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Abstract

Objective: To compare serum levels of malondialdehyde (MDA), advanced oxidation protein products (AOPP), and total
antioxidant capacity (TAC) in newly diagnosed breast cancer patients versus controls at SMS Medical College and
Attached Hospitals, Jaipur, to assess oxidative stress imbalance.

Methods: A hospital-based comparative observational study was conducted in the Department of Biochemistry in
collaboration with the Department of Oncology, SMS Medical College and Hospitals, Jaipur, over a period of 12 months.
The study was approved by institutional Ethics committee for research work. A total of 90 subjects were enrolled in this
study and were further divided into two groups: Group A consisted of forty-five newly diagnosed breast cancer cases,
and Group B included forty-five age- and weight-matched female controls. Venous blood samples were collected under
aseptic conditions, and serum was separated and stored at —80°C. Serum levels of malondialdehyde (MDA), advanced
oxidation protein products (AOPP), and total antioxidant capacity (TAC) were analyzed by ELISA methods. Data were
analyzed using the student’s #-test. A p-value of <0.05 was considered statistically significant, and <0.001 was considered
highly significant.

Results: Newly diagnosed breast cancer patients show significantly increased serum levels of malondialdehyde (MDA)
and advanced oxidation protein products (AOPP), indicating heightened oxidative stress, while total antioxidant capacity
(TAC) is markedly decreased compared to healthy controls. These biochemical findings suggest a disruption in the
balance between oxidants and antioxidants in breast cancer, reflecting altered redox status associated with disease
development and progression.

Conclusion: The study shows a clear imbalance in breast cancer patients, with increased oxidative stress markers (MDA
and AOPP) and decreased antioxidant capacity (TAC) compared to healthy controls. This disruption suggests oxidative
stress plays a significant role in breast cancer development and progression. These biomarkers may serve as useful tools
for early diagnosis and monitoring, and interventions to restore antioxidant balance could potentially improve treatment
outcomes.
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Introduction: Breast cancer is a group of heterogeneous
malignancies arising from the breast where the
cancerous cells divide more rapidly than the healthy
cells, evading immune response and/or apoptotic
signals. It can spread from its primary site to different
parts of the body by getting into the bloodstream or
lymphatic system . According to GLOBOCAN 2022
estimates, breast cancer remains one of the most
commonly diagnosed cancers worldwide . In India,
breast cancer tops the female-centric cancers,

* Author for Correspondence: deepak.rashmi@gmail.com

representing nearly 27% of all cancers, as one of the
most challenging health care maladies . The
projections and cumulative risk for breast cancer are
alarmingly high for India, requiring immediate
attention. The proportion of highly aggressive triple-
negative breast cancer (TNBC) ranges from 6.7% to
27.9% in different countries, while some of the highest
percentages are reported in India 4. The five-year
overall survival rates vary significantly by stage: 95%
for stage 1, 92% for stage II, 70% for stage III, and just
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21% for stage IV Bl Survival rates for breast cancer
patients in India are generally lower than in Western
countries, largely due to factors like earlier onset,
advanced disease stage at diagnosis, delays in starting
treatment, and inadequate or inconsistent care !, The
World Cancer Report 2020 highlights that the most
effective way to control breast cancer is through early
detection and prompt treatment [,

The causes of breast cancer include factors such as age,
late menopause, oral contraceptive use, hormone
therapy, family history, and obesity ®l. These risk
factors contribute to the development of breast cancer
through oxidative stress [,

Oxidative stress is a condition where there is an
imbalance between oxidants (free radicals) and
antioxidants in the body [!!. This imbalance leads to an
increase in free radicals and a reduction in the body's
ability to neutralize them, weakening the antioxidant
defence system 1Y,

Oxidative stress impacts many cellular functions,
including metabolism, signalling pathways, gene
expression regulation, cell growth, and programmed cell
death ['?], Tt is indicated by changes in antioxidant levels
and altered enzyme activities within cells 31 To
measure oxidative stress, we can analyse certain
indicators in the patient's serum, such as
malondialdehyde (MDA), advanced oxidation protein
products (AOPP), and total antioxidant capacity (TAC).
Malondialdehyde (MDA) is an end product derived
from the peroxidation of polyunsaturated fatty acids and
related esters. MDA not only reflects lipid peroxidation
but is also a byproduct of cyclooxygenase activity in
platelets, and persistent platelet activation is a common
feature of many clinical syndromes associated with
enhanced lipid peroxidation "4, Lipid peroxides and
their products can cause damage to membrane-bound
enzymes and other macromolecules, including DNA,
and have been implicated in several disease processes,
including cancer '), The generation of MDA occurs in
both plasma and tissue of breast cancer patients.
Moreover, MDA levels have been reported to be
elevated in the blood and in malignant breast tissues of
breast cancer patients 16181,

Advanced Oxidation Protein Products (AOPPs) are
dityrosine-cross-linked protein derivatives formed
primarily from albumin and methionine- or tyrosine-rich
polypeptides during oxidative stress mediated by
reactive  oxygen species (ROS), particularly
hypochlorous acid generated by myeloperoxidase
(MPO) [19].

In breast cancer, AOPPs actively contribute to disease
aggressiveness by promoting angiogenesis, a critical
process for tumor growth and metastasis. Experimental
evidence demonstrates that AOPPs stimulate the
expression and secretion of Vascular Endothelial
Growth Factor (VEGF) and its soluble receptor
(sVEGFR1), disrupt endothelial function, and activate
pro-inflammatory signalling via the Receptor for

Advanced Glycation End-products (RAGE)-NF-«B
pathway. Furthermore, AOPPs induce matrix
metalloproteinases (MMP-3, MMP-13), facilitating
extracellular matrix degradation and enhancing VEGF
bioavailability, thereby  amplifying angiogenic
signalling. Despite these mechanistic insights, the
prognostic utility of circulating AOPPs in early-stage
breast cancer remains incompletely characterized. In
this study, we evaluate serum AOPP levels in newly
diagnosed breast cancer patients and compare them with
controls to assess their diagnostic potential [1%2],
Antioxidant molecules prevent or inhibit the harmful
reactions caused by oxidative stress !l While the
concentrations of different antioxidants in serum or
plasma can be measured separately in laboratories, these
measurements are time-consuming, labour-intensive,
costly, and require complex techniques. Instead of
measuring each antioxidant molecule individually, it is
more practical to measure the total antioxidant capacity
(TAC) of a sample, as the effects of antioxidants are
additive. TAC, also known as total antioxidant status
(TAS), provides a comprehensive assessment of the
sample's overall antioxidant capacity 12,

In this study, we investigated the clinical significance of
serum MDA, AOPP, and total antioxidant capacity
(TAC), and assessed the correlation between TAC with
MDA and AOPP in newly diagnosed breast cancer cases
compared to controls.

Materials and Methods

This hospital-based comparative observational study
was conducted over 12 months in the Departments of
Biochemistry and Oncology at SMS Medical College
and Hospitals, Jaipur, Rajasthan. Ethical approval was
obtained from the Institutional Ethics Committee, and
written informed consent was taken from all
participants.

Study Participants: A total of 90 female participants
were enrolled, including 45 newly diagnosed, therapy-
naive breast cancer patients fulfilling inclusion criteria
and 45 age-matched healthy controls. Patients with prior
malignancies, ongoing treatment, stage IV disease, or
steroid use were excluded. Controls were healthy
females without chronic diseases, non-smokers, and not
on any medication affecting oxidative stress.

Data Collection: The investigator personally
approached eligible participants, explained the study
purpose, and obtained consent. Detailed
sociodemographic data, disease history, and physical
examinations were recorded.

Sample Collection and Storage: Venous blood samples
were drawn under aseptic conditions. Serum was
separated by centrifugation and stored at —80°C until
analysis.

Biochemical Investigations: Main oxidative stress
markers measured were: Serum malondialdehyde
(MDA), Serum advanced oxidation protein products
(AOPP), Serum total antioxidant capacity (TAC).
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All were quantified using ELISA kits according to
manufacturer protocols.

Statistical Analysis: Data were recorded in Microsoft
Excel. Continuous variables were expressed as mean =+
standard deviation and compared using Student’s t-test.
Statistical significance was set at p < 0.05.

Ethical Considerations: This study posed no undue
risk to participants. It aimed to enhance understanding
of oxidative stress in breast cancer to aid improved
management and care.

Result & Discussion: In the present study, a significant
elevation (p = 0.0001) in MDA levels was observed
among newly diagnosed breast cancer patients
(205.65+85.54 ng/mL; 2.76 = 1.32 nmol/mL)
compared to the control group (67.74 +86.56 ng/mL;
0.94+1.19 nmol/mL).

Yerizel E et al. (2019) conducted a similar study
investigating malondialdehyde (MDA) levels in breast
cancer patients. Their research demonstrated that breast
cancer patients had significantly higher mean MDA
levels (3.98 £ 0.35 nmol/ml) compared to healthy
controls (3.04 + 0.36 nmol/ml), with a p-value of 0.001,
indicating increased oxidative stress in breast cancer
cases [,

Similarly, R Sateesh et al. (2019) ?* and Kangari Parisa
et al. (2018) 2] reported significantly higher levels of
malondialdehyde (MDA) in breast cancer patients,
supporting the association between increased lipid
peroxidation and breast cancer progression. In contrast,
Danesh Hiva et al. (2022) 2! found decreased levels of
malondialdehyde (MDA) in breast cancer patients
compared to controls.

Malondialdehyde (MDA) is a naturally occurring
byproduct of lipid peroxidation, which can bind to DNA
forming adducts such as Malondialdehyde-1-
deoxyguanosine (M1dG). These DNA adducts are
mutagenic and can contribute to the initiation of cancer
(23] Reactive oxygen species (ROS), which are elevated
in cancer cells, primarily target polyunsaturated fatty
acids (PUFAs) and certain membrane proteins. The
oxidative damage caused by ROS leads to the formation
of lipid hydroperoxides and their breakdown products,
including MDA. This process of lipid peroxidation,
initiated by oxygen free radicals, plays a significant role
in malignant transformation by damaging cellular
components and promoting carcinogenesis 23

Breast cancer tissue is a complex mixture of neoplastic
cells and various stromal components. A key element
within the tumor stroma is carcinoma-associated
fibroblasts (CAFs), which contribute significantly to
tumor progression and angiogenesis. When exposed to
oxidative stress, resident fibroblasts become activated
into myofibroblasts, characterized by enhanced
mobility, contractility, and expression of mesenchymal
markers. This activation is generally irreversible,
rendering these cells resistant to programmed cell death
processes such as nemesis. In breast cancer, about 80%

of stromal fibroblasts exhibit this activated phenotype,
secreting high levels of growth factors, cytokines, and
matrix metalloproteinases. CAFs also produce hydrogen
peroxide, which propagates further fibroblast activation
and induces tumorigenic changes in nearby epithelial
cells. Moreover, oxidative stress within the tumor
microenvironment prompts stromal cells to release high-
energy nutrients, which support the metabolic demands
of cancer cells and promote their survival and growth
[27]

Since our patient’s group was formed from newly
diagnosed breast cancer patients, the increased level of
oxidative factors can be a feature of the early stages of
cancer progression. Increased MDA levels in the serum
of breast carcinoma may be in response to the
aggregation of ROS, which might result in extensively
elevated cellular lipid peroxidation 125

In present study it has been observed that, there is a
significant increase in serum Advanced Oxidation
Protein Products (AOPP) in newly diagnosed cases of
Breast Cancer 1.43+1.65ng/mL when compared with
control group 0.59+0.60 ng/mL (p value 0.0094).

R. Sateesh et al. (2019) 24 reported AOPP levels
0f32.45+12.53 pumol/Lin the control group
and46.90+15.35 umol/L in breast cancer cases.
Similarly, Kilic N. et al. (2014) (281 observed comparable
findings, noting elevated levels of advanced oxidation
protein products (AOPP) in breast cancer patients.
These elevated AOPP levels indicate heightened protein
oxidation and oxidative stress, which are implicated in
the progression and aggressiveness of breast cancer.
Marta Napiorkowska-Mastalerz et al. (2024) highlights
AOPPs as a promising biomarker for monitoring breast
cancer progression and predicting outcomes such as
recurrence and survival. The research found that
increased AOPP levels correlate with excessive
angiogenesis in early-stage breast cancer, and higher
pre- and post-treatment AOPP concentrations are
associated with poorer prognosis. The study emphasizes
the potential of AOPPs to serve as a simple and effective
prognostic marker in clinical practice ['*). Advanced
Oxidation Protein Products (AOPPs) are dityrosine-
containing protein aggregates formed when albumin
reacts with chlorinated oxidants produced during
oxidative stress. Research shows significantly higher
AOPP levels in breast cancer patients compared to
healthy individuals, reflecting increased oxidative
protein damage in the tumor microenvironment.
Elevated AOPPs correlate positively with VEGF-A, a
key factor in pathological angiogenesis, indicating a
relationship between oxidative damage and intensified
blood vessel formation in tumors. Lower pre-treatment
levels of the soluble Vascular Endothelial Growth
Factor (VEGF) receptor sVEGFRI1 and reduced post-
treatment levels of sSVEGFR?2 are associated with higher
AOPP concentrations, supporting the role of AOPPs in
promoting neoplastic angiogenesis by enhancing
VEGF-A activity and suppressing its inhibitors.
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Moreover, AOPPs contribute to endothelial
dysfunction, vascular inflammation, and tumor
progression by activating pathways mediated through
the receptor for advanced glycation end products
(RAGE). This activation induces inflammatory
cytokines and matrix metalloproteinases (MMP-3 and
MMP-13), which degrade the extracellular matrix and
facilitate tumor invasion and VEGF release, further
promoting angiogenesis. Thus, AOPPs play a significant
role in breast cancer progression and present potential
targets for therapeutic intervention [1%28],

The mean value of Total Antioxidant Capacity (TAC) in
newly diagnosed cases of breast cancer is 0.19+0.10
mmol/L that is lower than control group with mean
value 0.25+0.12mmol/L. (p value 0.03). Research
consistently shows that breast cancer patients have
significantly lower serum Total Antioxidant Capacity
(TAC) compared to healthy individuals. Ahmadzadeh et
al. (2023) @ found that the mean TAC level was
1.43+0.21 mmol/L in healthy subjects and dropped to
1.19+0.15 mmol/L in breast cancer patients, with the
difference being statistically significant (P <0.001).
Similarly, Feng et al. (2012) B reported that patients
with benign and malignant breast tumors exhibited
much lower total antioxidant status (TAS) levels than
healthy controls. Sener et al. (2007) B! also observed
that plasma TAS levels in breast cancer patients,
including those with more advanced disease, were
significantly reduced compared to healthy participants.
These trends highlight that reduced antioxidant capacity
is a prevalent feature in individuals with breast cancer,
reflecting increased oxidative stress associated with the
disease. In contrast to most research, the study by
Danesh Hiva et al. (2022) found that breast cancer
patients had higher levels of Total Antioxidant Capacity
(TAC) compared to healthy controls. According to their
results, serum TAC levels in breast cancer patients were
170 = 71.97 m/mL, while in controls they were 61.03 +
38.42 m/mL, with the difference being statistically
significant 126!, In the current study, the serum levels of
TAC were found to be significantly reduced in breast
cancer patients than controls, this means that TAC may
have a protective role against breast carcinogenesis *2,

Lipid peroxidation is a central outcome of oxidative
stress that results in the generation of reactive aldehydes,
which can injure cellular components and contribute to
tumor development. In breast cancer patients, there is
often an imbalance characterized by increased
production of reactive oxygen species (ROS) and
diminished antioxidant defense mechanisms, further
elevating oxidative stress and promoting cancer
progression. Clinical evaluation of lipid peroxidation
and total antioxidant status (TAC) provides critical
information on disease status, prognosis, and therapy
response.

Several investigations support the notion that lipid
peroxidation is markedly elevated in breast cancer
patients, indicating intensified oxidative stress. The
oxidative/antioxidant profile is influenced by a range of
prognostic factors, such as tumor stage, size, and
molecular characteristics, demonstrating the dynamic
interplay between ROS-related damage and antioxidant
capacity during breast cancer progression. These
findings reinforce previous research, which has
consistently shown that both excessive ROS generation
and inadequate removal contribute to carcinogenesis
and disease advancement 331,

Correlation analysis showed no statistically significant
association between malondialdehyde (MDA) and total
antioxidant capacity (TAC) (r = -0.02269, p = 0.8810).
Similarly, advanced oxidation protein products (AOPP)
exhibited a negligible negative correlation with TAC (r
=-0.0109, p = 0.9427), indicating no significant linear
relationship between these oxidative stress markers and
antioxidant status in the study population.

Monitoring lipid peroxidation markers and antioxidant
status is clinically significant, enabling healthcare
providers to devise personalized treatment strategies
aimed at minimizing oxidative stress, enhancing
antioxidant defenses, and improving patient outcomes.
Furthermore, therapeutic approaches that either target
pathways involved in lipid peroxidation or aim to boost
antioxidant capacity hold promise for more effective
breast cancer management and reduction of therapy-
related side effects.

Comparison of Age (Years), Hight (Meters), Weight (Kilograms) and BMI (Kilograms/Meter?) between cases and

control group

t-
Demographic Groups value P-value
Case (n=45) | Control (n=45)

Age (Years) 48.82+11.53 | 44.84+12.16 1.55 0.13
(NS)

Hight (Meters) 1.59+0.06 1.58+0.04 0.13 0.89
(NS)

Weight (Kilograms) 60.02+11.42 | 6149.72 -0.41 0.68
(NS)
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BMI (Kilograms/Meter?)

23.68+4.13 23.88+3.55 -0.23 0.82

(NS)

NS= Non Significant

Comparison of MDA (ng/mL) between cases and control group

Cases (n=45)

205.65+85.54

Controls (n=45)

7.24

67.74486.56 0.0001 (Significant)

Comparison of MDA (ng/mL) between cases and control group
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Comparison of AOPP (ng/mL) between cases and control group

Cases (n=45)

1.43£1.65

Controls (n=45)

0.59+0.60

3.0083 0.0043(Significant)
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Groups TAC (mM/L) t-Value P-Value
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Correlation between Serum Malondialdehyde and Advanced Oxidation Protein Product levels with Total
Antioxidant Capacity in Newly diagnosed cases of Breast Cancer

Test Correlation coefficient (r) P-value
Malondialdehyde v/s Total Antioxidant Capacity -0.02269 0.8810
Advanced Oxidation Protein Products v/s Total Antioxidant Capacity -0.0109 0.9427

Correlation coefficient between MDA and TAC
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Scatter Chart

0.55

Conclusion: The study shows a clear imbalance in
breast cancer patients, with increased oxidative stress
markers (MDA and AOPP) and decreased antioxidant
capacity (TAC) compared to healthy controls. This
disruption suggests oxidative stress plays a significant
role in breast cancer development and progression.
These biomarkers may serve as useful tools for early
diagnosis and monitoring, and interventions to restore
antioxidant balance could potentially improve treatment
outcomes.
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