Review

Oxidative stress and antioxidative parameters and
metal ion content in patients with fibromyalgia syndrome:
implications in the pathogenesis of disease

G. Fatima'!, S K. Das', A.A. Mahdi?

!Department of Rheumatology, and
2Department of Biochemistry, King
George’s Medical University, Lucknow,
India.

Ghizal Fatima, PhD
Siddharth Kumar Das, MD, PhD
Abbas Ali Mahdi, PhD

Please address correspondence to:

Dr Ghizal Fatima,

Department of Rheumatology,

King George’s Medical University,
Lucknow 226003 (Uttar Pradesh), India.
E-mail: ghizalfatima8@gmail.com
Received on November 7, 2012; accepted
in revised form on May 30, 2013.

Clin Exp Rheumatol 2013; 31 (Suppl. 79):

S128-S133.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2013.

Key words: fibromyalgia syndrome,

oxidative stress, antioxidative
parameters, metal ions

Competing interests: none declared.

ABSTRACT

Fibromyalgia syndrome (FMS) is char-
acterised by diffuse muscle pain, poor
sleep and unrelenting fatigue. Indi-
viduals with FMS may also experience
headaches, anxiety, depression, poor
memory, numbness and tingling in the
extremities, cold hands and feet, ir-
ritable bowel syndrome and lowered
immune function. FMS is a common
chronic pain syndrome of unknown
etiology and limited treatment options.
Previous studies have reported oxida-
tive stress in FMS patients, but the re-
sults were inconsistent. Oxidative stress
and nitric oxide is involved in FMS
pathophysiology, however, it is still not
clear whether oxidative stress abnor-
malities are the cause of FMS. There
are several studies indicating oxidative
stress in patients with FMS. Oxidant
(Malondialdehyde) and antioxidant
(Superoxide dismutase) balances were
found to be changed in FMS patients.
Furthermore, increased free radical lev-
els may be responsible for the develop-
ment of FMS and free radical-mediated
oxidative stress including inflammatory
cytokines may also play important roles
in its pathogenesis. Moreover, oxidative
stress is supposed to be increased in pa-
tients with FMS which is related to the
severity of FMS symptoms. Therefore,
it is important to understand whether
the oxidative stress parameters are in-
volved in FMS and what is the relation-
ship between these and antioxidants in
FMS patients. In this review we will
elucidate the importance of oxidative
stress and antioxidants and its possi-
ble relationship with FMS. Moreover,
as metal toxicity is also reported to be
involved in the pathogenesis of FMS,
therefore we will also try to establish
the role of toxic metals in the pathogen-
esis of FMS.
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Introduction

Fibromyalgia syndrome (FMS) is a
musculoskeletal pain disorder mani-
fested by diffuse myalgia, localised ar-
eas of tenderness, fatigue, lowered pain
thresholds, and nonrestorative sleep.
FMS patients often develop an increased
response to painful stimuli (hyperalge-
sia) and experience pain from normally
nonnoxious stimuli (allodynia). Diag-
nostically, previous rheumatological
criteria require the presence of 11 or
more of 18 specified tender points on
physical examination (1), however, the
initial FMS criteria included tenderness
on pressure (tender points) in at least 11
of 18 defined anatomic sites with the
presence of widespread pain. There-
fore, in the recent criteria it is clear that
apart from the pain other seminal fea-
tures of the disorder such as cognitive
dysfunction, unrefreshing sleep, fatigue
and mood disorders also play an im-
portant role in the diagnosis (2, 3). De-
spite being a common disorder which
occurs more often in women than in
men (4), with an estimated prevalence
of 0.5% to 5.8% in the general popula-
tion of North America and Europe (5,
6), its pathogenic mechanism remains
elusive. Recently, oxidative stress has
been proposed as a relevant event in the
pathogenesis of this disorder (7, 8).
Most of the body’s energy is produced
by the enzymatically controlled reac-
tion of oxygen with hydrogen in oxida-
tive phosphorylation occurring within
the mitochondria during oxidative me-
tabolism. During this enzymatic reduc-
tion of oxygen to produce energy, free
radicals are formed (9). In the normal
condition there is a balance between
Reactive Oxygen Species (ROS) and
antioxidants within the cell, in the mem-
branes and in the extracellular space.
Endogenous free radical scavengers,
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namely antioxidants, are overwhelmed
by excessive production of ROS. The
ROS attack the polyunsaturated fatty
acids (PUFAs) in the membrane lipids,
thereby leading to lipid peroxidation
(LP) resulting in loss of fluidity of the
membranes, changes in membrane po-
tentials and eventually rupture leading
to the release of cell and organelle con-
tents (10).

Therefore, increased oxidative stress
results from an imbalance between
products of oxidation and antioxidant
defences. These toxic molecules be-
come highly reactive in their formation
because of their altered number of un-
paired valence electrons. There are sev-
eral inflammatory clinical conditions
associated with increased oxidative
stress, data also suggest a relationship
between oxidative stress and pain per-
ception, furthermore, oxidative stress
is also found increased in patients with
chronic fatigue syndrome (CFS) (11-
13). There is little information about
oxidative stress in FMS. Moreover,
there are several disorders associated
with oxidative stress that is manifest-
ed by LP, protein oxidation and other
markers. Studies have shown evidence
that oxidative stress may have a role in
the pathophysiology of FMS (14-16).
Therefore, in this review, we will also
try to elucidate the complex network of
oxidative and antioxidative imbalance
in women with FMS and try to estab-
lish the role of toxic metal ion content
in these patients.

Consequences of oxidative stress

Oxidative stress, arising as a result
of an imbalance between free radical
production and antioxidant defences,
is associated with damage to a wide
range of molecular species including
lipids, proteins, and nucleic acids. Li-
poprotein particles or membranes char-
acteristically undergo the process of
LP, giving rise to a variety of products
including short chain aldehydes such
as malondialdehyde or 4-hydroxynon-
enal, alkanes, and alkenes, conjugated
dienes, and a variety of hydroxides and
hydroperoxides. Many of these prod-
ucts can be measured as markers of
LP. Oxidative damage to proteins and
nucleic acids similarly gives rise to a

variety of specific damage products
as a result of modifications of amino
acids or nucleotides (17). Such oxida-
tive damage might also lead to cellular
dysfunction, and it might contribute to
the pathophysiology of a wide variety
of diseases including FMS.

Oxidative stress in FMS

LP and carbonylated proteins, the end
products of membrane damage which
are induced by ROS, are increased in
the plasma of patients with FMS (18,
19). The role of free radical-mediated
oxidative damage was investigated in
the etiopathogenesis of FMS by Fass-
bender and Wegner (20), who suggested
that muscle tender points in FMS re-
sult from local hypoxia. Another study
showed abnormal oxygen pressure at
the muscle surface above trigger points
(21). Bengtsson et al.(22) investigated
oxidative metabolism and found that
adenosine diphosphate and phosphoryl
creatine levels decreased and adenosine
monophosphate and creatine levels in-
creased in FMS patients. Furthermore,
total antioxidant capacity or antioxidant
enzymes such as superoxide dismutase
(SOD) and Catalase are decreased in the
plasma of patients with FMS (23).
Research has been directed to the
plasma or serum of patients as a study
model, with a need for cellular models,
as this is the place where activation and
control of the ROS-producing machin-
ery occur. In this regard, hydrogen per-
oxide (H,0,), as one of the free oxygen
radicals that results from the oxygen
of the ROS, has been found increased
in neutrophils of patients with FMS.
Similarly, high levels of superoxide of
mitochondrial origin (O,”) have been
observed in the peripheral blood mon-
onuclear cells of patients with FMS
(24). In this model, patients had low
levels of CoQ10, a vital element in the
mitochondrial respiratory chain whose
primary mission is the electron trans-
port from complexes I and II to III, in
addition to regulating the coupling of
proteins, the pore transition and mito-
chondrial oxidation of fatty acids, an
important antioxidant and membrane,
so that a deficiency of the cell induces
a drop in the activity of complex II +
III, complex III, and complex IV, plus
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reduces the expression of mitochondri-
al proteins involved in oxidative phos-
phorylation, decreases mitochondrial
membrane potential and increases the
production of ROS (24). But, from a
physiological point of view, what rela-
tionship exists between oxidative stress
and the symptoms of FMS? It is known
that ROS are involved in the etiology
of one of the major symptoms of FMS,
and that is pain.

The superoxide radical plays an impor-
tant role in the development of pain on
one side by peripheral and central nerv-
ous system sensitisation and thus induc-
es an alteration of nociception, and on
the other hand contributes to it through
the activation of several cytokines
such as tumour necrosis factor- alpha
(TNF-a.), interleukin-1 (IL-1), and IL-6
(25). The role of cytokines in FMS has
been widely discussed, although not as
an etiologic mechanism, but as a factor
in the worsening of symptoms (25, 26).
Although the mechanisms by which
oxidative stress can alter muscle sen-
sitivity are still unknown, it is possible
that oxidative damage interferes with
the muscles by reducing local nocic-
eptors, which causes a decrease in the
pain threshold (27). On the other hand,
LP has been associated with a typical
symptom of FMS: fatigue. High levels
of LP, as well as an interesting correla-
tion with this symptom, have been dem-
onstrated in CFS, a disease with a high
rate of comorbidity with FMS (24).
Nitric oxide (NO) is a highly diffusible
and labile, gaseous messenger mol-
ecule, involved in various biological
functions such as vasodilatation or vas-
cular regulation, modulation of nocice-
ption, immune function, neurotransmis-
sion and excitation—contraction cou-
pling (28, 29). NO also acts as a meta-
bolic regulator during exercise (28).
The production of NO from L-arginine
is catalysed by the dioxygenase, nitric
oxide synthase (NOS), which has three
isoforms: neuronal (nNOS), inducible
(iINOS) and endothelial (eNOS). Re-
cently, NO has been shown to modulate
levels of ROS in a variety of cells (30).
Larson et al. (31) suggested the pos-
sible role of NO in pain modulation in
FMS. Interestingly, significant correla-
tions are observed between the levels of



REVIEW

antioxidants in both plasma and serum
with respect to the score on a visual
analogue pain scale, and the degree of
morning stiffness by patients (19). On
the other hand, LP in serum has demon-
strated a high degree of correlation with
the level of depression presented by
patients with FMS (18), which shows
the relationship between the balance of
oxidants/antioxidants and symptoms of
FMS. Signs of oxidative stress in FMS
include a high level of oxidative dam-
age to DNA, as seen in biopsy samples
of patients with FMS.

Mitochondrial abnormalities in FMS
support a mitochondrial defect as a con-
tributor. As the number of mitochondria
was significantly lower in patients with
FMS than in controls and also seemed
to be morphologically altered. The ul-
trastructural changes in patients with
FMS are characterised by abnormalities
in muscle tissue that cause increased
DNA fragmentation and changes in
the number and size of mitochondria.
These cellular changes are not signs
of apoptosis. But, persistent focal con-
tractions in muscle may contribute to
ultrastructural tissue abnormalities as
well as to the induction of nociceptive
transmission from muscle to the central
nervous system (32). Moreover, since
mitochondria supply energy to the cell
through oxidative phosphorylation, the
lower level of ATP that results from a
low mitochondrial activity may explain
the low exercise capacity and fatigue
reported in patients with FMS (33).
These results suggest that ROS produc-
tion in mitochondria may be involved in
oxidative stress, and CoQ10 deficiency
and mitochondrial dysfunction could
be also involved in the pathophysiol-
ogy of FMS. These results confirm the
oxidative stress background of FMS,
probably due to a defect in the antioxi-
dant system (SOD, CoQ10) and a high
production of ROS. Finding the origin
of oxidative stress could help us to un-
derstand the pathophysiology of FMS,
and to offer new therapeutic strategies
for this disease.

Antioxidant defence systems

An antioxidant can be defined as: “any
substance that, when present in low
concentrations compared to that of an

Stress and antioxidant parameters in FM syndrome / G. Fatima et al.

oxidisable substrate, significantly de-
lays or inhibits the oxidation of that
substrate” (34). The physiological role
of antioxidants, as this definition sug-
gests, is to prevent damage to cellular
components arising as a consequence
of chemical reactions involving free
radicals. In recent years, a substantial
body of evidence has been developed
supporting a key role for free radicals
in many fundamental cellular reactions
and suggesting that oxidative stress
might be important in the pathophysi-
ology of common diseases including
atherosclerosis, chronic renal failure,
and diabetes mellitus. Because radicals
have the capacity to react in an indis-
criminate manner leading to damage to
almost any cellular component, an ex-
tensive range of antioxidant defences,
both endogenous and exogenous, are
present to protect cellular components
from free radical induced damage.

Antioxidant in FMS:

ROS, such as superoxide radical anion,
hydroxyl radical and hydrogen per-
oxide, are produced in metabolic and
physiological processes and harmful
oxidative reactions may occur in organ-
isms. The oxidative effects of ROS are
controlled by exogenous antioxidants
such as vitamins E and C, and also by
endogenous antioxidants such as scav-
enger enzymes (SOD and glutathione
peroxidase (GPx), bilirubin and uric
acid (35). When the production of dam-
aging free radicals exceeds the capac-
ity of the body’s antioxidant defences
to detoxify them, a condition known
as oxidative stress occurs, such that its
increase in oxidant and decrease in an-
tioxidant cannot be prevented, and the
oxidative/antioxidative balance shifts
towards the oxidative status.

Cellular injury can be caused by oxida-
tive stress which has been implicated
in over a hundred disorders, including
FMS (36). Inherent to its function, skel-
etal muscle is continuously exposed to
fluctuations in its redox environment
as, during exercise, ROS production
by the mitochondrial respiratory chain
increases. Therefore, the capability of
skeletal muscle to respond to oxidative
stress may not be surprising. In vitro ex-
periments have demonstrated that skel-
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etal myocytes adapt to oxidative stress
by upregulation of antioxidant enzymes
such as copper, zinc, SOD, catalase,
and GPx (37). This suggests that under
some conditions (such as aging, poor
sleep, or microtrauma) antioxidant ca-
pacity may be impaired, as it may re-
sult in more oxidative stress in skeletal
muscle. Potential triggers of oxidative
stress in the muscle compartment in-
clude hypoxia and local sources of
reactive oxygen and nitrogen species;
skeletal muscle trophical state, contrac-
tility and fatigability may be affected
by oxidative stress, resulting in skeletal
muscle dysfunction (38).

Although the etiology of FMS remains
unknown, recent data suggest that the
oxidant/antioxidant balance may play a
role in its development (39). It is sug-
gested that oxidant/antioxidant imbal-
ance is related to the disease process,
and the increase in free radical levels
may be responsible for the development
of FMS. It has been proposed that FMS
is caused by dysoxygenosis resulting
from persistent and incremental oxida-
tive stress on enzyme systems involved
with cellular oxygen utilisation (40).
Bramwell et al., (41) suggested that
ascorbic acid treatment may be provid-
ed, to improve on clinical findings and
quality of life in FMS patients. It has
been suggested that the modified ‘My-
ers cocktail’, which consists of magne-
sium, calcium, B vitamins, and vitamin
C has been found to be effective against
acute asthma attacks, migraines, CFS,
FMS, acute muscle spasm, upper res-
piratory tract infections, chronic sinusi-
tis, seasonal allergic rhinitis, cardiovas-
cular disease, and other disorders (42).

Antioxidants in FMS treatment:

To focus on clinical point of view in
FMS which still is largely uncertain
and is one of the main problems of this
disease: lack of effective treatments.
This leads the specialists to treat the
symptoms of the disease rather than its
causes, sometimes leading to a worsen-
ing of the disorders side-effects, and
in many cases, these drugs induce an
increase in oxidative stress. CoQ,, has
been shown in invitro experiments with
peripheral blood mononuclear cells of
patients with FMS, either through its
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antioxidant role or by offsetting the
deficit significantly, to reduce ROS lev-
els and to induce a mitochondrial deg-
radation pathway known as autophagic
mitophagia (24). This result could pro-
vide insights into the beneficial effect
obtained in patients after administra-
tion of CoQ,, along with Gingko biloba
shown by a pilot study in which there
was a significant improvement in qual-
ity of life of patients (43). Fatigue, one
of the most typical symptoms of FMS,
has been reduced by treatment with
CoQ),, in both animal and human physi-
cal fatigue models after exercise (44,
45). It should also be noted that CoQ,,
has been shown to reduce muscle pain
induced by statins in patients (46), and
animal models have proven an anti-in-
flammatory and antinociceptive effect
(47), and CoQ),, has recently been ob-
served to regulate the expression of cer-
tain pro-inflammatory cytokine genes
such as TNF-a (48), whose role has
already been described in FMS (49).
Antioxidant therapies have proven ef-
fective in many pathological processes
in which oxidative stress plays an im-
portant role. CoQ,,, Vitamin E or al-
phatocopherol, vitamin C or ascorbic
acid, melatonin, SOD, vitamin A or reti-
nol, glutathione, N-acetylcysteine, etc.,
are some of the antioxidants used in
randomised trials of patients with a va-
riety of diseases. However, in the case
of FMS, there are still no double blind
and placebo controlled trials in which
the possible mechanisms demonstrate
the benefits of these therapies in general
and of CoQ,, in particular. The com-
plexity of this disease makes it difficult
to assess effectiveness of a single treat-
ment, thus requiring a multidisciplinary
therapeutic approach in which the use
of antioxidants would acquire a role as
co-treatment. Although oxidative stress
in the FMS is an accepted fact, its role
in the disease from a physiological
point of view is not yet clear, and the
mechanism by which high levels of free
radicals, low levels of antioxidants or
both processes simultaneously can have
effects on the worsening of symptoms is
still unknown. Therefore, further stud-
ies are necessary in this regard, as well
as the design of controlled trials on the
therapeutic effect of antioxidants.

Oxidative stress parameter like LP lev-
els have been implicated in the severity
of the clinical symptoms in FMS and
it has been suggested that antioxidant
therapy could be beneficial in FMS
(25). In addition, prevention of LP has
been demonstrated to be neuroprotec-
tive in a variety of neuropathological
paradigms (50). It is known that LP,
as a consequence of oxidative stress,
indirectly reflects intracellular ROS
generation, and ROS are known to be
implicated in the etiology of pain, one
of the most prominent symptoms in
FMS, by inducing peripheral and cen-
tral hyperalgesia (51). Study on the ef-
fect of dietary glutamate on FMS and
irritable bowel symptoms suggest that
dietary glutamate may be contributing
to FMS symptoms (52). All these data
support the idea that antioxidant ther-
apy may be beneficial in FMS patient.
Nevertheless, although oxidative stress
is accepted to be involved in the patho-
physiology of FMS, and the mitochon-
drial dysfunction could be involved in
this disease, more studies are necessary
to elucidate the origin of this oxidative
disorder and its role in the etiology of
FMS. In conclusion, the hypothesis that
mitochondrial dysfunction is the origin
of oxidative stress in FMS patients,
could help to understand the complex
pathophysiology of this disorder and
may lead to development of new ther-
apeutic strategies for prevention and
treatment of this disease.

Toxic metals and fibromyalgia
syndrome

Lead (Pb) and aluminum (Al) metals
are non-essential and toxic, magne-
sium (Mg) and zinc (Zn) are essential
metals and the toxicity occurs when
they are deficient, causing cognitive
dysfunction and interfere with energy
metabolism resulting in fatigue, pares-
thesia and weakness, all hallmarks of
FMS. Heavy metals toxicity caused by
increasing levels of pollution and use
of chemicals in industry is a growing
threat to health and development. Dis-
tribution of the metal in different target
organs varies with route, dose, and du-
ration of exposure (53). A number of
FMS patients are unknowingly suffer-
ing from heavy metal poisoning i.e. Al,
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Pb and arsenic (Ar). Metal Al is present
in our food, water supply, and soil; most
people suffer from some degree of Al
toxicity. After years of accumulated
exposure and storage of it in body tis-
sues, It is clear that Al causes poisoning
to the nervous system with a range of
symptoms that are similar to the FMS
like disturbed sleep, nervousness, emo-
tional instability, memory loss, head-
aches, and impaired intellect.

Toxic metals trigger the production of
free radicals leading to oxidative stress
and depletion of the body’s master
antioxidant as well as influencing the
metabolism of metallothioneins (small
metal binding proteins high in sulphur)
(54). Toxic metals are also known to
stimulate the production of inflamma-
tory messengers known as cytokines in
the immune system causing immense
pain (55). A study by Pernambuco et
al. demonstrated increased levels of
IL-17A in FEMS patients. And also re-
ported positive correlation in the lev-
els of IL-17A and of other cytokines.
Therefore, strengthening the hypoth-
esis of the involvement of inflamma-
tory mechanisms in the development
of FMS (56). However, study on trace
element pattern in patients with FMS
could not demonstrate abnormal levels
of trace elements in blood or urine of
FMS patients and, thus, does not sup-
port the hypothesis that trace element
abnormalities play any significant role
in the development of FMS (57). Mus-
cle pain has been associated with Mg
and selenium (Se) deficiency. There-
fore, Mg and Se status were investi-
gated in FMS where Mg abnormalities
were found associated with impairment
of thiamin metabolism and antioxidant
status (plasma malondialdehyde) and
serum Se levels were reported to be un-
changed in patients with FMS (58).
Bazzichi et al. (59) investigated the
role of intracellular levels of the high
energy adenosine triphosphate nu-
cleotide (ATP) and essential divalent
cations, calcium and Mg, in platelets of
patients affected by primary FMS and
reported significant lower ATP levels
inside platelets of patients and higher
calcium concentrations together with
significant increased Mg levels in plate-
lets of primary FMS patients than in
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controls. Therefore, this study suggests
that disturbances in the homeostasis of
platelet ATP metabolism-signaling and
calcium-magnesium flows might have a
relevance in the pathogenesis of FMS.
Furthermore, the relationship between
serum antioxidant vitamins, Mg levels,
and clinical parameters in patients with
primary FMS was evaluated by Sakarya
et al., and this study reported no signifi-
cant differences in the levels of vita-
mins A, C, and E and Mg between con-
trol subjects and patients with FMS. In
addition, no statistically significant cor-
relations were found between serum vi-
tamins A, C, and E, and Mg and number
of Tender Point Counts (TPC), Fibro-
myalgia Impact Questionnaire (FIQ),
in patients with FMS. According to the
results of this study, it was asserted that
other complex mechanism may play an
important role in the pathophysiology
of FMS without plasma antioxidant vi-
tamins and Mg levels (60).

Heavy metal toxicity is a growing
threat to health and development. Re-
search has also suggested that serum
Mg and Zn levels may play an impor-
tant role in the pathophysiology of FMS
(61). These effects and more are known
to be important in FMS. Thus, the
symptoms of FMS alone is suggestive
of metal toxicity, symptoms such as fa-
tigue, poor memory and concentration,
and “brain fog”, could all be caused
or exacerbated by toxic metals like Al
and Pb. An increased susceptibility to
allergies and HPA-axis dysfunction
has long been thought to be central to
CFS and FMS. Metal toxicity (Al, Pb
etc) is characterised by diffuse mus-
cle pain, poor sleep, chronic malaise,
brain fog, dizziness, headaches, anxi-
ety and numbness which are same as
that of symptoms of FMS. Our bodies
need some trace amounts (Al, mercury
(Hg), Pb, copper (Cu), Ar and others),
but at high levels these metal toxins can
be quite serious, even fatal. They are
found in the air, soil, drinking water,
fuel, medicines, cosmetics etc. they
produce many like symptoms of FMS.
The immune and nervous systems are
closely linked and it has been suggested
that exposure to toxic metals could up-
set the delicate balance between them
and lead to diseases such as CFS and
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FMS where neuroimmune dysfunction
is present (62). Through increasing oxi-
dative stress toxic metals can damage
mitochondrial DNA and cause mito-
chondrial dysfunction which inevitably
leads to fatigue and other symptoms
associated with FMS (63). Toxic met-
als not only increase oxidative stress
but also deplete glutathione, and the
amino acid cysteine vital for its produc-
tion, thus lowering the body’s defences
against free radicals.

Conclusions

Free radicals have been implicated in
the etiology of large number of major
diseases including FMS. They can ad-
versely alter many crucial biological
molecules leading to loss of form and
function. Such undesirable changes in
the body can lead to diseased condi-
tions. Antioxidants can protect against
the damage induced by free radicals
acting at various levels. Dietary and
other components of plants form major
sources of antioxidants. The relation-
ship between free radicals, antioxidants
and functioning of various organs and
organ systems is highly complex and
the discovery of ‘redox signaling’ is a
milestone in this crucial relationship.
The toxicity of metals like Al, Pb and Ar
is mediated through free radicals gener-
ation in the cells that alters the oxidative
stress parameters and may lead to FMS.
Thus, a clear understanding on the oxi-
dative stress, antioxidant parameters
and disturbed metal ion level in patients
with FMS may provide useful informa-
tion to augment the understanding of
pathophysiology and may also help in
routine diagnosis of the patients. How-
ever, complete understanding of the
biochemical events occurring at a cellu-
lar level to influence oxidative damage
is required to guide future therapeutic
advances. Furthermore, supplementa-
tion of the regular treatment with anti-
oxidants, such as vitamins C and E may
also be considered in these patients.
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