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Abstract 

Background: Cancer is one of the major health problems worldwide and natural resources 

are being explored to develop anticancer drugs with fewer side effects. Iranian propolis 

contains components including flavonoids and polyphenols and has various medicinal 

properties. The aim of this study was to investigate the effect of Ethanolic Extract of Sirch 

Propolis (EESP) on three breast cancer cell lines.  

Methods: The MDA-MB-231, SKBR-3 and MCF-7 cells were treated for 24 and 48 h at the 

presence of 1% and 10% fetal bovine serum (FBS) concentration. MTT, BrdU and flow 

cytometry assays were used for measuring cytotoxicity, cell proliferation and apoptosis.  

Results: The highest cytotoxicity was seen on MDA-MB-231 cell at the presence of 1% and 

10% FBS respectively following 48 h treatment. BrdU assay showed that treatment with 200 

μg/ mL of EESP at the presence of 1% FBS for 48 h, reduced proliferation of MDA-MB-231 

cell to 75% and that of MCF-7 and SKBR-3 cells to 70% and 60% respectively. Cell cycle 

analysis by flow cytometry showed that EESP at 200 μg/mL for 48h, induced G0/G1 phase 

arrest in MCF-7 and SKBR-3 cells and G2/M, S phase arrest in MDA-MB-231 cell. The 

cytotoxic effects of EESP were primarily found to be due to the induction of early stage 

apoptosis on SKBR-3 cell and early and late stage apoptosis on MCF-7 and MDA-MB-231 

cells.  

Conclusion: The results demonstrated that EESP is a natural anticancer mixture capable of 

reducing breast cancer cells proliferation and inducing cell cycle arrest and apoptosis in them. 
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Introduction  

Breast cancer is the primary cause of cancer-related death 

in females younger than 45-years-old and the second most 

common cancer diagnosed in women worldwide (1-3). 

According to the global cancer statistics, 2.1 million new breast 

cancer cases emerged and 627,000 people died in 2018 (4). 

Chemotherapy, radiotherapy, hormonal therapy and surgery 

are the main treatment methods for breast cancer. Due to severe 

side effects and multidrug resistance, these treatment 

approaches are being ineffective (5). Therefore, it is important 

to develop effective management strategies against 

chemotherapy and radiotherapy-induced side effects. A large 
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number of researches are now focusing on the natural and 

dietary compounds as new and more effective drug sources for 

breast cancer patients. Natural products including crude 

extracts, bioactive components-enriched fractions, and pure 

compounds derived from herbs as well as herbal formulas have 

been widely shown to prevent and treat cancers (6) Natural 

compounds have almost fewer side effects, with many 

therapeutic benefits (7). Natural compounds fight against 

aggressiveness of breast cancer, inhibit cancer cell proliferation, 

and modulate cancer related pathways (5). Till now, more than 

50% of approved drugs have been extracted or designed from 

natural compounds. Among them, 75% of anticancer drugs 

have been designed and developed from plant or other natural 

resource ingredients (8).  

Propolis is a mixture of resin produced by honey bees 

through collecting exudate from plants, vegetation and pollen 

and mixing with their enzyme’s secretions. It is also mixed with 

bees wax to create a sealing material (9, 10).  Propolis contains 

polyphenols, flavonoid aglycones, phenolic acids and their 

esters, phenolic aldehydes and ketones. The composition of 

propolis varies depending on the vegetation, climate, season 

and environmental conditions of the area from where it is 

collected (11). Overall, propolis is composed of 50% resin and 

vegetable balsam, 30% wax, 10% essential and aromatic oils, 

5% pollen and 5% other various substances, including organic 

debris (12). Undoubtedly, propolis can be considered as a 

potential source for drug discovery. Anticancer activities of 

propolis, against various human breast cancer cell lines such as 

MDA-MB-231, MCF-7 and SKBR-3 have been widely 

reported (13-16). The ethanolic extract of propolis was found to 

be more effective in inhibiting mammary carcinogenesis (17). 

In a study, the phenolic and flavonoid contents of Turkish 

propolis showed statistically significant cytotoxic effects on 

both non-aggressive and aggressive breast cancer cell lines 

(18). 

There are few studies published about the composition and 

anticancer properties of Iranian propolis. Here we investigated 

the anticancer effects of ethanolic extract of propolis (EESP) 

collected from Sirch/ Kerman/ Iran on three breast cancer cell 

lines (MCF-7, MDA-MB-231 and SKBR-3) in vitro.  

 

Material and Methods 

Chemicals and reagents  

Dulbecco’s modified Eagle’s medium (DMEM) and fetal 

bovine serum (FBS) were purchased from Gibco (Thermo 

Fisher, USA). Dimethyl sulfoxide (DMSO) and trypsin and 

Propidium Iodide (PI) were purchased from Sigma-Aldrich 

Chemie GmbH (Munich, Germany). MTT [3-(4, 5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] 

powder was purchased from (Melford, UK). BrdU cell 

proliferation ELISA Kit was purchased from Abcam 

(Cambridge, Sudbury, UK). Apoptosis Detection Kit FITC 

eBioscienceTM Annexin V Kit was purchased from Thermo 

Fisher (USA).  

 

Preparation of propolis extracts  

Propolis sample was collected during May 2018 from 

(Sirch area at 50 Km East of Kerman city/ Iran). EESP was 

prepared according to the method described by Muli et al (19).  

In brief, the collected propolis sample was powdered, and 2g 

powdered sample was admixed with 70% ethanol (10  mL) 

and macerated for a week. Then, ethanolic extract was stored in 

sterile, airtight glasses at 4°C in the dark and used in the next 

experiments. 
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Cells and Culture Conditions 

Three human breast cancer cells (MCF-7, SKBR-3 and 

MDA-MB-231) were purchased from National Cell Bank of 

Iran (NCBI) at Pasteur Institute of Iran. The cells were grown 

in DMEM supplemented with 10% or 1% heat FBS, 

100  U/mL penicillin G, and 100  μg/mL streptomycin and 

incubated at 37°C in humidified air with 5% CO2. 

 

Cytotoxicity of EESP 

Cytotoxicity of EESP against the three cell lines was 

determined by MTT assay. The cells were plated in 96-well 

tissue culture plate at a density of 6 × 103 cells/well in triplicate 

rows and fed with 100μL/ well medium. On the next day, the 

cells were treated with different concentrations (10, 50, 100, 

and 200  μg/mL) of EESP for 24 and 48 h at the presence of 

1% and 10% FBS. Then, 10  μL MTT (5  mg/mL) was added 

to each well and incubated for 4  h at 37 °C in a cell culture 

incubator. Further, the supernatant was removed, and the 

insoluble Formosan crystals were dissolved in 150  μL 

DMSO. The absorbance was measured at 570  nm using 

micro plate reader (Bio-Tek USA). The mean of the three 

experiments (3 wells/ plate) was considered for analysis. 

Untreated cells were considered as the control plate. The 

percentage of viability was calculated using the following 

formula: 

(%) Cell viability = OD570 of treated cells / OD570 of control 

cells × 100 

 

Incorporation of BrdU 

To measure cell proliferation under treatment with EESP, 

the cells were seeded at 2×105 cells/mL density in 96-well 

plates and fed with 100 μL/well appropriate cell culture media 

for 24 h. The proliferation rate was measured using Cell 

Proliferation ELISA BrdU kit (Abcam UK) and according to 

the manufacturer’s instructions. Briefly, after treatment with 

three concentrations (50, 100 and 200 μg/mL) of EESP for 48 

h, the cells were labeled with BrdU at a final concentration of 

10 μL/well, 24 h before the end of treatment. The cells were 

then denatured with Fix Denaturing solution. The wells were 

aspirated and washed with Wash buffer three times and 

incubated for 60 min with 100 μL (1:50 diluted) mouse anti-

BrdU antibody at room temperature. Following the removal of 

the antibody and washing it with a washing solution (PBS 1X) 

for three times, the wells were incubated with peroxidase 

conjugated goat anti-mouse IgG conjugate for 30 min at room 

temperature. The wells were washed with Wash buffer three 

times. The substrate solution (TMB peroxidase) was added for 

30 min at room temperature in the dark. After this period, the 

reaction was stopped by adding stop solution. Absorbance was 

measured at 450 nm using an ELISA plate reader (Bio-Tek 

USA). The blank corresponded to 100 μL of culture medium 

without BrdU, and the control was produced in the presence of 

cells in culture media without any treatment. Assay was 

performed in triplicates. Results were presented as plot area and 

compared with the control. A well containing cell/medium 

without adding BrdU reagent was considered as background.  

 

Cell death assay 

Occurrence of apoptotic or necrotic cell death was assayed 

using eBioscienceTM  Annexin V Apoptosis Detection FITC 

Kit (Thermo Fisher Scientific, USA) and according to the 

manufacturer’s instructions. Briefly, the cells were seeded in 6-

well plates at 6×104 cells/mL density in 6-well plates and fed 

with 2 mL/well appropriate cell culture media and 10% FBS 

for 24 h. After reaching 80% confluency, they were treated with 
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EESP at 100 μg/mL for 48 h. The cells were harvested and 

centrifuged at 200 × g for 5 min. The cells were washed with 

PBS and then binding buffer (1X) and re-suspended in 1 mL 

binding buffer (1X). Five μL FITC-conjugated Annexin V was 

added to 100 μL of the cells and incubated for 15 min at room 

temperature. The cells were washed and re-suspended in 200 

μL binding buffer. Five μL PI was added and they were 

incubated for 30 minutes on ice in the dark. The percentage of 

apoptotic/necrotic cells was analyzed by running the samples 

on flow cytometry machine (CyFlow Space, Partec, Germany). 

FSC and SSC were recorded linearly while FL1 and FL2 

histograms were recorded on a log scale. Untreated unstained 

cells were used to adjust gain and to define the boundaries of 

quadrants. Annexin V only control (Annexin+ PI-) and PI only 

control (Annexin- PI+) were used to setup the required 

parameters. Double labeling data of 10000 cells per treatment 

was recorded and analyzed by FloMax 2.70 software (Partec, 

Germany). Data were expressed as mean percentage of 

apoptotic/necrotic cells ±SEM.  

 

Flow Cytometry Analysis of Cell Cycle  

Cancer cells were seeded in 6-well plates at 6×104 cells/mL 

density in 6-well plates and fed with 2 mL/well appropriate cell 

culture media and 10% FBS for 24 h at 37 °C. Following a 48-

h treatment with EESP at100μg/mL, 1×106 cells were gently 

harvested by trypsin treatment and centrifuged for 5  min at 

200 × g. The pellets were re-suspended in PBS and fixed in 

chilled 70% ethanol for 2 h. After ethanol removal, the cells 

were suspended in 0.5  mL PBS. The cell pellets were stained 

in 1 mL PBS containing PI, Triton X-100 and RNase A and 

incubated for 30 minutes at room temperature in the dark or for 

15 min at 37°C. FSC, SSC and FL2 histograms were recorded 

linearly by running the samples on CyFlow Space (Partec, 

Germany). Untreated unstained cells were used to adjust gain. 

The percentage of cells in G1, S and G2/M phases were 

determined by FloMax 2.70 software (Partec, Germany). 

 

Statistical Analysis 

Data obtained from MTT and BrdU assays were analyzed 

by Graph Pad Prism 8 (GraphPad Prism Software, San Diego, 

CA) and using ANOVA followed by Dunnett’s multiple 

comparison tests to identify statistically significant 

differences. Data obtained from cell cycle were analyzed by 

ANOVA followed by Tukey’s post-hoc test. P<0.05 was 

considered as significant level. 

 

Results 

MTT assay 

In the first part of the study, we studied the cytotoxic effects 

of a range of EESP on three breast cancer cell lines (MDA-MB-

231, MCF-7and SKBR-3) by MTT assay. The cells were 

treated for 24 h and 48 h, at the presence of 1% and 10% FBS. 

We observed that EESP suppressed growth of cancer cells in a 

dose and time-dependent manner (Fig. 1). After 24 h and 48 h, 

50% inhibitory concentration (IC50) was observed in the 22.49 

to 198 µg/mL range (table1). The results showed that EESP 

treatment for 24 h at the presence of 10% FBS did not alter the 

MDA-MB-231 and MCF-7 cells’ viability markedly. But, we 

observed a decrease in the viability of SKBR-3 cells at 

200 μg/mL with a growth inhibition of 12% (P < 0.01). 

Nevertheless, treatment with 50–200  µg/mL EESP for 24 h at 

the presence of 1% FBS inhibited the growth of MDA-MB-231 

cells in a dose-dependent manner (IC50 = 50.58 µg/mL) (Figure 

1 and table 1). Furthermore, the cytotoxic effects on MCF-7 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5478255/figure/fig0005/
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occurred at 200 µg/mL (IC50 = 198 µg/mL) and the growth 

inhibition was 77%. Moreover, following a 48-h treatment with 

EESP at the presence of 10% FBS the following results were 

obtained: at the range of 10–200  µg/mL, cytotoxic effects 

were induced on MDA-MB-231 cells in a dose-dependent 

manner (IC50 = 95.07 µg/mL) and the growth inhibition range 

was 30-63%. Likewise, the cytotoxic effects on SKBR-3 cells 

took place at the range of 100–200  µg/mL (IC50 = 93.59 

µg/mL) and growth inhibition was 54-56%. Finally, a 48-h 

treatment at the presence of 1% FBS, led to cytotoxic effects on 

MDA-MB-231 cells at the range of 50–200  µg/mL (IC50 = 

22.49 µg/mL), and growth inhibition was 46-58%. In addition, 

the effects on SKBR-3 cells occurred at 50 and 200 µg/mL 

(IC50 = 42.62 µg/mL) and growth inhibition was 54-58%. Also, 

the effects on MCF-7 cells took place at 200 µg/mL with (IC50 

= 160 µg/mL) and growth inhibition was 84%. Moreover, 

following treatment with 200 µg/mL EESP (and 1% FBS) for 

24 h, viability of MCF-7, MDA-MB-231 and SKBR-3 cells 

was reduced to about 77%, 44% and 21%, respectively. While, 

this reduction in viability following the same treatment for 48 h 

for MCF-7, MDA-MB-231, and SKBR-3 cells was 84%, 64% 

and 53%, respectively. Thus, EESP at 200 μg/ mL was more 

effective on MCF-7 cell than MDA-MB-231 and SKBR-3 

cells. Collectively, IC50 values demonstrated that EESP had the 

highest growth inhibitory effects on MDA-MB-231 cells. 

Although some cytotoxic effect was already observed at 50-

100 μg/mL EESP, maximal effect was obtained at 200 μg/mL 

and 1% FBS in all the three cancer cells. Accordingly, 

treatment with 200 μg/mL EESP and 1% FBS were used for 

further study. 

 

  
Figure1. Cytotoxic effect of EESP on viability of three cancer cell lines in a dose dependent manner using MTT assay; a) 24 h ,10% FBS, b) 24 h 

,1% FBS, c) 48 h ,10% FBS, d) 48 h  1% FBS. Values have been presented as mean ± SEM of three replicates.  

****: P < 0.0001, ***: P < 0.001, **: P < 0.01, and *: P < 0.05 

 

With IC50 values of EESP ranging from 22.49 to 198 μM, 

the three breast cancer cell lines exhibited differential EESP 

sensitivity (Table 1). MCF-7 Cell line showed a relative 

resistance compared to the sensitive cell lines MDA-MB-

231and SKBR-3.  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5462387/table/pone.0178930.t002/


Journal of Kerman University of Medical Sciences 2020, Vol. 27, Issue 2 

125 

Table 1. IC50 values calculated by GraphPad Prism (µg/mL) of EESP against MDA-NB231, SKBR-3 and MCF-7 cells for 24 h and 48 h at the presence 

of 1% and 10% FBS  

Cell line 

Treatment 

MDA-MB231 SKBR-3 MCF-7 

24 h,1% FBS 50.58 60.98 198 

24 h,10% FBS 97.78 95.9 112 

48 h,1% FBS 22.49 42.62 116.4 

48 h,10% FBS 60 83.59 110 

 

BrdU assay  

 Proliferation inhibition of EESP at 200μg/mL and 1% FBS 

for 48 h, was observed using BrdU assay. Results indicated that 

following treatment with EESP, DNA proliferation of SKBR-

3, MDA-MB-231 and MCF-7 cells decreased to 40%, 25% 

and 29%, respectively. The highest cancer cell proliferation 

was seen on MDA-MB-231 cell line. 

 

 

Figure 2. The effect of a 48- h treatment with 200 µg/mL EESP and 1% FBS on MCF-7, SKBR- and MDA-MB-231 cell proliferation assessed by BrdU 

incorporation assay. Data were presented as mean ± SEM. ****: p<0.0001 according to Dunnett’s Test 

 

Apoptosis 

To investigate the apoptotic effect of EESP, three 

breast cancer cells were treated with 200 μg/mL EESP 

for 48  h at the presence of 1% FBS, and 

apoptosis/necrosis cell death was assessed by Annexin V 

and PI staining and flow cytometry. The results showed 

that the rate of apoptosis was significantly increased in 

all three cancer cells compared with non-treated control 

group. The early apoptotic cell populations of MCF-7, 

MDA-MB-231and SKBR-3 in the lower right quadrant 
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were 9.96%  ±  0.52, 11.5%  ±  0.45 and 21.86%, 

respectively. In addition, the percentage of late apoptotic 

cells for MCF-7, MDA-MB-231 and SKBR-3 in the 

upper right quadrant were 13.72%  ±  0.54, 

14.66%  ±  0.20 and 1.30%, respectively. Collectively, 

Total apoptosis rates observed in MCF-7, MDA-MB-231 

and SKBR-3 cells were 22 ± 0.32%, 26 ± 0.16%, 23 ± 

0.52% respectively. Whereas, the same values were 5.5 

± 0.12%, 0.70 ± 0.2%, 1.8 ± 0.04% in non-treated control 

group respectively. Even though, early and late stage 

apoptosis was observed in MCF-7 and MDA-MB-231 

cells, early stage apoptosis was more prominent in 

SKBR-3 cells. Collectively, these data suggest that EESP 

suppresses cell viability in all of the three breast cancer 

cell lines via induction of apoptotic pathway.  

 

 

Figure 3. Apoptotic effect of EESP on three cancer cell lines (MDA-MB-231, SKBR-3 and MCF-7) following a 48-h treatment, measured by eBioscience 

Annexin V and Dead Cell assay. EESP induced apoptosis in all breast cancer cells. Early stage apoptotic cells are shown in the lower right quadrant and 

late stage apoptotic cells are illustrated in the upper right quadrant of the plot. Data were presented as mean ± SEM. 

 

Cell cycle analysis 

The effect of EESP on the cell cycle phases was determined 

using flow cytometry analysis.  In this step, cell cycle 

progression of three cancer cells was examined after 48  h 

treatment with 200 µg/mL EESP with 1% FBS. Treatment of 

MCF-7, SKBR-3 and MDA-MB-231 cells resulted in 

significantly higher percentages of 90.48% and 63.960% and 

79.085% respectively, of cells in the G1 phase. While, in the 

control group (74.05%, 63.40% and 59.530%), Reduction in 

the percentage of cells in the S phase (18.9% and 18.19%) was 

occurred in MCF-7 and MDA-MB-231 cells respectively 

compared to the control group (21.9% and 23.26 %). In 

addition, G2/M phase arrest was observed in MDA-MB-231 

and SKBR-3 cells (7.3 %, 3.5 %) compared to the control group 
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(12.18%, 11.5% respectively). Also, S phase in SKBR-3 cell 

was increased to 24.070 % compared to the control (18.640 %) 

(Fig. 4). These data suggest that inhibition of cell proliferation 

or induction of cell death in the three breast cancer cell lines by 

EESP is associated mainly with the induction of G1 or S, arrest. 

The different proliferation rates of breast cancer cells were seen 

when exposed to 200 µg/mL of EESP in comparison with the 

untreated control cells which is partially due to the differences 

in cell cycle regulation.  

 

 

Figure 4. EESP effect on the cell cycle phases in MDA-MB-231, MCF-7 and MDA-MB-231 cells 

The cells were treated with 200 µg/mL of EESP and 1% FBS for 48 h and were stained with PI. Untreated was indicated as (Control). 

Vertical bars represent the standard error of means (mean ± SEM), (n=3 experiments), ****: P < 0.0001, ***: P < 0.001, and *: P < 0.05 

 

Discussion 

There have been several efforts to treat cancer using various 

natural materials. Natural anticancer agents in the human diet 

are safe, and have long-lasting beneficial effects on human 

health (8, 20). Results from several studies indicate that 

propolis, as a natural product, and its components have 

anticancer properties (21-24).  In the present study, we 

evaluated for the first time the anticancer effects of EESP on 

three breast cancer cell lines. Our results showed dose and time-

dependent cytotoxic effect of EESP (i.e. 50, 100, 200  μg/mL) 

at 24 and 48 h in the presence of 1% and 10% FBS. MTT assay 

results demonstrated that following 48 h at 200 μg/mL with 1% 

FBS, EESP resulted in significant cytotoxicity in all of the three 

breast cancer cell lines (p <0.0001). The IC50 of the EESP at 48 

h with 1% FBS was 22.49 µg/mL for MDA-MB-231, 116.04 

µg/mL for MCF-7 and 42.46 µg/mL for SKBR-3 cell lines. 

These results indicate that EESP has the highest significant 

cytotoxicity against MDA-MB-231 and the least cytotoxicity 

against MCF-7 cell (p <0.0001). Previous studies indicated that 

propolis and its active compounds from various origins 

significantly inhibit cell growth and reduce proliferation of 

breast cancer cells (25). In addition, different cell lines are 
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diversely affected by the ethanolic extracts of propolis with 

various origins. Thus, it can be conceived that the main 

determinants of the properties of propolis against cancer cells 

are the diversity of its components and concentrations. 

Similarly, ethanolic extracts of Brazilian red propolis 

significantly reduced the viability of MCF-7 cell (26). 

Likewise, the antiproliferative activities of ethanolic extract of 

brown Cuban propolis exhibited a significant antiproliferative 

activity on MCF-7 rather than MDA-MB 231 cells, in a dose 

(1–25 μg/mL) and time-dependent (24 –48 h) manner. (13). 

Additionally, Nemorosone, which is found in Brown Cuban 

propolis, inhibited the viability of MCF-7, but not of MDA-

MB-231 cell (27). In contrast, we observed that cytotoxic effect 

of EESP on MDA-MB-231 was more than that on MCF-7 cell.  

Our results are similar to some published studies. Hongzhuan 

Xuan et al. Investigated the sensitivity of MCF-7 and MDA-

MB-231 cells to ethanolic extracts of Chinese propolis in 25- 

200 𝜇g/mL concentrations using MTT assay at 24 and 48 h. 

This extract significantly inhibited MCF-7 and MDAMB-231 

cells proliferation in a dose- and time-dependent manner. 

Notably, the inhibitory effect of Chinese propolis on MDAMB-

231 cells was significantly higher than that on MCF-7 cells 

(14). In addition, Zhou et al. showed that MDA-MB-231 was 

more sensitive to cafeic acid phenyl ester as a propolis 

component, than MCF-7 cells (28). Furthermore, Vatansever et 

al. showed that all propolis extracts from Turkey inhibited the 

growth of MCF-7 cells in a dose- and time-dependent manner. 

Their results revealed that some Propolis extracts at 0.125 

mg/mL concentration were more effective in inhibiting MCF-

7 cell growth (29).  

Besides, Seyhan et al. showed that Turkey, Argentina and 

Chinese propolis extracts induced cytotoxicity on MCF-7, 

MDA-MB-231 and for the first time on SKBR-3 cells in a dose 

and time dependent manner. Interestingly they found that the 

sensitivity of different types of breast cancer cells to propolis 

varies from region to region (18).  

 In addition, Omene et al. showed decreased MCF-7, 

MDA-MB-231, and SKBR-3 cells viabilities in a concentration 

and time-dependent manner by propolis (IC50 of about 10 

μg/mL for all the cell lines) at 72 h (16). In the present study, 

the EESP was cytotoxic on SKBR-3 cell at 200 μg/mL and 1% 

FBS following 24 h, which is similar to Seyhan et al. findings 

(18). After 48 h EESP treatment, cytotoxicity was observed at 

10-200 μg/mL with 10% FBS and 50-200 μg/mL with 1% FBS 

respectively. In addition, On MDA-MB-231 toxicity was seen 

at 24 and 48 h at 50-200 μg/mL with 1% FBS. However, 

following 48 h, MDA-MB-231 showed cytotoxicity at lower 

dose (10-200 μg/mL) with 10% FBS. Furthermore, on MCF-7 

cell, 200 μg/mL of EESP showed potent cytotoxicity after 24 

and 48 h in the presence of 1% FBS. Accordingly, IC50 values 

obtained in our study are different from those reported in above 

studies. Collectively, EESP has high cytotoxicity against MCF-

7 at all times and moderate toxicity against MDA-MB-231 and 

SKBR-3 cells. Thus, along with above studies, these 

observations indicate that the inhibitory effects of propolis on 

breast cancer cells depend on propolis type and dose, as well as 

incubation time. 

Also, we evaluated the effect of FBS amount on EESP 

cytotoxic effect against breast cancer cells. Some reports have 

indicated that FBS has a potent role on cytotoxicity assay results 

such as MTT. Zhang et al. showed that albumin alone reduced 

XTT and MTT to the corresponding formazan and observed a 

20% higher formazan signal when cells were assayed in 10% 

FBS rather than in 5% FBS (30). MTT assay is typically 

https://www.unboundmedicine.com/medline/?st=M&author=Zhang%20Z%20D
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affected by the FBS because FBS has albumin protein that 

binds to formazan and leads to an increase in the signal (31). 

Besides, enzymes that may be found in FBS, such as 

glutathione S-transferase, as well as energy sources required for 

Na+ pumping may also affect MTT reduction and cause 

increase in absorption (32). On the other hand, as albumin or 

other proteins with free SH groups lead to the artificial increase 

in the assay signal, Funk et al. advised to be careful with data 

from MTT assays when  they are present in the medium. This 

could lead to an underestimation of the cytotoxicity of the 

compounds to be tested (33). 

Collectively, Our MTT assay results agree with 

Zhang et al (30) and clearly showed that cytotoxic effect 

of EESP against all three cancer cells at both 24 and 48 h 

was more in the presence of 1% FBS than 10% FBS .   

In the next step, BrdU assay results showed about 60-75% 

proliferation inhibition of EESP on the three breast cancer cells 

following 48 h (p< 0.0001). The proliferation of SKBR-3 cell 

was less inhibited by EESP than those of MDA-MB-231 and 

MCF-7 cell lines (Fig. 2). Our results on the SKBR-3 cell is 

similar to the results published earlier (18).  

Apoptosis is one of the defense mechanisms used by 

organisms against cancer, which eliminates potentially 

deleterious, mutated cells. Many dietary cancer preventive 

compounds, including propolis and its active derivatives, 

induce apoptosis in cancer cells. The mechanism of occurring 

apoptosis by propolis may depend on the concentration of the 

applied extract. Our results strongly suggest that 200 μg/mL 

EESP with 1% FBS triggered about 22%, 23% and 26% 

apoptosis in MCF-7, SKBR-3 and MDA-MB-231 cells 

respectively following 48 h. The results supported that MDA-

MB-231 cell was more sensitive than SKBR-3 and MCF-7 

cells (Fig. 5). In contrary, EESP induced the highest early 

apoptosis on SKBR-3 cell. Collectively, our finding indicates 

that cytotoxicity of EESP on three breast cancer cells seems to 

be related to apoptotic effects. There are some reports that 

propolis could induce apoptosis in breast cancer cells (34, 35) 

Syhan et al. showed  that Turkey type 3 propolis (at 100 and 

250 μg/mL) inhibited MCF-7, SKBR-3, and MDA-MB-231 

cells growth via its apoptotic effects (18). Ethyl acetate extract 

of propolis at the concentration of 47.45 µg /mL also induced 

13.21% apoptosis in MCF-7 cells, during the 24 h incubation 

(36). Likewise, Brazilian red propolis significantly reduced 

MCF-7 cell viability through induction of apoptosis (26). 

Ethanolic-extract of Chinese propolis again inhibited MDA-

MB-231 breast cancer cell proliferation through activating 

apoptosis (37). Our finding along with the above reports 

demonstrated that apoptosis triggering rate of different propolis 

on breast cancer cells is related to the propolis type-, 

concentration- and incubation time. 

Additionally, Cell cycle arrest is another major cause that 

can inhibit breast cancer cells survival. Here, we found that 

EESP induced G0/G1 phase arrest in MCF-7 and MDA–MB-

231 cells and S phase arrest in SKBR-3 cell. Many other 

propolis extracts have the same effects as EESP on MDA-MB-

231 and MCF-7 cells. Popolo et al. showed that Brown Cuban 

propolis exhibited anti-proliferative activity and significant G1 

phase arrest on MCF-7 cells in a dose and time-dependent 

manner (13). Also, Noureddine et al. showed cell cycle arrest 

in the Sub G0 fraction in MDA-MB-231 cells after 24 h 

incubation with Lebanese propolis (38). Furthermore, Brazilian 

red propolis significantly increased sub G1-G0 phase of MCF-7 

(26). Besides, flavonoid of propolis induced apoptosis on 

MCF-7 and MDA-MB-231 cancer cell lines and induced G1 

https://www.unboundmedicine.com/medline/?st=M&author=Zhang%20Z%20D
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phase arrest in MCF-7 cells. Despite our finding, G2/M phase 

arrest also occurred on MDA-MB-231 cell (15).  

Along with the above reports, our results demonstrated that 

EESP induced cell cycle arrest on breast cancer cells including 

SKBR-3 cell which was not evaluated previously. Also, 

ethanolic extract of propolis from various regions induced 

differential cell cycle arrest on breast cancer cells. Small 

differences may have arisen due to different methods of 

propolis extraction, geographic region, harvest season and races 

of honeybee involved. The induction of cell cycle arrest at a 

specific checkpoint, and thereby inducing apoptosis, is a 

common mechanism for the cytotoxic effects of anticancer 

drugs (39-41). 

Collectively, the results demonstrated that EESP has 

anticancer, anti-proliferation and pro-apoptotic effects and 

causes cell cycle arrest in the three breast cancer cells. Our 

finding suggests that this extract contains compounds with 

anticancer activities. Other studies suggested that propolis 

compounds such as flavonoids in propolis have anticancer 

effect (15) (42) It is recommended to identify and isolate the 

active compounds of this extract which have anticancer 

properties. The molecular anticancer mechanisms of Iranian 

propolis have not been fully elucidated and need to be deeply 

clarified.  
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