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Free radicals are highly reactive molecule having one or more unpaired
electrons, they can cause damage to some vital components of the cells such
as lipid, protein and DNA. Free radicals are generated by various sources
such as exposure to harmful radiations UV radiations, X-rays, gamma rays
and microwave radiations, activity of neutrophils and macrophages,
pollutants, electron transport chain in mitochondria, smoking etc. various
diseases such as cancer, diabetes, Alzheimer’s disease, Parkinson’s disease,
Atherosclerosis, AIDS etc. have the involvement of free radicals. The cells
contain a defense system of antioxidants to neutralize the effect of free
radicals, two types of antioxidants are present in cells, Enzymatic
antioxidants (Superoxide dismutase (SOD), Catalase (CAT), and Glutathione
peroxidase (GPx) and non enzymatic antioxidants (Vitamin E, Vitamin C,
Uric acid, Reduced glutathione, Coenzyme Q10. Imbalance between free
radicals and antioxidants give rise to a condition of oxidative stress which

can be identify by different markers such as Lipid peroxidation, protein
oxidation, Nitric oxide, DNA damage.

Introduction

1. Free radicals and Oxidative stress

Free radicals are highly reactive molecules or atoms which contain one or more unpaired electrons in their outer
orbitals (Singal et al., 2000). Due to the presence of an unpaired electron, free radicals are highly unstable and tend
to react with cellular elements (Halliwell, 1991). Recently, free radicals / reactive oxygen species (ROS), the
oxidants are paid particular attention as they cause lipid peroxidation; damaging the compounds of all biochemical
classes; including nucleic acid, lipids, proteins, lipoproteins, carbohydrates and connective tissue micro molecules
(Carrol, 1987) also play an important role in the pathogenesis of tissue damage in many clinical disorders (Sinclair
et al., 1991). Free radicals have been known to play an important role in the initiation and promotion of multistep
carcinogenesis. The improper balance between ROS production and antioxidant defense results in oxidative stress
which deregulates the cellular functions leading to various pathological conditions including cancer
(Bandyopadhyay et al., 1999; Powell et al., 2005; Abidi and Ali, 1999). Oxidative stress caused by increased free
radical generation and/or decreased antioxidant level in the target cells and tissues has been suggested to play an
important role in carcinogenesis (Diplock, 1991; Halliwell and Gutteridge, 1999; Rajneesh et al., 2008; Cerutti,
1994, Lu, 2007). Oxidative damage has been implicated in carcinogenesis in human cancers and in cancer models
for other animals 4. Free radicals are capable of altering all major classes of biomolecules, such as lipids, nucleic
acids and proteins, with changes in their structure and function (Chen et al., 2000). Prime targets of free radicals are
the polyunsaturated fatty acids in cell membranes and their interaction results in lipid peroxidation. The levels of
free radical molecules are controlled by various cellular defense mechanisms, consisting of enzymatic catalase,
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glutathione peroxidase, superoxide dismutase) and non-enzymatic (vit E, vit C and glutathione) components
(Guyton and Kensler, 1993; Lopaczynski and Zeisel, 2001)

1.1 Sources of free radicals Generation

Free radicals can be produced endogenously or exogenously. In vivo free radicals are formed during normal aerobic
respiration, by activation of phagocytosing cells, in peroxisomes where fatty acids are degraded, and by auto-
oxidation of various molecules (Frei et al., 1989; Halliwell, 2007). Different sources of free radicals are UV
radiations, X-rays, gamma rays and microwave radiation, metal-catalyzed reactions, Oxygen free radicals as
pollutants in the atmosphere, Inflammation initiates production of ROS and RNS by neutrophils and macrophages,
neutrophils stimualated by exposure to microbes, in mitochondria-catalyzed electron transport reactions, oxygen free
radicals produced as by product. Several sources like mitochondrial cytochrome oxidase, xanthine oxidases, lipid
peroxidation, metabolism of arachidonic acid, platelets, macrophages and smooth muscle cells, interaction with
chemicals, automobile exhausts fumes, smoking of cigarettes, cigars, beedie, Burning of organic matter during
cooking, forest fires, volcanic activities, Industrial effluents, excess chemicals, alcoholic intake, certain drugs,
asbestos, certain pesticides and herbicides, some metal ions, fungal toxins and xenobiatics also increase generation
of free radicals (Valko et al., 2006; Nagendrappa, 2005; Ali et al., 1996; Cadenas, 1989; Bagchi and Puri, 1998).

1.2 Involvement of free radicals in various diseases

Oxygen derived free radical reactions have been implicated in the pathogenesis of many human diseases including
neurodegenerative disorder like alzheimer’s disease, parkinson’s disease, multiple sclerosis, amyotrophic lateral
sclerosis, memory loss and depression. Cardiovascular disease like atherosclerosis, ischemic heart disease, cardiac
hypertrophy, hypertension, shock and trauma. Pulmonary disorders like inflammatory lung diseases such as asthma
and chronic obstructive pulmonary disease. Diseases associated with premature infants, including
bronchopulmonary, dysplasia, periventricular leukomalacia, intraventricular hemorrhage, retinopathy of prematurity
and necrotizing enterocolitis. Autoimmune disease like rheumatoid arthritis. Renal disorders like glomerulonephritis
and tubulointerstitial nephritis, chronic renal failure, proteinuria, uremia. Gastrointestinal diseases like peptic ulcer,
inflammatory bowel disease and colitis. Tumors and cancer like lung cancer, leukemia, breast, ovary, rectum
cancers etc. Eye diseases like cataract and age related of ratina, maculopathy. Ageing process, diabetes, skin lesions,
immunodepression, liver disease, pancreatitis, AIDS, infertility. (Pham-Huy et al., 2008; Valko et al., 2007;
Agarwal and Prabakaran, 2005; O’donovan and Fernandes, 20004, Gupta et al., 1997; Kehrer and Smith1994; Sen et
al., 2009).

2. Antioxidant defense system

An antioxidant is a molecule that inhibits the oxidation of other molecules. The human body is equipped with certain
enzymatic and non-enzymatic antioxidant systems (Faruk Tas et al., 2005, Portakal et al., 2000). Antioxidants are
known to dispose, scavenge, and suppress the formation of free radicals or oppose their action and increase with the
severity of the disease (Singh et al., 2003, Galleotti et al., 1991). The antioxidants neutralize the free radicals,
stopping the chain of propagation and reducing their harmful effects on the body. They include a number of
enzymes, notably superoxide dismutase, glutathione reductases and catalase, vitamin E and C, carotenoids,
flavonoids, albumin, uric acid and glutathione (Fang et al., 2002). In the case of a weakening of such an antioxidant
defence or excess production of free radicals, a state of oxidative stress occurs (Maritim et al., 2003; Sies, 1997).
Antioxidants are classified into two broad divisions, depending on whether they are soluble in water (hydrophilic) or
in lipids (hydrophobic). In general, water-soluble antioxidants react with oxidants in the cell cytosol and the blood
plasma, while lipid-soluble antioxidants protect cell membranes from lipid peroxidation®. These compounds may be
synthesized in the body or obtained from the diet (Silvia et al., 2004; Clarkson and Thompson, 2000). To control the
influence of reactive oxygen species (ROS), aerobic cells have developed their own antioxidant defense system,
which includes both enzymatic and non-enzymatic antioxidants (Bakan et al., 2003).

Types of Antioxidants
e Enzymatic antioxidants
¢ Non Enzymatic antioxidants
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2.1 Enzymatic antioxidants

The three major antioxidant enzymes are Superoxide dismutase (SOD), Catalase (CAT), and glutathione peroxidase
(GPx or GSH-Px). SOD and CAT are enzymes form the first line defense against oxidants, e.g. superoxide anion
and hydrogen peroxide (Gago-Dominguez and Castelao, 2006). The antioxidant enzyme superoxide dismutase
(SOD) widely distributed in all cells is present in high amounts in erythrocytes (Speranza et al., 1997). In humans,
three different forms of SOD are cytosolic-CuzZn-SOD, mitochondrial Mn-SOD, and extracellular SOD (Halliwell,
2007). Superoxide dismutase, the antioxidant enzyme plays an important role in scavenging the superoxide radical.
SOD protects cells against superoxide radical by dismutation of the highly reactivesuperoxide anion to oxygen and
to a less reactive oxygen species, hydrogen peroxide (McCord, 2000). The generated H202 is removed mainly by
peroxiredoxins, thioredoxin-dependent peroxidase enzymes (Halliwell, 2007). CAT neutralizes hydrogen peroxide.
SOD and CAT also function as anticarcinogenes by inhibiting the initiation and promotion phases in carcinogenesis
(Kumaraguruparan et al., 2005, Halliwell, 2007). Glutathione peroxidase (GPX) is a selenoprotein, and essential for
the conversion of glutathione to oxidized glutathione. Glutathione peroxidase reduces lipidic or non-lipidic
hydroperoxides as well as H,O, while oxidizing glutathione (Michiels et al., 1994).Glutathione reductase is a
flavoenzyme and an important predictor of general oxidant/antioxidant status (Halliwell and Gutteridge, 2007). In
addition to SOD, CAT and GPx, there are numerous antioxidant enzymes reacting with and detoxifying compounds
produced by oxidative offense (Sies, 1993).

2.2 Non enzymatic antioxidants
2.2.1 Antioxidant Vitamins

Vitamin E (tocopherol) is the major lipid-soluble antioxidant present in lipid membranes and human plasma
lipoproteins (Abiaka et al., 2001). Vitamin E is a strong inhibitor of apoptosis and a stabilizer of biological
membranes (Kolanjiappan et al., 2002, Gago-Dominquez and Castelao, 2006). Vitamin E functions in vivo as a
strong protector against lipid peroxidation (Slater, 1984, Niki et al., 1991). Vitamin E is the only lipid-soluble chain-
breaking antioxidant in human plasma, it is responsible for only 2—-3% of the total peroxyl radical trapping capacity
(TRAP) of plasma (Burton et al., 1983, Uctila et al., 1994). vitamin E inhibit of cell adhesion, proliferation and
protein kinase activity as well as enhancement of immunity and modulation of gene expression (Brigelius-Flohe et
al., 2002).Vitamin C or L-ascorbic acid, or simply ascorbate (the anion of ascorbic acid), is an essential nutrient for
humans and certain other animal species. Ascorbic acid is well known for its antioxidant activity, acting as a
reducing agent to reverse oxidation in liquids (McGregor and Biesalski 2006)

2.2.2 Uric acid

Urate (uric acid) is is an important intra and extracellular hydrophilic radical scavenger (Gil et al., 2006). Uric acid
is the end product of purine metabolism the reaction of hypoxanthine to xanthine and xanthine to uric acid catalyses
by xanthine oxidase reduce oxygen and superoxide anion and hydrogen peroxide, are formed respectively. Uric acid
is the major constituent of adenosine triphosphate, DNA and RNA (Kumar et al., 2008). Uric acid is a powerful
scavenger of singlet oxygen, peroxyl radicals and OHe radicals (Ames et al., 1981). It protects unsaturated fatty
acids from oxidation and may act by preserving ascorbic acid (Davies et al., 1986).

2.2.3 Reduced Glutathione

Reduced glutathione (GSH) is a tripeptide with a free thiol group (-SH group) which consists of three amino acids
joined together (glutamic acid, cysteine and glycine). Oxidized glutathione (GSSG) is formed by joining two
reduced glutathione molecules by their -SH groups. Glutathione peroxidase catalyses the reduced form of
glutathione (GSH) to 25 the oxidized form (GSSG). It is thought that only less than 0.2% of the total GSH exists as
GSSG, as some GSH is bound to low-molecular-weight compounds and proteins (Meister, 1988). Glutathione
modulates cell proliferation and plays a key role in protecting cells against oxidants (Kumaraguruparan et al., 2005).

2.2.4 Coenzyme Qg

Oil-soluble, vitamin-like Coenzyme Q10 (CoQ10) is present in most eukaryotic cells, as an initial part of the
electron transport chain (ETC) and involved in aerobic cellular respiration and generation of energy (ATP) in the
mitochondria.. CoQ10 level decreases with age, and it is particularly low in patients with chronic diseases such as
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heart conditions, muscular dystrophy, Parkinson’s disease, cancer, diabetes, and HIV/AIDS (Lockwood et al.,
1995). CoQ,, molecule continuously goes through oxidation-reduction cycle. As it accepts electrons, it becomes
reduced. As it gives up electrons, it becomes oxidized, thus, act as an antioxidant CoQ1o inhibits lipid peroxidation
by preventing the production of lipid peroxyl radicals (LOO). Some researchers have indicated that CoQ10
supplement diets can prevent age-related DNA double-strand breaks and can increase lifespan (Quiles et al., 2004).

3. Oxidative stress markers

3.1 Lipid peroxidation

Lipid peroxidation is a form of oxidative damage of cell membranes in which the free radicals react with
polyunsaturated fatty acids (Lopaczynski and Zeisel, 2001). Lipid hydroperoxides LOOH are formed at the initiation
of the process which further form malondialdehyde (MDA) and are the source of highly reactive aldehydes which
modify DNA and protein in the cell (Urso and Clarkson, 2003; Lopaczynski and Zeisel, 2001). Levels of lipid
peroxidation can be measure by measuring MDA levels in the plasma or serum (Morabito et al., 2004; Dormandy,
1983). Circulating inflammatory cells produce reactive oxygen species (ROS) in tumor tissues which can promote
lipid peroxidation. (Seven et al., 1999).

3.2 Protein oxidation

protein oxidation can be identify by formation of protein carbonyl derivates, oxidized amino acid side chains,
protein fragments, and formation of advanced glycation end products (Lopaczynski and Zeisel, 2001). Protein
carbonyl derivates are formed due to the cleavage of peptide main chain and oxidation of some amino acid (arginine,
lysine, proline, or threonine) side chains (Berlett and Stadtman, 1997, Dean et al., 1997, Lopaczynski and Zeisel,
2001, Morabito et al., 2004). Hodgkin’s lymphoma patients, patients have higher circulating protein carbonyl groups
compared to healthy controls shows the increase in protein oxidation in Hodgkin’s lymphoma patients (Morabito et
al., 2004).

3.3 Nitric oxide (NOe)

Nitric oxide (NO<)has an extremely short half-life, only a few seconds in an aqueous environment, and is highly
reactive molecule which can either be oxidized or form complexes with other molecules, the blood NO« level does
not necessarily reflect the NOe status of the tissues (Metzger et al., 2006). Nitric oxide has an important role in the
initiation of apoptosis in various cell types (Ellis et al., 1998). It has been shown that increased production of nitric
oxide may protect cells from oxidative stress (Gonenc et al., 2006) and the overproduction of reactive nitrogen
species is referred as nitrosative stress (Klatt and Lamas, 2000).

3.4 DNA damage

Reactive oxygen species (ROS) are able to cause permanent structural changes in DNA, as base-pair mutations,
deletions, insertions, rearrangements and sequence amplification (Cerutti, 1994). The tendency to mutate is
increased with incremental ROS during DNA replication (Senturker and Dizdaroglu, 1999, Dizdaroglu et al., 2001).
Continuous oxidative damage to DNA may lead to alterations in signaling cascades or gene expression, may induce
or arrest transcription, and may cause replication errors and genomic instability (Powell et al., 2005). Point
mutations is generally occurs at the guanine-cytosine (G-C) pair (Halliwell, 2007; Hirano et al., 1996). Urinary 8-
oxoGua and 8-oxodG are generally use as markers of oxidative damage to DNA (Shigenaga et al., 1994; Loft and
Poulsen 1999).

4. Summary

Free radicals formed by various sources such as exposure to harmful radiations and activities of neutrophils and
macrophages, pollutants, electron transport chain in mitochondria, smoking etc are found to be involved in various
diseases including Cancer, Diabetes, Alzheimer’s disease, Parkinson’s disease, Atherosclerosis, AIDS etc.
Antioxidants in cell protect various components of cells such as lipid, proteins and DNA of from the damaging
effects of free radicals. Any alterations in the balance between free radicals and antioxidants leads to a condition of
oxidative stress. Oxidative stress can be identify by the levels lipid peroxidation, protein oxidation, nitric oxide and
DNA damage.
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