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Abstract
Many free radicles are implicated to activate a number of oncogenic signaling, cause damage to deoxyribonucleic acid and tumor
suppressor genes, or promote expression of proto-oncogenes. Reduced level of antioxidants and increases oxidative stressmarkers
are associated with the development of various types of cancer.
This prospective study included 60 women who were grouped into equal groups. Patients group included 30 breast cancer

women and control group consisting of 30 apparently healthy women. Both groups were compared regarding the serum levels of
antioxidants biomarkers (vitamin C, ceruloplasmin, glutathione) and oxidative stress biomarkers, malondialdehyde (MDA),
peroxynitrite, and gamma-glutamyl transferase.
In regard to the antioxidant biomarkers, there was a significant difference between the patients and the controls regarding the levels

of serum ceruloplasmin and glutathione, (P values .000) for eachwhile vitamin C showed no significant correlation (P value .053), while
regarding oxidative stress biomarkers, the correlation was significant for both peroxynitrite and MDA (P value .000 and .001)
respectively, and not significant for gamma-glutamyl transferase (P value 1.00).
Reduced level both ceruloplasmin and glutathione is seen in patients with breast cancer while vitamin C is not associated. Elevated

levels of both peroxynitrite and MDA is seen in patients with breast cancer which may be used as serum markers for the early
detection of breast cancer.

Abbreviations: DNA = deoxyribonucleic acid, GGT = gamma-glutamyl transferase, MDA = malondialdehyde.
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1. Introduction

Breast cancer is the most common type of cancer that affect
women during their lifetime. Many causes have been implicated
in the development of cancer in general and breast cancer
specifically which can be categorized into modifiable and non-
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modifiable causes, modifiable causes are described as factors that
can bemodified or changed such as the bodyweight, reproductive
factors, the use of hormone replacement therapy, diet, and some
environmental factors, while the non-modifiable factors include
sex, genetic mutations, menstrual history, and family history of
breast cancer. The theories that explain cancer development are
still under investigation and many theories are currently present
explaining the role of the oxidative stress and the antioxidant
biomarkers in the development of cancer at the molecular
basis.[1–3]

The contribution of the free radicles in the pathogenesis of
many types of cancerous and non-cancerous diseases is
investigated widely. The pathogenesis of disease occurrence
due to oxidative stress can be explained by one or both of the
following mechanisms, the first one is that there is decrease in the
antioxidant defense mechanism which is in turn due to genetic
defect resulting in the reduction of the production of the
antioxidant enzymes, the second mechanism is that there is an
increased production of the free radicals due to excessive
exposure to toxins or the presence of higher concentration of
various types of them.[1]

Antioxidants are substances that are able to inhibit
oxidation, this mechanism include molecules that can prevent
the formation of the reactive oxygen radicles or are able to
capture them and conjugate with them preventing their
interaction with their cellular targets. Antioxidants include
antioxidant enzymes, proteins molecules, many chelating
agents like ceruloplasmin, and non-enzymatic substances like
glutathione.[2]
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Glutathione conjugate with various xenobiotics in the body
then they are metabolized, high exposure to xenobiotics will
result in depletion of the glutathione. Inadequate levels of these
antioxidants may be due to decrease in the dietary supplementa-
tion or very high levels of the oxidative stress.[1]

Malondialdehye is a normal ketoaldehyde product that is
synthesized by peroxidative metabolism of unsaturated fats and
as one of the byproducts of arachidonate metabolism. Excessive
amounts of malondialdehye is formed due to tissue injury, which
can bind with the free amino groups of proteins to form
malondialdehye-modified protein complex, this complex is an
immunogenic. Elevated levels of malondialdehye have been
detected in the serum of patients with different types of
cancer.[2,4]

Gamma-glutamyl transferase (GGT) is a glycoprotein (onco-
fetal protein) that is found normally in the serum in low
concentrations. High serum levels GGT have been linked to high
level of oxidative stress and increased risk for cancer develop-
ment.[5,6]

Peroxynitrite is a potent oxidant and nitrosative molecule that
has the ability to react with various nucleic acids, protein
molecules, lipoproteins, cardiolipins, and many other
molecules. It can modify the ribonucleic acid which is
immunogenic and its autoantibodies can be detected in serum
of breast cancer patients and other types of cancer like colorectal
cancer. It causes destruction of the typical epitopes on ribonucleic
acid and mediates defect in cell signaling and cancer cell
progression.[7]

Free radicles are implicated to be the causative agent for the
development of cancer by many mechanisms such as deoxy-
ribonucleic acid based damages, damaging tumor suppressor
genes, and promoting the expression of the proto-oncogenes.
Elevated level of malondialdehyde (MDA) and reduced level of
antioxidants such as glutathione peroxidase, vitamin C, and
some other vitamins like vitamin E in the serum or body tissues
have been shown to be associated with the development of
various types of cancer.[8–11]

Deoxyribonucleic acid damage and genomic instability is
associated with the acquisition of new genetic mutations which
are associated with cell transformation and survival of the
malignant cells. They also induce defects in the cellular signal
transformation and the progression and the resistance to
treatment.[2]
2. Patients and methods

This is a prospective study which included 60 individual women
who were grouped into equal age matched groups. The first
group (patients group) consists of 30 women with breast cancer
regardless of the type and clinical stage, and the second groups
(controls) consist of 30 women who are apparently normal with
no know clinical problem and no history of chronic drugs intake.
The analyses were carried out in the laboratory of the

Department of Chemistry, College of Science/University of
Duhok.
Breast cancer patients with history of neo-adjuvant chemo-

therapy or those who refused to be included in this study were
excluded. Male patients with breast cancer also were excluded.
An informed written consent was obtained from each

participant commenced before the study and the recruited one
were approved by the Ethics Committee at the Research
Registration Department, University of Duhok.
2

2.1. Collection and processing of blood samples

Venous blood samples were drawn from forearm veins of the
patients 1hour before breast surgery and then placed into gel
tubes, the serum were separated by centrifugation at 3500rpm
for 5minutes, and then it was stored at –20 °C until ready for the
assay of biochemical parameters. Similarly blood samples were
drawn from controls and processed.

2.2. Measurements

The levels of antioxidant biomarkers (vitamin C, ceruloplasmin,
glutathione) and oxidative stress biomarkers, (MDA, and
peroxnitrite) were estimated by using manual methods. Vitamin
C in serum was determined photometrically with 2,4-dinitro
phenylhydrazine method. The levels of ceruloplasmin was
determines using a colorimetric method, which described by
Menden et al in 1977. Serum glutathione was determined by a
modified procedure utilizing Ellman reagent. The level of serum
lipid peroxidation MDAwas also determined colorimetrically by
the method described by Guidet and Shah in 1989. Finally,
peroxnitrite (ONOO–) levels were estimated by the method of
Vanuffelen et al described in 1998. The levels of other
biochemical parameters (GGT) as marker of oxidative stress
was analyzed using the commercial available kits (Roche
Diagnostics, Mannheim, Germany); and the analyses were
carried out according to the manufacturer’s instructions using
COBAS 311 Autoanalyzer and Fortress Diagnostic respective-
ly.[12–14]

Data analyses were done using the Statistical Package for the
Social Sciences, version 25, IBM, USA (Armonk, NY: IBM
Corp.).
3. Results

The mean level of the serum glutathione among our patients was
6.247 (SD: 1.35688), and it was normal in all patients, the mean
level of serum vitamin C in our patients was 5.4788 (SD: 2.8798)
and it was normal in 21 patients (70%). The mean level of the
serum ceruloplasmin in our patients was 27.03 (SD: 6.531) and it
was normal in 28 patients (93.3%). Table 1.
Estimation of the levels of the oxidative stress biomarkers in

our patients showed that the mean serum level of the MDA was
5.3129 (SD: 1.15844) and it was above 4mmol/L in 29 patients
(96.7%), the serum peroxy nitrite level was elevated in 29
patients (96.7%), with a mean level of 5.212mmol/L (SD:
1.15844). The serum level of the GGT was normal in 29 patients
(96.7%), with a mean level of 30.43mmol/L (SD: 10.792).
Table 2.
Figure 1 shows the differences between the levels of the

antioxidant biomarkers, that is, vitamin c, ceruloplasmin, and
glutathione between the patients and the control groups.
Figure 2 shows the differences between the levels of the

oxidative stress biomarkers, that is, GGT, peroxynitrite, and
MDA between the patients and the control groups.
In regard to the antioxidant biomarkers, there was a significant

difference between the patients and the controls regarding the
levels of serum ceruloplasmin and glutathione, (P values <.000)
for each of them while vitamin C showed no significant
correlation (P value .053). Table 3.
While for the oxidative stress biomarkers, the correlation was

significant between the patients and the controls regarding the
serum levels of both peroxy nitrite and MDA (P value .000 and



Table 1

Showing the levels of the antioxidant biomarkers among the
patient group.

Antioxidant biomarkers Levels Frequency Percentage

Serum glutathione, mmol/L. M±SD
Range: 0.88–8.45

6.2470 1.35688

Serum glutathione Normal 30 100.0
Serum vitamin C, mmol/L. M±SD
Range: 0.92–8.24

5.4788 2.87980

Serum vitamin C Normal
Low

21
9

70.0
30.0

Serum ceruloplasmin, mmol/L M±SD
Range: 14–46

27.03 6.531

Serum ceruloplasmin Normal
Low

28
2

93.3
6.7
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.001) respectively, and was not significant for GGT (P value
1.00). Table 4.
4. Discussion

Oxidative stress is one of the major etiologies for cancer initiation
and its progression. MDA is the final product of lipid
peroxidation which is present in the serum at normal concen-
trations between 0 and 2mmol/100mL, this normally bind to
xenobiotics which enhance their metabolism. Ceruloplasmin
which is formed mainly in the liver and to a lesser extent extra-
hepatically is normally present in the serum at concentrations
between 80 and 120 IU, it also has a major role in the binding of
free radicles and enhancing their scavenging and metabolism.[1,2]

Serum vitamin C level was normal in 90% of the control group
and 70% of the breast cancer group, although the difference
between both groups showed no significant correlation (P value
.053), but the patient group showed that 30% of them showed
low level of vitamin C compared with 10% from the control
group. Many epidemiological studies confirmed the protective
effect of vitamin C in lowering the risk of cancer development and
also associated with better survival rates among cancer survivors.
Vitamin C cause up regulation of tumor necrosis factor-related
apoptosis-inducing ligand, low levels of vitamin C are associated
with reduction of this pathway and increase risk for cancer and
suggesting the potential role normal serum vitamin C in the
prevention of breast cancer.[15–18]
Table 2

Showing the levels of the oxidative stress biomarkers among the pa

Oxidative stress biomarkers Level

Serum malondialdehyde, mmol/L. M±SD
Range: 3.24–8.33

Serum malondialdehyde Norma
Elevate

Serum peroxynitrite, mmol/L. M±SD
Range: 4.44–93.18

Serum peroxy nitrite Norma
Elevate

Serum gamma-glutamyl transferase, mmol/L. M±SD
Range: 6–46

Serum gamma-glutamyl transferase Norma
Low

3

Ceruloplasmin is one of the acute phase proteins and is
synthesized mainly in the liver and is found to have a role in the
development of cancers including breast cancer, this role is
attributed to its effects on the angiogenesis and neovasculariza-
tion. It has been shown in breast cancer cell lines in some studies.
In our study the levels of the ceruloplasmin was within normal
levels in 93.3% of patients with breast cancer while was low in
the all individuals of the control group, although it was not
elevated in the patient group but the difference was very
significant between both groups (P value .000). This signifies that
the measurement of the serum ceruloplasmin is valuable in the
diagnosis of breast cancer, in some studies it’s level is correlated
with the clinical stage of the tumor, thus it may be used with other
clinical and imaging studies in the diagnosis of breast cancer.[19–
21]

Glutathione is found to be an important marker in patients
with breast malignancy that is not dependent of hormone
receptor status and the clinical stage of the tumor, it may indicate
disseminated disease. In our study serum glutathione was normal
in all patients with breast cancer andwas elevated in 83.3%of the
control group. This finding is the contrary to most of the
published papers which show the reverse, this may be attributed
to the small sample size. Long term follow up and estimation of
the glutathione may be done to predict the prognosis, the
recurrence, and the responsiveness to chemotherapy, although
this is still under investigation.[22,23]

GGT levels are elevated in the majority of malignant and non-
malignant liver disorders, however it is level have been linked to
other types of cancers such as breast cancer. In a Swedish cohort
study involving 545,460 persons, they found that there is an
association between GGT and different types of cancer, and high
association with breast cancer particularly. Our results suggest
no significant correlation between breast cancer and GGT, its
level was normal in 100% of the control group and 96.7% of the
breast cancer group and the P value for this correlation was
1:00.[5,6]

The level of the serum peroxynitrite was elevated in 96.7% of
the patient group and in 6.7% of the control group, the
association was very significant with a very clear deference
between both groups (P value .000).Many studies also concluded
that increased levels of peroxynitrite are found with patients with
breast cancer. Some theories are now present about the possible
use of antibodies against peroxynitrite which may help in the
diagnosis of early breast cancer.[24]
tient group.

s Frequency Percentage

5.3129 1.15844

l
d

1
29

3.3
96.7

5.2129 1.15844

l
d

1
29

3.3
96.7

30.43 10.792

l 29
1

96.7
3.3
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Figure 2. A stacked bar chart showing the oxidative stress biomarkers between both groups.

Figure 1. A stacked bar chart showing the antioxidant biomarkers between both groups.

Table 3

Showing the correlation between both groups regarding the antioxidant biomarkers.

Groups

Antioxidant biomarkers Patients (n=30) Controls (n=30) Sig. (2-sided)

Serum vitamin C
Normal 21 (70.0%) 27 (90.0%) 0.053

∗

Low 9 (30.0%) 3 (10.0%)
Serum ceruloplasmin
Normal 28 (93.3%) 0 (0.0%) 0.000

∗

Low 2 (6.7%) 30 (100.0%)
Serum glutathione
Normal 30 (100.0%) 5 (16.7%) 0.000

∗

Elevated 0 (0.0%) 25 (83.3%)
∗
Chi square test.
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Lipid peroxidation is found to be associated with high
risk for cancer development, MDA is formed by the
peroxidative metabolism of unsaturated fats. In our study
the level of the serum MDA was elevated in 96.7% of
patients with breast cancer and was also elevated in 60%
of the control group, the correlation was very significant
with breast cancer 0.001. This provide an evidence for the
4

relation between lipid peroxidation and breast cancer
development.[25]
5. Conclusion

Reduced level both ceruloplasmin and glutathione is seen in
patients with breast cancer while vitamin C is not associated.



Table 4

Showing the correlation between both groups regarding the oxidative stress biomarkers.

Groups

Oxidative stress biomarkers Patients (n=30) Controls (n=30) Sig. (2-sided)

Serum peroxynitrite
Normal 1 (3.3%) 28 (93.3%) 0.000

∗

Elevated 29 (96.7%) 2 (6.7%)
Serum gamma-glutamyl transferase
Normal 29 (96.7%) 30 (100.0%) 1.00†

Low 1 (3.3%) 0 (0.0%)
Serum malondialdehyde
Normal 1 (3.3%) 12 (40.0%) 0.001

∗

Elevated 29 (96.7%) 18 (60.0%)
∗
Chi square test.

† Fischer exact test.
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Elevated levels of both peroxynitrite andMDA is seen in patients
with breast cancer which may be used as serum markers for the
early detection of breast cancer.
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