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Abstract

This study is aimed to measure the serum levels of Zn and Cu in BTM patients with respect to their
iron overload, and methods of treatment. A total of 81 BTM patients were enrolled in the study among
them 12 patients were just diagnosed and received no treatment to serve as a second control group
beside the first one which was composed of the healthy subjects.  Patients on scheduled blood
transfusions and those on subcutaneous (Sc.) Desferrioxamine (DFO) infusions beside blood
transfusion were compared firstly with the healthy controls and secondly with the newly diagnosed
thalassemics. A third type of comparisons was done among the study groups themselves. The results
showed that in comparing the patients on blood transfusion with the healthy controls, a highly
significant increase in Cu serum levels (p<0.01) were found. Comparison of the patients on DFO
infusions with the healthy controls showed a highly significant increase in serum Cu (p<0.01), and a
significant decreases in Zn serum levels (p<0.05). In comparing the spleenectomized patients with the
healthy controls a highly significant decrease were found in Zn serum levels (p<0.01), and a significant
increase in Cu serum levels (p<0.05), and so did the non spleenectomized patients.. In comparing the
newly diagnosed thalassemic patients with the healthy controls, a highly significant increase was found
in Cu serum levels (p<0.01), no significant correlation was found between serum levels of ferritin and
either Zn or Cu. From this study it was concluded that treatment methods can significantly affect serum
levels of both Zn and Cu.
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Introduction

he term “thalassaemia” refers to synthesis of one of the two types of
a group of blood diseases polypeptide chains (o or ) that form
characterized by decreased the normal adult human haemoglobin
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molecule (HbA, a 2 B 2), resulting in
decreased filling of the red cells with
haemoglobin, and anemia [1]. Regular
red blood cell (RBC) transfusions
eliminate the complications of anemia
and compensatory bone marrow
expansion  will  permit  normal
development throughout childhood and
extend survival [2]. In parallel, blood
transfusions result in a "second
disease” while treating the first, that
has resulted from the inexorable
accumulation of tissue iron, further
altering the prognosis of thalassemia
major over the last 20 years has been
progressed in the development of iron-
chelating therapy for iron overload [3].

In patients with p-thalassemia in
whom yearly transfusion requirements
exceed 200 ml packed cells per
kilogram body weight, spleenectomy
should significantly diminish RBC

requirements and iron
accumulation [4].

Copper and Zinc are essential
micronutrients involved in  many
metabolic processes [5]. Zinc is

involved in the metabolism of energy,
proteins, carbohydrates, lipids and
nucleic acids and it is essential for
tissue accretion [6]. There is less
interaction between iron and Zn in
human than in experimental animals,
however, some researchers reported a
modest but significant fall in serum
ferritin in a group of volunteers taking
(50 mg/day) Zinc without additional
iron [7]. The increase of Zn and
magnesium in the liver and spleen
following iron overload was probably a
result not only of increased intestinal

Materials and Methods

This is a case-control study that was
done in The Inherited Blood Diseases
Center in Babylon Maternity and
Children Hospital.

A total of 81 P-thalassemia major
patients (42 males and 39 females)
were enrolled in this study. age range
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absorption but also of increased uptake

from the cell [8]. Copper is a
component of several enzymes,
including cytochrome oxidase,

superoxide dismutase (Cu/Zn SOD),
monoamine oxidase and lysyl oxidase
[6]. Copper concentration in plasma
and cells as well as Cu
metalloenzymes are indicative of Cu
status [9]. The intimate relationship
between Cu and Fe metabolism has
been recognized for many years. In
fact, Cu was identified as an ‘anti-
anemic’  factor, when  studies
demonstrated that Cu could facilitate
Hb formation [10]. Indeed, the Cu-Fe
connection had been acknowledged for
at least 100 years before this finding
[11]. It is only relatively recently that
the molecular basis for the biological
interactions between these two metals
has begun to be understood. The
discovery of caeruloplasmin, the Cu-
dependent ferrioxidase, formed the
initial bridge between Fe utilization
and Cu status. However, in recent
years it has become apparent that Cu-
Fe interactions occur at the dietary and
intestinal  level.  The  molecular
mechanisms underlying these
interactions suggest that the Cu-Fe
relationship may be more complex
than it was first thought [12].
Caeruloplasmin has subsequently been
shown to act as a ferrioxidase,
converting ferrous to ferric [13], and to
increase the rate of loading of Fe onto
transferrin. There is good evidence for
a role for Cu in intestinal Fe absorption
[14].

(1.5 to 19 years) (8.37+5.63 years).
They were subdivided according to the
method used in their treatment into: the
newly diagnosed thalassemic patients
who still did not receive blood
transfusion nor DFO therapy, the
patients treated by scheduled blood
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transfusion to maintain their Hb levels
around 9.5 mg/dl, the patients treated
by scheduled blood transfusion and to
treat their transfusional iron overload
they receive DFO (Desferal®) in vials
that contain 500mg from Novartis,
Switzerland, as Sc. infusions, the mean
dose of DFO was 20-40 mg /kg /
infusion over 8-12 hour, 5-6 days per
week.

Patients were excluded from the
study if they had one or more of the
following conditions: hepatitis B or C,
a history of positive HIV test, chronic
renal failure, heart failure, and
endocrine complications. 5 ml of blood
were taken from each participant to
obtain the serum by centrifugation to
assess the serum levels of Zn and Cu
using the commercially available Kits
from LTA, Italy, which are based on a
colorimetric reaction.

Serum levels of ferritin
measured by  minividas
commercially available Kkits

were
using
from

Table 1 clinical features of the study groups

Biomerieux, France. The assay
principle combines a one—step enzyme
immunoassay sandwich method with a
final fluorescent detection.

The serum samples were frozen at -
20 C " until used. All values were
expressed as means +* standard
deviation (u+S.D). The data were
analyzed by using a computerized
SPSS program. Student (s t —test was
used to examine the differences
between any two groups while
ANOVA test were used to examine the
relations within the groups.

Also a study for the regression and
correlation was also done between
serum ferritin and serum levels of Zn
and Cu. A (p<0.05) denoted by (*) is
considered to be significant and a (p <
0.01) denoted by (**) is considered to
be highly significant [14]. clinical
features of the study groups are
illustrated in table (1).

The study group Sample size Age(years) Sex
Range | Mean SD Male | Female

1-Healthy controls 10 2-20 10.8 6 5 5

2-Newly diagnosed 12 1.5-2 1.2 1 4 8

thalassemics

3-Blood infused 19 1.5-4 3.2 2.5 8 11

thalassemics

4- DFO infused 50 4-20 10.6 51 30 20

thalassemics

4a- 24 5-19 12.6 55 15 9

Spleenectomized

4b-non 26 4-19 8.8 4.4 13 13

spleenectomized

Results

In comparing the newly diagnosed
thalassemics with the healthy controls
a highly significant increase in serum
levels of Cu (p< 0.01), and a non
significant decrease in serum levels of
Zn were found, while in comparing the
blood transfused thalassemics with the
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healthy controls a highly significant
increase (p< 0.01) in serum Cu and a
non significant decrease in serum
levels of Zn were found. Comparison
of the DFO infused thalassemics with
the healthy controls showed a highly
significant increase (p< 0.01) in serum
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Cu levels and a significant decrease
in serum levels of Zn (p< 0.05). These
results are illustrated in table (2) . All
values were expressed as means *
standard deviation (u+S.D).

By comparing blood transfused
thalassemic patients, and thalassemic
patients treated with DFO with the
newly diagnosed thalassemic patients,
both of the blood transfused
thalassemic patients, and thalassemic

patients treated with DFO showed a
non significant decrease in serum
levels of Cu and Zn .These results are
illustrated in table (2).

DFO infused thalassemics showed a
non significant decrease in serum
levels of Cu , and Zn when compared
with the blood transfused thalassemics
as shown in table (2).

Table 2 Comparison of the serum levels of Zn and Cu of the study

Serum levels healthy newly blood DFO infused
(no/dl) controls diagnosed transfused thalassemics

N=10 thalassemics thalassemics N=50

N=12 N=19

Cu 145.88+15.09 | 214.32+82.73 | 194.04+98.98 | 187.37+63.01

A** A** A**
Zn 100+8.4 99.7+40.1 85.63+£35.37 85.55+20.58

A*

(A) means a significant difference between the indicated group and the healthy
controls, (*) means p<0. 05,(**) means p< 0.01.

The patients receiving Sc. DFO
infusions were also  subdivided
according to the spleen state into
spleenectomized and non
spleenectomized. By comparing these
two groups with the healthy controls,
the spleenectomized patients showed a
significant increase (p< 0.05) in serum
levels of Cu, and a highly significant
decrease in serum levels of Zn (p<
0.01), and so did the non
spleenectomized patients as illustrated
in table (3). In comparing the
spleenectomozed and the non
spleenectomized patients with the
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newly diagnosed thalassemics, the
spleenectomized patients showed a non
significant decrease in serum levels of
Cu, and Zn , and so did the non
spleenectomized patients as illustrated
in table (3).

The spleenectomized patients showed
a non significantly lower serum levels
of Cu and a non significantly higher
serum levels of Zn when compared
with the non spleenectomized patients,
All these results are illustrated in table

(3).
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Table 3 Comparison of the serum levels of Cu and Zn of the study groups

Serum levels | the healthy | The newly | spleenectomized | non spleenectomized
(ng/dl controls diagnosed
n=10 thalassemics n=24 L4y
N=12

Cu 145.8+15.0 | 214.3+£82.7 175.34+47.10 195.89+74.00
A* A*

Zn 100+8.4 99.7+40.1 87.9t£17.6 83.3£23.3
A** A**

(A)means a significant difference between the indicated group and the healthy
controls, (*) means p<0.05,(**) means p<0.01.

A study of regression and correlation
of serum levels of Zn and Cu with the
level of serum ferritin had shown no

relationship with Cu and a non
significant positive relationship with
Zn as shown in table (4).

Table 4 Regression and correlation study of serum ferritin with serum levels of Zn

and Cu.
The Serum levels of ferritin r value significance
versus (A) and (B)
(ng\dl)
(A)Cu 0.034 0.88
(B) Zn 0.347 0.173

Discussion

In the comparison with the healthy

controls,

the

newly

diagnosed

untreated thalassemic patients showed
a non significant decrease in serum
levels of Zn and a highly significant
increase in serum levels of Cu, this
group was reported to have decreased
serum Zn compared to the healthy
controls associated with an increased
urinary Zn excretion [15].

Zinc

deficiency is

always

accompanied with an increased copper
absorption from the gut due to the
antagonistic effect of Zn [16], this can
explain the significant increase in Cu
serum levels as well.
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Blood transfused thalassemics when
compared with the healthy controls
showed a non significant decrease in
serum Zn levels with a highly
significant increase in serum Cu levels,
this could be explained on the basis of
the above reciprocal relationship
between those two trace elements.

Zinc deficiency in this group occurs
due to the hyperzincurea resulting from
the release of Zn from the hemolysed
red cells [17], they also mentioned that
many  hypercupremia in  blood
transfused thalassemic patients occurs
due to acute, chronic infections and
hemochromatosis which is a principal
complications in thalassemia.
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DFO infused thalassemics when
compared with the healthy controls
showed a highly significant increase
in serum Cu levels and a significant
decrease in serum levels of Zn, this
agrees with the results found by the
other reaserchers [16].

Our results can be explained
depending on the fact that beside the
chelation of iron, DFO can also chelate
Zn, Cu and Co especially in the
presence of low iron burden since the
effect of iron chelation treatment on
trace elements in patients with iron
overload depends on the relative
affinity of the chelator to these metals

[18].

Some previous studies, have
mentioned an increased urinary
excretion of zinc and decreased

Leukocyte Alkaline Phosphates (LAP)
activity, which is a zinc-dependent
enzyme, during DFO infusion in small
doses and it is  concluded that
chelation of trace elements, including
Zinc, may be related to the low iron
burden [19].

Another explanation for the lower
Zinc levels in thalassaemic patients
without any relationship between the
mean zinc level and the dosage and
duration of DFO treatment, is that
other factors, such as anorexia,
nutritional status, psychological
problems (such as depression) and
different metabolic and endocrine
complications have led to zinc
deficiency [20].

In this comparsion a highly
significant increase in serum levels of
Cu was found in DFO infused
thalassemics, this agrees with the
findings of other studies [20,16]. This
result could be attributed to:
1-An impaired Cu utilization in tissues
accounting for the pathogenesis of
thalassemia [21].
2-The blood transfusion from healthy
people and increased Cu absorption via
the gastrointestinal tract [20].
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3-Another possible cause is the
abnormal trace elements metabolism or
impaired kidney function [22].
4- The high level of Cu may be caused
by the parenchymal hepatic damage,
which is a common side effect in blood
transfused patients [20].

Serum levels of Cu in the blood
transfused thalassemics when
compared with the newly diagnosed
thalassemics showed a non significant
decrease with a non significant
decrease in serum levels of Zn. The
decrement of Zn in those patients
occurs due to hyperzincurea resulting
from the release of Zn from the
hemolysed red cells[17].

Patients (on DFO) when compared
with the newly diagnosed thalassemics
also showed a non significant decrease
in serum levels of Cu with a non
significant decrease in serum levels of
Zn, We should mention in this place
the possible ability of DFO to chelate
Zn, Cu , Co especially in the presence
of low iron burden as explained before
[20].

In comparing the blood transfused
thalassemics with the DFO infused
thalassemics there was a non
significant decrease in serum levels of
Cu with a non significant decrease in
serum levels of Zn which might
indicate the fact that DFO could reduce
the serum levels of Cu as well as Zn to
a non significant degree.

Comparing the spleenectomized
patients with the healthy controls a
significant increase in Cu levels found
which can be due to blood transfusions
[20], while Zn levels showed a highly
significant decrease, and this further
reflects the reciprocal relationship
between Zn and Cu discussed by [16]
in addition to the other mentioned
factors.

The non spleenectomized patients
showed the same results, this was
explained earlier by the fact that the
repeated blood transfusions [20] or the
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impaired tissue utilization of Cu [21]
could be responsible for the elevated
Cu levels when we compare the
thalassemic patients with the healthy
controls.

Therefore, according to our results
we suggest that this disturbance in
serum levels of Cu and Zn is not
related to the presence or absence of
trace  elements. The  non
spleenectomized patients showed a non
significant decrease in serum levels of
Zn and Cu and as we said this is an
effect caused by DFO.

As we explained before, the
alterations in trace elements are not
related to the absence or presence of
the spleen but is related to the
thalassemia condition. Cu and Zn
serum levels showed no differences
between the spleenecomized and the
non spleenectomized patients groups.

No correlation was found between
ferritin and Zn levels this is a well
documented fact [15,18,23], where
ferritin does not interfere by any means

References

1- Capellini,M. Elftheriou,A.,C.,P
iga,A.,Porter,J., and Taher,A.(2008).
Guidelines for the clinical management

of thalassemia, 2" revised
edition, Team up creations
limited,Cyprus:p20-136.

2-Weatherall,D.,J.,and Clegg,J.,B.

(1981). The thalassemia Syndroms,

3"edition. Blackwellscience
Ltd.,Oxford:p121-300.
3-Cohen,A.,R., Renzo Galanello,R.,

Pennell,D.,J., Cunningham ,M.,J. and
Vichinsky E.(2004). Haematology
(Am Soc Hemato Educ Program)
1:p14-34.

4-Olivieri ,N.,F. and Brittenham
,G.,M.(1997). Iron-Chelating Therapy
and the Treatment of Thalassemia.
Blood, 89, 3:p 739-761.
5-Shulman, R.,J.
developments in total

(2000).New
parenteral

269

the spleen but is related to thalassemia
condition.

Comparing the spleenectomized
patients with the newly diagnosed
thalassemics a non significant decrease
in serum levels of Cu, and Zn was
found and again this refers to the
ability of DFO to chelate those two

with the metabolism or the glomerular
filtration rate of Zn as well as Cu
which also showed no correlation.
From this study it was concluded that
treatment methods can significantly
affect serum levels of both Zn and Cu,
since in the stage of blood transfusion
there is an increase in Cu serum levels
which is compensated by a decrease in
Zn serum levels due to the reciprocal
relationship between these two trace
elements, then on the initiation of DFO

Sc. infusions both Zn and Cu
significantly  decreased due to
chelation by DFO.

nutrition for children. Curr.

Gastroenterol. Rep.;2:p253-258.
6-Zlotkin, S.,H.,and Buchanan,
B.,E.(1988).Amino acid intake and
urinary zinc Excretion in newborn
infants  receivingtotal parenteral
nutrition. Am. J. Clin. Nutr.;48:p330-
334.

7-Lynch S.,R.(1997).Interaction of iron
with other nutrients. Nutrition 8-
Vayenas, D.,V., Repanti M.,
Vassilopoulos, A. , and Papanastasiou,
D.,A .(1998). Influence of iron
overload on manganese, zinc, and
copper concentration in rat tissues in
vivo: study of liver, spleen, and brain.
International Journal of Clinical and
Laboratory Research; 28, 3 :p183-186.

8-Vayenas, D., V., Repanti M.,
Vassilopoulos, A. , and Papanastasiou,
D., A .(1998). Influence of iron

overload on manganese, zinc, and



Medical Journal of Babylon-Vol. 8- No. 2 -2011

YNy - AN aaad) - el alaal) -Agudall G Adaa

copper concentration in rat tissues in
vivo: study of liver, spleen, and brain.
International Journal of Clinical and
Laboratory Research; 28, 3 :p183-186.
9-Araya, M., Olivares, M., Pizarro,
F., Gonz?lez, M., Speisky, H., Uauy,
R.(2003). Copper exposure and
potential  biomarkers of  copper
metabolism.Biometals;16:p199-204.
10-El-Husseiny, O.,Fayed, S.,A.
and Omara, 1.,1.(2009). Response of
Layer Performance to Iron and Copper
Pathway and their Interactions.
Australian Journal of Basic and
Applied Sciences; 3(4):p 4199-4213.
11-Fox, P.,L.( 2003). The copper-iron
chronicles: The story of an intimate
relationship. Biometals, 16:p 9-40.
12-Sharp, P.( 2004). The molecular
basis of copper and iron interactions.
Proceedings of  the  Nutrition
Society;63: p563-569.
13-Curzon, G. and S., O’Reilly.(1960).
A couple iron-caeruloplasmin
oxidation system. Biochem. Biophys.
Res. Commun.; 2:p 284-286.
14-Daniel, W.,W.(1999).Biostatistic,a
foundation for analysis in health
science.7" edition.John Wiley and
Sons ,Philadelphia:p180-220.
15-Al-Refaie  ,F.,N., Wonke, B,
Wickens, D.,G., Fielding, A.,and
Hoffbrand, A.V. ( 1994). Zinc
concentration in patients with iron
overload receiving  oral iron
chelatorl,2- dimethyl-3-hydroxypyrid-
4-one or desferrioxamine. J. Clin.
Pathol. 47:p657-660.
16- Ghone, R.,A., Kumbar, K., M.,
Suryakar, A.,N., Katkam , R.,V. , and
Josh, N.,G. (2008). Oxidative Stress
And Disturbance In  Antioxidant
Balance In Beta Thala-ssemia Major.
Indian  Journal of  Clinical
Biochemistry; 23 (4):p 337-340.

270

17-Al-Samarrai, A.,H., Adaay ,M. H.,
Al-Tikriti K, A., and Al-Anzy,
M.,M.(2008). Evaluation of some
essential element levels in thalassemia
major patients in Mosul district, Iraq.
Saudi .Med. J.; 29(1):p94-97.
18-Irshaid, F.,and Mansi, K.
(2009).Status of Thyroid Function and
Iron Over load in Adolescents and
Young Adults with Beta- Thalassemia
Major Treated with Deferoxamine in
Jordan.World Academy of Science,
Engineering and Technology ;58:p658-
663.

19-Virgillis ,S. , Congia, M., Frau ,F.,
Argiolu, F. , Diana ,G., Cucca ,F. ,
Varsi,A., Sanna ,G.,Podda, G.,and
Fodde ,M.(2009). Deferoxamine-
induced growth retardation in patients
with thalassemia major. The Journal of
Pediatrics; 113, 4: P 661-669.
20-Mansi, K., Aburjai, T., Bargawi,
M., and Naser, H.(2009). Copper and
Zinc Status in Jordanian Patients with
B-Thalassemia Major Treated with
Defer-oxamine. Research Journal of
Biological Sciences;4(5): p566-572.
21-Kajanachumpol, S. Tatu , T,
Sasanakul, W., Chuansumrit, A.,
and Hathirat, P.(1997). Zinc and
copper  status  of  thalassemic
children.Southeast Asian J. Trop. Med.
Public Health;28(4):p877-880.
22-Bashir, N.,A.(1995). Serum zinc
and copper levels in sickle cell
anaemia and beta -thalassaemia in
North Jordan.Ann Trop. Paediatr.;
15(4): p291-293.

23-Faranoush, M., Rahiminejad, M.,S.,
Karamizadeh, Z., Ghorbani, R. ,and
Owji  S.(2008).Zinc Supplementation
effect on Linear Growth in Transfusion
Dependent B-Thalassemia. 1IBC; (1):
p 29-32.



