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Abstract 

 
The present study on β–Thalassemia major patients as regard to oxidative 

hypothesis to explain the influence of the free radicals and other reactive 

oxygen species (ROS) that accelerate the damage of cells and cause to 

complication of these patients. The measurement of antioxidant enzymes, 

Superoxide dismutase (SOD), Catalase (Cat) and glutathione reductase (GR) 

explanted a significantly increased for all age groups of patients compared 

with healthy controls. A significantly decrease of Vitamins E and A, which 

determined for the first time for thalassemia patients by using a Gas 

chromatography technique, our results proved that the patients suffer from 

deficiency on the levels of  vitamins  E and  A  as well as  vitamin C, our 

study detect a significant decrease in Vitamin C (ascorbic acid) concentration 

at all age groups of patients as compared to healthy controls of similar age 

group. 

 Study of vitamin E / vitamin C ratio ( the means ± SD are 0.7 ± 0.3, 0.84 

± 0.21, 0.88 ± 0.23, 0.85 ± 0.46 ) for age groups of patients compared with 

healthy controls ( 1.5 ± 0.3 and 0.99 ± 0.4). Also the correlation between 

SOD and Cat activity were study which can use as an index for the iron 

overload and oxidative stress in patients with β– Thalassemia major.                                                                                                          
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 الخلاصــة

ا س تتتترا س ثتتت اتم متمي تتي س ثتتخلال  متتل  تتاي تمت  راسةتتر مااتتي س ثلاتتتي  اةتتلاملاي س ـ متتي    تتتت
 االار س كةتترة . تتمـا ر تتي لاا س ذتت خا س  تاة س متخ تتترة  تا  الاتتي س مااتي  اتي ت تخا س متا   ترلا ا 

  Cat م كتتتي تتتتتتلاز SODمتتتتتت ي ةتخثايخكةتلاتتتتتتر رةتتملاتختتتتتتتلاز  سلإنزلاملاتتتتتر س كةتتتتترةاةتتتتتتت  ماتتتتتتيرس  خقتتتتتتتر ر  
  خسخاتت   س راسةتتر ساتتتتيي ي  تتا مةتتتتخن زتتتت ت س نتزلاتمتتتي  ساتيي تتي GR       ارلاكتلاتتتتز لاتتخل خس كاختي تتي

مـنخلاتتتي  كتتتي  س يتتتتري  س ـتمالاتتتتر م يانتتتر ثمذتتمخ تتتتتا س ةتتتتلا اة. ي تتتت ا  س تراسةتتتتر ين تتتتيياي مـنخلاتتتتتي  تتتتا  
سةتتتتتر ي تتتتتا را كمتتت ثلاتتتتتي    –نتتتتخ   اتتتي س مـيثتتتتلال ثيتتتت ا س تتترا س ثتتتت ات تتترن س ما  C مةتتتتتتخن   لاتتيملاتتتتل 

متتتتتتتتاة متتتتتتتتتل  تتتتتتتتاي ت نلاتتتتتتتتتر كاخمختتخ تاس تتتتتتتتتتلاي  خ خي  مااتتتتتتتتي س  اةتتتتتتتتلاملاي E,A  لاتتتيمتلاتتتتتتتتتل
س مااتتي لاـينتتخل نت تتـي  تتيرس خمـتنخلاتتي  يلخقتتر ي ثتتت  س راسةتتتر - Chromatography  (Gasس غتتيز 

  تا مةتخن زت ت  س يتلاتتيمتتلاني  م تيانتر ثمذتيملاتع س ةتلا اة.
 ,mean ± SD = 0.7± 0.3, 0.84 ± 0.21خخذتتر يل   C لاتتتيمتتتلال  / Eمتتلال اةتتت  نتةتتثر  لاتير  

 7≤خ  6-1ثمتتذمخ تتتا س ةتتلا اة     ايرتتي  س ـمتتالار كي تتر م تتيانر  ,0.46 ± 0.85 ,0.23 ± 0.88
 mean ± SD = (0.99 ± 0.4 , 1.5 ± 0.3   اي س تتخس تا ةتنر
خس تتتا لامكتتل   Cat م كتتتي تتتلاز SODةتخثايخكةتلاتتتر رةتتملاتختتتتلاز تاتتمن  س راسةتتر دلاذتتير س ـاقتتر ثتتلال كمتتي 

 مااي س ثلاتي  اةلاملاي س ـ مي سةت رسم ي كر لاي ذرلار لااتيي  س  رلار خس ذ ر ي تيكةرت  رن
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Introduction:  

Thalassemia is an inherited type of 

anemia is characterized by a reduction in 

the rate synthesis of one or more type of 

globin chain, which formed the normal 

adult human hemoglobin molecule, 

resulting in decreased or reduction in 

filling of the red blood cells (RBCS) with 

hemoglobin, lead to anemia and 

depending on the involved genes, the 

defect is identified as α–Thalassemia and                          

β-Thalassemia
 (1)

. Patients with β – 

Thalassemia have a reduction or a lack of 

synthesis of β – chain of hemoglobin 

while the α- chain synthesis remains 

unimpaired. The imbalance between α- 

and β –chain causes the α- chain to form 

unstable aggregates that precipitate and 

affect on erythrocyte membrane. This 

leads to erythrocyte destruction in the 

bone marrow and spleen, resulting in 

ineffective erythropoiesis and anemia and 

increase iron absorption 
(2, 3)

 

 

 

 

The ineffective erythropoiesis in β-

Thalassemia major is due to defective 

hemoglobin synthesis, leading to severe 

anemia, increased erythrocyte turnover 

and excessive iron absorption, this lead to 

iron overload in the patients tissues
(4)

. To 

treat the anemia, patients have regular 

blood transfusions that lead to secondary 

iron overload
(5)

. 

Under the physiological conditions, 

the iron toxicity is largely based on 

Fenton and Haber- Weiss chemistry, were 

catalytic amounts of iron are sufficient to 

yield hydroxyl radical(OH·) from 

superoxide anion (O2·
–
), and hydrogen 

peroxide (H2O2). In Fenton reaction, 

ferrous ion react with hydrogen 

peroxide(H2O2) to form(OH·)
(2)

.

 

 

Fe(ΙΙ) +  H2O2                Fe(ΙΙΙ) + OH· + OH
–
  ------------- (1) 

 

superoxide anion(O2·
–
)can react with Fe(ΙΙΙ) to produce Fe(ΙΙ) via a perferryl 

intermediate. 

 

Fe(ΙΙΙ) + O2·
–                            

[ Fe
+3

-O2
–
          Fe

+2
-O2 ]              Fe(ΙΙ) +O2  ------- (2) 

 

From reaction (1,2) the oxo-iron intermediate is Haber- Weiss reaction
(2)

. 
                
                                Fe 
O2·

– 
  +   H2O2                   OH· +  OH

–
 + O2  --------------   (3) 

 

 

 

Oxidative stress defined as an 

imbalance between oxidant and 

antioxidant resulting from a lack of 

antioxidant capacity caused by 

disturbance in production, distribution or 

by an overabundance of ROS from an 

environmental or behavioral stress
 (6)

. In 

Thalassemia major patients excess of 

redox iron aggravates oxidative stress, 

and lead to accelerated tissue 

degeneration 
(7)

. However oxidative stress 

it self regeneration iron free radical 
(8)

 

,although the amount of superoxide 

releasable iron is small and so ferritin 

bound iron is much safer than an 

equivalent amount of free iron. Hydrogen 

peroxide (H2O2) can degrade heme 

protein to release iron as mentions earlier 
(8, 9)

. 

Oxidative damage of erythrocytes in 

Thalassemia has been related to 

generation of free radicals by an excess of 
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denatured α or β – globin chains, 

intracellular iron overload and low 

concentration of normal hemoglobin
 (10)

. 

Antioxidants are defenses against the 

deleterious effect of free radicals and 

other ROS and RNS
(11)

. An extensive, 

highly effective group of protective agent 

and defense mechanisms referred to 

collectively as the antioxidant defense 

system (ADS), act to regulate oxidative 

reaction 
(12)

. 

 The (ADS) includes: 1) Enzymes 

which are appear to occupy a central role 

against oxidative stress such as 

superoxide dismutase (SOD)which is 

removal (scavenger) excess of superoxide 

anion ( O2
•
ˉ ) to form hydrogen peroxide 

and oxygen 
(12, 13)

. 
 
 

                                                  SOD  
                     2O2

•
ˉ + 2 H

 +
                             H2O2 + O2 

 

 Catalase(Cat) is serves as one of the 

body's defense system against hydrogen 

peroxide, have ability to use one 

molecule of H2O2  as a substrate electron 

donor and another H2O2 as oxidant or 

electron accepter, a strong  oxidant  that 

can cause intracellular damage 
(12)

 . 

 

 
                                          CA 
                         2H2O2  

                                                     
2H2O + O2  

 
 
And glutathione reductase (GR) is 

essential for the glutathione redox cycle 

that maintains adequate level of GSH 

and catalyzes the reduction of oxidized 

glutathione (GSSG) to reduced 

glutathione (GSH) 
(14)

. 

 
                                                      
                                                      GR 
            GSSG + NADPH + H

+
                             2 GSH + NADP

+
  

 
 

2) Vitamins such as α- tocopherol 

(vitamin E) act as antioxidant, breaking 

free radical chain reaction as a result of 

their ability to transfer a phenolic 

hydrogen for a peroxyl free radical to 

form peroxidizd PUFA 
(15).

 

 

 

               ROO 
.
 + TocOH                           ROOH + TocO

 .
  

 
 Vitamin C is a primary antioxidant 

in plasma and within cells, but it can 

also interact with the plasma membrane 

by donating electrons to                        α 

– Tocopherol radical, recycling of  α – 

tocopherol  by ascorbate helps to protect 

membrane lipids from perooxidation 
(6)

. 

 
               Toc O

 .
                                                           Toc OH 

 

 

 

                Reduced Vit C                            oxidized Vit C                                                                   

        Ascorbic Acid  (AA)                  Dehydro Ascorbic Acid  (DHA) 
[ 
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Materials and Methods: 

This study  was involved 183 β -

Thalassemia  patients, age (1-30 ) years 

old (mean ± SE =11.3 ± 10.7), all of them 

had been characterized for beta globin 

gene mutation while the controls 

population involved 100 healthy 

individuals whose age was (1-25) years 

old  (mean ± SE =9.8±10.2) . The patients 

groups were divided into four subgroups 

according to their age, 56 patients (1-6) 

years, 40 patients (7-12) years, 87 

patients ≥13 years(divided to another 

subgroups according to the 

splenectomized (spl) and  non 

splenectomized (non spl), were recruited 

with consent. while the control groups 

divided into two subgroup        (1-6) years 

and ≥7years. Blood from thalassemic 

patients who attended the Thalassemia 

center in the Basra Maternity and children 

Hospital was collected just before the 

transfusion. After clotting, serum was 

separated by centrifugation and divided in 

several aliquots, stored at -20ºC until use 

for further biochemical determination. 

Superoxide dismutase activity in 

serum was determined by using method 

based on the reduction of nitro blue 

tetrazolium (NBT) by superoxide radical 

produced by photochemistry under 

constant illumination and the formation 

of purple formula 
(16)

. Intracellular 

catalase activity was determined 

according to the modified method of (Zini 

A et al., 1993)
(17)

. The essay is based on 

the reduction in the absorption of 

hydrogen peroxide (H2O2) at 240 nm. The 

determination of GR activity is based on 

the oxidation of NADPH to NADP
+ 

catalyzing by a concentration of 

glutathione reductase. One GR activity 

unite is defined as the amount of enzyme 

catalyzing the reduction of one micro 

mole of GSSG per minute at pH 7.6 and 

25
°
C

 (18)
.  A modified fast accurate gas 

chromatographic method was described 

by (Cof GO. et al., 1980)
 (19)

 for the 

determination of α – Tocopherol in 

serum, while vitamin A was determine 

with a modified method was described by 

(Catignani, G.L. & Bieri, J.C., 1983)
(20)

.     

The chemical methods which 

available for assessment of ascorbic acid 

are depending on either the reducing 

properties of the 1,2- enediol group that 

lead to absorbance changes in indicator 

dyes or formation of hydrozones
(21)

. In 

the 2,4–dinitrophenyl hydrazine(DNPH) 

methods, ascorbic acid (AA) is oxidized 

by Cu
+2 

to dehydroascorbic acid DHA 

and diketogulonic acid 
(22)

. When treated 

with DNPH, the 2,4 - dehydrophenyl 

osazon product forms with is the presence 

of sulfuric acid, forms an organ red 

complex that absorbs at 520 nm. 

 

Statistical analysis. All results are 

expressed as means ± standard deviation 

SD. Comparison between control and 

Thalassemia patients were performed by 

the unpaired student's t-test. The 

correlations were used to determine 

relationships between covariates, tested 

statistically by a simple linear regression 

test by using SPSS program taken P ≤ 

0.05 as the lowest limited of significant. 

 

Results and Discussion. Patients 

with β- Thalassemia major shown             

a significant increase of serum SOD 

activity compared with healthy controls,  

Fig.(1). While the catalase(Cat) activity 

significantly increasing in serum of 

different age groups of patients compared 

with healthy control groups, Fig. (2). 

   

620 



 National Journal of Chemistry,2007, Volume 26 376-366,     المجلد السادس والعشرون-7002-المجلة القطرية للكيمياء

 

 
   

Fig.(1) The Levels Of SOD Activity (U/ml) For Patients and Controls. 

              
 

 

 

 

       

 

           

Fig.(2) The Level Of Cat Activity (U/ml) For Patients and Controls. 

 

The removal of toxic oxygen 

metabolites is the putative function of 

antioxidant enzymes such as SOD and 

Cat. It has already been demonstrated 

that oxidative stress induces 

antioxidative enzymes (SOD and Cat)
 

(23)
. 

    The increased activity of SOD in 

different age groups in β-Thalassemia 

major patients may be involved in 

scavenging the superoxide radical (O2
•–

), 

thereby producing more hydrogen 

peroxide in the serum, which leads to 

increasing of catalase activity to 

detoxifying of H2O2
(24)

. 

   This finding suggests that high iron 

produce an oxidative stress in cells, 

which respond by increasing their 

antioxidant defenses. The increase of 

intracellular antioxidant enzymes might 

be hypothesized to be a direct effect of 

increased intracellular iron
 

or iron 

overloading which yield OH
•
, O2

•–
, H2O2 

and another ROS by Fenton and Haber- 

Weiss reactions
 (25)

. 

  In fact, the rise in catalase activity 

is a compensatory increase of H2O2 

concentration and seems to be a result of 

high concentration of ROS production in 

the serum of β-Thalassemia major 

patients

. 
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Fig.(3) Explain the different correlation between SOD and Cat activity for all 

patients and controls.  
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Fig.(3) The Correlation Between SOD and Cat Activity For: G (Patient 1-6 

years), H ( Patient 7-12 years),X (Patient ≥13 years non spl.), Y (Patient ≥13 

years spl.), M (Control  1-6 years), N (Control ≥7years). 

 

 

GSH play a central role in defense 

against a variety of disease and both 

exogenous and endogenous insults, its 

functions include the detoxification of 

free radicals, peroxides; regulation of 

immune function and maintenance of 

protein structure, function and 

turnover
(26)

. 

 

627 



 National Journal of Chemistry,2007, Volume 26 376-366,     المجلد السادس والعشرون-7002-المجلة القطرية للكيمياء

 

 
  

Fig.(4) The Levels Of GR Activity (mU/ml) For Patients and Controls. 

The explanation of this observation 

is that the sulfhydryl group in the 

protein is oxidized by the 

overproduction of H2O2 and another 

ROS produced from the oxidative 

stress, thus the GSSG/GSH ratio is 

increased
 (27)

, and cause increasing of 

Glutathione reductase (GR) activity, 

which essential for the glutathione 

redox cycle that maintains adequate 

levels of reduced cellular GSH.
  

This 

fact is illustrated from results in 

Fig.(4). With regarded to splenactomy, 

the serum GR levels were higher in 

splenectomized than non 

splenectomized patients, which may be 

due to the role of spleen in removing 

the most pathological RBCs, therefore 

, in spl. Patients more abnormal RBCs 

will exist in the circulation
 (28)

. 

Compared with healthy controls a 

significantly decreased in levels of 

vitamin E and vitamin A in all age 

groups of patients, Fig.(5) and Fig.(6) 

respectively

 

               
      

 

Fig.(5) Vitamin E levels(mg/l) for age groups of patients and controls. 
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Fig.(6) Vitamin A levels(mg/l) for age groups of patients and controls. 
 

Vitamin E and Vitamin A are 

considered as physiologically important 

determinant of antioxidative protection
 

(29)
, the depletion of serum vitamin E in 

all patient groups indicated a 

hyperconsumption as a radical 

scavenger to guard against oxidative 

hemolysis due to an iron overload
 (30)

. 

 α- Tocopherol could be regarded as 

a defense substance against 

peroxynitrate attack, the protective 

action of the α- tocopherol was 

considered by their disappearance α- T 

formed α- T-quinone
 (31)

.  

 
 An increasing of oxidative stress 

and a decreased of vitamin E and 

vitamin A promote peroxidative 

damage to cell and organelle 

membranes in organs that accumulate 

excess iron, including spleen, liver, 

pituitary gland, pancreas and heart
 (32)

. 

A significant decrease in levels of 

total ascorbic acid was found in serum 

of all age groups of patients compared 

with controls, Fig. (7). 
 

            
 

Fig.(7) Vitamin C levels (mg/l) for age groups of patients and  controls. 
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  Vitamin C functions as an 

antioxidant by reacting directly with 

ROS or regenerating vitamin E from α- 

tocopherol radical which illustrated 

above, thus, it protects cell membranes 

from external oxidants. 

  Free radicals formed in the body 

fluids in patients are detoxified by 

antioxidant including Vitamin C
 (33)

, 

causing ascorbate oxidized rapidly
(1)

, 

this may explain the depletion in 

vitamin C concentration in the present 

study.         

Therefore Vit.C is prescribed for 

treatment of β-Thalassemia major 

patients beside it increases iron 

excretion by increasing the availability 

of chelatable iron, vitamin C is 

recommended not to give more than 2-

3 mg/kg day as supplements; these 

should be taken of the time of the DFO 

infusion
 (1)

.In fact the most patients 

don’t receive an optimum dose of DFO 

and vitamin C, especially the spl. 

patients >13 and non spl. because of 

the unavailability of the drug or the 

subcutaneous infusion pumps all the 

time, or due to the poor compliance of 

the patients to the treatment. 
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