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Abstract: Acute lymphoblastic leukemia (ALL) is a malignant hematologic disease. Cancer and its treatments can 
affect biological functions and change the nutritional status of patients. Zinc and copper are important cofactors for 
several enzymes and play an important role in maintaining the integrity of DNA. In ALL, we have oxidative conditions 
in the body that can cause oxidative damage to lipids and the production of malondialdehyde (MDA). So that the aim 
of this study is comparing serum levels of copper, zinc and inflammation before and after chemotherapy. Thirty ALL 
patients between 15 to 65 years old participated in this study. A blood sample of 10 cc was taken before and after 
eight course of chemotherapy. We observed a significant increase in serum zinc as well as a significant decrease in 
serum copper, vitamin D and Malondialdehyde. We have not seen any significant differences in hs-CRP after che-
motherapy. These changes might be due to chemotherapy and changing lifestyle of patients toward healthy eating 
nutrition and serum vitamin D get worse and because of sedentary life style in these patients there is an essential 
need to anthropometric measurements during treatment. 
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Introduction

Acute lymphoblastic leukemia (ALL) is a malig-
nant hematologic disease which is character-
ized by the accumulation of lymphoblast [1]. In 
this disease, the bone marrow loses its ability 
in the differentiation and maturation of blood 
cells at different stages [2]. In early 1990, ALL 
was an incurable disease, but the chance of 
overall survival has since improved by 30-40%. 
The disease is divided into two categories of B 
cell and T cell. B cell is the most common sub-
type in children and adults [1]. The desirable 
levels of trace elements are needed for many 
physiological and metabolic functions [3]. 
Changes in serum levels of zinc and copper 
have been found in lymph proliferative disor-
ders in addition to breast cancer and lung and 
gastrointestinal tumors [4, 5]. 

A number of studies have shown that there is  
a correlation between zinc deficiency and can-
cer progression; also, experimental data sup-
port the presence of slight zinc deficiency in 
malignancies [6]. Zinc deficiency may cause dis-
turbances in oxidation, mitochondrial function, 
DNA repair, and cancer induction and progres-
sion. Impaired zinc metabolism in the patho-
genesis of leukemia was identified in 1949. 
Zinc seems to improve the overall ability of the 
patients in resisting the toxic side effects of 
chemotherapy [7]. There is no doubt that expo-
sure to large amounts of copper creates the 
potential of damage to human cells and their 
components, especially through the production 
of ROS. Copper binds to DNA in cells (DNA’s  
tendency towards copper ions is higher than 
towards other necessary metal ions) and cau- 
ses impairment of chromosome folding and 
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leads to the disruption in the integrity of chro-
mosome building. Moreover, it causes oxida- 
tive damage to DNA and chromatin, break in 
DNA strands, point mutations, and chromo-
some instability [8]. 

Reactive oxygen species (ROS) plays a dual role 
in biological systems. Its consists of beneficial 
effects including defense against infectious 
agents, and participates in a number of cellular 
signaling pathways; however, in high concentra-
tions, ROS can damage the structure of cells 
such as fats, membranes, proteins, and nucleic 
acids. The deleterious effects of ROS can be 
balanced by enzymatic and non-enzymatic an- 
tioxidants [9]. In cancer, we have oxidative con-
ditions in the body that can cause oxidative 
damage to lipids and the production of malo-
ndialdehyde (MDA). MDA is a mutagenic com-
pound in mammalian cells, bacteria, and car-
cinogen component in mice. MDAs can react 
with DNA bases such as guanine (G), adenine 
(A), and cytosine (C) and result in the produc-
tion of M1G, M1A, and M1C, which can cause 
damage to DNA. Superoxide Dismutase (SOD) 
is one of the most efficient antioxidant enzymes 
that converts superoxide anion into O2 and H2O2 
[2]. Thus, aim of this study was to investigate 
serum zinc, copper and enzymatic and non-
enzymatic antioxidants before and after che-
motherapy in patients with ALL.

Material and methods

This study is a before and after interventional 
study. After confirmation of the Ethics Com- 
mittee of Tehran University of Medical Sciences, 
during two years (2014-2016), 30 patients (17 
men and 13 women) with ALL, who referred to 
Taleghani hospital participated in this study 
(leukemia was diagnosed through bone marr- 
ow aspiration and the cells were classified 
according to the French-American-British). No- 
teworthy that there was a consent form for 
every participant which has been signed by 
her/him and also they had been informed they 
could leave the study whenever they want. In 
the first visit of patient for chemotherapy and at 
the end of eight course of chemotherapy, 10 
mL of venous blood was taken prior to treat-
ment then heparinized blood samples were 
centrifuged for 20 minutes at 400 g. At the end, 
the plasma was transferred to another tube. All 
samples were stored at -80°C. The weight of 
each patient was measured with light cloth- 

ing, using a leveraged e-body scale (OMRON 
BF511) which accuracy was 100 gr. For weig- 
ht measurement, patients stood with their 
knees and back straight and look straight 
ahead, the arms were horizontally raised and 
the elbows are extended straight at a 90 an- 
gle, then after the number fixed, it was record-
ed. Meanwhile we ensured that patients were 
without edema. Furthermore, height without 
shoes was measured by a meter mounted on 
the wall with an accuracy of 0.5 cm. Also, each 
patient’s body composition, fat percentage, 
and lean body mass were measured using 
e-body scale, and then, information about each 
person was recorded in the questionnaire. 
Taking blood samples, weighing, and measur-
ing body composition were repeated at the end 
of the eighth chemotherapy courses. To deter-
mine the dietary intakes of patients, before  
the first and last courses of chemotherapy, 
24-hour recall in 2 days was used for measur-
ing of zinc, copper, vitamins C and E. The nutri-
tional software Nutrition IV was used for analy-
sis of dietary intake.

In this study, data were analyzed using SPSS 
Ver12. At first, data distribution was checked by 
Kolmogorov-Smirnov test; if the data had a nor-
mal distribution, paired samples t-test was 
used to compare the means before and after 
chemotherapy, and if the distribution of the 
data was not normal, Wilcoxon test was used 
for comparing before and after means. P < 0∙05 
was considered statistically significant.

Laboratory measurements

MDA: Measurement of serum malondialdehyde 
was performed by ZellBio GmbH (CAT No.
ZB-MDA96A), (CAT No.ZB-MDA 48A) via colori-
metric, and according to the manufacture’s 
user guide. This kit was created by using a com-
bination of MDA-TBA formed by the reaction of 
MDA and thiobarbituric acid (TBA), under a high 
temperature operation. This kit was capable of 
measuring malondialdehyde in the range of 
0.78-50 μM, and its sensitivity was 0.1 μM.

SOD: SOD was calculated by ZellBio GmbH (CAT 
No. ZB-SOD96A, V407 (CAT No. ZB-SOD48A, 
V407) kit and (nm 420 calorimeter) following 
the directions of kit producer corporation. This 
kit used anion superoxide to hydrogen peroxide 
and oxygen chemical reaction transformation. 
This test could measure superoxide dismutase 
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in the range of 5-100 U/mL, with 1 U/mL sensi-
tivity. (The activity unit of superoxide dismutase 
is considered to be the quantity of sample 
which can catalyze 1 µm anion superoxide to 
oxygen and hydrogen peroxide).

Serum zic: Serum concentration of zinc was 
measured by ZellBio GmbH (V4126) kit and (nm 
546 calorimeter) based on the directions of kit 
producer corporation. The human prospective 
values is usually 72.6-127 μg/dl (11.1-19.5 
µmol ⁄L) for men and 70-114 μg/dl (10.7-17.5 
µmol/L) for women, with the sensitivity of 10 
(μg) ⁄dl.

Serum vitamin E: Serum concentration of vita-
min E was measured by ZellBio (CAT# ZB-VIT-
9648A, V402) kit and (nm 536 calorimeter) 
according to the directions of kit Producer 
Corporation. This kit could measure vitamin E 
in the range of 20-25.1 (μg)/ml with 0.3 (μg)/ml 
sensitivity.

Serum vitamin C: Serum concentration of vita-
min C was measured by ZellBio (ZB-VITC-
4896A) (V407) kit and (nm 520 calorimeter) 
according to the directions of kit producer cor-
poration. This kit could measure vitamin C up to 
20 (μg)/ml with 1.0 (μg)/ml sensitivity.

Srum copper: Serum copper measurement was 
carried out by ZellBio GmbH (V4126) kit and 
(nm 5u0-590 calorimeter) based on the direc-

inadequate, 30-100 ng/ml adequate, and > 
100 ng/ml toxic. The sensitivity of this kit was 
67.0 ng/ml.

hs-CRP: hs-CRP measurement was carried out 
by Canadian DBC kit (cat. No: CAN-CRP-4360), 
based on ELISA method, following the direc-
tions of kit producer corporation. This kit could 
measure hs-CRP 132-9710 ng/ml for men, and 
139-657 ng/ml for women, with the sensitivity 
of 10 ng/ml.

Results

In our study 43.3% of participants were female 
and 56.6% were male. The data of essential 
trace elements and superoxide dismutase are 
summarized in Table 1. Results showed that 
the serum concentration of zinc and Zn-Cu SOD 
at the end of 8th chemotherapy course raised 
significantly and serum copper decreased sig-
nificantly in these patients (Table 1). The data 
of antioxidant vitamins showed that at the end 
of chemotherapy period, the serum concentra-
tion of vitamin D decreased significantly, where-
as the serum concentration of vitamin E and 
TAC increased significantly, and the serum con-
centration of vitamin C showed no significant 
difference (Table 2). Our result showed signifi-
cant decrease in serum concentration of MDA 
at the end of eight course of chemotherapy 
(Figure 1), whereas serum concentration of hs-
CRP showed no significant difference (Figure 

Table 1. Mean and standard deviation of serum concen-
tration of Cu, Zn, Zn-Cu SOD in ALL patients before and 
after chemotherapy

Biomarker
Before chemotherapy After chemotherapy

Mean SD Mean SD
Zn (µg/dl) 121.7 18.05 156.6a 25
Cu (µg/dl) 661.9 190.1 402.2b 93.5
Zn-Cu SOD (U/ml) 75.2 6.5 113.9c 4.9
a, b, c < 0.0001

Table 2. Antioxidants’ vitamins activity in ALL patients 
before and after chemotherapy

Biomarker
Before chemotherapy After chemotherapy

Mean SD Mean SD
Vitamin C (µg/ml) 1.9 0.45 1.68 0.69
Vitamin E (µg/ml) 7.17 2.5 10.2* 4.2
Vitamin D (ng/ml) 21.8 12.9 13.5▲ 2.2
TAC (U/ml) 12.9 3.69 15.7■ 3.46
*P=0.0005; ▲P=0.0136; ■P < 0.0001.

tions of kit producer corporation. This 
kit could measure copper in serum in 
the range of 70-140 μg/dl (11-22 
µmol/L) for men, and 80-155 μg/dl 
(12.6-24.4 µmol/L) for women, with the 
sensitivity of 0.1 (μg)/dl.

Serum TCA: TAC was measured by 
ZellBio GmbH (cat. No: ZB-TAC-A96), 
(cat. No: ZB_TAC-A48) kit and (resus- 
citation oxidation calorimeter) acco- 
rding to the directions of kit producer 
corporation. This kit could measure 
TAC between 0.125-2 mM (125-2000 
µmol/L) with 1.0 mM sensitivity.

Serum vitamin D: Vitamin D was mea-
sured by Calbiotech (cat. No: VD220B) 
kit, based on ELISA method, accord- 
ing to the directions of kit producer  
corporation. According to this kit, val-
ues of vitamin D were defined as bel-
low: < 10 ng/ml deficient, 10-30 ng/ml 
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2). The data of dietary intake showed that at 
the end of the study, dietary intake of zinc, cop-
per, vitamin C and vitamin E increased signifi-
cantly (Table 3). The data of body composition 
showed significant decrease in weight, BMI and 
fat free mass (FFM) at the end of eight course 
of chemotherapy, whereas fat mass increased 
significantly (Table 4). 

We adjusted the effect of dietary intake with 
ANCOVA test. Results showed that, with dietary 
intake Covariance the results didn’t any chang-
es. It shows that chemotherapy independently 
could change the serum levels of Zinc, Copper 
and Vitamin C and Fat Free Mass (FFM).

Discussion

Just as other chronic diseases, cancer can ha- 
ve adverse effects on the nutritional balance 
because this disease and its treatment may 
cause anorexia, nausea, indigestion, and con-
sequently reduction in the uptake of nutrients 
[10]. Results of this study about serum zinc and 
copper are agree with those of two other stud-
ies [6, 11]. In which the serum level of zinc was 
significantly lower and serum level of copper 

was significantly higher in patients at the time 
of diagnosis compared with healthy people. In 
another study, serum level of copper was sig-
nificantly higher in patients than in healthy  
people at the time of diagnosis, and its level 
decreased after starting the treatment. How- 
ever, in this study, the concentration of serum 
zinc was the same in the patients and healthy 
individuals. This study also found that there is 
no correlation between oral intake of zinc and 
copper, and their serum concentrations [10]. 
Results of another study showed that serum 
zinc concentrations were similar in patients 
with ALL and healthy individuals [12]. Results of 
another study on patients with lymphoblastic 
leukemia showed a significant increase in 
serum concentration of copper and a signifi-
cant reduction in cell zinc compared to healthy 
controls [13].

Our data showed that after eight course of  
chemotherapy serum zinc and dietary intake of 
zinc increased and despite of reduction in se- 
rum copper, dietary intake of copper increased. 
Since serum concentration of zinc is sensitive 
to oral intake [13] the zinc deficiency at the 
onset of diagnosis can be due to burden of the 
disease, reduced oral intake, anorexia, recur-
ring infections, or excretion through urine and 
sweat [14]; increased zinc and decreased cop-
per serum in the second stage can occur 
because of reducing the burden of disease due 
to chemotherapy. In case of zinc, increase of 
oral intake is also likely to be effective.

One reason for the significant increase in oral 
intake of copper and zinc could be that, based 
on our observations, with the onset of disease, 
the dietary pattern of the patients becomes 
healthier, and the intake of nutrients such as 
nuts, fish, poultry, and dried fruits which are 
rich in zinc and copper increases (since patients 
do not usually consume raw fruits because of 
neutropenia and the increased likelihood of 
infection after chemotherapy). Despite a signifi-
cant increase in copper’s oral intake, a signifi-
cant reduction in its serum concentration was 
observed in the second stage, because the 
serum copper concentrations are kept con-
stant not only in the blood but also in different 
organs, indicating the presence of powerful 
mechanisms in copper homeostasis, unless a 
disease alters it [8], for instance in the present 
study in which leukemia changed serum copper 
levels in the patients. Note that, chemotherapy 

Figure 1. Serum concentration of MDA before and 
after chemotherapy in ALL patients (P < 0.0001).

Figure 2. Serum concentration of hs-CRP before and 
after chemotherapy in ALL patients (P=0.8612).
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independently from dietary intake could change 
the serum levels of zinc and copper. In this 
study, a significant increase of anti-inflammato-
ry and antioxidant vitamins (except for vitamin 
C) and malondialdehyde and antioxidants in- 
dicators was observed in the patients with 
acute lymphoblastic leukemia before and after 
treatment. Nevertheless, there was no signifi-
cant difference in hs-CRP before and after 
treatment. 

A study on children with ALL reported signifi-
cant reductions in serum levels of their total 
antioxidant capacity (TAC), the mean of serum 
malondialdehyde concentration, and plasma 
concentration of vitamin C compared to the 
control group [15]. In another study on children 
with solid tumors and ALL, results showed a 
significant decrease of antioxidant capacity in 
patients compared with the control group. In 
addition, antioxidant capacity was significantly 
lower in patients with ALL [16]. Findings of a 
study on children with ALL at the time of the 
first diagnosis, and then 3 and 6 months after 
the start of treatment indicated a significant 
reduction in total serum antioxidants in the 
aqueous phase (uric acid, vitamin C, and other 
items such as flavonoids), significant increased 
plasma concentration of vitamin C in the first 
three months, and a significant reduction of its 
concentration in the second three months. 
However, the concentration of serum vitamin E 
did not change significantly [17]. 

Vitamin C reduction can occur because the leu-
kemic cells’ tendency to multiply is inhibited 
through highly viscous intracellular glycosami-
noglycans; in order to produce this substance, 
the cells need to release hyaluronidase enzyme 
for producing which vitamin C is used [16]; 
thus, consumption of vitamin C in malignant 
blood cells reflects an adaptive physiological 
response [19]. 

C reactive protein (CRP) is an acute phase pro-
tein, increased in bacterial infections, inflam-
matory diseases, trauma, surgery, and cancer. 
CRP is produced in the liver in response to the 
increased levels of cytokines after inflamma-
tion. Increased CRP levels in cancer can occur 
for the following reasons: tumor growth can 
cause inflammation and increased plasma lev-
els of CRP; moreover, tumor cells can produce 
various types of cytokines and chemokine, and 
these factors lead to the secretion of interleu-
kin-6 and stimulation of the liver for CRP pro-
duction; finally, CRP is probably a part of the 
host’s immune response to the tumor. Studies 
have shown that increased levels of CRP are 
associated with early death after cancer diag-
nosis [20]. 

In the present study, the serum level of CRP 
was excessively higher than the normal range, 
although CRP changes showed no significant 
difference before and after treatment. The fact 
that hs-CRP did not change significantly before 

Table 3. Mean and standard deviation of dietary intake of zinc, 
copper, vitamin C and vitamin

Biomarker
Before chemotherapy After chemotherapy

P value
Mean SD Mean SD

Zinc (mg) 2.7 1.5 3.9 1.6 0.0092
Copper (mg) 7.17 2.5 10.2 4.2 < 0.0001
Vitamin C (mg) 21.8 12.9 13.5 2.2 < 0.0001
Vitamin E (mg) 12.9 3.69 15.7 3.46 < 0.0001

Table 4. Mean and standard deviation of body composition in 
ALL patients before and after chemotherapy

Biomarker
Before chemotherapy After chemotherapy
Mean SD Mean SD

Weight (Kg) 66.1 10.5 58.8a 9.1
BMI (Kg/m2) 24 1.6 21.6b 1.4
Fat mass (%) 16.8 1.7 20.4c 2.4
FFM (%) 27.4 1.8 18.4d 4.4
a, b, c, d < 0.0001.

Lymphocyte cells are the so- 
urce of producing superoxide 
anion and other oxygen metab-
olites [15]. In addition, produc-
tion of superoxide by polymor- 
ph nuclear leukocytes increas-
es significantly in leukemia pa- 
tients, especially the patients 
with acute lymphoid or non- 
lymphoblastic leukemia [18]. 
Accordingly, at the beginning  
of treatment, antioxidant enzy-
matic (Cu-Zn SOD) and non-
enzymatic defense (vitamin E) 
and total antioxidant capacity 
(TAC) are low; after starting che-
motherapy and recovery from 
the disease, leukemic cells’ 
burden decreases as a result of 
which oxidative stress and the 
amounts of these parameters 
increases. 
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and after treatment in this study was probably 
because it takes more time after chemothera-
py for inflammatory markers to decrease. 
Moreover, factors we did not control for in this 
study, such as smoking, can also affect the lev-
els of hs-CRP. Thus, more studies are needed in 
this area.

The significant reduction in vitamin D in the 
second stage of this study, after the completion 
of the disease, can be due to the long-term hos-
pitalization of the patients. In addition, accord-
ing to all patients, they rarely went out becau- 
se of fear of catching infectious, bacterial,  
and viral diseases because of their weak im- 
mune systems after chemotherapy, fatigue, or 
weakness, and they only went out to go to the 
hospital. 

Poor nutritional status which is shown through 
body composition is an important concern for 
the patients with cancer. Nutritional status is 
associated with decreased tolerance of che- 
motherapy, increased susceptibility to infec-
tion, and poor clinical results. Nutritional prob-
lems are different based on the type of canc- 
er and its treatment, and may be a concern at 
the time of diagnosis, during treatment, and in 
post-treatment years [21]. Our investigations of 
acute lymphoblastic leukemia in the patients 
before and after treatment showed significant 
increases in weight, body mass index (BMI), 
and fat mass index (FMI), and significant de- 
creases in body fat mass percentage. 

Studies on children with leukemia demonstrat-
ed increases in their BMI and FMI compared to 
the control group 1-2 years after treatment 
[22]; increased percentage of body fat mass 
from 24% at the time of diagnosis to 28% at 
completion of treatment [23]; increased weight 
and fat mass and decreased muscle mass  
during the 12-month treatment of the children 
under two different treatment protocols (che-
motherapy and chemotherapy plus radiation  
to the skull [25]; increased fat mass percent-
age and decreased physical activity in children 
after 2.2 years after treatment (first evalua- 
tion) and smaller increase of fat mass percent-
age in the patients compared to the control 
group in the second evaluation (one year after 
the first) [24]. 

In this study, the significant decrease in fat free 
mass (FFM) percentage and the significant in- 

crease of fat mass in the second stage (after 
the completion of treatment) may have occurr- 
ed due to the effects of chemotherapeutic 
agents. Corticosteroids are associated with 
muscle weakness, myopathy, and muscle mass 
loss [23]. In addition, decreased physical activ-
ity and reluctance to have it because of in- 
creased fatigue can be another reason for this 
problem [25]. Weight loss and consequently 
reduction in BMI in these patients may have 
occurred because, as noted above and as in 
other chronic diseases, cancer can have ad- 
verse effects on the nutritional balance of the 
patients, since this disease and its treatment 
may cause anorexia, nausea, indigestion, and 
consequently reduction of nutrient intake [10]. 
Findings of this study showed that although 
weight and body mass decreased in these 
patients, body fat percentage increases. Thus, 
chemotherapy not only led to weight loss, but 
also changed body composition, and therefore 
we need a more serious pursuit of nutritional 
demands. 

We concluded that in patients with acute lym-
phoblastic leukemia, serum zinc and copper 
concentrations increased and decreased, re- 
spectively, after completion of chemotherapy. 
In these patients, the concentrations of antioxi-
dant and anti-inflammatory vitamins (vitamins 
E and D) increased, but serum concentrations 
of vitamin C showed no significant change; anti-
oxidant indices (TAC and a Cu-Zn SOD) also 
increased. In these patients, after completion 
of chemotherapy, inflammatory marker of MDA 
decreased, wile, the serum concentration of 
hs-CRP did not significantly change; body 
weight, BMI and FFM decreased, whereas body 
fat mass increased.

According to the findings of this study, adminis-
tration of antioxidant supplements (especially 
vitamin D) regarding RDA is recommended in 
patients with acute lymphoblastic leukemia  
for improving their antioxidant levels and re- 
sponse to the treatment. Moreover, since the 
consumption of vitamin C is high (due to the 
high tendency for its intake in leukemic cells), 
these patients may need higher doses of vita-
min C compared to healthy people. It seems 
essential to offer nutritional education for 
these patients in order to improve their nutri-
tional status during chemotherapy, reduce its 
side effects, and improve their response to  
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the therapy. Considering the effects of che- 
motherapy on the composition of body, it se- 
ems necessary that these patients be offered 
occupational therapy, rehabilitation, and prop-
er exercises to maintain muscle mass during 
treatment.

To the best of our knowledge, no study has 
been conducted so far in Iran for measuring 
blood biochemical parameters in adults suffer-
ing from acute lymphoblastic leukemia using 
such a variety of measurements. Only two stud-
ies have been conducted in this domain; in one 
of them, serum vitamin C and TAC concentra-
tions in children with ALL, and in the other, 
serum copper concentration at the onset of 
diagnosis were investigated.

In most studies, parameters were measured 
only in the beginning of the diagnosis. However, 
in this study, assessment of biochemical and 
anthropometric parameters in these patients 
indicated more accurate information about the 
effects of chemotherapy on their nutritional 
and anthropometric status before and after 
chemotherapy, providing the treatment team 
with solutions for the improvement of nutrition-
al status and responses to treatment.

In this study, the use of cigarettes and drugs 
(for pain relief) were observed in some patients. 
Thus, it is necessary to use a questionnaire  
to assess lifestyles and factors such as smok-
ing and drug use in the patients and their 
impacts on the treatment procedure. In addi-
tion, due to time and budget constraints, only 
the first grade inflammatory markers were mea-
sured. Measuring second grade inflammatory 
markers in further studies may provide a better 
interpretation of findings. In order to measure 
body composition, e-body scale was used due 
to budget constraints. Since this study consid-
ered the changes of body composition, using 
this scale has not compromised the results.
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