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Abstract
Breast cancer is a multifactorial disease, and among the many factors which are involved in the onset, progression, and inva-
sion of the disease, oxidative stress plays a significant role. The concentration and activity of enzymatic antioxidants are 
proportional to the concentration of trace elements, and the concentration of trace elements is often deficient in malignancies. 
Therefore, in the present study, we studied the tissue levels of oxidative stress, antioxidant status, zinc (Zn), and copper (Cu) 
in breast cancer patients. Tissue samples were collected from 40 patients with breast cancer and 40 tumor margin tissue as a 
control group. All subjects gave their informed consent. The tissue samples were measured for superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPX), total antioxidants capacity (TAC), total oxidant status (TOS), oxidative 
stress index (OSI), malondialdehyde (MDA), Zn, and Cu. Data of all biochemical parameters of two groups were statisti-
cally analyzed by SPSS software, t test, and GraphPad Prism. Concentrations of MDA, TOS, and OSI in tumor tissue were 
significantly higher than tumor margin tissue, but the level of TAC and CAT, SOD, and GPX activities was significantly 
reduced in tumor tissue (p<0.05). It was found that the concentrations of Zn and Cu in breast cancer patients were higher 
than tumor margin tissue. Patients with breast cancer have a rise in oxidative stress indicators and a decrease in antioxidant 
stress markers. Since oxidative stress is a significant contributor to the development and progression of breast cancer, more 
research might lead to a more effective method of breast cancer treatment. Considering the dual role of oxidative stress in 
cancer, which can both cause survival and adaptation, and the death of cancer cells, and with more information, it can be 
used to manage the treatment and destruction of cancer cells.
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Introduction

Cancer is a major health problem and the cause of 13% of 
deaths worldwide, and its incidence and prevalence are 
increasing [1]. The most common cancer in women is breast 
cancer [2]. Breast cancer is an intricate and heterogeneous 

disease with different histological, molecular, and clinical 
phenotypes. Breast cancer accounts for 23% of all cancers 
and occurs in Iranian women at least a decade earlier and 
in more advanced stages than women in Western countries 
[3]. The results of a 2020 study show that one in four women 
will develop breast cancer [4]. The 5-year relative survival 
rate for breast cancer is reported to be 90% [2]. Developing 
the breast cancer is related to the interaction between tumor 
cells and tumor microenvironment. The effect of oxidative 
stress on how the microenvironment of the tumor changes 
can affect the prognosis of breast cancer [5].

In eukaryotic cells, small concentrations of reactive 
oxygen species (ROS) are continuously produced as meta-
bolic byproducts by mitochondria, which play important 
roles in several cellular processes at physiological concen-
trations [6, 7]. By upsetting the balance between cell dam-
age by free radicals and the body’s antioxidant defenses, 
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oxidative stress is created, which damages important mac-
romolecules, such as deoxyribonucleic acid (DNA), pro-
teins, and lipids [8]. By disrupting the layers of membrane 
lipids, inactivating receptors, and membrane enzymes, free 
radical assault on lipids results in peroxidation of mem-
brane lipids and increases membrane permeability. As 
a result of the peroxidation of membrane androgens by 
free radicals, the production of toxic products that act as 
secondary messengers in the cell, such as 4-hydroxynon-
enal (4-HNE) and malondialdehyde (MDA), is toxic to 
cell types [9, 10]. Numerous studies have confirmed the 
increase in these compounds in breast cancer [11] .

Antioxidants are regenerative substances found inside 
and outside the cell which has the ability to react with free 
radical species and control the production of free radicals. 
In fact, antioxidants are the body’s defense mechanisms 
against free radicals. Antioxidants play an important role 
to eliminate free radicals and balancing redox reactions 
[12]. Antioxidants are divided into several types, includ-
ing enzymatic antioxidants, such as superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (GPX); 
water-soluble vitamins and fats, such as vitamins C and 
E; minerals such as selenium (Se), manganese (Mn), cop-
per (Cu), and zinc (Zn); and proteins such as albumin, 
ceruloplasmin, transferrin, haptoglobulin, flavonoids, 
and phytochemicals [13]. SOD is a metalloprotein that is 
the first enzyme active in antioxidant defense to reduce 
oxygen species, so this enzyme removes the superoxide 
radical to form two less dangerous oxidative compounds, 
hydrogen peroxide and hydrogen peroxide [8]. CAT is the 
most abundant antioxidant enzyme containing iron, which 
converts hydrogen peroxide to water and molecular oxy-
gen in two steps [14]. GPX reduces hydrogen peroxide 
and lipid hydro peroxides to water and alcohol. During 
this stage, the glutathione of this enzyme is oxidized to 
glutathione disulfide, and in the last stage, it is reduced by 
glutathione reductase [15, 16]. In many types of cancer, 
we see a decrease in the effectiveness of the antioxidant 
system and a continuous increase in oxidative stress [2].

Trace elements play an important role in metabolism 
[17]. Cu and Zn are required for antioxidant enzymes to 
function optimally. The process of oxidative stress is more 
prevalent when the quantity of trace elements in the struc-
ture of these enzymes is out of balance [18]. Concentra-
tions of trace elements (Zn and Cu) are different in patients 
with various cancers compared to normal people [19].

This study aimed to evaluate the activity of antioxidant 
enzymes, such as SOD, CAT, and GPX, and concentra-
tions of total antioxidants capacity (TAC), total oxidant 
status (TOS), oxidative stress index (OSI), MDA, Cu, and 
Zn in tumor tissue and tumor margins tissue of breast can-
cer patients.

Materials and Methods

Patients and Samples

This study was approved by the Ethics Committee of 
Hamadan University of Medical Sciences (IR.UMSHA.
REC.1400.088). This case–control study was performed 
in Khatam Al-Anbia Hospital, Tehran, Iran, from June 
2021 to January 2022. Breast cancer patients included 
40 women with a histologically confirmed diagnosis of 
invasive ductal carcinoma — the most common type of 
breast cancer — who had not received any treatment such 
as chemotherapy surgery and/or radiation therapy. The 
conditions for entering and exiting the study are as fol-
lows: inclusion criteria, women with breast cancer whose 
disease has been confirmed by pathology and mammogra-
phy and is scheduled to undergo surgery. Exclusion criteria 
were presence of any breast removal surgery, undergoing 
any treatment (chemotherapy, radiation therapy, and hor-
mone therapy), and taking mineral supplements and anti-
oxidants. After the approval of the Ethics Committee of 
Hamadan University of Medical Sciences, informed con-
sent was obtained from all participants in this study. Social 
demographic characteristics, such as age and gender, were 
collected using a questionnaire. Clinicopathologic data 
were obtained from patients’ pathology reports. Tumor 
tissue and tumor margin tissue were evaluated indepen-
dently by the pathologist after removal in terms of clinical 
parameters, such as histopathological type, pathological 
stage of the tumor, and degree of differentiation.

Preparation of Tissues

Tumor tissue and tumor margin tissue were obtained at 
the time of surgical resection. Each sample was placed 
in a separate tube, stored at −80 °C and transferred to 
Hamadan University of Medical Sciences for testing. Tis-
sue samples were cut into small pieces; in order to pre-
pare lysates for the analysis of MDA, we washed a small 
amount of tissue (5 to 10 mg) from the tissue with PBS 
buffer. Then combine 300 μl of the MDA lysis buffer with 
3 μl of the BTH 100X solution and homogenize the sample 
on ice. The resulting homogeneity was centrifuged at 6000 
g for 10 min, and the supernatant was separated and placed 
at −80 °C until the test was performed. To prepare a tissue 
sample for SOD, CAT, and GPX activities and TOS, TAC, 
and trace element (Zn, Cu) levels, a certain volume of tis-
sue was lysed by a homogenizer in a PBS buffer containing 
a protease inhibitor cocktail and then in centrifuge 12,000 
RPM at 15 °C for 15 min. Freeze the supernatant in a new 
tube at −80 °C.
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Determination of Oxidative Stress Markers

MDA concentration was measured by calorimetric method 
according to the instructions of the Kiazist Lipid Peroxida-
tion Kit. Calorimetric readings were performed at 560 nm. 
Concentration of MDA was calculated by using a standard 
curve. Data are expressed in nanomols per milligram of pro-
tein (nmol/mg of protein).

The TOS was determined using a Kiazist Kit. In this 
experiment, ferrous  (Fe+2) metal is oxidized to ferric  (Fe+3) 
in the presence of oxidants and produces dye in the presence 
of chromogen. The color produced was read at 560 nm. The 
amount of adsorption is directly related to the amount of 
oxidant, and the standard curve was drawn in the presence 
of  H2O2. Based on the adsorption of standards, we drew 
the standard curve and calculated the concentration of the 
samples using the following formula:

In order to determine the concentration of TAC, cupric 
 (Cu+2) is reduced to copper  (Cu+1) in the presence of anti-
oxidants, and dye is produced in the presence of chromogen. 
TAC was measured by a Kiazist Kit, and the adsorption was 
read at 450 nm. Examples are expressed in terms of nmol of 
Trolox equivalent/mg protein.

The ratio of TOS to TAC is known as the oxidative stress 
index (OSI), which is calculated using Earl method [20]:

Determination of Enzymatic Markers of Oxidative 
Stress

The activity of SOD (both forms of Cu-Zn SOD and Mn 
SOD) was measured by calorimetric method according to 
the instructions of the Kiazist Kit. A superoxide anion radi-
cal  (O2

−) produced in a reaction catalyzed by xanthine oxi-
dase produces a color product by performing several reac-
tions. The concentration of this color product is proportional 
to the SOD activity in the samples, and finally, the adsorp-
tion was read at 560 nm. The activity was expressed based 
on the percentage of inhibition (inhibition rate %):

CAT activity in the supernatant of breast homogenates 
was measured using a Kiazist Catalase Activity Measuring 
Kit, and the adsorbance was read at 560 nm. To determine 

H2O2 Equivalent
(

�M or
nmol

ml

)

= A ∗ Dilution coefficient

A = Values calculated from the standard curve

OSI subjective unit =
TOS � molH2 O

TAC mmol TroloxEq∕l
∗ 100

1U SOD Activity = Inhibition rate 50%

the enzymatic activity, first, the standard curve was drawn, 
and then the concentration of the samples was calculated 
based on the standard μM of formaldehyde. Finally, to cal-
culate the enzymatic activity of μM, we put each sample 
in the following formula. The unit of enzyme activity is in 
terms of mU/mL or nmol/min/mL:

To measure the activity of GPX, a kit for measuring 
the activity of glutathione peroxide enzyme from Kiazist 
Company was used.

GSSG + NADPH + H
+
Glutathionereductase = 2GSH

+ NADP
+ (adsorption changes at 340 nm)

GPX enzyme activity was calculated according to the 
following formula:

The unit of enzyme activity is mU/mL or nmol/min/mL.

Determination of Zn and Cu Concentration

The tissue levels of Cu and Zn were measured by an atomic 
adsorption spectrophotometer equipped with a graphite 
furnace (Varian SpectrAA220). The glassware used in this 
test was first completely washed with water and detergent 
and then rinsed with distilled water (three times). After 
rinsing, put the glassware in 10% nitric acid solution for 
24 h and then wash them with deionized water at least 4 
times. Standard solutions for determining the concentra-
tion of Cu and Zn were prepared using 0.1% nitric acid. 
The standard solutions were, respectively, diluted in dif-
ferent concentrations based on ppb. Ten ml of standard 
solution with different concentrations (10, 20, 40, 80 ppb) 
was injected into the atomic absorption spectrometer, and 
the standard curve was drawn. The desired samples were 
acid digested using nitric acid. The concentration of the 
samples was measured by the device, and the results were 
reported based on ppm.

Statistical Analysis

In order to analyze the data, SPSS statistical software 
(version 23) and descriptive and inferential statistics 
were used. The normality of the result distribution was 
confirmed. At the level of descriptive statistics, indica-
tors such as mean, standard deviation, and frequency 

CAT Activity =
�M of sample

20�M
∗
0.24

0.02
∗ Sample dilution coefficient

ROOH + 2GSH Glutathione peroxidase = ROH + H2O + GSSG

GPX Activity =
Δ340∕min

0.00216�M−1
∗

110

Sample value(�l)

∗ Sample dilution coefficient
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distribution tables were used, and in inferential statistics 
for data analysis, t test or Mann–Whitney’s test was per-
formed, and analysis of variance was used. Statistical sig-
nificance was set at a p value <0.5, and GraphPad Prism 
software was used to draw shapes and graphs.

Result

Demographic and Clinical Findings of Patients

Forty patients with breast cancer participated in this study. 
All participants were female, and their mean age was 
54.2±12.04 years with a minimum age of 29 to a maximum 
of 77 years. Demographic and clinical findings of all breast 
cancer patients were studied and tabulated in Table 1.

Tissue Level of Oxidative Stress Markers

Examination of the levels of oxidative stress markers includ-
ing MDA, TOS, and TAC showed that tissue levels of MDA 
(p=0.0095), TOS (p=0.016), and OSI (p=0.001) were sig-
nificantly higher in patients with breast cancer compared 
to tumor margin tissue. Tissue TAC levels are reduced in 
women with breast cancer compared to tumor margin tissue 
(p=0.04) (Fig. 1).

Tissue Level Enzymatic Markers of Oxidative Stress

Examination of the levels of oxidative stress enzymatic 
markers including SOD, CAT, and GPX showed that the 
enzymatic activity of SOD (p=0.005), CAT (p=0.0001), and 
GPX (p=0.003) in the tumor tissue of breast cancer patients 
was significantly reduced compared to the tumor margin tis-
sue (Fig. 2).

Tissue Level of Zn and Cu

Examination of trace element levels including Zn and 
Cu showed that tissue levels of Zn (p=0.0001) and Cu 
(p=0.0001) were significantly higher in patients with breast 
cancer compared to tumor margin tissue (Fig. 3).

Relationship Between MDA, TAC, TOS, and OSI 
Levels and Clinicopathological Features in Breast 
Cancer Patients

The rate of OSI in the tissues of breast cancer patients was 
related to tumor location, metastasis, and tumor size. The 
level of OSI in patients’ tissues in right breast tumors was 
significantly higher than left (p=0.03). Also, the level of OSI 
in the tissues of patients who had metastasized significantly 
increased compared to those who did not (p=0.001) and in 
breast cancer patients with tumor size <2.5 cm compared to 
tumor size ≥2.5 cm (p=0.02). Tissue concentration of MDA 
in breast cancer patients was associated with metastasis, the 
level of which was higher in patients who metastasized than 
in other patients (p=0.006). No significant relationship was 
observed between the concentration of MDA, TAC, TOS, 
and OSI in tissues with other clinical pathological features 
(age, menopausal status, pathological degree, tumor size, 
etc.) (all p>0.05) (Table 2).

Relationship Between CAT, SOD, and GPX Enzyme 
Activity and Clinicopathological Features in Breast 
Cancer Patients

The level of CAT enzyme activity in the tissues of 
breast cancer patients was associated with lymph node 
involvement. Patients with lymph node involvement had 

Table 1  Characteristics of breast cancer patients (n = 40)

Variable Category Patient number (N%)

Age (years) <50 15 (37.5)
>50 25 (80.9)

Marital status Single 8 (20)
Married 32 (80)

Abortion Yes 12 (30)
No 28 (70)

Breast feeding Yes 34 (85)
No 6 (15)

Use of contraception Yes 14 (35)
No 26 (65)

Family history Yes 13 (32.5)
No 27 (67.5)

Location of tumor Left 24 (60)
Right 16 (40)

Metastasis Yes 6 (15)
No 34 (85)

Histopathology Ductal 38 (95)
Lobular 2 (5)

Lymph node Yes 20 (50)
No 20 (50)

Grade I 2 (5)
II, III 38 (95)

Tumor size (cm) <2.5 11 (27.5)
≥2.5 29 (72.5)

Estrogen receptor Positive 33 (82.5)
Negative 7 (17.5)

Progesterone receptor Positive 31 (77.5)
Negative 9 (22.5)

HER2 Positive 7 (17.5)
Negative 33 ( 82.5)
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a significant increase in CAT activity compared to other 
patients (p=0.03). The relationship between SOD enzyme 
activity and tumor size showed that the activity of this 
enzyme increased significantly in people whose tumor size 
was less than 2.5 cm compared to patients whose tumor 

Fig. 1  Tissue levels of oxida-
tive stress markers. A Malon-
dialdehyde (MDA), B total 
antioxidant capacity (TAC), C 
total oxidant status (TOS), and 
D oxidative stress index (OSI) 
in breast cancer patients com-
pared to tumor margin tissue. * 
p<0.05 and **p<0.01 compared 
to control

size was more than 2.5 cm (p=0.03). No significant rela-
tionship was observed between the activity of CAT, SOD, 
and GPX in tissues with other clinical pathological fea-
tures (age, menopausal status, pathological degree, tumor 
size, etc.) (all p>0.05) (Table 3).
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Relationship Between Zn and Cu Levels 
and Clinicopathological Features in Breast Cancer 
Patients

Based on the results, a correlation was found between tissue 
concentration of Zn and tumor location, lymph node involve-
ment, and HER2 receptor. Tissue concentration of Zn in 
patients with tumors on the right side of the breast showed 
a significant increase compared to the left set (p=0.01). We 
also observed an increase in Zn concentration in patients 
with lymph node involvement (p=0.03). An increase in Zn 
concentration was observed in  HER2+ patients compared to 
 HER2− (p=0.01). No significant relationship was observed 
between the concentration of Zn and Cu in tissues with other 
clinical pathological features (age, menopausal status, patho-
logical degree, tumor size, etc.) (all p>0.05) (Table 4).

Correlation of Zn Concentration and Cu 
Concentration with Oxidative Stress Markers 
in Breast Cancer Patients

As shown in Table 5, Pearson correlation coefficients were 
used to calculate the correlation of Zn and Cu tissue con-
centration with oxidative stress markers. No correlation 

was found between tissue concentration of Zn and oxida-
tive stress parameters (p>0.05), and the results of the study 
showed no correlation between tissue concentration of Cu 
and oxidative stress parameters (p>0.05).

Discussion

Cancer is one of the leading causes of death and public con-
cern worldwide [21]. According to the International Agency 
for Research on Cancer, the most common types of cancer 
among women are breast (33%), cervical (17%), and ovarian 
(6%) cancers [22]. Oxidative stress is a significant factor in 
the spread of cancer and a key factor in developing the dis-
ease [23]. Previous studies have confirmed an increment in 
oxidative stress in various types of cancer, including breast 
cancer [18]. Predicted mechanisms for enhanced oxidative 
stress in breast cancer have the potential to cause genetic 
changes in antioxidant enzymes, estrogen therapy, neglected 
production of reactive oxygen species, and disruption of the 
antioxidant system [24]. Oxidative stress biomarkers are 
clinically significant and can be used to determine cancers 
from breast cancer by determining their levels in tissue and 
blood [25, 26].

Fig. 2  Tissue levels enzymatic markers of oxidative stress. A Superoxide dismutase (SOD) activity, B catalase (CAT) activity, and C glutathione 
peroxidase (GPX) activity in breast cancer patients compared to tumor margin tissue. ** p<0.01 and *** p<0.001 compared to control
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This research paper is designed to determine the tissue 
content of MDA, TAC, TOS, OSI, antioxidant enzymes 
(CAT, GPX, and SOD), and trace metals (Zn and Cu). 
The results of the present study showed that the concen-
trations of MDA, TOS, and OSI in tumor tissue were 
significantly higher than tumor margin tissue, but the 
level of TAC and enzyme activities of CAT, SOD, and 
GPX were significantly reduced in tumor tissue. It was 
found that the concentrations of Zn and Cu in breast 
cancer patients were higher than tumor margin tissue. 
There was also a significant relationship between MDA 
and metastasis (p=0.006) and between OSI with tumor 
location (p=0.03), metastasis (p=0.001), and tumor size 
(p=0.02). Besides, there is a significant relationship 
between CAT and lymph node involvement (p=0.03), 
SOD, and tumor size (p=0.03). Our studies on the rela-
tionship between tissue concentrations of Cu and Zn 
with the clinicopathological parameters of breast can-
cer patients show the relationship between Zn and tumor 
location (p=0.01), lymph node involvement (p=0.03), 
and HER2 receptor (p=0.01).

MDA is the end product of lipid peroxidation which 
can be used to estimate the severity of oxidative stress or 
damage caused by lipid peroxidation [2]. It was shown 
that its level is higher in cancer patients than in controls 
[27–30]. The tissue concentration of MDA was greater 

in breast cancer patients than in the tumor margin tissue 
group (p = 0.0095). Several studies have shown that MDA 
levels are considerably elevated in breast cancer patients 
[31, 32]. Moreover, the results of group study showed an 
increase in the concentration of MDA without a statisti-
cally significant difference in the serum of the patients 
[27]. The results of these studies confirm the findings of 
our study. The concentration of MDA seems to depend 
on many factors, including measurement time, age of 
patients, and stage of the disease. The results of the study 
by Didžiapetrien˙ et al. showed that the changes in MDA 
levels depend on the age of the patients and the stage of 
the disease, and the highest concentration of MDA was 
seen in patients over 50 years and cancer patients who 
were in stage III [33]. Our finding did not show a relation-
ship between the level of MDA and the age of the subjects 
(p=0.16), However, in patients in stages II and III, MDA 
levels were increased, but this difference was not signifi-
cant (p=0.13). Our study showed a significant relationship 
between the level of MDA and metastasis, which signifi-
cantly increased the level of MDA in patients who had 
metastasized (p=0.006). Patients with breast cancer have 
significantly lower concentrations of TAC in the tumor tis-
sue than in the tumor margin tissue (p=0.04). The results 
of a study by Hewala et al. show a reduction in serum 
TAC levels in cancer patients compared to controls [32]. 

Fig. 3  Tissue levels of zinc 
(Zn) and copper (Cu). Tissue 
level of Zn (A) and Cu (B) in 
breast cancer patients compared 
to tumor margin tissue *** 
p<0.001 and **** p<0.0001 
compared to control
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Mehdi et al. examined the serum and tissue levels of TAC 
in cancer patients, and the results of this group showed a 
decrease in serum and tissue concentration of TAC [22], 
which confirmed the results of our group. The results of a 
study by Erten Şener et al. showed that TAC in the patients 
with breast cancer was 2.01±0.01 mmol Trolox Eq/L 
and 2.07±0.03 mmol Trolox Eq/L in the control group 
(p<0.05) [34]. Zowczak Drabarczyk [35] et al. obtained 
results almost identical to Erten Şener which confirms 
our results. Conversely, the results showed that TOS was 
significantly increased in tumor tissue of breast cancer 
patients compared to tumor margin tissue of breast cancer 
patients) p<0.01(. Tahmasebpour and his colleagues found 
that TOS was increased in breast cancer patients (p<0 05) 
[36]. The results of Mehdi et al. [22] and Tahmasebpour 
et al. [36] confirm our results. The examination of the ratio 
of TOS to TAC in this study showed that the OSI of tumor 

tissue was significantly higher than the tumor margin tis-
sue (p=0.001). The results of a study by Feng et al. [37] 
confirm our findings. The results of Zarini et al.’s study 
show the relationship between OSI and the stage of the 
disease, which was lower in the lower stage than in the 
upper stage [38]. However, this relationship was not seen 
(p=0.53), but a significant relationship was seen between 
OSI with tumor location (p=0.03), metastasis (p=0.001), 
and tumor size (p=0.02).

Cancers have an altered metabolism with an increase in 
glucose uptake and lactate production in the presence of 
oxygen. This increased energy supplied by aerobic glycoly-
sis is called “the Warburg effect” [39]. Tumor cells produce 
more of the angiogenic factors interleukin 8 (IL-8) and 
vascular endothelial growth factor (VEGF) when exposed 
to oxygen radicals. Oxidative stress in tumor cells may 
trigger angiogenesis in breast cancer by producing matrix 

Table 2  Association between tissue concentration of stress oxidative marker with clinicopathological features in the breast cancer patients

Bold entries in the tables indicate statistical significance (p value less than 0.05)

Variable MDA  (nmol/mg of protein) TAC (nmol of Trolox equiva-
lent/mg protein)

TOS (nmol/mg protein) OSI (arbitrary unit)

Mean ± SD p value Mean ± SD p value Mean ± SD p value Mean ± SD p value

Age (years)
  <50

21.02 ± 9.42 0.16 35.29 ± 16.68 0.25 2.25 ± 0.66 0.07 11.49 ± 4.82 0.09

  >50 20.10 ± 15.16 40.12 ± 18.17 2.49 ± 1.02 7.43 ± 6.19
Location of tumor
  Left

20.48 ± 15.15 0.41 41.39 ± 19.42 0.07 2.52 ± 0.93 0.98 7.13 ± 0.91 0.03

  Right 20.39 ± 9.97 33.69 ± 13.66 2.22 ± 0.84 11.61 ± 4.69
Metastasis
  Yes

27.45 ± 9.82 0.006 40.03 ± 18.71 0.66 2.53 ± 0.96 0.71 19.35 ± 11.72 0.001

  No 19.21 ± 1.77 38.00 ± 17.64 2.38 ± 0.90 7.08 ± 0.97
Histopathology
  Ductal

20.44 ± 2.16 0.99 38.92 ± 17.64 0.65 2.39 ± 0.92 0.07 8.78 ± 2.03 0.82

  Lobular 20.64 ± 10.18 26.68 ± 15.67 2.65 ± 0.00 11.60 ± 7.55
Lymph node
  Yes

22.88 ± 15.49 0.22 41.04 ± 17.84 0.89 2.39 ± 1.00 0.32 10.67 ± 3.80 0.07

  No 18.01 ± 10.19 35.57 ± 17.31 2.41 ± 0.80 7.18 ± 4.21
Grade
  I

13.74 ± 1.77 0.13 35.86 ± 11.12 0.37 2.06 ± 0.32 0.22 5.17 ± 1.63 0.53

  II, III 20.80 ± 13.43 38.44 ± 17.93 2.42 ± 0.91 9.12 ± 2.05
Tumor size (cm)
  < 2.5

22.96 ± 19.17 0.11 34.95 ± 13.53 0.30 2.40 ± 1.15 0.21 14.04 ± 6.43 0.02

  ≥ 2.5 19.49 ± 10.35 39.58 ± 18.93 2.40 ± 0.81 6.98 ± 1.11
Estrogen receptor
  Positive

20.94 ± 13.87 0.56 37.56 ± 18.77 0.07 2.47 ± 0.94 0.16 9.75 ± 2.34 0.29

  Negative 18.11 ± 9.74 41.85 ± 10.48 2.05 ± 0.56 5.01 ± 0.96
Progesterone receptor
  Positive

20.87 ± 14.20 0.43 36.59 ± 18.79 0.10 2.52 ± 0.95 0.12 10.15 ± 2.47 0.20

  Negative 18.98 ± 9.31 44.23 ± 11.37 2.00 ± 0.55 4.71 ± 2.30
HER2
  Positive

19.52 ± 11.01 0.57 43.90 ± 15.33 0.53 2.12 ± 0.67 0.28 5.00 ± 2.51 0.28

  Negative 20.64 ± 13.73 37.12 ± 17.99 2.46 ± 0.93 9.76 ± 2.34
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metalloproteinase-1 and enhance blood supply to breast 
cancer by promoting blood vessel dilation [40]. Alterations 
in metabolic pathways can provide advantages for tumor 
proliferation and growth by securing energy and substrates. 
These changes can create favorable conditions in tumor 
microenvironment (TME) that are optimal for cancer sur-
vival [39]. As you know, the body has an advanced anti-
oxidant defense system to fight oxidants, which includes 
GPX, SOD, and CAT [11]. In our study, SOD enzyme 
activity in breast cancer tumor tissue was significantly 
lower than tumor margin tissue (p=0.005). The decrease 
in SOD enzyme activity may be in terms of the production 
of free radicals, which can lead to mutation and damage 
to the enzyme through cross-linking and damage to the 
nuclear DNA [41]. Moreover, under the circumstances of 
oxidative stress, in breast cancer patients, the rise in the 
concentration of free radicals and oxidants, as well as the 
ensuing damage, leads to a decrease in the amount of this 
beneficial antioxidant [27]. The results of a group study in 

India in 2020 showed that SOD enzyme activity in people 
with breast cancer was significantly lower than in the con-
trol group [27], which confirms our result. The findings 
of Kilic et al. show a reduction in SOD enzyme activity 
in the patients with breast cancer [42]. In a study by Kan-
gari et al., SOD enzyme activity in breast cancer patients 
was significantly increased compared to healthy individu-
als [43], which results are inconsistent with our results. 
This increase in enzymatic activity may be in terms of the 
inflammation of oxidants and activation of gene expression 
via antioxidant-responsive elements (AREs) [26]. Contra-
dictory results can be seen from the activity of CAT in 
breast cancer. Some studies show an increase in the activity 
of this enzyme [29, 44], and others show a decrease in the 
activity of CAT in cancer patients relative to control [11, 
41]. Our findings show a decrease in the activity of CAT in 
tumor tissue compared to tumor margin tissue (p=0.0001). 
And the decrease in CAT activity can be caused by the 
toxicity produced by  H2O2 [41].

Table 3  Association 
between tissue concentration 
of enzymatic markers 
of stress oxidative with 
clinicopathological features in 
the breast cancer patients

Bold entries in the tables indicate statistical significance (p value less than 0.05)

Variable CAT (mU/mg of protein) SOD (U/mg of protein) GPX (mU/mL)

Mean ± SD p value Mean ± SD p value Mean ± SD p value

Age (years)
  <50

117.62 ± 68.15 0.98 0.42 ± 0.18 0.29 1.48 ± 0.86 0.17

  >50 115.68 ± 97.84 0.42 ± 0.56 1.81 ± 0.41
Location of tumor
  Left

119.18 ± 98.55 0.92 0.44 ± 0.11 0.29 1.84 ± 0.40 0.84

  Right 112.26 ± 68.79 0.38 ± 0.04 1.46 ± 0.28
Metastasis
  Yes

111.32 ± 36.53 0.56 0.38 ± 0.17 0.55 1.72 ± 0.44 0.78

  No 117.31 ± 93.41 0.43 ± 0.08 1.68 ± 0.30
Histopathology
  Ductal

111.68 ± 83.43 0.26 0.42 ± 0.07 0.45 1.71 ± 0.28 0.33

  Lobular 206.23 ± 142.33 0.46 ± 0.02 1.18 ± 0.25
Lymph node
  Yes

131.52 ± 118.26 0.03 0.52 ± 0.13 0.21 1.99 ± 0.48 0.23

  No 101.30 ± 32.42 0.32 ± 0.03 1.38 ± 0.23
Grade
  I

96.14 ± 59.18 0.91 0.36 ± 0.29 0.95 2.84 ± 0.68 0.56

  II, III 117.48 ± 88.60 0.42 ± 0.07 1.63 ± 0.27
Tumor size (cm)
  < 2.5

153.66 ± 137.190 0.12 0.54 ± 0.24 0.03 2.19 ± 0.84 0.06

  ≥ 2.5 102.28 ± 55.27 0.37 ± 0.19 1.49 ± 0.19
Estrogen receptor
  Positive

112.47 ± 87.03 0.38 0.44 ± 0.08 0.62 1.72 ± 0.32 0.16

  Negative 134.98 ± 90.80 0.30 ± 0.18 1.55 ± 0.56
Progesterone receptor
  Positive

115.10 ± 88.58 0.55 0.45 ± 0.09 0.44 1.77 ± 0.34 0.12

  Negative 120.93 ± 85.99 0.30 ± 0.16 1.40 ± 0.58
HER2
  Positive

101.73 ± 37.40 0.37 0.26 ± 0.09 0.30 1.12 ± 0.79 0.34

  Negative 119.52 ± 94.30 0.45 ± 0.08 1.81 ± 0.31



3242 Z. Barartabar et al.

1 3

GPX is a glycoprotein containing selenocysteine that cat-
alyzes the conversion of hydrogen peroxide and lipid hydro 
peroxides to water and alcohol [45]. The results of Wang 
[46] and Kangari [43] study show an increase in GPX activ-
ity in breast tumor tissue, while the findings of Gupta et al. 
[47] indicate a decrease in GPX activity in cancer tissue. Our 
findings show a decrease in GPX enzyme activity (p=0.003).

Cu and Zn play an important role in biological processes; 
one of the most important activities of these metals is their 
cofactor role in the functioning of antioxidant enzymes [48]. 
Regarding the numerous roles of Zn in the metabolism of 
macromolecules in the body, this metal can be considered an 
essential element in life [49]. Several studies have reported 
changes in serum and tissue Zn concentrations in the patients 
with breast cancer. The results of several studies show an 
increase in the concentration of Zn in tumor tissues com-
pared to tumor margin tissue [49–51]. The findings of our 
study showed an increase in Zn concentration in tumor tissues 
compared to tumor margin tissues (p<0.0001(. In addition, 
increasing the concentration of Zn in tumor tissue showed a 
significant relationship with tumor location (p=0.01), lymph 
node involvement (p=0.03), and HER2 receptor (p= 0.01). 
The results of several studies have shown that Zn levels in the 
serum are reduced in cancer patients [49]. Intracellular Zn lev-
els are regulated via the coordinated expression of Zn trans-
porters that modulate Zn expression and flux. Intracellular Zn 
activates Zn-dependent metalloproteinases, which catalyze the 
breakdown of extracellular matrix and are involved in tumor 
proliferation, invasion, angiogenesis, and metastasis [52].

Cu is essential to promote various biochemical processes, 
such as angiogenesis and its antioxidant role. Numerous 
studies have reported increased Cu concentrations in breast 
cancer tissue, which can induce breast cancer through 
angiogenesis [48]. Our findings also show an increase in 
Cu concentration in breast tumor tissue compared to tumor 
marginal tissue (p=0.0001). The reason for the increase in 
copper levels in tumor tissue is the tumor’s need for copper 
to activate angiogenesis, growth, and metastasis [53].

Table 4  Association between tissue concentration of trace element 
with clinicopathological features in the breast cancer patients

Bold entries in the tables indicate statistical significance (p value less 
than 0.05)

Variable Zn (ppm) Cu (ppm)

Mean ± SD p value Mean ± SD p value

Age (years)
  <50

3.92 ± 0.44 0.45 0.38 ± 0.01 0.13

  >50 4.00 ± 0.72 0.51 ± 0.14
Location of tumor
  Left

3.88 ± 0.38 0.01 0.52 ± 0.15 0.12

  Right 4.11 ± 0.87 0.37 ± 0.00
Metastasis
  Yes

3.80 ± 0.14 0.13 0.39 ± 0.04 0.47

  No 4.00 ± 0.67 0.47 ± 0.10
Histopathology
  Ductal

3.96 ± 0.63 0.75 0.46 ± 0.09 0.69

  Lobular 4.17 ± 0.40 0.40 ± 0.02
Lymph node
  Yes

3.77 ± 0.33 0.03 0.38 ± 0.02 0.05

  No 4.18 ± 0.78 0.54 ± 0.18
Grade
  I

4.93 ± 0.54 0.91 0.34 ± 0.04 0.72

  II, III 3.92 ± 0.59 0.47 ± 0.09
Tumor size (cm)
  < 2.5

3.86 ± 0.31 0.14 0.34 ± 0.03 0.36

  ≥ 2.5 4.01 ± 0.71 0.50 ± 0.12
Estrogen receptor
  Positive

3.96 ± 0.66 0.60 0.47 ± 0.11 0.41

  Negative 4.03 ± 0.42 0.39 ± 0.01
Progesterone receptor
  Positive

3.95 ± 0.68 0.49 0.48 ± 0.11 0.32

  Negative 4.05 ± 0.38 0.39 ± 0.01
HER2
  Positive

4.07 ± 1.20 0.01 0.37 ± 0.01 0.37

  Negative 3.95 ± 0.45 0.48 ± 0.11

Table 5  Correlation of zinc and copper concentrations with oxidative stress markers in breast cancer patients

Bold entries in the tables indicate statistical significance (p value less than 0.05)

MDA (nmol/mg 
protein)

TOS (nmol/mg 
protein)

TAC (nmol of 
Trolox equiva-
lent/mg protein)

OSI (arbitrary 
unit)

CAT (mU/mg of 
protein)

SOD (U/mg of 
protein)

GPX (mU/mL)

r p r p r p r p r p r p r p

Concentration 
of Zn (ppm) 
in tumor tis-
sues

−0.101 0.535 −0.143 0.377 −0.182 0.260 −0.106 0.513 −0.055 0.736 −0.072 0.661 −0.032 0.846

Concentration 
of Cu (ppm) 
in tumor tis-
sues

0.161 0.322 0.300 0.06 −0.310 0.051 0.067 0.681 −0.017 0.919 0.038 0.816 −0.003 0.986
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Conclusion

This study was designed to confirm the important role of 
oxidative stress in the development/progression of many 
chronic diseases, including cancer. For this purpose, we 
determined the tissue content of MDA, TAC, TOS, antioxi-
dant enzymes (CAT, GPX, and SOD), and trace metals (Cu 
and Zn). Changes in oxidant and antioxidant levels were 
observed in tumor tissue of breast cancer patients relative 
to tumor margin tissue in our study. MDA, TOS, and OSI 
levels increased, while TAC level and SOD, GPX, and CAT 
activities decreased, and Cu and Zn concentrations increased 
in tumor tissue relative to tumor margin tissue. One of the 
primary reasons of breast cancer development is the pres-
ence of elevated oxidative stress markers.

Limitations of the Study

This study was limited in terms of time, geographical area, 
and sample number. Also, in this study, we used tumor 
peripheral tissue instead of healthy tissue, which may have 
been affected by the disease. It would have been better if 
these parameters were checked in my head at the same time.
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