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Association of erythrocytes antioxidant enzymes
and their cofactors with markers of oxidative stress
in patients with sickle cell anemia
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ABSTRACT

Background: Sickle cell anemia (SCA) is an inherited
blood disease with known complications as a result
of certain pathophysiological dysfunctions. It has
been suggested that an increase in oxidative stress
contributes to the incidence of these changes.
Objectives: This study investigated the oxidant/
antioxidant status of patients with SCA, and
evaluated the effect of SCA on antioxidant
enzymes and their cofactors.
Methods: The study included 42 patients with
SCA (in steady state), and a control group of
50 age-matched individuals without SCA. Serum
malondialdehyde (MDA), copper, zinc, ferritin and
iron levels, red blood cell (RBC) superoxide dismutase
(SOD) and catalase levels were measured for the
SCA and control groups.
Results: Significantly lower levels of antioxidant
enzymes (RBC SOD and catalase) and higher serum
MDA levels (biomarker of oxidative stress) were
found in SCA patients compared to the control group
(all p , 0.001). Increased levels of serum ferritin, iron
and copper and decreased zinc concentrations were
also found in the SCA patients compared to the
control group (all p , 0.001). In the SCA group, there
were significant negative correlations between MDA
levels and RBC SOD, RBC catalase, and serum
zinc levels (p , 0.01), while a significant positive
correlation between MDA with serum copper and iron
levels (p , 0.01) was observed.
Conclusion: SCA is associated with alterations in
markers of oxidative stress including an increased
MDA level, decreased antioxidant enzyme levels, and
altered levels of enzyme cofactors (zinc, copper, and
iron). This suggests that these antioxidant enzymes
could be used as effective therapeutic targets for the
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treatment of this disease and supplementation of
patients with substances with antioxidant properties
may reduce the complications of this disease.

Keywords: malondialdehyde, superoxide dismutase,
catalase, sickle cell anemia, oxidative stress, enzymes
cofactors

INTRODUCTION
Sickle cell anemia (SCA) is a global disease with the
highest prevalence in tropical Africa where approxi-
mately 20 percent of the population are carriers of
the sickle gene. The sickle cell trait has a frequency of
approximately 8 percent in the African-American
population but it is found to a lesser extent in the
Middle East.1

In Iraq, patients with sickle cell disease (SCD) live
in two geographical areas, one among the Kurdish
population in the extreme north and another
among the Arabs in the extreme south.2 In Basrah
Governorate in southern Iraq, 6.48 percent of the
population are carriers of the hemoglobin S (HbS)
gene, giving a gene frequency of 0.0324.3 Numerous
red blood cell (RBC) membrane abnormalities have
been described in SCA, leading to vaso-occlusive
crises (VOC) and intravascular hemolysis.4

In the literature, there is a growing body of evidence
suggesting that an increase in oxidative stress and
abnormal oxidant/antioxidant balance are implicated
in the pathophysiology of several dysfunctions
observed in SCA patients,5–7 especially during VOC,8

resulting in various hematological and biochemical
changes.9 Oxidative stress is increased when there is
an elevated production of highly reactive by-products
of metabolic pathways that are called reactive oxygen
species (ROS), such as superoxide radical (Oz2),
hydrogen peroxide (H2O2), hydroxyl radical and nitric
oxide.10 In the presence of hydrogen peroxide and
transitional or redox-active metals ions like iron (Fe)
and copper (Cu); superoxide radicals (Oz2) are
converted to the highly reactive hydroxyl radical
through the Fenton and Haber-Weiss reactions.7,11,12

Therefore, iron released during hemolysis of the RBC is
one of the major contributors to the increased ROS
production in SCA.

HbS is reported to have an accelerated autoxidation
rate, with increased generation of reactive oxygen
species in sickled RBCs.7,13,14 ROS production was
found to be 10–30 fold higher in the RBCs, platelets,

and polymorphonuclear neutrophils of patients with
SCA than in normal subjects.4

Denaturation of Hb releases iron that will be oxidized
by H2O2 to form hydroxyl radicals by the Fenton’s
reaction which increases the levels of ROS, resulting in
protein oxidation, lipid peroxidation, damage to
cellular macromolecules such as DNA (breakage of the
double helix), and mitochondrial dysfunction, thus
disrupting their normal functions.7,15,16

Lipid peroxidation occurs by a radical chain reaction
that involves the oxidation and destruction of the
polyunsaturated lipid membrane structures leading
to the loss of its normal cellular deformability and
biological properties like degree of fluidity and
increased tissue permeability, making the RBC
membranes more susceptible to hemolysis.7,12

Lipid peroxidation is increased in situations where
there are a high degree of unsaturated lipid molecules,
the existence of transitional or redox active metal
catalysts and rich supply of oxygen,17 all of which are
found in the RBC. Products of lipid peroxidation such
as malondialdehyde (MDA) are commonly used as
biomarkers of oxidative stress and damage of
lipid molecules.18

The body has several mechanisms to neutralize the
increased oxidative stress by generating antioxidants,
either produced naturally in the body (endogenous
antioxidants), or externally via food supplementation
(exogenous antioxidants). Antioxidants act to
counteract additional formation of free radicals, to
protect the cells against their destructive and noxious
effects and to contribute to disease prevention.17

Antioxidant defense mechanisms against the harmful
effects of ROS involve cellular and extracellular
enzymes such as catalase, superoxide dismutase
(SOD), glutathione reductase and peroxidase and free
radical quenchers such as glutathione, vitamin C,
vitamin E, carotenoids, albumin, and products of
metabolism such as uric acid and bilirubin.

Catalase is a heme-containing enzyme that catalyzes
the degradation of hydrogen peroxide to water and
molecular oxygen, thus under normal physiological
conditions, it controls the hydrogen peroxide levels so
that this does not reach toxic and harmful levels that
could result in oxidative damage to the cells.17 SOD is
a copper and zinc-containing enzyme that converts
superoxide radicals to hydrogen peroxides, which can
subsequently be removed by catalase.10,11 Zinc and
copper are required for full activity of SOD.15
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Copper is essential for the enzyme’s catalytic activity,
whereas zinc confers structural stability to the active
site of the enzymes. These antioxidant enzymes
eliminate superoxide radicals, hydrogen peroxide and
prevent hydroxyl radical formation that results in
further cellular damage. The antioxidant action of zinc
occurs through two mechanisms. Firstly, it protects
the sulfhydryl groups of proteins from oxidation.
Secondly, it competes with iron and copper for
binding to cell membranes and some proteins.
Consequently replacing these transition metal ions
and making them further reachable to bind with
ferritin and metallothionein, respectively. Thus it
prevents the formation of ROS (hydroxyl radical and
superoxide radical) that are harmful to the cell.19

Antioxidant capacity is an important cause of tissue
injury, particularly in patients with elevated oxidative
stress.20 However, no previous studies in Basrah have
evaluated oxidative stress in terms of the RBC levels
of antioxidant enzymes, or the correlations between
these enzymes and their cofactors i.e., the serum
levels of zinc, copper, and iron, in patients with SCA.

The aims of this study were to investigate the
oxidant/antioxidant status of patients with SCA, and
to evaluate the effects of SCA on antioxidant
enzymes and their cofactors (zinc, copper, and iron).
In addition, the correlation between the levels of
antioxidant enzymes and their cofactors were also
studied to investigate whether this relationship is
unique to patients with SCA.

SUBJECTS AND METHODS

Subjects
The SCA patients included 42 cases with SCA (HbSS)
in steady state21 diagnosed by high-performance
liquid chromatography (HPLC) at the Center for
Hereditary Blood Diseases in Basrah Governorate,
southern Iraq, from January 2010 to May 2010.
There were 20 males and 22 females aged between
6 and 28 years, including 21 patients aged
,18 years. Patients with VOC and those taking
hydroxyurea or zinc supplements were excluded.

Fifty healthy, age-matched individuals with no history
of relevant acute or chronic medical illness and normal
Hb pattern confirmed with HPLC were recruited as a
control group. Twenty-six individuals were,18 years
old and were relatives of the patients with SCA, while
those aged $18 years were medical student
volunteers. For all subjects, demographic data and

clinical examination findings were recorded using a
standardized form.

The details of the tests were explained to all
individuals and/or their parents, and informed consent
was obtained before enrollment in the study.
The Ethical Committee of the College of Medicine,
University of Basrah, approved the study protocol.

MATERIALS AND METHODS
All the reagents that had been used were analytical
grade supplied from Fluka AG, Buchs, Switzerland and
BDH Chemicals Ltd, Poole, England.

Approximately 3.0 ml of venous blood sample was
obtained from all subjects in the SCA and control
groups. A portion of the blood was added to an
EDTA anticoagulant tube to measure the levels of the
SOD and catalase antioxidant enzymes in RBCs.
The remainder of the blood was left to clot in a clean
plain tube for 20–30 minutes at room temperature.
The serum was then separated by centrifugation at
3000 rpm for 15 minutes and divided into two
portions. One portion of the serum was transferred
into a plain tube and used to measure the level of the
lipid peroxidation product MDA within 1–3 hours,
and the second portion was transferred into another
plain tube and stored at 2200C to be used for the
measurements of the copper, zinc, iron, and ferritin
levels within 2 to 3 weeks.

Biochemical parameters
Separation of red blood cells and preparation of
hemolysate
The whole blood with EDTA as anticoagulant was
centrifuged, the plasma and leucocytes layer was then
removed and the packed erythrocyte sediments were
washed three times with normal saline and hemolyzed
by adding approximately 1.5 volumes of ice-cold
distilled water. The hemoglobin (Hb) concentration in
the hemolysate was measured by the Drabkin method
and adjusted to 10 g/dl or 5 g/dl with distilled water
for the estimation of RBC SOD or catalase activity,
respectively.

SOD estimation in the RBC
A chloroform-ethanol extract was prepared by adding
0.5 ml hemolysate (containing 10 g Hb/dl) to 3–5 ml
of ice-cold water, followed by 1 ml of ethanol then
0.6 ml of chloroform, mixing thoroughly after each
addition. The tubes were centrifuged for 10 minutes
at about 3000 rpm. The clear upper layer was
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retained for the measurement of SOD enzyme
activity.

The RBC SOD level was measured using the method
of Winterbourn et al..22 Briefly, this is based on the
capability of SOD to prevent the reduction of
nitroblue tetrazolium by superoxide, which is
produced during the oxidation-reduction reaction of
riboflavin and oxygen. SOD activity was expressed as
units per gram of Hb.

Catalase estimation in the RBC
The stock hemolysate containing 5 g Hb/dl was
diluted 1:500 with phosphate buffer (50 mM; pH 7.0)
for the estimation of catalase enzyme activity.

The RBC catalase level was measured by using the
method of Aebi,23 which is based on determination of
the rate constant (s21, k) of hydrogen peroxide
(H2O2) decomposition. Catalase activity was
expressed in K per gram of Hb.

MDA estimation in serum
The serum MDA level was measured using the
thiobarbituric acid (TBA) method of Buege and
Aust.24 Under the acid and heating conditions of
the reaction, the peroxides break down to form MDA,
which complexes with thiobarbituric acid to form a
red compound that can be measured
spectrophotometrically at 535 nm. Results were
expressed in mmol/l.

Serum copper, zinc, and iron measurements
The serum copper, zinc, and iron levels (as cofactors
for the antioxidant enzyme reactions) were measured
using a flame atomic absorption spectrophotometer
(Pye Unicam SP 2900; Philips Scientific, Cambridge, UK)

by direct aspiration of the serum after dilution
with deionized water (1/10).25 Results were
expressed in mg/dl.

Serum ferritin estimation
The serum ferritin level was measured by enzyme-
linked immunosorbent assay using the mini VIDAS
system (bioMérieux, Lyon, France). Results were
expressed in ng/dl. All parameter samples were run in
duplicates and their mean value was used in the
statistical analyses.

Statistical analysis
All results are expressed as mean ^ SD. Data were
analyzed using the Statistical Package for Social
Sciences, version 17.0 for Windows (SPSS Inc.,
Chicago, IL, USA). The mean values of parameters
were compared between groups using the indepen-
dent samples t-test. The strength and direction of
linear relationships between variables were evaluated
using Pearson’s correlation coefficient. Linear
regression curve estimation was used to assess the
association between the serum ferritin level (as an
index of iron overload) and the serum MDA level
(as an index of oxidative stress). A value of p , 0.05
was considered statistically significant.

RESULTS
Comparisons of various parameters between the SCA
and control groups are shown in Table 1. The serum
levels of MDA, ferritin, iron, and copper were
significantly higher in the SCA group than in the
control group (all p , 0.001), and the RBC SOD, RBC
catalase, and serum zinc levels were significantly
lower in the SCA group than in the control group

Table 1. Selected oxidant and antioxidant variables in SCA and control groups.

Parameter

SCA patients Control group

N ¼ 42 N ¼ 50 P-value

Serum MDA (mmol/l) 1.24^ 0.12 0.67^ 0.12 ,0.001
Erythrocytes SOD (U/g Hb) 1158^ 254 1800^ 313 ,0.001
Erythrocytes CAT (k/g Hb) 218^ 30.3 275^ 37.7 ,0.001
Serum iron (mg/dl) 160^ 14 102^ 14.2 ,0.001
Serum ferritin (ng/ml) 666.9^ 557.9 35.6^ 24.8 ,0.001
Serum copper (mg/dl) 145.5^ 14.3 100.9^ 13.5 ,0.001
Serum zinc (mg/dl) 62.2^ 12.6 94.2^ 12.5 ,0.001

Values are shown as mean ^ standard deviation.
CAT: catalase; SOD: superoxide dismutase; MDA: malondialdehyde; SCA: sickle cell anemia.
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(all p , 0.001). Our results showed an increase of
71.4% in the level of serum MDA from SCA subjects
versus 2% in the control groups, whereas iron
increment was 52% versus 2% and copper 16.7%
versus 2%. On the other hand, there was a 26.2%
reduction in the concentration of RBC SOD from SCA
subjects versus 8% in the control group, 16.7% versus
2% for RBC catalase and 26% versus 6% for zinc.

In the SCA group, there were significant negative
correlations between the serum MDA level and the
RBC SOD, RBC catalase, and serum zinc levels
(all p , 0.01), and significant positive correlations
between the serum MDA level and the serum copper
level (p , 0.01) and serum iron level (p , 0.05)
(Table 2). In the control group, there were no
significant correlations between the serum MDA level
and the other parameters.

In SCA patients, Pearson’s correlation (r) analyses
showed significant positive correlations between the
RBC SOD and catalase levels and the serum zinc level
(both p , 0.01), and significant negative correlations
between the RBC SOD, catalase, the serum copper
(both p , 0.05) and serum iron levels (both
p , 0.01). In the control group, there were similar
significant correlations for the serum copper and
zinc levels (all p , 0.01), but not for the serum iron
level (Table 3).

In patients with SCA, linear regression analyses
showed a significant positive association between
the serum MDA level and the serum ferritin level
(r 2 ¼ 0.164, p ¼ 0.017, Figure 1).

DISCUSSION
The pathophysiology of SCA is highly affected by the
oxidant/antioxidant status.13,26,27 This may be a
factor causing the progression of dense erythrocyte
during sickling process, in addition to the formation of
vaso-occlusion, and shortening of RBC life span.
The oxidative damage in sickled RBCs is most likely
the result of HbS instable character causing a rise in
the formation of free radicals in association with
reduced antioxidant defense mechanisms, leading to
increased generation of oxidation products.13,26,27

In agreement with other studies,28–30 our study
showed a significantly higher level of MDA in SCA
patients than in the control group. This finding was
suggested by other authors to be attributed to
permanent structural membrane alterations
in RBCs, and increased production of ROS in patients
with SCA.31–33

The RBC SOD and catalase levels were significantly
lower in the SCA group than in the control
group. Previous studies reported conflicting results
regarding the levels of these antioxidant enzymes in
patients with SCA. While Adelakun et al., did not find
significant differences in SOD and catalase levels
between patients with SCA and the control group,34

Hundekar et al., reported an increased SOD level in
patients with SCA,35 and other studies have reported
decreased levels of SOD and catalase in patients with
SCA.36,37 Reductions in RBC SOD and catalase levels
may be related to the severity of oxidative stress,
whereas increased RBC SOD and catalase levels may
be a protective reaction to scavenge H2O2.

35–37

The decreased RBC SOD level in patients with SCA
may result from SOD being degraded by oxidants
during sickling.17 In addition, endogenous H2O2 is not
removed from sickled erythrocytes as readily as from
normal erythrocytes.17 Excess H2O2 may react with
Hb to form Heinz bodies, leading to the formation of
insoluble hemichromes, release of ROS, and release of
iron from the heme moiety of Hb, resulting in removal
of RBCs containing Heinz bodies by cells of the
reticuloendothelial system.38

In the present study, the serum zinc level was
significantly lower in the SCA group than in the control
group, which is consistent with the findings of
previous studies.39–43 It has been postulated that low
serum zinc levels in patients with SCA may be due to
disturbed metabolism of zinc metalloenzymes,
abnormal binding of zinc to tissue proteins, and

Table 2. Pearson’s correlation between the
serum MDA level and selected parameters in
SCA and control groups.

Parameters

MDA

SCA patients
(N ¼ 42)

Control
(N ¼ 50)

r R

SOD 20.546** 20.239
CAT 20.5633** 20.029
Iron 0.391* 0.065
Copper 0.574** 0.01
Zinc 20.575** 20.62

Values are Pearson’s correlation coefficient (r).
*P , 0.05, **P , 0.01.
CAT: catalase; SOD: superoxide dismutase; MDA: malondialdehyde;
SCA: sickle cell anemia.
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abnormal renal tubular reabsorption of zinc due to
sickling.39,40,44

In addition to other well-known important functions
in the human body, zinc plays a role in the
maintenance of copper/zinc SOD structural
integrity.44 The strong positive correlation between
the serum zinc and RBC SOD levels and the strong
negative correlation between the serum zinc and
MDA levels in the present study support the concept
that the antioxidant role of RBC SOD requires zinc as a
cofactor.

Copper plays an important role in the functions of
mitochondrial cytochrome, oxidase, cytoplasmic, and
SOD, some of which have antioxidant functions.44

The high serum copper levels found in patients with
SCA in the current study are consistent with the
results of previous studies.41,42 This could be
explained by the effects of zinc deficiency in patients
with SCA, which can greatly increase copper
absorption from the gastrointestinal tract.44

The significant positive association between the
serum copper and MDA levels, and the significant
negative association between the serum copper and
RBC SOD and catalase levels, indicate that the
oxidant/antioxidant imbalance in patients with SCA is
associated with alteration in the serum copper level.

An increased serum iron level can increase the risk of
oxidative stress in patients with SCA. Iron overload is
biochemically harmful, resulting in tissue damage
through the conversion of H2O2 to free radical ions
that attack cellular membrane lipids, proteins, and
DNA.45 The results of the present study show that
patients with SCA have significantly higher serum iron
levels than individuals with normal Hb. The positive
correlation between the serum iron and MDA levels in

patients with SCA reflects the role of iron in lipid
peroxidation. In addition, the significant positive
correlation between the serum ferritin and MDA
levels may indicate that iron overload plays a role in
oxidative stress, because a high level of the oxidation
product MDA was associated with low levels of
antioxidant enzymes and their cofactors. Although
Dos Santos et al., found a similar correlation;45

another study of patients with SCA who received
transfusion did not observe this correlation.46 Studies
of older patients,47 and patients who had received
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Figure 1. Linear regression analysis of the relationship
between the serum ferritin and malondialdehyde
(MDA) levels in patients with sickle cell anemia (SCA)
r 2 ¼ 0.164, P ¼ 0.017.

Table 3. Pearson’s correlation analyses of the relationships between antioxidant enzyme levels and their
cofactors in patients with SCA and control group.

Antioxidant enzyme cofactor

SCA patients (N ¼ 42) Controls (N ¼ 50)

R R

SOD CAT SOD CAT

Iron 20.608** 20.652** 20.22 20.063
Copper 20.317* 20.345* 20.438** 20.501**
Zinc 0.734** 0.467** 0.531** 0.417**
Values are Pearson’s correlation coefficient (r).
*P , 0.05, **P , 0.01.
CAT: catalase; SOD: superoxide dismutase; SCA: sickle cell anemia.
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blood transfusion,46 found that patients with SCA had
higher serum copper and iron levels and lower serum
zinc levels than individuals with normal Hb. These
biochemical changes were associated with high serum
MDA levels, providing further support to our findings,
even though our patients were younger.

Our study had certain limitations, first of which is the
estimation of MDA by the TBA method. This assay
was employed because it is easy to perform and
widely available. Buege and Aust considered this assay
of being a reasonably sensitive, simple and accurate
index of lipid peroxidation in a number of in vitro
oxidizing systems, but are less reliable as an index of
lipid peroxidation in complex biological fluids or
in vivo.24 Alternatively, MDA assessment using TBARS
method is usually criticized in the literature by a lack
of specificity and sensitivity. Nevertheless, our results
showed that MDA levels are higher in SCA patients as
compared to their age-matched control subjects
despite the relative low sensitivity of the method.
The results are also comparable to some of those
cited in the literature.29,30

Secondly, the haplotype of beta-globin chain of
hemoglobin S in our SCA patients has not been
determined. In sickle cell anemia, the analysis of the
beta S-globin haplotypes is vital because it designates
the origin of the patients ethnic groups and their
geographical distribution.48 It also contributes to
better information, understanding and interpretation
of the clinical variety and seriousness of SCA
patients,48,49 as these distinctive haplotypes possess
a diverse range of HbF levels that act to prevent or
decrease the polymerization of hemoglobin S subunits
and subsequent clinical manifestations.48,50,51

Globally, there are five main classes of beta S-globin
haplotypes that are named after the location of which
they were discovered. These are Senegal (SEN), Benin
(BEN), Bantu or Central African Republic (CAR),
Cameroon (CAM) and Arab-Indian (ARAB).48 Of these
five, three constitute the major haplotypes among
Arabs. These haplotypes are the Benin, the Arab-
Indian and the Bantu haplotypes,52 with different
frequency of occurrence in the Arab world.
In northern Iraq, the predominant bS mutation found
was the Benin haplotype (69.5%).2,52 The same high
frequent haplotype was also found in Jordan (80%),
Lebanon (73%), Syria (66.7%) and southwestern
Saudi Arabia (98.5).52 While in Arab countries
nearby southern Iraq, the highest frequent haplotype
was the Arab-Indian haplotype being 80.8% in Kuwait,

94% in eastern Saudi Arabia and 52% in United Arab
Emirates (UAE).52

Thus several questions arise, first: what is the
predominant beta S-globin haplotype in the
population of our region (southern Iraq); second,
would similar patterns be observed in our SCA
patients and/or different observations and corre-
lations be obtained in this study according to the
different types of haplotypes discovered in our area;
third, how would this contribute to the clinical
manifestation of the disease and how could such
information develop a better understanding of the
management and interventions of our SCA patients.
These questions all warrant further investigation and
research work to be done.

Of note, despite the significant reduction in the levels
of antioxidant enzymes and alterations in the levels of
their cofactors (copper, zinc, and iron) in patients with
SCA compared with the control group, our findings
were not unique to the SCA group with the exception
of iron. There were significant correlations between
the antioxidant enzyme levels and the copper and zinc
levels in both groups, but significant correlations
between the antioxidant enzyme levels and iron levels
were observed only in the SCA group. These results
indicate that copper and zinc are important for the
optimal catalytic activity of antioxidant enzymes,
especially SOD in cellular defense mechanisms of the
human body. This highlights the occurrence of iron
overload in patients with SCA. Our findings raise the
question of whether supplementation with relevant
antioxidant enzymes (SOD, catalase, or their mimics)
or antioxidant compounds such as trace elements and
vitamins may improve the health of patients with
SCA, and prevent or reduce the occurrence of VOC
and other complications of SCA.

Existing studies of antioxidant supplementation have
found that administration of therapeutic doses of zinc
to patients with SCA resulted in significant improve-
ment in growth, reduction of other adverse effects of
zinc deficiency, reduction in episodes of VOC,13,39,40

and increased zinc levels and antioxidant capacity
compared with a placebo group.53 Zinc supplemen-
tation was also associated with a decrease in the
serum level of copper, which may act as a pro-oxidant
at high concentrations.13,53 On the other hand,
supplementation with antioxidant vitamins (C and E)
was not associated with changes in patients with
SCA.54 Increased RBC SOD and catalase activity and
decreased MDA levels were reported after 30 days of
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supplementation with tablets containing antioxidant
vitamins and trace elements.35 The vitamins and trace
elements included in these antioxidant tablets were
not described, but the authors of that study35

supported use of a combined therapeutic strategy to
reduce the oxidative stress in patients with SCA.
Further studies are warranted to determine whether a
combination of antioxidant supplements can improve
or prevent certain complications of SCA.

Furthermore, Wood et al.,55 and Silva et al.,56 both
advocated new therapeutic concepts based on the
emphasis of the crucial role of RBC in the generation
of ROS in SCA as the molecular approaches initiated
by these cells could be important for the declining of
oxidative stress in the blood. They stated that future
research should be focused on new therapeutic
strategies that reduce hemolytic episodes and
production of ROS in SCA patients to prevent further
complications and vasculopathy.

CONCLUSIONS
The results of this study provide clear evidence that
the SCA population of southern Iraq exhibit an
alteration in the levels of various oxidative stress
markers (depletion of antioxidant enzymes and
increased MDA level), and that increased levels of
ROS are associated with decreased levels of

antioxidants. Thus, these antioxidant enzymes can be
recognized as potential and effective therapeutic
targets or strategies for the treatment of this disease.
Supplementation of substances with antioxidant
properties or those that decrease hemolytic episodes
or the production of ROS may alter the course of the
disease and decrease the incidence of the associated
complication and vasculopathy. Further studies are
recommended to support these effects.
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