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ABSTRACT

Objective: Support of ordinary degrees of copper, has a significant influence in reducing the
morbidities related with thalassemia major. Levels of this component has been seen as modified in
this incessant transfusion subordinate infection from everywhere throughout the world, however with
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broadly factor results. Other than rehashed blood transfusions and utilization of chelating operators,
the level of copper in thalassemia patients are influenced by hereditary and dietary factors likewise,
convincing us to embrace this investigation in our population. The Objectives of this study was to
appraise of serum levels of copper in children with beta-thalassemia major.

Methods: In this observational comparative research design, all children between 5 to 15 years
affected by beta thalassemia major (30 patients) and 30 normal children were evaluated for serum
copper levels in the Department of Pediatrics, DMCH and attended at Thalassemia Center, DSH
(Dhaka Shishu Hospital). Serum measurements for copper were performed using Atomic Absorption
Spectrophotometer (Varian, AA 240 FS, USA) in Analytical Chemistry Laboratory, Chemistry
Division, Atomic Energy Centre, Dhaka, Bangladesh.

Results: The minimum, maximum, and the mean concentration of serum copper in patients were
103.50, 239.94, and 147.55 * 35.17 ug/dl and in control group, those were 58.75, 192.43, and
123.85+ 33.19 pg/dl respectively. There was no significant difference in serum copper level in the
thalassemia group and the control group (p=0.54) (P=0.3).

Conclusion: This investigation revealed that there is no copper inadequacy. Further assessment in

such manner is suggested.

Keywords: Thalassemia; pediatrics; serum; atomic absorption spectrophotometer.

1.INTRODUCTION

Thalassemia is one of the most common
inherited disorders of hemoglobin in the world [1].
It has been estimated that there are 270 million
carriers of mutant globin alleles worldwide which
can cause severe forms of hemoglobinpathy and
thalassemia [1]. This disease was initially
described by Cooley and Lee [2]. The most
common types of this disease are the alpha and
beta thalassemia. Thalassaemia is an inherited
hemoglobin  disorder resulting in chronic
hemolytic anaemia. In this disease, B — globin
fibers are not enough (B+) or do not exist (B0).
More than 200 mutations can cause £
thalassaemia but 20 identical alleles bring 80%
of thalassaemia in the world. The gene
prevalence of thalassaemia has been reported all
over the world on average of 3% [3]. WHO has
estimated that about 1.5% of the world's
population might be carriers of § — thalassaemia,
and it is predicted that annually 70,000 children
are born with various types of thalassemia, the
majority of which are B-thalassemia, which is the
most severe form, commonly presenting with
common symptoms of anemia and requiring
regular blood transfusions [4,5]. These
individuals  mostly  originate  from  the
Mediterranean, Middle East. Central Asia, India
& Southern China [6]. The Maldives has the
highest incidence of thalassemia in the world
with a carrier state of 18% of the population. The
estimated prevalence is 3-8% among populations
from Bangladesh, China, India, Malaysia &
Pakistan. A very low prevalence has been
reported from the pupil in Northern Europe
(0.1%) and Africa (0.9%).
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Beta thalassemia major is the most severe form
requiring repeated blood transfusions and
desferrioxamine injections.  Although such
treatments increase the patients' life span, on the
other hand a variety of complications, including
endocrine, metabolic, skeletal, and growth
disorders are being observed due to the

high contents of iron storage in the body
[7.8].
Trace elements and other minerals play

asignificant role in thebody. These elements are
presented in appropriate amounts and reacted
with other elements to form key biomolecules as
well as participatingin chemical reactions in the
body. Insufficiency or abundance of any
elementcauses severe metabolic abnormities
and leads to toxicity. The variation in the element
level of serum can be potentially used for the
diagnosis and monitoring of various disorders,
environmental exposure and nutritional
deficiencies in the tissues and body fluids [9,10].
Moreover, copper is viewed as a significant
micronutrient with the most noteworthy sum in
liver, cerebrum, heart, and kidneys. Copper is
also an essential structural co-participant of
many enzymes acting as a cofactor in a majority
of enzymatic reactions including those of
cytochrome C oxidase, lysyloxidase, superoxide
dismutase, and thyrosinase [11,12]

Also some reports are indicating a change in
serum level of copper in patients with
thalassemia major [13,14]. We have conducted
this study to evaluate the serum copper level in
thalassaemia major and to compare it to the
normal subjects.
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2. MATERIALS AND METHODS
2.1 Sample Collection

In this prospective observational research study
all children between 5 to 15 years affected by
beta-thalassemia major (30 patients) and 30
number of age and sex-matched normal healthy
children that were covered by Department of
Pediatrics, DMCH and attended at Thalassemia
center, DSH (Dhaka Shishu Hospital ), were
evaluated for copper levels. Inclusion criteria
were: 1) Children suffering from B thalassaemia
major, diagnosed by Hbelectrophoresis. (HbA —
absent or decreased, Hb A-2-variable. HbF-
increased > 90%) 2) Age in between 5-15 years
3) Patients who received at least 10 times blood
transfusion. Children less than 5 years and
above 15 years old and other
hemoglobinopathies were excluded from the
study. Demographic and anthropometric data
and history of disease and treatment were
collected by physical examination, medical
records, and laboratory measurements.

Weight and height were measured by using
standard methods by corresponding pediatrician.
There is standard international serum values
copper in children. The normal value ranges for
copper were 70-150 pg/dl [15]. Written
permission of the parents to take a 5 ml blood
sample for determination of serum levels copper
was obtained following a clear full oral
explanation of the subject of research. After
collection of the whole blood, the blood was
transferred into labeled acid-washed Cu-free
tubes and allowed to clot by leaving it
undisturbed at room temperature. This usually
takes 15-30 minutes. The clot was removed by
centrifuging at 2500 rpm for 10 minutes in a
centrifuge.

The resulting supernatant is designated serum.
Following centrifugation, it is important to
immediately transfer the liquid component
(serum) into a clean polypropylene tube using a
Pasteur pipette. The samples were maintained at
2-8°C while handling. When the serum is not
analyzed immediately, the serum sample was
apportioned into 0.5 ml aliquots, stored, and
transported at —-20°C or lower. Later, the
samples were transferred to the Analytical
Chemistry Laboratory, Chemistry Division at
Atomic Energy Center, Bangladesh Atomic
Energy Commission, Dhaka.
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2.2 Solvents and Reagents

High-purity de-ionized water (resistivity 18.2MQ
cm') was obtained using a Mili-Q water
purification  system  (Thermoscientific, MA
USA).All reagents were of analytical-grade.All
solutions were prepared in a pre-cleaned hood.
Standard Cu solution (1000 ug/L; Spectropure,
USA) was obtained from Agilent Technologies
(Santa Clara, CA, USA). Polypropylene
bottlesand tubes were soaked overnight in 10%
(v/v) HNOg, and cleaned by rinsing three times
with high-puritydeionized water and dried. All
operations were performed in a cleanhood to
prevent contamination of samples.

2.3 Sample Preparation and Analysis

After receiving the serum samples in Analytical
Chemistry Laboratory, dilution of samples were
tendered to 10 mL using ultrapure deionized
water if required. Analytical calibration standards
and spiked samples with matrix from known
standards were prepared from standard Cu stock
solution of 1000ug/L. A calibration curve of 0.1—
10 pg/L was constructed. The serum content of
copper was measured using Flame Atomic
Absorption Spectrophotometer (FAAS) (Varian
AA 240FS) equipped with hollow cathode lamp
having a Lamp current 4 mA, wavelength of
324.8 nm and a slit width of 0.7 nm and operated
according to the conditions recommended by the
manufacturer. The type of flame was
Air/Acetylene, the flow rate of Air and Acetylene
was 13.50 L/min and 2.90 L/min respectively.
Moreover, the purity of Acetylene gas was
99.99% pure used for the flame.

In order to monitor the result whether it is reliable
enough to be released or not, internal quality
control activity was performed. Furthermore,
analysis of blank, duplicate, and spike recovery
of the analyte were measured during the analysis
as a piece of the inward quality control
rehearses.

The data were recorded and analyzed by the t-
test. P-value < 0.05 was considered as
significant and Chi-square and one-way ANOVA
test has been used to find out the significance of
the study parameters on a categorical scale
between two or more groups. All parents were
given clear explanations regarding the
methodology of the research. The children were
included in the study if their parents agreed and
signed the consent form.
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Fig. 1. A conceptual diagram of serum copper status in children with Thalassemia major and
healthy control group

3. RESULTS

A total of 30 children samples were collected
from B-thalassemia major where 15 (50%) cases
acquired from males and 15 (50%) cases from
females. The age range of collected 30 samples
of B-thalassemia patients and healthy samples
was 60-168 months. Total of sixteen children
(26%) came from a family with consanguinity of
marriage while 44 (74%) came from a family of
non-consanguinity of marriage. In B thalassemia
group 11(36%) children were from a family of
consanguinity while it was only in 5(16%) in the
control group. In B thalassemia group twenty-
three (76%) cases had palpable liver and in
7(24%) cases liver was not palpable. In the case
of the spleen, 100% of cases came with the
palpable spleen.

Regarding the nutritional status of the study
population, among 30 thalassemia patients, 2
patient was severely wasted and 5 patient was

moderately wasted. In the control group no
children were severely wasted, 2 children were
moderately wasted and rests are normal. There
was no significant difference in weight for height
between the two groups.

In this study, the hematological parameters of
both groups are extremely variable (Table-1&
Fig. 2). In B thalassemia major, the mean
hemoglobin level, Mean Corpuscular Volume
(MCV) of RBC, Mean Corpuscular Hemoglobin
(MCH) , Corpuscular Hemoglobin Concentration
(MCHC) were significantly lower than that of the
control group (p=.001).

The results of minimum, maximum, and the
mean concentration of serum copper in patients
and the control group were shown in Table 2.
There was no significant difference in serum
copper level in the B thalassemia group and the
control group (p=0.54). (Table-2).

Table 1. Hb and RBC indices of the study population (n= 60)

Haematological B thalassemia major group Control group p value
parameters Mean SD Min Max Mean SD Min Max
Haemoglobin 6.2 1.4 3.5 8.5 10.62 29 8.0 12.5 .001
(gm/dl)

MCV/(fl) 68.03 219 55 80 83.39 5.0 74 92 .001
MCH(pgm) 21.76  3.37 17 27 27.23 1.6 25 30 .001
MCHC(gm/dl) 2763 232 23 32 31.74 1.5 28 34 .001
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Fig. 2. Distribution of hematological parameters inthalassemia patients and control group

Table 2. Serum copper level of the children

Group Serum copper (ug/dl) p value
Mean SD Min Max
B Thalassemia group 147.55 35.17 103.50 239.94
Control group 123.85 33.19 58.75 192.43 0.54

4. DISCUSSION

In this study, male and female patients were
equal in number, whichwas consistent with the
study conducted in Bangladesh by Rahman &
Jamal [16] where the sex ratio was roughly 1:1.
The mean age in the study group was
approximately 106.12 months with standard
deviation of 30.76 months. The youngest and the
oldest children were of 60 and 168 months
respectively. These findings are almost
consistent in previous studies [17,18].

These results of low Hb among patients can be
explained by the limited health education of the
parents about the disease, so that, blood
transfusion was used only when the patient
showed clinical symptoms caused by severe
anemia or simply just to sustain life [19,20].
Whereas reports from other countries focused on
a super fransfusion program (maintaining Hb
level above 12 g/dl) or hyper transfusion program
(where the Hb level never allowed dropping
below 9 g/dl) [21].

Other haematological parameters of both groups
were extremely variable. Mean MCV, MCH and
MCHC in thalassemic group were significantly
lower than those in their control counterpart (p =
0.001 in all parameters). These findings are
favorably comparable with those of Vichinsky
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[22]. These findings are comparable with Iranian
and Thai studies where mean height for age was
96.2+4.7% and 96+4.0% respectively [23,24].

Copper is one of the essential micronutrients of
the human body mainly attached to albumin and
ceruloplasmin. This trace element acts as the
cofactor for at least 30 enzymes and many
manifestations of copper deficiency and toxicity
are associated with irregularities in these
enzymes [11,12]. Some studies showed that
there was an increase in the serum level of
copper in patients experiencing thalassemia
major [14,24,25]. Al-Samarrai et al. concluded
that the etiology of hypercupremia is
hemochromatosis, which is a principal
complication of thalassemia [26]. However,
reports of Bekheirnia [27], Tabatabaei [28],
Naser [29] and Eshghi [30] revealed a reduction
in serum level of copper, although a study by
Kassab-Chekir showed no change in copper
concentration of serum [31].

The serum concentration of copper in patients
with thalassemia major depends on several
factors including the amount of copper intake in
the daily diet, intestinal uptake of copper, iron
accumulation, kidney function, copper to zinc
ratio, and administration of Desferal [14,25].
Shamshirsaz et al. found the deficiency of serum
copper concentration while Kajanachumpol et al.
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found the higher copper concentration in
thalassemia patients [13,14]. Fortunately none of
our thalassemia patients had copper deficiency.
This shows that the factors that influence the
copper levels are under control.

5. CONCLUSION

This study revealed that but there was no copper
deficiency. Further evaluation in this regard is
recommended. There was no significant
difference between [ thalassemia major and
normal control in terms of serum copper level.
The limitations of our study were the small group,
local investigation, and unavailability of data
concerning diet regimens. We recommend the
repetition of this study on a larger scale.

ACKNOWLEDGEMENTS

The authors are grateful to the authority of the
Atomic Energy Center, Bangladesh Atomic
Energy Commission, Dhaka, Bangladesh and
want to show gratitude to Md Shahidur Rahman
Khan, Md. Azizul Maksud and Lutfun Naher Lutfa
of the Analytical Chemistry Laboratory,
Chemistry Division, Atomic Energy Center,
Dhaka, Bangladesh for their assistance during
the laboratory work.

CONSENT AND ETHICAL APPROVAL

The aims and objective of the study along with its
procedure, alternative diagnostic methods, risk
and benefits were explained to the patient’s
parents in detail, in easily understandable local
language and then voluntary informed written
consents were taken from the parents before
collecting data. Privacy, anonymity and
confidentiality were maintained during the
procedure. It was assured that the procedure
was helpful for both the physician and patients in
making rational approach regarding management
of the case. The Ethical Committee of Dhaka
Medical College approved this research protocol.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Piel FB. The present and future global
burden of the inherited disorders of
hemoglobin. Hematology/Oncology Clinics
of North America. 2016;30(2):327-341.

99

10.

11.

12.

13.

14.

Lukenn JN. The thalassemia and related
disorders. In: Richard Lee GR, Foeuster J,
Lukens J, Parakeras F, Green J, Rodgers
GM. Wintrobes clinical hematology. 18"
ed. Philadelphia; Lippincott, Wiliams &
Wilkins; 1999.

Eshragi P, Tamaddoni A, Zarifi K,
Mohammadhasani A, Aminzadeh M.
Thyroid function in major thalassemia
patients: Is it related to height & chelation
therapy. Casp J Intern Med. 2011;2:189-
93.

Weatherall DJ. The inherited diseases of
hemoglobin are anemerging global
health burden. Blood. 2010;115(22):4331—
4336.

Weatherall DJ. The challenge of hemo-
globinopathies resource -poor countries.
Br. J. Haematol. 2011;54(6):736-744.
Higgs DR, Engel JD, Stamatoyannopoulos
G. Thalassemia. The Lancet. 2012;379:
373-83.

Habibzadeh F, Yadollahie M, Merat A.
Thalassemia in Iran an overview. Arch
Inter Med. 1998;7(1):27-33.

Saka N, Suikidr M, Bundak R, Anak S,
Neyzi O, Gedikoglu G. Growth and puberty
in Thalassemia major. J Pediatr Endocrinol
Metab.1995;8(3):181-6.

Burton C, Dan Y, Donovan A, Liu K, Shi H,
Ma Y et.al. Urinary metallomics as a novel
biomarker discovery platform: Breast
cancer as a case study. Clinica Chimica
Acta. 2016;452:142—-148.

Farooq S, Mazhar W, Siddiqui AJ, Ansari
SH, Musharraf SG, Quantitative assess-
ment of metal dysregulation in (-
thalassemia patients in comparison with
healthy controls by ICP-MS and chemo-
metric analyses. Biomed Chromatogr.
2018;32(5):e4200.

Haghshenas M, Zamani J. Shiraz: Shiraz
Medical University Publisher;
Thalassemia; 1997;10-30.

Anderson JB. Minerals. In: Escott-Stump
KL, Krause S, Food S. Nutrition and Diet
therapy. 11th ed. Philadelphia: Sunders;
2004.

Shamshirsaz AA, Bekheirnia MR, Kamgar
S, Pourzahedgilani N, Bouzari N,
Habibzadeh M, et al. Metabolic and
endocrinologic complications in beta-
thalassemia major: A multicenter study in
Tehran. BMC Endocr Disord. 2003;3(1):4.
Kajanachumpol S, Tatu T, Sasanakul W,
Chuansumrit A, Hathirat P. Zinc and



15.

16.

17.

18.

19.

20.

21.

22.

23.

Nandy et al.; CJAST, 39(13): 94-100, 2020; Article no.CJAST.57898

copper status of thalassemia children.
Southeast Asian J Trop Med Public
Health.1997;28(4):877-80.

Burtis CA, Ashwood ER. Tietz
Fundamentals of Clinical Chemistry, Fifth
Edition. Philadelphia: WB Saunders; 2001.
Rahman SA, Jamal CY. Congenital
hemolytic anemia in Bangladesh: types
and clinical manifestations, Indian Pediatr
2002;39:574-7.

Adaay MH, Anzy MM, Al-Samarrai AMH.
Some Observations on the Occurrence of
B-Thalassemia in Mosul Iragi J Med Sci.
2011;9(3).

Awad MH. Homozygous [-thalassemia
in Mosul. PhD thesis, Mosul Univ, Iraq;
1999.

Chene-Frempong K, Schwartz E. Clinical
features of thalassemia. Pediatric Clinics
of North America. 1980;27:402-420.

Yang HC, Chen YC, Mao HC, Lin KH.
lliness knowledge social support and self
care behavior in adolescents with
thalassemia major. 2001;9:114-124.
Nienhuis AW, Anagnou NP, and Ley TJ.
Advances in thalassemia research. Blood.
1984;63:738-758.

Vichinsky E. Hemoglobin E syndromes,
Hematology. Am Soc Hematol Educ
Program; 2007.

Mehdizadeh M, Zamani G, Tabatabaee S.
Zinc status in patients with major beta—
thalassemia. Pediatr Hematol Oncol. 2008;
25(1):49-54.

24.

25.

26.

27.

28.

29.

30.

31.

Fuchs GJ, Tienboon P, Linpisarn S.
Nutritional factors and thalassemia major,
Arch Dis Child. 1996;74:224-227.

Bashir NA. Serum zinc and copper levels
in sickle cell anemia and beta-thalassemia
innorth Jordan. Ann Trop Paediatr; 1995.
AL-Samarrai AH, Adaay MH, AL-Tikritti
KA, Al-Anzy MM. Evaluation of some
essential element levels in thalassemia
major patients In Mosul district, Iraq. Saudi
Med J. 2008;29(1):94-7.

Bekheirnia R, Shamshiraz AA, Kamgar M,
Bouzari N, Erfanzadeh G, Pourzahedgilani
N et al. Serum zinc and its relation to bone
mineral density in beta-thalassemia
adolescents. Boil Trace Elem Res. 2004;
97(3):215-24.

Tabatabei M, Kamkar M, Habibzadeh MR.
Metabolic and endocrine complications in
beta-thalassemia major; a multicenter
study in Tehran. Boshehr Med J. 2003;
5(1):72-3.

Nasr MR, Ali S, Shaker M. Antioxidant
micronutrient in children with thalassemia
in Egypt. East Mediter Health J. 2004;8(4-
5):490-5.

Eshghi P, Alavi S, Ghavami S, Rashidi A.
Growth impairment in beta-thalassemia
major: the role of trace element deficiency
and other potential factors. J Pediatr
Hematol Oncol. 2007;29(1):5-8.

Kessab- Chekir A, Laradi S, Ferchichi S.
Oxidant/ anti-oxidant status and metabolic
data in patients with beta- thalassaemia.
Clin Chim Acta. 2003;338:71-86.

© 2020 Nandy et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/57898

100



