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ABSTRACT
The study's major focus was on how trace elements were distributed in blood samples from patients
with leukemia.The current study focuses on assessing potential connections between trace
elements and acute and chronic kinds of leukemia through the measurement of their amounts in
blood serum. In patients, Cd was found at sub-ppm levels, with Mg being the main contributor at
mean levels. The mineral copper plays a crucial role in controlling the body's metabolism, which
is necessary for a variety of biological processes. Generally speaking, an increased risk of
malignancies, particularly blood cancers, is associated with iron deficiency. It can be crucial if the
body's level of it changes noticeably. The current study measured the amounts of copper,
magnesium, iron, and cadmium in the sera of leukemia patients who had been referred to Mosul
Hospitals and compared the results with a control group's findings. Evaluation included 30 healthy
people and 60 leukemia patients. Patients were divided into groups with acute and chronic
leukemia. Both the control group and the patients' blood was drawn. using the flame atomic
absorption technique, copper and cadimium levels in the sera were determined, while magnesium
and iron were measured coloremetrically. 31 (51.66%) men and 29 (48.33%) women made up the
patient population, whereas 15 (50%) men and 15 (50%) women made up the healthy participants.
The average age of those in the patient group was 22.5 years, whereas that of those in the control
group was 23.9 years. The age ranges for the case group and the control group were 3-71 years
and 2-79 years, respectively. Acute leukemia (30 instances) and chronic leukemia were among the
patients in the cohort (30 cases). Serum copper levels in patients were noticeably higher (p˂ 0.001)
when compared to controls. An enormous rise in the levels of copper, cadmium, and iron, and a
slight and insignificant decrease in the rates of magnesium concentrations in leukemia patients
compared with healthy subjects. Evidence of elevated levels of Cu, Cd and Fe was observed in
leukemia patients, which could imply that these substances play a function in cancer as a
distinctive risk factor for malignancy.
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INTRODUCTION
Leukemia is a sort of cancer that can affect anyone, regardless of age, and refers to a wide range
of ailments with vastly different biological bases, such as malignancies of hematopoietic cells (1).
Leukemia, often known as blood cancer, comes in both acute and chronic forms, with several
major kinds (2). It also has a huge costs of diagnosis and treatment and affects people of all ages
(3) Blood cancer cases, like leukemia, have been rising throughout human societies (4). A variety
of clinical and pathological signs are used to diagnose leukemia. Numerous environmental
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elements have been linked to various disorders from the perspective of their origin (5-11). The
development of neoplastic disease is influenced by a variety of internal and environmental factors,
including the existence of trace elements. Trace elements have been the subject of in-depth
research, trace elements contribute significantly to human health (12The biological effects of trace
elements can be described by their ability to promote the start of free radical reactions as prooxidants or anti-oxidants, or by promoting the breakdown of peroxides and other unstable
molecules (13). Therefore, it is crucial to study the distribution and function of different metals in
relation to specific disorders. Copper is a crucial mineral in the control of the body's immunity
among all minerals (14), Cu is necessary to maintain the body's blood vessels, epithelium and
connective tissues, and skin's strength. It keeps the thyroid glands working normally and is crucial
for the creation of hemoglobin, myelin, and melanin. In the blood, ceryloplasmin, which transports
copper to tissues, contains around 90% of the copper (15, 16). All living things require copper as
a necessary cofactor and antioxidant (17). Cu is an antioxidant that can lessen some of the harm
that free radicals produce by scavenging or neutralizing them (18, 19). Because it is an oxidant, it
might encourage the damage caused by free radicals, which might help with Alzheimer's (20).
Blood copper levels have been reported to change in some malignant tumors as lung, breast and
gastrointestinal malignancies (21). Over 30 enzymes require copper as a cofactor (22). eukaryotic
cells' cytoplasm contains the antioxidant enzyme superoxide dismutase, which has copper at its
catalytic site (21). Additionally, catecholamine and ATP-producing enzymes' chemical structures
both depend on copper (21). Copper is a component of growth factors, including the endothelium
growth factor, which, in response to a rise in serum copper levels, promotes tumor progression
through angiogenesis (23). According to earlier studies, the rise in copper levels caused a rise in
lipid peroxidation, the breakdown of the antioxidant system, and the production of radicals,
consequently, the DNA gets harmed, which causes cancer-causing mutations (24). The majority
of magnesium is contained in soft tissue—both muscular and non-muscular (25). It vitally
stabilizes enzymes, including several ATP-generating activities, serves as a cofactor in more than
300 enzyme processes (26, 27). If magnesium metabolism is disturbed, it may have an impact on
ATP-dependent processes (28). Magnesium inhibits the calcium-dependent release of
acetylcholine at motor endplates, making it a natural "calcium antagonist" (29, 30).
Fe performs essential bodily tasks , but a Fe overload can result in acute Fe poisoning. Chronic
poisoning may also result from excessive Fe ingestion or repeated blood transfusions (13). Anemia
in general and iron deficiency anemia (IDA) are associated with a higher risk of several
malignancies, notably blood cancers. The blood levels of hazardous divalent cations, particularly
cadmium (Cd2+), are known to be higher in both IDA subjects and smokers. An established
carcinogen is cadmium. The majority of the circulating cadmium is linked to transferrin, and in
addition to the kidney and liver, which are the target organs for cadmium accumulation, tissues
(cells) with high levels of transferrin receptor 1 (TfR1) expression may also collect large amounts
of circulating cadmium. In bone marrow cells, the density of TfR1, a glycoprotein expressed on
cell surfaces, is not constant. In the bone marrow, megakaryocyte/erythrocyte progenitors and proerythroblasts express TfR1 considerably more than other cell lines. We believe that these cell types
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will take up the majority of the circulating cadmium and afterwards be the most appropriate for
malignant transformation. A toxic metal (Cd) can replace a necessary element, disrupting crucial
metabolic processes. Toxic elements in particular compete with essential ones in the synthesis of
ligands with enzymes and other proteins (31). Thus, even brief and low-concentration exposure to
hazardous metals may result in epigenetic changes and mutations that later result in various
cancers. Leukemia has been linked to essential element overloads or deficits in a number of studies,
with both acute (32, 33, 39) and chronic (40) leukemia being positively correlated with Cu (32,
40) and Fe (36, 37, 41) levels. To our knowledge, however, only a small number of studies have
been conducted regarding the association between hazardous trace element levels in serum and
leukemia (31-41), suggesting substantial associations between high Cd levels and acute (42, 37)
or chronic (42, 37) leukemia (36). Recent years have seen a significant increase in research on the
role of trace elements in biological processes, specifically variations in copper, iron, magnesium,
and cadimium concentrations and their connection to malignancy (43, 44). As a result, the current
study sought to compare the serum levels of copper, iron, magnesium, and cadimium in acute and
chronic leukemia patients with those of healthy donors. The study investigates any relationship
between them and the likelihood of developing both acute and chronic leukemia kinds.
MATHERIALS AND METHODS
The study, which had 60 leukemia patients (acute and chronic leukemia) hospitalized at ALSALAM and IBN AL-ATHEER Hospitals in Mosul, Iraq, ran from December 2021 to July 202230
healthy people were chosen and given a thorough medical exam in order to compare the results.
The ethics committee at the University of Mosul in Iraq's Mosul provided the inspiration for the
study's design. Each participant in the study gave their voluntary consent in writing and signed it.
Clinical exams (biochemical, hematological, microbiological, serological, and hormone testing)
were used to validate the group's normal health state and revealed no signs of leukemia or other
disorders. Clinical testing supported the leukemia diagnosis made for the patient
populationPatients and the control group who took vitamin and mineral supplements were not
included in the study. A total of 60 case samples and 30 control samples were examined. Gel tubes
with fasting blood samples were filled, and the tubes underwent a 10-minute centrifugation at 3000
rpm. After being separated from the clots, sera was kept at -20°C. By using an atomic absorption
with flame technique, the total content of copper and cadimium in sera was determined (Perkin
Elmer Aanalyst 100; Perkin Elmer). Using (5M) HNO3, samples were diluted. Utilizing several
standards' dilutions, the standard curves were produced. The amounts of copper and cadimium
were measured in comparison to a standard curve. Utilize the ready-made analysis kit from the
Italian manufacturer (LTA) to calculate the magnesium level in blood serum. Using the
colorimetric approach, ready-made solutions from the French business BioLabo were used to
estimate the amount of iron in the blood serum.
STATISTICAL ANALYSIS
SPSS, or the Statistical Package for the Social Sciences, was used to examine the data (version
21.0, Nie, Bent, and Hull, USA). Mean and standard deviation were used to display descriptive
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data. Paired t-test was used to analyze the serum levels of trace components. Statistics were
deemed to be significant at P-values 0.05.
RESULTS
The information of leukemia patients and the age- and healthy controls is shown in Table 1. The
healthy participants consisted of 15 (50%) males and 15 (50%) females, while the sick were made
up of 31 (51.66%) males and 29 (48.33%) females. The average age of those in the patient group
was 22.5 years, whereas that of those in the control group was 23.9 years. The age ranges for the
case group and the control group were 3-71 years and 2-79 years, respectively. Both acute (30
cases) and chronic (30 cases) leukemia patients made up the patient population (Table 1).
Table 1 patient and control group characteristics
patients and normal n
M (%)
F (%)
group
Chronic leukemia
30
16 (53.33)
14 (46.66)
Acute leukemia
30
15 (50)
15 (50)
Total
60
31 (51.66)
29 (48.33)
Control group
30
15 (50)
15 (50)
As shown in Table 2, the average serum copper concentration for patients was 151.6952.1 μg/dL
and 94.9351.2 μg/dL for healthy people, showing a significant difference (p =0.015).
Table 2 Mean trace element concentrations in patients' and a control group's sera
patients group
control group
n = 60
n = 30
(mean
±
Trace elements (mean ± standard
P value
standard
deviation)
deviation)
Cu (μg/dL)

94.935±1.2

151.695±2.1*

0.015

Cd (μg/dL)

0.951± 0.04

2.717±0.12*

0.035

Fe (μg/dL)

49.892± 1.02

63.238± 1.14*

0.044

Mg (mg/dL)

2.78± 0.64

1.54±0.41

0.212

The mark * indicates that the groups differ significantly from one another at the level of probability
(p≤0.05).
n = sample count
Also, there were significant increase in Cd and Fe levels in patients group as compared with control
(p=0.035 and 0.044) for Cd and Fe respectively.
When studying the effect of the duration of leukemia on the trace elements levels of patients with
leukemia for the group of total patients, Table (3) patients with a period of more than a year and
patients with a period of less than a year) do not vary considerably from one another. And for both
sexes for the male group and the female group Tables (4) and (5), respectively.
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Table 3 Effect of the duration of leukemia on the levels of trace elements in blood serum for the
total group of patients
The duration of leukemia

Trace elements

Cu (μg/dL)

More than
year
n = 31
(mean
standard
deviation)
4.5 ± 151.18

a
Less than a year P- value
n = 29
± (mean
±
standard
deviation)
2.6 ± 142.63

0.77

Cd (μg/dL)
0.15 ± 3.03
0.16 ± 2.51
0.073
Fe (μg/dL)
7.6 ± 81.68
1.6 ± 61.53
0. 073
Mg (mg/dL)
0.05 ± 1.63
0.35 ± 1.52
0.77
The mark * indicates that the groups differ significantly from one another at the level of probability
(p≤0.05).
Table 4 Effect of duration of leukemia on the levels of studied elements in the blood serum of a
group of male patients
The duration of leukemia
Trace elements

Cu (mg/dL)

More than a year
n = 18
(mean ± standard
deviation)

Less than a year
n = 13
(mean ± standard
deviation)

150.04± 10.1

158.6± 7.1

P- value

0.77

Cd (mg/dL)
2.59± 0.08
2.64± 0.1
0.67
Fe (mg/dL)
68.6± 2.1
58.82± 7.1
0.53
Mg (mg/dL)
4.10 ± 1.9
7.10 ± 1.6
0.57
The mark * indicates that the groups differ significantly from one another at the level of probability
(p≤0.05).
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Table 5 Effect of leukemia duration on levels of trace elements in a group of female patients'
blood serum
The duration of leukemia
Trace elements

More than a year
n = 13
(mean ± standard
deviation)

Less than a year
Pvalue
n = 16
(mean ± standard
deviation)

Cu (mg/dL)

154.65± 9.2

146.65± 7.9

0.7

Cd (mg/dL)

2.15± 0.04

2.05± 0.09

0.73

Fe (mg/dL)

76.65± 5.9

66.65± 1.29

0.73

Mg (mg/dL)

1.65± 0.08

1.55± 0.09

0.509

The mark * indicates that the groups differ significantly from one another at the level of probability
(p≤0.05).
There were no effect of leukemia type on elements levels in patients with leukemia, for both sexes
Table (6).
Table 6 Effect of leukemia type on levels of trace elements in blood serum
The type of leukemia
Trace elements

acute
n = 30
(mean ± standard
deviation)

chronic
Pvalue
n = 30
(mean ± standard
deviation)

Cu (mg/dL)

154.65± 9.2

146.65± 7.9

0.7

Cd (mg/dL)

2.15± 0.04

2.05± 0.09

0.73

Fe (mg/dL)

76.65± 5.9

66.65± 1.29

0.73

Mg (mg/dL)

1.65± 0.08

1.55± 0.09

0.509

The mark * indicates that the groups differ significantly from one another at the level of probability
(p≤0.05).
When studying the effect of age on copper levels for the group of male leukemia patients
and the group of female leukemia patients, Table (7) and (8), respectively, found an increase in
copper levels in the third age group compared to the younger groups and for both sexes.
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Table 7 In male patients, the age-related effects on trace elements
Male patients n = 31
Trace
elements

Age groups (years)

Cu ( μg / dL
)

145.81±0.8

Less than 15
40) – 15(
greater than 40
(mean
±
(mean
± (mean
±
standard
standard
standard
deviation)
deviation)n=11
deviation)n=11
n=9

Cd ( μg / dL 2.305±
)
a
Fe ( μg / dL
)

a

0.03

52.635±0.16 a

149.31± 0.116 a

2.511± 0.06
64.075± 0.8 b

a

151.62±
b

7.11

2.05±
a

0.09

64.15± 0.1

b

Mg (μg / dL 1.045±
0.09
1.211±
0.02
1.26± 0.27
c
)
a
b
The different letters in the horizontal position denote a statistically significant difference (p≤ 0.05)
between the groups.
Table 8 age effect on trace elements of female patients
Female patients n = 29
Trace elements

Age groups (year)
Less than 15
)mean±SD(
n=12
147.6±0.4 a
2.31±0.03
a

40) – 15(
Over 40
)mean±SD(
)mean±SD(
n=6
n=11
Cu ( μg / dL )
150.23±4.4 b 0.04 ± 152.57 c
Cd ( μg / dL )
2.29±0.15
a 0.017 ± 2.54 a
52.44±0.005
Fe ( μg / dL )
52.44±0.07 a
64.903±0.09 b
a
Mg (μg / dL )
1.095±0.07 a
1.265±0.1
b 1.13±0.02
a
The different letters in the horizontal position denote a statistically significant difference (p ≤0.05)
between the groups.
The results indicated that there was no effect of gender on copper levels in patients with leukemia,
for both sexes ,Table (9).
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Table 9 Gender differences in trace element levels between the control and leukemia patient
groups

Trace
elements

Control (n=30)
Male (n=15)
mean±SD

Patients (n=60)
Female(n=15)
mean±SD

Male (n=15)
mean±SD

Female(n=15)
mean±SD

Cu (μg /
97.32±0.3 a
89.433±0.1 a
148.85±2.6 b
150.13±1.6 b
dL)
Cd (μg /
0.848±0.06 a
1.02±0.03 b
2.35±0.06 c
2.38±0.06 c
dL)
Fe (μg /
44.4±0.06 a
43.42± 0.8 a
60.19±0.3 b
56.59±0.05 b
dL )
Mg (μg /
2.448±0.1 b
2.19± 0.06
a
1.17±0.1 a
1.163±0.08 a
dL)
A statistically significant difference between the groups is indicated by the various letters in the
horizontal position (p≤ 0.05).
The results in Table (6) indicate that there is no effect of cancer type on cadmium rates for acute
leukemia patients group with chronic leukemia group for both sexes.
Also, there was no effect of sex on cadmium levels in the group of leukemia patients, Table (9)
The results in Tables (3), (4) and (5) indicate that there are no significant differences when
studying the effect of the duration of leukemia on the iron levels of the total group of patients, the
group of male patients, and the group of female patients, respectively.
When studying the effect of the leukemia kind on iron levels, the findings indicated in Table
(6) that there was a significant increase in the rate of iron for chronic leukemia patients compared
to acute leukemia patients in the male group. When studying the effect of age on iron levels, the
results in Table (7) indicated that iron levels were higher for the second and third age groups,
compared with the younger age group in the male group. This may be due to the more severe
oxidative stress in the second and third groups, while Table (8) indicates a rise in iron levels for
the older age group compared to the two younger groups in the female group. The reason may be
due to the increase in oxidative stress, the effect of estrogen and menopause. There is also no effect
of gender on iron levels for leukemia patients,Table (9). When studying the effect of age on
magnesium levels for leukemia patients, the results in Tables (7) and (8) indicate that there are
more magnesium levels in the second age group (15-40) years compared to the younger and older
age groups.
DISCUSSION
Trace elements, which make up less than 0.01% of the body's weight, are essential for
fundamental cellular processes. With the established roles, it was discovered that changed blood
levels of the major trace elements were linked to various prenatal disorders, including ALL. Not
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only does chemotherapy damage one's nutritional state, but it also depletes macro- and
micronutrients (45). Any large variations in the level of this element could be hazardous to the
body due to copper's nutritional importance, crucial functions in metabolism control (46) and direct
connection with malignancies (21), among other factors (47). According to numerous studies, an
increase in copper causes the antioxidant system to be destroyed, increased MDA causes the
generation of radicals, which assaults DNA and results in cancer-causing mutations, to grow (24).
Meanwhile, the endothelium growth factor, is thought to include copper, which is a part of the
chemical makeup of enzymes that make ATP as well as catecholamine hormones, when serum
copper levels rise, the endothelial growth factor promotes tumor development and angiogenesis
(23). A lot of research has been done on the element Cu in cancer. Patients with lymphoma had a
greater amount of it discovered, but after treatment, there was a noticeable drop and the serum
level stayed within the normal range during remission. Cu levels rising was thought to be a sign
of relapse. Regarding leukemia, children who were in remission were found to have normal levels
of Cu, and it was discovered that the active form of the disease altered this element (48). Our
findings supported the earlier finding that Cu levels considerably dropped during the first
chemotherapy induction. Age, gender, and treatment protocol had little impact on the element.
Despite the fact that Alkufi et al. (2015) found a large increase in Cu serum levels among ALL
patients, a comparison research between these patients and healthy people revealed lower levels
of Cu among ALL patients (49). Similarly, following the commencement of chemotherapy, our
patients experienced copper shortage. Copper levels in the study's leukemia patients were higher
than those in the control group (p < 0.001). The findings of the current investigation were
consistent with those of (50), who found that individuals with acute myeloid leukemia had greater
serum copper levels than did healthy subjects. (44) revealed that, in comparison to healthy people,
copper levels were significantly higher in leukemia patients. In line with the findings of this
investigation, Carpentieri et al. (1986) found no association between gender and copper levels in
the normal or sick groups (51). Additionally, serum copper levels were not substantially correlated
with age, supporting the findings of (52). One of the least affected elements was magnesium, which
had no reports of insufficiency either before or after the start of chemotherapy. Compared to our
findings, Demir et al. observed increased levels of this element following therapy. Along with
what Afridi et al. had previously reported, they also noticed that patients with ALL had reduced
Mg serum levels. They proposed that Mg may be utilized as a predictive index in patients with
ALL in response to chemotherapy by linking the greater level of Mg after chemotherapy with the
release of this element from damaged cells (53). Therefore, it is possible that the abnormally high
quantities of those same trace metals in the current study's leukemia patients will have an effect
on how the disease develops. Iron has been demonstrated to have a carcinogenic effect in vivo and
to have a dual role in malignancies (54). Patients with acute leukemia who were also susceptible
to fungal infections had elevated serum iron levels (55). 14% of ALL patients reported having iron
excess by (56). Some doctors utilize iron chelators as part of their treatment in relation to the role
of iron that has been discussed (57). Patients who were treated under high risk protocols and those
who were older than 10 years old lost more iron following chemotherapy, which may be related to
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the low rate of blood transfusion among our patients. By causing cell mutations, elevated iron
levels in patients' blood may also raise their risk of developing cancer (58). Here, it was discovered
that serum levels of toxic Cd, which has numerous negative health effects (59), were substantially
greater in patients than controls. Its interaction with erythrocytes, which affects blood shape and
hemoglobin production (60), and its high dose induction of leukocytosis and anemia in humans
(61) are likely the causes of the detected increased levels. Additionally, The encouragement of
trace elements entering the circulation may be due to the metals' relatively long retention times in
the bones—up to 30 years for Cd's half-life (62). Natural killer cells may also be negatively
impacted by toxic trace elements (63), and greater Cd concentrations have been connected to a rise
in non-Lymphoma Hodgkin's (64)and leukemia in mice following Cd exposure (65). Other
investigations have suggested that long-term Cd exposure may cause bone marrow cells and
peripheral blood lymphocytes to become genotoxic and cytotoxic (66, 67). Ohanian et al(68) .'s
recent study, which looked at AML patients' survival, showed that lower survival was seen in cases
with greater harmful trace element levels. Similar outcomes were also seen when vital trace metals
like Cu or Fe exceeded a specific threshold and turned poisonous (68). These findings are
consistent with those of the current investigation. With the exception of hazardous Cd, which tends
to bioaccumulate (62, 66) Most of the examined trace elements were identified in increased
concentrations in the serum of people with acute forms of leukemia, and is also involved in various
epigenetic processes in cancer (67). The K562 cell's line downregulated DNA owing to Cd
induction was investigated in Huang's et al(69) study on Cd in CML, indicating an increase in cell
proliferation as a result of the presence of Cd.
CONCLUSION
This study evaluated the serum copper, cadimium, and iron levels in leukemia patients. Elevated
concentrations of studied trace elements were found in patients of leukemia, which could indicate
that the element has a role in cancer and may serve as a separate risk factor for malignancy.
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