
 

 Ghanbari et al. Arch Breast Cancer 2022; Vol. 9, No. 1: 83-95          83 

 

*Address for correspondence: 

Mojtaba Esmaeli, PhD 
Medical Biology Research Center, Kermanshah University 
of Medical Sciences, Kermanshah, Iran 
Tel: +98 9132224474 
Email: mojtaba.esmaeily@bums.ac.ir  

 

DOI: 10.32768/abc.20229183-95 

Targeting Mitochondrial-Nuclear Apoptotic Signaling Pathways, 
Metabolic Pathways and Reversal of Doxorubicin (DOX) Cell Resistance 
in MCF-7 and MDA‑MB-231 Cancer Cell Lines by Sambucus Nigra (SNA) 
 

Ali Ghanbaria, Shiva Roshankhaha, Mohammad Reza Salahshoora, Cyrus Jalilia, Mojtaba Esmaeli*a 

aMedical Biology Research Center, Kermanshah University of Medical Sciences, Kermanshah, Iran 

 

ARTICLE INFO ABSTRACT 
 

Received: 

22 September 2021 
Revised: 

20 November 2021 
Accepted: 

23 November 2021 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Keywords: 

Breast cancer,  
Doxorubicin,  
Drug resistance,  
Sambucus nigra 

Background: The study aimed to assess the effect of anti-tumor and anti-

proliferative properties of Sambucus nigra (SNA) on MCF-7 and MDA-MB-231 

breast tumor cell lines. 

Methods: The cytotoxicity of SNA was assessed based on dose/time by the MTT assay. 

Also, the influence of SNA on apoptotic pathways, cellular and metabolic resistance in these 

cell lines was examined by real-time PCR, lipid peroxidase was measured by 

malondialdehyde (MDA) and the effect of apoptosis and necrosis was determined by flow 

cytometry. 

Results: Our data showed that DOX, SNA, and DOX + SNA treatment induced 

the expression of p53, Bax, Bcl-2, Caspase-3, and 8 levels involved in the apoptotic 

pathways. ATP binding cassette subfamily B member 4 (ABCB4) gene expression 

was decreased in MDA‑MB-231 breast cancer cells compared to MCF-7. Also, we 

observed that DOX, SNA, and DOX + SNA treatment induced expression of 

Monocarboxylate transporters (MCTs) metabolic pathways such as MCT1 and 

MCT4.   

Conclusion: Overall, the outcomes of this investigation show that the combination of 

SNA-Doxorubicin (DOX) in different groups of these cancer cells, especially in the 

MDA‑MB-231 cell lines synergistically intensified the induction of apoptosis in them. 

SNA enhances the anti-cancer effects of DOX to induce cellular apoptosis, alter 

metabolic pathways, and reduce cellular resistance. The research highlights the 

promising use of SNA as a chemosensitizer in the chemotherapy. 

Copyright © 2022. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International License, which permits copy 

and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, except for commercial purposes. 

 

INTRODUCTION 

Cancers are one of the main concerns in the world, 

and in a report published by the World Health Organi-

zation, the number of patients suffering from it will 

increase significantly in the coming years.1 Currently, 

chemotherapy, radiotherapy, and surgery strategies are 

used to treat cancer patients.2 However, there is no use- 

 

ful medicine for invasive breast cancer.1 

Doxorubicin (DOX) is one of the chemotherapy 

drugs, inhibiting cell proliferation and preventing 

metastasis of this cancer by binding to DNA.3 How-

ever, this drug, like other chemotherapy drugs, is not 

able to completely cure breast cancer due to cellular 

resistance.3,4 On the other hand, intravenous injection 

of this drug causes problems.5 Studies show that the 

combination of this drug with other drugs and chemo-

therapeutic agents reduces its side effects and increases 

its effectiveness, and that it is necessary to increase its 

anti-cancer function and reduce its anti-toxicity 
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through co-delivery systems.6,7 However, most comb-

ination therapies with conventional chemo-therapy 

drugs are not optimal for the treatment of invasive 

breast cancers and have not been widely used, and, as 

a result, have not been able to make significant impro-

vements in patients' recovery compared to single-dose 

treatment. In addition, the combined use of drugs often 

leads to an overlap of their toxicity in the body and 

leads to tissue damage.8 Therefore, adopting an appro-

priate combination dose during treatment increases its 

therapeutic effectiveness, overcomes the side effects of 

its monotherapy, and provides a wide range of 

polytherapy.9,10 

According to research conducted by the Internat-

ional Agency for Research on Cancer on anti-cancer 

and anti-tumor properties of plant extracts, on the one 

hand, and, on the other hand, the significant contrib-

ution of plants to the structures of chemotherapy drugs, 

many researchers in recent years have sought to use 

these compounds in their anti-cancer research.11-15 

Sambucus nigra (SNA) is one of these plant 

compounds that has been used in traditional and 

medical medicine since ancient times. Different sect-

ions of this herb such as flowers, leaves, fruits, roots, 

and bark have been used in many types of research.16 

The herb is found in abundance in humid and temperate 

regions of northern Iran.17 It contains a variety of active 

ingredients, including ribosome-inactivating proteins 

or ebulin,18 with anticancer properties, immunotoxins 

substances, flavonoids, cardiac glycosides, and tan-

ins.19,20 Anthocyanidin compounds in this plant such as 

Cyanidin-3-O-glucoside in anti-cancer research have 

inhibited the growth of cancer cells.20 Other com-

pounds of this plant are polyphenolic substances that 

have antioxidant properties preventing tissue damage 

due to oxidative stress.21,22 Many studies have shown 

that ethyl acetate in this plant has very effective anti-

cancer properties on cancer cell lines.19,23 

In recent years, synergistic combination chemo-

therapy using plant compounds has been considered a 

promising strategy to overcome the above limitations. 

SNA can be a good candidate, but despite extensive 

research on the antioxidant properties and other 

properties of this plant species, no research has been 

found on the effect of the SNA extract on the side 

effects of doxorubicin chemotherapy drugs in MCF-7 

and MDA‑MB-231 cell lines so far. The main purpose 

of this study was to show the effects of SNA and DOX 

separately and their combination on the expression of 

genes involved in apoptotic, metabolic, and cellular 

resistance pathways in human breast cancer cell lines 

and to investigate the occurrence of apoptosis and 

necrosis in them by cellular and molecular methods, to 

achieve effective chemotherapy methods and reduce 

their side effects. 

 

METHODS 

Cell culture  

MDA-MB-231 (ATCC number: HTB-26) and 

MCF-7 (ATCC number: HTB-22) cancer cell lines 

studied in this study were purchased from Pasteur 

Institute in Tehran. These cells were cultured in 

Dulbecco's Modified Eagle's Medium (DMEM) (Sig-

ma-Aldrich) medium containing 10% fetal bovine 

serum (Sigma-Aldrich), 100μg/ml streptomycin and 

100IU/ml penicillin, amphotericin B (Sigma, USA) 

and 2mM glutamine. The cells were incubated at 37°C, 

with 95% humidity, and 5% CO2. 

 

Drug sensitivity assay 

The sensitivity of the cancer cell lines to DOX 

(Sigma-Aldrich) and SNA (Sigma-Aldrich) was 

determined by 3-(4, 5-dimethylthiazol-2-yl) test -2, 5-

diphenyl-tetrazolium bromide (MTT). For this 

purpose, 2×104 cell densities were seeded into a 96-

well plate and were incubated for 24 hours. Then, they 

were treated with DOX and SNA in various concen-

trations (0, 2.5, 5, 10, 20, 50, and 100μM) and a combi-

ned dose for them with various concentrations (0μM 

DOX + 0μM SNA, 1.25μM DOX + 1.25μM SNA, 

2.5μM DOX + 2.5μM SNA, 5μM DOX + 5μM SNA, 

10μM DOX + 10μM SNA, 20μM DOX + 20μM SNA, 

and 50μM DOX + 50μM SNA) with serum-free culture 

medium for 60 minutes and then replaced with the 

usual culture medium containing FBS. After 72 hours, 

the cell culture mediums were removed and 20μL of 

MTT solution (5mg/ml) was added to them, which was 

incubated for 4 hours under the same culture 

conditions. The medium was displaced, and 200μL of 

DMSO was added to each well and was maintained for 

2 hours. Finally, the plates were then read using an 

ELISA plate reader (Bio-tek Instruments, USA) at 

570nm. Three replications were performed for each 

sample. The obtained values were used to plot IC50 

(inhibitory concentration to produce 50% cell death) 

curves based on dose-response curves. 

Treatment groups  

Based on the results of the MTT assay, cells were 

divided into 8 groups. 

1-MCF-7 cell line control group 

MCF-7 cells were cultured for 24 hours in a 96-well 

plate. Then their culture medium was drained and 

washed with PBS. The cells were then exposed to 

0.001% DMSO + DMEM for 1 hour. Then, their 

culture medium was drained and washed with PBS. 

Then, a culture medium containing DMEM +10% 

FBS+ 1% pen/strep was added to each well and 

incubated for 72 hours. 

2-Doxorubicin (DOX) group of MCF-7 cell line 

In this group, MCF-7 cells were cultured for 24 

hours under the same conditions. Then their culture 

medium was drained and washed with PBS. In the next 
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step, the cells were exposed to 10µM DOX+DMEM 

for 1 hour. Then, their culture medium was drained and 

washed with PBS. Then, a culture medium containing 

DMEM+10% FBS+1% pen/strep was added to each 

well and incubated for 72 hours. 

3-Sambucus nigra (SNA) group of MCF-7 cell line 

In this group, MCF-7 cells were cultured for 24 

hours under the same conditions. Then, their culture 

medium was drained and washed with PBS. In the next 

step, the cells were exposed to 10µM SNA+DMEM for 

1 hour. Then, their culture medium was drained and 

washed with PBS. A culture medium containing 

DMEM+10% FBS+1% pen/strep was then added to 

each well and incubated for 72 hours. 

4-Sambucus nigra (SNA) + Doxorubicin (DOX) 

group of MCF-7 cell line 

In this group, MCF-7 cells were cultured for 24 

hours under the same conditions. Then their culture 

medium was drained and washed with PBS. In the next 

step, the cells were exposed to 2.5µM SNA+2.5µM 

DOX+DMEM for 1 hour. Their culture medium was 

drained and washed with PBS. Then, a culture medium 

containing DMEM+10% FBS+1% pen/strep was 

added to each well and incubated for 72 hours. 

5-MDA-MB-231 cell line control group 

MDA-MB-231 cells were cultured for 24 hours in 

96-well plate wells. Then, their culture medium was 

drained and washed with PBS. The cells were then 

exposed to 0.001% DMSO+DMEM for 1 hour. Their 

culture medium was drained and washed with PBS. 

Then, a culture medium containing DMEM+10% 

FBS+1% pen/strep was added to each well and 

incubated for 72 hours. 

6-Doxorubicin (DOX) group of MDA-MB-231 cell 

line 

In this group, MDA-MB-231 cells were cultured for 

24 hours under the same conditions. Then, their culture 

medium was drained and washed with PBS. In the next 

step, the cells were exposed to 20µM DOX+DMEM 

for 1 hour. Then, their culture medium was drained and 

washed with PBS. A culture medium containing 

DMEM+10% FBS+1% pen/strep was added to each 

well and incubated for 72 hours 

7-Sambucus nigra (SNA) group of MDA-MB-231 cell 

line 

In this group, MDA-MB-231 cells were cultured for 

24 hours under the same conditions. Then, their culture 

medium was drained and washed with PBS. In the next 

step, the cells were exposed 10µM SNA+DMEM for 1 

hour. Then, their culture medium was drained and 

washed with PBS. A culture medium containing 

DMEM+10% FBS+1% pen/strep was then added to 

each well and incubated for 72 hours. 

 

 

8-Sambucus nigra (SNA)+Doxorubicin (DOX) 

group of MDA-MB-231 cell line 

In this group, MDA-MB-231 cells were cultured for 

24 hours under the same conditions. Their culture 

medium was drained and washed with PBS. In the next 

step, the cells were exposed to 5µM SNA+5µM 

DOX+DMEM for 1 hour. Then, their culture medium 

was drained and washed with PBS. Then, a culture 

medium containing DMEM+10% FBS+1% pen/strep 

was added to each well and incubated for 72 hours. 

Determination of malondialdehyde (MDA) 

The level of lipid peroxidation in cell membranes 

was measured by measuring malondialdehyde (MDA) 

levels. For this purpose, 2×104 MDA-MB-231 and 

MCF-7 from each breast cancer cell line were cultured 

in a 96-well plate. After 24 hours, these cell lines were 

treated based on the dose obtained from IC50. Then, by 

changing the medium after 1 hour and 72 hours after 

incubating the cells, it was used to measure the amount 

of MDA according to the protocol included in the 

brochure recommended in the MDA Assessment Kit 

(Kia-Zist, IRI). Finally, the concentration of MDA at 

515nm was measured by an ELISA plate reader (Bio-

tek Instruments, USA). MDA levels were calculated 

according to the standard curve. The test was replicated 

three times for each group. 

Real‑time quantitative PCR 
Total cellular RNAs were extracted from cancer 

cell lines using the TRIzol reagent (Invitrogen, 

Carlsbad, CA, USA). After examining the purity and 

concentration of the extracted RNAs, the first cDNA 

strand was synthesized according to the manufacturer's 

instructions using Revert AidTM H Minus First Strand 

cDNA Synthesis Kit (Takara Bio, Shiga, Japan). The 

Real-time PCR technique was performed using the 

SYBR Green reaction kit (Takara Bio, Shiga, Japan). 

The primers and sequence of the selected genes are 

shown in Table 1. PCR programs were performed as 

follows: 95°C for 30s, followed by 40 cycles of 95°C 

for 5s and 60°C for 30s. GAPDH was used as an 

internal control gene. Relative measurements of the 

relevant genes were analyzed using the 2-ΔΔct method as 

a relative ratio of GAPDH expression in each sample.24  

Apoptosis Assay by Flow Cytometry 

Apoptosis evaluation was carried using the flow 

cytometry method to detect apoptotic cells with 

annexin V/propidium iodide (annexin V/PI) apoptosis 

assay kit (Roche Company, Switzerland). For this 

purpose, after culturing and treating cells and 

separating them, supernatant was isolated from them 

and the cells were washed twice with cold PBS. A 

1xbinding buffer (100μl) was used to suspend the cells. 

Then, 5μl of annexin and 10μl of propidium iodide 

were added to them for staining. Next, the cells were 

examined by flow cytometry (Becton Dickinson 
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Facscalibur USA) and the percentage of kind of cell 

death in them was determined. 

Statistical Analysis 

In this study, the data were analyzed using SPSS, 

version 23. For statistical analysis of quantitative data, 

one-way ANOVA and Tukey post hoc test were used. 

Also, the data in the results section were considered as 

Mean±SEM and the level of significance between the 

groups as P<0.05. These results were associated with 

three independent replications for each sample. 

 
Table 1. Primer sequences used in Real-Time PCR 

Primer sequence Gene name 

5′-GCGAGTGTCTCAAGCGCATC-3′ forward  

5′-CCAGTTGAAGTTGCCGTCAGAA -3′ reverse BAX 

5′-ATGTGTGTGGAGAGCGTCAACC-3′ forward  

5′-GCATCCCAGCCTCCGTTATC-3′ reverse BCL-2 

5′-CCTCAGCATCTTATCCGAGTGG-3′ forward  

5′-TGGATGGTGGTACAGTCAGAGC-3′ reverse P53 

5′-GGAGCGACATCCGTCCAAAAT-3′ forward  

5′-GGCTG TGTCAATCTTCTCATGG-3′ reverse GAPDH 

5'-CAGAACTGGACTGTGGCATTG-3' forward  

5'–GCTTGTCGGCATACTGTTTCA-3' reverse Caspase-3 

5′-CATCCAGTCACTTTGCCAGA-3′ forward  

5′-GCATCTGTTTCCCCATGTTT-3′ reverse Caspase-8 

5′-GCAGACGGTGGCCCTGGTTGG-3′ forward  

5′-GGATTTAGCGACAAGGAAA-3′ reverse ABCB4 

5′-GTGGCTCAGCTCCGTATTGT-3′ forward 
 

 

5′-GAGCCGACCTAAAAGTGGTG-3′ reverse MCT1 

5′-CCATGCTCTACGGGACAGG-3′ forward  

5′-GCTTGCTGAAGTAGCGGTT-3′ reverse MCT4 

 

RESULTS 

Cell viability and IC50 values  

The cytotoxic effect of the SNA, DOX, and 

SNA+DOX on MCF-7 and MDA-MB-231 cells was 

determined using MTT assay. As shown in Figure 

1:A, concentrations above 20µM SNA in both MDA-

MB-231 and MCF-7 cancer cell lines significantly 

reduced their survival. Therefore, the IC50 value for 

both cell lines under SNA treatment was determined 

to be 10µM. Also, the IC50 value of cells treated with 

DOX showed that MCF-7 and MDA-MB-231 cells 

treated with concentrations higher than 20 and 50µM 

were associated with a sharp decrease in survival, 

respectively (Figure 1:B). Therefore, IC50 values for 

MCF-7 and MDA-MB-231 cancer cell lines were 

selected at 10 and 20µM, respectively. Finally, the 

combined effect of SNA and DOX on the survival of 

these cells was investigated, which showed that the 

IC50 value for DOX and SNA in MCF-7 cell lines was 

5µM (2.5μM DOX+2.5μM SNA) and that this value 

in MDA-MB-231 cell lines was 10µM (5μM 

DOX+5μM SNA) (Figure 1:C). 
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Figure 1. Evaluation of IC50 (µM) and survival rate of MCF-7 and MDA ‑ MB-231 breast cancer cells exposed to different 

concentrations of SNA (Sambucus nigra) (0-100μM), DOX (Doxorubicin) (0-100μM), and DOX + SNA (Doxorubicin + 

Sambucus nigra) (0μM DOX + 0μM SNA, 1.25μM DOX + 1.25μM SNA, 2.5μM DOX + 2.5μM SNA, 5μM DOX + 5μM 

SNA, 10μM DOX + 10μM SNA, 20μM DOX + 20μM SNA and, 50μM DOX + 50μM SNA) (Figures A, B and C, 

respectively). IC50 and the survival rate of these cells were determined by the MTT assay within 72 hours. The results are as 

mean ± SD and at least three replications were performed for each group. 

 

 

The IC50 value was obtained for different 

concentrations of SNA (Sambucus nigra), DOX 

(Doxorubicin), and DOX+SNA (Doxorubicin 

+Sambucus nigra) after 72 hours of incubation 

(mean±SD, n=3), as shown in Table 2. 

 
Table 2. The IC50 value was obtained for different concentrations of SNA (Sambucus nigra), DOX (Doxorubicin), and 

DOX+SNA (Doxorubicin+Sambucus nigra) after 72 hours of incubation (mean ± SD, n=3). 

CIa value 
IC50 rate (𝜇M)  

Cell line SNA + DOX (𝜇M) DOX (𝜇M) SNA (𝜇M) 

. 5±0.51 2.5±1.0+2.5±0.6 10±0.3 10±2.6 MCF-7 

. 75±0.85 5±1.2+5±0.4 20±1.3 10±1.8 MDA-MB-231 

a: combination index. 

CI<1 indicates synergistic effect, CI=1 indicates additive effects and CI >1 indicates antagonistic effect. 

 

Lipid peroxidation levels  

The present study showed that the level of MDA 

in the treated groups in both cell lines was 

significantly increased compared to the control group 

(Figure 2). This increase was higher in the MDA-MB-

231 cancer cell line compared to the MCF-7 cancer 

cell line. Also, the level of MDA in both cell lines 

treated with DOX+SNA was higher compared to the 

other groups and showed a significant difference with 

them (P<0.05). 

Real-Time polymerase chain reaction expression 

of apoptotic genes  

In this study, the relative expression levels of 

genes associated with apoptosis such as p53, Bax, Bcl-

2, Caspase-3, and 8 in MDA-MB-231 and MCF-7 

cells were analyzed. Figure 3: A, shows the p53 gene 

expression changes. In MCF-7 cancer cell lines, p53 

gene expression was significantly higher in the treated 

groups compared to MDA-MB-231 cancer cell lines. 

However, the expression of this gene in the untreated 

group in both cell lines was negligible. Also, p53 gene 

expression in the DOX+SNA treated group in both 

MCF-7 and MDA‑MB-231 cancer cell lines showed 

high expression compared to the other groups and was 

significantly different from them (P<0.05).   

 

 
 

Figure 2. Induction of lipid peroxidase damage in 

MCF-7 and MDA-MB-231 cancer cell lines treated with 

SNA (Sambucus nigra), DOX (Doxorubicin), and DOX + 

SNA (Doxorubicin + Sambucus nigra) and control group 

After 72h by measuring the concentration of malon-

dialdehyde (MDA). The results are shown as mean values 

± SD for three replications for each group. The symbols * 

and # indicate the significant (*P<0.05, #P<0.05) 

relationship as compared with the DOX + SNA group. 
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Based on Figure 3: B-C, the expression of 

Caspase-3 and 8 levels were significantly higher in 

treated MCF-7 and MDA‑MB-231 cancer cell lines 

than in untreated cells. Also, there was a significant 

(P<0.05) difference in the Caspase-3 and 8 genes 

expressed in both types of cancer cells MCF-7 and 

MDA-MB-231 cells. 

As anticipated, the changes in Bax and Bcl-2 genes 

expression were seen when MCF-7 and MDA-MB-

231 cells were treated with DOX, SNA, and 

DOX+SNA. According to Figure 3: D, the Bcl-2 gene 

expression in untreated groups in MCF-7 and 

MDA‑MB-231 cancer cell lines compared to different 

groups treated in these cancer cell lines was 

significantly higher. Our results showed that DOX 

and SNA reduced Bcl-2 gene expression in these two 

cancer cell lines, but when the DOX+SNA 

combination was used in the MCF-7 and MDA‑MB-

231 cancer cell lines, a significant decrease in Bcl-2 

gene expression was shown among other groups, 

which was significantly different from other groups 

(P<0.05). This result suggests that the combination of 

SNA with DOX significantly induced apoptosis by 

reducing Bcl-2 gene expression. The levels of the Bax 

gene expression levels were significantly (p<0.05) 

higher in the DOX and DOX+SNA groups than in the 

control groups (Figure 3: E). The expression of this 

gene was higher in MDA‑MB-231 compared to MCF-

7 cell lines. 

Our results also showed a significant increase in 

Bax/Bcl-2 ratio in both MCF-7 and MDA‑MB-231 

cancer cell lines in the DOX+SNA-treated group 

(p<0.05). The highest Bax/Bcl-2 ratio (more than 15 

times) was observed in the MDA‑MB-231 cancer cell 

line treated with DOX+SNA (Figure 3: F). 

Expression of ABCB4 gene  

The results of ABCB4 gene expression by RT-PCR 

are shown in Fig. 3: G. The ABCB4 gene expression 

was markedly (p<0.05) higher in the DOX and 

DOX+SNA groups than in the control groups. The 

highest expression of the ABCB4 gene was in MCF-7 

cancer cell lines so that it was decreased in the group 

treated with DOX+SNA compared to the groups 

treated with DOX. However, the expression of the 

ABCB4 gene in the DOX-treated group had the 

highest expression compared to the DOX+SNA or 

SNA-treated groups. The expression level of the 

ABCB4 gene in MDA‑MB-231 cancer cell lines was 

also significant (P<0.05) in the group treated with 

DOX compared to the groups treated with 

DOX+SNA or SNA. However, in the group treated 

with DOX+SNA, the expression of the ABCB4 gene 

was significantly (P<0.05) reduced compared to the 

groups treated with DOX, and DOX + SNA. 

 

Expression of MCT1 and MCT4 genes  

We determined the effects of DOX, SNA, and the 

combined therapy on the expression of MCT1 and 

MCT4 (Figure 3: H-I). The expression level of MCT1 

and MCT4 genes significantly (P<0.05) decreased 

after treatment of cells by DOX, SNA, and DOX + 

SNA. We found that MCT1 and MCT4 gene 

expression was high in both untreated breast cancer 

cell lines. However, in both MCF-7 and MDA‑MB-

231 cell lines, the highest decrease in the expression 

of these genes was observed in the DOX+SNA-

treated groups compared to the SNA or DOX-treated 

groups. These results suggest that SNA has been able 

to reduce the expression of MCT1 and MCT4 genes, 

and its use with DOX showed a significant decrease 

in expression of these genes in MCF-7 and MDA‑MB-

231 breast cancer cell lines (P<0.05). 

Induction of SNA (Sambucus nigra)-influenced 

apoptosis in MCF-7 and MDA‑MB-231 breast cancer 

cell lines 

To evaluate the incidence of apoptosis in the 

cancer cell lines, treated with SNA, DOX, 

DOX+SNA, and control group, flow cytometry was 

applied with Annexin V/PI double staining (Figure 4). 

Cells stained with Annexin V/PI were divided into 4 

groups. For each cancer cell line in different 

groupings, four panels are presented. In order to 

provide a convenient comparison between the 

percentage of normal cells, early apoptosis, late 

apoptosis, and necrosis in different groups in both 

MCF-7 and MDA‑MB-231 cancer cell lines, the 

results of flow cytometric data analysis are presented 

in Tables 3 and 4. 

The results of the analysis of flow cytometry data 

indicated that the MCF-7 and MDA‑MB-231 cancer 

cell lines treated with SNA like DOX caused 

apoptosis in them, such that in the MCF-7 cancer cell 

lines, this result was more consistent (Tables 3 and 4). 

The results obtained in MCF-7 cancer cell lines 

treated with SNA or DOX showed that the highest and 

lowest types of cell death were related to necrosis and 

early apoptosis. Also, in the group treated with 

DOX+SNA, the most common type of cell death was 

observed as late apoptosis and necrotic (Table 3). 

In the MDA‑MB-231 cancer cell line, the observed 

results were similar to the results for the MCF-7 

cancer cell lines, and that in the SNA group, the 

highest and lowest type of cell death was seen as early 

apoptosis and necrotic, which was similar to the DOX 

group (Table 4). In the DOX+SNA group, no 

significant necrotic death was seen, and the most 

common type of cell death in this group was observed 

as early and late apoptosis (Table 4). 
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Figure 3. Real-time PCR (Real-time polymerase chain reaction) results for apoptotic genes P53, Bax, Bcl-2, Caspase-3, and 

8 (A-F), toxicity-resistant ABCB4 gene (G), MCT1 and MCT4 metabolic pathway genes (H-I), in different groups MCF-7 

and MDA‑MB-231 cancer cell lines treated with SNA (Sambucus nigra), DOX (Doxorubicin), and DOX+SNA 

(Doxorubicin+Sambucus nigra) 72 hours after incubation. The values presented are shown as mean ± standard deviation for 

three replications for each group. The symbols * and # indicate the significant (*P<0.05, #P<0.05) relationship as compared 

with the DOX+SNA group. 
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Figure 4. Induction of apoptosis in MCF-7 (A) and MDA‑MB-231 (B) breast cancer cell lines affected by the apoptotic 

activities of SNA (Sambucus nigra), DOX (Doxorubicin), and SNA+DOX (Sambucus nigra + Doxorubicin) within 72 

hours. Flow cytometric analysis using Annexin V/PI staining. 

 
 

Table 3. Percentage of normal cells, early apoptosis, late apoptosis and necrotic cells in MCF7 cell lines after 72 hours in 

treated SNA (Sambucus nigra), DOX (Doxorubicin) and SNA+DOX (Sambucus nigra + Doxorubicin) and control groups 

(mean ± SEM, n=3). 

Necrotic Late Apoptosis Early Apoptosis 
Normal (alive) 

cells 
Drug Cell line 

6.31±1.1 16.9±1.235 1.89±0.595 74.9±1.58 control  

20.2±0.85 18.2±0.265 2.11±0.917 59.4±0.73 SNA  

19.2±1.87 19.0±1.690 16.2±0.308 45.6±0.12 DOX MCF7 

13.10±0.941 27.0±2.32 3.54±0.654 56.3±0.630 SNA + DOX  
 

 

Table 4. Percentage of normal cells, early apoptosis, late apoptosis and necrotic cells in MDA-MB-231cell lines after 72 

hours in treated (SNA (Sambucus nigra), DOX (Doxorubicin) and SNA+DOX (Sambucus nigra + Doxorubicin) and control 

groups (mean ± SEM, n=3). 

Necrotic Late Apoptosis Early Apoptosis 
Normal (alive) 

cells 
Drug Cell line 

1.58± 0.550 2.46± 1.027 6.86± 1.153 89.1± 1.618 control  

1.72± 1.868 5.69±1.274 8.58± 1.311 84.0± 2.862 SNA  

1.26±.0398 20.9± 1.040 53.4± 1.068 24.4± 0.441 DOX MDA-MB-231 

3.02±0.715 15.2± 0.929 38.8± 0.852 43.0± 1.020 SNA + DOX  
 

 

DISCUSSION 

IC50 values and analysis of MTT data clearly 

showed that treatment of MCF-7 and MDA‑MB-231 

breast cancer cell lines with a combination of SNA and 

DOX led to synergistic and dose-dependent effects in 

these cell lines, inhibiting the proliferative activity in 

them. We also showed that the IC50 dose of DOX was 

almost quadrupled in the DOX-treated groups 

compared with the DOX+SNA-treated groups. The 

therapeutic value of DOX in the treatment of cancers is 

limited due to its side effects on cardiac tissue,25 and 



 The effect of SNA on cancer 

Ghanbari et al. Arch Breast Cancer 2022; Vol. 9, No. 1: 83-95    91 

the emergence of drug resistance in treated cancer 

cells.26,27 In contrast, SNA is a non-toxic substance 

whose anti-cancer activity has been proven against 

various cancers.28,29 The concentration ratio of SNA to 

DOX has played an important role in determining the 

degree of synergistic effects; for example, in this study, 

the differences observed in different concentrations of 

DOX and SNA in different compounds were 

evaluated. 

Flow cytometry analysis for breast cancer cell lines, 

which were treated and untreated, was performed in 

vitro to determine whether growth inhibitory effects in 

DOX+SNA-treated groups can be attributed to 

apoptosis or not. The results showed that these effects 

and reactions can be attributed to the function and 

structures of DOX and SNA inside cells. 

Many studies have shown that the causes of cancer 

cells' resistance to clinical treatment with DOX and 

other chemotherapeutic drugs are changes in the 

glycosylation of cancer cells and the release of these 

cells from the mechanisms of cell death, making their 

treatment difficult.30,31 Different levels of expression of 

glycans on the surface of cancer cells have caused 

differences in their metastasis.32,33 Numerous studies 

on glycoproteins, especially α2, 6-linked Sias, have 

shown that the survival rate of cancer patients and their 

prognosis are closely related to this glycoprotein.33 

Therefore, with sufficient information about the 

properties of glycan epitopes, it can be used to target 

proteins and glycans. For this reason, the most 

important treatment challenge for cancer cells is the 

lack of apoptosis. Therefore, targeting and inducing 

apoptosis in cancer cells is one of the treatment 

strategies. Many studies have been shown that lectins 

induce apoptosis in a variety of cancer cells.34-36 A 

study on SNA has shown that this plant exactly 

matches the mentioned method in inducing apoptosis.37 

A study of SNA on ovarian cancer has shown that 

this plant compound has an effect on mitochondria, 

causing cancer cell death through intrinsic apoptotic 

pathways.37 Other studies have suggested that cancer 

cells can be treated by disrupting mitochondrial cell 

membrane function and inducing apoptosis.38 Changes 

in the morphology of the mitochondrial cell membrane 

indicate the amount of energy it provides to the cell.39 

Decreased mitochondrial energy supply causes the 

mitochondrial cell membrane to rupture, releasing 

cytochrome-c in its membrane into the mitochondrial 

cytosol, which then activates the caspase cascade, 

leading to cell death.40 Studies have shown that SNA 

induces mitochondrial membrane permeability and, 

along with activation of the caspase cascade and 

release of cytochrome-c into the mitochondrial cytosol, 

leads to apoptosis.37 

In some studies on SNA, it has been shown that this 

substance has played a significant role in altering the 

cellular respiration pathway and has been able to 

increase the production of ATP and basal OCR.37 

Using this method, SNA is able to prevent cancer cells 

from metastasizing and by disrupting the energy supply 

of cancer cells, it stops the cell cycle in G2/M phase.37 

Numerous studies on SNA have shown that its anti-

cancer activity relates to the structures of this 

compound.41-43 This compound acts on nuclear trans-

cription factors through action and causes apoptosis in 

a variety of cancer cells.44 Another compound in SNA 

reported to have anti-cancer properties is ribosome-

inactivating proteins (RIPs), which interfere with the 

synthesis of proteins by their enzymatic properties 

through the activity of N-glycosidase on the large RNA 

of ribosomes.45-47 Various studies have also shown that 

RIPs in SNA affect DNA and polynucleotides.48 The 

results of our study on SNA and breast cancer cell lines 

MCF-7 and MDA-MB-231 showed that, according to 

the mechanisms mentioned above, it can have positive 

effects comparable to using DOX, and can increase the 

induction effects of apoptosis.  

Studies have shown that overexpression of ABC 

transporters has been directly linked to resistance to 

chemotherapy drugs.49 These studies have shown that 

the ABCB4 transporter acts as an out-of-cell transmitter 

for drugs such as digoxin, paclitaxel, daunorubicin, 

vinblastine, and ivermectin, preventing them from 

accumulating in the cell.50 Although ABCB4 gene 

expression was increased in DOX-treated groups, these 

results were similar to the results of other studies,51-55 

although this gene expression was reduced in SNA-

treated groups. On the other hand, in the groups treated 

with DOX+SNA, the synergistic effects of SNA 

showed that the expression of the ABCB4 gene in these 

groups significantly decreased. These results were 

similar to other studies with DOX in combination with 

other plant extracts.54  

In this study, it was shown that in the groups treated 

with DOX+SNA, the expression of genes of the MCT1 

and MCT4 significantly decreased, possibly due to the 

presence of effective compounds in SNA such as 

Flavonoids.56 Numerous studies have shown that 

different compounds of Flavonoids had different 

functions in these transporters.57,58  

In the present study, MCF-7 and MDA‑MB-231 

breast cancer cell lines showed high expression of the 

p53 gene after treatments with DOX and SNA. These 

findings are in agreement with the results obtained in 

similar studies.59 The results of real-time PCR analysis 

showed an increase in Bax gene expression and a 

decrease in Bcl-2 gene expression in MCF-7 and 

MDA‑MB-231 breast cancer cell lines. These results 

indicated that SNA had an inhibitory effect on cell 

proliferation and induced apoptosis. Thus, increasing 

Bax expression and decreasing Bcl-2 expression may 
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enhance the antitumor effects of SNA in chemotherapy 

treatments. 

In confirmation of the above, we also assessed the 

level of lipid peroxidase by measuring MDA. In our 

study, the highest level of MDA was observed in both 

MCF-7 and MDA‑MB-231 cell lines in the DOX+SNA 

groups. These results indicated that SNA and DOX, in 

combination with each other, have increased lipid 

peroxidase levels in these cell lines. On the other hand, 

many studies have shown that increasing the level of 

MDA disrupts the structure and function of vital 

molecules, which in turn leads to mitochondrial 

dysfunction and eventually apoptosis in cells.60 In 

addition, many studies have shown that another reason 

for the increase in MDA levels in cells is the effect of 

reactive oxygen species (ROS) on them.61 Therefore, 

the function of SNA, DOX, and their combination in 

MCF-7 and MDA‑MB-231 cell lines can be a 

confirmation of these hypotheses, which requires 

extensive research in this field 

 
CONCLUSION 

The results presented showed that SNA with its 

anti-tumor properties had an effect on breast cancer 

cell lines. SNA induced apoptosis through the 

expression of p53, Bax, Caspase-3, and 8 genes and 

early apoptotic cell death. The compound also 

inhibited cell proliferation by reducing Bcl-2 gene 

expression, decreased cellular resistance by 

decreasing ABCB4 gene expression and interfered 

with metabolic pathways through MCT1 and MCT4 

gene expression. Expression of the studied genes 

suggests that SNA has synergistic effects with 

chemotherapy drugs. 
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