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Abstract 
    This study was designated to investigate the changes of some biochemical parameters 
in children affected with beta thalassemia major in Babylon. Fifty transfusion dependent 
patients beta thalassemia major (25 males and 25 females) included in present study. 
The mean of their ages was 9 ± 5 years ,those patients undergo periodical blood 
transfusion and desferroxamine as a chelating agent. Twenty six healthy controls (13 
males and 13 females) of matched age and gender were also included in this study. Beta 
thalassemia major patients showed a significant increase (p<0.01) in values of serum 
iron (in both  males and females) incomparsion with control. While the values of total 
iron binding capacity recorded a significant decrease (p<0.01) compared with control. 
As well as values of serum calcium pointed out a significant decrease (p<0.05) in 
patients with beta thalassemia, whereas the results of serum phosphorus showed a 
significant increase (p<0.05) in both males and females with beta thalassemia major as 
compared with healthy subjects. The results of this study may be attributed to toxic 
roles of iron over load on organs such as liver, kidney, heart, glands and bones. 
 
Introduction  
     Thalassemias are  one of the most common genetic disorder on a worlds basis. It 
represent the commonest cause of chronic hemolytic anemia in middle east. Beta 
thalassemia major is a hemolytic state of an inherited defect in beta-globin chain 
synthesis (1).Beta thalassemia major was first described by a Detroit pediatrician, 
Thomas Cooley ,in 1925(2). Individuals with beta thalassemia major usually present 
within the first two years of life with sever anemia ,requiring regular red blood cells 
(RBCs) transfusions (3). In beta thalassemia major, impaired biosynthesis of the beta-
globin leads to accumulation of unpaired alpha-globin chain, shortened red cell life span 
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and iron overload cause functional and physiological abnormalities in various organ 
system(4). Present transfusion regimens protocols have increased the life expectancy 
with beta thalassemia major but caused a progressive iron overload(5). As a results of 
iron overload, those patients develop liver, heart  endocrine abnormalities(6; 7). Patients 
with beta thalassemia major go through several complications such as the transfusion-
related infections like  hepatitis B, C and I virus (HBV , HCV , and HIV) (8) . Iron 
overload complications are also noticed that includes endocrinopathies ,  heart and liver 
diseases in addition to chelation therapy complication (9).Beta thalassemia major is 
associated with characteristic bone deformities that are considered the result of 
continuous massive ineffective erythropoiesis These abnormalities resolve with regular 
transfusions starting early in life .Despite current management ,there is growing 
awareness that adults with beta thalassemia major. Frequently manifest low bone mass 
and complain of bone pain (10).Clinical management of beta thalassemia major consist in 
regular long-life RBCs therapy to remove iron introduced in excess with transfusions. 
At present, the only definitive cure is bone marrow transplantation(11;12).Prenatal 
diagnosis of thalassemia is possible by analyzing DNA obtained via chorionic villi 
sampling at 8-10 weeks of gestation or by amniocentesis at 14-20 weeks of gestation 
.Since genetic therapy strategies are currently in the early stages of development 
(13).Patients with beta thalassemia major have inevitably suffered from complications of 
disease, due to iron overload. This major causes of death in this group of patients are 
congestive heart failure and fatal cardiac tachyarrhythmias leading to sudden cardiac 
death(14;15).                                                                                               
 
The aim of the study:- 
     This study aims to estimate some biochemical changes to beta thalassemia major 
patients because this will help the medical staff for proper management with less 
morbidity and mortality. So this study is designed to determine the followings:- 
1:-Serum iron and serum total iron binding capacity. 
2:-Serum calcium and serum phosphorus.  
 
Patients and Methods 
The patients:- 
The present study included 50 patients (25 males and 25 females) affected with beta 
thalassemia major ,that undergo periodical blood transfusion and desferoxamine as 
chelating a gent . This study was carried out over 4 months in thalassemia center in 
Babylon .The tasted group aged from  4 – 14 years ( 9 ± 5 years).The diagnosis of beta 
thalassemia major were made based on the clinical ,hematological and hemoglobin 
electrophoresis profiles which is indicative signs of the presence of beta thalassemia 
major. Twenty  six healthy controls(13 males and 13 females)  of matched age and 
gender were also included in this study .All patients were transfusion dependent at a rate 
one to two times monthly. Also ,all of them are treated with desferal.  
The methods:- 
Blood collection:- 

The collection of blood was performed in the thalassemia center in Babylon. 
Collection was always performed at 9 a.m. by using venipuncture needles. The plain 
tubes, for blood to be used for preparing sera for subsequent biochemical tests. The 
blood is allowed to clot for 45 minutes, the clot shrinks and serum can be obtained by 
centrifugation and precautions were taken to avoid hemolysis. The serum samples were 
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isolated in sterile test tubes using micropipette with sterile disposable tips. Each sample 
was labeled and given a serial number together with the patient name, the serum 
samples were frozen at 20°C for  biochemical   analysis (16). 
 
Biochemical studies:- 
1-Determination of serum iron:- 
     The iron dissociated from transferrin-iron complex by a solution of guanidine acetate 
and reduced by ascorbic acid reacts with ferrozine to give a pink complex ( according to 
procedure recommended by the serum   iron from Biomaghreb company) (17). 
 
2-Determination of serum total iron binding capacity (TIBC):- 
      An excess of iron is added to the serum to saturate the transferrin .The unbound iron 
is precipitated with basic magnesium carbonate ( according to procedure recommended 
by the serum total iron binding capacity from Biomaghreb company) (18). 
 
3-Determination of serum calcium:- 

   Calcium in the sample, reacts with O-cresolphtaleine at alkaline pH. The colored 
complex formed is proportional to the amount of calcium concentration in the sample. 
The intensity of the color was measured photometrically by using spectrophotometer at 
570 nm wave length ( according to procedure recommended by the serum calcium from 
Human company,Germany) (19 ; 20). 
 
4-Determination of serum phosphorus:- 
     Inorganic   phosphorus   reacts   with   molybdic   acid   forming   a phosphomolybdic 
complex . Its subsequent reduction in alkaline medium originates a blue molybdenum. 
(According to phosphorus kit from spinreact) (21). 
Statistical analysis:- 
     All values were expressed as means ± standard error (SE).The data were analyzed by 
using computerized SPSS program. Independent t-test was used to estimate differences 
between groups .The differences were considered significant when the probability (P) was 
less than 0.05 (P<0.05) and highly significant when the  probability (P) was less than 0.01 
(P<0.01) (22). 
 
The results:- 
1- Serum iron:- 
     The results of serum iron of beta thalassemia major and control are presented in 
figure 1. The mean and stander error of serum iron for  males and females  of beta 
thalassemia major patients were : 180  ± 0.432; 166.5± 0.52 microgram/deciliter 
(Mg/dL), respectively) and were significantly (P<0.01) higher than control males and 
females (115.123       ±0.721 ; 113.5 ± 0.41 Mg /dL, respectively). 
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Figure 1 :Shows the means of serum iron values in children (male and female) with beta 
thalassemia major .       
-**p <0.01 
 
2-Serum total iron binding capacity (TIBC):- 
     Figure 2 shows the results of serum total iron binding capacity of beta thalassemia 
major and control .The mean and stander error of serum TIBC for males and females of 
beta thalassemia major patients were: 210  ± 0.823; 195.4 ± 0.33 microgram/deciliter 
(Mg/dL), respectively) and were significantly (P<0.01) lower than control males and 
females (250.4 ±0.52 ; 244.5 ± 0.62 Mg /dL, respectively). 

                                                                      
 

 

0

50

100

150

200

250

300

(S
.T

IB
C

 M
g

/d
L

)

control

patient

 
 
Figure 2 :Shows the means of serum TIBC values in children (male and female) with beta 
thalassemia major. 
 
-**p <0.01 
 
3-Serum calcium:- 
     The values of serum calcium of beta thalassemia major and control are illustrated in 
figure 3. The mean and stander error of serum calcium for  males and females of beta 
thalassemia major patients were: 8.9 ± 0.21; 9.3± 0.312 milligram/deciliter (mg/dL), 
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respectively) and were significantly (P<0.05) lower than control males and females 
(11.81 ±0.21 ; 12.0 ± 0.112 mg /dL, respectively). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Shows the means of serum calcium values in children (male and female) with beta 
thalassemia major. 
             
-*p <0.05 
 
4-Serum phosphorus:-  
     Results of serum phosphorus of beta thalassemia major and control are presented in 
figure 4.The mean and stander error of serum phosphorus for males and females of beta 
thalassemia major patients were: 5.212 ± 0.311; 4.9 ± 0.30 milligram /deciliter (mg/dL), 
respectively) and were significantly (P<0.05) higher than control males and females 
(3.91 ±0.102 ; 3.5 ± 0.103 mg/dL, respectively). 
 
 

 

0

1

2

3

4

5

6

(S
.p

h
o

sp
h

o
ru

s 
m

g
/d

L
)

control

patient

  
 
 
Figure 4 :Shows the means of serum phosphorus values in children (male and female) with beta 
thalassemia major. 
-*p <0.05 
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Discussion 
The present study investigated the relationship between iron overload and some 
biochemical parameters in blood of children affected with beta thalassemis major. It 
was found that the majority of the participants had significant increase  of serum iron 
with significant decrease of total iron binding capacity(fig.1,2).These results are in 
agreement with other studies (23; 24; 25). As well as ,Ghone et al., (26), showed  significant 
increase  in serum iron whereas significant decrease in serum TIBC in beta thalassemia 
major. The patients with beta thalassemia major have sever anemia due to ineffective 
erythropoiesis which is primary reason for iron overload and blood transfusion is 
secondary to it. Thus, increased iron may increase the potential of oxidative injury to 
erythrocyte and cell organelles (27; 28). Moreover, because of regular blood transfusion 
,all beta thalassemia major patients had abnormally very high levels of total serum iron 
,indicating that these patients have iron overload, probably due to multiple blood 
transfusion ,increased dietary iron absorption or in adequate chelating therapy with 
desferal (29). Patients with beta thalassemia major undergo from massive distraction of 
abnormal red blood cells in reticuloendothelial system, and those patients become 
undergo from sever anemia (30).                                                                 
     These changes were associated with significant decrease in serum calcium and 
significant increase in serum phosphorus (fig.3,4). 

These results  of serum calcium and phosphorus  were agreed with Rioja et al., (31); 
Rasheed  and Ahmed (32). A low calcium level was probably caused by a combination of 
hypoparathyroidism and osteomalacia evidenced by elevated bone alkaline phosphatase 
presumably resulting from deficient calcium intake (33). From physiological point view, 
it appear clearly that high levels of iron have toxic roles on vital organs and disturbs 
these organs to perform their own normal functions (34). Lack of physiological 
mechanism in beta thalassemia major to eliminate the excessive iron causes its 
deposition in tissues ,when the iron – binding capacity of iron binding proteins such as 
transferring and ferritin is exceeded, non-transferrin bound iron can generate harmful 
free radicals and cause tissue and multi-organ damage(4; 35). Hormones of parathyroid 
gland especially parathyroid and calcitonin hormones regulate normal levels of calcium 
and phosphorus in blood, and this gland becomes insufficient to produce these 
hormones because precipitation of iron in tissues of this gland (36). 

It was documented that the function of osteoblast is reduced, which is thought to be   
the major cause of osteopenia and osteoporosis in beta thalassemia major(37). 
Osteoporosis is the most prevalent bone complication in beta thalassemia patients 
despite regular transfusion and iron chelation therapy. The 25-hydroxyvitamin D3 and 
bone mineral density were significantly decreased among patients with beta thalassemia 
(38). Moreover, other studies are in agreement with the finding of our study on calcium 
homeostasis (Fig.3)(39);40). 
 
Conclusion 

Regular (chronic) blood transfusions in beta thalassemia major lead to iron 
overload as well as in adequate chelating therapy considered the corner stone for the 
changing the our results of biochemical parameters (serum iron; TIBC ;calcium and 
phosphorus). 
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