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Abstract

Background: Curcuma longa (turmeric), a traditional medicinal plant, has demonstrated significant antitumor
properties in various cancer models. This study investigates the therapeutic efficacy of turmeric extract in
the treatment of breast cancer in female rats, focusing on its mechanisms of action and molecular targets.
Methods: Female Wistar rats were induced with mammary tumors using 7,12-dimethylbenz [a] anthracene
(DMBA). The treated group received standardized doses of turmeric extract orally for six weeks. Tumor volume,
histopathological changes, apoptosis markers (e.g., caspase-3), and oxidative stress biomarkers (e.g., MDA, SOD)
were evaluated. Results: Rats treated with Curcuma longa showed a significant reduction in tumor size compared
to the untreated group (p < 0.05). Histological analysis revealed increased apoptosis and reduced angiogenesis.
Molecular assays indicated downregulation of NF-xB and upregulation of p53 expression. Conclusion: Turmeric
demonstrated potent antitumor effects in breast cancer—induced rats through modulation of oxidative stress,
inflammation, and apoptosis pathways. These findings support further investigation into Curcuma longa as a
complementary therapeutic agent in breast cancer management.
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Introduction

Breast cancer remains one of the most prevalent
malignancies affecting women globally and is a leading
cause of cancer-related mortality in females. Despite
advances in chemotherapy, radiotherapy, and hormonal
therapies, the adverse side effects and resistance associated
with conventional treatments have spurred interest in
alternative and complementary therapies, particularly
those derived from natural products [1].

One such compound of interest is turmeric, derived
from the rhizome of Curcuma longa. It has been
traditionally used in Ayurveda and Chinese medicine for its
anti-inflammatory, antioxidant, and anticancer properties.
The bioactive constituent of turmeric, curcumin, has been
extensively studied for its multifaceted roles in inhibiting
cancer progression, including the induction of apoptosis,

inhibition of angiogenesis, and suppression of metastasis
[2, 3].

Preclinical studies have demonstrated that curcumin
modulates multiple molecular targets involved in cancer
signaling pathways. These include the downregulation of
nuclear factor kappa B (NF-kB), cyclooxygenase-2 (COX-
2), and Bcl-2, along with the activation of pro-apoptotic
proteins such as p53, Bax, and caspase-3 [4]. In vivo models
involving rodents have validated the chemopreventive
effects of curcumin, showing a significant reduction
in tumor burden and enhanced survival rates when
administered orally or intraperitoneally [5].

Moreover, oxidative stress and chronic inflammation
are known contributors to tumor initiation and progression.
Curcumin’s ability to act as a potent scavenger of reactive
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oxygen species (ROS), along with its inhibitory effect
on pro-inflammatory cytokines like TNF-a and IL-6,
positions it as a valuable agent in cancer therapy [6]. Given
its low toxicity and high safety margin in animal models,
turmeric extract has emerged as a promising candidate for
further research in breast cancer treatment, particularly
in hormone-dependent and chemically induced tumor
models in rats [7, 8].

This study investigates the therapeutic potential
of Curcuma longa in female rats with experimentally
induced breast cancer, aiming to elucidate the underlying
molecular mechanisms and evaluate key biomarkers
associated with tumor suppression.

Materials and Methods

Study Design

This experimental study was conducted to investigate
the therapeutic effects of Curcuma longa (turmeric) extract
on chemically induced breast cancer in female Wistar
rats. The study was approved by the Institutional Animal
Ethics Committee (IAEC), and all procedures adhered to
national ethical guidelines for animal experimentation.

Experimental Animals

» Thirty female Wistar rats, aged between 6 and
8 weeks and weighing 150 to 180 grams, were used
in this study. Prior to the experiment, all animals
underwent a one-week acclimatization period. They
were maintained under standard laboratory conditions,
including a controlled temperature of 22 + 2°C and a
12-hour light/dark cycle. Throughout the experimental
period, the rats had unrestricted access to a standard pellet
diet and water ad libitum.

Chemicals and Reagents

» Carcinogen: 7,12-Dimethylbenz[a]anthracene
(DMBA), obtained from Sigma-Aldrich

* Turmeric Extract: Ethanolic extract of Curcuma
longa, standardized to 95% curcumin by the following:

Dried rhizomes of Curcuma longa were cleaned,
pulverized into a fine powder, and subjected to extraction
using 95% ethanol as the solvent. The powder was
soaked in ethanol at a ratio of 1:10 (w/v) and kept
under continuous agitation for 48—72 hours at room
temperature. The resulting mixture was filtered, and the
solvent was evaporated under reduced pressure using
a rotary evaporator to obtain a concentrated extract.
This crude extract was then dried and standardized to 95%
curcumin content, confirmed by high-performance liquid
chromatography (HPLC) [9].

* Solvents & Buffers: Ethanol, saline, phosphate-buffered
saline (PBS), formalin

* Biomarker Kits: ELISA kits for TNF-a, IL-6,
caspase-3, and p53 (Thermo Fisher Scientific)

Experimental Grouping (Table 1)

Induction of Breast Cancer
Breast tumors were induced in rats (Groups 2-5) via
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a single intragastric dose of DMBA (20 mg/kg) dissolved
in corn oil. Tumor development was monitored weekly
for 8 weeks via palpation.

Turmeric Treatment Protocol

Following tumor confirmation, turmeric extract was
administered orally once daily for 6 weeks at respective
doses. Body weight and tumor volume were measured
weekly.

Tumor Volume Measurement

Tumor volume was calculated using the standard
formula:

Tumor Volume (mm?) = (L x W?) /2

where L represents the tumor length and W the
width, both measured using digital calipers. This method
provides an accurate estimation of tumor burden based on
two-dimensional measurements.

Sample Collection and Histopathology

At the end of the study:

At the end of the experimental period, the animals
were anesthetized and subsequently euthanized following
standard ethical procedures. Blood samples were collected
via cardiac puncture for subsequent biochemical analyses.
In addition, tumor tissues were carefully excised,
weighed, and fixed in 10% neutral buffered formalin
for further histopathological and immunohistochemical
examinations.

Molecular and Biochemical Assays

* Lipid Peroxidation (MDA) and Antioxidant Enzymes
(SOD, catalase) were measured from serum.

» Western blot and ELISA were performed to quantify
levels of:

* NF-xB

*p53

* Caspase-3

* TNF-a

* IL-6

Statistical Analysis

Data were analyzed using SPSS v26. All values were
expressed as mean + SD. Statistical significance was
determined using ANOVA, followed by Tukey’s post
hoc test. A p-value < 0.05 was considered statistically
significant.

Results

Tumor Volume Progression

Asignificant reduction in tumor volume was observed
in turmeric-treated groups compared to the positive control
group (DMBA only). The effect was dose-dependent, with
the highest reduction in the 400 mg/kg group (Figure 1
and Table 2).

Histopathological Findings
Microscopic examination revealed:
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Table 1.Show Groups of Study and Doses

Group Description Treatment Number of Rats
Gl Negative control (no tumor, no drug) Saline (oral) 6
G2 Positive control (DMBA only) DMBA + saline (oral) 6
G3 Low dose turmeric DMBA + Turmeric (100 mg/kg/day) 6
G4 Medium dose turmeric DMBA + Turmeric (200 mg/kg/day) 6
G5 High dose turmeric DMBA + Turmeric (400 mg/kg/day) 6

Table 2. Show the Biochemical Markers with Groups

Marker G2 (Control) G3 (100 mg/kg) G4 (200 mg/kg) G5 (400 mg/kg)
NF-«B (AU) 11.75 1.32 1.05 0.88
p53 (AU) 10.65 0.89 1.12 1.43
Caspase-3 (U/L) 1235 34.6 48.1 57.2
TNF-o (pg/mL) 1135 105 87 70
MDA (nmol/mL) 172 54 4.1 32
SOD (U/mL) 1213 29.8 36.2 42.5

1/ |: Compared to baseline; * AU: Arbitrary Units

Histopathological analysis revealed distinct differences
among the treatment groups. The control group (G2)
exhibited features consistent with high-grade ductal
carcinoma, including pronounced mitotic activity and
extensive areas of necrosis. In the group treated with
100 mg/kg (G3), tumor cell density was noticeably
reduced, accompanied by moderate necrotic regions.
The 200 mg/kg treatment group (G4) showed evidence of
well-differentiated tumor architecture with limited signs
of angiogenesis. Notably, the highest dose group (G5,
400 mg/kg) demonstrated prominent apoptotic activity,
minimal vascularization, and an overall tissue structure
approaching normal histological appearance.

Effect on Apoptotic and Inflammatory Markers

The biochemical evaluation demonstrated a
dose-dependent therapeutic effect of turmeric treatment
on tumor-bearing rats, as reflected by alterations in key
molecular markers. Caspase-3 activity, a hallmark indicator
of apoptosis, increased significantly in turmeric-treated
groups, with the highest elevation observed in the G5
group (400 mg/kg), reaching 57.2 U/L compared to 23.5
U/L in the control group. Conversely, levels of TNF-a,
a pro-inflammatory cytokine commonly elevated in

Tumor Volume Over 6 Weeks of Treatment

Tumor Volurme {mm®)

Figure 1. Show Clearly Flow Chart of Study with G5
(400 mg/kg) Showing the Most Effective Inhibition by
Week 6.

tumorigenic and inflammatory microenvironments,
declined progressively with treatment. In the G5 group,
TNF-a levels were reduced to 70 pg/mL, nearly half of
the control group value (135 pg/mL). These findings
indicate that turmeric exerts a dual therapeutic effect
by both enhancing apoptotic pathways and attenuating
inflammation-associated tumor progression.

Discussion

This study investigated the therapeutic potential of
Curcuma longa (turmeric) in the treatment of chemically
induced breast cancer in female rats, with a focus on
tumor growth suppression, modulation of apoptotic
and inflammatory pathways, and changes in molecular
markers. The findings reinforce the anticancer efficacy of
turmeric, primarily attributed to its bioactive polyphenol
curcumin, and are consistent with previously published
in vitro and in vivo studies [10].

Rats treated with turmeric extract demonstrated
significantly reduced tumor volumes, with the highest
inhibition seen in the 400 mg/kg dose group. This aligns
with prior reports where curcumin inhibited tumor growth
in DMBA-induced mammary carcinogenesis via cell
cycle arrest and apoptosis [11-15]. The reduction in tumor
burden can be attributed to the antiproliferative effect
of curcumin, which has been shown to interfere with
mitogenic signaling and suppress angiogenesis through
VEGF downregulation [16-20].

Caspase-3, a key executioner of apoptosis, was
significantly upregulated in turmeric-treated rats in a
dose-dependent manner, indicating enhanced programmed
cell death. Curcumin is known to activate mitochondrial
apoptotic pathways by increasing Bax/Bcl-2 ratio and
stimulating caspase cascade activation, ultimately leading
to DNA fragmentation and cell death in cancer cells
[21,22].

The upregulation of p53, a tumor suppressor protein,
further corroborates this finding. p53-mediated apoptosis
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plays a central role in eliminating cells with DNA damage
and abnormal proliferation. Curcumin has been previously
documented to stabilize and activate p53 through
suppression of MDM2 and enhancement of DNA damage
response signaling [23].

Chronic inflammation is a hallmark of carcinogenesis.
In this study, turmeric significantly reduced TNF-a
and IL-6 levels, reflecting its potent anti-inflammatory
properties. Curcumin modulates inflammatory responses
by inhibiting nuclear factor-kappa B (NF-xB) activation
and its downstream pro-inflammatory gene products,
including cytokines, chemokines, and COX-2 [24].

The inverse relationship between TNF-a levels and
tumor reduction further supports the role of inflammatory
cytokines in promoting tumor growth, angiogenesis, and
metastasis. This mechanism highlights curcumin’s ability
to interrupt the tumor-promoting microenvironment, an
essential aspect of its chemopreventive efficacy.

Tumor tissues often exhibit elevated oxidative
stress, contributing to genetic instability and tumor
progression. The significant reduction in MDA levels
and enhancement of antioxidant enzymes (SOD, catalase)
in turmeric-treated groups indicates effective oxidative
stress mitigation. Curcumin is well-documented as
a scavenger of reactive oxygen species (ROS), and this
antioxidant capacity further contributes to its protective
role against carcinogenesis [25, 26].

This study demonstrated a clear dose-response
relationship, with the highest curative effects seen in the
400 mg/kg group. These doses were well-tolerated with
no adverse behavioral or physiological effects observed,
consistent with earlier toxicity studies that reported low
systemic toxicity of curcumin even at high doses [27-31].

In conclusion, the present study demonstrates that
Curcuma longa (turmeric) possesses potent therapeutic
potential in the management of breast cancer in
female rats. Oral administration of turmeric extract
led to a significant and dose-dependent reduction in
tumor volume, along with favorable modulation of
molecular markers related to apoptosis (Caspase-3, p53),
inflammation (TNF-a, NF-xB), and oxidative stress
(MDA, SOD).

The observed effects are attributed primarily
to curcumin, the principal bioactive component of
turmeric, which exerted multifaceted anticancer effects
by promoting programmed cell death, inhibiting
pro-inflammatory pathways, and restoring redox balance.
Notably, the highest dose (400 mg/kg) yielded the most
pronounced therapeutic benefit, with no signs of systemic
toxicity or adverse effects.

These findings suggest that turmeric, a widely available
and well-tolerated natural compound, could serve as a
promising complementary agent in breast cancer therapy,
particularly for early-stage or hormone-responsive tumors.
However, further investigations including mechanistic
molecular studies, pharmacokinetic profiling, and clinical
trials are warranted to validate these results and translate
them into therapeutic applications for humans.
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