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Introduction
Thalassemic are a group of hereditary anemia which happen 

as a result of genetic disorders that affect the synthesis of normal 
hemoglobin (Hb), in which a reduced rate of synthesis of one or 
more of the globin chains leads to defective Hb production, and 
damage to the red cells or their precursors [1]. β-Thalassemic 
is more common in Mediterranean countries and islands 
including Cyprus, Sardinia, and Malta [2]. However both α and β 
Thalassemic types are common in Africans and Black Americans 
[3]. Thalassemic is usually associated with many complications 
such as hepatosplenomegaly, arthrosclerosis infections, gall 
stones and bone deformities that alter facial features and result 
in pathogenic fractures [4]. Studies on β-thalassemic patients 
suggest that they may develop symptoms of iron loading that 
includes chelating therapy complications, heart and liver 
diseases, and endocrinopathies [5]. Normally, erythrocytes 
degrade reactive oxygen species (ROS) via the actions of 
superoxide dismutase (SOD), catalase (CAT) and glutathione  

 
peroxidase (GPx). In β-Thalassemic major, intra erythrocyte 
release of heme induces a glutathione (GSH)-dependent self-
amplifying and self propagating Hb oxidation pathway, resulting 
in injury to the thalassemic cell [6]. In addition, iron can serve 
as a potent catalyst of lipid peroxidation [7]. The presence of 
hypochromia may facilitate oxidation of the red cell membrane 
by reducing the amount of Hb available for buffering protection 
[8]. 

The peripheral red cells of patients with β-Thalassemic 
demonstrate a variety of morphological, biochemical and 
metabolic changes, which specifically contribute to the extent 
and severity of lipid per oxidation and hemolysis [9]. Unpaired 
α-Hb chains may denature and bind to the cell membrane, thus 
giving rise to cytoskeleton alterations and lipid peroxidation 
[10]. The free α chain in β-Thalassemic increase autoxidation 
rates by about two times faster than normal Hb A7. It has been 
reported that the accumulation and autoxidation of the unpaired 
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Abstract

Objective: The aim of the study was to examine the association of blood vitamin profile with oxidant/antioxidant status in Iraqi children 
with β -Thalassemic

Material and Method: Samples from 75 children with β-Thalassemic major and 50 healthy controls were used. All children were under 13 
years of age and they were receiving regular chelation therapy. Lipid per oxidation marker, malondialdehyde, glutathione(GSH), Catalase(Cat), 
glutathioneperoxidase(GPx), Paraoxonase(PON1) Lipid profile, apoliprotein a and B-100, Hydroxy gunanosine and Isoprostane f2, ferritin and 
serum iron, vitamin A,C,E and D were enrolled and examined in the study.

Result: Mean serum malondialdehyde(MDA) levels were significantally elevated (p<0.001)in β-thalassemic children in comparison with 
controls together with compensatory decrease in Paraoxonase (PON1), glutathione peroxidase(GPx) and catalase (CAT) activity in addition 
reduced glutathione (GSH), Vitamin E,C,A and D were detected. Cholesterol, HDL-cholesterol, LDL-cholesterol levels were found to be significantly 
lower( p<0.05), while the triglyceride level was found to be significantly higher (p<0.05) in patients with β-Thalassemic major than in the 
controls, in addition negative correlation between serum ferritin levels and all vitamin profile levels , confirming hypovitaminism status and 
antioxidant depletion due to iron overload. While serum ferritin levels showed a positive correlation with elevated MDA suggesting that iron 
overload is involved in the oxidative stress status shown in cells.

Conclusion: Reduction of antioxidant levels in Iraqi β major thalassemic children put them at higher risk for cardiovascular complications. 
So administration of selective antioxidant along with multivitamin elements and minerals were necessary to reduce the extent of oxidative 
damage and related complications in β-Thalassemic major and this need further evaluation.
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α-globin chains in severe β-Thalassemic would generate ROS; 
superoxide (O2-) and hydrogen peroxide that would cause 
accelerated apoptosis and ineffective erythropoiesis [11]. 
Therefore, we hypothesize that oxidative stress is a major factor 
of morbidity in Iraqi β-thalassemic children and is correlated 
with iron overload and metabolic dysfunctions. In order to verify 
this hypothesis we evaluated vitamin profile and its correlation 
with ferritin levels and oxidant/antioxidant parameters in 
Thalassemic patients receiving repeated blood transfusions and 
on regular chelation therapy at the time of study compared with 
normal controls.

Materials and Methods
The current study involved 75 β-thalassemic major 

patients aged 3–15 years (45 males and 30 females) admitted 
to Hematology Department, Pediatric Ibn Albalday Hospital, 
A group of 50 children in the same age and sex and free from 
, chronic diseases, malnutrition, chronic diseases and smoking 
or any cause of oxidative stress were taken as healthy controls. 
The beta thalassemic major patients received blood transfusion 
regularly with regular chelation therapy at the time of study. 
β - Thalassemia major patients were previously diagnosed 
by ultimately molecular characterization of β-Thalassemia, 
hemolytic state assessment, complete blood picture (CBC) 
analysis and hemoglobin electrophoresis. Venous blood samples 
(5 ml) were collected from β-thalassemic major patients and 
normal children in the same age and sex, withdrawn into two 
separate tubes: one EDTA and one plain tubes and collected 
under complete aseptic conditions from all children under 
investigation. The EDTA whole blood sample tube was used for 
hemoglobin determination, complete blood picture, hematocrit, 
the whole blood in plain tube was centrifuged for 10 minutes at 
3000 rpm and the sera were separated and used for biochemical 
parameters. Serum MDA concentration was determined by 
using the method described by Draper and Hadley based on TBA 
reactivity [11,12]. GSH was determined with a colorimetric assay 
according to the method of Beutler [13]. The activity of GPx was 
measured with a commercially available kit (Ransel glutathione 
peroxidase, Randox Laboratories) in erythrocytes at 340 nm 
by measuring the decrease of NADPH absorbance. This method 
is based on that of Paglia and Valentine [14]. Catalase (CAT) 
activity was determined using de Aebi [15]. Serum biomarkers 
15-isoprostane F2t (F2-Iso) and 8-Hydroxydeoxyguanosine 
(8-OHdG) were determined using ELISA assay kits (Oxford 
Biomedical Research). The estimation of paraoxonase1 activity 
was done according to the method of Menys method [16]. 
Cholesterol was determined by the enzymatic method as 
described by Thomas [17]. High density lipoprotein-cholesterol 
(HDL-C) and Low density lipoprotein-cholesterol (LDL-C) were 
determined according to method described by Gordon [18]. 
Triglycerides were determined by the method of Schettler [19]. 
Apolipoprotein a and B-100 by ELISA kits. Serum level of ferritin 
was assessed using the ELISA technique from Alpha Diagnostic 
International Company according to the method of Theurl [20]. 

For serum iron estimations, Ramsay’s Dipyridyl method was 
used [21].

Results
Table 1 shows the general characteristics of the study 

groups about 73% of the β-Thalassemia major children parents 
are 1st degree cousins compared to the control group where 
the percentage is about 5.0 %. Also the percentage of the 2nd 
degree consanguineous marriages in the patient groups is 
significantly higher than that of the control group, 13.75 and 7.5 
% respectively. No significant difference in the mean age of the 
patients (9.2±1.3 years) and the controls (8.9±1.8 years) of the 
present work, with male: female ratio of 2:1. A remarkable and a 
significant difference was reported in the parents’ consanguinity 
of the two groups (P <0.001). The majority (62.0%) of the 
patients are receiving blood transfusion each 2-3 weeks and 
32.5% each 4-5 weeks. The presence of other thalassemic 
patients within the same family brothers or sisters is obvious 
and 60.0% of the current patients have other thalassemic 
brother and /or sisters which were excluded for biasness issues. 
Regarding iron chelation, nearly half of the patients withdraw 
the overloaded iron through the subcutaneous pumps (Deferral 
pumps), 35% through intramuscular infusion, while 10% by 
intravenous infusion. Oral chelation (X-Jade) of iron is used by 
5% of the patients.
Table 1: General Characteristics of the Study Groups.

Parameter Patients(n=75) 
Mean ± sd

Control(n=75) 
Mean ± sd P value

Age 9.2±1.3 years 8.9±1.8 years ns

Sex ( male) 50 52 Ch sq test 
0.823

Sex (female) 25 22 Ch sq test 
0.001

Parents  consanguinity

Ist degree 59(73.75%) 2( 5% )
Ch sq test 

0.0012nd degree 11(13.75%) 3(7.5%)

Non relatives 10(12.50% 35(87.5 %)

As seen in Table 2, cholesterol, LDL cholesterol(p<0.05) and 
HDL-cholesterol(p<0.05) levels in patients with β-Thalassemia 
were found to be significantly lower than those of the control 
group, while the triglyceride levels were found to be higher 
(p<0.05). paraoxonase1, reduced glutathione and catalase 
levels in patients with β-thalassemia were found to be 
significantly lower with significant increased malondialdehyde 
(MDA) (p<0.001) level. The biochemical characteristics of 
the β-Thalassemic major patients as compared to the controls 
are presented in table 2. A significant increase was observed 
in the mean levels of serum MDA (4.41±0.52 μM vs.1.22 ± 
0.45μM in patients with β-Thalassemia major as compared to 
control. Data revealed also that the mean serum ferritin level 
in patients was markedly higher than that in controls (1525 ± 
29.5 ng/l vs. 95±13.8ng/ml p-value< 0.0001),while PON activity 
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was decreased significantally in patient with beta thalassemia 
compared to controls (60.7±2.51) U/L (99.8±2.78) U/L 
respectively.

Table 2: Mean Indices of peroxidative stress, antioxidant status and 
vitamin profile in β- thalassemia patients and control subjects.

Parameter Patients(n=75) Control(n=50) P value

CAT (U/L) 10.5±1.95 U/L 24.5 ±1.84 <0.001

MDA (µM) 4.41 ±0.52 µM 1.22 ±0.45 <0.001

GSH (µM) 5..3 ± 1.22 µM 9.6 ± 1.43 <0.001

Paraoxonase (U/L) 60.7±2.51 U/L 99.8±2.78 <0.001

Iron (µM) 16.7± 1.95 µM 9.75 ± 2.11 <0.001

Ferritin ( ng/ml) 1525 ± 95.5 95 ± 13.8 <0.0001

Vitamin E 
(nmole/L) 0.54± 0.12 1.89 ± 0.16 <0.05

Vitamin C (ng/ml) 4.85 ± 0.92 10.5± 2.87 <0.001

Vitamin A (µM) 0.64 ± 0.11 1.55±0.21 <0.001

Vitamin D (ng/ml) 16±1.8 34±2.2 <0.001

Isoprostane (pg/ml) 270±19 95±14 <0.001

Apoprotein B-100 
(mg/dl) 133.1±3.7 114.2±4.5 <0.001

Apoprotein AI (mg/
dl) 88.3±2.1 77.7±2.3 <0.001

ApoB/ApoA ratio 1.53±0.12 1.52±0.13 >0.05

Protein carbonyl 
(mg/dl) 22.4±1.8 9.7±1.6 <0.05

OH-gunanosine 
(ng/ml) 16.5±1.2 6.6±2.1 <0.001

Cholesterol (mg/dl) 144±5.3 167±4.7 <0.001

(mg/dl) 
Triglycerides 176±4.3 150±3.9 <0.05

(mg/dl)HDL 40±1.9 45±2.7 <0.05

(mg/dl)LDL 70±22 92±2.9 <0.05

(mg/dl)VLDL 35±2.2 30±2.1 <0.05

According to the results in the Table 2, the mean serum 
levels of Vitamin E, Vitamin C, vitamin A and vitamin D in all 
thalassemic patients samples were significantly lower than the 
control (0.54 ± 0.12 vs. 1.89 ± 0.16 nmole/L), (4.85 ± 0.92 vs.10.5 
± 2.87ng/ml), (0.64 ± 0.11 vs. 1.55 ± 0.21 µM) and (16 ±1.8 
vs. 34±2.2 ng/ml) respectively. From Table 2 the thalassemic 
group had significantly higher levels of OH deoxyguanosine in 
comparison with healthy subjects, (16.5±1.2) ng/ml vs. (6.6±2.1) 
ng/ml respectively. We used serum levels of the oxidized base, 
8-hydroxy-2_-deoxyguanosine (8-OHdG), as our biomarker 
of oxidative damage. On the other hand total protein carbonyl 
levels in patients with β-Thalassemic major patients were found 
to be higher than those of the control group (p<0.05). The mean 
total protein carbonyl values were 22.4 ± 1.8 mg/dl vs. 9.7 ± 1.6 
mg/dl in the group with β-Thalassemic major patients and the 
control respectively and the difference was significant at P<0.05 
value between those groups. As well to detect DNA damage in 
thalassemic status the F2-isoprostanes (F2-IsoPs) was measured 

in sera of those patients and results showed that the thalassemic 
group was significantly higher than that from healthy subjects, 
was observed (270±19) pg/ml (95±14) pg/ml respectively. 

The average total cholesterol values were measured in the 
group with β-Thalassemic major patients and the control group 
as 144 ± 5.3 mg/dl, 167 ± 4.7 mg/dl (p<0.001), respectively; the 
average triglyceride values as mg/dl, 176±4.3 and 150±3.9 mg/
dl (p<0.05), respectively. The HDL-cholesterol values as 40 ± 
1.9 mg/dl, 45 ± 2.7 mg/dl (p<0.05), respectively. Average LDL 
and VLDL values were found as 70 ± 22 mg/dl, 92 ± 2.9 mg/dl 
(p<0.05); 35 ± 2.2 mg/dl, 30 ± 2.1 mg/dl (p<0.05), respectively. 
From Table 2, a significant decrease in serum lipoproteins, were 
observed in all β-Thalassemic patients when compared with 
controls. Figures 1 & 2 showed that the mean serum levels of 
Apo A1and Apo B-100 in all thalassemic patients samples were 
significantly lower than the control (77.7 ± 2.3 vs. 88.3 ± 2.1 mg/
dl) , (114.2 ± 4.5 vs. 133.1 ± 3.7mg/dl) respectively.

Figure 1: Mean serum Apo lipoprotein A1 levels of β–
thalassemia major patients compared with controls.

Figure 2 : Mean serum Apo lipoproteins B-100 levels of β–
thalassemia major patients compared with controls.

Discussion
The most frequent hereditary blood disorder in the 

worldwide was β-thalassemia. Which encompass a wide variety 
of clinical phenotypes ranging in severity from clinically silent 
heterozygous β-thalassemia to severe transfusion dependent 
β-thalassemia major [22,23]. Oxidative stress in β-thalassemia 
major could explain many complications and may have 
therapeutic implications [24]. β-Thalassemia is a disease of red 
blood cells, clinical complications in several organs result from 
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oxidative stress induced by iron overload in these patients and 
atherosclerosis-related vascular complications [23-25]. In beta 
thalassemia abnormally high levels of oxidative stress account 
for accelerated and increased destruction of erythrocytes [26]. 
Oxidative stress occurs when there is an imbalance between 
free radical production and antioxidant capacity. This may be 
due to increased free radical formation in the body and or loss 
of normal antioxidant defenses [27,28] that can lead to a critical 
failure of biological functions and ultimately cell death [29,30]. 
β-Thalassemia patients had a similarly affected family member 
(90.0%). while, El-Kamah [31] and his workers found that, 
Positive family history in 34.4% of thalassemia intermedia and 
thalassemia major.

Paraoxonase1 is an antioxidant enzyme that inhibits the 
oxidative modifications of LDL as it can destroy active lipids in 
mildly oxidized LDL, Therefore the decrease in PON1 activity 
together with the decrease in total antioxidant capacity(TAC) 
leads to an increase in lipid peroxidation(malondialdehyde) 
and oxidative modification of lipoproteins that may lead to an 
increase in atherogenic risk [23,32,33]. This work revealed that 
Paraoxonase1 and was significantly lower in β-Thalassemia 
patients than in the control group (P<0.01). The values of serum 
Paraoxonase1 in β-Thalassemia major patients were two times 
respectively lower in β-thalassemia patients than in healthy 
control group. These findings denoted that these patients 
suffered from the effect of increased oxidative stress [34-
36]. Other studies reported that BTM patients had decreased 
paraoxonase1 and arylesterase activities [37]. Noted decreased 
levels of serum PON1 activity and increased oxidative stress in 
β-thalassemia minor. On the other hand reduced glutathione 
(GSH), an antioxidant which prevents damage to the cellular 
components were measured in β- thalassemia patients. Catalase 
(CAT), responsible for detoxification of hydrogen peroxide in 
the cells. Reduced glutathione level and catalase activity had 
highly significant decrease in β-thalassemia patients than in 
healthy children group. Level of GSH was three times lower in 
β-thalassemia patients than in healthy control group. These 
results were similar to those reported by others [38,39].

Reduced glutathione is a major intercellular reducing agent 
which is very sensitive to oxidative pressures and has several 
important functions such as: protection against oxidative stress 
and regulation of gene expression [39]. The results of the 
present work reported a deficiency in levels of catalase, which is 
2.46 times lower in β-thalassemia major patients than in healthy 
control. These results were similar to those of [38,39], where 
low activity of catalase was detected; the decrease in activity 
was 2.75 times lower in beta-thalassemia patients than in the 
healthy control group. A possible explanation for lower catalase 
activity found in the more severe genotype of beta thalassemia 
is that the greater amount of hydrogen peroxide might produce 
direct toxic damage to catalase [40,41]. The concentration of this 
is considerably reduced in conditions of high oxidative stress 
[41-43].

Conclusion
The current study highlighted the state of vitamin profile 

found in beta thalassemia patients which revealed a significant 
decrease in vitamin A,C,D and E status. This study recommends 
the administration of antioxidants in beta thalassemia patients 
to ameliorate the symptoms and improve the quality of life in 
these patients.
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