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Abstract
The present study aimed to demonstrate the extent to which the activity of a
number of enzymes and genetic variation of β-globin genes were affected in the
blood of 65 children with β - thalassemia major of both sexes. The patients, with an
age range of 2 – 15 years, were registered in the Thalassemia Center at Ibn AlAtheer Teaching Hospital for Children in the city of Mosul / Iraq. They were under
continuous treatment after being diagnosed by specialist doctors. The study also
involved 30 healthy children of both sexes with the same age range who were
considered as a control group.
The results showed significant increases (p≤0.05) in the activities of alanine
transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP),
glucose 6- phosphate dehydrogenase (G6PD), and adenosine deaminase (ADA) in
the serum of treated patients by 73% , 53%, 8%, 9%, and 54%, respectively,
compared with the healthy children group. Also, the results showed significant
increases in the activities of G6PD and ADA in the red blood cells (RBCs) of the
patients by 7% and 43%, respectively, compared with the control group.
When determining the genetic variation of the β-globin gene depending on the
PCR technique, the results did not show any genetic variation in the size of PCR
band. However, the results of the sequencing showed variations in the nucleotides
that included the conversion of the nucleotides (A) to (C) in position (250), (T) to
(C) in position (426), (C) to (A) in position (623), (G) to (A) in position (630), and
(T) to (A) in position (724). Also, the results demonstrated the detection of three
transversion mutations and two transition mutations in β-globin gene in the children
with β-thalassemia.
Keywords: β - Thalassaemia major, Glucose 6- phosphate dehydrogenase (G6PD),
Adenosine deaminase (ADA), genetic variation, β-globin gene.

 في مدينةβ– Thalassaemia دراسة كيموحيوية ووراثية في دم االطفال المرضى المصابين بالـ
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الخالصة

β- تهدف هذه الدراسة الى تؾضيح مدى تأثير فعالية عدد مؽ االنزيمات والتبايؽ الؾراثي لجيؽ الـ

)2-15(  مؽ كال الجنديؽ وبفئة عمرية تراوحت بيؽβ-thalassemia  طفل مريض بالـ65  في دمglobin
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 والذيؽ يؾاصمؾن،سنة مؽ المراجعيؽ الى مكز الثالسيميا في مدتذفى ابؽ االثير في مدينة المؾصل \ العراق

 طفل ال يعانؾن مؽ االصابة بالثالسيميا مؽ كال30  كما شممت الدراسة،العالج تحت اشراف اطباء مختريؽ
.الجنديؽ وبنفس الفئة العمرية اعتبرت كمجمؾعة سيظرة

Alanine transaminase ( بمدتؾى فعالية االنزيماتP≤0.05) كذلػ اعهرت نتائج الدراسة ارتفاعا معنؾيا
(ALT), Aspartate transaminase (AST), Alkaline phosphatase (ALP), Glucose 6 في مرل دمphosphate dehydrogenase (G6PD) and Adenosine deaminase (ADA)
 عمى54% and 9%, 8%, 53%, 73%  بندب مئؾيةβ-thalassemia االطفال المرابيؽ بمرض الـ
 كذلػ اعهرت نتائج الدراسة انخفاضا،)التؾالي مقارنة مع مدتؾاها في االطفال االصحاء (مجمؾعة الديظرة

β-  في كريات الدم الحمراء لالطفال المرابيؽ بالـADA  وG6PD معنؾيا في مدتؾى فعالية االنزيمات
. عمى التؾالي عند مقارنتها مع مجمؾعة الديظرة43%  و7%  وبندب مئؾيةthalassemia

 فان نتائج الدراسة لؼ تغهرPCR  باالعتماد عمى تفاعل الـβ-globin وعندما تؼ تحديد التبايؽ الؾراثي لمجيؽ
 بالندبة لعينات االطفال االصحاء والمرضى الذيؽPCR اي اختالف في حجؼ الحزمة الناتجة مؽ تفاعل الـ
 اعهرت تغاير في عدد مؽSequencing  بينما نتائج اختبار تحديد تتابع النيؾكميؾتيدات،شممتهؼ الدراسة
 في المؾقعC  الىT  كما تغير النيؾكميؾتيد250  في المؾقعC  الىA النيؾكميؾتيدات اذ تحؾل النيؾكميؾتيد
630  في المؾقعA  الىG  كما استبدل النيؾكميؾتيد623  في المؾقعA  الىC  كما تغير النيؾكميؾتيد426
 وقد تؼ في هذه الدراسة تحديد ثالث طفرات تحؾل وطفرتيؽ،724  في المؾقعA  الىT كذلل تحؾل النيؾكميؾتيد
.β-thalassemia  لدى االطفال المرابيؽ بمرض الـβ-globin انتقال في جيؽ الـ

Introduction
β-thalassemia is one of the most widely distributed epidemic single-gene diseases around the
world. It has a number of defects in hemoglobin synthesis, including that resulting from the decreased
yield of β-globin protein. Clinically, thalassemia can be divided into three types, namely thalassemia
major, thalassemia minor, and thalassemia intermediate [1, 2].
β-thalassemia is common in all communities in the world. The majority of β- thalassemia cases are
caused by different types of mutations in β-globin gene, including deletion, insertion, and conversion
of one or more nucleotides within the gene sequence[3, 4]. Higher than 200 mutations associated with
β-thalassemia disease have been determined around the world [2, 4]. Because of the high variety of
mutations in β-globin gene, they are different from one population to another ; in every affected
population, there are a lot of changes in β-globin nucleotides that lead to uncommon genetic mutations
[5, 6].
More than 90 % of β-globin mutations have been determined by the PCR-technique, which is used
extensively in the laboratories due to the ease of detection of such mutations [7,8].
However, PCR sequencing normally detects one mutation for each reaction and can be exhausting
and expensive [9, 10].
The biological processes that occur within all living organisms are chemical reactions, mostly
regulated by enzymes which are biological catalysts. Without enzymes, many of these reactions would
not take place. Enzymes catalyze all processes of cell metabolism. Enzymes also have valuable
medical applications, including those of the diagnosis of specific diseases. It is known that all tissues
and organs of the body of a living organism contain thousands of different types of enzymes, each
being specific to a particular chemical reaction. The content of a specific enzyme varies from one
tissue to another, but it is generally higher than that in the blood serum. Therefore, any damage that
occurs in these tissues and organs leads to leakage of their components into the circulatory system,
which increases their concentrations in the blood serum. The amount of this increase indicates the
extent of damage to these tissues and related organs. This shows the importance of assessing the
activity of enzymes in different disease states [11, 12].
Damages to the organs are commonly diagnosed by measuring the activities of certain enzymes in
the blood. Hence, the current study focused on detecting the levels of several enzymes in the blood of
children with β-thalassemia. These included ALT, which is located mostly in the cytoplasm, and
AST, which is located mostly in the mitochondria, because they are indicators of liver function. The
study also involved measurements of ALP, which is located in the osteoblasts and the cells of the liver
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and kidneys, because it is an indicator of bone and liver functions [11, 13]. G6PD levels were also
tested since it is one of the main enzymes involved in the metabolic pathway of phosphodiesterase that
supplies energy to cells such as erythrocytes by maintaining enzyme activity and NADP level. In turn,
it maintains the level of glutathione in these cells, which aids in protecting red blood cells from
oxidative damage [12, 13, 14]. In addition, the study included the analysis of ADA level, which is an
enzyme involved in purine metabolism. The determination of ADA may show the reflection of purine
accumulation or the affected gene that is responsible of ADA production. This shows that ADA plays
an important role in the rapid growth of tissues by reutilization of nucleotides which are required for
RNA and DNA synthesis. The physiological role of ADA is related to lymphocytic proliferation and
somatic cells differentiation [15, 16].
Materials and methods
Samples Collection
This study included 65 children patients with β - thalassaemia major of both sexes (33 males and 32
females) with ages that ranged between 2 and 15 years, who registered in the Thalassemia Center at
Ibn Al-Atheer Teaching Hospital for Children in the city of Mosul. The patients were under
continuous treatment after being diagnosed by specialist doctors depending on the laboratory tests of
blood film, Hb – electrophoresis, and iron levels. In addition, 30 healthy children of both sexes with
the same age range were included as a control group. Venous blood was collected and separated in two
types of tubes; EDTA tubes for DNA extraction and anticoagulant-free jell tubes. The blood samples
with hemolysis were neglected. Serum was separated and kept at -20 °C until analysis was performed.
RBC Separation and Hemolysis
A volume of 4-5 ml of non-clotting blood was collected in a tube containing sodium citrate (an
anticoagulant) to separate the RBCs using the method of Beulter et al. [17]. Then, the haemolysis of
RBC was achieved using the method of Price and Stevens [18] for the purpose of detecting the
presence of the enzymes of G6PD and ADA.
Determination of Biochemical Parameters
The blood serum and the haemolysis product of RBCs were used to estimate the activities of a
number of enzymes. Test kits from Randox (England) and BioMerieux (France) were used to estimate
the activities of ALT, AST, and ALP. They were determined in the serum based on the wellestablished spectrophotometric methods, according to the manuals supplied.
Statistical analysis of the results was carried out with Duncan's test [19].
Genotyping
The DNA was extracted from the peripheral blood using a modified method [20]. The purity of the
genomic DNA was determined by using BioDrop specttrophotometer. The samples were stored at -20
°C.
Detection of β-thalassemia mutation by DNA sequencing
In this test, 100 ng of template were added to 10 pmole of each primer for every PCR reaction. The
sequences of primers used are shown in Table- 1 [2]:
Table 1-Show the sequence of primers that used in genotyping test
Primer
Sequence of primer
Size of PCR product
forward primer
5-TCCAACTCCTAAGCCAGTGC-3
804 bp
Revers primer
5-CGATCCTGAGACTTCCACACTG-3'
A total volume of 20 µl of the master mix (BioLaps) was utilized in PCR reaction and the conditions
of the reaction are described in Table-2.
Table 2-Show the PCR program steps that used in Genotyping test
No.
Stage
Temperature
1
Initial denaturation
95
2
Denaturation
95
3
Annealing
58
4
Extension
72
5
Final extension
72
Results and Discussion
Enzyme Activity
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Time
5 min.
45 sec.
1 min.
1 min.
7 min

Cycle number
1
35
1
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1. Activities of Transaminases in Patients' Serum
The results in Table-3 show significant increases (p≤0.05) in the activities of ALT and AST in the
serum of patients with β - thalassaemia major by 73% and 53%, respectively, compared with the
healthy children group. The results of this study are consistent with results of many previous studies,
as they indicated increased activities of ALT and AST in the serum of patients with β - thalassaemia
major [21- 25].
The increased ALT and AST activities in the serum of children with β - thalassaemia major may be
attributed to damage to liver cells, and not necessarily cell death, which leads to an increase in their
cellular permeability due to a change in the chemical composition of the cell membranes, leading to
the release of these enzymes into the blood circulation and thus an increase in their activities in the
blood stream [26,27]. Liver damage is especially associated with frequent blood transfusions [28-30],
which points out that liver fibrosis is one of the complications of thalassemia that leads to increased
activities of thses enzymes due to iron overload.
2. Activity of Alkaline Phosphatase in Patients' Serum
Table-3 shows a slightly significant increase (p≤0.05) in the activity of ALP in the serum of
children with β - thalassaemia major by 8% compared with the healthy children group. The results of
this study are in agreement with the findings of previous reports [21- 25, 31, 32].
ALP is an important enzyme in clinical diagnosis in terms of its different activity in different body
tissues. This enzyme is found in the liver and bone marrow and considered as a diagnostic marker for
several diseases, such as liver and bone diseases, thalassaemia, hemolytic anemia and cancer [24, 29,
33, 34].
3. Activity of Glucose 6- Phosphate Dehydrogenase in Patients' Serum and Hemolysis Product of
RBCs
The results in Table-3 show a slightly significant increase (p≤0.05) in the activity of G6PD in the
serum of children with β - thalassaemia major by 9% compared with the healthy children group. Also,
Table-3 show a slightly significant increase (p≤0.05)
in the activity of G6PD in the hemolysis product of RBCs of children with β - thalassaemia major by
7% compared with the healthy children group. The results of this study are in agreement with the
findings of earlier studies [14, 21, 35, 36, 37].
Table 3-A comparison of several enzymes activities in the serum and hemolysis product of RBCs
between children with β - thalassaemia major and healthy control group
Studied
groups

Healthy control ( n = 30)

Patients ( n = 65)

Enzymes
Activity
ALT
(U/l)

Mean ± SD*

%
activity

%
change

Mean ± SD

%
activity

%
Change

9.324±0.21
b

100

-

16.131±2.42
a

173

+73

AST
(U/l)
ALP
(Kau/dl)

8.280±0.16
b
15.599±0.53
b

100

-

12.683±1.5
a

153

+53

100

-

16.839±1.03
a

108

+8

100

-

13.17±0.7
a

109

+9

135.8±2.14
b

100

-

145.4±12.4
a

107

+7

16.95±1.3
b

100

-

26.04±1.76
a

154

+54

64.41±5.04
b

100

-

92.25±14.56
a

143

+43

G6PD
(mU/dl)
G6PD in
hemolyzed
RBCs
(mU/109 RBC )
ADA
(nmol/min/mg)
ADA in
hemolysis of

12.05±2.14
b

2504

Hamed et al.

Iraqi Journal of Science, 2021, Vol. 62, No. 8, pp: 2501-2508

RBC
(nmol/min/mg)

*The numbers followed by different letters horizontally indicate a significant difference at p ≤ 0. 05
according to Duncan's test.
Ponnazhagan and Sarker [36] reported that the increase the activity of this enzyme occurs in order
to overcome the deformation of RBC and the auto-oxidation reactions . They also indicated that the
increase in the activity of G6PD in the case of β – thalassaemia is due to the increase in the number of
reticulocytes.
4. Activity of Adenosine Deaminase in Patients' Serum and the Hemolysis Product of RBC
Table-1 shows a significant increase (p≤0.05) in the activity of ADA enzyme in the serum of
patients with β - thalassaemia major by 54% compared with the healthy children group. Also, Table-1
shows a significant increase (p≤0.05) in the activity of ADA in the hemolysis product of RBCs of
patients with β - thalassaemia major by 43% compared with the healthy children group. The results of
this study are in agreement with previous findings [25,29,38,39,40] in various patients with major and
intermedia thalassaemia, acute and chronic leukemia, hepatitis, and toxoplasmosis.
Our results might be in agreement with previous interpretations. The increased activity of ADA in
the serum is attributed to disturbances in the body's organs, especially the liver and spleen, which leads
to enlargement and necrosis of their cells or an increase in the rate of degradation of immature cells,
resulting in leakage of their enzymes into the serum. Previous studies [40, 41, 42] reported elevated
red cell’s ADA activity in patients with Diamond-Blackfan anemia (DBA) and other blood diseases. It
has been suggested that this disorder is caused by a disturbance in the formation of normal
erythrocytes, which may be the result of a defect in the differentiation of erythrocyte stem cells.
Genotyping
Figure-1 shows the PCR product for amplification of β-globin gene in one case of the present
study, with a band size of 804 bp and without any variation between patients.

Figure 1-The PCR product for β-Globin gene in children with β-thalassemia. The M ladder has a size
of 100bp and the PCR product has a size of 804 bp, being separated in 2% concentration of agarose
gel.
In this study, the result of DNA sequencing for the amplified PCR product of β-Globin gene
showed the presence of changes in the sequence for some nucleotides in the β-Globin gene for a
selected case as compared to the healthy β-globin gene sequence found in the database of the National
Centre of Biotechnology Information (NCBIsequence ID: LC507563.1).
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Table 2-Positions and types of the various mutations in the β-Globin gene in children with βthalassemia
T
Location
Nucleotide
Sequence ID
Mutation type
Gaps
Identity
MK476502.1
A
C
250
Transversion
1%
98 %
1
MK476503.1
T
C
426
Transition
4%
95 %
2
LC507563.1
C
A
623
Transversion
1%
98 %
3
MK476496.1
G
A
630
Transition
4%
91 %
4
MK476503.1
T
A
724
Transversion
2%
97 %
5
The results of DNA sequencing showed the presence of five mutations corresponding to β-globin
gene, two of which were transition mutations and three were transversion mutations. In details,
replacements were recorded of the A nucleotide to C nucleotide in position 250, T nucleotide to C
nucleotide in position 426, C nucleotide to A nucleotide in position 623, G nucleotide to A nucleotide
in position 630, and finally T nucleotide to A nucleotide in position 724. These variations in
Nucleotide sequences may cause defects in the protein that is encoded by β-globin gene. Also, this
mutation can lead to a disturbed gene expression of β-globin gene, thus causing a damage in the
synthesis of haemoglobin proteins in children with β-thalassemia [3, 4, 43].
Conclusion
The results of this study demonstrate increases in the enzyme activities of ALT, AST, ALP, G6PD,
and ADA in the serum and hemolysis product of RBCs of children with β-thalassaemia. We conclude
that it is possible to consider the activities of these enzymes as one of the diagnostic markers for βthalassaemia major, in addition to the possibility of predicting the extent of damage caused by injury.
Also, we found five different mutations in β-globin gene, divided into two transition mutations and
three transversion mutations.
Acknowledgements
The authors are very grateful to the University of Mosul, Science College for the provision of their
facilities, which helped to improve the quality of this work
References
1. Rund, D. and Rachmilewitz, E. 2005. "β-thalassemia". N. Engl. J. Med., 353:1135- 46.
2. Anchalee, T., Sumalee J., Suporn, C. and Punnee, B. 2012."Multiplex ARMS-PCR Analysis for
Nineteen b-Thalassemia Mutations". J Hematol Transfus Med, 22: 31-40.
3. Boonchai, B., Chalinee, M. and Chanchai, T .2014. "Molecular analysis of beta-globin gene
mutations among Thai beta-thalassemia children: results from a single center study". Appl. Clin.
Gene., 35: 331- 340.
4. Qiuying, H., Xudong, W., Ning, T., Tizhen, Y., Ping, C. and Qingge, L. 2017. "Simultaneous
Genotypin g of a-Thalassemia Deletional and Nondeletional Mutations by Real-Time PCReBased
Multicolor Melting Curve Analysis". J. Mol. Diag., 1-8.
5. Traeger-Synodinos J. 2012. "Molecular basis of a-thalassaemia". Thalassemia
Reports., 3: a011718.
6. Harteveld, C.L. and Higgs, D.R. 2010. "Alpha-thalassaemia". Orphanet J. Rare. Dis., 5: 53-90.
7. Baig, S., Azhar A. and Hassan H. 2006."Spectrum of beta-thalassemia mutations in various
regions of Punjab and Islamabad, Pakistan: Establishment of prenatal diagnosis". Haematologica,
91: 13-15.
8. Owayes M. H. 2020."Role of MTHFR C667T and MTRR A66G genes polymorphism with
thyroid disorders". 1st International Conference on Pure Science (ISCPS-2020). Journal of
Physics: Conference Series. 2020
9. Thein, S.L. 2004."Genetic insights into the clinical diversity of [beta] thalassaemia". Br. J.
Haematol., 124: 264-274.
10. Azhar A. Al-baker, Owayes M. Hamed, Raya G. Al-Sultan and Lubna Y. Abbas.
2020."Association study between MTHFR and MTRR genes mutation in women with missed
abortion in Mosul city". Eurasia J Biosci, 14: 1929-1932.

2506

Hamed et al.

Iraqi Journal of Science, 2021, Vol. 62, No. 8, pp: 2501-2508

11. Murry, R., Bender, D., Botham, K., Kennelly, P., Rodweel, V. and Weil, P. 2012."Harper's
Illustrated Biochemistry". 29 th ed., a Lang medical book/ McGraw - Hill Companies, New York.
12. Nelson, D. L. and Cox, M. M . 2013."Lehninger, Principles of Biochemistry". 6 th ed., W. H.
Freeman and Company, New York.
13. Owayes M.H. 2020."Some biochemical markers and methylene tetrahydrofolate reductase gene
polymorphism that association with different type of smoking". Cite as: AIP Conference
Proceedings 2213, 020040; Published Online: 25 March. 2020.
14. Tagarelli, A., Piro, A., Bastone, L. and Tagarelli, G. 2002."Identification of glucose 6- phosphate
dehydrogenase deficiency in a population with a high frequency of thalassemia". Fed. Eur. Bioch.
Soc., 466: 139- 142.
15. Lakshmi, V. B., Saradamba, D., Kumar, G. P., Rajewari, G., Prakash Babu, M. J., Benerji, G. V.,
Babu, M. F. and Kumari, R. 2015. "Serum adenosine deaminase levels in hepatic disorders".
Indian J. Bas Appl. Med. Res., 4: 23- 31.
16. Samer Thamir Mahmoud. Abdul Kareem A.Alkazaz, Bushra J. Al-Musawi. 2020. "The Impact of
LHR Gene Polymorphism Rs12470652 in Women with POF and Nihh, A Case-Control Study".
Iraqi Journal of Science, , 61(3): 508-516. DOI: 10.24996/ijs.2020.61.3.6
17. Beulter, E, Biume, K., Valentine, K. J., Loka G., Romot, B. and Valentine, W. N.1997.
International committee for standardization in haematology. 1997
18. Price, N. C. and Stevens, L.1989. "Fundammentals of enzymology". 2 ed ed. Oxford University
press. U.K.
19. Hinton, P. 2004. "Statistics Explaned" . 2nd ed. By Routledge. Printed in the USA and
Canada.Pp.85-125.
20. Iranpur V and Esmailizadeh A. 2010. "Rapid Extraction of High Quality DNA from Whole Blood
Stored at 4ºC for Long Period. Department of Animal Science, Faculty of Agriculture".
Shahrekord University, Shahrekord, Iran. www.Protocol-online.org.
21. Al- Jawadi, W. A. A. 2000. "Study of some blood components and enzymes in β - Thalassemia
major children". MSc. Thesis, College of Science, Mosul University, Iraq.
22. Al- Zaeedi, A. A. K. 2002. "Determination the activity of some blood enzymes and biochemical
constituents in β - Thalassemia major". MSc. Thesis, College of Science, Mosul University. Iraq.
23. Li, C., Chik, K., Lam, C., To, K., Yu, S., Lee, V., Shing, M., Cheung, A. and Yuen, P.
2002."Liver disease in transfusion dependent thalassemia major". Arch. Dise. Chil., 86(5): 344347.
24. Ismailia, M. A., Hassn, M., Mahdi, N. and Murad, R. 2015."Biochemical enzymatic study of
patients with thalassemia major". Babylon University J. Pure Appl. Sci., 23(1): 115- 124.
25. Al- Bairmani, H. K., Abdulhameed. Q. M. and Al- Fartusie, F. S. 2019. "Estimation of adenosine
deaminase in adult Iraqi patients with β – thalassemia". J. Gol. Phar. Tech: pp. 393- 397.
26. Saja Majid and Wafaa Sadoon Shani. 2018. "The association of IL-10 (-592A/C) gene
polymorphism with progression of Type 2 Diabetes Mellitus in Basrah Province-Iraq". Iraqi
Journal of Science, 59(2B): 819-826.
27. Limdi, J. K. and Hyde, G. M. 2003. Evaluation of abnormal liver functions tests postgrad. Med. J.,
79: 307- 312.
28. Virgillis, S., Cornecchia, G., Sanna, G., Argioav, F., Galaneile, R., Foirelli, C. and Cao, A.1981.
"Chronic liver disease in transfusion dependent thalassemia iron quantitation and distribution.
Acta. Haematologica., 64: 32- 38. 1981
29. Keshab, B. and Dipali, D. 2015."Study on changes in serum adenosine deaminase activity in
patients with hepatitis". India J. H. R. M. L. P., 1(2): 36-40.
30. Harmatz, P., Butensky, E., Quirolo. K., Williams, R., Ferrell, L. and Vichinsky, E. 2020. "Severity
of iron overload in pateints with sickle cell disease receiving chronic red blood cell transfusion
therapy". Blood, 96(1): 76- 79.
31. Zamboni,G., Marradi, P., Tagliaro, F., Darizzi, R. and Tato, L.1986. "Parathyroid hormone,
calcitonine and vitamin D metabolites in beta- thalassemia majo"r. Eur. J. Pediatr., 145: 133- 136.
32. Williams, B., Morris, L., Toogood, I., Penfold, T. and Faster, B. 1992."Limb deformity and
metaphyseal abnormalities in thalassemia major". Am. J. Pediatr. Hematol. Oncol., 14: 197- 201.

2507

Hamed et al.

Iraqi Journal of Science, 2021, Vol. 62, No. 8, pp: 2501-2508

33. Ljilana. B., Gordana, K., Tatjana, C., Dusica, S., Stevo, N., Zoran, P., Marin, J. and Bojko, B.
2009. "Alkaline phosphatase activity in human milk during the first month of lactation". Acta.
Fac. Med. Naiss., 26(1): 43-47.
34. Gong, H., Little, G., Cradduck, M., Draney, D., Dadhye, N., and Olive, D. 2011. "Alkaline
phosphatase assay a near- infrared fluorcent substrate merocyanine 700 phosphate". Talanta., 84:
941- 946.
35. Ponnazhagan, S. and Sarkar, R.1992. "Enzymes of the pentose phosphate pathway in glutathione
regulated membrane protection in beta thalassemia". Eur. J. Clin. Chem., 30: 418- 484.
36. Al - Nood, H. A. 2011. "Thalassemia and glucose 6- phosphate dehydrogenase deficiency in
sickle- cell disorder patients in Taiz, Yemen. East." Med. Health J., 17(5): 404- 408.
37. Banyatsuppasin, W., Jindadamrongwech, S., Anchalee L. and Butthep, P. 2017. "Prevalence of
Thalassemia and glucose 6- phosphate dehydrogenase deficiency in newborns and adults at the
ramathibodi hospital, Bangkok", Thailand Inter. J. Hemogl. Res., 41: 260- 266.
38. Salih, S. G. and Al- Jawadi, W. A. 2006. "Adenosine deaminase activity in children blood affected
by major β - thalassemia in Nenavah governerate". Raf. J. Sci., 17(9): 243- 250.
39. Jankeer, M. H. and Mikeil, M. H. 2006."Adenosine deaminase activity in blood serum of pregnant
women infected by Toxoplasmosis in Nenavah governate". Tikrit J. Pure Sci., 11(1): 69- 73.
40. Hammodate, Z. M. 2006."Study of adenosine deaminase activity in serum and erythrocytes from
patients affected by acute and chronic leukemia". Raf. J. Sci., 17(4): 8-16.
41. Whitehouse, D. B., Hopkinson. D. A., Pilz, A. J. and Arrendondo F. X. 1986."Adenosine
deaminase activity in a series of 19 patients with the Diamond - Blachfan syndrome". Adv. Exper.
Med. Biol., 195A: 85- 92.
42. Glader, B. E. and Karen, B. 1988."Elevated red cell adenosine deaminase activity : a marker of
disordered erythropoiesis in Diamond - Blackfan anaemia and other haematologic disease". British
J. Haematol., 68(2): 165- 168.
43. Zahra J. Ramadan, Owayes M. Hamedand and Ibtihal Hussien Khalaf. 2020."Detection of Genetic
Variation for Some Genes That Related With Recurrent Spontaneous Abortion in Nineveh
Province". Biochem. Cell. Arch.. 20(2): 6407-6414.

2508

