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ABSTRACT
Fibromyalgia syndrome (FMS) is characterised by diffuse muscle pain, poor
sleep and unrelenting fatigue. Individuals with FMS may also experience
headaches, anxiety, depression, poor
memory, numbness and tingling in the
extremities, cold hands and feet, irritable bowel syndrome and lowered
immune function. FMS is a common
chronic pain syndrome of unknown
etiology and limited treatment options.
Previous studies have reported oxidative stress in FMS patients, but the results were inconsistent. Oxidative stress
and nitric oxide is involved in FMS
pathophysiology, however, it is still not
clear whether oxidative stress abnormalities 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 levels may be responsible for the development 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 patients with FMS which is related to the
severity of FMS symptoms. Therefore,
it is important to understand whether
the oxidative stress parameters are involved in FMS and what is the relationship between these and antioxidants in
FMS patients. In this review we will
elucidate the importance of oxidative
stress and antioxidants and its possible 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 pathogenesis of FMS.
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Introduction
Fibromyalgia syndrome (FMS) is a
musculoskeletal pain disorder manifested by diffuse myalgia, localised areas of tenderness, fatigue, lowered pain
thresholds, and nonrestorative sleep.
FMS patients often develop an increased
response to painful stimuli (hyperalgesia) and experience pain from normally
nonnoxious stimuli (allodynia). Diagnostically, 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. Therefore, in the recent criteria it is clear that
apart from the pain other seminal features of the disorder such as cognitive
dysfunction, unrefreshing sleep, fatigue
and mood disorders also play an important role in the diagnosis (2, 3). Despite 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 population 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 reaction of oxygen with hydrogen in oxidative phosphorylation occurring within
the mitochondria during oxidative metabolism. During this enzymatic reduction 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 membranes 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 potentials and eventually rupture leading
to the release of cell and organelle contents (10).
Therefore, increased oxidative stress
results from an imbalance between
products of oxidation and antioxidant
defences. These toxic molecules become highly reactive in their formation
because of their altered number of unpaired valence electrons. There are several inflammatory clinical conditions
associated with increased oxidative
stress, data also suggest a relationship
between oxidative stress and pain perception, furthermore, oxidative stress
is also found increased in patients with
chronic fatigue syndrome (CFS) (1113). There is little information about
oxidative stress in FMS. Moreover,
there are several disorders associated
with oxidative stress that is manifested 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 establish 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. Lipoprotein particles or membranes characteristically undergo the process of
LP, giving rise to a variety of products
including short chain aldehydes such
as malondialdehyde or 4-hydroxynonenal, alkanes, and alkenes, conjugated
dienes, and a variety of hydroxides and
hydroperoxides. Many of these products 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 oxidative 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 Fassbender and Wegner (20), who suggested
that muscle tender points in FMS result 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 increased 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 machinery occur. In this regard, hydrogen peroxide (H2O2), 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 (O2−) have been
observed in the peripheral blood mononuclear 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 transport from complexes I and II to III, in
addition to regulating the coupling of
proteins, the pore transition and mitochondrial 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
S-129
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reduces the expression of mitochondrial proteins involved in oxidative phosphorylation, decreases mitochondrial
membrane potential and increases the
production of ROS (24). But, from a
physiological point of view, what relationship 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 important role in the development of pain on
one side by peripheral and central nervous system sensitisation and thus induces 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-α), 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 sensitivity are still unknown, it is possible
that oxidative damage interferes with
the muscles by reducing local nociceptors, 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 correlation with this symptom, have been demonstrated in CFS, a disease with a high
rate of comorbidity with FMS (24).
Nitric oxide (NO) is a highly diffusible
and labile, gaseous messenger molecule, involved in various biological
functions such as vasodilatation or vascular regulation, modulation of nociception, immune function, neurotransmission and excitation–contraction coupling (28, 29). NO also acts as a metabolic 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
(iNOS) and endothelial (eNOS). Recently, NO has been shown to modulate
levels of ROS in a variety of cells (30).
Larson et al. (31) suggested the possible role of NO in pain modulation in
FMS. Interestingly, significant correlations are observed between the levels of
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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 demonstrated 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 damage to DNA, as seen in biopsy samples
of patients with FMS.
Mitochondrial abnormalities in FMS
support a mitochondrial defect as a contributor. As the number of mitochondria
was significantly lower in patients with
FMS than in controls and also seemed
to be morphologically altered. The ultrastructural 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 contractions 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 production in mitochondria may be involved in
oxidative stress, and CoQ10 deficiency
and mitochondrial dysfunction could
be also involved in the pathophysiology of FMS. These results confirm the
oxidative stress background of FMS,
probably due to a defect in the antioxidant system (SOD, CoQ10) and a high
production of ROS. Finding the origin
of oxidative stress could help us to understand 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
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oxidisable substrate, significantly delays or inhibits the oxidation of that
substrate” (34). The physiological role
of antioxidants, as this definition suggests, 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 pathophysiology of common diseases including
atherosclerosis, chronic renal failure,
and diabetes mellitus. Because radicals
have the capacity to react in an indiscriminate manner leading to damage to
almost any cellular component, an extensive 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 peroxide, are produced in metabolic and
physiological processes and harmful
oxidative reactions may occur in organisms. The oxidative effects of ROS are
controlled by exogenous antioxidants
such as vitamins E and C, and also by
endogenous antioxidants such as scavenger enzymes (SOD and glutathione
peroxidase (GPx), bilirubin and uric
acid (35). When the production of damaging free radicals exceeds the capacity 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 antioxidant cannot be prevented, and the
oxidative/antioxidative balance shifts
towards the oxidative status.
Cellular injury can be caused by oxidative stress which has been implicated
in over a hundred disorders, including
FMS (36). Inherent to its function, skeletal 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 experiments have demonstrated that skelS-130

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 capacity may be impaired, as it may result in more oxidative stress in skeletal
muscle. Potential triggers of oxidative
stress in the muscle compartment include hypoxia and local sources of
reactive oxygen and nitrogen species;
skeletal muscle trophical state, contractility 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 suggested that oxidant/antioxidant imbalance 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 oxidative stress on enzyme systems involved
with cellular oxygen utilisation (40).
Bramwell et al., (41) suggested that
ascorbic acid treatment may be provided, to improve on clinical findings and
quality of life in FMS patients. It has
been suggested that the modified ‘Myers cocktail’, which consists of magnesium, calcium, B vitamins, and vitamin
C has been found to be effective against
acute asthma attacks, migraines, CFS,
FMS, acute muscle spasm, upper respiratory tract infections, chronic sinusitis, seasonal allergic rhinitis, cardiovascular 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 worsening of the disorders side-effects, and
in many cases, these drugs induce an
increase in oxidative stress. CoQ10 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 levels and to induce a mitochondrial degradation pathway known as autophagic
mitophagia (24). This result could provide insights into the beneficial effect
obtained in patients after administration of CoQ10 along with Gingko biloba
shown by a pilot study in which there
was a significant improvement in quality of life of patients (43). Fatigue, one
of the most typical symptoms of FMS,
has been reduced by treatment with
CoQ10 in both animal and human physical fatigue models after exercise (44,
45). It should also be noted that CoQ10
has been shown to reduce muscle pain
induced by statins in patients (46), and
animal models have proven an anti-inflammatory and antinociceptive effect
(47), and CoQ10 has recently been observed to regulate the expression of certain pro-inflammatory cytokine genes
such as TNF-α (48), whose role has
already been described in FMS (49).
Antioxidant therapies have proven effective in many pathological processes
in which oxidative stress plays an important role. CoQ10, Vitamin E or alphatocopherol, vitamin C or ascorbic
acid, melatonin, SOD, vitamin A or retinol, glutathione, N-acetylcysteine, etc.,
are some of the antioxidants used in
randomised trials of patients with a variety 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 CoQ10 in particular. The complexity of this disease makes it difficult
to assess effectiveness of a single treatment, 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 studies are necessary in this regard, as well
as the design of controlled trials on the
therapeutic effect of antioxidants.

Oxidative stress parameter like LP levels 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 neuroprotective 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 central hyperalgesia (51). Study on the effect 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 therapy may be beneficial in FMS patient.
Nevertheless, although oxidative stress
is accepted to be involved in the pathophysiology of FMS, and the mitochondrial 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 therapeutic strategies for prevention and
treatment of this disease.
Toxic metals and fibromyalgia
syndrome
Lead (Pb) and aluminum (Al) metals
are non-essential and toxic, magnesium (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, paresthesia 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. Distribution of the metal in different target
organs varies with route, dose, and duration of exposure (53). A number of
FMS patients are unknowingly suffering from heavy metal poisoning i.e. Al,
S-131
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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 tissues, 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, emotional instability, memory loss, headaches, 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 inflammatory 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 FMS patients. And also reported positive correlation in the levels of IL-17A and of other cytokines.
Therefore, strengthening the hypothesis of the involvement of inflammatory 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 support the hypothesis that trace element
abnormalities play any significant role
in the development of FMS (57). Muscle pain has been associated with Mg
and selenium (Se) deficiency. Therefore, Mg and Se status were investigated 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 unchanged in patients with FMS (58).
Bazzichi et al. (59) investigated the
role of intracellular levels of the high
energy adenosine triphosphate nucleotide (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 platelets 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 significant differences in the levels of vitamins A, C, and E and Mg between control subjects and patients with FMS. In
addition, no statistically significant correlations were found between serum vitamins A, C, and E, and Mg and number
of Tender Point Counts (TPC), Fibromyalgia 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 vitamins and Mg levels (60).
Heavy metal toxicity is a growing
threat to health and development. Research has also suggested that serum
Mg and Zn levels may play an important 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 fatigue, 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 muscle pain, poor sleep, chronic malaise,
brain fog, dizziness, headaches, anxiety 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 upset 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 oxidative stress toxic metals can damage
mitochondrial DNA and cause mitochondrial dysfunction which inevitably
leads to fatigue and other symptoms
associated with FMS (63). Toxic metals not only increase oxidative stress
but also deplete glutathione, and the
amino acid cysteine vital for its production, 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 adversely alter many crucial biological
molecules leading to loss of form and
function. Such undesirable changes in
the body can lead to diseased conditions. 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 relationship 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 generation in the cells that alters the oxidative
stress parameters and may lead to FMS.
Thus, a clear understanding on the oxidative stress, antioxidant parameters
and disturbed metal ion level in patients
with FMS may provide useful information to augment the understanding of
pathophysiology and may also help in
routine diagnosis of the patients. However, complete understanding of the
biochemical events occurring at a cellular level to influence oxidative damage
is required to guide future therapeutic
advances. Furthermore, supplementation of the regular treatment with antioxidants, such as vitamins C and E may
also be considered in these patients.
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