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Abstract 
         To study the effect of iron overload due to continuous blood transfusions on peroxidation 

products, such as malondialdehyde (MDA) and peroxynitrite, with evaluation of some antioxidants 

like, glutathione (GSH), superoxide dismutase (SOD), vitamin A, vitamin C, vitamine E, 

Ceruloplasmin, uric acid and albumin in thalassemia patients. Forty patients with thalassemia major, 

aged 5 to 15 years, were carried out in Abn-Alatheer Teaching Hospital in Mosul city, during the 

period from October 2007 to April 2008. They were on Chelation therapy with desferrioxamine. They 

were divided into two groups, the first one without iron overload (90,97±12.92), and the second one 

with iron overload (157.75±7.57). All the patients were received whole blood. Blood samples were 

collected before and after blood transfusion. The results showed that there were significant increase in 

MDA and peroxynitrite in patients with iron overload five days before and after blood transfusion in 

compared with groups having normal iron level. On the other hand, glutathione, superoxide dismutase 

activity, Vitamin A, vitamin C, vitamin E, albumin and ceruloplasmin were significantly decreased 

whereas, uric acid was increased significantly. It is concluded that, Iron over load due to continuous 

blood transfusion in thalassemia causes increase in oxidative tissue damage with a changes in 

antioxidants status. 
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 الخلاصة
فزغ ذحًُم انحذَذ َرُدح إعطاء انذو انًسرًز فٍ َىاذح انثُزوكسذج انًرًثهح تانًانىَذَانذَهاَذ وَرزاخ انثُزوكسُذ, نذراسح ذأثُز          

 Eوفُرايٍُ  Cوفُرايٍُ  Aعاداخ الأكسذج كانكهىذاثاَىٌ وانسىتز اوكساَذ دسًُىذُش وكم يٍ فُرايٍُ يع قُاص تعط يٍ ي

يزَعا يٍ انًصاتٍُ تانُىع انزئُسٍ نًزض  ٨٤وانسُزوتلاسيٍُ وحايط انُىرَك والأنثىيٍُ عُذ يزظً انثلاسًُُا. أخرُز 

سُح ويٍ انزاقذٍَ فٍ يسرشفً أتٍ  ٥٩−٩ذزاوحد أعًارهى يٍ  انثلاسًُُا, وانهذٍَ هى ذحد علاج عقار انذسفُزوكسايٍُ. حُث

يدًىعرٍُ, الأونً اذصفد تعذو  إنً. ذى ذقسًُهى ٦٤٤8ونغاَح َُساٌ ٦٤٤٧الأثُزانرعهًٍُ تانًىصم, خلال انفرزج يٍ ذشزٍَ الأول 

عذها ذى إعطاء انذو نكم أفزاد (. ت٧٫٩٧±٥٩٧٫٧٩( وانثاَُح تىخىد فزغ ذحًُم نهحذَذ )٥٦٫٠٦±٠٤٫٠٧وخىد فزغ ذحًُم نهحذَذ )

انعُُح انًذروسح, وأخذخ عُُاخ انذو قثم وتعذ عًهُح َقم انذو. أظهزخ َرائح هذِ انذراسح وخىد سَادج يعُىَح فٍ يسرىَاخ 

حذَذ انًانىَذاَانذَهاَذ وَرزاخ انثُزوكسُذ فٍ انًزظً انذٍَ َعاَىٌ يٍ فزغ ذحًُم انحذَذ يقارَح تاِخزٍَ انذٍَ َكىٌ يسرىي ان

 Aعُذهى غثُعٍ. يٍ َاخُح أخزي, فقذ اَخفعد يعُىَا يسرىَاخ انكهىذاثاَىٌ وفعانُح أَشَى انسىتز اوكساَذ دسًُىذُش وكم يٍ فُرايٍُ 

فزغ  وقذ أسرُرح يٍ انذراسح تأٌ والأنثىيٍُ وانسُزَىتلاسيٍُ, تًُُا ارذفع يعُىَا يسرىي حايط انُىرَك. Eوفُرايٍُ  Cوفُرايٍُ 

ٌ يع اخرلاف فٍ يسرىَاخ يعاداخ ذَذ انُاذح يٍ َقم انذو انًرىاصم نًزظً انثلاسًُُا قذ سثة سَادج شذج انكزب انراكسذحًُم انحذ

 .  الأكسذج

Introduction 
  Increased level of lipid peroxidation and 

decreased level of antioxidants play important 

roles in the pathogenesis of anemias
1
. It is well 

documented that disturbances of oxidant - 

antioxidant balance occur in 

hemoglobinopathies, especially in 

thalassemia
2
. In beta-thalassemia, decreased or 

impaired biosynthesis of beta-globin leads to 

accumulation of unpaired alpha globin chains
3
. 

Excess presence of the alpha-globin chains 

primarily
 3
 and also iron overload, as a result of 

multiple transfusions, are the main reasons for 

the cellular oxidative damage in thalassemias
4
. 

Iron overload is still a major concern in 

homozygous β-thalassemia. Under 

physiological conditions, iron ions are not 

available to catalyze the conversion of 

molecular oxygen to highly reactive radical 

species by Fenton reaction, because ferric iron 

is bound to proteins, preventing it from 

participating in reactions that could lead to cell 

injury
5
. Under various pathological conditions 

associated with iron overload, including 

thalassemia, due to blood transfusion used for 

treatment of thalassemia. There is evidence of 

an increase in iron in both serum and cells
6
.   
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  This increases generation of free radicals
7
, 

and promotes peroxidative damage to cell and 

organelle membranes in organs that 

accumulate excess iron, including liver, 

pituitary gland, pancreas, and heart
8
. This 

study evaluates the total antioxidant potential 

and several individual antioxidants, as well as 

parameters of peroxidative stress, including 

malondialdehyde (MDA) (the breakdown 

product of lipid peroxidation), in serum of 

patients with β-thalassemia major, transfusion-

dependent, and under regular iron chelation 

therapy with or without signs of iron overload, 

before and after transfusion. 

 
Subjects and  Methods 
Experimental Design 

         This study was conducted at Abn-

Alatheer Teaching Hospital in Mosul city, 

from October 2007 to April 2008. Forty 

patients with β-thalassemia major, aged 5 to 15 

years (mean, 7.3±3.7), were divided into two 

groups. The first group included twenty 

patients without signs of iron overload as 

revealed from the mean value of serum iron 

(90,97±12.92), referred as control, while the 

second group included twenty patients with 

clinical and biochemical signs of iron overload 

(157.75±7.57). Both groups were under 

continuous and regular blood transfusion 

program (one transfusion process/ month). 

Chelation therapy with desferrioxamine (DFO) 

was administered to each of the patients (by 

pump, five days a week, 40-60mg/kg/day, 12 

hours infusion)
9
. All of the patients were 

examined regularly once a month in Pediatric 

Hematology Department of this hospital. 

Sample Collection and Clinical Chemistry 

Analysis 

         Ten milliliters of blood samples were 

obtained from each patient five days before 

and after blood transfusion process. After 

clotting, serum was separated by centrifugation 

and divided in several aliquots. The analytical 

determinations described below were either 

performed immediately, or serum was stored at 

-20°C and used within 72 hours. The readings 

of the measured parameters were done at 

clinical biochemical laboratory in the College 

of Science. Clinical laboratory examinations 

on serum including, MDA and peroxynitrite as 

an oxidant indicator and the total antioxidant 

capacity like glutathione, SOD, vitamin A, 

vitamin C, vitamin E,  ceruloplasmin, uric 

acid, and albumin levels were evaluated. The 

level of serum MDA was determined by a 

modified procedure using the thiobarbituric 

acid reaction substance (TBARS) methods
10

, 

and the activity of SOD levels in blood serum 

was determined using photochemical method 

described by Brown and Goldstein
11

. This 

methods depends on an indirect approach to 

determine the SOD activity through the change 

in formazene absorbance formed from the 

reduction of O2
•¯

, which is produced by 

radiating the sample of serum with light) for 

nitroblue tetrazolum (NBT) dye. Decreased 

difference in formazene absorbance means 

increased SOD activity. Serum glutathion is 

determined by a modified procedure utilizing 

Ellman`s reagent
12

.Serum vitamin A
13

, vitamin 

C
14

 and vitamin E
15

 were measured spec-

trophotometrically. Ceruloplasmin, Peroxy 

nitrite activity were measured by modified 

method described by Menden et al.
16

 and 

Vanuffelen et al.
17

 respectively. The level of 

uric acid
18

 and serum albumin
19

 were 

measured. 

Statistical Analysis 

         All data were compared by t-test between 

patient groups in SPSS 10.0 program. The 

values within the tables were given as mean ± 

standard deviation. Statistical significance was 

considered at p<0.05
20

. 

 

Results 
         The effects of blood transfusion in 

thalassemic patients, without iron overload, 

represented with normal serum iron 

(90,97±12.92), on lipid peroxidation and 

antioxidant status are presented in table (1). 

Glutathione, vitamin A, vitamin C vitamin E, 

and albumin increased significantly, while 

MDA, peroxynitrite, SOD activity, 

ceruloplasmin, and uric acid did not changed 

significantly after blood transfusion in 

comparison with the control group (before 

transfusion). On the other hand, with the 

exception of peroxynitrite, SOD activity, 

albumin and ceruloplasmin other parameters 

like Glutathione, vitamin A, vitamin C, and 

vitamin E were increased significantly, while 

MDA and uric acid were decreased 

significantly in thalassemic patients, with  iron 

overload, after receiving blood transfusion as 

shown in table (2). The effects of iron overload 

in thalassemic patients, represented with 

increased serum iron (157.75±7.57), before 

blood transfusion, on lipid peroxidation and 

antioxidant status are presented in table (3). 

MDA, peroxynitrite, and uric acid were found 

to be higher in thalassemic patients with iron 

overload when compared with non-iron 

overload patients. On the other hand, 

glutathione, SOD activity, vitamin A, vitamin 

C, vitamin E, ceruloplasmin, and albumin were 

significantly decreased in the same group. 

Moreover, after blood transfusion, all 

parameters were altered significantly in iron 

overload group in comparison with thalassemic 
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patient without iron overload as shown in table 

(4). Glutathione, SOD activity, vitamin A, 

vitamin C, vitamin E, albumin and 

ceruloplasmin were decreased significantly. In 

contrast, MDA, peroxynitrite, and uric acid 

were shown to be increased significantly.

Table 1: Effects of blood transfusion in thalassemic patients, without iron overload, on lipid 

peroxidation and antioxidant status. 
 
 
 
 
 
 
 
 
 
 

 

 Values are expressed as means ± SD from 20 subjects per group. 

  (NS): Not significant        

*Significantly different from the control (p<0.05)     

** Significantly different from the control (p<0.01)   

*** Significantly different from the control (p<0.001)  
 

Table 2: Effects of blood transfusion in thalassemic patients, with iron overload, on lipid 

peroxidation and antioxidant status. 
 
 
 
 
 
 
 
 
 
 
 

 Values are expressed as means ± SD from 20 subjects per group. 

  (NS): Not significant        

*Significantly different from the control (p<0.05)     

** Significantly different from the control (p<0.01)   

*** Significantly different from the control (p<0.001) 

 
Table 3: Effects of iron overload in thalassemic patients, before blood transfusion, on lipid 

peroxidation and antioxidant status. 

 

 

 
  
 
 
 
 
 

 Values are expressed as means ± SD from 20 subjects per group. 

  (NS): Not significant        

*Significantly different from the control (p<0.05)     

** Significantly different from the control (p<0.01)   

*** Significantly different from the control (p<0.001)  
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Table 4: Effects of iron overload in thalassemic patients, after blood transfusion, on lipid 

peroxidation and antioxidant status. 
 
 
 
 
 
 
 
 
 
 

 Values are expressed as means ± SD from 20 subjects per group. 

  (NS): Not significant        

*Significantly different from the control (p<0.05)     

** Significantly different from the control (p<0.01)   

*** Significantly different from the control (p<0.001) 

 

Discussion
         It has been postulated that the 

biochemical and metabolic changes of 

thalassemic patients are associated with a 

constant oxidative stress within the red cell 

caused by precipitation of excess alpha-globin 

chains, and release of free iron
21

. The 

measurement of the peroxidation products, 

together with the evaluation of the antioxidants 

may be the simple measurement of iron 

overload due to blood transfusion in 

thalassemia
9
. Increased plasma MDA level, 

which is measured by the thiobarbituric acid 

reaction substance (TBARS) methods, was 

found in beta-thalassemia patients
22

, where 

MDA is a good indicator of oxidative damage. 

The increased in serum MDA levels in patient 

with thalassemia in our study, as shown in 

tables (3 and 4) can be compared with those 

obtained by other investigators
9
 . In addition, 

Peroxynitrite, was measured in the present 

study. Serum levels of this pro-oxidants was 

increased significantly in thalassemic patient 

with iron overload compared with other 

without iron overload.. Nitric oxide (NO
∙
) 

contains unpaired numbers of electrons and are 

therefore free radicals. It was first recognized 

as a distinct gas in 1772 by Joseph Priestley
23

. 

It can be produced by vascular endothelium. It 

can react with another endogenous free radical, 

superoxide, to produce a reactive intermediate, 

peroxynitrite (ONOO
−
), which is a powerful 

oxidant, able to damage many biological 

molecules, and can decompose at acid pH to 

release small amounts of hydroxyl radicals.
24

 

 

ONOO
−
 + H

+
        

∙
OH + NO2  

   As a result of continuous blood transfusions, 

our patients might be subjected to peroxidative 

tissue injury by the secondary iron overload
4
. 

These finding might support the idea of iron 

overload in beta-thalassemia leads to an 

enhanced generation of reactive oxygen 

species and oxidative stress. Iron is also an 

important nutritional metal for many 

physiological functions
25

. However, persons 

receiving multiple transfusions as part of the 

treatment for thalassemia, are faced with 

problem of iron overload and consequent 

metabolic dearrangements. Under normal 

circumstances there is virtually no free iron. 

All irons are protein bound. In patients with 

thalassemia, the irons liberated from the 

haemoglobin saturate the transferrins, and the 

transferrins transfer the iron on to a storage 

iron protein called apoferritin. When the 

ferritin is saturated, another storage iron 

protein called hemosiderin is formed.
7
 On this 

bases, iron overload, in the present study, was 

not created immediately until multiple blood 

transfusion were performed. For this reason, 

MDA level was not altered significantly in 

patients after blood transfusion was achieved 

immediately.During the 1984, the Cambridge 

chemist H.J.H. Fenton described a reaction 

between iron salts and H202 that caused 

oxidative damage to organic molecules such as 

tartaric acid
26

. The Fenton reaction is widely 

represented as in the following Eqs.. 

 

Fe
2+

 + H2O2   Fe
3+

 + OH
−
 + 

∙
OH  

Fe
3+

 + H2O2    Fe
2+

 + HO2
∙
 + H

+
  

                 overall reaction 

 Iron salt + 2 H2O2         2H2O + O2   

     In the process of changing from the ferrous 

to the ferric state, an electron is transferred 

from iron to oxygen to make superoxide as 

shown in in the following Eq. 5. 
 

Fe2+ + O2          Fe2+O2 ↔ Fe3+  O2
−              Fe3+ + O2

∙ −        
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  Therefore, the presence of iron complexes 

stimulate peroxidation by peroxide 

decomposition of unsaturated fatty acids 

generating alkoxyl (LO
∙
) and peroxyl (LO2

∙
) 

radicals
27

. Oxidative stress is a prominent 

contributor to the premature
 
destruction of 

RBC as well as anemia in thalassemia. The 

oxidative status within red blood cells is 

maintained by
 
the balance between oxidative 

systems, such as Reactive Oxygen
 
Species 

(ROS), and antioxidative systems, like reduced 

glutathione
 
(GSH)

28
. Glutathione is a low-

molecular-mass, thiol-containing tripeptide, It 

is synthesized endogenously in the human cell, 

It acts to protect the body against the 

production of free radicals
29

. As a result, 

increased production of H2O2 in thalassemia 

major induces glutathione peroxidase, an 

enzyme that lead to decreased glutathione 

concentration
30

. On this basis, a significant 

decrease in serum glutathione concentration 

was noticed in the present work in patients 

with iron overload, serving as oxidative stress, 

versus those from non-iron overload group. 

During the course of metabolism, a superoxide 

anion is produced. Normally the superoxide 

anion is converted by the enzyme SOD to 

produce H2O2
31

, which in turn is converted to 

innocuous compounds by the action of catalase 

and peroxidase. But if free ferrous iron is 

available it reacts with H2O2 to produce 

hydroxyl radical which is an extremely 

reactive species leading to depolymerisation of 

polysaccharide
32

. The production of free 

radicals due to thalassemia was associated with 

a significant decrease in enzymatic 

antioxidants activity like SOD as shown in the 

present study in tables (3 and 4). It can be 

compared with other research of
 
Şimşek, et 

al.,
9
 in which erythrocyte SOD (a preventive 

antioxidant) levels was found to be higher in 

beta-thalassemic patients than healthy children. 

   Moreover, marked changes in the other 

antioxidant pattern were also observed in all 

patients. Evidence is presented of a net drop in 

the concentration of vitamin A, vitamin C, and 

vitamin E in all patients with iron overload 

when compared with those without iron 

overload, as shown in tables (3 and 4). On the 

other hand, a significant increase of nutrient 

antioxidants was observed in all patients 

received blood transfusion in comparison with 

the same patient before receiving blood 

transfusion as shown in tables (1 and 2). As 

vitamin C is essential to maintain vitamin E 

status and function, depletion of vitamin C, in 

turn, contributes to further exacerbate the 

depletion of vitamin E
33

. Although efficient 

antioxidants such as uric acid and bilirubin are 

high, they cannot compensate for lipid-soluble 

antioxidants, so that tissue lipid compartments 

are not suitably preserved. The observed 

depletion of serum levels of vitamin E and 

vitamin A can be explained by impairment of 

liver function and peroxidative processes 

causing a substantial reduction of serum lipids, 

producing a concurrent reduction of serum 

vitamin E and vitamin A
34

. A significant drop 

in nutrient antioxidants obtained in the present 

work can be compared with another research 

made by Livrea et al.,
4
 who observed a 

significant decline in the concentration of 

vitamin A, vitamin C, and vitamin E in all 

patients affected with thalassemia due to 

continuous blood transfusions. Another 

antioxidant parameter involves uric acid and 

albumin was included in the present study. 

Uric acid was increased significantly in 

opposite to albumin which decreased 

significantly in patients with iron overload. 

Similarly, Livrea et al.,
4
 showed an increase of 

uric acid whereas serum albumin was in the 

normal range in all thalassemic patients.Uric 

acid provides an excellent example of the 

adaptation of the organism to oxidative stress. 

It is a cellular waste product originating from 

the oxidation of hypoxanthine and xanthine by 

xanthine oxidase and dehydrogenase. High 

uric acid levels may provide efficient 

antioxidant activity for the organism. Urate, 

the physiological state of uric acid, reacts with 

hydroxyl radicals producing a stable urate 

radical that can be regenerated by ascorbate. 

This compound can act with peroxyl radicals, 

superoxide dismutase, ozone, nitrous oxide
∙
, 

and other nitrogen-oxygen radicals. Urate also 

protects protein from nitration; it can chelate 

metal ions, such as copper and iron, and 

prevent them from participating in redox 

cycling
35

. Ceruloplasmin, is a chain breaking 

antioxidant, it can protect the body against the 

deleterious effects of oxygen free radical 

(OFR)
36

. The antioxidant property of 

ceruloplasmin is through its oxidase activity, 

which is directed towards ferrous ions 

(ferroxidase activity). It also inhibits ferrous 

ion stimulated lipid peroxidation and is known 

to be involved in the decomposition of lipid 

peroxides
37

. Serum Ceruloplasmin was 

significantly lower in the iron-overload group 

compared to the non iron-overload patients, as 

shown in tables (3 and 4). The inverse 

relationship between serum ceruloplasmin and 

the level of iron is indicating the anti-

thalassemic nature of this antioxidant. 

 

Conclusion  
         These results point out that the iron-

induced oxidative stress in thalassemia may 

play a major role in the depletion of most 
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antioxidants, including lipid-soluble 

antioxidants. Our results suggest that the 

measurement of peroxidation products, 

matched with evaluation of antioxidants, may 

be a simple measure of oxidative stress in 

thalessemia. 
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