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Abstract  
The study was designed to evaluate the medical relevance of hyperhomocysteinemia  
and copper levels with malondialdehyde in beta-thalassemia  patients . Blood samples 
were taken from thalassemia departments of a ministry of healthy hospitals. Fifty 
children with thalassemia (study group) and fifty healthy controls (group control). We 
found that significantly increased lipid peroxidation, measured as MDA, was 
demonstrated in thalassemia (p< 0.01). The mean  plasma homocysteine (tHcy)  level in 
children  with thalassemia was significantly higher than the control group(p< 0.02) In 
addition, the mean serum copper level in thalassemia patients was significantly higher 
than the control group (p< 0.03). Moreover, a positive correlation was also observed 
between homocysteine, copper with MDA levels in the patient group but not in the 
control group.    
 
Introduction  
Beta thalassemia major is the most prevalent type of thalassemia as it is common in 
certain populations. It produces severe anemia in its homozygous state (1). About 190 
million people throughout the world have genetic mutations associated with different 
hemoglobinopathies and more than 90 million of them carry defective genes leading to 
thalassemia (2, 3).  
The free radical field is a large, multidisciplinary research area (4-6). For example, the 
basic chemistry of superoxide (O2

-) and hydroxyl (HO.) radicals was determined many 
years ago by radiation chemists; the outline mechanism of lipid peroxidation was 
elucidated by scientists at the British Rubber Producers Association; combustion is a 
free radical reaction; and some of the most detailed chemical work on peroxidation and 
antioxidants has been carried out in the food industry and by polymer scientists. In 
1954, Gershman and Gilbert proposed that most of the damaging effects of elevated O2

 

concentrations on living organisms could be attributed to the formation of free radicals 
(6). 
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 Oxygen radicals and other activated oxygen species are produced by most, if not all, 
cells. It is generally believed that membrane lipids are major targets for cellular damage 
induced by oxygen radicals. Considerable progress has been made in elucidating the 
effects of oxygen radicals on lipid peroxidation through in vitro studies with defined 
lipid mixtures and in vivo studies in normal and pathological states (7-8).In contrast, the 
chemical effects of oxygen radicals on cell proteins and the biological consequences of 
such reactions have not been extensively studied and are still poorly understood.  
Earlier studies have shown that, in thalassemia there is excess production of reactive 
oxygen intermediates, such as superoxide anion (O2

-), hydroxyl radical (OH·), singlet 
oxygen and hydrogen peroxide (H2O2) within the erythrocytes, all these events lead to 
oxidative stress. This oxidative stress and a possible consequential accelerated apoptosis 
may contribute to shortened life span of erythrocytes. Malondialdehyde (MDA), a 
product of lipid peroxidation is generated in excess amounts in supporting the fact that 
large amount of membrane bound iron is present in thalassemic erythrocytes (2,9) 
Oxidation of LDL is a free radical process in which the polyunsaturated fatty acids 
contained in the LDL are degraded by a lipid peroxidation process to a great variety of 
aldehydes (eg, malondialdehyde (MDA). In a cell- free system , LDL can be oxidized 
by traces of transition metal ions: particularly effective are Cu+2 ions,         copper is an 
essential trace element, which is distributed through out the body (10). Besides forming 
the essential redox-active center in a variety of metalloproteins, such as ceruloplasmin, 
Cu,Zn Superoxide dismutase, cytochrome C oxidase, dopamine β-hydroxylase, 
tyrosinase, lysyl oxidase, and ascorbate oxidase (10), reduction of Cu +2 to Cu +1 may 
play a role in lipid peroxidation . Cu +2 –reduction factors like lipid 
hydroperoxides(Cu+2 + LOOH                Cu+ + LOO. + H+)(11,12).         

Homocysteine regulate plasma ceruloplasmin redox state and copper transport into cells 
. Recently it has been reported that homocysteine (Hcy) can reduce  Cu +2 to Cu +1  and 
this reaction could potential the cell-damaging property of copper ions to endothelial 
neural cells in presence of Hcy ( Cu+2 + RSH               Cu+ + 1/2RSSR. + H+ ) (12) 
Therefore, the present study was undertaken to evaluated the association between MDA 
( a marker of oxidative stress) with homocysteine levels and serum copper in 
thalassemia patients  
 
Materials and methods:  
 Fifty children with thalassemia were taken from thalassemia departments of a 
ministry of healthy hospitals. All mean age of patients were 6-11 years. There were 50 
healthy volunteers (7-12 years) used as control subjects. They were clinically diagnosed 
on the basis of severe anemia and haemoglobin electrophoresis. Before sampling 
collection, if any gradients regarding medication taken by patients that would interfere 
with homocysteine  test such as methotrexate, folic acid, or exposed hours ago to 
nitrous oxide were considered. 
Fasting blood samples (10 mL) were collected from patients and controls. The blood 
samples were centrifuged at 3000 rpm for 10 min at 4oC both the patients and controls, 
sera were stored at 4oC in an ice chest for no longer than 24 h before freezing.  
Statistical analysis 
 The results are expressed as mean ± SD (1SD). Statistical analysis was 
performed using student ُs t-test; p values <0.05 were considered significant. 
Materials 
 The entire chemicals were imported from BDH Co and Sigma chemical co. 
Expected Kits from Giesse for copper and zinc. 
Assessment of the lipid peroxidation activity: 
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 The assessment of lipid peroxidation process is achieved via determination the 
byproduct; Malondialdehyde(13). 
 The level of serum malondialdehyde was determined by a modified procedure 
described by  Guidet B. and Shah S.V.(14). In brief; to 150 µl serum sample add the 
followings: 1 ml trichloroacetic acid 17.5 %, 1ml of 0.6% thiobarbituric acid, mixed 
well by vortex, incubate it in boiling water bath for 15 minutes, then allowed to cool.  
 Then add 1ml of 70% TCA, and let the mixture to stand at room temperature for 
20 minutes, centrifuged at 2000 rpm for 15 minutes, and taken out for scanning 
spectrophotometrically. 
                                                                    
The concentration of malondialdehyde = Absorbance at 532 nm 
                                                                 L x Eo 
L: light bath (1cm) 
EO: extinction coefficient 1.56 x 105 M-1. Cm-1. 
D: dilution factor  
Assessment of Hcy in plasma colorimetrically 
The Hcy concentration in plasma was measured by a multiscan RC microtiter reader. It  
was used to measure absorbance on the microtiter plates. The microtiter plates were 
washed with a well wash 4 washing machines. 
the Bio-Rad enzyme-linked immunoassay is a microtiter assay that involved four steps: 
(a) reduction of Hcy, mixed disulfides, and protein- bound forms of free Hcy by 
dithiothreitol ; (b) conversion of free Hcy and adenosine to S-adenosylhomocysteine 
(SAH) by bovine SAH hydrolase; (c) competitive binding of sample SAH and 
immobilized SAH with monoclonal mouse anti-SAH, and spectophotometric 
measurement of peroxidase activity after the addition of anti-mouse antibody labeled 
with horseradish peroxidase(15). 
Assessment of serum copper colorimetrically: 
 Serum copper is measured by a colorimetric method using commercially 
available kit (Giesse). 
 
Results 
 Children with thalassemia  had significantly higher MDA levels (p<0.01) than 
controls, which suggested the presence of increased oxidative stress as shown in Table 
(I). The serum Cu level  tended to increase  in these patients, the mean value of Cu 
concentration in patients was (182.3+22) µg/dL while the mean value for control was 
(108.3± 20) µg/dL. Cu level was found to be higher in patient group compared with 
controls with P value of less than   0.05 as shown in Table (II). The plasma Hcy level 
tended to increase  in these patients, the mean value of Hcy concentration in patients 
was (8.34 ± 0.15) µmol /L while the mean value for control was (5.51±0.17) µmol /L. 
Hcy level was found to be higher in patient group compared with controls with P value 
of less than   0.05 as shown in Table (III). Variation of MDA, copper concentration, and 
homocysteine level showing enhancement or depression in women with unexplained 
recurrent miscarriage as shown in figure (1). Both serum MDA and Cu levels were 
significantly higher than those of the controls (p<0.05). As shown in figure (1), a 
significant positive  correlation was found between serum MDA levels and serum Cu 
levels (R2=0.51, p<0.05). Similarly, both serum MDA and plasma Hcy levels were 
significantly higher than those of the controls (p<0.05). As shown in figure (3), a 
significant positive  correlation was found between serum MDA levels and plasma Hcy  
levels (R2= 0.5, p<0.05) and also shown in figure (4), significant positive  correlation 
was found between serum Cu levels and plasma Hcy levels (R2= 0.53,  p<0.05) .  

X D. 
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Table I: Mean malondialdehyde concentration (nmol/ml) of controls group and 
patients group.  

 
Group Mean value of MDA conc. SD* P<0.05 

Controls 1.14 0.18 0.01 
Patients 2.38 0.19 

 

Table II: Mean copper levels (µg/dl) of controls group and patients group. 

        

Group Mean value of Cu levels SD P< 0.05 
Controls 108.6 20 0.03 
Patients 182.3 22 

 

Table III: Mean Hcy levels (µmol/L) of controls group and patients group. 

 

Group Mean value of Hcy levels SD P< 0.05 
Controls 5.51 0.17 0.02 
Patients 8.34 0.15 

 

SD*= Standard deviation 



Kufa Med.Journal 2010.VOL.13.No.1 

 162 

 
 
 
 
 
 

 
 

 

      Figure (1). Malondialdehyde (MDA) , copper concentration,and Hcy    
concentration in children with thalassaemia 
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Figure (2). Correlation between serum Cu and MDA levels in children with 
thalassaemia (n=50,R2=0.51,P<0.05) 

 
 
 

Figure (3). Correlation between plasma Hcy and MDA levels in children with 
thalassaemia (n=50,R2=0.5,P<0.05) 
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Figure (4). Correlation between plasma Hcy and serum Cu levels in children with 

thalassaemia (n=50,R2=0.53,P<0.05) 
 
Discussion  
Oxidative stress in cells and tissues usually refers to increased generation of O2

.- and 
H2O2. This can be achieved by activating a large number of phagocytes O2

.-and H202 are 
produced by activated phagocytes and are essential for the killing of many bacterial 
strains (16), but they can do tissue damage when generated in excess. Lipid 
peroxidation is a well known example of oxidative damage in cell membranes, 
lipoproteins, and other lipid-containing structures. (LDL) is an important example of 
damaging lipid peroxidation that is driven by one-electron LOOH turnover (17). Early 
studies has investigated the generation of MDA in thalassemic red blood cells, but 
failed to demonstrate an increase of MDA, unless exogenous peroxidative stress was 
provided(18). 
The suggestion that plasma MDA may be taken into account as a biomarker of 
oxidative stress in exposed populations has been recently put forward (19) . Giardini et 
al were able to demonstrate that in thalassemia patients red blood cell MDA was 
significantly higher as compared with control(20). Naithani et al found that markers of 
free radical injury such as MDA  was significantly elevated in thalassemia compared to 
control(21). Gighetti et al found that MDA was higher in the β-thalassemia major  (TM)  
patients than in the untransfused β-thalassemia intermediate (22). This is in agreement 
with the results of present study in MDA levels are elevated in serum of patient with 
thalassemia. 
Copper participates in the reductive activation of H2O2, Causing damage to cellular 
nucleic acids, proteins and lipids. Interaction of H2O2 with O2 generates more reactive 
species, such as hydroxyl radicals (4). 
In the present study, copper levels were elevated in patient with thalassemia. This is in 
agreement with the results of other studies(24,25), copper is a common cofactor for 
many enzymes, and may act as a catalyst in the formation of ROS and the peroxidation 
of membrane lipid (23). Al-Shamarrai et al found that serum copper  was higher in the 
TM  patients than in normal(24) and Bahir et al  concluded that the thalassemia 
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associated with increase copper level and decreased zinc level(25). Sauthipark et al 
reported that the levels of these trace elements (e.g. copper) in both red cells and plasma 
were different between the non-thalassemic controls and the disease patients (26). Also, 
Kajana et al found  that The mean serum copper level in patients with thalassemia is 
higher than the control group(27).  
Lipid peroxides decompose under physiological conditions in the presence of copper 
ions to generate highly cytotoxic aldehydes (28). Of such aldehydes, malondialdehyde 
(sometimes called MDA) receives the most attention, yet it is now known to be 
relatively poorly toxic (28). Previous studies  have been shown that ability of Cu2+  to 
promote apo B modification has been suggested to reflect differences in the extent of 
lipid peroxidation , a major mechanism of H2O2 toxicity in oxidant stress is the 
formation of a highly reactive species in the presence of suitable transition metal 
catalysts( 4,29,30,31).Our findings show that a positive correlation was observed 
between copper level and MDA  in patients with thalassemia. This is in agreement with 
the results of previous  studies(4,30,31).  
Stamler  JW(32) suggested that hyperhomocysteinemia may promote the production of 
hydroxyl radicals, known lipid peroxidation  initiators, through Hcy autooxidation. 
Cighetti et ai suggested that found the high concentrations of MDA in patients indicated 
increased membrane lipid peroxidation and potential further oxidation 
damage(33).Ventura et ai who observed the relationship between Hcy and MDA in 
hyperhomocysteine patient(34). Ferretti et ai demonstrated that plasma lipoprotein are 
susceptible to homocsteinylation and interaction between Hcy-thiolactone and amino 
groups of apo-B lysyl residues of LDLs induces the formation of LDL modified by 
Hcy-LDL(35). This is in agreement with the results of present study in MDA levels 
associate with  Hcy in serum of patient with thalassemia. 
The major finding of the present study is the detection of a strong positive correlation 
between p-tHcy and copper in patients with thalassemia. This is in agreement with the 
results of other studies.   Emsley et al suggested that superoxide and hydrogen peroxide 
generation by copper-catalyzed reactions may have participated in the process (36). 
Starkebanm et al found that Cu2+ can result in formation of H2O2 during oxidation of 
homocysteine (37). Mohammad et al concluded that atherogenicity of homocysteine 
may be related to copper-dependent interaction (38).    
Because it was demonstrated that an interaction between copper and homocysteine 
enhanced the inhibitory action of homocysteine on NO-mediated relaxation of isolated 
aortic rings of rats. Homocysteine in the presence of a transition metal can mediate 
oxidation of LDL in vitro. Wall et al suggested a mechanism whereby elevated levels of 
homocysteine could injure endothelial cells through copper-catalyzed generation of 
H2O2(39). White et al reported that homocysteine (Hcy) can reduce Cu2+ to Cu+ and this 
reaction could potentiate the cell-damaging property of copper ions to endothelial and 
neuronal cells in present of Hcy(40). Reduction of Cu2  to Cu  may play a role in lipid 
peroxidation.Cu2 -reducing factors like lipid hydroperoxides. 
From this point of view, our finding suggested that oxidative stress  depend on 
thalassemia progression may be due, at least in part, to the catalyzation of oxidative 
stress  depend on Hcy levels and Cu levels. 
Conclusions  
Our finding shows that thalassemia is associated not only with mild or moderate 
hyperhomocysteinemia but also with increased MDA concentration in the  presence of 
copper. A systematic investigation of factors associated with increased concentrations 
of p-tHcy, the correlation of homocysteine with copper and the products of peroxidation 
that may be produced by the homocysteine-copper interaction. We also suggest that 
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increased oxidative stress present  in thalassemia may be resulted from changes in 
plasma (tHcy) and serum copper levels 
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