
1. Introduction

Breast cancer is the most common form of cancer
worldwide. It is a potential life-threatening malig-
nancy in women1. The incidence of breast cancer is
rising in developing countries such as, India.
Most breast malignancies arise from epithelial

elements and are categorized as carcinomas. Breast
carcinomas are a diverse group of lesions that differ in

microscopic appearance and biologic behavior,
although these disorders are often discussed as a
single disease.
The in situ carcinomas of the breast are either

ductal (also known as intraductal carcinoma) or
lobular. This distinction is primarily based upon the
growth pattern and cytologic features of the lesions,
rather than their anatomic location within the
mammary ductal-lobular system.
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Summary Breast cancer is one of the global public health problems.  It is the third most common

cancer leading to the death of women worldwide.  The incidence of breast cancer is rising in devel-

oping countries such as, India.  The etiology of breast cancer is multifactorial and several risk

factors associated with breast cancer may exert their effects via generation of an oxidative stress status.

Oxidative stress is known to occur as a result of imbalance between the production of Reactive Oxygen

Species (ROS) and anti-oxidant defenses.  These free radicals cause damage to lipids proteins and

DNA.  The present study is to examine the role of oxidative stress in Breast cancer.  We examined the

extent of Lipid peroxidation as evidenced by the formation of Malondialdehyde (MDA), Nitric

Oxide (NO) in the Breast cancer patients.  The biochemical tests of blood samples of both breast cancer

patients and age matched healthy controls showed with average MDA levels were 6.90±4.59

nmol/mL in breast cancer patients were significantly higher than those of controls 2.63±0.49

nmol/mL P < 0.001 and plasma nitrate level in patients with breast cancer 3.74±4.0μm/mL was higher

than that of normal subjects 1.51±0.51μm/mL higher than those of controls.  Hence, identifying

markers for oxidative stress may help in the early diagnosis and medical management of the patients.
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The major risk factors associated to breast cancer
susceptibility are related to hormonal exposure, either
from endogenous sources such as early age at
menarche, late age at menopause, late pregnancy or
nullli-parity, overweight and obesity, or exogenous
sources such as the use of hormone replacement
therapy2 and past history of breast cancer and the
history of a breast biopsy, family history, ethinicity 3, 4, etc.
Other modifiable risk factors include alcohol intake,
radiation exposure, diet and current age5.
Oxidative stress is major risk factor for cancer

initiation and progression. It is an insufficient removal
of the free radicals by antioxidants, radical scavengers.
It is speculated that oxidative stress causes release
of ROS which initiate or aggravates many diseases
such as cancer, diabetes, and coronary heart disease6.
Oxidative stress may cause DNA, protein, and/or

lipid damage, leading to changes in chromosome
instability, genetic mutation, and/or modulation of
cell growth that may result in cancer7. This can cause
damage to any base or sugar moiety in DNA and SBs
(strand breaks). There are 2 major types of free
radicals such as reactive oxygen species (ROS) and
reactive nitrogen species (RNS).
Oxygen radicals are associated with different

steps of breast carcinogenesis, either through adducts
formation, structural DNA damage, interaction with
oncogenes or tumor suppressor genes or immunolog-
ical mechanisms8.
The formation of DNA adducts indirectly by initi-

ating autocatalytic lipid peroxidation, which generates
a large variety of potentially genotoxic breakdown
products, including alkoxyl (ROU), peroxyl radicals
(ROOU), and aldehyde, such as malondialdehyde
(MDA). As a result, the DNA is constantly being
damaged and oxidatively modified. Any oxidative
lesion that is not repaired can lead to mutations,
increasing the risk of carcinogenesis9.
Several markers of oxidative stress are currently

available, such as thiobarbituric acid reactive
substances (TBARS), which have been used exten-
sively as markers of lipid peroxidation10.
Reactive Nitrogen species like Nitric oxide (NO)

is known to be critically involved in breast carcino-

genesis. Oxidative-stress-NO- induced damage to
DNA includes a multitude of lesions, many of which
are mutagenic and have multiple roles in cancer and
aging.
The present study has been undertaken to assess

the oxidative & nitrosative stress by estimating the
levels of Malondialdehyde & nitrate/nitrite in Breast
Cancer patients.

2. Subjects and Methods

Total 100 samples of pathologically diagnosed
women with breast cancer were chosen for the study.
The controls were healthy individuals matched for
age, gender and socioeconomic status, and were repre-
sentative of the normal population with no risk factors
for breast cancer or clinical symptoms of any other
systemic disease.
The study protocol was approved by the Ethical

Committee of the department. As per the selection
criteria in each group, informed consent of the patients
was obtained. Detailed information regarding their
demographic status, clinical history, family history
and medication was noted.
Lipid peroxidation, as evidenced by the formation

of malondialdehyde (MDA), was assayed by the
method described by Gavino et al. (1981)11 An equal
amount of 0.9% saline and trichloroacetic acid were
added to 0.5 mL of freshly obtained plasma. It was
then incubated at 37℃ for 20 minutes and centrifuged
for ten minutes at 3,000 rpm. 0.25 mL of thiobarbituric
acid was added to 1 mL of protein-free supernatant
and incubated for 60 minutes at 95℃, and then OD
value measured using the spectrophotometer.
The nitrite/nitrate concentrations present in the

reaction mixture were determined using a Griess
reagent (a 1:1 mixture of 1% sulfanilamide in 5%
H3PO4 and 0.1% N-[1-napthyl] ethylene diamine) by
the method of Lepoivre et al (1990)12. 0.5 mL of

serum was precipitated with 50μL of 70% sulfosali-
cylic acid, mixed well for five minutes, vortexed and

then centrifuged at 3,000 rpm for 20 minutes. 200μL
of supernatant was taken, and 30μL of 10% NaOH,
300μL of 50 mmol/L Tris buffer and 530μL of
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Greiss reagent were added and incubated for 10
minutes in the dark. The absorbance was read against
blank (double distilled H2O) at 540 nm using the
spectrophotometer. The concentration of nitrite/nitrate
in serum was determined based on the standard curve
generated.
Statistical analysis was performed using SAS

version 9, (SAS Institute Inc, Cary, NC, USA) and the
data was expressed as mean±standard deviation. The
Student's t-test was performed for lipid peroxidation
(MDA) and nitrite/nitrate in order to determine the
difference between the controls and BC patients.

3. Results

The demographic and clinical data of patients
and controls is represented in Table 1. The risk factors

for BC, smoking and non vegetarians were more
prevalent in patients compared to controls.
Plasma MDA levels were found to be signifi-

cantly high in the patients (6.90±4.59 nmol/mL)
compared to the control (2.03±0.49 nmol/mL) group
at p<0.01 as summarized in Table 2 and Figure 1.
When serum nitrite/nitrate levels were compared with
patient and control groups, nitrite/nitrate was tended to
be higher in the patients (5.14±0.179μmol/mL)
than the controls (2.29±0.37μmol/mL) with the
difference being statistically significant at p<0.01 as
shown in Figure 2.

4. Discussion

Among women, breast cancer is the most
commonly diagnosed cancer after non-melanoma skin
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Characteristic

No. of  Subjects

Age

Diet

Vegetarians

Non-Vegetarians 

Area of Living

women living in rural  area 

women living in urban area

Family History of cancer

 Incidence

Pre/Post menopausal

 women Pre menopausal

 women Post menopausal

No of women undergone 

Chemotherapy 

 BC Patients (n)

　　 100

   47.2±10.79

　　   16

　　   84

　　   67

　　   33

　　   33 

　　   16

　　   84

　　 100

Controls (n)

　  100

39.4±5.15

　　23

　　77

　　43

　　57

　  NIL

　　86

　　14

　  NIL

BC: Breast Cancer

           Varibales 

MDA (nmol/mL)

Nitrite/Nitrate ( mol/mL)

　　　　　　Mean±SD

 Controls (n=100)            BC   Patients (100)

　   2.03±0.49  　　6.90±4.59*

　   2.29±0.37  　　5.14±0.179*

*All the variables are significant at p < 0.01.

SD : Standard Deviation; BC : Breast Cancer ; MDA : Malondialdehyde

 

Table 1 The demographic and clinical data in the control
and patient groups

Table 2 Oxidative/nitrosative stress markers in the control
and patient groups



cancer, and it is the second leading cause of cancer
deaths after lung cancer. In women with a genetic
susceptibility or genetic predisposition, breast cancer,
tends to occur at an earlier age than in sporadic cases.
In cross-sectional studies of adult populations, 5%
to 10% of women have a mother or sister with breast
cancer, and about twice as many have either a first-
degree relative (FDR) or a second-degree relative
with breast cancer13.

In general, breast cancer risk increases with early
menarche and late menopause and is reduced by early
first full-term pregnancy. Evidence suggests that
reproductive history may be differentially associated
with breast cancer subtype (i.e., triple-negative vs.
ER-positive breast cancers)14. Higher levels of endoge-
nous hormones have been hypothesized to increase
breast cancer risk15.
Previous studies show that post-menopausal
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Figure 1 Plasma MDA levels in Breast Cancer patients and controls.   MDA: Malondialdehyde

Figure 2 Plasma Nitrite/Nitrate levels in Breast Cancer patients and controls.



women with higher level of estrogen and testosterone
have 2-3 folds risk than women with lower levels15.
Mutations in Breast cancer susceptibility genes
BRAC1 and BRCA2 account for the majority of
families have been associated with more than one
affected individual. Women with natural menopause
at age 55 or older had twice the breast cancer risk
experienced by those whose menopause occurred
before age 45.
Reactive oxygen species (ROS) have been known

to play an important role in the initiation and
promotion of carcinogenesis and have been impli-
cated in carcinogenesis in humans as well as animal
models16. Previous studies have demonstrated that
permanent modification of genetic material resulting
from the oxidative damage leads to carcinogenesis17.
It has been shown that ROS are associated with

the different steps of carcinogenesis either through
structural DNA damage or interaction with oncogenes
or tumor suppressor genes or immunological mecha-
nisms18. Pervious findings suggest that the depletion of
estrogen in postmenopausal state could cause oxidative
stress in addition to the known symptoms19.
MDA is a physiologic ketoaldehyde produced by

peroxidative decomposition of unsaturated lipids as a
byproduct of arachidonate metabolism. The excess
MDA produced as a result of tissue injury can
combine with free amino groups of proteins (MDA
reacts mainly with Lys residues by Michael addition),
producing MDA-modified protein adducts.
Modification of proteins by MDA could conceivably
alter their biological properties. Moreover, MDA-
modified proteins are immunogenic, and autoanti-
bodies gainst MDA-modified Lys residues have been
detected in the sera of rabbits and humans20.
The increases in MDA levels were found even in

early stages of cancer21. MDA, the end product of
lipid peroxidation, owing to its high cytotoxicity has
been suggested to act as a tumor promoter and a co-
carcinogenic agent22.
The elevated levels of MDA in carcinoma could

be used as an important parameter in patients at risk
for this disease mainly due to its dual role as a
mutagen and a tumor promoter. Our study also has
also documented higher levels of MDA in Breast

Cancer patients compared to healthy controls.
Increased amounts of lipid peroxidation end

products have been demonstrated in tumor tissue itself
clearly pointing to the source of increased MDA
levels in cancer patients23. Similarly Aghvani et al,24

(2006) and Gonenc et al, (2001)25 showed average
MDA levels were in breast cancer patients.
Among well documented effects, free radicals

like ROS and RNI are known to induce DNA damage
and genomic instability favouring the acquisition of
mutations that contribute to cellular transformation and
cancer cells survival17 (Jose' et al, 2011). The concept
of oxidative stress originally conﾞned to free radical
such as ROI-hydroxyl and superoxide radicals,
hydrogen peroxide and singlet oxygenﾑand now has
been extended onto reactive nitrogen species (RNI) as
nitric oxide (NO), peroxynitrite and, recently, S-
nitrosothiols26.
NO is a key molecule involved in many physio-

logical functions. NO is a free radical, it is a highly
reactive molecule within biological systems, reacting
with other free radicals, molecular oxygen and heavy
metals. It has been suggested that the biological effects
of NO can be mediated by the products of different
NO metabolites.
NO can cause DNA damage via the generation of

peroxynitrite (ONOO-) and N2O3. Peroxynitrite can
oxidise and nitrate DNA and may potentially cause
single-strand DNA breaks through attack on the sugar-
phosphate backbone. Various studies have shown that
NO levels can be involved in promoting or inhibiting
the etiology of cancer27.
NO may also increase metastatic ability in human

cancers28. However, evidence is accumulating that
sustained high levels of NO over extended periods of
time contribute to carcinogenesis29.
Studies by Tran et al (1988)30 showed that plasma

nitrate level in patients with breast cancer was higher
than in normal subjects. Our study is also in accor-
dance with earlier studies showing high plasma
Nitrite/Nitrate levels in Breast Cancer patients
compared with controls.
Increased NO-generation in a cell may select

mutant p53 cells and contribute to tumour angiogen-
esis by up-regulating VEGF. In addition, NO may
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modulate tumour DNA repair mechanisms by up-
regulating p53, poly (ADP-ribose) polymerase
(PARP). An understanding at the molecular level of
the role of NO in cancer will have profound thera-
peutic implications for the diagnosis and treatment of
disease27.
ROI and RNI act as ''toxic'' substances that may

react with proteins, carbohydrates and lipids, with
consequent alteration both in the intracellular and
intercellular homeostasis, leading to possible cell
death and regeneration29 (Alessandro et al, 2007).
Therefore, the current concept of ''oxidative stress''

should also include the pathways related to the
''nitrosative stress'' and, for their implication in cellular
and extracellular metabolic events, to the ''metabolic
stress''.
Therefore, the study also suggests that the

increased oxidative, nitrosative stress markers may
also act as prognostic predictors and potential targets
for therapeutic strategies in Breast cancer.
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