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Abstract 

Background: Breast cancer is extensively studied for its resistance to chemotherapy. Therefore, finding efficient therapeutic agents is 
vital to increasing the survival rate of patients.  
Objectives: Here, we conducted an in vitro study on the anti-tumor properties of Vinca herbacea extract on SKBR3 cells. 
Methods: Apoptotic and anti-invasive activity of V. herbacea extract was studied using Annexin FITC-V kit and Matrigel invasive assay, 
respectively. The expression of angiogenesis genes (VEGFR-1, VEGFR-2, and VEGF-A), apoptotic-related genes (Bcl-2 and BAX), as well as 
metastatic genes (MMP2 and MMP9) were studied using real-time polymerase chain reaction.  
Results: Vinca herbacea extract showed significant antiproliferative and cytotoxic effects on human breast cancer cells, compared to 
human embryonic kidney cells 293. Vinca herbacea extract had a great apoptosis-inducing potential in breast cancer cells by activating 
caspase-3 and increasing the BAX/Bcl-2 ratio. Vinca herbacea extract prevented cancer cell angiogenesis, marked by decreasing the 
expression level of angiogenesis-related genes, including VEGF, VEGFR-1, and VEGFR-2. In addition, V. herbacea extracts reduced cancer 
cell invasion and noticeably decreased the expression level of metastasis-associated genes, including MMP2 and MMP9.  
Conclusion: Vinca herbacea extracts exhibited vigorous cytotoxic effects on SKBR3 cells by the alteration of apoptosis, cell adhesion, 
invasion, and angiogenesis. 
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1. Background 

Breast cancer has a high frequency in different 
countries throughout the world (1-3). The GLOBOCAN 
statistics in 2018 reported 2.3 million new cases from 
185 countries with a mortality rate of about 7% (4). In 
developed countries, the age-standardized incidence 
rate is more than 80 per 100,000 cases; however, in 
developing countries, it is estimated to be less than 40 
per 100,000 cases (2). Considering Iranian women, 
breast cancer has a prevalence rate of 24 per 100,000 
cases in the last decade (5). According to new statistics 
in Iran, breast cancer accounts for an estimated 6,160 
new cases and 1,063 deaths annually (6, 7). Evidence 
suggests that the age of the onset of breast cancer is 
almost 10 years younger in Iranian women than in 
those in developed countries (5). 

Approximately 30% of breast cancers at early 
stages tend to progress to the advanced metastatic 
stage, with limited therapeutic options (8). 
Resistance to chemotherapy drugs is a major 
complication in this field (9). The response rate to 
the treatment of metastatic breast cancer with first-
line chemotherapies has been calculated at 30-70% 
(10, 11). Nevertheless, the time for tumor 
progression following first-line chemotherapies is 6-
10 months (10, 11). Furthermore, response to 

treatment with a single or a combination of therapies 
decreases to 20-30% in the advanced stages with a 
survival rate of fewer than 6 months (10).  

The dearth of efficient anti-tumor agents, along 
with high rates of breast cancer incidence and 
mortality, signifies the critical necessity to treat breast 
cancer patients (12, 13). Medical plants have been 
known as the main sources of efficient anti-cancer 
agents with fewer adverse effects and lower costs for 
the treatment of breast cancer (14). Vinca herbacea 
Waldst, belonging to the Apocynaceae family, is 
abundantly grown in the Alborz mountains (15). The 
alkaloids of V. herbacea have been demonstrated to 
have several biological effects, including longer-term 
diminution of blood pressure, neuromuscular 
synapses blocking, bacteriostatic effect, stimulation of 
the cardiovascular system, and antioxidant and 
anticancer activity, which are associated with the 
presence of oxindole alkaloids, such as majdine and 
isomajdine (16). However, there is limited data on the 
anti-tumor mechanism of V. herbacea extract, 
principally evidence about its effects on anti-
adhesion/invasion and apoptosis pathway. 

 

2. Objectives 

This study was conducted to assess various 
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aspects of in vitro anti-cancer effects of V. herbacea 
leaf extract. 

 

3. Methods 

3.1. Preparation of extract plant  
Vinca herbacea (V. herbacea) leaves were 

obtained from the Alborz Mountains of Iran and 
identified in the Pharmacology Department of Tehran 
University of Medical Sciences, Tehran, Iran 
[Herbarium #6601 (TEH)]. After cleaning and 
weighing the leaves, the maceration process was 
conducted with ethanol 70% at 25°C for 3 days. The 
ethanolic extract was filtered, concentrated by an 
evaporator machine, and then aliquoted into 25 ml 
and stored at -20°C for further steps. Final dimethyl 
sulfoxide (DMSO; Sigma-Aldrich, USA) concentrations 
(0.5% v/v) were provided from the stock solution 
and used in the study. 

 
3.2. Cell culture 

Human breast cancer cell line, SKBR3, and human 
embryonic kidney cell line, HEK 293, were purchased 
from the Pasteur Institute of Iran (Tehran, Iran) and 
cultivated in 25 cm2 of Dulbecco's Modified Eagle 
Medium culture (Gibco, USA) along with 100 U/ml 
penicillin-streptomycin and 10% fetal bovine serum 
(FBS; Gibco) and placed at 37°C and 5% CO2 
incubator for 72 h.  

 
3.3. MTT assessment 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) method was employed to 
assess the cytotoxic activity of V. herbacea against 
SKBR3 and HEK293 cells (17, 18). Concisely, a 
volume of 1 × 105 cells/ml was incubated with 10 to 
1,000 µg/ml of V. herbacea extract for 24 and 48 
h. The MTT solution (Sigma-Aldrich) was dispensed 
to V. herbacea-treated cells and incubated for 4 h. 
Subsequently, after removing the culture medium 
and replacing it with DMSO solution, the absorbance 
was measured at 570 nm.  

 
3.4. Apoptosis assessment 

Apoptotic cells were identified using Annexin V-
FITC/PI staining assay as described by Du et al., (19). 
Briefly, the cells (2×105 cells/well) were treated with 
an IC50 dose of V. herbacea extract for a period of 24 h 
and subsequently stained with annexin V-FITC solution 
(BD, USA) and PI (Sigma, USA). The analysis of the cells 
was performed by a FACScan flow cytometer (BD, USA) 
and FlowJo software version 9.0 (Tree Star, USA).  

 
3.5. Caspase level 

A colorimetric assay kit (Abcam, Cambridge, MA, 
USA) was applied for caspase-3 and -9 activity 
assessment. In brief, 2 × 105 cells/ml were incubated 
with an IC50 dose of V. herbacea extract for 24 h and 
then harvested and lysed using lysis buffer. The 

supernatants were subsequently separated and 
applied for the assessment of caspase-3 and caspase-
9 activity based on the company’s instructions.  
 
3.6. Adhesion assay 

The assessment of adhesion was performed as 
explained by Pereira et al., (20). In short, SKBR3 cells 
(2×104 cells/well) in 96-well plates were treated with 
an IC50 dose of V. herbacea extract for 24 h at 37ºC. 
Un-treated SKBR3 cells were considered negative 
controls. After the incubation time, the plates were 
washed twice with phosphate-buffered saline (PBS) 
to remove unattached cells. Thereafter, the attached 
cells were fixed with methanol and stained with 
toluidine blue 1% in sodium tetraborate 1% for 5 
min. In the next stage, the wells were washed with 
PBS and the dye was solubilized in SDS 1% at 37ºC 
for 20 min. The color density of the plates was read 
by an enzyme-linked immunosorbent assay plate 
reader at 540 nm. The un-treated SKBR3 cells were 
considered 100% adhesion activity, and the 
adhesion activity of treated SKBR3 cells was 
calculated as cell adhesion percent in comparison to 
negative controls. 

 
3.7. Invasion assessment 

Invasion evaluation was conducted as explained 
in a related study (20). In short, the upper and lower 
transwell chambers (8-mm pore size, Corning Costar 
Co., MA, USA) were filled with Roswell Park Memorial 
Institute (RPMI)-1640 diluted Matrigel (Corning) and 
RPMI-1640 (Gibco) containing 10% FBS, respectively. 
Cells (2×104) were treated with V. herbacea extract, 
dispensed to the upper chambers, and incubated for 5 

h. After the clearance of normal cells, cells 
underneath the membrane filter were fixed in 
paraformaldehyde and stained with toluidine blue 
solution. The suspension was solubilized in 1% SDS, 
and the absorbance was measured at 600 nm. 

 
3.8. Gene expression assay  

The messenger ribonucleic acid (mRNA) 
expression of angiogenesis (vascular endothelial 
growth factor A [VEGF-A], vascular endothelial 
growth factor receptor 1 [VEGFR-1], and vascular 
endothelial growth factor receptor 2 [VEGFR-2]), 
metastasis (matrix metalloproteinase-2 [MMP2] and 
matrix metallopeptidase-9 [MMP9]), and regulatory 
genes of apoptosis (B-cell lymphoma 2 [Bcl-2] and 
Bcl-2 associated X protein [BAX]) were measured by a 
Rotor-Gene 6000 thermocycler (Corbett Research, 
Australia). Briefly, the number of 5 × 105 cells in a 5 
ml complete medium were incubated with an IC50 
dose of V. herbacea extract for 24 h (21). Ribonucleic 
acids were extracted from the lysed cells, and 
complementary DNA was synthesized using specific 
kits (Qiagen, USA) and plied for the real-time 
polymerase chain reaction (RT-PCR) along with the 
specific primers (Table 1). 

  



 Dehghanipour S et al. 

 

Iran Red Crescent Med J. 2022; 24(8):e1922.                                                                                                                                                                                                   3 
 

 

Table 1. List of primers 

Primers Genes 

For:5'-TGTGTGGAGAGCGTCAACC-3' 
Rev:5'-TGGATCCAGGTGTGCAGGT-3' 

Bcl-2 

For:5'-GATGCGTCCACCAAGAAGC-3' 
Rev:5'-AAGTCCAATGTCCAGCCCAT-3' 

BAX 

For:5'-AGCCTACCTCACCGTGCAAG-3' 
Rev:5'-AAAAGAGGGTCGCAGCCAC-3' 

VEGFR1 

For:5'-GATGCAGGAAACTACACGGTCAT-3' 
Rev:5'-GGTCCCATACTGGTAGGAATCCA-3' 

VEGFR2 

For: 5'- TAACGATGAAGCCCTGGAGTG-3' 
Rev:5'- AGGTTTGATCCGCATGATCTGT-3' 

VEGF-A 

For: 5'-CTGACCCCCAGTCCTATCTGCC-3' 
Rev:5'-TGTTGGGAACGCCTGACTTCAG-3' 

MMP2 

For: 5'-CTTTGACAGCGACAAGAAGTGG-3' 
Rev:5'-GGCACTGAGGAATGATCTAAGC-3' 

MMP9 

For: 5ʹ-CCCATCACCATCTTCCAGGAGC-3ʹ 
Rev: 5ʹ-CCAGTGAGCTTCCCGTTCAGC-3ʹ 

GAPDH 

 
3.9. Statistical analysis 

Variance one-way analysis and Dunnett's post-hoc 
tests were properly selected for statistical analysis 
using Graph Pad Prism 6 (version 6.00, Inc., USA). All 
values were presented as the mean ± standard error 
of the mean, and the P-values of < 0.05 were 
considered significant.  

 

4. Results 

4.1. Cytotoxic effects of V. herbacea extract  
The cytotoxic activity of V. herbacea extract on 

SKBR3 and HEK 293 cells was determined by the MTT 
method. As demonstrated in Figure 1, V. herbacea 

extract at concentrations of 300 µg/ml and above 

significantly decreased SKBR3 cell viability, compared 
to the HEK 293 cell line (P<0.05). The IC50 value of V. 
herbacea extract on SKBR3 was 253.9 µg/ml, which 
was significantly lower than that on HEK 293 cell line 
(908.3 µg/ml; P<0.01). No significant difference was 
found between the 24- and 48-hour treated cells. 

 
4.2. Apoptotic properties of V. herbacea extract 

To assess whether the cytotoxic effect of V. 
herbacea extract on SKOV3 was due to apoptosis, 
annexin V/PI staining was carried out (Figure 2A-B).  
 

 

Figure 1. Cytotoxic effects of V. herbacea extract on SKBR3 and 
HEK 293 cell lines after 24 h of exposure  

The number of 1 × 105 cells/well were incubated with 10 to 
1,000 µg/ml of V. herbacea extract. The MTT solution (Sigma-
Aldrich) was used to show cell viability. At the concentrations 
of 300 μg/ml, a significant correlation was observed regarding 
the cell viability (*P<0.05). 

 

 

Figure 2. Apoptosis-inducing effects of V. herbacea against SKBR3 cell  

(A) The flowcytometry chart shows the cells in the upper right which reveals early apoptosis. (B) Both early and late apoptotic 
cells are significantly higher in V. herbacea than in controls. A student t-test was applied to compare the mean values of relative 
expression patterns between the two groups. *P < 0.05, ** P < 0.001. 
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Figure 3. Vinca herbacea extract effects on caspase-3 and-9 
activation in SKBR3 cells  

Student t-test was employed to compare the mean values of 
relative fold increase between the two groups. *P < 0.05. 

 
The percentage of viable cells in V. herbacea extract-
treated cells significantly declined in comparison 
with untreated cells (P<0.05). Vinca herbacea extract 
treatment caused a significant rose in the percentage 
of early apoptotic cells from 3.1% to 6.1% (P<0.05) 
(Figure 2A-B). In addition, V. herbacea extracts 
significantly enhanced the percentage of late 
apoptotic cells versus early apoptotic ones (P<0.01) 
(Figure 2A-B). The percentages of early and late 
apoptotic cells remained unchanged in the control 
groups (P>0.05).  

Moreover, the caspase-3 and -9 activities were 
measured to assess the cell apoptosis pathway 
mediated by V. herbacea extract. Vinca herbacea 
extracts significantly increased the caspase-3 and -9 
activities 1.3- and 1.6-fold, respectively, compared to 
that in the untreated cells (P<0.05) (Figure 3). In 
addition, in V. herbacea -treated cells, the activity of 
caspase-9 was significantly increased, compared to 
caspase-3 (P<0.05) (Figure 3). 
 
4.3. Effects of V. herbacea extract on tumor cell 
adhesion, invasion, metastasis, and angiogenesis  

As illustrated in Figure 4, the adhesion ability of  
V. herbacea extract-treated SKBR3 cells was 
significantly decreased, in comparison to normal 
cells (P>0.05). To measure the anti-invasion effects 
of V. herbacea extract on SKOV3 cells, the Matrigel 
Invasion assessment was conducted (Figure 5). Our 
results demonstrated that the invasion of V. 
herbacea extract-treated SKBR3 cells to the 
Matrigel-coated substrate was significantly reduced 
by 36%, in comparison to normal cells (P<0.05).  

 
4.4. Expression of the apoptotic-related genes 

The mRNA expressions of Bcl-2, BAX, and  
 

 

Figure 4. Anti-adhesive effect of V. herbacea extract on SKBR3 
cell adhesion 

Anti-adhesive effect of V. herbacea extract was higher on SKBR3 
cell adhesion than on the control. A student t-test was applied to 
compare the percentage of cell adhesion between the two 
groups. *P <0.05. 

 
apoptosis-associated genes were further assessed 
using RT-PCR. As demonstrated in Figure 6A, the 
expression level of anti-apoptotic Bcl-2 was 
significantly reduced 1.2-fold in V. herbacea 
extract-treated cells versus normal cells (P<0.05). 
SKBR3 cell line treated with V. herbacea extract 
increased the mRNA expression of the Bcl-2 gene, 
in comparison to the untreated cells (P<0.05). 
Furthermore, as can be seen in Figure 6B, the 
expressions of MMP2 and MMP9 in V. herbacea 
extract-treated SKBR3 cells were significantly 
decreased 0.6- and 0.7-fold, respectively, compared to 
the normal cells (P<0.05). Additionally, RT-PCR 
analysis revealed that in V. herbacea extract-treated 
cells, mRNA expression of VEGF-A, VEGFR-1, and 
VEGFR-2 (Figure 6C) was significantly decreased 0.7-, 
0.5-, and 0.4-fold, respectively (P<0.05). 
 

 

Figure 5. Anti-invasion effect of V. herbacea extract was higher 
on SKBR3 cell adhesion than on the control. A student t-test 
was applied to compare the percentage of cell adhesion 
between the two groups. (P < 0.05). 
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Figure 6. Comparison of mRNA expression as fold change of apoptosis-associated genes in SKBR3 cells  
The gene expression was detected by RT-PCR. (A) There was a significant difference in the mRNA levels of BAX and Bcl-2 genes in the 
treated cells versus controls. (B) Moreover, MMP2 and MMP9 gene expressions and (C) VEGFR-1, VEGFR-2, and VEGFR-A showed a 
significant difference between the two groups. A student t-test was applied to compare the mean values of relative expression patterns 
between the two groups. *P < 0.05. 

 
5. Discussion 

The prevention and suppression of tumor 
metastasis and invasion are hopeful approaches to 
declining mortality in patients with advanced cancer. 
Medicinal plant compounds are the main sources of 
potential chemotherapeutic and antitumor agents. In 
the current study, SKBR3 was used for assessing the 
antiproliferative, antiangiogenic, and apoptotic 
properties of V. herbacea.  

The MTT results showed that V. herbacea extract 
prevents cancer cell proliferation, and consequently, 
stimulates tumor cell death. In addition, V. herbacea 
extract showed moderate cytotoxic effects on normal 
cells, which is a proper characteristic for a 
chemotherapeutic drug. Subsequent experiments 
were performed at IC50 dose. Flow cytometry results 
revealed that V. herbacea extracts mediated outward 
translocation of phosphatidyl as a hallmark of 
apoptosis (22). In contrast to necrosis, immune cells, 
such as macrophages, remove the dead cells and 
inhibit adverse inflammatory responses in apoptosis, 
which causes damage to host cells and tissues (23). 
Moreover, cancer cells have several resistance 
mechanisms to apoptosis to maintain uncontrolled 
proliferation; therefore, the apoptotic effects of V. 
herbacea extract can be of interest as an anti-cancer 
agent (24).  

Apoptosis occurs via extrinsic and intrinsic 
pathways, as discovered by the involvement of 
caspase-9 or caspase-8, respectively (25). Caspase-3 
is involved in both pathways to eliminate apoptotic 

cells, while caspase-9, as the main trigger of the 
apoptotic cascade contributes to the intrinsic 
pathway (25). The results of a study by Gulcin et al. 
demonstrated the anti-cancer effects of V. herbacea 
extract; however, the apoptosis-inducing potential 
of V. herbacea extract was not clarified (26). The 
results of our study showed that V. herbacea extract 
induced caspase-3 and caspase-9 activities, which 
indicated the involvement of intrinsic caspase 
pathways. Moreover, overexpression of BAX and 
down-regulation of Bcl-2 in V. herbacea extract-
treated SKBR3 cells indicate that the intrinsic 
pathway is involved in apoptosis (27). Our results 
introduced V. herbacea extract as an effective 
compound in decreasing the survival of breast 
cancer cells via activating the intrinsic pathway of 
apoptosis. 

Cell adhesion, proteolytic degradation, migration, 
and angiogenesis have been widely documented as 
indications of invasion and metastasis (28). 
Presently, the use of multiple anticancer agents, 
which inhibit several pathways of tumor cell invasion 
and metastasis, has become an interesting area of 
research (29). The results of our study demonstrated 
that V. herbacea extract effectively inhibited the 
adhesion and invasion of the SKBR3 cell, mainly by 
reducing the invaded cells to the Matrigel-coated 
substrate. The expression level of angiogenesis-
related genes (i.e., VEGF-A, VEGFR-1, and VEGFR-2) 
was measured in V. herbacea extract-treated SKBR3 
cells by RT-PCR. The results showed that the mRNA 
expressions of VEGF-A, VEGFR-1, and VEGFR-2 genes 
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in V. herbacea extract-treated cells were significantly 
decreased 0.7-, 0.5-, and 0.4-fold, respectively, 
compared to the untreated cells. It has been shown 
that MMP inhibitors have important roles in 
interfering with tumorigenesis, migration, invasion, 
metastasis, and inhibition (30). Inhibition of 
angiogenesis is a critical step for cancer prevention 
and treatment since it inhibits tumor cell migration 
(31). RT-PCR results showed that V. herbacea extract 
reduces the expression of VEGF-A, VEGFR-1, and 
VEGFR-2, which can prevent tumor angiogenesis. 
(32). The binding of VEGF-A to VEGFR-1 and VEGFR-2 
induces multiple signaling pathways causing cancer 
cell proliferation, migration, and survival (33). RT-
PCR results showed that V. herbacea extract reduces 
the expression of VEGF-A, VEGFR-1, and VEGFR-2, 
which can prevent tumor angiogenesis. The results of 
the present study supported the idea that V. herbacea 
extract can inhibit invasion, angiogenesis, and 
metastasis of SKBR3 cells. 

 

6. Conclusion 

The robust cytostatic effect of V. herbacea extract 
is mediated by inhibiting the process of cellular 
apoptosis, adhesion/invasion, and angiogenesis. Our 
results suggested that V. herbacea extract could be 
used for the eventual development of an effective 
anti-cancer therapeutic agent aimed at reducing the 
human morbidity and mortality associated with 
breast cancer. 
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