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ABSTRACT

Redox degenerative reactions of the biological system
inevitably produce reactive oxygen species (ROS) and
their derivatives. Oxidative stress is the result of an
imbalance in pro-oxidant/antioxidant homeostasis
that leads to the generation of toxic reactive oxygen
species (ROS), such as hydrogen peroxide, organic
hydro peroxides, nitric oxide, superoxide and hy-
droxyl radicals etc. Information are accumulating
steadily, supporting the general importance of oxida-
tive damage of tissue and cellular components as a
primary or secondary causative factor in many dif-
ferent human diseases and aging processes. Many of
the recent landmarks in scientific research have
shown that in human beings, oxidative stress has been
implicated in the progression of major health prob-
lems by inactivating the metabolic enzymes and
damaging important cellular components, oxidizing
the nucleic acids, leading to cardiovascular diseases,
eye disorders, joint disorders, neurological diseases
(Alzheimer’s disease, Parkinson’s disease and amyo-
trophic lateral sclerosis), atherosclerosis, lung and
kidney disorders, liver and pancreatic diseases, can-
cer, ageing, disease of the reproductive system in-
cluding the male and female infertility etc. The ad-
vent of a growing number of in vitro and in vivo mod-
els for evaluating the human disease pathology is
aiding scientists in deciphering the detailed mecha-
nisms of the point of intersection of the oxidative
stress with other cellular components or events in the
growing roadmap leading to different human disor-
ders. The toxic effect of reactive oxygen and nitrogen
species in human is balanced by the antioxidant ac-
tion of non-enzymatic antioxidants, as well as by an-
tioxidant enzymes. Such antioxidant defences are ex-
tremely important as they represent the direct re-
moval of free radicals (prooxidants), thus providing
maximal protection for biological sites. These systems
not only assert with the problem of oxidative damage,
but also play a crucial role in wellness, health main-
tenance, and prevention of chronic and degenerative
diseases. In this review we have tried to generate a
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gross picture on the critical role of ROS in deterio-
rating human health and the importance of antioxi-
dative defense system in ameliorating the toxicity of
ROS.
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1. INTRODUCTION

Oxidative stress occurs when the generation of free radi-
cals and active intermediates in a system exceeds the
system’s ability to neutralize and eliminate them (Figure
1) [1-3]. The current concept of “oxidative stress” should
also include the pathways related to the ‘“nitrosative
stress” and, for their implication in cellular and extracel-
lular metabolic events, to the “metabolic stress”. Reac-
tive oxygen intermediate (ROI) and reactive nitrogen
intermediate (RNI) are constantly produced under phy-
siological conditions [4,5], is the crucial event in living
organisms. At the moment, the concept of oxidative
stress confined to ROI such as hydroxyl and superoxide
radicals, and hydrogen peroxide and singlet oxygen has
been extended onto RNI such as nitric oxide (NO), per-
oxynitrite and, recently, to S-nitrosothiols [5]. Thus, ROI
and RNI react with proteins, carbohydrates and lipids,
with consequent alteration both in the intracellular and
intercellular homeostasis, leading to possible cell death
and regeneration (Figure 2) [6].

To cope with the oxidative stress elicited by aerobic
metabolism, animal and human cells have developed a
ubiquitous antioxidant defense system, which consists of
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) and glutathione reductase together
with a number of low molecular-weight antioxidants
such as ascorbate, a-tocopherol and glutathione, cys-
teine, thioredoxin, vitamins, etc. However, this antioxi-
dant defense system may be overwhelmed by various
pathological or environmental factors so that a fraction
of ROS may escape destruction and form the far more
reactive hydroxyl radicals [7,8]. An increase in ROS-
elicited oxidative damage to DNA and other biomole-
cules may impair normal functions of tissue cells and
lead to human aging and disease [9,10].

L,o% Scientific

+03

%% Research


mailto:hossainshekhar@yahoo.com
mailto:shekhardu@hotmail.com

998 T. Rahman et al. / Advances in Bioscience and Biotechnology 3 (2012) 997-1019

Oxidative Stress Homeostatic levels of ROS Defense activated (ROS Lacking)
QS
- qants Qe
Ao S s
‘ &S‘“\Nx
=" \ ‘b.\de
& S .
Alpha - tocopherol o 0,1;\&'&‘5
< o®
\ Taurine and hypotaurine
e .
W \ \ Catalas

| Lactate and pyruvate

Figure 1. Imbalance between oxidant and antioxidant.
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Figure 2. Reactions of ROI and RNI with proteins, carbohydrates and lipids, with consequent alteration both in
the intracellular and intercellular homeostasis until possible cell death and regeneration.
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2. TYPES OF ROS, SOURCE OF
SYNTHESIS AND THE DAMAGE
CAUSED BY THE PRODUCTION OF
ROS

2.1. Types of Reactive Species

The highly reactive molecules include Reactive oxygen
Species (ROS) and Reactive Nitrogen Species (RNS) are
listed in Tables 1 and 2. Among these reactive molecules
0, , *NO, ONOO™ are the most widely studied species
and play important roles in the diabetic cardiovascular
complications. Superoxide (-0, ) is produced by one
electron reduction of oxygen by different oxidases in-
cluding dihydro nicotinamide adenine dinucleotide pho-
sphate (NADPH) oxidase, xanthin oxidases, cycloxi-
genase as well as by the mitochondrial electron transport
chain during the course of normal oxidative phosphory-
lation which is essential for generating ATP [11].

2.2. Source and Cellular Response of ROS

Oxidants are generated as a result of normal intracellular
metabolism in mitochondria and peroxisomes, as well as
from a variety of cytosolic enzyme systems. In addition,
a number of external agents can trigger ROS production.
A sophisticated enzymatic and non-enzymatic antioxi-
dant defense system (Figure 3) including catalase (CAT),
superoxide dismutase (SOD) and reduced glu-
tathione(GSH) counteracts and regulates overall ROS
levels to maintain physiological homeostasis. Lowering

Table 1. Reactive oxygen species (ROS).

Radicals Non-radicals

Superoxide: O, Hydrogen peroxide: H,0,

Hydroxyl: OH™ Hypochlorus acid: HOCL
Peroxyl: RO, Hypobrromus acid: HOBr
Alkoxyl: RO~ Ozone: O3

Hydroperoxyl: HO, Singlet oxygen: Ag

Table 2. Reactive nitrogen species (RNS).

Radicals
Nitric oxide: NO™
Nitrous acid: HNO,

Non-radicals

Nitrogen dioxide: NO,
Nitrosyl cation: NO
Nitrosyl anion: NO™ NO~
Dinitrogen tetroxide: N,O4
Dinitrogen trioxide : N,O;
Peroxynitrite: ONOO~
Peroxinitrous acid: ONOOH
Alkylperoxynitrites: ROONO

Copyright © 2012 SciRes.

ROS levels below the homeostatic set point may inter-
rupt the physiological role of oxidants in cellular prolif-
eration and host defense. Similarly, increased ROS may
also be detrimental and lead to cell death or to accelera-
tion in ageing and age-related diseases. Traditionally, the
im- pairment caused by increased ROS is thought to re-
sult from random damage to proteins, lipids and DNA. In
addition to these effects, a rise in ROS levels may also
constitute a stress signal that activates specific redox-
sensitive signaling pathways. Once activated, these di-
verse signaling pathways may have either damaging or
potentially protective functions (Table 3) [12].

The primary ROS produced in the course of oxygen
metabolism is superoxide, which is a highly reactive,
cytotoxic ROS. Superoxide is converted to a far less re-
active product, hydrogen peroxide (H,0,), by a family of
metalloenzymes known as superoxide dismutase (SOD)
[13]. The ubiquitous superoxide dismutase’s (SODs)
catalyze the disproportionation of superoxide to molecu-
lar oxygen and peroxide and thus are critical for protect-
ing the cell against the toxic products of aerobic respire-
tion.

205 +2H" - H,0, +0,

GSH is by far the most important antioxidant in most
mammalian cells. This ubiquitous tripeptide, y-Glu-Cys-
Gly, performs many cellular functions. In particular, the
thiol containing moiety is a potent reducing agent [14].
GSH has the important function of destroying reactive
oxygen intermediates and free radicals that are constantly
formed in metabolism [15].

H,0,+ GSH—"2 5 H,0+GSSG
GSSG + NAD(P)H—=—-GSH + NAD(P)"

Intracellular GSH is converted to GSSG by selenium-
containing GSH peroxidase, which catalyzes the reduc-
tion of H,0O, in the presence of GSH and GSH peroxi-
dase is coupled with oxidation of glucose-6-phosphate
and of 6-phosphogluconate, which provides NADPH for
reduction of GSSG by GSSG reductase. This is a major
pathway of H,O, metabolism in many cells. It is thus
important for the protection of membrane lipids against
oxidation. Hydrogen peroxide (H,O,) can also be neu-
tralized to molecular oxygen (O,) and water (H,O) by
one of the most important antioxidant enzyme Catalase.
It also catalyses the oxidation of various hydrogen do-
nors in the presence of relatively lower concentrations of
hydrogen peroxide. Lipids when react with free radicals,
they undergo peroxidation to form lipid peroxides. Lipid
peroxides decompose to form numerous products in-
cluding malondialdehyde [16]. The reaction course is
largely influenced by the presence of radical trapping
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Figure 3. The source and cellular responses to reactive oxygen species (ROS).

Table 3. Types of ROS, source of synthesis and the damage caused by the production of ROS.

Name of the ROS

Sources/where and how produced

Damage caused by the particular ROS

Hydrogen peroxide(H,0-)
Organichydroperoxide (ROOH)
Hydroxyl radical(*OH)

Superoxide ion (<O, )

Dismutation of <O, by SOD
Radical reactions with cellular components

Fenton reaction

Auto-oxidation reactions and by the ETS

Causes membrane damage
Lipid peroxidation &DNA
Attack most cellular components and damage them

Can release Fe*" from iron sulfur proteins and ferretin
Precursor of Fe catalysed *OH formation.

species, particularly oxygen [17]. The most common way
to measure lipid peroxides is to estimate malondialde-
hyde (MDA) content. The amount of malondialdehyde is
then determined colorometrically after reaction with
thiobarbituric acid [18].

superoxide dismutase (SOD), reduced glutathione
(GSH) and catalase (CAT) whose activities contribute to
eliminate superoxide, hydrogen peroxide and hydroxyl
radicals. Humans have evolved with antioxidant systems
to protect against free radicals. These systems include

Copyright © 2012 SciRes.

some antioxidants produced in the body (endogenous)
and others obtained from diet (exogenous). The first in-
cludes a) enzymatic defenses, such as glutathione per-
oxidase, catalase, and super oxide dismutase, which me-
tabolize superoxide, hydrogen peroxide, and lipid perox-
ides, thus preventing most of the formation of the toxic
OHe* and b) nonenzymatic defenses, such as glutathion,
histidine-peptides, the iron binding proteins transferrin
and ferritin, dihydrolipoic acid, melatonin, urate, and
plasma protein thiols [19,20].
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3. SOME OF THE HUMAN DISORDERS
CLINICALLY LINKED TO OXIDATIVE
STRESS

Oxidative stress has been implicated in several diseases
including cancer, atherosclerosis, malaria, chronic fa-
tigue syndrome, rheumatoid arthritis and neurodegenera-
tive diseases such as Parkinson’s disease, Alzheimer’s
disease, and Huntington’s disease (Figure 4) [21,22].
Indirect evidence via monitoring biomarkers such as re-
active oxygen species, and reactive nitrogen species pro-
duction, antioxidant defense indicates oxidative damage
may be involved in the pathogenesis of these diseases
[23,24] Oxidative stress also contributes to tissue injury
following irradiation and hyperoxia, as well as in diabe-
tes and is likely to be involved in age-related develop-
ment of cancer. Infection by Helicobacter pylori which
increases the production of reactive oxygen and nitrogen
species in human stomach is also thought to be important
in the development of gastric cancer [25].

ROS also have been reported to damage cellular com-
ponents in cartilage by impairing the chondrocyte re-
sponses to growth factors and migrating to the sites of
cartilage injury leading to osteoarthritis [26]. There is in-
creasing evidence suggesting the role of ROS in damage-
ing the islets of pancreas [27]. Increased ROS in human
heart is associated with arotic valve stenosis [28]. Excess
ROS in human kidney leads to urolithiasis [29]. It was
also observed that hyperglycemia triggers the generation
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of ROS in both mesangial and tubular cells of human
kidney, making structural and functional changes in glo-
meruli causing diabetic nephropathy [30]. Increased ROS
production in high altitudes may also be involved in
acute mountain sickness (AMS), high altitude pulmonary
edema (HAPE) and high altitude cerebral edema (HACE)
[31-33].

3.1. Oxidative Stress and Neurodegenerative
Diseases

Neurodegenerative diseases, such as Alzheimer’s disease
(AD), Parkinson’s disease (PD) and Amyotrophic lateral
sclerosis (ALS), are defined by the progressive loss of
specific neuronal cell populations and are associated with
protein aggregates. A common feature of these diseases
is oxidative damage of neurons, which might be respon-
sible for the dysfunction or death of neuronal cells that
contributes to disease pathogenesis.

3.1.1. Alzheimer’s Disease (AD)

4-hydroxy-2,3-nonenal (HNE), acrolein, malondialde-
hyde (MDA) and F2-isoprostanes are important break
down products of lipid peroxidation. Elevated HNE lev-
els have been observed in Alzheimer’s disease (AD)
[34,35]. Acrolein, thiobarbituric acid-reactive substances
(TBARs, the most prevalent substrate of which is
malondialdehyde) and F2-isoprostanes are all increased
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Figure 4. Deleterious effects of oxidative stress on human health.
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in AD brains relative to age-matched controls [36]. DNA
bases are susceptible to modification by oxidative stress
involving hydroxylation [37] whereas increased levels of
8-hydroxyguanine and 8-hydroxy-2-deoxyguanosine are
observed in PD brains; the selective attack on guanine
bases implies OH radicals as the oxidative species [38].
In the AD brain, the activity of the antioxidant proteins
catalase, superoxide dismutase (SOD), glutathione per-
oxidase and glutathione reductase are increased in the
hippocampus and amygdale [39,40]. These are also used
as markers of oxidative stress in different diseases.

3.1.2. Parkinson’s Disease (PD)

Parkinson’s disease (PD) is characterized by the loss of
dopaminergic neurons of the substantia nigra and the
deposition of intracellular inclusion bodies. The principal
protein component of these deposits is a-synuclein [41],
which is ubiquitously expressed in the brain; mutations
of a-synuclein (A30P and A53T) contribute to familial
forms of the disease [42]. A characteristic feature of the
neurons within the substantia nigra is the age-dependent
accumulation of neuromelanin [43]. In PD, these neuro-
melanin-containing cells are most likely to be lost [44].
Neuromelanin is a dark brown pigment that accumulates
metal ions, particularly iron. Although the composition
of neuromelanin has not been rigorously characterized, it
is known that it consists primarily of the products of do-
pamine redox chemistry [45,46]. The oxidative stress
associated with PD could be the result of a breakdown in
the regulation of dopamine (neuromelanin)/iron bio-
chemistry. A diverse array of evidence is emerging that
o-synuclein has a role in modulating the activity of do-
pamine. The A53T mutation associated with familial PD
impairs vesicular storage of dopamine [47,48], which
leads to the accumulation of dopamine in the cytoplasm
and subsequent generation of ROS through its interaction
with iron, a process that increases with age. The muta-
tions in a-synuclein have been shown to alter the expres-
sion of dihydropteridine reductase, which indirectly re-
gulates the synthesis of dopamine [49]. Co-immuno-pre-
cipitation experiments have shown that a-synuclein
forms stable complexes with the human dopamine trans-
porter, thereby inhibiting uptake of dopamine by its tran-
sporter and that a-synuclein can regulate dopamine syn-
thesis by inhibiting tyrosine hydroxylase [50,51] The link
between a-synuclein and redox chemistry associated
with iron-bound dopamine/neuromelanin has been given
further credence by a study showing that initiation of
Lewy body formation coincides with a-synuclein deposi-
tion exclusively within lipofuscin and neuro-melanin de-
posits [52].

3.1.3. Amyotrophic Lateral Sclerosis
ALS is distinguished by the loss of the lower motor neu-

Copyright © 2012 SciRes.

rons of the spinal cord and upper motor neurons in the
cerebral cortex; and both sporadic and familial forms are
possible. Like the other neurodegenerative diseases, ALS
is characterized by the deposition of a misfolded protein
in neural tissue, in this instance coppet/zinc SOD [53].
There are more than 100 mutations of SOD associated
with the familial forms of the disease. Through trans-
genic mouse studies it has been shown that these muta-
tions lead to a toxic gain of function by SOD [54]. The
nature of this gain of function is widely debated, and
there are two main theories: one suggests that the toxicity
is due to misfolded aggregated forms of SOD, whereas
the other proposes that SOD becomes a pro-oxidant pro-
tein generating ROS. The merits or otherwise of these
two hypotheses have recently been reviewed [55], and as
the aggregation mechanism lies outside the scope of this
review it will not be discussed here, except to note that
the two theories might not be mutually exclusive.

Mutations of SOD can convert the protein from an
anti-oxidant to a pro-oxidant capable of causing oxida-
tive insults. Evidence that inappropriate metal-mediated
redox chemistry is central to the progression of ALS in-
cludes the observation that copper chelators inhibit the
course of the disease in both cell culture and mouse
Models [56].

3.1.4. Mechanisms That May Link Oxidative Stress to
Neuronal Dysfunction, Clinical Symptoms and
Pathogenesis in Autism

Oxidative stress is known to be associated with prema-

ture aging of cells and can lead to tissue inflammation,

damaged cell membranes, autoimmunity, and cell death

[57]. Recent evidence has shown abnormalities in mem-

brane lipid metabolism and an imbalance in immune and

inflammatory responses in autism. A potential mecha-
nism depicting association of oxidative stress in autism
with membrane lipid abnormalities, immune dysregula-
tion, inflammatory response, impaired energy metabo-
lism, increased excitotoxicity, leading to clinical symp-
toms and pathology of the disease (Figure 5).

3.2. Oxidative Stress and Heart Disease

Several lines of evidence demonstrate that oxidative
stress plays an important role in the pathogenesis and
development of cardiovascular diseases, including hy-
pertension, dyslipidemia, atherosclerosis, myocardial in-
fraction, angina pectoris, and heart failure [58-61].

3.2.1. Coronary Heart Disease (CHD)

Traditional vascular risk factors, including hyperlipide-
mia (cholesterol, LDL, etc.), hypertension, cigarette
smoking, diabetes, overweight, physical inactivity, age,
male sex and familial predisposition, only partly explain
the excess risk of developing cerebrovascular and Coro-
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nary Heart Disease (CHD). Many studies also support
the role of OS in disease pathogenesis. Paradoxically,
although moderate exercise poses an acute oxidant stress,
regular endurance exercise is associated with improved
cardiovascular function and a reduction in traditional
CHD risk factors. These findings are consistent with the
hypothesis that adaptations induced by acute exposures
to exercise-induced oxidative stress lead to long-term
vascular protection. This occurs through activation of
signalling pathways that lead to increased synthesis of
intracellular antioxidants and antioxidant enzymes and
decreased ROS production during exercise.

3.2.2. Atherosclerosis

Atherosclerosis is a complex process involving the depo-
sition of plasma lipoproteins and the proliferation of cel-
lular elements in the artery wall. This chronic condition
advances through a series of stages leading to the
atherosclerotic plaques formation that provide a barrier
to arterial blood flow and may contribute to clinical
events. Considerable evidence has been gathered in sup-
port of the hypothesis that free-radical-mediated oxida-
tive processes and its specific products play a key role in
atherogenesis [62]. At the centre of this hypothesis are
low-density lipoproteins (LDL), which as part of their
normal circulation, occasionally leaves the antioxidant-
replete plasma, entering the sub-endothelial space of
arteries. Here LDL lipids are oxidized. The oxidized
form of LDL (oxLDL) is capable of initiating processes
that contribute to the formation of atherosclerotic lesions.
oxLDL is taken up by macrophages and induces the re-
lease of factors that recruit other cells and stimulate
smooth muscle cell proliferation. oxLDL may also up-
regulate expression of cellular adhesion molecules that

Copyright © 2012 SciRes.

facilitate leukocyte binding. All of these events speed up
the formation of plaque, which may results heart attack
and stroke in many patients [63]. The oxidation theory is
supported by the presence of oxLDL within atheroscle-
rotic lesions and the correlation between the sensitivity
of LDL to oxidation and risk of CVD. Moreover, LDL
oxidization can be inhibited by nutritional antioxidants.
Several epidemiological evidences and interventional
studies correlate higher level of antioxidant-rich food
uptake with lower incidence of CHD [64].

3.2.3. Stroke/lIschemia-Reperfusion

Stroke is one the main causes of disability and mortality
in many countries. Especially the condition of ischemia
and reperfusion occurring after stroke has been shown to
be associated with free radical-mediated reactions poten-
tially leading to cell death [65]. Although ischemic and
hemorrhagic stroke have different risk factors and
patho-physiological mechanisms, there is evidence of an
increased generation of free radicals and other reactive
species in both conditions, leading to oxidative stress.
Ischemic stroke is the consequence of the interruption or
severe reduction of blood flow in arteries followed by
physiological and metabolic changes that appear within
seconds of the cessation of blood flow. When anoxia is
followed promptly by reperfusion, tissue can be saved
but reperfusion might potentially have negative cones-
quences: upon reoxygenation, OS is rapidly built up and
numerous non-enzymatic oxidation reactions take place
both in the cytosol and/or in cellular organelles. Inde-
pendent of the mechanisms responsible for ischemic
stroke, ischemia causes a cascade of events that can in-
crease free radical production via several different path-
ways, including inflammatory cells, xanthine oxidase,
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cyclooxygenase, and mitochondria. Also the large in-
creases in glutamate and aspartate that accompany
ischemia may contribute to free radical generation by
excitotoxic mechanisms [66]. Upon reperfusion, the ac-
cumulation of blood borne inflammatory cells, such as
neutrophils and monocytes/macrophages might further
promote oxidative stress. Consequently, a large excess of
O,-derived free radicals appears during the first minute
of reperfusion and peaks some 4 to 7 minutes after the
onset of reperfusion. Clinical trials try to assessing the
efficacies of antioxidant treatment or of antioxidant-rich
nutritional intervention in stroke are in progress. And
these should always include the measurement of bio-
markers of oxidative stress to delineate their ability for
predicting long-term clinical outcome and therapeutic
response.

3.2.4. Obesity

Associations between obesity and markers of oxidative
stress and the susceptibility of lipid to oxidative modify-
cation have been observed in humans [67]. Several hy-
potheses have been proposed for the observed associa-
tions between obesity and oxidative stress. For example,
it has been suggested that oxidative stress in obesity may
result, in part, from the accumulation of intracellular
triglycerides [68]. Intracellular triglycerides are proposed
to elevate superoxide radical production within the elec-
tron transport chain by inhibiting the mitochondrial
adenosine nucleotide transporter. The inhibition of this
transporter leads to a decrease in intra-mitochondrial
adenosine diphosphate (ADP) that, in turn, reduces the
flux of protons through the adenosine triphosphate-syn-
thase reaction (i.e., the adenosine triphosphate-synthase
reaction requires ADP as substrate). As a result, elec-
trons build up within the electron transport chain, which
can then reduce O, to form O . Another hypothetical
source of increased oxidative stress may be the presence
of excessive adiposity as because adipocytes and preadi-
pocytes have been identified as sources of inflammatory
cytokines [69]. Cytokines are potent stimuli for the pro-
duction of ROS/RNS by macrophages and monocytes.
Specifically, cytokines up-regulate the activity of oxidant
generating enzymes, including NAD(P)H-oxidase, in-
ducible NOS, and myeloperoxidase. If the accumulation
of intracellular triglycerides or tissue adiposity promotes
increased oxidative stress, then reduction of total body
fat through diet and/or exercise may be an effective
means of reducing systemic inflammation and OS. Con-
sistent with this prediction, reductions in plasma markers
of oxidative stress and in ROS generation by isolated
leukocytes have been observed after 4 weeks of energy
restriction and weight loss [70]. However, the evidence
is far from conclusive and the independent contribution
of energy restriction and fat loss is remaining unclear.

Copyright © 2012 SciRes.

Since chronic hyperglycaemia is more prevalent in obese
individuals, oxidative stress is also believed to play a
major role in the development of obesity-related disor-
ders including diabetes and hypertension, although the
cause and effect relationships are not always clear.

3.3. Oxidative Stress and Kidney Disease

3.3.1. Urolithiasis

Urolithiasis is one of the most common disease of the
urinary tract which has been afflicting human kind since
antiquity. Urolith formation is a multifactorial process
[71]. For most human diseases, increased formation of
reactive oxygen species is secondary to primary disease
process [72]. Similarly association of urolithiasis and
free radicals has been reported [73]. Experiments per-
formed on animals [74], cultures [75] and human sera
[76] have revealed that there is presence of enhanced
oxidative stress in stone forming conditions. Oxalate is
known to induce lipid peroxidation by unknown mecha-
nism which causes disruption of the structural integrity
of the membranes [77]. Superoxide dismutase (SOD) is
an inbuilt defense mechanism to fight back peroxidative
stress. Along with SOD in response to the damaging
peroxidative effect, a-tocopherol has proved to be an
efficient protector to the membrane integrity [78]. The
levels of serum malondialdehyde, nitrite, a-tocopherol,
plasma ascorbate and erythrocyte superoxide dismutase
are responsible for the pathogenesis of urolithiasis.

3.3.2. Diabetic Nephropathy

Recent years, diabetes and diabetic kidney disease con-
tinue to increase worldwide. In the USA, diabetes-asso-
ciated kidney disease is a major cause of all new cases of
end-stage kidney disease. All diabetic patients are con-
sidered to be at risk for nephropathy. Today we have not
specific markers to expect development of end-stage
renal disease. Clinically control of blood sugar level and
blood pressure regulations are important two parameters
to the prevention of diabetic nephropathy [79,80]. There
are huge amount of in vitro and in vivo studies regarding
explanation of mechanism of diabetes-mellitus-induced
nephropathy. All of these mechanisms are a consequence
of uncontrolled elevation of blood glucose level. Cur-
rently the proposed mechanism is the glomerular hyper-
filtration/hypertension hypothesis. According to this hy-
pothesis, diabetes leads to increased glomerular hyperfil-
tration and a resultant increased glomerular pressure.
This increased glomerular pressure leads to damage to
glomerular cells and to development of focal and seg-
mental glomerulosclerosis [81,82]. Angiotensin II in-
hibitors reduce glomerular pressure and prevent albu-
minuria. Increased angiotensin II level induces OS through
activation of NADPH oxidase, stimulating inflammatory
cytokines, and so forth [83,84]. Increased blood glucose
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promotes glycosylation of circulator and cellular protein
and may initiate a series of autooxidation reactions that
culminate in the formation and accumulation of ad-
vanced glycosylation end-products (AGEs) in tissues.
The AGEs have oxidizing potential and promote tissue
damage by oxygen-free radicals [85]. In experimental
studies, formation of OS increases because of high level
of blood glucose. Sadi et al. showed that in diabetic rat
kidney antioxidant enzyme, namely, catalase (CAT) and
glutathion peroxidase (GSHPx), activities were found to
be reduced; however, a-lipoic acid and vitamin C ad-
ministration increased these antioxidant enzyme activi-
ties [86]. Increased OS is the common finding in tissues
effecting from diabetes, including kidney. Reddi et al.
showed that transforming growth factorfl (TGF-£1) is
prooxidant and Se (selenium) deficiency increases OS
via this growth factor. Chen et al. showed that nitrosative
stress increases in diabetic rat model [87]. These results
show the induction of oxidative and nitrosative stress in
rat kidney. These may have a role in pathophysiology of
diabetes-induced morphological and functional changes
of kidney.

3.4. Oxidative Stress and Lung Disease

3.4.1. Asthma

Many observations suggest that oxidative stress plays an
important role in the pathogenesis of asthma. In the air-
way, losing control of oxidants may bring about initiation
of Th2-dominant immunity instead of inducing immune
tolerance in the initial phase of development of airway
allergic inflammation [88-90]. Furthermore, enhanced
oxidative stress may contribute to the progression or
perpetuation of existing airway inflammation through
enhanced airway hyper responsiveness, stimulation of
mucin secretion, and induction of various proinflamma-
tory chemical mediators [91] all of which are believed to
be related to severe asthma [92]. Higher incidences of
bronchial asthma have been reported in areas with air
pollution, which is a representative stimulus among ex-
ogenous oxidants [93,94]. Reduced intake of foods con-
taining antioxidants is also related to the increased inci-
dence of asthma [95]. Increased oxidative stress in asth-
matic patients is also related to suppressed pulmonary
function. You Sook Cho et al. showed that increased
oxidative stress in the airway precedes the development
of allergic inflammation, airway hyperresponsiveness,
and other pivotal features of asthma such as enhanced
mucus secretion. Therefore, it is strongly suggested that
an increased level of ROS acts as a critical contributor to
the induction of allergic airway inflammation. Control-
ling intracellular oxidative stress with appropriate timing,
as opposed to simply focusing on the reduction of oxida-
tive stress, is important for effectively managing bron-
chial asthma [96].
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3.4.2. Pulmonary Fibrosis

Pulmonary fibrosis is the end result of a diverse group of
lung disorders. Although there are multiple initiating
agents for pulmonary fibrosis, including toxins, fibres/
particles, autoimmune reactions, drugs and radiation, the
aetiology of the majority of cases of pulmonary fibrosis
is unknown. Several studies have suggested that oxidant-
antioxidant imbalance in the airways plays a critical role
in the pathogenesis of idiopathic pulmonary fibrosis (IPF)
[97,98]. In addition, oxidants may contribute to the de-
velopment of pulmonary fibrosis due to their effects on
the production of cytokines and growth factors such as
TGF-p, a key regulator of aberrant repair mechanisms
that are characteristic of many fibrotic diseases including
IPF. There are several potential interactions between
TGF-$ and oxidants/antioxidants in the lung. TGF-£ not
only induces ROS production by activation of NADPH
oxidases and/or mitochondrial dysfunction, but also de-
creases natural cellular antioxidant production through
decreased expression of both catalase and mitochondrial
SOD [99,100]. Increased levels of oxidized proteins have
been reported in human subjects with IPF [101,102].
Some studies have reported that various antioxidant en-
zyme systems protect against lung fibrosis [103]. But IPF
subjects also have lower antioxidant capacity than
healthy subjects [104]. Thus, oxidants and TGF-£ seem
to interact to enhance the fibrotic response in the lungs.

3.4.3. Lung Cancer

Reactive oxygen species have been suggested to stimu-
late oncogenes such as Jun and Fos. Overexpression of
Jun is directly associated with lung cancer [105,106]. In
lung cancers, p53, which is associated with the produc-
tion of ROS, is often mutated and defective in inducing
apoptosis. When mutated, p53 accumulates in the cyto-
plasm and functions as an oncogene [107]. Modification
of proteins and lipids may increase the risk of mutagene-
sis, through formation of genotoxic lipid peroxidative
by-products that react with DNA, oxidative modification
of DNA polymerase or inhibition of DNA repair en-
zymes [108].

3.5. Oxidative Stress and Eye Disease

Oxidative stress has been implicated in the pathogenesis
of several eye conditions such as cataract, macular de-
generation, diabetic retinopathy and retinitis pigmentosa,
corneal disease, [109-114].

3.5.1. Cataract

Contemporary hypothesis considers oxidative stress as
an important factor in age-related processes in the body
including senile cataract [115]. Production of ROS and
reduction of endogenous antioxidants both contribute to
cataract formation. UV-induced oxidation damage seems
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to play a major role in a number of specific pathological
conditions of intraocular tissues such as cataract and
retinal degeneration. The crystalline lens is constantly
subjected to oxidative stress from radiation and others
sources and this can damage the crystalline proteins, lip-
ids, polysaccharides and nucleic acids [115]. However, it
has several mechanisms to protect its components from
oxidative stress and to maintain its redox state. These
include enzymatic pathways and high concentration of
ascorbate and reduced glutathione [116]. However, with
ageing, accumulation of oxidized lens components and
decreased efficiency of repair mechanisms can contribute
to the development of cataract [116]. Chronic UV-in-
duced ROS formation is believed to be responsible for
various degenerative diseases in the eye including cata-
ract formation [117]. According to Berthoud and Beyer
oxidative stress-induced damage to lens gap junctions
and consequent altered intercellular communication may
contribute to cataract formation. Lipid peroxidation
(LPO) has been proposed as a causative factor of cata-
ract. Sawada et al. found a significant increase in super-
oxide dimutase activity and protein level in nuclear cata-
racts, suggesting the involvement of oxidative stress
[118].

3.5.2. Age Related Macular Degeneration (AMD)

Age-related macular degeneration is a leading cause of
blindness in the developed countries [119]. The retinal is
highly susceptible to photochemical damage from the
continuous exposure to UV, but the relationship between
UV light exposure and AMD is unclear, although short
wavelength radiation and blue light induce significant
oxidative stress to the retinal pigment epithelium [119].
There are several reports that have associated oxidative
stress with the cellular damage caused by ROS in the
pathogenesis of AMD [120]. The retina is particularly
susceptible to oxidative stress because of its high oxygen
consumption, its high proportion of polyunsaturated fatty
acids and its exposure to visible light [121]. Klein et al.
found that cataract was associated with incidence of
early AMD, soft indistinct drusen, increased retinal pig-
mentation and progression of AMD [122]. Several risk
factors for AMD such as genetics, age, exposure to
sunlight and smoking have been reported. In a review by
Ambati et al. [176] it was found that photo-oxidative
damage to the retina, mediated by ROS were implicated
in the development of AMD. ROS including other free
radicals have been implicated in the apoptotic cell death
and the development of pathological changes in AMD
[123-126]. Janick-Papis et al. stressed that oxidative

stress is a major factor in the pathogenesis of AMD [127].

Retinal pigment epithelium cells are prone to ROS aris-
ing from intense oxygen metabolism. Also, the cells can
be exposed to ROS as a consequence of accumulation of
iron ions in the cells, sunlight exposure and tobacco
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smoke [127]. The macular pigment formed by two dihy-
droxycarotenoids, lutein and zeaxanthin is a natural bar-
rier protecting the macula against oxidative stress [128].
However, retinal factors such as intense oxygen metabo-
lism, exposure to ultraviolet radiation, high concentration
of polyunsaturated fatty acids and presence of photosen-
sitizers may increase the production of ROS [128]. There
is experimental evidence in support of oxidative damage
to the retinal pigment epithelium and the choriocapillar-
ies that is both light and oxygen-dependent, owever, the
precise linkage between oxygen-induced events and the
progression of AMD remains unclear [129,130]. It is
considered that ROS including free radicals are respon-
sible for apoptotic cell death and the development of
pathological changes in AMD [130]. Research findings
have demonstrated that a diet poor in antioxidant micro-
nutrients (vitamin C, E, carotenoids, zinc) and low
plasma levels of antixidants may favor the development
of the AMD. San Giovanni and Chew [131] have re-
ported that mega-3 long-chain polyunsaturated fatty ac-
ids exhibit cytoprotective and cytotherapeutic actions
providing anti-angiogenic and neuroprotective mecha-
nisms within the retina and this may have a protective
role against ischemic-, light-, oxygen-, inflammatory-,
and age-related pathology of the ascular and neural retina.
It has been reported that micronutrient supplementation
enhances antioxidant defense and might prevent or retard
AMD or modify the course of the disease.

3.5.3. Diabetic Retinopathy (DR)

Diabetes has been implicated in the increased oxidative
stress which is thought to play an important role in the
pathogenesis of various diabetic complications [132-134].
However, the source of the hyperglycemia induced oxi-
dative stress is not clear. Yue et al. investigated the corre-
lation between redox status and oxidative stress in the
eyes, aorta and kidneys of streptozotocin (STZ)-induced
diabetic rats [135]. The primary endogenous antioxidants,
glutathione (GSH) and malondialdehyde (MDA) (mark-
ers of oxidative stress) in those tissues were measured
after strepto-zotocin (STZ) injection at different times
and it was observed that oxidative stress occurred in the
eyes and aorta, but not the kidneys of diabetic rats. It was
found that ROS generation and lipid peroxidation may
play a vital role in the development of diabetic complica-
tions in the eyes and aorta and that the administration of
vitamin E may prevent ROS-induced lipid peroxidation
and thereby limit the development of diabetic complica-
tions in the aorta and eyes [135]. Possible sources of
oxidative stress and damage to proteins in diabetes in-
clude free radicals generated by auto-oxidation reactions
of sugars and sugar adducts to proteins [136]. The oxida-
tive stress may be amplified by a continuing cycle of
metabolic stress, tissue damage and cell death, leading to
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increased free radical production and compromised free
radical inhibitory and scavenger systems, which further
exacerbate the oxidative stress [136].

3.5.4. Autoimmune Uveitis (AlU)

Autoimmune and inflammatory uveitis are a group of
potentially blinding diseases that arise without a known
infectious trigger and are often associated with immu-
nological responses to unique retinal proteins [137]. Ex-
perimental studies have implicated free radicals in the
pathogenesis of this eye condition [137,138] suggesting
that free radicals and oxidative stress play a role in the
pathogenesis of the disease. Photoreceptor mitochondrial
oxidative stress has been considered to be the initial
pathological event in experimental autoimmune uveitis.
Determination of alterations in retinal mitochondrial lev-
els in response to oxidative stress during the early phase
of experimental autoimmune uveitis showed the presence
of mitochondrial specific oxidative stress-related proteins
in the retina along with down regulation of ATP synthase;
providing evidence of stress related retinal damage
[139].

3.5.5. Retinitis Pigmentosa (RP)

Retinitis pigmentosa, a heterogeneous group of inherited
retinal disorders characterized by progressive photore-
ceptor apoptosis, is the leading cause of inherited retinal
degeneration-associated blindness worldwide [140,141].
It is a disease in which one of a variety of mutations se-
lectively causes rod photoreceptor cell death, followed
by gradual death of cone cells resulting in blindness
[140]. According to Komeima ef al. although RP is com-
monly considered to be genetic in origin, oxidative stress
plays a role in its pathogenesis [140]. The authors sug-
gested that protection from oxidative damage may be a
broadly applicable treatment strategy in RP. According to
Usui et al. [141] following the death of the rod photore-
ceptors from a variety of mutations, the level of tissue
oxygen in the outer retina becomes elevated and there
was a progressive oxidative damage to cones that ulti-
mately triggers apoptosis. The authors [141] further re-
ported that NADPH oxidase (Noy) plays a critical role in
generation of the oxidative stress that leads to cone cell
death in RP and proposed that inhibition of Noy provides
a new treatment strategy.

3.6. Oxidative Stress and Skin Disease

Since the skin is always in contact with oxygen in the
presence of surface lipid, it is one of the best target or-
gans of environmental oxidative damage. Among the
various insults brought by UV irradiation, free radicals
and lipid peroxides are one of the most reasonable can-
didates for explaining injuries. Besides direct absorption
of UVB photons by DNA and subsequent structural
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changes, generation of ROS following irradiation with
UVA and UVB requires the absorption of photons by
endogenous molecules called photosensitizers. When a
molecule absorbs UV radiation, it become electronically
excited and becomes a short-lived free radical. This
process is called photosensitization; several cellular con-
stituents (e.g., porphyrins, flavins, quinones and others)
and biologically active drugs (e.g., tetracyclines, thi-
azides) can act as photosensitizers within skin cells. Be-
cause most photosensitized reactions are oxygen de-
pendent, UV irradiation absorption results in the genera-
tion of ROS. Free radicals are also produced by neutron-
phils (white blood cells having immune functions) that
are increased in photodamaged skin and contribute to the
overall prooxidant state. Thus, UV-induced generation of
ROS in the skin develops oxidative stress and causes
many skin disease.

3.7. Oxidative Stress and Reproductive System
Disease

Oxidative stress (OS) has been identified as one factor
that affects fertility status and thus, has been extensively
studied in recent years [142]. Tobacco smoke consists of
approximately 4000 compounds such as alkaloids, ni-
trosamines and inorganic molecules, and many of these
substances are reactive oxygen or nitrogen species. Sig-
nificant positive association has been reported between
active smoking and sperm DNA fragmentation [143], as
well as axonemal damage and decreased sperm count
[144]. Sperm from smokers have been found to be sig-
nificantly more sensitive to acid- induced DNA denatu-
ration than those from non smokers because the smokers’
sperm have been shown to contain higher levels of DNA
strand breaks [145]. Thus, smoking does, in fact, affect
the quality and quantity of sperm present within a male.

Several studies have examined the role of oxidative
stress and pregnancy complications. Two retrospective
studies [146,147] reported that reduced antioxidant status
increased risk of spontaneous abortion. Vural ef al. [147]
demonstrated that plasma levels of ascorbic acid (vitamin
C) and a-tocopherol (vitamin E) were significantly lower
in women with recurrent spontaneous abortion, although
a prospective investigation is needed to rule out the pos-
sibility that lower levels of plasma antioxidants are not a
result of the spontaneous abortion rather than the reverse.
ROS have been implicated in the development of pre-
mature rupture of the fetal membranes [148,149] and
evidence suggests that oxidative stress may be associated
with preeclampsia [149,150].

3.8. Oxidative Stress and Blood Disorder

3.8.1. Beta-Thalassemia
Production of free radicals by iron overload, alteration in
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serum trace elements, and antioxidant enzymes status
play an important role in the pathogenesis of beta thalas-
semia major [151]. Beta thalassemia major is an inher-
ited disease resulting from reduction or total lack of beta
globin chains. In patients with beta thalassemia major
where frequent blood transfusions are required due to
severe anemia, oxidative stress occurs as a result of in-
creased levels of lipid peroxides and free-radical inter-
mediates, as well as the decrease in total antioxidant ca-
pacity. Use of iron chelatory agents in combination with
antioxidants can be helpful in the regulation of the anti-
oxidant status in patients with beta thalassemia major.
Oxidative stress and disturbance in antioxidant balance
in beta thalassemia major has been studied extensively
[152,153]. One study group found a significant increase
in the levels of lipid peroxide and iron and significant
decrease in levels of vit E and total antioxidant capacity.
Serum zinc was significantly increased while copper
levels decreased and there is a nonsignificant increase in
erythrocyte superoxide dismutase. The results suggested
that the oxidative stress and decreased antioxidant de-
fence mechanism play an important role in the patho-
genesis of beta thalassemia major.

3.8.2. Acute Lymphoblastic Leukemia (ALL)
Impairment of antioxidant role of CAT and SOD may
support the accumulation of free radicals. Alternatively,
it is possible that the antioxidant system is disturbed as a
consequence of an abnormality in the antioxidative me-
tabolism due to the cancer process. This effect could be
enhanced by the characteristic increase in the production
of H,0O, by the cancer cells [154]. El-Shabag ef al. study
revealed that the levels of glutathione (GSH) was statis-
tically significant decreased in just diagnose ALL pa-
tients and in treatment group compared to controls. This
finding may indicate a possible link between decreased
GSH and increased levels of cells alterations due to oxi-
dative damage, supporting the idea that there is a persis-
tence of oxidative stress in acute lymphoblastic leukemia
[155,156] With respect to Vitamin C levels in plasma, it
was demonstrated that Vit. C was significantly decreased
in both ALL diagnosed patients and patients after treat-
ment compared to controls.

3.9. Oxidative Stress and Joint Disorder

Oxidative stress and impaired antioxidant systems have
an important role in etiology of theumatoid arthritis (RA),
pathogenesis of joint tissue injury and chronic inflamma-
tion [157-159] and may lead to dyslipidimia, atheroscle-
rosis, connective tissue degradation and joint and peri-
articular deformities [160-162]. It causes immunomodu-
lation, which may lead to autoimmune diseases such as
systemic lupus erythematosus (SLE) and anti-phospho-
lipid syndrome [163,164].
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3.9.1. Rheumatoid Arthritis

An increase in reactive oxygen species (ROS) plays an
important role in the pathogenesis of rheumatoid arthritis
(RA) [165-167] and antioxidants and antioxidative en-
zymes have been shown to reduce cartilage damage in
animal models of RA [168,169]. Excessive production of
ROS can damage protein, lipids, nucleic acids and matrix
components [170]. Increased ROS levels in RA result in
a pro-oxidation environment, which in turn could result
in decreased antioxidant activity and increased malon-
dialdehyde (MDA) levels (an oxidative stress parameter)
[171]. In RA, ROS are important intracellular signaling
molecules in the cells of the immune system that amplify
the synovial inflammatory-proliferative response [170].
T-cells are exposed to increased oxidative stress and be-
come refractory to growth and death stimuli, which fur-
ther contributes to the perpetuation of the immune re-
sponse [172]. The chronic inflammation of RA has been
associated with oxidative stress and a decline in the lev-
els of cellular antioxidant sulthydryls [173].

Persistent inflammation results in destruction of carti-
lage and bone. This occurs through a number of mecha-
nisms, including oxidative and proteolytic breakdown of
collagen and proteoglycans [174-177]. Once sequestered
within the joint space, neutrophils degranulate and re-
lease a variety of potentially harmful enzymes and pep-
tides [178]. They may also undergo a respiratory burst
and generate several reactive oxygen species, including
superoxide, hydrogen peroxide, hypohalous acids, and
possibly hydroxyl radical [179]. Although these destruct-
tive oxidants have often been held partly responsible for
joint destruction, compelling evidence that they are in
fact produced within the synovium is lacking.

3.9.2. Temporomandibular (TMB) Joint Disorders
It has been suggested that mechanical stresses can lead to
ROS-induced oxidative stress of the temporomandibular
joint (TMJ) [180]. Excessive oxidative stress in the TMJ
thus results in tissue damage, which further propagates to
temporomandibular disorder(TMD). Using electron spin
resonance (ESR) spin trapping technique, it has been
previously demonstrated that hydroxyl radical (HO")
could be generated by catalytic reaction of H,O, with
free iron ions (Fenton reaction) in the IL-1a induced TMJ
rat arthritis model or in synovial fluid (SF) of the TMD
patients [181,182]. ROS can be generated in the TMJ by
several pathways: they include 1) direct mechanical in-
jury [183], 2) hypoxia-reperfusion [184] and 3) arachi-
donic acid catabolism to the articular tissues (Figure 6).
ROS affect various molecular species of the TMJ and
deteriorate the TMJ function: they include 1) reduction
of SF viscosity by depolymerization and/or molecular
configuration of hyaluronic acid (HA) [185,186]; 2) re-
duction of lubrication of the articular surface by dete-
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Figure 6. Proposed mechanism s of degenerative TMJ disease.

rioration of the surfaceactive phospholipid (SAPL) layer,
which acts as an extremely efficient boundary lubricant
and protector of articular surfaces [187]; 3) breakdown
of collagen proteoglycans [188]; 4) activation of carti-
lage degrading enzymes such as matrix metallopro-
teinases. The ROS, especially HO' is responsible for
lipid peroxidation and disruption of cellular homeostasis.
Nitzan reported that lysis of SAPL layer by phospholi-
pase A2 (sPLA2) together with the depolymerization of
HA caused by free radicals may result in a deteriorated
lubrication of the articular surface, thus further proceed-
ing to the internal derangement (ID) of the TMJ [189].
The HO' also degrades collagen and proteoglycans (Pgs)
into low molecular masses, which act as immunogens for
synoviocytes or chondrocytes [190]. These denatured
Pgs may induce proinflammatory cytokines from various
cells in the TMJ compartment. Evidence suggests that
HO’ can show dose dependent activatation of pro MMP 9
by affecting its molecular configuration. These data sug-
gest that free radicals may cause molecular deterioration,
which further proceeds to degenerative changes in the
TMI. Cytokines, IL-1, and TNF-alpha have been shown
to increase the release of O, from cultured chondro-
cytes and synovial cells in a dose-dependent fashion
thereby causing DNA damage [191,192].

3.9.3. Systemic Lupus Erythematosus (SLE)
Some studies have found that oxidative stress is in-
creased in SLE [193-196] but others have reported con-
flicting results [197]. An increase in malondialdehyde
(MDA), a product of lipid peroxidation, has been re-
ported in serum/plasma [198,199] and erythrocytes
[200,201] in patients with SLE. Anti-oxidant enzymes
such as SOD, CAT and GPx have been studied inten-
sively in the serum and erythrocytes of SLE patients but
controversies still exist. Recently, the role of the thiol in
the progression of inflammatory and autoimmune disease
has been intensively studied [202].The cellular level of
GSH affects T helper cell maturation and Th1/Th2 bal-
ance in the cell [203]. The low GSH has been found in
SLE and changes in the production of cellular GSH play
a major role in the modulation of Th1/Th2 balance in the
cell [204].

Measurement of plasma F2-isoprostane with highly

Copyright © 2012 SciRes.

sensitive and specific mass spectroscopy/gas chromatog-
raphy (MS/GC) methodology provides a window into the
balance between the production of ROS and antioxidant
defences in vivo. Isoprostanes are generated by a free
radical mediated peroxidation of arachidonic acid, inde-
pendent of cyclooxygenase activity [204]. Elevated lev-
els of F2-isoprostane are associated with oxidant injury
to tissue in a variety of disorders including ischemia-
reperfusion injury, atherosclerosis, diabetes and autoim-
mune disease [205,206]. In lupus, plasma F2-isoprostane
levels have been linked to high disease activity, as well
as to the presence of renal disease and anti-phospholipid
syndrome [207-210]. Evidence of increased oxidative
stress has also been observed in disorders in which fa-
tigue is a prominent symptom, including chronic fatigue
and fibromyalgia [211-215].

3.10. Oxidative Stress and Liver & Pancreatic
Disease

The liver is an important organ which has a central role
in metabolic homeostasis, because it is responsible for
the metabolism, synthesis, storage and redistribution of
nutrients, carbohydrates, fats and vitamins [216]. The
liver is also an important place for free radicals. Liver
enzymes, including diamine oxidase, aldehyde dehydro-
genase, tryptophan dual oxidase, liver dehydrogenase
and the cytochrome P450 enzyme system, induce oxida-
tion and uncoupling [217]. Hepatocytes have more mi-
tochondria than hepatic stellate cells (HSC), so they
produce a large number of highly unstable ROS. More-
over endoplasmic reticulum and peroxisomes have a
greater capacity to produce ROS than mitochondria, at
least in the liver [218]. Nitric oxide synthase is present in
liver parenchymal cells and Kupffer cells [219]. Inflam-
mation of the liver occurs when nitrogen oxides exist in
the form of free thiol with a reversible group through the
role of glutathione-S-transferase (GSH-ST) [220]. Ni-
trogen oxides can form reactive intermediates, such as
nitro-cool acid, which causes necrosis of liver cells, inhi-
bition of mitochondrial function and consumption of cell
pyridine nucleotides, leading to breakdown of DNA.
Nitric oxide and peroxynitrite ion radicals can combine
to form hydrogen peroxide compound, which causes
inhibition of mitochondrial respiration, Na'/K" pump
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function and the phosphorylation of kinases, leading to
cell damage [221]. Overproduction of RNS may lead to
nitrosylation reactions that can alter the structure of pro-
teins and thus impair their normal functions [222].

Polyunsaturated fatty acids and hydrogen peroxide
radicals act as intermediates of the formation of lipid
peroxides on cell membrane [223]. Peroxides can also be
formed by aldehyde compounds, causing inflammation
and organ fibrosis, as in the case of alcoholic liver dis-
ease [224]. In addition, human non-alcoholic liver dis-
ease and hepatitis C show different quantities of thio-
barbiturates which also indicates high level of lipid per-
oxides in these patients [225]. The activity of superoxide
dismutases (SOD), glutathione peroxidase (GSH-PX) in
chronic liver cirrhosis and hepatitis is significantly lower
than control, which is negatively correlated with serum
alanine aminotransferase (ALT) level [226]. By testing
different types of patients with liver disease, previous
studies showed serum SOD decreased significantly [227].
Oxidative stress is closely related to the pathological
damage of hepatic fibrosis [228,229]. In chronic hepatitis
C, oxidative stress is also increased and antioxidant de-
fense mechanisms are inadequate. Serum levels of oxi-
dized protein products, such as MDA, nitric oxide (NO),
and the activities of myeloperoxidase (MPO), aryles-
terase (AE) and paraoxonase-1 (PON1), are higher in
chronic hepatitis C patients when compared to healthy
individuals, which indicates that these molecules might
be useful tools as biomarkers [230]. Several studies sug-
gested that markers of oxidative stress increase in pa-
tients with alcoholic hepatitis, such as CYP2E, which
increased 15 - 20-fold, leading to excessive electron
leakage and release of ROS, causing oxidative stress and
immune responses [231,232]. Redox reaction followed
by imbalance and oxidative damage often leads to sub-
clinical hepatitis without jaundice, inflammatory necrotic
hepatitis, liver cirrhosis and cancer [233].

3.10.1. Diabetes

Oxidative stress and oxidative damage to the tissue are
common end points of some chronic diseases, like dia-
betes [234]. During diabetes, persistent hyperglycemia
causes increased production of free radicals, especially
reactive oxygen species (ROS), for all tissues from glu-
cose auto-oxidation and protein glycosylation. The in-
crease in the level of ROS in diabetes could be due to
their increased production and/ or decreased destruction
by nonenzymic and enzymic catalase (CAT), reduced
glutathione (GSH), and superoxide dismutase (SOD)
antioxidants. The level of these antioxidant enzymes
critically influences the susceptibility of various tissues
to oxidative stress and is associated with the develop-
ment of complications in diabetes [235].
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3.10.2. Wilson’s Disease

Many studies suggest that oxidative stress is responsible
for the pathogenesis of liver injury [236]. Wilson’s dis-
ease (WD), a copper overload disease, is inherited as an
autosomal recessive trait [237]. While it is a relatively
rare disorder in European countries, it is a widespread
cause of chronic liver disease in childhood in Turkey,
where consanguineous marriages occur in 25% of the
population [238]. Oxidative stress resulting from an in-
creased production of free radicals via the copper accu-
mulation and defects in antioxidant defenses may be
central to the toxic processes in WD [239-241]. Previous
studies have demonstrated that malondialdehyde (MDA)
levels increase and antioxidant capacity decreases in
acute and chronic hepatitis [242]. Sokol et al. and Man-
souri et al. suggest that mitochondrial lipid peroxidation
takes place at varying levels in Wilson disease [243].

4. CONCLUSION

Extensive data suggest that oxidative damage may play a
major role in the causation of a number of human dis-
eases. Data are emerging that implicate aberrant redox
interactions with key proteins in the neurodegenerative
diseases AD, PD and ALS, and the subsequent induction
of oxidative stress leading to neurodegeneration. Not
only limited to neurodegenerative disorders, oxidative
stress manifests its toxic effects through a variety of dif-
ferent pathways and other diseases. In order to maintain
defense against the destructive oxygen species, an appro-
priate balance of enzymatic and non-enzymatic anti-oxi-
dative defenses is necessary.
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