
INTRODUCTION

Breast cancer (BC) is one of the most diagnosed malignancies and causes of mortality among females. It 
has high annual global prevalence and mortality rates (1.7 million new cases and about 0.5 million ma-
lignancy death cases) and involves environmental and genetic factors1,2. The most common treatment 
options for this multi-factorial disease comprise chemotherapy, radiotherapy, and surgery3,4. 
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ABSTRACT – Objective: Breast cancer (BC) is one of the most commonly diagnosed malignancies among 
females all over the world. The use of natural and complementary compounds is a new option in chemotherapy. 
The aim of the present study was to investigate the synergic effect of Quercetin (QUR) and Raloxifene (RAL) on 
BC cell lines in vitro. 

Materials and Methods: The cell lines (MCF-7 and MDA-MB-231) were treated with QUR (0, 25 50, 100, 150, 200 
µM), and RAL (1 µM) alone, and in combination. Cell viability was evaluated using the MTT assay. Ferric reducing antiox-
idant power (FRAP) and Griess method were used to measure total antioxidant capacity (TAC) and NO level of biological 
samples respectively. Changes in the expression of apoptotic-related genes were detected using real-time PCR.  

Results: QUR (100, 150 and 200 µM) decreased cell viability significantly in MDA231 and MCF7 cells (p<0.01). 
Furthermore, Ral (1 µM) showed a significant decrease in both cell types (p<0.01). The synergistic effect of QUR 
(150) and RAL was also greater in MDA231 cells. NO levels in QUR, Ral, and synergic groups increased significantly in 
both cell lines (p<0.001). In treated groups, QUR and RAL significantly decreased cell migration, MMP2 and MMP9 
expression, and increased apoptotic genes expression significantly (p<0.001). QUR increased TAC in both BC cell lines 
(p<0.00) while it was decreased by RAL. Synergic groups increased TAC in BC cells significantly (p<0.001).  

Conclusions: QUR and RAL show synergistic anti-cancer effects on cell viability, NO production, cell migration, 
and apoptotic genes. QUR as a supplement can potentiate the anti-cancer effects of RAL in BC.
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Raloxifene (RAL), a chemotherapeutic agent and selective estrogen receptor modulator (SERM), is 
frequently used to treat BC in postmenopausal women and applied to treat and prevent osteoporosis 
and reduce the risk of BC5. RAL has been shown to inhibit cell growth and induce apoptosis in several 
BC cell lines, namely SkBr3 (isolated by the Memorial Sloan–Kettering Cancer Center in 1970), MCF-7 
(isolated from a 69-year-old white woman in 1970), and MDA-MB-231 (a highly aggressive, invasive, and 
poorly differentiated triple-negative BC (TNBC) cell line lacking an estrogen receptor)6. RAL can affect 
hormonal mechanisms and stimulate agonist and antagonist effects on estrogen receptors in various 
tissues. In breast tissue, RAL has an antagonist effect on estrogen receptors, thereby blocking estro-
gen binding and reducing BC risk in postmenopausal women7. Because of the drug resistance, toxicities 
against healthy tissues, and side effects of chemotherapeutic agents, the use of natural compounds as 
a complementary treatment has garnered much attention in recent decades8. Quercetin (QUR) (3, 3, 
4, 5, 7-pentahydroxyflavone) is a natural flavonoid polyphenol found in many plants, fruits, and seeds 
that has various pharmacological properties, including anti-diabetic, antioxidant, and anti-inflammatory 
activities9-11. Some investigations have further indicated that QUR may possess anti-proliferative, an-
ti-metastatic, and anti-angiogenic functions against cancer cells11.

Nitric oxide (NO) is a colorless, water-soluble free radical and temporary endogenous gas. NO levels 
play significant roles in tumor-related processes such as apoptosis, angiogenesis, cell cycle regulation, 
metastasis, migration, and invasion12. Better clinical outcomes are achieved when combination thera-
pies comprising a chemotherapy compound with phytochemicals are used. Previous study has reported 
that the combination of resveratrol and RAL influenced the overexpression of apoptotic genes, subse-
quently inducing cell death13. As no study to date has investigated the effects of the combination of QUR 
and RAL on BC cell inhibition and apoptosis, the present study evaluated the synergic impact of QUR 
and RAL on inhibiting the MDA-MB231 and MCF-7 cell lines by suppressing viability and migration and 
stimulating apoptosis and NO secretion. 

PATIENTS AND METHODS

In the current in vitro study, RAL (Pfizer, Berlin, Steinheim , Germany), QUR (3, 3, 4, 7-pentahydroxyfla-
vone) (Sigma-Aldrich, Berlin, Steinheim, Germany), and MTT [3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphen-
yltetrazolium bromide] (Roche, Mannheim, Baden-Württemberg, Germany) were purchased, and BC cell 
lines MCF7 (estrogen receptor positive) and MDA-MB-231 (estrogen receptor negative) were procured 
from the National Cell Bank (Tehran, Iran). Dulbecco’s modified Eagle’s medium (DMEM-F12) culture 
medium and fetal bovine serum (FBS) (Gibco, Berlin, Brandenburg, Germany) and antibiotic (AppliChem, 
Darmstadt, Hesse, Germany) were also purchased.

Cell Culture

MCF7 and MDA-MB-231 cells were cultured in DMEM-F12 medium supplemented with 10% FBS, peni-
cillin (100 U/mL), and streptomycin (100 µg/mL) and incubated at 37°C with 5% CO2 and 95% humidity. 
The medium was changed every two days until cells reached 70% confluency. 

MTT assay

The effect of QUR on cell viability was examined and its optimum dose for use in treatment ascertained 
through MTT assay. 105 cells were cultured in each well of a 96-well culture plate and treated with dif-
ferent concentrations of QUR (0, 25 50, 100, 150, and 200 µM) for 24, 48, and 72 hr. IC50 values for QUR 
(150 μM) were determined, and the IC50 value for RAL (1 μM) was taken from our previous study. Then, 
cells were treated for 72 hr with IC50 concentrations of QUR and RAL combined13. After treatment, the 
culture media were discarded, and 100 μL of the MTT solution (0.5 mg/mL) was added to each well. The 
cell plate was incubated at 37°C for 3–4 hr in the dark. Then, the MTT solution was removed, and the 
produced formazan crystals were dissolved by adding 100 μL of DMSO. The optical density (OD) of all 
samples was measured using a microplate reader (STAT FAX2100, Woodland Hills, CA, USA) at 570 nm. 
Cell viability was measured according to the formula (optical density of test /optical density of negative 
control 570, 630) ×10014.
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NO assay

NO concentration was measured using the Griess colorimetric method. The MCF7 and MDA-MB-231 
cells (105/well) were treated with QUR, RAL, and their combinations for 72 hr. Next, the supernatants 
were collected, deproteinized by adding 6 mg zinc sulfate/400 µL supernatant and centrifuged at 12000 
rpm for 12 min. Then, 100 µL of the deproteinized sample was mixed with 100 µL of vanadium chloride, 
followed by adding 50 µl sulfonamides and 50 µL naphthyl ethylenediamine dihydrochloride (NEED) and 
incubating for 30 min. Absorbance was measured at 540 and 630 nm by an ELISA reader (Stat fax 100, 
Woodland Hills, CA, USA) and normalized against standard concentrations of sodium nitrate (0, 6.25, 
12.5, 25, 50, 100, and 200 µL) (n=3)15.

FRAP assay

The ferric reducing antioxidant Power (FRAP) method was used to measure total antioxidant capacity 
(TAC). In this method, colorless ferric ion (Fe3+)-TPTZ complex is reduced to a violent blue Fe2+- TPTZ, 
indicating reduced properties. The working FRAP reagent was prepared by mixing 2.5 ml TPTZ (2, 4, 
6-tripyridyl-s-triazine 40 mM dissolved in 40 mM HCl) and 2.5 ml ferric chloride (20 mM in water) with 
25 ml acetate buffer (300 mM, pH=3.6). The mixture was heated to 37°C for 10 minutes before use. A 
total of 200 μL of supernatants were added to 1.5 ml of working FRAP solution and placed in a water 
bath (37°C) for 30 min. Absorption at 593 nm was measured and recorded by spectrophotometer (Jen-
way, Edinburgh, England). Standard solutions of FeSO4.7H2O were used at concentrations of 0, 125, 250, 
500, and 1000 μM (n=3)16.

Migration (scratch) assay

MCF7 and MDA 231 cells were cultured in 24-well plates and grown to 80% confluency. Then, a scratch 
was created using a sterile 1000-µL pipette tip, and wells were rinsed with media to remove cell debris. 
The cells were treated with QUR (150 μM), RAL (1 μM), and a combination of QUR and RAL for 72 hr. 
Images were captured with an inverted microscope at 20× magnification.

Real-time polymerase chain reaction

The expression of apoptotic and metastatic genes was evaluated by treating MCF7 and MDA231 cell lines 
with IC50 concentrations of QUR and RAL alone and in combination for 72 hr. The total RNA was isolated 
using the TRIzol reagent (Life Biolab, Hanseatic, Hamburg, Germany) according to the manufacturer’s 
protocol. The quantity and quality of purified RNA were measured using a NanoDrop spectrophotome-
ter (Thermo Fisher Scientific™, Waltham, MA, USA). Then, 1 μg of the total RNA was used to synthesize 
cDNA by a Transcription First-Strand cDNA synthesis kit (Biofact, Daejeon, Seoul, South Korea) based on 
the manufacturer’s instruction. Quantitative real-time PCR (qRT-PCR) was performed using SYBR Green, 
high Rox real-time master mix (Biofact, Daejeon, Seoul, South Korea) on the Applied Biosystems Step 
One Real-Time PCR System (Life Technologies, Carlsbad, CA, USA). Cycle conditions were as follows: 95°C 
for 10 (denaturation) minutes, followed by 40 cycles (95°C for 15 seconds and 60°C for 60 seconds) 17. 
The data were collected and analyzed using the 2-ΔΔCt method. The GAPDH (glyceraldehyde3-phosphate 
dehydrogenase) gene was considered as an internal control. The primers for RT-PCR amplification of 
different genes are shown in Table 1.

Statistical analysis

All data were reported as mean values ± standard deviation for at least three independent experiments. 
The normality of data was determined by the Kolmogorov-Smirnov test (p<0.05), and differences among 
data were statistically analyzed using one-way ANOVA followed by Tukey’s test as post hoc (p<0.05 was 
considered significant). The charts were designed with Graph Pad Prism software package version 9 
(Graph Pad Prism Software Inc., San Diego, CA, USA). 

https://en.wikipedia.org/wiki/Hanseatic
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RESULTS

Cell viability 

The MTT assay results regarding cell viability are shown in Figure 1. Low concentrations of QUR had no 
toxicities against MCF7 cells after 24 hr treatment, but at 100, 150, and 200 μM concentrations, cell 
viability decreased significantly (p<0.05). This inhibitory effect on cell proliferation was dose-dependent 
at 48 and 72 hr, and the reduction was more significant at 72 hr (p<0.001). At a concentration of 150 
μM QUR at 72 hr, the viability rate was reduced by 50%. Therefore, this optimal dose was considered 
for further experiments (Figure 1). QUR treatment showed no toxic effects but a significant reduction 
in MDA231 cell viability at 24 hr. Nonetheless, at 48 and 72 hr and concentrations of 100, 150, and 200 
μM, the survival rate was significantly decreased in a dose- and time-dependent manner (p<0.01). Ac-
cording to the results, the survival rate was reduced by 50% at a concentration of 150 μM QUR in 72 
hr. Therefore, the optimal dose of 150 μM was considered for further experiments (Figure 1). QUR and 
RAL alone and in combination reduced the viability of MCF7 and MDA231 cells after 72 hr treatment. A 
higher reduction in the combined treatment indicated synergistic effects (Figure 2). A significant differ-
ence in MCF7 cells was seen between the groups receiving QUR alone and those receiving the RAL and 
QUR combination (p<0.001). In MDA231 cells, this significant difference was seen in both QUR and RAL 
treatment groups and the combined group (p<0.001).

TAC assay

QUR significantly increased TAC in MDA231 and MCF7 cells (p<0.001); however, the RAL treatment 
group showed a significant decrease in both cell lines. The synergistic effect of QUR and RAL on MDA231 
cells was more remarkable, and the antioxidant capacity in the QUR and RAL combination treatment 
groups was significantly increased (p<0.001). In other words, QUR enhanced TAC in cancer cells even in 
cytotoxic conditions (Figure 3).

Effects of QUR and RAL on NO levels 

The results indicated that treatment with QUR, RAL, and a combination of the two significantly reduced 
NO levels in MCF7 and MDA 231 cells (p<0.001). The remarkable increase seen in NO secretion in the 
combination group showed the synergistic effects of QUR and RAL (Figure 4).

Table 1. Primers and expected length of products: forward and reverse sequence.

Gene	 Primer sequences	 Product Length
	 	 		    
p53	 F: 5’-TAACAGTTCTGCATGGGCGGC-3	 121 bp	

	 R: 5’-AGGACAGGCACAAACACGCACC-3                           

Bax	 F: 5’-CCTGTGCACCAAGGTGCCGGAACT-3’  	 99 bp                                                                

	 R:  5’-CCACCCTGGTCTTGGATCCAGCCC-3’                             

Bcl2	 F: 5’-TTGTGGCCTTCTTTGAGTTCGGTG-3’	 114 bp

	 R:  5’-GGTGCCGGTTCAGGTACTCAGTCA-3’                   

MMP2	 F: 5’-TACAGGATCATTGGCTACACACC-3’	 119 bp    

	 R: 5’-GGTCACATCGCTCCAGACT-3’

MMP9	 F: 5’-TGTACCGCTATGGTTACACTCG-3’	 128 bp   

	 R: 5’-GGCAGGGACAGTTGCTTCT-3’ 

GAPDH	 F: 5´-GTCTCCTCTGACTTCAACAGCG-3’	 120 bp

	 R: 5’- ACCACCCTGTTGCTGTAGCCAA-3
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Apoptotic gene expression 

Real-time PCR data showed that Bax expression increased significantly in MCF-7 and MDA-MB231 cells 
treated with QUR, RAL, and their combination (p<0.001), with a higher increase seen in MDA-MB-231 
cells treated with RAL than in MCF-7 cells (Figure 5A, B). Bcl-2 expression declined significantly in MDA-
MB-231 and MCF-7 cells treated with RAL and the combined group, respectively (p<0.01) (Figure 5C, D). 
P53 was significantly overexpressed in MCF-7 and MDA-MB-231 cells treated with QUR, RAL, and their 
combination, with higher levels being seen in MDA-MB-231 cells (p<0.001) (Figure 5E, F). 

Cell migration 

Scratch assay results indicated that the cell migration rate was reduced in cells treated with QUR and 
RAL alone and in combination. As shown in Figure 6, the migration of MCF-7 and MDA-MB231 cells 
decreased upon treatment with QUR, RAL, and their combination compared to the control (untreated) 
group, where only a limited number of cells migrated (Figure 6).

Figure 1. The effect of QUR on the cell viability of MCF-7 and MDA-MB-231 cells. Cells were treated with 
different concentrations of QUR for 24 (A, B), 48 (C, D), 72 (E, F) hr. Cell viability was determined using 
the MTT assay. Data are expressed means ± SD compared (GraphPad Prism 9 Software Inc, San Diego, 
CA, USA). Different letters mean significant differences between groups.
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DISCUSSION

The results of the present study showed that QUR (a powerful natural antioxidant) and RAL (a mem-
ber of the SERM family) alone and in combination reduced the viability of MCF7 and MDA231 cells 
in a time- and dose-dependent manner, and this effect was more significant in the combined group, 
confirming their synergic effect. QUR showed an inhibitory effect on MCF7 cells at higher doses 

Figure 2. The synergic effect of RAL (1µM) and QUR (150 µM) on the cell viability of MCF-7 (A) and 
MDA231 (B) cells. Cell viability was determined using the MTT assay described in the method’s section. 
The data are expressed in terms of the percent of control cells as the means ±SD (GraphPad Prism 9 
Software Inc, San Diego, CA, USA). Different letters mean significant differences between groups.

Figure 3. The effect of QUR, RAL, and their synergic on TAC level by MCF-7 (A) and MDA231 (B) cells was 
measured by FRAP reaction. The data are expressed in terms of the percent of control cells as the means 
±SD (GraphPad Prism 9 Software Inc, San Diego, CA, USA). Different letters mean significant differences 
between groups. The level of NO in the QUR and RAL groups showed a substantial decrease in MCF7 and 
MDA 231 cells. In addition, the NO level decreased significantly in the combination groups (p<0.001) and 
showed the synergistic effects of these two compounds in both cells.
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(100, 150, and 200 μM) but not lower doses (25 and 50 μM). Although it had no significant inhibito-
ry effect on MDA231 cells at 24 h, QUR inhibited cells at 48 h and 72 h. A combination of QUR (150 
μM) and RAL (1 μM)13 showed a powerful significant inhibitory effect on both cell lines. Similar syn-
ergistic effects were reported in our previous study, in which RAL (1 μM) and resveratrol (RSV) (20 
μM) were shown to inhibit MCF7 and MDA231 cells. In the present study, however, co treatment 
with RAL and QUR showed a more potent effect than RAL or RSV alone. The results showed that 
QUR and RAL, both alone and in combination, induced apoptosis by increasing Bax expression and 
decreasing Bcl2 expression. In confirmation of the present study, Mirzapour et al13 showed that RAL 
induced cell death in MCF7 and MDA 231 cell lines. In the present study, p53 was over expressed 
in the treatment groups, consistent with the study of Mohammadi et al18 in which p53 mRNA levels 
were significantly increased in Saos-2 cancer cells treated with QUR. As shown in the migration test, 
treatment with QUR and RAL reduced BC cell migration and metastasis and evidenced their syner-
gistic effects. The reduced migration was associated with decreased MMP2 and MMP9 expression. 
Consistent with our results, MMP2 and MMP9 mRNA expression was significantly down regulated 
in human osteosarcoma cells (HOS) treated with QUR compared with control cells, followed by 
attenuated tumor lung metastasis19. Furthermore, Balakrishnan et al20 reported that QUR signifi-
cantly reduced MMP-2 and MMP-9 protein expression and inhibited MCF-7 and MDA-MB-231 cells 
migration and invasion. Ağardan et al21 indicated that RAL-loaded liposomes containing DM-β-CD 
could inhibit MMP-2. The developed formulations can be helpful for developing further treatment 
alternatives and new strategies for cancer therapy. In the current study, the upregulation of the Bax 
and downregulation of Bcl2 in treatment groups was in accordance with the results of Alhakamy 
et al22 confirming Bax increment and Bcl2 reduction in MCF-7cell lines. The current results further 
showed that QUR, RAL, and their combination reduced NO levels in the treatment cells. As NO lev-
els are a critical factor in the angiogenesis of cancer cells, such treatments may inhibit the growth 
and subsequent angiogenesis of cancer cells by reducing NO levels. Li et al23 reported that QUR 
promoted PVT1 expression and reduced NO levels, thus regulating inflammation, oxidative stress, 
apoptosis, and mitochondrial structure and function in H9C2 cells.

Data in the current study showed that QUR increased TAC significantly in both cell lines, but RAL 
had no potent effect on it. Nonetheless, the synergic treatment of QUR and RAL increased TAC in both 
cell lines significantly. It is noteworthy that QUR significantly increased TAC in MCF7 and MDA231 cells, 

Figure 4. The effect of QUR, RAL, and QUR+RAL on NO production was measured by Griess reaction in 
MCF-7 (A) and MDA231 (B) cells. Control wells were treated with the equivalent amount of a medium 
alone. The data are expressed in terms of the percent of control cells as the means ± SD (GraphPad Prism 
9 Software Inc, San Diego, CA, USA). Different letters mean significant differences between groups. 

https://pubmed.ncbi.nlm.nih.gov/?term=Mohammadi+E&cauthor_id=35385884
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even in cytotoxic conditions in BC cells. Tsao et al24 reported that oral QUR supplementation significant-
ly increased TAC in post-exercise glucose-induced insulin-healthy participants. Contrary to the current 
study, MostafaviPour et al25 indicated that the endogenous production of ROS decreased in a dose-de-
pendent manner following the treatment of BC cells with Vitamin C and QUR.

Our finding of increased antioxidant activity for QUR conflicts with the generally accepted property 
of antioxidants in cancer cells. QUR can act as both anti- and pro-oxidant, depending on its concentra-

Figure 5. Effects of QUR and RAL on the levels of apoptotic genes in MCF7 (A, C, E) and MDA231 (B, D, 
F). Quantitative real-time RT-PCR analysis of apoptotic gene expression was performed after exposure 
to QUR and RAL and their combination for 72 hr. The mRNA expression of genes was normalized using 
GAPDH mRNA as an internal standard. The results are shown as the mean ± SD of three independent 
experiments. (GraphPad Prism 9 Software Inc, San Diego, CA, USA).
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tion and source of free radicals in the cell. The use of combination therapies is one of the most common 
strategies for achieving better clinical outcomes. Previous study has reported that resveratrol and RAL 
combined increases the number of apoptotic genes, followed by cell death13. RAL has an antagonistic 
impact on estrogen receptors and blocks estrogen binding, which reduces BC risk in postmenopausal 
women. Because of the chemotherapeutic agents’ resistance, toxicity, and side effects, using natural 
compounds as complementary therapies along with conventional chemotherapy is becoming much 
more attractive in cancer research and development26.

Figure 6. MCF7 and MDA-MB 231 cell line migration test by scratch creation after 72 hr; cells were 
treated with QUR (150 μM), RAL (1 μM), and a combination of QUR and RAL, magnification 20X. Effects 
of QUR and RAL on the expression of migration genes in MCF7(A, B) and MDA231 (C, D). Quantitative 
real-time RT-PCR analysis of migration gene expression was performed after exposure to QUR and RAL 
and a combination of QUR and RAL for 72 hr. The mRNA expression of genes was normalized using 
GAPDH mRNA as an internal standard. The results are shown as the mean ±SD of three independent 
experiments (GraphPad Prism 9 Software Inc, San Diego, CA, USA).
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CONCLUSIONS

The synergic effect of QUR and RAL showed potent anticancer properties on the BC cell lines (MCF-7 and 
MDA-MB-231) by inhibiting cell migration and invasion, down-regulating Bcl2 gene, and upregulating 
P53, MMP2, and MMP9, inducing apoptosis. QUR as a supplement can potentiate the anticancer effects 
of RAL in BC. QUR also showed a more potential effect on MCF-7 cell viability compared to MDA-MB-231. 
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