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Abstract
Essential elements, mainly selenium were involved in protection against oxidative stress in cells. Oxidation could lead to
the formation of free radicals that have been implicated in the pathogenesis of many diseases, including leukemia. Leukemia is a neoplastic disease that is susceptible to antioxidant enzyme and essential elements alterations. In this study,
serum selenium, was measured by atomic absorption spectrometry in the children with ALL, without any prior treatment
(new case, n=30), patients receiving treatment (n=30), and patients completely cured after chemotherapy (as the control
group) (n=30). Selenium was found to be significantly lower in leukemia cases than in the control group (p<0.0001 and
p<0.0001, respectively). selenium level for new case was 35.46 ± 10.93 μg/l and for patients receiving treatment was 48.12
± 18.97 μg/l, and 83.12 ± 28.79 μg/l in healthy children. This study shows that selenium plays an important role in the
pathogenesis of leukemia (ALL).
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Introduction

Selenium (Se) is an essential trace element having considerable and particular functions for human health because
it is genetically encoded for which incorporation into proteins, as the constitutive part of selenocysteine, the 21st amino
acid [1]. Most se-proteins have been shown to have a wide range of pleiotropic effects, ranging from antioxidant to anti-inflammatory effects [2], particularly the families of glutathione peroxidases (GPxs) and thioredoxin reductases (TrxRs) [1],
but their precise mechanism is not understood absolutely currently. Despite the scarce knowledge of mechanism, a large
number of laboratory and ecologic researches focused on the associations between selenium and human health have been
completed [3], showing that Se is associated with several human diseases including cardiovascular disease [4,5], central
nervous system disease [6], diabetes mellitus [7-10], but the results are inconsistent.
We can see worldwide debates on the relation between selenium and cancer risk. Observational studies and ranCitation : MH Mousazadeh. Level of Selenium of Children with Acute Lymphoblastic Leukemia (ALL).
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domized controlled trials suggest different effects in human.
A new meta-analysis [11] published in Cochrane 2014 described the association between selenium and cancer prevention, and this article tended to analyze the effect of selenium supplement based on random controlled trials. There
are other similar meta-analyses have been published, few of
them established dose-response or beneficial range of selenium exposure associated with the risk reduction or determined the shape of dose-response curve to find whether it
is a linear relation, saturation or U-shaped curve relation
between selenium exposure level and cancer risk. On the
other hand, numerous new studies have been reported in
recent years, and we think it is meaningful to conduct an
updated meta-analysis including different types of cancer
to provide comprehensive evidence and clarify the shape
of dose-response association between selenium status and
cancer risk.

Leukemia is a group of neoplastic disorders in cells
in bone marrow and blood. Leukemia is one of the most frequently observed types of cancer in children in the world.
The main concern in Iran is the diagnosis and treatment
of acute lymphoblastic leukemia (ALL) in children. There
are many commonly-used methods for the determination
of selenium in blood samples, including fluorometry, hydride-generation atomic absorption spectrometry (AAS),
graphite furnace atomic absorption spectrometry, neutron
activation analysis and X-ray fluorometry [12]. We measured selenium in blood serum by graphite furnace atomic
absorption spectrometry.
Given this significant contribution of selenium in
the human body the possibility exists that it could be used
in the treatment of blood cancer. The action of selenium depends on the compound in which selenium is present. Batist and his group [13] have shown that selenosistin and sodium selenite have an anti-carcinogenic effect [13,14]. Cai
et al. [15], have been studied to investigate the associations
between selenium exposure and cancer risk. They identified
69 studies and applied meta-analysis, meta-regression and
dose-response analysis to obtain available evidence. The
results indicated that high selenium exposure had a protec-

tive effect on cancer risk. The results of linear and nonlinear
dose-response analysis indicated that high serum/plasma
selenium and toenail selenium had the efficacy on cancer
prevention. However, they did not find a protective efficacy
of selenium supplement. High selenium exposure may have
different effects on specific types of cancer. It decreased the
risk of breast cancer, lung cancer, esophageal cancer, gastric
cancer, and prostate cancer, but it was not associated with
colorectal cancer, bladder cancer, and skin cancer [15].
In the present study, we studied the serum concentration of Se, with different types of leukemia patients.
Our investigation shows that there are grounds for further
study of the use of special selenium compounds both for
treatment as well as for preventive measures.
Materials and Methods
Patients and Controls

This study included 30 children (18 boys and 12
girls, mean age 2.6 ± 1.7 years) who had leukemia (ALL)
with any prior treatment. Another 30 children (15 boys
and 15 girls, mean age 2.3 ± 1.9 years) who had receiving
treatment, and patients completely cured after chemotherapy (18 boys and 12 girls, mean age 2.6 ± 1.7 years) as the
control group. All these children had normal neurological
examination. The donors belong to a middle socioeconomic
status with urban dietary habits. Informed and written consent of the parents of the cases and controls was obtained
and the study protocol was approved by the ethics committee of the hospital.
Sample Collection and Treatment

The sampling of blood was performed in the Department of Pediatrics of Motahari of Urmia Hospital. Blood
samples were taken at 8-9 am after fasting and collected
into polypropylene tubes containing lithium heparin (Vacuette, Geiner Labortechnik, Kremsmünter, Austria). Serum
was separated within 2 h, and aliquots were kept frozen
at−30° C until trace element analysis. All laboratory wares
including pipette tips and auto sampler cups were cleaned
thoroughly with detergent and tap water, rinsed with distilled water, soaked in dilute nitric acid, and then rinsed
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thoroughly with deionized distilled water.

Determination of Antioxidants in Serum
The selenium was determined by the graphite furnace atomic absorption spectrometry (AAS; SpectrAA 220,
GTA 110, Varian, Australia) equipped with pyrolytically
coated graphite tubes and deuterium background correction. The samples were diluted 1+4 v/v with 0.1% v/v Triton X-100. A mixture of Ni+Mg(NO3)2 was used as matrix
modifier in graphite furnace AAS (GFAAS) addition to an appropriate furnace program (pyrolysis temperature of 900°
C and an atomization temperature 2,600° C). This chemical
modifier is proposed as the best choice among the examined modifiers for determination of selenium in serum [16].

The serum samples were diluted five times with
chloric acid (0.1 N) for selenium measurements. Determination of this element was performed on a flame atomic
absorption spectrometer (SpectrAA 220, Varian, Australia)
equipped with deuterium background correction. The corresponding hollow cathode lamps were used as light sources with each instrument operated under the optimized conditions indicated in Tables 1,2.
The accuracy of the measurement was evaluated
based on recovery studies and analysis of quality control
material (Seronorm™ Trace Elements Whole Blood, Level 1,
Art. No. 201405, Norway). It was supplied freeze-dried and
reconstituted by adding 3 ml of water. Accuracy was 97.5%
for selenium.

selenium levels was observed between leukemia patients
(new case), patients with receiving treatment, and healthy
participants as the control group (p<0.0001, p<0.0001, and
p<0.0001, respectively). Selenium level for new case was
35.46 ± 10.93 μg/l and for patients receiving treatment was
48.12 ± 18.97 μg/l, and 83.12 ± 28.79 μg/l in healthy children (patients completely cured) respectively. In our study
the healthy children mean selenium concentration in serum
patients completely was cured. 102.38 ± 19.25 µg/L. Table
5 shows that serum selenium level in Iranian children is not
much higher than other countries ignoring age. However,
the Selenium level in children blood serum in Iran is not
meaningfully different from other reported values in other
countries. In this case the number of samples were 30 that
is quite enough for this type of measurements, and Selenium level in our control group is same as values of human
serum in other studies (Table 4). Even though the regression calculations showed a gradual decrease in the selenium level with age but the change was not significant (Figure
1). We also could not detect any significant difference in the
amount of serum selenium in boys and girls (Tables 1-4).

Statistics

Summary statistics (n, mean and standard deviation) were calculated. The changes between control and
patient groups were analyzed using one-way analysis of
variance (ANOVA). In addition, the other values were compared using ANOVA, taking into account sex as a grouping
variable. A probability level of 0.05 or less was considered
significant. Statistical evaluation was carried out by using
the SPSS 11.5 for Windows.
Results

Serum antioxidant concentrations for the total
subject are presented in Table 3. A significant difference in

Figure 1: Relationship between serum selenium level and
age in healthy children.
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Table 1: Optimized Instrument Parameters and Working Conditions for Selenium Analysis in Human Serum (Instrument
Settings for Determining of Selenium in Serum by GFAAS.).
CaliMeasurement
Wavelength
Slit
Lamp
Sample
Modifier
bration
mode
(nm)
width
current
volume
volume
mode
(nm)
(mA)
(μl)
(μl)
Concentration

Peak height

196

1

10

10
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Table 2: Optimized Instrument Parameters and Working Conditions for Selenium Analysis in Human Serum (Furnace
Optimized Parameters for Analysis of Selenium in Serum by GFAAS.).
Element
Step
Time (s)
Argon flow rate (l/min)
Temperature (°C)
Se

Drying

85

5.0

3

Pre last drying

95

40.0

3

Post last drying

120

10.0

3

Ashing

900

5.0

3

Ashing

900

1.0

3

Gas stop

900

2.0

0

Ramp stop

2,600

0.8

0

Atomization

2,600

2.0

0

Tube clean

2,800

2.0

3

Table 3: Mean Serum of Se, Concentrations and SD* in Patients with Leukemia.
Element
new case
with receiving
the control Significance of
(n=30)
treatment (n=30)
group
difference
(p value)
Selenium
(μg/l)

35.46 ±
10.93

48.12 ± 18.97

83.12 ±
28.79

<0.0001

Table 4: Serum selenium level according to sex in different types (mean in µg/l).
Sex
new case
patients receiving treatment
control group
girls

31.08

46.40

78.07

5
Table 5: Reference values of human serum selenium in different countries.

boys

Se (µg/l)

Number of samples

Year

Location

Ref.

102 ± 28

60

1991

Iran

24

102 ± 19

30

1999

Iran

20

84.3 ± 11

54

2005

Iran

25

58.0

45

2006

Poland

26

54.3

50

1984

Finland

27

97 ± 4

987

1987

Belgium

28

82.91 ± 24.5

71

1988

France

29

115 ± 30

90

1985

Canada

30

114-177

-

1988

South Africa

31

126.4 ± 3.1

164

1987

Netherlands

32

56.2 ± 8.5

174

1994

Slovak

33

85.75 ± 22.26

130

2013

Algeria*

34

61.0 ± 13.6

292

2008

Vietnam

35

72.71 ± 1.28

61

2006

Turkey

36

108 ± 24

40

1990

China

37

101 ± 17

25

2015

Turkey

38

86.00 ± 15.00

57

2007

Iran

39

78.3 ± 18

80

2014

Egypt

40

38.60

53.55

Northeast Region of Algeria.
Conclusion

*

Many studies have suggested that Selenium might play
critical roles in the modulation of xenobiotic metabolizing
enzymes and the glutathione system in cells [17]. As an essential component of a selenocystein-containing protein, Se
is involved in most aspects of cell biochemistry and function. As such, there is much potential for Se to influence the
immune system [18]. Reduced serum Se levels have been
reported in patients with leukemia [19-21]. In spite of intensive and extensive studies the main cause(s) of leukemia is (are) still unknown Genetic, environmental and nutritional factors are in all probability responsible for this
disease [20]. It is hoped that the ever-increasing research
on different aspects of the disease and administration of a
variety of drugs will lead to an effective treatment of this

type83.81
of blood cancer in near future. In the present study,
patients with leukemia were found to have decreased serum Se levels when compared with in the children without any prior treatment, patients receiving treatment, and
healthy participants as the control group. This observation
could signify that individuals with a low Se status are at increased risk of developing leukemia. On the other hand, it
could indicate that the presence of leukemia is responsible
for a decline of serum Se. This could be due to poor nutrition in the critically ill patient, excessive concentration of Se
in leukemic cells or their environment, or some unidentified mechanism similar to the effect of chronic disorders on
iron metabolism [22]. All of these findings are in favor of an
inverse relationship between serum Se and disease activity
in leukemia.
We gained the impression that children with leukemia had significantly low serum selenium level. Selenium
acts as a major antioxidant in the form of selenoproteins
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to mitigate the cytotoxic effects of reactive oxygen species.
Selenoproteins are important antioxidant enzymes that
are essential for proper immune system function. Changes of essential elements levels might be used as markers in
clinical medicine, including diagnosis and prognosis. This
case-control study shows an inverse relationship between
serum selenium levels and leukemia. In another study [1921] researchers have shown that children with different
type of leukemia (acute leukemia, acute lymphoid leukemia,
and acute nonlymphoid leukemia) serum Se levels were
lower in patients than the controls (p<0.01). We observed
no significant difference in level of serum selenium in relation to age, sex, and temperature of body. However, as the
potential for cancer prevention of Se has been consistently
demonstrated in experimental data, it will be of great interest to see the outcome of clinical trials testing the hypothesis that improving the Se status of a population will reduce
its risk of cancer [23-42].
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