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INTRODUCTION

Plants have played a significant role in maintaining human 
health and improving the quality of  life since thousands 
of  years. There is an ever-growing interest in investigating 
different species of  plants to identify their potential 
therapeutic applications due to a tremendous historical 
legacy in folkloric use of  plants as medicine and their 
easy availability, cost effectiveness, presumed safety and 
biological friendliness than totally synthetic molecules.1 
Ayurveda remains one of  the most ancient and yet living 
traditions practiced widely in India, Srilanka and other 
countries and has a sound philosophical and experimental 
basis. Atharvaveda (around 1200 BC), Charak Samhita and 
Sushrut Samhita (1000-500 BC) are the classics that give 
detailed descriptions of  over 1000 herbs.2

In the recent past, the scientific studies on the plants 
used in ethnomedicine have led to the discovery of  many 

valuable drugs such as pilocarpine, vincristine, etoposide 
and paclitaxel. With the advancement in technology and 
move towards a progressive life, humankind is heading 
towards many diseases like cancer, AIDS, tuberculosis, 
diabetes, chronic inflammatory diseases, atherosclerosis 
and neurodegenerative diseases. One of  the major causes 
of  many of  these diseases is oxidative stress caused 
by imbalance between antioxidants and prooxidants. 
Prooxidants or free radicals are the species capable of  
independent existence that contain one/more unpaired 
electrons. It is well known that oxygen plays an important 
role in many metabolic processes associated with aerobic 
existence while on the other hand, it leads to the formation 
of  reactive oxygen species that have either unpaired 
electrons (e.g., O•

2, OH•) or the ability to attract electron 
from various molecules like H2O2. Free radicals not 
only contribute to the elimination of  infected cells, but 
when present in higher concentrations react with cellular 
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DNA, proteins, lipids and other macromolecules. The 
disease such as brain dysfunction, cancer, autoimmune 
pathologies, gastrointestinal inflammation and ulcers,3 
heart diseases and immune decline could be due to these 
free radicals.4,5 In physiological condition, the human 
body can compensate for a mild degree of  oxidant stress 
and remove oxidatively damaged molecules by activating 
antioxidant enzymes like superoxide dismutase, catalase, 
glutathione peroxidase, etc. Thus, owing to their ability 
to reduce oxidative damage by delaying or inhibiting lipid 
peroxidation or oxidation chain reaction, antioxidants 
have been of  interest of  pharmacologists, biochemists 
and other health professionals. Nowadays, there is an 
increasing interest towards replacing synthetic antioxidants 
with herbal remedies due to possible carcinogenic and 
immune decline effects of  synthetic antioxidants.6 The 
major drawbacks of  most of  the chemotherapeutic agents 
available today are cytotoxic and exert variety of  side 
effects. In contrast, herbal drugs or Phytotherapeutic agents 
have been found safer, and combating side effects is the 
paramount of  treatment. Observing the beneficial role of  
Phyto antioxidants the present review is an attempt where 
various immune related disease, their relationship with free 
radicals and Phyto antioxidants has been focused.

FREE RADICALS AND PHYTOANTIOXIDANTS

Free Radicals are the chemical entitites capable of  
independent existence that contain one ore unpaired 
electrons. Free radicals attack all the major classes of  
molecules and mainly polyunsaturated fatty acids (PUFA), 
and this process is termed as lipid peroxidation (LPO). 
Lipid peroxidation is a destructive self-perpetuating 
chain reaction.7 In the PUFA free radicals first targets 
reactive lipid hydrogen (LH) and oxidizes LH to fatty acid 
radical (L.), this fatty acid radical adds oxygen to form a 
fatty acid peroxyl radical (LOO.). The peroxy radicals than 
induces further chain reaction. This peroxy radical further 
oxidize PUFA molecule and initiates new chain reaction 
producing lipid hydroperoxide (LOOH) which will further 
break down to more radical and reactive aldehyde, which 
further spread the attack to other parts of  the cell.8

LH + R 
  L. + RH

L. + O2   LOO.

LOO. + LH   LOOH + L.

LOOH   LO. + LOO. + Aldehyde

Lipid peroxidation is widely associated with injuries and 
diseases.

In addition to other free radicals, Reactive oxygen species 
(ROS) is most commonly produced in our metabolic 
system which includes all highly reactive, oxygen-containing 

molecules. Types of  ROS include the hydroxyl radical, the 
super oxide anion radical, hydrogen peroxide, singlet oxygen, 
nitric oxide radical, hypochlorite radical, and various lipid 
peroxides. They are neutral, short lived, unstable and highly 
reactive to pair up the odd electron and finally achieve stable 
configuration. They are capable of  attacking the healthy 
cells of  the body, causing them to lose their structure and 
function. There are various endogenous (Metabolic process) 
and Exogenous (Environmental) sources of  free radicals. 
Ccellular damage arising from reactive oxygen species 
(ROS), at least in part, is responsible for the etiology and 
pathophysiology of  various neurodegenerative disorders 
(e.g., Alzheimer disease, Parkinson disease, multiple sclerosis, 
Down’s syndrome) and other diseases like inflammation, 
viral infections, autoimmune pathologies, and digestive 
system disorders such as gastrointestinal inflammation and 
ulcer.6,9 In living systems, free radicals are generated as part 
of  the body’s normal metabolic process in the mitochondrial 
respiratory chain, liver mixed function oxidases, by bacterial 
leucocytes, through xanthine oxidase activity, atmospheric 
pollutants, and from transitional metal catalysts, drugs and 
xenobiotics. In addition, chemical mobilization of  fat stores 
under various conditions such as lactation, exercise etc. can 
result in increased radical activity and damage, in particular, 
to the immune and nervous systems. The stress hormones 
(adrenalin and noradrenalin) secreted by the adrenal glands 
too, may be metabolized into simpler, albeit, free radicals. 
In carcinogenesis, reactive oxygen species are responsible 
for initiating the multistage carcinogenesis process starting 
with DNA damage and accumulation of  genetic events in 
one or few cell lines which leads to progressively dysplastic 
cellular appearance, deregulated cell growth, and finally 
carcinoma.10,11

To protect the cells and organ systems of  the body against 
ROS, humans have evolved a highly sophisticated and 
complex antioxidant protection system, that functions 
interactively and synergistically to neutralize free radicals. 
Under natural conditions a dynamic balance between the 
free radicals and antioxidants is maintained. The amount of  
antioxidant principles present under normal physiological 
conditions may be insufficient to neutralize extra burden 
of  free radicals. Therefore, antioxidants can be given from 
external sources like food etc., to protect against harmful 
diseases and to prevent, delay or ameliorate many of  these 
disorders.12 Hence there has been an increased interest 
in the food industry and in preventive medicine in the 
development of  “Natural antioxidants” as alternative 
sources. Plant materials being most acceptable by 
consumer especially have gained an interest as antioxidant 
supplements in the foods and drugs. Phytochemicals with 
antioxidant activity subsist extensively in fruits, vegetables, 
cereal grains, edible macro fungi, microalgae, and medicinal 
plants.13, 14 Antioxidants are molecules that have the capacity 
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to either inhibit or quench the free radicals and induce 
delay or inhibit cellular damage. This defense mechanism 
is an intricate part of  the survival in all the species. These 
antioxidants can be categorized as enzymatic and non-
enzymatic form or water soluble and lipid soluble or small 
molecule or large molecule. The enzymatic antioxidants 
break down & remove free radicals. Thus, convert oxidative 
products to hydrogen peroxide and then water in the 
presence of  cofactors. The nonenzymatic antioxidants like 
vitamin C, plant polyphenols etc interrupt the free radicals 
chain reaction. The antioxidants that are derived from 
plants are called as Phyto antioxidants. The usage of  Plants 
or plant derived components to prevent and treat diseases 
or to promote healthy life is termed as Phyto therapy.15 
Phytochemicals are secondary bioactive non-nutrient 
plant chemicals found in fruits, vegetables, and other plant 
foods that have health-related effects. Up to now, about 
200,000 phytochemicals have been identified and 20,000 
of  them are derived from fruits, vegetables and grains.16 To 
combat or reduce the harmful effect of  free radicals, Phyto 
antioxidants follow one of  the mechanisms: (1) scavenging 
species that initiate peroxidation, (2) chelating metal ions 
such that they are unable to generate reactive species or 
decompose lipid peroxides, (3) quenching •O2

− preventing 
formation of  peroxides, (4) breaking the autoxidative chain 
reaction, and/or (5) reducing localized O2 concentrations.17.
To understand the mechanism of  action of  these Phyto 
antioxidants it is indispensable to comprehend the 
generation and damaging reactions of  free radicals.

Among the endless list of  the Phyto antioxidants, 
Vitamin E, Vitamin C, various Biofavonids, carotenoids, 
Allicin, Piperine and curcumin are commonly studied for 
their mechanism. Their mechanism mostly included the 
inhibition of  lipid peroxidation and free radical scavenging.

ROLE OF ANTIOXIDANTS AS THERAPEUTIC 
AGENTS

Chronic diseases like cardiovascular diseases (CVD), 
diabetes, Obesity, Alzheimer’s etc has become the global 
health problems, leading to death and disability to millions 
of  people. So far, research has shown that toting up of  
fruits and vegetables to the patient’s diet resulted in a 
very beneficial outcome. Overproduction of  oxidants 
(reactive oxygen species and reactive nitrogen species) in 
the human body is involved in the pathogenesis of  many 
chronic diseases. This imbalance can be handled by the 
antioxidants and since plants are natural source with almost 
no side effects, so provides better outcome against various 
chronic diseases. Fruits and vegetables consumption with 
high contents of  antioxidant phytochemicals is proven to 
increase the antioxidant capacity of  serum/plasma.

PROTECTIVE ACTION ON CARDIOVASCULAR 
DISEASES

In the developed countries CVD is one of  the leading 
causes of  death.18 Overproduction of  oxidants ameliorates 
the severity of  the disease. Oxidative damage results into 
endothelial cell injuries and deleterious vasodilator effects. 
The polyphenols help in the improvement of  endothelial 
function.19 Another study indicated that total flavonoids 
of  Flos chrysanthemi showed vasodilating effects and 
protected vasodilator reactivity from oxidative stress, which 
was mediated by endothelium-derived hyperpolarizing 
factor.20 Macrophage scavenger receptors take up oxidized 
low-density lipoprotein to promote cholesterol ester 
accumulation and foam cell formation, which is another 
factor contributing to atherosclerotic disease. In animal 
models, quercetin attenuated atherosclerosis by interfering 
with foam cell formation and pro-oxidant/proinflammatory 
response, which were key proatherogenic activities of  
macrophages.21 In addition to this, polyphenols have also 
been reported to act in a multiple ways. It not only protects 
from oxidative stress but also involved in blood pressure 
reduction and inflammation decreasing action. In CVD, 
accumulation of  vascular smooth muscle cells plays a 
key role in the formation and development of  lesions in 
atherosclerosis, which has been reported to be relieved by 
the use of  Dehydroglyasperin C. Another complication 
of  CVD can be Platelet aggregation and adhesion under 
pathophysiological leading to thrombosis and blockage of  
coronary arteries. Polyphenols derived from blueberries 
has been reported to modify this molecular event.19 Other 
Phyto antioxidants like allicin, lycopene and crocin has 
been reported to inhibit platelet aggregation and protected 
oxidative stress-induced apoptosis of  platelets.23 Allicin, 
an antioxidant organosulfur compound from garlic, was 
found to protect the cardiovascular system by inducing 
vasorelaxation and alleviating cardiac hypertrophy, 
angiogenesis, platelet aggregation, hyperlipidemia and 
hyperglycemia.24 Therefore, antioxidant phytochemicals 
can be a good candidate for preventing and decline 
down the CVD.

PROTECTIVE ACTION AGAINST DIABETES

Diabetes is another major health problem, characterized 
by chronic hyperglycemia, which further can lead to many 
microvascular and macrovascular complications. Due 
to hyperglycemia and hyperlipidemia diabetes is usually 
accompanied by ameliorated production of  free radicals.25 
In the study, it was found that usage of  plant antioxidants 
including α- and γ-tocopherol, α- and β-carotene, lycopene, 
β-cryptoxanthin, lutein, zeaxanthin, retinol and ascorbic 
acid abetted to decrease the complications associated 
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with diabetes.26 Additionally, the juices from raphanus, 
ajwain, sowa and amaranthus leaves were potent source of  
biological antioxidants and possessed capacity to mitigate 
starch induced postprandial glycemic burden and reduced 
glucose induced postprandial glycemic excursion in rats.27 
Besides this, Sub-clinical grade inflammation also plays a 
significant role in the expansion of  obesity-related insulin 
resistance. Polyphenols originated from grape products 
abridged obesity-mediated chronic inflammation to 
prevent metabolic diseases. Polyphenols act by blocking 
proinflammatory cytokines or endotoxin-mediated 
kinases and transcription factors to exert its antidiabetic 
activity.28 Curcumin due to its strong anti-inflammatory 
and antioxidant activities is also considered suitable for 
the prevention and amelioration of  diabetes. Resveratrol 
was found to influence the expression of  genes relevant to 
the development of  type- 2 diabetes, such as by inducing 
expression of  several β-cell genes and insulin expression in 
pancreatic α-cells.29 Phytochemicals could prevent diabetes 
through regulating α-glucosidase and lipase activities, 
reducing postprandial glycemic level, anti-inflammatory 
activity, improving pancreatic function and synergistic 
action with hypoglycemic drugs.30, 31

PROTECTIVE ACTION ON ALZHEIMER’S DISEASE 
AND INFLAMMATORY BOWEL DISEASE

Alzheimer’s is a deteriorating neurological disorder 
characterized by cognitive decline and memory loss.32 
The brain is believed to be susceptible to oxidative stress 
as there is relatively higher concentration of  oxygen free 
radicals without proportionate levels of  antioxidative 
defenses. This oxidative stress has been reported to be 
involved in the pathogenesis of  dementia or Alzheimer’s.33 
The person suffering from Alzheimer’s shows remarkable 
reduction of  acetylcholine (ACh) levels in the hippocampus 
and cortex of  the brain resulting in memory loss. Studies 
reveled that usage of  Phyto antioxidants like flavonoid 
helped in the reduction of  oxidant stress. In addition, 
quercetin showed protective effect against neurotoxicity 
of  amyloid β-peptide that usually found to be at higher 
level in Alzheimer’s.34 In addition, curcumin, catechins and 
resveratrol showed neuroprotective ability in Alzheimer’s.36, 

37 Furthermore, polyphenolic compounds of  walnuts 
reduced the oxidant and inflammatory load on brain cells, 
improved inter-neuronal signaling, increased neurogenesis, 
as well as enhanced sequestration of  insoluble toxic 
protein aggregates.37Therefore, phytochemicals could 
protect against AD by reduction of  oxidant stress and 
acetylcholinesterase.

Inflammatory bowel disease (IBD) includes two complex 
diseases viz; ulcerative colitis (UC) and Crohn’s disease and 

both the disease are associated with chronic inflammatory 
disorder regulated by immune response. Previous 
studies showed that free radicals declines the immune 
status of  host.38,4 Thereby, theses oxidants enhance the 
deleterious effect of  IBD.39 Polyphenols like picatechin, 
procyanidin B2, catechin, and procyanidin B1 possess 
strong anti-inflammatory property.40-42

CONCLUSION

From the data available it can be concluded that many 
medical conditions where oxidative stress is involved can be 
well treated with various plants. These medicinal properties 
of  the plant owe to its phytoconstituents. Most important 
aspect of  theses Phyto antioxidants lies in the fact that 
being a natural source they have less or even no side effects. 
Although more research is required in the field of  Phyto 
antioxidants so that new formulations can be explored.
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