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Oxidative stress resulting from an imbalance between
pro-oxidants and anti-oxidants seems to play an important
role in human breast carcinogenesis. There are conflicting
reports regarding the tissue levels of malondialdehyde
(MDA), ascorbic acid and superoxide dismutase (SOD) in
breast cancer patients whereas few blood values have been
reported. The present study was carried out to observe the
changes in serum MDA, serum SOD and plasma ascorbic
acid with the stage-wise progression of the disease.
Serum MDA and serum SOD levels were found to be
increased gradually from Stage I to Stage IV as compared
to control group ð p , 0:001Þ: The maximum rise was in
Stage IV patients. In contrast, mean plasma ascorbic acid
levels were low in all stages compared to control group
ð p , 0:001Þ:The decrease was more pronounced in Stage III
and Stage IV. The study would be of immense help for
establishing blood based biochemical marker in breast
cancer patients.
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INTRODUCTION

Formation of reactive oxygen species is a normal
consequence of variety of essential biochemical
reactions and an adequate range of anti-oxidative
defences within and outside the cell has also been
considered very important to offer protection
against oxidative damages.[1] Therefore, balance
between free radical activity and anti-oxidant defence
system becomes an important requirement to prevent

the damage to the cellular membrane.[2] Breast cancer
is one of the most common cancers in females and is
exceeded in incidence by only carcinoma of the
cervix.[3] Although the incidence of breast cancer is
increasing, knowledge about it’s early detection,
progression and spread is inadequate. Despite the
recent advances in surgery, chemotherapy and
radiotherapy the disease continues to be the second
largest killer in females. The basic difficulty in
treatment is it’s late detection and rapid spread to
other organs. The present clinical approaches for
cancer diagnosis and management are useful only in
advanced stages of disease. In view of this problem,
the availability of suitable blood-based biochemical
markers would be of immense help.

Previous investigators in this area have identified
disturbances in particularly tissue levels of MDA,
SOD results however remain inconclusive and
contradictory.[4,5] Besides, tissue studies require
clinical expertise and advanced laboratory setup,
which is lacking in developing countries like India.
In addition, blood MDA, SOD and ascorbic acid data
are scant and their association with the stage wise
progression of breast cancer remains unaddressed.

We undertook the present study with the purpose
of describing the changes, if any, in serum levels of
MDA, which represents membrane changes, serum
levels of SOD which is an endogenous antioxidant
enzyme and plasma level of ascorbic acid, an
antioxidant vitamin and their correlation with the
stage wise progression of breast cancer.
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MATERIALS AND METHODS

Patients

This case control study was undertaken at
Govt. Medical College, Nagpur, India for evaluation
of oxidant–antioxidant status was comprised of
176 female subjects. Among them, 96 were newly
diagnosed breast cancer patients of different clinical
stages who had not received any chemotherapy or
radiotherapy treatment before diagnosis. In addition,
eighty age and sex matched normal healthy controls
were recruited for comparison. Of the 96 untreated
breast cancer patients, 20 were of stage-I, 24 were
of stage-II, 32 were of stage-III and 20 patients
were of stage-IV. The assessment of staging was
based on clinical and histopathological evaluation.
Patients with other malignancies and diseases, which
affect oxidant and antioxidant status, were excluded
from the study. Lipid profiles of the patients
were known. We included only those patients
with normal lipid profiles [Patient group:
trigly cerides ð1:12–2:83mmol=lÞ and total chole-
sterol ð2:30–4:32mmol=lÞ; Control group: trigly-
cerides ð1:03–2:64mmol=lÞ and total cholesterol
ð2:56–4:18mmol=lÞ]. We excluded patients with
diabetes and hypertension.

Measurements

Five millilitre of fasting blood was taken for the
routine investigation as well as estimation of MDA
and SOD. Serum MDA estimation[6] was carried out
using clear serum incubated in trichloroacetic acid
and thiobarbituric acid and the mixture was heated
in boiling water bath for 30 min. The resulting
chromogen was extracted with n-butanol, the
absorbance of which was measured at 530 nm.
MDA was expressed as umol per litre of serum.
Serum SOD was measured by modified method of
Nischal.[7] Absorbance was recorded at 420 nm in a
spectrophotometer. One unit of SOD was described
as the amount of enzyme required to cause 50%
inhibition of pyrogallol autooxidation per 3 ml assay
mixture.

Plasma ascorbic acid was estimated by a single
step colorimetric method[8] using modified acid
phosphotungstate reagent. Fresh plasma was slowly
mixed with the modified acid phosphotungstate and
incubated at room temperature for 30 min and then
centrifuged. Supernatant was used to measure
absorbance at 700 nm. Standards of pure ascorbic
acid obtained from Sigma Company, USA in the
range of 0.10 to 0.90 mg% (5.67–51.13mmol/l) were
prepared in freshly prepared 0.5% oxalic acid
solution. For every set, standard and blanks were
run throughout the procedure. For all the investi-
gations chemicals used were of analytical reagent

grade. The values of serum SOD, MDA and plasma
ascorbic acid of patients suffering from breast cancer
were compared with those of healthy control
subjects.

Protocol of the trial was submitted to institutional
ethical committee. Trial was started after the
approval from institutional ethical committee.
After obtaining informed consent, patients were
recruited in the trial.

Statistics

Results were expressed as mean ^ SD. Statistical
analysis of data was performed by using a one-way
analysis of variance (ANOVA) followed by Turkey’s
post-hoc test. The p value less than 0.05 were
adjudged statistically significant. Statistical calcu-
lations were done by using Graph Pad Prism,
Version 3.02. Relationship between variables was
ascertained by Pearson’s correlation coefficient.

RESULTS

To test whether breast cancer is associated with
increased oxidative stress and lipid peroxidation, we
compared values of serum MDA of breast cancer
patients in different clinical stages with normal
healthy controls. In all 96-breast cancer patients, the
serum concentration of malondialdehyde was signi-
ficantly increased as compared to normal controls
ð p , 0:001Þ (Table I). The concentration of serum
MDA increased significantly with clinical pro-
gression of the disease from stage-I to stage-IV.
The maximum rise being observed in stage-IV.

To determine whether levels of serum SOD and
plasma ascorbic acid is affected with increase of
staging in breast cancer patients we compared them
with healthy controls. Significant change was
revealed in mean serum SOD levels of breast cancer
patients compared to normal subjects ð p , 0:001Þ
(Table II).

On the contrary mean plasma ascorbic acid level
was found significantly lowered in breast cancer

TABLE I Serum MDA in control and different stages of breast
carcinoma

Group
Number

of patients
Mean ^ SD

(mmol/l) Range

Normal control 80 1.74 ^ 0.64 0.82–2.46
Stage I 20 6.93 ^ 1.83* 1.36–8.65
Stage II 24 6.47 ^ 2.06* 2.59–8.32
Stage III 32 6.55 ^ 2.17* 2.12–9.00
Stage IV 20 7.29 ^ 2.01* 3.85–10.76
One-way ANOVA F=112.62

p , 0.0001

Values are expressed as mean ^ SD, degree of freedom (4,171). *p , 0:001
as compared to control group.
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patients of all stages as compared to the control
group ð p , 0:001Þ: The decrease was maximum in
stage-IV of breast cancer patients (Table III).

Significant and positive correlation was found
between serum MDA and serum SOD levels
ðr ¼ 0:27; p , 0:01Þ: Also, significant and negative
correlation existed between serum SOD and plasma
ascorbic acid levels ðr ¼ 20:23; p , 0:05Þ; serum
MDA and plasma ascorbic acid levels ðr ¼ 20:26;
p , 0:01Þ:

DISCUSSION

To the best of our knowledge this is the first
reported study of status of serum MDA, serum SOD
and plasma ascorbic acid levels with stepwise
clinical progression of breast cancer with a large
sample size. Breast cancer is a complex disorder
resulting from oxidative stress as a result of
imbalance between pro-oxidants and antioxidants.
Damage to DNA, proteins, cell membrane and
mitochondria play an important role in breast
carcinogenesis. Although the incidence of breast
cancer is on increase; knowledge about its early
detection, progression and spread remains
inadequate. No specific biochemical marker has
been identified yet. In addition information regard-
ing the biochemical alterations in tissue, serum and

blood, particularly of antioxidant status, and its
correlation with the clinical staging of disease is
lacking.

In the present study, serum malondialdehyde
levels in the breast cancer patients were significantly
higher than those of control, moreover they
increased with clinical staging of the disease.
This finding is in accordance with previous work
that reported increased plasma MDA concentration
in breast cancer patients.[9] Oxygen radical
production, which increased with clinical
progression of disease, involved increased lipid
peroxidation as a result of which there is cellular
membrane degeneration and DNA damage. Extent
of lipid peroxidation is determined by estimation of
malondialdehyde, a compound known to produce
protein cross-linking through schiff’s base for-
mation. Malondialdehyde also forms schiff’s base
with DNA and damages DNA.

Increased oxidative stress plays an important role
in initiation, promotion and metastasis in breast
cancer.[10] Although the exact cause of breast cancer
is not known; most of these cancers are hormones
sensitive. Estrogen and estrogen metabolites play an
important role in breast carcinoma. Effectiveness of
antiestrogen therapy, the positive association of
breast cancer incidence with reproductive events
and the dramatic effect of oophorectomy on
lowering the incidences of breast cancer suggest a
close relation between estrogen and breast cancer.[11]

High levels of plasma and urinary estrogens
are observed in human breast cancer patients.[12]

Breast being a fatty organ, role of unsaturated fatty
acid in breast carcinogenesis cannot also be ruled
out. Both estrogen and polyunsaturated fatty acid
generate reactive oxygen species. Estrogen and its
metabolites like estrone 16, –OH estrone and
estradiol, increase the risk of breast cancer by
generating superoxide radicals via redox cycling
pathway to produce increased uncontrolled pro-
liferation of mammary cells and DNA damage.[13]

Increased formation of 8-OH-guanosine, which is
mutagenic and carcinogenic, has been reported in
such patients.[14]

Another important finding of this study was
significant increase in serum superoxide dismutase
levels in all stages of breast cancer patients as
compared to the control group the maximum being
at stage-IV. As a result of increased oxidative stress
coupled with membrane damage due to lipid
peroxidation, superoxide dismutase, which is a
scavenger of oxygen radicals, might have increased
in serum as a compensatory mechanism.[14]

Superoxide dismutase enhances the cytotoxic ability
of macrophages to scavenge superoxide radicals in
these patients.[15] Antioxidant defence against free
radical generation is through SOD and ascorbic
acid. The ascorbic acid synthesizing capacity in man

TABLE II Serum SOD in control and different stages of breast
carcinoma

Group
Number of

patients
Mean ^ SD

(m/ml) Range

Normal control 80 2.00 ^ 0.87 1.06–4.00
Stage I 20 9.00 ^ 1.02*,† 4–11
Stage II 24 10.00 ^ 1.66*,# 6–14
Stage III 32 11.03 ^ 2.59*,## 4–13
Stage IV 20 14.45 ^ 1.70* 7–19
One-way ANOVA F=411.9

p , 0.0001

Values are expressed as mean ^ SD, degree of freedom (4,171), *p , 0:001 as
compared to control group, †, #p , 0:001 as compared to stage IV, ##p , 0:01
as compared to stage IV.

TABLE III Plasma ascorbic acid in control and different stages of
breast carcinoma

Group
Number of

patients
Mean ^ SD

(mmol/l) Range

Normal control 80 37.50 ^ 2.27 30.68–44.32
Stage I 20 31.25 ^ 2.84*,† 18.75–36.93
Stage II 24 28.98 ^ 9.65*,# 21.60–38.07
Stage III 32 27.27 ^ 4.54* 15.99–32.95
Stage IV 20 23.30 ^ 13.06* 18.19–34.09
One-way ANOVA F ¼ 31.67

p , 0.0001

Values are expressed as mean ^ SD, degree of freedom (4,171), *p , 0.001 as
compared to control group, †p , 0:01 as compared to stage IV, #p , 0:05
as compared to stage IV.
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is negligible and man totally depends on
the dietary source for ascorbic acid.[16]

The SOD is mainly intracellular and a very little
amount is present extracellularly,[15] whereas
vitamin C is present both extracellularly and
intracellularly, and thus present at the site of
production and also at the site of action of ROS in
adequate amount. It scavenges oxyradicals intra-
cellularly as well as extracellularly. As a chemical
scavenger, it prevents oxy radical induced cellular
damage. It has been observed that ascorbic acid
deficiency results in accumulation of lipid
peroxides, which is a resultant product of lipid
peroxidation.[17]

Ascorbic acid plays an important role in synthesis
of connective tissue protein such as collagen, and
deficiency of it therefore affects the integrity of
intracellular matrix and has a permissive effect
on tumour growth. Deficiency hinders tumour
encapsulation.[18] In the present study, plasma
ascorbic acid levels were significantly lower in
patients than that in control subjects. Levels
decreased with progression of disease and were
therefore highest in stage I and lowest in stage IV.
Our results confirmed findings of previous study
which reported maximum decrease in plasma
vitamin C levels in stage IV breast cancer patients.[19]

Decrease in plasma ascorbic acid and increase in
serum MDA levels indicate close correlation
between plasma ascorbic acid and lipid peroxi-
dation. Although the exact protective role of
ascorbic acid or vitamin C in breast cancer is not
known, several epidemiological studies have
reported protective effect of fruits and vegetables,
the rich source of vitamin C, in breast cancer
patients.[20] The action of vitamin C may be related
to its function as an antioxidant, action on immune
system and collagen proliferation to control invasive
potential of neoplasm.[21] Howe et al.[22] have found
consistent decrease in risk of breast cancer with
vitamin C intake. The vitamin C supplementation
in these patients, however, yielded inconsistent
result.[23] There is sparse literature available on
association of high-risk breast cancer patients with
biological markers of oxidant and antioxidant
status. Although we have tried to establish a
continuous link between normal, carcinoma in situ
and cancer breast patients, but failed to reach to a
concrete conclusion due to nonavailability of
patients of carcinoma in situ because of lack of
awareness in local population and late detection of
breast cancer. There are reports, which suggest
increased urinary MDA and 5-hydroxymethyl-20-
deoxyuridine levels in carcinoma in situ
patients.[24,25]

Our study can be useful to establish blood based
biochemical index for diagnosing and monitoring
the course of breast cancer. As serum represents

metabolic activity in both neoplastic and normal
cells, it may be more reliable than the tissue studies.
Evaluation of such markers as serum MDA, serum
SOD and plasma ascorbic acid would certainly be
useful and supportive for investigations in pre-
cancerous and cancerous condition in addition to
conventional methods of diagnosis of breast cancer.
In future, more information on these biochemical
changes would be valuable for developing new and
innovative therapeutic strategies for prevention of
breast cancer.
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