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Abstract 

Background: Regular blood transfusion in children with 
beta thalassemia major lead toperoxidative tissue injury 
secondary to iron overload, increased oxidative stress and 
disturbance of oxidant anti-oxidantstatus of patients. 

Aim of Study: The present study aimed to assessoxidative 
stress, trace elements and oxidant-antioxidants status of beta 
thalassemia-major (β-TM) patients on regular blood trans-
fusion. 

Patients and Methods: A case-control study included 35 
beta thalassemic patients attending the pediatric Haematolo-
gyclinic of El-Galaa Teaching Hospital and 35 age sex healthy 
matched subjects as control group. Serumzinc (Zn), copper 
(Cu), magnesium (Mg), serum Malondialdehyde (MDA), 
Superoxide Dismutase (SOD), serum catalase (CAT), Total 
Antioxidant Capacity (TAC) were performed for both patients 
and control. 

Results: Meanserum iron, ferritin, Alanine Transaminase 
(ALT), Aspartate Transaminase (AST) and total bilirubin 
levels were significantly higher in the β-TM group while 
mean hemoglobin, hematocritand total iron binding capacity 
were lower in the β-TM group. A significant increase in the 
levels of MDA, SOD whereas significant decrease in the 
levels of serum Zn, Mg. TAC and CAT was observed in the 
β-TM group. No significant difference in serum Cu between 
patients and control. Serum ferritin was found to have positive 
correlation with patients' age, weight, height, ALT, AST and 
total bilirubin, MDA, serum iron while significant negative 
correlation with total iron binding capacity, serum Zn and Mg 
levels whereas no significant correlation with serum Cu, SOD, 
CAT, TAC. 

Conclusion: Childrenwith beta thalassemia major suffering 
from oxidative stress, deficiency of some micronutrients and 
endogenous antioxidants. Selected trace elements and antioxi-
dants supplementation require further studies for their eva-
luation. 
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Introduction 

BETA-THALASSEMIA major considers one of 
most common single gene inherited hemoglobin-
opathyresults from about 200 beta globin genes 
mutation [1]. The prevalence of β-thalassemia major 
about 3% in the world. In Egypt carrier rate of 
beta thalassemia-major ranged from 5.3 to ≥9% 
and new cases account for about 1000 per 1.5 
million live births per year [2]. It characterized by 
the diminished or absent of β-globin chains syn-
thesis that result in excessive α  chains production 
and impaired hemoglobin tetramer formation-
leading to ineffective erythropoiesis [3]. The newly 
formed RBCs became more fragile with short life 
spanleading to sever anemia which require lifelong 
blood transfusions to maintain normal life [4]. 

Oxidative stress is defined as impaired balance-
between oxidants and antioxidants within the body 
due toexcessive peroxides and free radicals' pro-
duction [5]. In patients with beta thalassemia major 
as recurrent blood transfusions are required due to 
severe anemia with increased iron absorption from 
gastrointestinal tract lead to secondary iron overload 
that exceed the ability of body to eliminated excess 
iron. Iron will be deposited as hemosiderin and 
ferritin in different body organs mainly myocar-
dium, liver, spleenand endocrine organs [6]. The 
deposited iron lead to the formation of Reactive 
Oxygen Species (ROS) such assuperoxide anion 
(O2–), hydroxyl radical (OH), single oxygen and 
hydrogen peroxide (H2O2), that responsible for 
development of oxidative stress in thalassemia 
major patients via Fenton reaction [7]. 

Use of iron chelation therapy and antioxidants 
can be helpful in the oxidative status regulation of 
patients with beta thalassemia major [8]. Trace 
elements and minerals play an essential role in 
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maintaining normal functions of the body and 
should be present in suitable concentration to 
participating in many physiological processes [1]. 
Zinc one of the essential trace elements in human-
acting as a cofactor for more than 300 enzymes, 
and has essential roles in human growth and de-
velopment, plays important role in hemeproduction 
[9]. Copper participates inmany enzymatic reac-
tions like reduction of superoxide dismutase, cy-
tochrome oxidase, dopamine hydroxylase, and 
other oxidases [10]. Magnesium has an essential 
role for maintaining proper body functions as 
immune, cardiovascular and musculoskeletal sys-
tems [1]. 

Patients and Methods 

The current study was a case-control cross-
sectional carried out on 35 β-thalassemic patients 
diagnosed on the basis of clinical manifestation, 
hemoglobin electrophoresis and regular blood 
transfusion attended the Pediatric Outpatient Clinic 
at Galaa Teaching Hospital during period of No-
vember 2018 till April 2019. Patients with disease 
related complications such as thyroid dysfunction, 
diabetes mellitus, renal failure, infection or any 
other inherited diseases other than β-thalassemia 
major were excluded. A35 healthy childrenof 
matched age and sex were enrolled in the study as 
control group. None of the participants receiving 
vitamins or antioxidant supplements. Informed 
parental consent was obtained from all participants 
before enrollment in the study. 

The study was approved by Ethics Committee 
of General Organization of Teaching Hospital and 
Institutes and conducted according to Helsinki 
declaration. 

Detailed history taking including demographic 
data (age and sex). Family history including con-
sanguinity, similar family condition. Type of iron 
chelation therapy, history of splenectomy. Thor-
ough physical examination. Laboratory investiga-
tions including, Complete Blood Count (CBC), 
Alanine Transaminase (ALT), Aspartate Transam-
inase (AST) and total bilirubin, Total Iron Binding 
Capacity (TIBC), serum ferritin, serum iron, serum 
zinc (Zn), copper (Cu), magnesium (Mg), serum-
malondialdehyde (MDA), superoxidedismutase 
(SOD), serum catalase (CAT), Total Antioxidant 
Capacity (TAC) were performed. 

Collection of samples: 
Blood samples collected from thalassemic 

patients just before receiving blood transfusion 
and controls group as following: 5mL of blood  

collected by asepticvenipuncture into Ethylene 
Diaminet Etracetic Acid (EDTA) and plain tubes 
then left tobe clot for 30min at room temperature 
then centrifuged at 3,000rpm for 10min, the serum 
dispensed into clean tubes, then stored at –20ºC 
for analysis. 

Determination of lipid peroxidation: Lipid 
peroxidation was assayed by measuring MDA 
level. It was assessed by measuring thiobarbituric 
reactive species using the method of Ruiz-Larrea 
et al., [11] in which the thiobarbituric acid reactive 
substances react with thiobarbituric acid to produce 
a red-colored complex having peak absorbance at 
532nm. 

Determination of anti-oxidant enzyme activity: 
Catalase and superoxide dismutase activity were 
determined spectrophotometrically using a com-
mercially available kit (Biodiagnostics, Cairo, 
A.R.E). 

Determination of trace elements: Measuring 
serum zinc, Iron, copper and magnesium levels 
using Flame Atomic Absorption Spectrometry. 

Statistical analysis: 
Data were collected, revised, coded and entered 

to the Statistical Package for Social Science (Re-
leased 2015. IBM SPSS Statistics for Windows, 
Version 23.0. Armonk, NY: IBM Corp.). The quan-
titative data were presented as mean, standard 
deviations and ranges while qualitative variables 
were presented as number and percentages. The 
comparison between groups regarding qualitative 
data was done by using Chi-square test. Also the 
comparison between two independent groups with 
quantitative data and parametric distribution was 
done by using Independent t-test and more than 
two independent groups was done by using One 
Way ANOVA test. Spearman correlation coeffi-
cients were used to assess the correlation between 
two quantitative parameters in the same group. 
Receiver Operating Characteristic curve (ROC) 
was used to assess the best cut off point with its 
sensitivity, specificity, Positive Predictive Value 
(PPV), Negative Predictive Value (NPV) and Area 
Under Curve (AUC). The confidence interval was 
set to 95% and the margin of error accepted was 
set to 5%. So, the p-value was considered signifi-
cant at the level of <0.05. 

Results 

Thirty-five patients were included in this study; 
20 (57.1%) males and 15 (42.9%) females. Mean 
age was 9.65±3.91 years (range 4-16 years). Thirty-
five healthy controls were included with age 
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ranged from 4 to 16.3 years; mean 8.25±3.87. β-
thalassemic patients had significantly lower weight, 
height and body mass index as compared to controls 
(p-value 0.01, 0.04 and 0.000 respectively). Thir-
teen patients (37.1%) had history of positive con-
sanguinity and nine (25.7%) had similar conditions 
in the family. Twenty-five (71.4%) patients received 
chelation: 7 (20.0%) received deferoxamine, 14 
(40.0%) deferiprone and 4 (11.4%) received both. 
sixteen patients (45.7%) had been splenectomizedas 
shown in (Table 1). 

There was significant decrease in mean hemo-
globin concentration (p=0.000), mean hematocrit 
(p=0.000) and significant increase of serum ferritin 
(p=0.000), total iron binding capacity (p=0.000), 
AST (p=0.000), ALT (p=0.004) and total bilirubin 
(p=0.000) in β-thalassemic patients as shown in 
(Table 2), Fig. (1). 

There was significant decrease in the levels of 
serum of Zn, Mg, serum catalase and TAC (p= 
0.000), while means value of Iron, MDA and SOD 
significantly elevated in patients than control 
(p=0.000). No significant differences in the mean  

levels of Cu (p=0.651) between patients and control 
as shown in (Table 3), Fig. (2). 

Table (4) shows correlation between serum 
ferritin, clinical, and laboratory data of β-thala-
ssemic patients, there were significantly positive 
correlation between serum ferritin levels and age, 
weight, height (r=0.875, 0.785 and 0.829, p-value= 
0.000 respectively) also ALT, AST and total bi-
lirubin (r=0.344, 0.417 and 0.641, p-value=0.043, 
0.013, and 0.000 respectively) and significant 
negative correlation with total iron binding capacity 
(r=–0.489, p=0.003), while no significant correla-
tion with body mass index, hemoglobin, hematocrit, 
platelet and total leukocytic counts in thalassemia 
patients. 

There was significantly positive correla-
tion were detected between serum ferritin levels, 
MDA, serum iron (r=0.513 and 0.335, p-value= 
0.002 and 0.049 respectively) and significant neg-
ative correlation with serum Zn and Mg levels 
(r=–0.600 and –0.382, p-value=0.000 and 0.023 
respectively), but no significant correlation with 
serum Cu, SOD, CAT, TAC in thalassemic patients 
(Table 5), Fig. (3). 

Ferritin (mg/l) 

Patients group Control group Hb Hct 

TIBC (mg/dl) 

Fig. (1): Comparison of hematological and biochemical investigations between patients and controls, (A) Ferritin, (B) Hemoglobin 
and hematocrit, (C) Aspartate transaminase and alanine transaminase, (D) Total iron binding capacity. 
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SOD (U/ml) Serum catalase (K/gm Hb)  Zinc (mg/dl) Iron (mg/dl) 

Patients group Control group 

Fig. (2): Comparison of serum trace elements, antioxidant enzymes, malondialdehyde and total antioxidant capacity between 
patients and control, (A) Superoxide dismutase and catalase, (B) Zinc and iron, (C) Copper, (D) Magnesium, 
malondialdehyde and total antioxidant capacity. 

125  150 175 200 225 250 10  20 30 40 50 60 70 
TIBC (mg/dl) Zinc (mg/dl) 

50 100 150 200 250 300 .50 1.00 1.50 2.00 2.50 
Iron (mg/dl) Mg (Mg/dl) 

Fig. (3): Correlation of serum ferritin and TIBC (A), Zinc (B), Iron (C), Magnesium (D). 
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Fig. (4): Receiver Operating Characteristic curve (ROC) for 
the studied parameters as diagnostic markers for 
thalassemia major. 

Table (1): Demographic and clinical data of the β  thalassemic 
patients and controls. 

Parameter 
Patients 
N=35 

Controls 
N=35 

p-
value 

Age (years): 
Mean ±  SD 9.65±3.91 8.27±3.87 0.141 
Range (4-16) (4-16.3) 

Sex; (%): 
Male 20 (57.1%) 20 (57.1%) 1.000 
Female 15 (42.9%) 15 (42.9%) 

Height in cm: 
Mean ±  SD 110.36±19.77 128.5±18.49 0.04 
Range 78-159 85-147 

Weight in kg: 
Mean ±  SD 20.91±7.53 36.87±11.08 0.01 
Range (11.4-35.5) (12-55) 

BMI: 
Mean ±  SD 16.35±1.66 19.16±2.86 0.000 
Range 13.5-20.54 14.7-28 

Positive consanguinity; (%): 
Yes 13 (37.1%) 
No 22 (62.9%) 

Similar condition in 
the family; (%): 9 (25.7%) 

Yes 26 (74.3%) 
No 

Chelation therapy: (%): 25 (71.4%) 
Yes 10 (28.6%) 
No 

Type of Chelation therapy (%): 
Deferiprone 14 (40.0%) 
Deferoxamine 7 (20.0%) 
Both 4 (11.4%) 

_ _ _ 

Splenectomy, (%): 

_ _ _ 

Yes 16 (45.7%) 
No 19 (54.3%) 

_ _ _ 

BMI: Body Mass Index. 

_ _ 
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Table (2): Laboratory data of the β  thalassemic patients and 
controls. 

Parameter Patients Controls p-value 

Hb: 

Mean ±  SD 6.69±0.9 10.56±1.53 0.000 

Range 5.1-8.3 7.5-13 

Hct: 

Mean ±  SD 21.09±3 26.31±2.91 0.000 

Range 17-26 19-32 

Plt: 

Mean ±  SD 288.26±97.98 286.06±132.93 0.937 

Range 156-516 145-654 

TLC: 

Mean ±  SD 8.39±2.05 8.05±2.27 0.510 

Range 5.5-12 4-12 

Ferritin (µg/l): 

Mean ±  SD 2484.66±1706.13 59.71±25.47 0.000 

Range 465-7654 18-132 

TIBC (µg/dl): 

Mean ±  SD 210.17±27.66 327.71±59.43 0.000 

Range 125-260 241-452 

AST (U/l): 

Mean ±  SD 51.66±17.81 30.57±7.96 0.000 

Range SD 34-132 16-45 

ALT (U/l): 

Mean ±  SD 38.6±12.49 31.03±8 0.004 

Range 23-87 17-45 

Total bilirubin (µmol/l): 

Mean ±  SD 2.36±0.63 1.4±0.33 0.000 

Range SD 1.1-3.4 0.88-2.1 

Hb : Hemoglobin. 
Hct : Hematocrit. 
Plt : Platelet. 
TLC : Total Leukocytic Count. 
TIBC : Total Iron Binding Capacity. 
AST : Aspartate Transaminase. 
ALT : Alanine Transaminase. 

The previous ROC curve shows that the best 
cut off point for ferritin level to detect thalassemia 
major was found >132 (mg/l) with sensitivity of 
100%, specificity of 100% and Area Under Curve 
(AUC) of 100%. Also the best cut off point for 
MDA level to detect thalassemia major was found 
>1.8 (nmol/ml) with sensitivity of 100%, speci-
ficity of 85.71% and Area Under Curve (AUC) of 
96.3%. While SOD best cut off point was found 
>73 (U/ml) with sensitivity of 91.43%, specificity 
of 97.14% and AUC of 97.5%. Serum catalase 
level (k/gmHb) showed sensitivity of 54.29% and 
specificity of 91.43% at the cutoff point of ≤517 
and lastly TAC level showed sensitivity of 100%, 
specificity of 88.57% and AUC of 98.4% at the 
cut off ≤1.2 (mmol/L). 
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Table (3): Comparison of serum trace elements, antioxidant 
enzymes, malondialdehyde and total antioxidant 
capacity between β  thalassemic patients and con-
trols. 

Parameter Patients Controls p-value 

MDA (nmol/ml): 
Mean ±  SD 3.56±0.84 1.35±0.72 0.000 
Range 2.2-5.2 0.33-3.4 

Zinc (µg/dl): 
Mean ±  SD 45.74±15.58 79.3±17.44 0.000 
Range 19-67 56-124 

Copper (µg/dl): 
Mean ±  SD 102.51±30.86 105.37±20.71 0.651 
Range 64-190 76-152 

Iron (mg/dl): 
Mean ±  SD 183.77±60.9 74.89±38.11 0.000 
Range 78-298 22-174 

Mg (µg/dl): 
Mean ±  SD 1.44±0.49 2±0.78 0.000 
Range 0.58-2.2 0.56-3.4 

SOD (U/ml): 
Mean ±  SD 91.49±17.34 56.63±12.5 0.000 
Range 64.9-164 33-77 

Serum Catalase 
(K/gmHb): 

Mean ±  SD 536.79±89.51 624.83±84.93 0.000 
Range SD 389.8-687.4 406-865 

TAC (mmol/L): 
Mean ±  SD 0.8±0.15 2±0.61 0.000 
Range 0.53-1.2 0.88-3.06 

MDA : Malondialdehyde. 
Mg : Magnesium. 
SOD : Superoxide Dismutase. 
TAC : Total Antioxidant Capacity. 

Table (4): Correlation of serum ferritin, clinical, and laboratory 
data of patients. 

Variables 
Serum ferritin (µg/dl) 

r p-value 

Age 0.875** 0.000 
Weight 0.785** 0.000 
Height 0.829** 0.000 
BMI 0.022 0.899 
Hb –0.189 0.278 
Hct 0.110 0.531 
Plt 0.322 0.059 
TLC 0.196 0.260 
TIBC (mg/dl) –0.489** 0.003 
AST (U/l) 0.417* 0.013 
ALT (U/l) 0.344* 0.043 
Total billirubin (mmol/l) 0.641** 0.000 

BMI : Body Mass Index. 
Hb : Hemoglobin. 
Hct : Hematocrit. 
Plt : Platelet. 
TLC : Total Leukocytic Count. 
TIBC : Total Iron Binding Capacity. 
AST : Aspartate Transaminase. 
ALT : Alanine Transaminase. 

Table (5): Correlation of serum ferritin, malondialdehyde, 
serum trace elements, antioxidant enzymes and 
total antioxidant capacity of β  thalassemic patients. 

Variables 
Serum ferritin (µg/dl) 

r p-value 

MDA (nmol/ml) 0.513** 0.0 02 
Zinc (mg/dl) –0.600** 0.000 
Copper (mg/dl) 0.037 0.834 
Iron (mg/dl) 0.335* 0.049 
Mg (Mg/dl) –0.382* 0.023 
SOD (U/ml) –0.239 0.167 
Serum catalase (K/gmHb) –0.229 0.186 
TAC (mmol/L) –0.239 0.167 

Discussion 

Oxidative stress is an important feature of beta 
thalassemia-major and plays a significant role in 
the pathophysiology of the disease [12]. The oxida-
tive stress resulting from impairment of the oxidant 
and antioxidant balance via increasing levels of 
ROS or decreasing antioxidant defenses [13]. The 
current study conducted to evaluateoxidative stress, 
trace elements and oxidant-antioxidants status of 
beta thalassemia-major patients on regular blood 
transfusion. 

Our study shows significant increased serum 
level of iron, ferritinand significant decrease in 
TIBC, that in agree with study done by Ghone et 
al., [8]. Regular blood transfusion as conventional 
therapy forbeta thalassemia-major to maintain 
hemoglobin levels near normal, also hemoglobin 
instability and increased absorption of iron from 
the gastrointestinal tract consider major causes of 
iron overload in β-thalassemia. In these patients, 
higher iron has a catalytic role in producing pow-
erful ROS and free radicals, that result in oxidative 
damage [14]. 

The present study shows significant increased 
liver enzymes, ALT and AST also there was signif-
icant increased total bilirubin that in concords with 
several studies by Attia et al., [7], Qariet al., [15], 
Abed Mahdy et al., [16] and Nafadya et al., [17] that 
may be due to hepatocellular injury secondary to 
iron deposition in liver. 

In the current study there was significant in-
crease serum level of MDAin studied group as 
compared to control. MDA is good indicator of 
oxidative damage, also MDA is the end product 
of polyunsaturated fatty acid oxygenation which 
commonly used as marker for the lipid peroxidation 
levels and for the presence of oxidative stress, that 
may result in antioxidantsdepletion. Our results 
were supported by Livrea et al., [18] and Attia et 



Nahla A. Mohammed & Hanan F. Abd-El Rasoul 2153 

al., [7] who observed elevated levels of MDA in 
beta thalassemia major patients. 

Our study shows significant decrease in mean 
serum zinc levels as compare thalassemic group 
and control that may explain by inadequate dietary 
intake of zinc, increased urinary excretion, chronic 
hemolysis, usage of iron chelation therapy that has 
high affinity for zinc as well as iron. Similar to 
our finding, the study of Tabatabei et al., [19] that 
observe about 84.8% of patients had deficiency of 
zinc and alsoother studies done by Yazdideha and 
Faranosh [20] and Sherief et al., [21]. On the other 
hand, the studies done by El Missiry et al., [9] and-
Fahmy et al., [22] reported normal zinc levels in 
beta thalassemia major patients, while Mehdizadeh 
et al., [23] observed high serum zinc levels in pa-
tients. 

Our study shows no significant difference in 
mean serum copper levels between thalassemic 
patients and control. Our finding in concords to 
studies done by [10,22] that observe normal serum 
copper levels in about 77% and 50% of patients 
respectively. While elevated serum copper level 
in beta thalassemia major patients observed by 
studies done by Al-Samarrai et al., [24] and Zekavat 
et al., [25] but copper deficiency reported by study 
done [21]. Variation in serum copper levels can be 
explained by many factors as amount of copper 
intake, intestinal absorption of copper, kidney 
function, iron overload, zinc to copper ratioand 
intake of iron chelation therapy. 

Significantly decreased levels of Mg were ob-
served as comparing patients and control (p=0.000). 
Our finding in concords to study done by Abbas-
ciano et al., [26]. While studies by [22,27] observed 
normal serum magnesium levels of thalasse-
mic patients where as higher levels were observed 
by [24]. 

Our study shows significant elevated serum 
SOD levels in children with β-TM. Our finding is 
in agreement with several studies by [7,15,16,28]. 
In contrast to our result studies by Dhawan et al., 
[29] Patne et al., [30], Nafadya et al., [17] that ob-
served significant decrease in erythrocyte activity 
of SOD in children with β-TM as compared with 
control, while another study by Şimşeket al., [31] 
reported that no significance difference in SOD 
levels between patients and control. Increased SOD 
activity in beta thalassemic patients which impotent 
antioxidants enzyme protects erythrocyte from 
harmful effects ofexcess ROS created by iron 
overload may be due to regular blood transfusion  

that supply patients with normal RBCs and com-
pensatory mechanism of body against oxidative 
stress. 

There was significant down regulation of cata-
lase levels in β-thalassemic patients as compared 
with control, our finding in concords with many 
studies by [32-34] that observed decrease catalase 
enzyme which responsible for hydrogen peroxide 
detoxification in the cells due to increase damounts 
of hydrogen peroxide which produce direct toxic 
effects on catalase, while studies by [15,35,36] that 
observe significant increaseof catalase activity in 
beta thalassemia major patients which may be due 
to increased oxidative stress. 

There was significant decrease in TAC levels 
as comparing β-thalassemic patients and control. 
Our finding is in agreement with study [8] which 
may be due to its consumption for neutralization 
the action of excess ROS and oxidative stress. 

In the present study, there was a significant 
positive correlation between ferritin level, ALT, 
AST and total bilirubin that may be due to liver 
injury secondary to iron over load, our finding in 
agreement to several studies by [8,17], also there 
was significant negative correlation between ferritin 
level and serum zinc and magnesium but no sig-
nificant correlation with copper, our results disagree 
to study by [21] that reported significant negative 
correlation between ferritin level and magnesium 
but no significant correlation with serum zinc and 
copper. 

Conclusion: 
Beta-thalassemic patients had an increased 

oxidative stress mainly occurred as result of per-
oxidative injury secondary to iron overload. Excess 
free radicals' formation by iron overload, alteration 
of serum minerals and trace element and depletion 
of anti-oxidants play essential role in beta tha-
lassemia pathogenesis. Antioxidant and trace ele-
ments supplementation may play a role in improv-
ing antioxidant capacity of the plasma and de-
creasing the oxidant levels which may improve 
the clinical course of Beta-thalassemia major and 
reduce disease related complications. Further stud-
ies with larger sample size and longer duration of 
follow-up will be required. 
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