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Abstract 
 

Dysregulation of inflammatory and antioxidant signaling is characteristic of breast cancer development and 

influences therapeutic efficacy. This study investigated the relationship between inflammation and cancer invasion 

by assessing levels and/or gene expression of COX2, Adipoq, PPAR, uPAR, sialic acid, and heparinase; 

apoptosis via caspase-3 evaluation; and redox balance in MCF-7 breast cancer mice treated with rutin. Three 

groups of virgin female mice were divided: (i) a control group; (ii) an MCF-7 group that was treated with Imuran 

before being injected with MCF-7 cells; and (iii) an MCF-7/rutin group that was given rutin (200 mg/kg). 

Biochemical and histological analyses were assessed after two and four weeks of post-treatment. Mice bearing 

breast tumors and treated with rutin exhibited less GATA-3 expression in mammary tissue at 4 weeks, signifying 

reduced cell invasiveness in mammary tissue at 4 weeks, Rutin therapy also resulted in decreased serum levels of 

prolactin, estrogen, and CA15-3 At two weeks, both untreated and rutin-treated tumor-bearing mice showed 

increased levels of COX2, uPAR and sialic acid, demonstrating higher inflammation and invasive potential.  By 

four weeks, rutin-treated mice exhibited elevated serum sialic acid compared to control, but reduced compared 

with untreated mice, accompanied by elevated caspase-3, indicating enhanced apoptosis. Gene expression analysis 

revealed the upregulation of PPAR at both 2 and 4 weeks and Adipoq at 2 weeks, suggesting the activation of 

apoptotic pathways and adipocyte differentiation. COX2 and heparinase were downregulated at both 2- and 4-

weeks reflecting suppression of inflammation and invasion. Rutin-treated mice had reduced mammary MDA and 

nitric oxide levels at 2 and 4 weeks while mammary GSH and catalase activity were elevated at 2 weeks and 

depleted at 4 weeks in comparison to healthy mice. It was concluded that rutin treatment of mice bearing breast 

cancer improved oxidative balance, modulated inflammation, reduced invasion, and preserved mammary tissue 

structure in breast cancer-induced mice. It is recommended to study the treatment of mice with breast cancer or 

other types of cancer with chemotherapy combined with rutin to mitigate the side effects of these drugs. 
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Graphical Abstract 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
A diagram illustrates the interactions of breast cancer tumors in mice with inflammation, invasion, and apoptosis 

(COX-2, heparinase, sialic acid, adipoq/PPAR, and caspase-3). Treatment with rutin implies potential regulatory 

effects on breast cancer. 
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Introduction 
 

Breast cancer remains one of the most prevalent 

cancers in women across the world, with high 

mortality and morbidity rates. International data 

indicate that breast cancer caused an estimated 2.3 

million new cases and 670,000 deaths globally in 2022 

(Kim et al., 2025, He et al., 2026). Tumor cell 

proliferation, angiogenesis, and invasion are 

stimulated by the inflammatory infiltration of immune 

cells and cytokine release in the tumor, thereby 

promoting tumor growth and metastasis (Nishida and 

Andoh, 2025). Inflammation stimulates both ROS and 

immune responses, leading to DNA damage and 

reducing apoptosis, and increases the body's resistance 

to treatment (An et al., 2024). 

Although traditional therapies have improved, their 

low efficacy and toxicity mean more efficient and less 

toxic therapies are required. Traditional therapeutic 

systems rely on crude extracts of whole plants or their 

parts, such as Neurada procumbens and Octhochloa 

compressa, which have antioxidant, antimicrobial, and 

anti-inflammatory activities and treat chronic 

illnesses.  Neurada procumbens has rich 

phytochemicals, antioxidant capacity, and 

antimicrobial activity. Octhochloa compressa has 

shown anti-inflammatory effects in both in vitro and 

in vivo models (Aslam et al., 2023a, 2023b, 2021). 

Natural substances, such as flavonoids, have the focus 

of their chemopreventive and anticancer activity. 

Flavonoids, including quercetin, apigenin, luteolin, 

genistein, and epigallocatechin gallate (EGCG), exert 

anticancer effects through induction of apoptosis, 

inhibition of angiogenesis, and suppression of tumor 

proliferation. Quercetin has inhibitory effects against 

breast cancer, while apigenin has potent activity 

against colorectal and breast cancers by regulating cell 

cycle progression and inducing apoptosis (Daneshvar 

et al., 2023; Wu et al., 2025). Genistein from soy has 

a role in the anticancer activity of breast cancer, and 

EGCG from green tea exhibits anticancer potential 

against lung, liver, breast, prostate, stomach, 

mammary gland, and colon based on preclinical data 

(Bhat et al., 2021; Singh et al., 2011). 

Rutin, a glycosylated form of quercetin (quercetin-3-

O-rutinoside), has a greater solubility and stability 

than the aglycone form because it is metabolically 

converted to quercetin in the body, which has been 

widely studied due to its antioxidant, anti-

inflammatory, and anticancer properties (Bai et al., 

2015; Gul et al., 2026). Rutin is a hydrophobic 

polyphenolic flavonoid chemical, and it is present in 

many plants such as buckwheat seeds, apricots, tea, 

cherries, grapes, grapefruit, onion, plums, and oranges 

(Bai et al., 2015; Gul, et al., 2026). Rutin is a non-toxic 

chemical compound derived from Ruta graveolens, 

which is also known as vitamin P or rutoside and can 

be described by its several biological activities (Tobar-

Delgado et al., 2023). Reactive oxygen species, 

inflammation, and gene expressions associated with 

tumor proliferation are reduced by treating cancer cells 

with rutin (Akash et al., 2024; Alharbi et al., 2025). 

Rutin inhibited oncogenic Kras-driven tumorigenesis 

in Kras-mutant transgenic mice (Wang et al., 2025). 

Rutin enhanced apoptotic cell death by increasing the 

expression of proapoptotic genes (Bax, caspase-3, 

caspase 8, and caspase-9) and decreasing the gene 

expression of antiapoptotic protein Bcl-2 in pancreatic 

cancer cell lines (Huo et al., 2022). Rutin has 

significant neuroprotective effects because of its 

antioxidant, anti-inflammatory, anti-apoptotic, and 

anticonvulsant effects. It improves neural signaling 

and blood-brain barrier integrity (Chunmei and Shuai, 

2025). 

Rutin–zinc oxide nanoparticles (Rut–ZnO NPs) exert 

anticancer effects against chronic myeloid leukemia 

(CML) cells by promoting apoptosis through 

upregulation of Bax mRNA and downregulation of 

Bcl-2 expression (Alidoust et al., 2025). Rutin shows 

hypolipidemic and hepatoprotective effects in 

nonalcoholic fatty liver disease by reducing 

triglyceride accumulation and oxidative damage in 

lipid-laden hepatocytes (Liu et al., 2017). Serum HDL 

cholesterol level was raised, whereas VLDL and LDL 

cholesterol levels were reduced in diabetic rats (DR) 

treated with troxerutin. In addition, peroxisome 

proliferator-activated receptor gamma (PPAR) gene 

expression was downregulated in adipose tissue of DR 

treated with troxerutin (Gul et al., 2026). Rutin 

enhances the efficacy of chemotherapeutic therapy of 

breast cancer and mitigates pirarubicin-induced 

cardiotoxicity (Li et al., 2026). 

This study aimed to evaluate the therapeutic efficacy 

of rutin in mice bearing breast cancer induced by 

MCF-7, focusing on its effects on oxidative stress and 

inflammation responses. The study also examined the 

interrelations between biomarkers of inflammation, 

invasion, and apoptosis induced by breast tumor-

bearing mice and the modulative effects of rutin 

administration after two and four weeks. To elucidate 

these triggering processes, biomarker profiling was 

achieved, including hormonal markers (estradiol, 
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prolactin), tumor markers (CA15-3), and oxidative 

stress indicators (malondialdehyde (L-MDA), 

glutathione (GSH), nitric oxide (NO), inflammatory 

and invasive biomarkers cyclooxygenase (COX-2), 

(urokinase-type plasminogen activator (uPAR), 

heparinase and sialic acid). Additionally, gene 

expression levels of (COX-2, adiponectin (Adipoq), 

PPAR, and heparinase were analyzed alongside 

histopathological and immunohistochemical 

evaluation of GATA Binding Protein 3 (GATA-3). 

The findings seek to better the understanding of rutin-

based therapies with improved efficacy for breast 

cancer treatment. 

 

Material and Methods 
 

Experimental design of MCF-7-induced 

mammary tumors in azathioprine-treated 

Swiss albino mice 
For this study, 45 female Virgin Swiss albino 

laboratory mice weighing 25 ± 3.0 g were used. Mice 

were purchased from a farm in Alexandria, Egypt. 

Animals were housed at 25 °C under a 12-hour 

light/dark cycle with unlimited access to water and a 

defined control diet, formulated to meet standard 

nutritional requirements and purchased from local 

supplements. The Faculty of Science at Tanta 

University in Egypt (ethics approval number: IACUC-

SCI-TU-0527) upheld national ethical principles for 

laboratory animal care, and all procedures were 

performed in accordance with these guidelines 

(Rasheed et al., 2024; Gul et al., 2026). Mice were 

given a seven-day acclimatization period before the 

experiment commenced. 

 

Cell culture of MCF-7 
The Cell Culture Department of VACSERA (Cairo, 

Egypt) has sold MCF-7. The MCF-7 cells were 

cultured in a T-25 flask that contained 3 mL of 

complete RPMI 1640 medium from Gibco (with 10% 

deactivated fetal bovine serum albumin (FBS) from 

Biotechne Company and 1% penicillin-streptomycin 

5000 U/mL from Thermo-Fisher Scientific 

Company).  The flask was incubated for 24-48 hours 

at 37 °C in humidified 5% CO₂ / 95% air until the 

confluence reached 70-90%. After that, cells were 

detached by adding 1.5 mL of trypsin-EDTA for 5 

minutes. Cells in suspension were centrifuged, and the 

pellets (cells) were grown in T-75 flasks in a CO₂ 

incubator. The preceding stages were repeated until 

the desired number of cells was obtained. The cells 

were counted using a hemocytometer after being 

stained with 0.4% trypan blue. For injection into the 

female nipple mice, cells have been harvested and 

resuspended in complete media (Ali et al., 2018; 

Plumb, 2004). 

 

Azathioprine-induced immunosuppressed 

Swiss albino mice bearing MCF-7 breast 

carcinoma xenografts 
Female Swiss albino mice weighed 25 ±3 g and were 

6–8 weeks old, representing sexually mature young 

adults with intact estrous cycles; therefore, 

endogenous estrogen production was present 

throughout the experimental period. For tumor 

induction, 2 × 10⁶ MCF-7 carcinoma cells suspended 

in sterile saline were injected orthotopically into each 

of the two fourth mammary nipples (one on each side) 

of the mice (Avril et al., 2019). No exogenous estrogen 

pellets were administered. Tumor establishment 

depended on high-density cell inoculation into the 

mammary fat pad. A total of forty-five mice were 

assigned to three primary experimental groups. 

Group I (Normal group, n = 13) received saline instead 

of the immunosuppressive drug and did not undergo 

tumor induction. 

Group II (MCF-7 group, n = 16) received oral 

azathioprine (Imuran; RPG Life Science Ltd., India) to 

induce immunosuppression prior to MCF-7 cell 

injection. Azathioprine was administered for two 

consecutive days at a dose of 10 mg/kg body weight 

suspended in olive oil (0.5 mL), followed by a third 

dose of 5 mg/kg body weight on the day of tumor cell 

injection (Avril et al., 2019; Al-Shahari et al., 2021). 

Group III (MCF-7/Rutin group, n = 16) received the 

same azathioprine immunosuppression regimen as 

group II. Following immunosuppression, 2 × 10⁶ 

MCF-7 cells were injected into each of the two fourth 

mammary nipples. Twenty-four hours after tumor cell 

inoculation, the mice were orally administered rutin 

daily at a dose of 200 mg/kg body weight for one 

month (Dixit, 2014).  

Five mice from each group were anesthetized with 

ketamine, blood samples were collected, and the 

animals were sacrificed two weeks after MCF-7 cell 

injection, and the remaining animals were sacrificed 

after four weeks under ketamine anesthesia. At the end 

of the experiment, blood samples were collected from 

all mice, and serum was separated by centrifugation at 

4000 rpm for 15 minutes. Mammary glands were 
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excised, and both normal and tumor tissues were 

immediately stored at −20 °C until further analysis. 

 

Histological examination 

Hematoxylin and eosin staining 
Samples of the mammary glands were immediately 

fixed for 24 hours in 10% formalin. The samples were 

adequately cleansed, dried, and then embedded in 

paraffin wax (Afzal et al., 2024; Ali et al., 2024; 

Sikandar et al., 2020). The 5 µm segment was 

prepared. Dewaxed, rehydrated, and processed for 

hematoxylin and eosin staining (Fischer et al., 2008).  

 

Immunohistochemical examination 
To prevent nonspecific staining, the sections were 

dewaxed, rinsed in phosphate-buffered saline (PBS), 

incubated for 10 minutes with an aqueous solution of 

0.3% hydrogen peroxide, and then washed twice in 

phosphate-buffered saline. The slices were incubated 

with the primary Gata-3 antibody (clone OCH1E5, 

dilution 1:600, DAKO, Carpinteria, CA) for 40 

minutes. After washing, the slides were soaked in 

biotinylated secondary antibody, then washed one 

more time, and finally avidin-biotin. The slides were 

counterstained with Mayer's hematoxylin, dehydrated, 

and mounted after the reaction occurred with the 

addition of 3,3'-diaminobenzidine. The positively 

stained area is brown.  The sections were examined 

and photographed. The percentages of the areas 

occupied by positive staining were computed using 

ImageJ software (Magaki et al., 2019; 

Cimino-Mathews, 2021). 

 

Determination of serum prolactin, estradiol, 

CA15-3, COX2, uPAR sialic acid, heparinase 

and caspase-3 levels 
Serum levels of prolactin, estradiol, and CA15-3 serve 

as biomarkers for breast cancer diagnosis and 

treatment monitoring. Serum levels of COX-2, 

urokinase-type plasminogen activator (uPAR), sialic 

acid, and heparinase are indicative of inflammatory 

responses and cancer cell invasion and metastatic 

spread. Caspase-3 activity is a biomarker of apoptotic 

processes. Serum levels of prolactin (CSB-E07280m), 

estradiol (CSB-E05109m), CA15-3 (CSB-E04772h), 

COX-2 (CSB-E12910m), uPAR (CSB-E07369m), 

sialic acid (CSB-E13811h), heparinase (CSB-

EL010716MO), and caspase-3 (E0969, CSB-

E06882m) were quantified using specific ELISA kits 

according to the manufacturer protocols. 

Quantitative real-time PCR (qPCR) 

RNA extraction 
Total RNA was isolated from both normal and tumor 

breast tissues using the PureLink™ RNA Mini Kit 

(Thermo-Fisher Scientific, Cat. No. MAN0019346) 

following the manufacturer’s protocol as described by 

Urbinati et al. (2016). Briefly, tissues were weighed, 

kept on ice, and homogenized in 2 mL of lysis buffer 

supplemented with 2-mercaptoethanol. 

Homogenization was achieved by vigorous up-and-

down and twisting motions while simultaneously 

chopping the tissue with an RNase-free pestle to 

ensure complete lysis. The lysates were centrifuged at 

1200 g for 30 seconds, and the 200 µL supernatant was 

mixed with 500 µL of 100% ethanol. Aliquots of up to 

700 µL were loaded onto the spin column and 

centrifuged, with the flow-through discarded after 

each step. Sequential washes with Buffer 1 and Buffer 

2 were performed, followed by centrifugation and 

removal of the flow-through. RNA was eluted by 

adding 40 µL of lysis buffer to the column. The purity 

and concentration of the extracted RNA were 

determined using a Nanodrop spectrophotometer at 

260/280 nm (Gasior et al., 2025). 

 

Synthesis of cDNA 
Complementary DNA (cDNA) was synthesized from 

total RNA using the Applied Biosystems™ High-

Capacity RNA-to-cDNA Kit (Thermo Fisher 

Scientific, Cat. No. 4387406), according to the 

manufacturer’s instructions as described by Ali et al. 

(2014a). For each reaction, up to 5 µL of RNA sample 

containing 2 µg of RNA was mixed with 10 µL of 2× 

RT buffer mix and 1 µL of 20× RT enzyme mix, and 

the final volume was adjusted to 20 µL with nuclease-

free DEPC-treated water. Reverse transcription was 

performed in a thermocycler under the following 

conditions: 37 °C for 60 minutes to allow cDNA 

synthesis, followed by 95 °C for 5 minutes to 

inactivate the reverse transcriptase enzyme, and finally 

held at 4 °C for at least 5 minutes. The concentration 

and purity of the synthesized cDNA were determined 

spectrophotometrically using a NanoDrop instrument 

at 260/280 nm. This protocol has been widely applied 

in molecular oncology studies to ensure reliable 

downstream gene expression analysis (Schmittgen and 

Livak, 2008). 
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Real-time PCR (qPCR) 
Quantitative real-time PCR was performed using the 

Bio-Rad CFX96™ Real-Time PCR Detection System 

with SYBR™ Green PCR Master Mix (Thermo Fisher 

Scientific) as described by Ali et al. (2014b). Each 

reaction mixture contained 2 µL of cDNA (40 ng/µL), 

5 µL of SYBR™ Green PCR Master Mix, 1 µL of each 

forward and reverse primer (10 pmol/µL), and 2 µL of 

nuclease-free water, in a final volume of 10 µL. All 

reactions were conducted in triplicate to ensure 

reproducibility. 

Thermal cycling conditions were as follows: an initial 

denaturation and polymerase activation step at 95 °C 

for 2 minutes, followed by 40 cycles of denaturation at 

95 °C for 15 seconds, annealing at 60 °C for 30 

seconds, and elongation at 72 °C for 45 seconds. Gene-

specific primers for COX-2, Adipoq, PPAR, and 

Heparinase were used, with GAPDH serving as the 

housekeeping gene (primer sequences are listed in 

Table 1). Relative gene expression was calculated 

using the 2−ΔΔCT method (Schmittgen and Livak, 

2008). 

 

Table-1. Primers of COX-2, Adipoq, PPAR, heparinase, and GAPDH. 

 

Gene Forward primer (/5 ———— /3) Reverse primer (/5 ———— /3) 

COX-2 CCTTCTCCAACGTGAGCTACTA TCCTTCTCTCCTGTGAACTCCT 

Adipoq GGTCCTGATTGGATGTGCCA ACTGGACTCACCCTGCAAAG 

PPAR GGCTTGAACTGCATTGTCCC AGGGAAACCCACGAAGACAC 

Heparinase CCTTGCTGTCCGATACCTTT CTGCCTCATCACGACTTCTATC 

GAPDH TCACCACCATGGAGAAGGC GCTAAGCAGTTGGTGGTGCA 

 

Determination of serum and mammary L-

MDA, GSH, nitric oxide levels, and mammary 

catalase activity 
A 10% homogenate of mammary gland tissues was 

made in ice-cold saline. The amounts of L-MDA in the 

serum and mammary tissues were evaluated by adding 

0.5 ml of 20% trichloroacetic acid to the serum and 

mammary homogenate to precipitate protein and 

centrifuging for 5 minutes at 3000 xg. One ml of 

thiobarbituric acid was added to 0.5 ml of the 

supernatant, and heated for 15 minutes to 100 °C. The 

absorbance of pink color was measured at 530 nm (El 

Barky et al., 2020). Levels of GSH in serum and 

mammary homogenate were also assessed by the 

amount of reduced glutathione in serum and mammary 

tissue, which was measured by reacting 5, 5'-dithiobis-

2-nitrobenzoic acid (DTNP) with GSH at pH 8.2. 

Using different concentrations of known GSH to 

create a standard curve, the yellow color development 

was measured at 412 nm and calculated (Ellman, 

1959). Additionally, the levels of serum and mammary 

nitric oxide were measured by converting nitrate to 

nitrite using cadmium. When the Griess reagent and 

nitrite combine, a pink hue is produced. To calculate 

the total nitrite, the absorbance was measured at 540 

nm (Vodovotz, 1996). Mammary catalase activity has 

been measured also using the rate of H₂O₂ oxidation at 

240 nm (Xu et al., 1997). 

 

Statistical analysis 
Statistical significance was determined using one-way 

analysis of variance (ANOVA) followed by Tukey’s 

post-hoc test. Values of p < 0.05 were considered 

significant for all analyses, which were conducted 

using the Costas program. 

 

Results 
 

Following this study, two mice died: one from the 

MCF-7 group (Group II) and one from the MCF-

7/Rutin-treated group (Group III). Visible 

inflammation was noted in the nipple region of the 

mice within a few days post-injection of MCF-7 cells. 

Morphological examination of the mammary glands 

revealed tumor development in untreated breast 

tumor–bearing mice (Figure 1). At two weeks 

following MCF-7 cell injection, mice exhibited 

nodular tumors with limited hemorrhage (Figure 1a). 

By four weeks, these nodules showed increased 

hemorrhage (Figure 1b). Rutin-treated mice 

demonstrated improvements after two weeks of 

treatment (Figure 1c), and by four weeks, rutin 

administration resulted in the absence observable 

hemorrhage (Figure 1d). 
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Figure-1. Morphology of mammary glands in breast tumor-bearing mice without or with rutin treatment, (a) 2 

weeks after MCF-7 injection showing nodular tumor growth with focal hemorrhagic areas. (b) 4 weeks after 

injection showing more development tumor nodules and more observed hemorrhage (c) rutin treatment for 2 

weeks showing fewer and less nodule relative to untreated (d) rutin treatment for 4 weeks showing a markedly 

reduced tumor nodules compared to the untreated, with no obvious hemorrhage. 
Note: Arrows indicate hemorrhagic foci; dotted circles outline the boundaries of tumor nodules. 

 

Histological examination 

Hematoxylin and eosin staining 
In healthy mice, the mammary tissue demonstrates 

tissue architecture, characterized by organized acini 

and ducts surrounded by peri-acinar and periductal 

fibrous tissue, embedded within an adipoblast-rich 

stroma (Figure 2a). Mice bearing breast cancer after 

two weeks exhibited proliferating anaplastic cells with 

hyperchromatic nuclei, loss of polarity, and marked 

pleomorphism accompanied by areas of hemorrhage 

(Figures 2b,c,d). After two weeks of rutin treatment, 

mammary sections demonstrated histological 

improvement, including reduced stromal vascular 

congestion, mild periductal fibrosis, partial restoration 

of epithelial stratification in some lactiferous ducts, 

and a decreased density of anaplastic cells (Figures 

2e,f). By four weeks, untreated tumor-bearing mice 

showed stromal infiltration by tumor cells, dense 

adipose tissue, and focal hemorrhage (Figure 2g,h,i,j), 

whereas rutin-treated mice exhibited attenuated tumor 

cell infiltration, stromal integrity, regeneration of 

bundled collagen fibers, preservation of adipocyte and 

ductal morphology, and overall improved tissue 

organization (Figure 2k,l,m). 
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Figure-2. Photomicrographs of hematoxylin and eosin (H&E)-stained sections of mouse mammary glands (A) 

Represented control healthy mouse (a); mice bearing breast cancer (b, c, d) and mice bearing breast cancer treated 

with rutin (e, f) after two weeks. (B) Represented mammary sections from mice bearing breast cancer (g, h, i, j) 

and mice treated with rutin after four weeks (k, l, m). 
(A) Normal histological architecture of healthy mouse indicated periacinar/periductal fibrous tissue embedded within 

adipoblasts (ad) (well-organized acini a, ducts d) of healthy mouse (Figure 3a), mice bearing breast cancer shows proliferating 

anaplastic cells (an) (Figure 3b,c,d) with hyperchromasia, loss of polarity, pleomorphism, and occasional mitotic figures, 

replacing acinar and ductal structures focally, accompanied by areas of hemorrhage (Figure 3d). Mice treated with rutin 

demonstrates histological improvement, including reduced stromal vascular congestion, mild periductal fibrosis, stratification 

of the epithelial lining in some lactiferous ducts (d), and fewer anaplastic cells (an) (Figure 3e,f) (H&E, ×200). 

A 

B 
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(B) Mice bearing breast cancer exhibits tumor cells infiltrating the stroma, density of adipose tissue with anaplastic cells 

(Figure 3g,h,i,j). and focal hemorrhage/necrosis) (Figure 3h). Mice treated with rutin shows tumor cell infiltration with 

histological improvement (Figure 3k,l,m) (H&E, ×200). 

 

Immunohistochemical examination 
In this study, immunohistochemical analysis showed 

that GATA-3 was nuclear stained in untreated mice 

bearing breast cancer and can be used in the 

diagnostics of breast cancer. GATA-3 is a 

transcription factor for the luminal cell differentiation 

and is generally considered a sensitive ductal and 

lobular carcinoma biomarker, which can be detected 

to identify malignant cells. GATA-3 expression in 

mammary glandular epithelium revealed minimal 

staining in normal healthy mice (Figure 4a), with only 

0.22% of cells. The mammary tissues from breast 

cancer–bearing mice exhibited a marked increase in 

GATA-3-positive cells, reaching 26.26% and 57.14% 

at the 2- and 4-week periods in Figure 3 (b, c, d), 

indicating tumor cell proliferation and stromal 

infiltration. Rutin-treated mice showed a reduction in 

GATA-3 expression, with 10.43% and 8.45% of cells 

staining positively at 2 and 4 weeks (Figure 3 (e,f)), 

indicating attenuation of tumor-associated GATA-3 

expression. 

 

Figure-3. Immunohistochemical photomicrographs illustrate GATA-3 expression in mouse mammary glands. 

Control mammary tissue (a), shows normal glandular epithelium. Mammary tissue from mice bearing breast 

cancer (b), (c), (d) show widespread and intense GATA-3 staining (yellow arrows) consistent with tumor cell 

proliferation and stromal infiltration. GATA-3 staining is localized with reduced shows in mice bearing breast 

cancer and treated with rutin (e, f) indicating attenuation of tumor-associated GATA-3 expression (×200). 

 

Serum prolactin, estradiol, CA15-3, COX-2, 

uPAR, sialic acid, heparinase and caspase-3 

levels 
The levels of serum estradiol and prolactin were 

significantly increased after two weeks of tumor 

induction (p<0.001) compared to healthy mice. Serum 

prolactin and estradiol levels in mice bearing tumors 

and treated with rutin were 2.5-fold and 2.1-fold 

higher (p<0.001), respectively, compared to normal 

mice. By the fourth week, prolactin and estradiol 

levels in the mice treated with rutin showed a modest 

increase (p<0.05), whereas changes in the mice 

bearing breast cancer were statistically non-significant 

(Figures 4a, b). Serum CA15-3 levels were 

significantly elevated in MCF-7-induced mice at both 

two and four weeks (p<0.001) compared to the normal 

mice. Mice treated with rutin demonstrated a marked 

reduction in CA15-3 levels (p<0.001) compared to 

mice bearing breast cancer, although values remained 

above those of normal mice (Figure 4c).  
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Figure-4. Serum prolactin, estradiol, and CA 15-3 levels (a,b,c respectively) in mice bearing breast cancer treated 

with rutin at 2 and 4 weeks. Data are presented as mean ± SD (n=5).  
* indicates a significant difference compared to the control at p < 0.001 

 # indicates a significant difference compared to the untreated MCF-7 group (G.II) at p<0.001. 

 

Serum COX-2 and uPAR levels were significantly 

increased in both the MCF-7 and MCF-7/Rutin groups 

during the two weeks (p<0.001), compared to controls. 

However, no significant changes were observed in 

either group (GII & GIII) after the two weeks (Figure 

5a, b). After four weeks, serum sialic acid level was 

significantly elevated (p<0.001) in the MCF-7 group 

compared to healthy mice. The MCF-7/Rutin group 

exhibited significantly lower levels (p<0.001) than the 

MCF-7 group, though these did not return to baseline 

values observed in normal mice (Figure 5c).  
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Figure-5. Serum COX-2, uPAR, and sialic acid levels (a,b.c respectively) in mice bearing breast cancer treated 

with rutin at 2 and 4 weeks. Data are presented as mean ± SD (n=5).  
* indicates a significant difference compared to the control at p < 0.001 

 # indicates a significant difference compared to the untreated MCF-7 group (G.II) at p<0.001. 

 

Serum heparinase levels were significantly increased 

(p<0.001) in the MCF-7 mice group after four weeks 

compared to healthy controls. The MCF-7/Rutin group 

after four weeks showed a significant reduction 

(p<0.001) in heparinase levels compared to the MCF-

7 group, with a significant increase (p<0.001) 

compared to normal mice (Figure 6a). Serum caspase-

3 levels were significantly elevated (p<0.001) in the 

MCF-7 group compared to both the control and MCF-

7/Rutin groups (p<0.001) after two weeks. This 



Asian Journal of Agriculture and Biology 

https://doi.org/10.35495/ajab.2026.01 

                                                                                                                                 12 

elevation was markedly reduced in the MCF-7 group 

(p<0.001) by the fourth week and elevated (p<0.001) 

in the MCF-7/Rutin group (Figure 6b). 

 

 

Figure-6. Serum heparinase and caspase-3 levels (a, b) in mice bearing breast cancer treated with rutin at 2 and 4 

weeks. Data are presented as mean ± SD (n=5).  
* indicates a significant difference compared to the control at p < 0.001 

 # indicates a significant difference compared to the untreated MCF-7 group (G.II) at p<0.001. 

 

Gene expression of COX2, ADQ and PPAR 

and heparinase 
The data demonstrates a significant downregulation of 

COX2 and heparinase mRNA expression (p<0.001) in 

the mammary tissue of both the mice bearing breast 

cancer and the rutin-treated when compared with the 

normal control. In mice treated with rutin for two 

weeks, the expression levels of COX 2 and heparinase 

were elevated compared to mice bearing breast cancer 

(p<0.001) but were still significantly reduced 

(p<0.001) compared with the untreated (Figure 7a and 

d). Adipoq and PPAR expressions were upregulated 

(p<0.001) in two weeks in mammary tissues of mice 

bearing breast cancer. Adipoq expression declined 

(p<0.001) in the four weeks, while PPAR remained 

elevated (p<0.001). In the MCF-7/Rutin-treated 

group, both Adipoq and PPAR showed sustained 

upregulation in two and four weeks (Figures 7b and c).  
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Figure-7. Fold change in mRNA expression of COX2, Adipoq, PPARγ, and heparinase in mammary tissues of 

breast cancer-induced mice treated with rutin. Gene expressions were quantified by qRT-PCR and normalized to 

GAPDH. Data are presented as mean ± SD (n=5).  
* indicates a significant difference compared to the control at p < 0.001 

 # indicates a significant difference compared to the untreated MCF-7 group (G.II) at p<0.001. 

 

Serum and mammary L-MDA, GSH, nitric oxide 

levels and mammary catalase activity. Serum L-MDA 

levels were significantly elevated (p<0.001) in both 

the MCF-7 and MCF-7/Rutin groups at two and four 

weeks compared to the normal mice. Mammary L-

MDA levels were significantly reduced (p<0.001) in 

these groups. After 4 weeks, the MCF-7/Rutin group 

exhibited lower (p<0.001) mammary L-MDA levels 

than the MCF-7 group (Figures 8a and b). Serum GSH 

levels were significantly decreased in both the MCF-7 

and MCF-7/Rutin groups at 2 and 4 weeks as 

compared to the normal control. Mammary GSH 

levels were significantly elevated (p < 0.001) in the 

MCF-7 group after 2 weeks but returned to near-

control levels in the MCF-7/Rutin group by week 4. 

At this time, mammary GSH levels in the MCF-

7/Rutin group were significantly lower (p<0.001) than 

those in the MCF-7 group (Figures 8c and d). 
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Figure-8. Serum and mammary L-malondialdehyde (MDA), (a, b) and glutathione (GSH) (c,d) levels of oxidative 

stress and antioxidant biomarkers levels in mammary tissues of breast cancer-induced mice treated with rutin at 2 

and 4 weeks. Data are presented as mean ± SD (n=5). 
 *indicates a significant difference compared to the control at p< 0.05 

  # indicates a significant difference compared to the untreated MCF-7 group (G.II) ) at p<0.001. 

 

Serum nitric oxide (NO) level in the MCF-7 group 

showed a significant increase (p<0.001) after two 

weeks, then it significantly decreased after four weeks. 

In contrast, the MCF-7/Rutin group exhibited a 

significant elevation (p<0.001) in serum NO levels in 

4 weeks compared to the MCF-7 group. Mammary NO 

levels were significantly reduced in both the MCF-7 

and MCF-7/Rutin groups at 2 weeks relative to normal 

control. However, in 4 weeks, the MCF-7/Rutin group 

showed a significant increase (p<0.001) in serum NO 

compared to the MCF-7 group (Figures 9a and b). 

Mammary catalase activity was elevated (p<0.001) in 

the MCF-7 group for 2 weeks but significantly 

declined (p<0.001) by 4 weeks compared to normal 

mice. The MCF-7/Rutin group showed a significant 

reduction (p<0.001) in catalase activity for 2 weeks, 

followed by a notable increase at 4 weeks compared to 

the MCF-7 group (Figure 9 c). 
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Figure-9. Serum and mammary nitric oxide levels (a,b) and mammary catalase activity (c) in breast cancer-

induced mice treated with rutin at 2 and 4 weeks. Data are presented as mean ± SD (n=5 .( 
 *indicates a significant difference compared to the control at p< 0.05 

 # indicates a significant difference compared to the untreated MCF-7 group (G.II) ) at p<0.001. 

 

Discussion 
 

Cancer develops through the accumulation of genetic 

and epigenetic alterations that uncontrollably 

proliferate cells and disrupt tissue organization. 

Mutations or activation of oncogenes, inactivation of 

tumor suppressor genes, and apoptotic and DNA 

repair pathways are central to developing cancer (Ali 

et al., 2014b; Dupain et al., 2016). These alterations 

arise from environmental carcinogens, inherited 

susceptibility, and replication errors and accumulate 

through a multistep process that converts a normal cell 

into a malignant, invasive tumor (Brown et al., 2023). 

To create xenograft models, human-derived tumors 

should be implanted at specific sites in highly 

immunocompromised animals because they can 

destroy the produced cancer cells, therefore preventing 

the development of tumors. Subcutaneous injection of 

MCF-7 cells into immunosuppressed mice without 

estradiol enabled partial immunodeficiency, 



Asian Journal of Agriculture and Biology 

https://doi.org/10.35495/ajab.2026.01 

                                                                                                                                 16 

permitting tumor engraftment and histologically 

confirmed growth after three weeks (Gorbushin et al., 

2025). Azathioprine (Imuran) has been used to reduce 

the immune system of Swiss albino mice and prevent 

organ rejection in the post-transplant mice (Molyneux 

et al., 2008).  

Natural products provide complementary therapeutic 

potential in the treatment of cancer because they 

contain diverse bioactive compounds with low toxicity 

and the ability to act on cellular pathways. These 

compounds include polyphenols such as curcumin and 

resveratrol, terpenoids like paclitaxel and artemisinin, 

alkaloids such as vincristine and berberine and 

flavonoids such as quercetin and kaempferol (Abbasi 

et al., 2025). Rutin has previously been shown to exert 

improved biochemical effects in tumor-bearing animal 

models. Dixit (2014) demonstrated that oral 

administration of rutin at 200 mg/kg and 400 mg/kg 

body weight, given three times weekly for 16 weeks, 

produced marked improvements in mice with DMBA-

induced skin tumors. At these dose levels, rutin 

significantly reduced liver function biomarkers (ALT, 

AST, and ALP), enhanced key antioxidant enzyme 

activities (SOD, catalase, and GSH), and suppressed 

lipid peroxidation. It also has therapeutic effectiveness 

in many types of cancers, such as neuroblastoma, 

breast cancer, colon cancer, colorectal cancer, 

leukemia, hepatocellular carcinoma, and pulmonary 

metastases (Maugeri et al., 2023).  

Mice bearing breast tumors in our study showed 

inflammation, hemorrhagic nodules, and mammary 

tissue overgrowth, poorly differentiated, with stromal 

degeneration, adipose distortion, and hyperchromatic 

nuclei. In contrast, rutin treatment improved stromal 

integrity and adipocyte and ductal preservation, 

demonstrating its ability to alleviate mammary tumors 

in mice induced by MCF-7. Rutin prevents 

angiogenesis, decreases cell proliferation, and 

enhances stromal remodeling in models of breast 

cancer, which induces apoptosis and cell cycle arrest 

in MCF-7 cells, inhibits angiogenesis through VEGF, 

and alters signaling pathways, including PI3K/Akt and 

MAPK (Lin et al., 2012). Rutin inhibits angiogenesis, 

reduces proliferation, and enhances stromal 

remodeling, contributing to improved tissue 

architecture and reduced malignancy in breast cancer 

models (Tejwan et al., 2022; Satari et al., 2021). 

GATA-3 is functional in the regulation of 

proliferation, differentiation, and epithelial-

mesenchymal transitions that could affect metastatic 

ability and therapeutic efficacy (Mehra et al., 2005). 

GATA-3 is a transcription factor for the luminal 

nuclear cell differentiation and can be used as a 

sensitive biomarker for ductal and lobular breast 

carcinomas and can be detected in the nucleus to 

identify tumor cells. GATA-3 is more sensitive than 

other mammaglobin and GCDFP15, specifically in 

estrogen receptor (ER)-positive and luminal subtypes, 

but also useful in triple-negative and Estradiol and 

prolactin stimulate ER+ tumor cells and breast cancer 

progression by enhancing tumor cell movement, blood 

vessel formation, and growth. (Kavarthapu and Dufau, 

2022).  

Both serum estradiol and prolactin levels were highly 

increased after two weeks of tumor induction. The 

elevated estrogen and prolactin levels increase the 

levels of sphingosine-1-phosphate via upregulation of 

sphingosine kinase-1 or the JAK2/STAT5 pathway, 

which increases the proliferation and survival of tumor 

cells (Schuler and O'Leary, 2022; Hammer and 

Diakonova, 2024). The level of prolactin was 

increased after two weeks, and these results indicated 

that they played a dual role in stimulating tumour 

formation and early growth, and prolactin may have 

inhibited metastasis (Nouhi et al., 2006). Furthermore, 

prolactin also plays a role in resistance to the 

microtubule-targeting chemotherapeutics, including 

paclitaxel, by survival pathways (Čermák et al., 2020). 

Nevertheless, the administration of rutin could 

alleviate this resistance, and it can be a safer adjunct 

therapy, potentially enhancing the effectiveness of 

treatments like paclitaxel in breast cancer management 

(Ganeshpurkar and Saluja, 2017). 

Serum CA15-3 is a human breast cancer biomarker; 

however, in our study, it was detectable in mice. 

CA15-3, derived from the extracellular N-terminal of 

MUC1, that becomes overexpressed, 

hypoglycosylated, and circulates in cancer. 

(Mukherjee et al., 2003). The high serum CA15-3 

level detects breast cancer, which is associated with 

the progression and metastasis of the tumor (Duffy et 

al., 2000). The CA15-3 level was elevated in mice 

bearing breast cancer at both 2 and 4 weeks, whereas 

treatment with rutin showed a reduction compared to 

mice bearing breast cancer. CA15-3 is used for breast 

cancer screening or routine postoperative surveillance; 

it can be used in the treatment response and monitoring 

of metastatic disease. CA15-3 is associated with 

estrogen receptors and metastasis (Keshaviah et al., 

2007; Uygur and Gümüş, 2021). 

Inflammation promotes breast cancer by triggering 

cytokines, prostaglandins, free radicals, and growth 
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factors that cause mutations, epigenetic changes, and 

protein modifications, which disrupt cellular 

homeostasis, resulting in carcinogenesis (Nishida and 

Andoh, 2025). Serum COX2 and uPAR levels showed 

a significant elevation during two weeks in both 

untreated tumor-bearing mice and mice treated with 

rutin, compared with normal mice. It is suggested that 

early activation of inflammatory and proteolytic 

pathways linked to tumor growth and invasion inhibit 

apoptosis, promote angiogenesis through VEGF 

stimulation, and enhance metastatic potential. There 

were no significant differences in the serum COX2 

level in the mice bearing breast tumors or after 

treatment with rutin. Routine treatment of mice 

bearing tumors at high doses may raise inflammatory 

biomarkers (Bell et al., 2022; Hajimehdipoor et al., 

2023). COX2 mRNA was downregulated in both the 

mice bearing breast cancer and those treated with rutin 

compared with controls. After two weeks of rutin 

administration, COX2 levels increased relative to the 

untreated MCF 7 group but remained significantly 

below control levels.  

Rutin has been shown to suppress inflammatory 

cytokines and downregulate COX-2 expression in 

cancer cells. After two weeks of rutin administration, 

COX-2 levels increased compared to the untreated 

MCF-7 group but remained significantly lower than 

those observed in the control group. Rutin 

demonstrates the ability to reduce COX-2 activity in 

cancer and inhibiting cytokine production 

(Hajimehdipoor et al., 2023). The differences between 

decreased gene expression of COX2 mRNA in the 

mammary glands of mice bearing breast cancer and 

elevated serum COX2 levels are consistent with that 

the biomarker COX 2 protein levels are better than 

mRNA levels in breast cancer (Sicking et al., 2014; 

Berbecka et al., 2021). 

Both vascular endothelial growth factors (VEGF) and 

fibroblast growth factors (bFGF), which influence 

angiogenesis, tumour growth and spread, are bound to 

heparan sulphate (HS), which controls the release of 

these growth factors by heparinase. Serum heparinase 

level was increased after four weeks in MCF 7-bearing 

mice (Figure 7d). This result is consistent with data 

showing that patients and models of breast cancer have 

higher levels of heparinase and these growth factors 

(Sun et al., 2017; Jayatilleke and Hulett, 2020; 

Jayatilleke et al., 2023). In tumour-bearing mice, rutin 

treatment significantly decreased serum sialic acid and 

heparinase levels compared to healthy mice. 

Additionally, rutin decreased the expression of 

heparinase mRNA. Increased quercetin levels in 

cervical cancer cells are associated with decreased 

expression of mRNA and heparinase protein after 72 

hours of incubation of rutin-treated cells (Zhang et al., 

2013). Rutin may minimise the activation of PI3K/Akt 

pathways in MCF-7 cells triggered by heparinase 

(Riaz et al., 2013, Gopalakrishna et al., 2023). 

The adipogenic and metabolic regulators seem to be 

upregulated in tumour tissue at early stages, which 

could be due to the efforts of the stroma to counteract 

malignant progression by ensuring differentiation and 

establishing anti-inflammatory conditions. As well as 

rutin being conserved both early and in later stages, the 

compound has the potential to maintain a 

differentiated metabolic microenvironment (Cheng et 

al., 2021). Mammary tissues from tumour-bearing 

mice showed increased mRNA expression of Adipoq 

and PPAR at two weeks. By four weeks, Adipoq 

levels declined, while PPAR remained elevated. In 

contrast, MCF 7/Rutin treatment upregulated both 

Adipoq and PPAR at two and four weeks, which may 

be signifying a stimulatory effect on these adipogenic 

markers. The tumor cells become more susceptible to 

apoptosis, thus playing a role in decreasing the tumor 

burden and invasive capacity (Alharbi et al., 2025). An 

increase in apoptotic activity was indicated by 

elevated caspase 3 levels in mice treated with rutin. 

The integration of inflammation, invasion, 

metabolism, glycosylation, and apoptosis under the 

influence of rutin is an indicator of the change of 

differentiation and apoptosis. (Elbeltagi et al., 2025).  

The loss of antioxidant defences and an increase in 

free radical production promote tumor development 

through genetic alterations (Hussain et al., 2025; Alam 

et al., 2025). Oxidative damage disrupts metabolic 

pathways, facilitating the development of neoplasms 

through free radical-mediated DNA damage (Reuter et 

al., 2010). Serum malondialdehyde (L-MDA) was 

higher in mice induced with breast cancer and treated 

with rutin in two and four weeks. Tumor-bearing mice 

had significantly lower L-MDA concentrations in the 

mammary tissue, particularly after the rutin treatment, 

when compared with those in circulation. In week 

four, rutin also decreased breast L-MDA, which 

suggests that the local antioxidant defence system, 

which may be mediated by enzymatic scavengers, 

alleviated lipid damage at the cancer site (Uti et al., 

2025). Glutathione (GSH) represents redox 

equilibrium modulator in cancer. Systemic depletion 

or diminished synthesis of GSH is accompanied by 

chronic oxidative stress in tumors (Traverso et al., 
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2013). GSH temporarily elevated in breast cancer – 

induced mice at two weeks to overcome elevated 

levels of ROS but thereafter declined.  When mice 

were treated with rutin, the levels of mammary GSH 

dropped to lower levels than the ones of the untreated 

mice at the week four mark, which coincided with a 

decline in L-MDA, suggesting effective ROS 

neutralization or switching to other antioxidant 

systems. We show that rutin modulates GSH 

homeostasis, and thereby in repairing the glutathione-

dependent redox cycles (Yang et al., 2012). 

Nitric oxide (NO) action depends on the context in 

terms of being tumoricidal or tumor-promoting in 

terms of concentration and distribution. NO has effects 

on angiogenesis, apoptosis, cell cycle, invasion, and 

metastasis, and reactive nitrogen species play a role in 

inflammation and chronic oxidative stress that may 

lead to carcinogenesis (Andrabi et al., 2023). Serum 

NO level was elevated in mice bearing breast cancer 

after two weeks, then it reduced after four weeks. 

Tumor cells may increase NO consumption or inhibit 

iNOS during the development of breast cancer 

(Flaherty et al., 2019). Routine treatment of mice 

bearing breast cancer had risen in serum NO of tumors 

compared to untreated tumors in four weeks. Rutin 

regulates NO pathways and has an antioxidant and 

anti-inflammatory effect (Youssef et al., 2022). The 

increase in NO with rutin treatment could correspond 

to the physiological signalling, increasing the 

endothelial functioning and immune surveillance, thus 

assisting its anticancer properties. The level of 

mammary tissue NO in both the mice bearing breast 

cancer and the rutin-treated mice after two weeks 

reduced when compared to the control, indicating that 

the depletion was early in the locality. It could be due 

to a decrease in the activity of endothelial nitric oxide 

synthase (eNOS) or an elevation in tumor cell 

consumption, which is associated with endothelial 

dysfunction and metastasis (Smeda et al., 2018). Rutin 

regulates the NO levels, and iNOS expression 

indicates that it may be used to remodel the tumor cells 

to a less developed state, which supports its use as an 

adjuvant therapy in breast cancer (Youssef et al., 

2022).  

The increase in catalase activity in breast cancer-

bearing mice after two weeks may be due to increasing 

of reactive oxygen species (ROS) produced during the 

tumor development. To respond to oxidative stress, 

cancer cells tend to increase the levels of antioxidant 

enzymes, including catalase, to sustain the redox 

balance, which helps to ensure survival and growth 

(Glorieux et al., 2018). The catalase activity 

decreased, indicating that progressive tumors could 

weaken antioxidant defences due to long-term 

oxidative stress, distorted signalling, and epigenetic 

regulation of catalase expression four weeks later 

(Tian et al., 2026). The catalase activity was lower in 

mice treated with rutin for two weeks than in mice 

bearing breast cancer, which may be indicative that 

rutin initially inhibits the catalase activity by 

decreasing the production of ROS or by directly 

altering the antioxidant enzyme expression (Rathod et 

al., 2023). A significant increase in catalase activity 

was observed in four weeks in mice treated with rutin, 

which suggests that antioxidant defence activation was 

delayed by rutin's main action in maintaining the 

stability of redox-responsive mechanisms (Enogieru et 

al., 2018). 

 

Conclusion 
 

This study demonstrates that rutin administration in a 

mouse model of MCF-7–induced breast cancer was 

associated with several histological and biochemical 

changes. Histopathological analysis of breast cancer 

bearing mice treated with rutin showed a reduction in 

periductal fibrosis, and vascular congestion in 

mammary tissue. Additionally, reduced GATA-3 

expression indicated diminished localized tissue 

invasion. Biochemically, rutin treatment was 

associated with reductions in serum prolactin, 

estradiol, and CA15-3 levels, as well as alteration of 

COX-2, uPA, and sialic acid. Increased caspase-3 

activity and reduced heparinase expression at week 4 

suggest a high level of apoptosis and a low level of 

invasiveness. Gene expression analysis showed 

upregulation of PPAR at 2 and 4 weeks and 

upregulation of Adipoq at week 2. Improved oxidative 

homeostasis and endothelial function are indicated by 

decreased malondialdehyde, elevated glutathione 

levels & catalase activity, and restoration of serum NO 

in mice bearing breast cancer and treated with 

rutin.  These findings suggest that rutin may influence 

inflammatory, apoptotic, metabolic, and oxidative 

stress pathways in a mouse model of breast cancer, 

supporting its potential incorporation into therapeutic 

preparations. Further research is elucidating the 

mechanism of action of rutin in tumor-bearing mice 

and evaluating its synergistic efficacy when combined 

with chemotherapy. 
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