been proposed that hy-
droxyl and hydroperoxyl radicals initiate H" abstraction from a free phenolic substrate to form
phenoxyl radical that can rearrange to quinonemethide radical intermediate [50], which is ex-
creted via bile. Srinivasan et al. [51] have also been reported FA protects against carbon tetra-

chloride (CCly) induced toxicity in an experimental animal model, which ascribed to antioxidant
potential.

Neuroprotective Effect

| Feedback

Increasing experimental evidence indicates the importance of oxidative stress in pathology and
neurotoxicity associated with aging and many neurodegenerative diseases such as Alzheimer’s
disease. Alzheimer’s disease is an age associated dementing disorder, and many other neurode-
generative disorders, are characterized by free radical-mediated oxidative stress in brain [52].
The free radical mediated ROS and reactive nitrogen species (RNS) generated in brain can lead
to protein, DNA and RNA oxidation, lipid peroxidation and neuronal dysfunction or death [53].
FA is reported as a potent scavenger of ROS and RNS and thereby reduces the chance of free rad-
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ical attack on proteins and hence preventing their oxidative modification [53]. Kanski et al. [8]
have reported that FA protects against free radical mediated changes in the conformation of
synaptosomal membrane proteins as monitored by EPR spin labeling techniques. The presence
of antioxidant and anti-inflammatory properties of FA may be potentially due to its ability to ini-
hibit leukotriene production and reduce oxidative stress in brain [20]. The long term administra-
tion of FA at a dose of 300 uM effectively protects against amyloid beta-peptide (1-42) toxicity by
inhibiting microglial activation in vivo [54]. Sultana et al. [55] showed that 10-50 uM of FA sig-
nificantly protects against amyloid beta-peptide (1-42) toxicity by modulating oxidative stress
directly and by inducing protecting genes in hippocampal cultures. FA ethylesters also exert neu-
roprotective effects by upregulating protective enzymes, such as hemeoxygenase-1 and heat
shock protein 70 [56].

Radioprotective Effect

Radiation therapy is a form of cancer treatment that uses ionizing radiation to kill cancer cells
and shrink tumors. It also injures or destroys the normal cells by damaging their genetic mate-
rial, making it impossible for these cells to continue to grow and divide. Although radiation dam-
ages both cancer cells and normal cells, the goal of radiation therapy is to kill as many cancer
cells as possible, while limiting the damage to nearby healthy tissue [57]. The deleterious effects
of ionizing radiation in biological systems are mainly mediated through the generation ROS in-
cluding superoxide anion (0,7), hydroxyl radical (OH") and hydrogen peroxide H,0,. These ROS
are known to cause oxidative stress in several critical cellular molecules like DNA, proteins and
lipid membranes [58]. Radiation-induced oxidative damage can lead to chromosomal aberration,
lipid peroxidation and alterations in endogenous antioxidants [59]. It has been reported that
pretreatment with FA to y-irradiated lymphocytes resulted in decreased lipid peroxidation and
improved antioxidant status preventing the damage to the lymphocytes. This may be due to the
antioxidant sparing action of FA. Since FA prevents the formation of ROS, the syntheses of these
enzymes are not affected [60]. FA scavenges superoxide anion radical and inhibits lipid peroxi-
dation induced by superoxide and the effect of FA is similar to that of superoxide dismutase
(SOD) [61]. In addition to its antioxidant activity, FA modulates phase Il enzymes like glutathione
s-transferase (GST) and the radioprotection of FA was also observed this may be attributed to
the up regulation of antioxidant enzymes [62]. It was also be reported that FA induces intrinsic
antioxidant mechanisms such as superoxide dismutase, catalase and glutathione reductase activ-
ities [63].

Pulmonary Protective Effect

| Feedback

Nicotine is one of the major hazardous compounds of cigarette smoke and thus mimics most of
the deleterious effects of cigarette smoking. It increases lipid peroxidation and thus causes ox-
idative cellular injury, which is believed to play a major role in the pathogenesis of several smok-
ing-related diseases [64]. Administration of FA reversed the damage induced by nicotine and in-
creases the endogenous antioxidant defense system and protects the cells from oxidative dam-
age. FA effectively quenches the free radicals, prevents them from attacking the membrane, pro-
tects the membrane, inhibits the leakage of marker enzymes into circulation, and improves the
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antioxidant status in circulation [65].
Hypotensive Effect

Hypertension is associated with an elevation of ROS and frequently also with an impairment of
endogenous antioxidant mechanisms [66]. The ROS abundance in hypertension could result
from increased production or impaired degradation. Many investigators have reported that
spontaneously hypertensive rats (SHR) arteries have increased superoxide anion production
compared to WKY rats, and that this reacts with NO, thereby effectively depleting NO in vascular
endothelial cells [67, 68]. FA is reported to scavenge superoxide anions [65]; it might be that FA
improves the bioavailability of NO in blood vessels in SHR. The possibility is that FA acts specifi-
cally on blood vessels in SHR to cause a relaxation response in vascular endothelial cells. Studies
have reported that FA had a hypotensive effect and attenuated the elevation of blood pressure in
spontaneously hypertensive rats. The significant inhibition of the depressive effect of FA by the
intravenous injection of N¢-nitro-L-arginine methyl ester (L-NAME) suggests that the hypoten-
sive effect of FA was associated with nitric oxide-mediated vasodilatation [69].

Anti-Atherogenic Effect

The link between oxidative stress and atherosclerosis was originally derived from the oxidative
modification hypothesis as a key step in the generation of macrophage derived foam cells and
the initiation of atherosclerosis [70]. FA effectively reduced the lipid levels. This may be attrib-
uted to the effective antioxidant property of FA. Supplementation with FA decreased the levels of
free fatty acids, triglycerides, cholesterol and phospholipids in streptozotocin induced hyperlipi-
demic diabetic rats [7]. Reports have shown that FA exerts hypolipidemic activity by decreasing
the HMG-CoA reductase, the rate-limiting enzyme in cholesterol biosynthesis and acyl-CoA:
cholesterol transferase (ACAT), the cholesterol-esterifying enzyme in tissues, and by increasing
the acidic sterol excretion [71].

More over, FA is a potent antioxidant and prevents low density lipoprotein (LDL) oxidation in-
duced by copper ions and facilitates the uptake and degradation of cholesterol by the liver. FA
was also found to be effective in treating ischemic stroke in China. Moreover, reports have shown
that y-oryzanol, a mixture of FA, can lower the cholesterol level in blood and lower the incidence
of coronary heart disease [72]. Pre-cotreatment with FA and ascorbic acid significantly reduces
the levels of triglycerides, total cholesterol, free fatty acids free and ester cholesterol in serum
and cardiac tissues. It was also significantly decrease the levels of phosphlipids, lipid peroxides,
low density lipoprotein and very low density lipoprotein-cholesterol was also observed in the
serum of isoproterenol intoxicated rats [73]. Hiramatsu et al. [74], reported that FA and its steryl
esters, y-oryzanol, exhibit strong hypocholesterolemic and antiatherogenic properties.

| Feedback

Studies on the lipid peroxidation and antioxidant changes and their significance during myocar-
dial injury have provided a new insight into the pathogensis of heart disease. The heart failure

subsequent to myocardial infarction may be associated with an antioxidant deficit as well as in-
creased myocardial oxidative stress [73]. Prospective studies have found that habitual intake of

O sur 15 22/09/2024, 09:41


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B66
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B66
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B67
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B67
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B68
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B68
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B69
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B69
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B70
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B70
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B71
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B71
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B72
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B72
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B73
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B73
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B74
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B74
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B73
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/#B73

Ferulic Acid: Therapeutic Potential Through Its Antioxidant Property - PMC https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127228/

whole grain food is associated with reduced coronary heart diseases, total cancer mortality, inci-
dence of diabetes and coronary heart disease mortality [75]. A review of ancient Chinese herbal
drugs revealed FA to be one of the active constituents for the treatment of cardiovascular disease
[76]. Studies have shown that pre co-treatment with FA and ascorbic acid significantly counter-
acted the pronounced oxidative stress effect of isoprotorenol by the inhibition of lipid peroxida-
tion, restoration of antioxidant status, and myocardial marker enzyme activities [73]. FA pro-
duces a pronounced protective antistressor effect and reduces both the stomach mucous mem-
brane damage and the myocardial injury caused by painful immobilizing stress. This might be
because FA inhibits the process of lipid peroxidation and increases the antioxidant activity in
myocardium [77].

Conclusion

In conclusion, FA exhibits a wide range of therapeutic properties like anti-inflammatory, an-
tiatherogenic, antidiabetic, antiageing, neuroprotective, radioprotective and hepatoprotective ef-
fects. Many of these activities can be attributed to its potent antioxidant capacity because of its
phenolic nucleus and extended side chain conjugation. It readily forms a resonance stabilized
phenoxyl radical which accounts for its potent antioxidant potential. FA works well in all herbal
antioxidant formula, vitamin and herbal health supplements. Thus our body’s immune system
can be benefited from FA. These reports heavily favor the idea that regular ingestion of FA may
provide substantial protection against various oxidative stress related diseases.
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