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Research Paper:
Wogonin Stimulation of Cell Death and Reducing 
Survivin in MDM-MB231 Breast Tumors

Background: Wogonin as a flavonoid compound is known for its anticancer effect through growth 
control, differentiation, and apoptosis. This study investigates the possible activity of wogonin in 
inducing cell death of breast tumors MDA-MB231.

Materials and Methods: The level of cell proliferation was evaluated by MTT assay. Cycle analysis 
and the apoptotic rate were assessed by flow cytometry. mRNA level of Bax, Bcl-2, p53, and survivin 
was evaluated by real-time PCR. Western blot was utilized to assert the relative protein expression.

Results: Wogonin inhibits the proliferation of MDA-MB231 over time, and in particular, wogonin 
can induce the arrest of phase G1 of MDA-MB231 cells. The apoptosis of wogonin was related 
to a remarkable decrease in Bcl-2 and survivin and an increment in p53 and Bax. Wogonin also 
significantly elevated the active apoptotic forms of caspase-3, -8, -9. Z-DEVD-FMK, a specific 
inhibitor of caspase-3, remarkably inhibits cellular apoptosis caused by wogonin. Wogonin suppresses 
PI3K/Akt phosphorylation and ERK-derived phosphorylation. PD98059, a specific ERK inhibitor, 
significantly blocked the apoptosis caused by wogonin. Also, LY294002, a specific suppressor of 
PI3K, remarkably elevates the cellular apoptosis caused by wogonin. Various studies demonstrated 
that LY294002 not only modulates the expression of the survivin gene alone but also enhances the 
suppression of the expression of survivin with wogonin.

Conclusion: The apoptotic role of wogonin is observed by the triggering caspases and ERK and is 
associated with the suppressive pathways of the PI3K/Akt/survivin signal in the MDA-MB231 cells.
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1. Introduction

arious research studies have been proved 
that mammary tumor cells can be con-
sidered the most prevalent cancer among 
women all over the world. In the United 
States, nearly 10% of people experience 

breast cancer during their lifespan, making it the second 
leading cause of cancer death in women [1]. Depend-
ing on the status of cancer, standard therapeutic options 
such as surgery, hormone therapy, etc. However, over 
40000 deaths from this cancer were determined [2]. 
Therefore, the search for suitable antitumor elements 
is even more essential for this cancer. Wogonin, with 
its natural flavonoid, is utilized as a reasonable factor 
for anticancer and chemotherapy purposes [3]. Various 
research studies have indicated that wogonin can sup-
press multiplication and stimulate cell death in multiple 
tumors [4, 5]. Many mechanisms of its apoptotic effects 
are mainly assumed [6]. The suppression of cell cycle 
transfer from phase G1 to G2 and blockade of cancer 
metastasis is due to the suppression of phosphoryla-
tion, receptor of Vascular Endothelial Growth Factor 
(VEGF), and glycoprotein [7-10]. The exact pattern of 
the cancer is not yet clarified. Apoptosis is a growing 
phenomenon and a process such as the removal of un-
necessary structures, damaged and harmful cells. This 
stage in the growth stage of blastocyst occurs during 
the formation of extraembryonic tissue and continues 
throughout organogenesis [11]. Cell death has been 
suggested to cure cancer [12]. Thus, apoptosis stimula-
tion is an undeniable pathway that is contributed to the 
anticancer features of several anticancer agents.

The major molecular pathway involves mitochon-
dria and the pathway of death [13]. Mitochondria are 
the critical location of action for family clusters of the 
apoptotic regulatory protein shown using Bcl-2. Three 
classes belong to Bcl-2 proteins, one pro-apoptotic and 
the other anti-apoptotic compounds [14]. Caspases are 
present inside the cell in their inactive or zygomatic 
forms. After induction of apoptosis, these zymogenes 
can cleave to form active enzymes such as caspase-3. 
Survivin, a member of the Inhibitors of Apoptotic Pro-
tein (IAP), is adoptively expressed often in cancers 
and is associated with medical improvements. In vari-
ous tumors, the survival of survivin is associated with 
anti-apoptotic pathway and is associated with elevated 
malignancy [15].

Besides, the protein family of serine/threonine kinases 
has a crucial function in cell death. MAPK/ERK and 
PI3K/Akt are pivotal family members. Activation of the 

PI3K/Akt pathway decreases the growth of cancerous 
cells and apoptosis [16]. MAPK can link by adding the 
adjacent groups to near proteins, which act as “on” or 
“off” switches. ERK increases blood pressure in a direct 
manner [17]. The pathway of PI3K/Akt has an interest-
ing function in the suppression of cell death via neutral-
izing various apoptotic proteins, including BAD (BCL2 
Associated Agonist Of Cell Death) and caspase-9.

In comparison, the activation of several anti-apoptotic 
proteins occurs by this mechanism [18, 19]. It is now 
unknown what role these two pathways play in the 
apoptosis of MDM-MB231 cells caused by wogonin. 
In this study, we evaluated whether apoptosis caused 
by wogonin was associated with mRNA level of PI3K/
Akt caspase-3, p53, Bcl-2, Bax, survivin, and MAPK/
ERK in MDA-MB231 tumors. It is thought that apop-
tosis caused by wogonin could be associated with de-
creased survivin and Bcl-2 regulation and activation of 
caspase-3. It has been suggested that wogonin induces 
apoptosis by activating the PI3K/Akt/survivin and 
MAPK/ERK pathways.

2. Materials and Methods 

We purchased wogonin from Mabteck (Sweden), 
mixed with dimethyl sulfoxide (DMSO; Mabteck, 
Sweden). LY294002 and PD98059 were obtained 
from Pasteur Institute (Tehran, Iran). PD98059 and 
LY294002 and the polyclonal antibodies against phos-
pho-ERK1/2, phospho-Akt, and phospho-PI3K/p85 
were purchased from Mabteck, Sweden. Caspase-3 
antibody (in cleavage form) was provided from Santa 
Cruz (USA).

Cell culture 

An amount of 6.9×103 MDM-MB231 cells were 
seeded in a DMEM medium culture with 5% embry-
onic cow serum and kept in a humid atmosphere at 
37°C, two passes per week. The evaluation of cell pro-
liferation was performed by the 2,5-diphenyl tetrazo-
lium bromide (MTT) staining, as explained in a related 
study. The incubation of 7.5×103 cells was performed 
in the plates under different circumstances as repre-
sented. Next, six wells were adopted for 50 mg/well of 
MTT solution.

Cell cycle assay

When the cell confluency reached 80% (about 5×103 

cells), the serum was starved for 24 h. Then, wogonin 
was used to treat for 24 h. After collecting, the washing 
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step was performed with PBS twice and then centri-
fuged. Ethanol 70% (v/v) was used to fix the pellet at 
4°C for 60 min. Then, 0.1 mg/mL RNAs A was added 
to the cells in PBS at 37°C for 30 min. Finally, the cells 
were incubated in 50 μg/mL of Propidium Iodide (PI) 
solution for 30 min at 4°C. The previous assay was 
performed based on a related kit (Mabteck, Sweden). 
The analysis of cells was performed by flow cytometry 
(Mabteck, Sweden). 

Apoptosis assay

The rate of apoptosis was assessed through FACS by 
a related specific kit (Mabteck, Sweden). The treat-
ment of the cells was performed with wogonin alone, 
or in combination with the suppressors of PD98059, Z-
DEVF-FMK, and LY924003, at a certain amount for 
overnight. Then, the collection and washing of the cells 
were performed twice in PBS and soaked in it. The 
given solution (about 100 μL) was incubated with 20 
μg/mL propidium iodide and annexin V-FITC at 25°C 
for 30 min.

mRNA level assessment

The MDA-MB231 tumor was exposed to different 
circumstances of wogonin for 48 h. The RNA was 
isolated using an isolation RNA kit (Yektatajhiz, Iran) 
based on the manufacturer’s manual. Also, 2 μg RNA 
was applied to transcribe mRNA into cDNA with oli-
go-nucleotide 18 primers and M-MLV (Mabteck, Swe-
den). All specific sequences for PCR were brought: 

Bax: forward: 5′-AGTGTGGTGAGAGCGT-
CAACC-3′, Reverse: 5′-AACAGAGACTCCCAG-
GAGAAATC-3′ 

BCL-2: forward: 5′-TCAGGATGCGTCCAC-
CAAGAA-3′, Reverse: 5′-TCCCGGAGGAAGTC-
CAATGTC-3′ 

Survivin: forward: 5′-GCATCCGATCCG GGGGAC-
GGAC-3′, Reverse: 5′-AAGGAAAGCGCAACCG-
GACGA-3′

p53: forward: 5′-TCGATACCAGACCGG 
GGAGG-3′, Reverse: 5′-GCGCCGGTCTCTCCCAG-
GA-3′; 

GAPDH: forward: 5′-ATTCAACGGCACAGT-
CAAGG-3′, Reverse: 5′GCAGAAGGGGCGGAGA-
TGA-3′. 

These genes were amplified at 90°C for 10 min: 30 
cycles of 90°C for 28 s, 62°C for 28 s, 70°C for 40 s, 
and 72°C for 8 min.

Protein assessment

Initially, the lysis buffer was applied to disintegrate 
1×105 cells. After that, the cell pellet was removed. 
After centrifuging at 15000 g for 20 min, the isolation 
of proteins (equal amounts) was performed on a 10% 
SDS-PAGE (Mabteck, Sweden) and stopped with 0.1% 
BSA overnight at 25°C. The anti-rabbit detection anti-
body conjugated with Horseradish Peroxidase (HRP) 
(1:1000) was dispensed and kept at 37°C for 1 h before 
the washing step. The level of protein was measured by 
Thermo Fisher (USA). The relative mRNA was calcu-
lated from the ratio of the mean values of the internal 
gene.

Statistical analysis

All experiments were carried out, and the mean values 
of test results were used for analysis. One-way ANO-
VA compared the obtained values between experimen-
tal groups. Prism 6.0 software was applied for analysis. 
The findings were considered significant when the P 
value was less than 0.05. Also, data were normalized 
to glyceraldehyde-3-phosphate dehydrogenase level 
as the reference gene. The relative expression of the 
mRNA genes was measured with the ∆CT assay. 

3. Results

The suppression and pro-apoptotic activities of 
wogonin on MDM-MB231 cells

Earlier studies indicate that wogonin has a suppres-
sor role on various tumor cells. Herein, we appraised 
whether wogonin can suppress the proliferation of 
MDM-MB231 cells. Wogonin suppressed the MDM-
MB231 tumors in a time- and dose-dependent man-
ner. The mean±SD IC50 levels for 48 h, and 72 h were 
89.24±3.39 μM and 69.28±3.12 μM, respectively. To 
study if wogonin suppression of tumor growth was be-
cause of cell cycle cessation, we assessed the cell ra-
tio in various cell cycles (Figure 1). The cells in G0/
G1 were remarkably elevated, but cells in the S phase 
were reduced by incubation with wogonin. Also, the 
role of wogonin on cell death of MDM-MB231 tumors 
was evaluated by flow cytometry (Figure 2A and B). 
As well, Figure 2C and D demonstrate the elevation of 
apoptosis percentage. Wogonin stimulated a remark-
able increment in the late and early cell death at the 
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dose of 90 μM. The result showed 17.37% as apoptotic 
cell percentages. Figure 2D and E, demonstrate that as 
time passed, the level of apoptosis elevated remarkably. 

Apoptotic gene modulation 

The IAP and Bcl-2 protein families have an essential 
role in balancing anti-apoptotic processes and send death 
signals to assert cell fate [16]. To assess the activity of 
the Bcl-2 family in the intermediate apoptosis of wogo-
nin, we examined the mRNA level of the anti-apoptotic 
of Bcl-2, survivin, and pro-apoptosis p53 and Bax using 
Western blot and RT-PCR. As demonstrated in Figure 
3, the gene expression and the level of protein of Bax 
were elevated after 48 h in cells incubated with 85 μM 
wogonin, while the levels of Bcl-2 reduced remarkably. 
The increment of the Bax/Bcl-2 ratio compared to the 
control was observed at 90 μmol/L concentration of 
wogonin. The wogonin treatment also reduced the con-
centration of mRNA and residual protein. The results of 
p53 protein and gene expression levels were remarkably 
upregulated in treatment with wogonin.

Caspases assay

The crucial modulators of apoptosis belong to a cer-
tain group of compounds called caspases [21]. Our re-
search evaluated the wogonin role on caspases. Figure 
4A and B demonstrated that the wogonin treatment led 
to stimulation of activated shape of caspases-8, -9, and 
-3 at a certain concentration. To approve if wogonin-
stimulated apoptosis was caspase-3-dependent, we 
used Z-EDVE-FMK, a caspases-3 suppressor, to block 
caspases-3 function. Wogonin remarkably elevated the 
caspase-3 activity, and the analysis of flow cytometry 
showed that Z-EDVE-FMK alone could not affect cell 

apoptosis; however, it significantly suppressed wogo-
nin-stimulated apoptosis in MDM-MB231 tumors. 

PI3K/Akt and MAPK/ERK 

We evaluated the effect of wogonin on the MAPK/
ERK and PI3K/Akt pathways for approving the apop-
tosis mechanism. The findings of the western blotting 
assay demonstrated that the phosphorylation form of 
PI3K/Akt (p-PI3K/p-Akt) reduced after treating with 
wogonin for 24 h and more inhibited after 48 h treat-
ment. The protein level of PI3K was reduced, while 
Akt remained constant with the treatment of wogonin. 
The survivin expression was remarkably reduced after 
incubation for 48 h. The ERK activation showed via 
p-ERK (in the form of phosphorylation) was recorded 
after incubation with wogonin (Figure 5A and B). To 
determine if apoptosis caused by wogonin is related to 
the PI3K/Akt signaling pathway, we investigated the 
effect of LY294002, a PI3K suppressor, in apoptosis. 
The analysis of flow cytometry showed that the com-
bined incubation of LY294002 and wogonin enhances 
the suppressor function. PD98059, a specific ERK sup-
pressor, is weak for apoptosis caused by wogonin in 
MDA-MB231 cells (Figure 5C). The findings of west-
ern blotting results demonstrated that the cleaved cas-
pase-3 sharply elevated in the combined incubation of 
LY294002 and wogonin (Figure 5E). The earlier study 
demonstrated that wogonin could inhibit the protein 
level in survivin. To determine whether PI3K/Akt sig-
naling pathway is participated in modulating survivin, 
we assessed the effect of the signal suppressor on the 
mRNA level of survivin (Figure 5D). More research 
demonstrated that wogonin could inhibit the levels of 
survivin, p-Akt, and p-PI3K. Analysis of mRNA level 
indicated that LY294002 increased the inhibitory effect 
of wogonin on the survivin (Figure 5E).

Figure 1. Suppressor role of wogonin on the development of MDA-MB231 cells
7.5×103 cells were measured with multiple doses of wogonin for 24 h, 48 h, and 72 h. The suppression level was measured. The 
cytotoxicity level was evaluated by MTT assay. Regression analysis was used to calculate IC50 values.
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Figure 2. The wogonin effect on apoptosis and cell cycle in MDA-MB231 (5×103)
A: The statistical findings of cell cycle; B: Wogonin resulted in potential apoptosis in MDA-MB231 cells after incubation with 
multiple doses of wogonin for 24 h; C: The findings of FACS assessment; D: Wogonin stimulated cell death after incubation 
several times at 60 μmol/L; E: Apoptosis rate. The data were analyzed by Graphpad Prism. *P<0.05 vs the control group.

A

B

C

D
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4. Discussion

Ancient Chinese medicine has recently been studied 
as a novel mediator of anticancer agents [22]. Until 
now, researchers have tried to find compounds that can 
significantly induce cancer cell apoptosis. Maximizing 
efficiency by minimizing the adverse effects has be-
come a key aim in detecting apoptosis stimulators [23]. 
Various studies have shown that plant flavonoids have 
strong anticancer and anti-inflammatory features [24]. 
Wogonin is a good candidate because of its antitumor 
role and less cytotoxicity [20]. In the present project, 
we initially evaluated whether wogonin stimulated 
apoptosis in MDM-MB231 tumors. It was shown that 
wogonin could suppress cell proliferation. The finding 
of the flow cytometry assay showed that wogonin could 
stimulate cell apoptosis dose- and time-dependently.

While, in reaction to the treatment of wogonin, the cell 
cycle was suppressed in the G0/G1 phase. The findings 
show that inhibition of wogonin due to cell prolifera-
tion involves cell cycle inhibition. The main approach-
es include molecular and mitochondrial pathways and 
receptors which are associated with cell death. Bcl-2 is 
an apoptosis suppressor. The protein level of Bcl-2 sup-
presses the mitochondrial pathways. The alteration in 
Bax/Bcl-2 stimulates the molecular pathway of caspase 
[25, 26]. Elevated p53 enhances Bax directly, which 
affects the mitochondria integrity to stimulate cell 
death [27]. Apoptosis and cell division were inhibited 
by survivin as a multifunctional protein [28]. Survivin 
can suppress the triggering of activated caspase-7 and 
caspase-3, affecting a usual downstream of intrinsic 
and extrinsic apoptosis molecular pathways [29]. Our 
results showed that wogonin reduced survivin and Bcl-
2 in the mRNA level and elevated the expression of 
p53 and Bax. Caspases can be classified based on the 

N terminal: caspases with a long domain are the pri-
mary to be activated in response to apoptosis inducers 
[30]. In the present research, a remarkable increase in 
the mRNA level and function of caspases-3, -8, -9 were 
reported after exposure to wogonin. Caspase-3 can be 
deemed an essential member among the caspases.

The special suppressor of caspase-3 Z-EDVE-FMK 
could prevent the apoptosis caused by wogonin, indi-
cating that caspase-3 has a pivotal function in apoptosis 
caused by wogonin. As mentioned above, it shows that 
we are regulating Bcl-2 and supporting survivin, which 
can regulate caspase-3 and apoptosis from MDA-
MB231 cells. PI3K/Akt is an essential signaling path-
way in apoptosis, growth, and cell proliferation. Akt is 
the main downstream PI3K target [31]. The PI3K/Akt 
molecular pathway promotes the growth and progres-
sion of multiple tumors by elevating Akt’s activity. Ac-
tivated phosphorylation, which is needed to suppress 
tumors progression and apoptosis, is applied as a read-
ing to activate Akt [32]. The PI3K/Akt signaling path-
way suppresses apoptosis through disabling interesting 
clusters of the apoptosis cascade such as caspase-9, 
proponents of bad apoptosis [33], and survivin [34]. 
The activation of the ERK molecular pathway occurs 
in response to survival factors [35]. But, novel research 
has shown that stable activation of ERK also plays a 
role in apoptosis. Intense ERK stimulation has been ob-
served to suppress the cell cycle and mediate apoptosis 
through regulation of the expression of Fas ligand ex-
pression [36, 37]. We found that wogonin lowers PI3K/
Akt and survivin settings and activates ERK.

In comparison, the mRNA level of survivin has de-
clined remarkably after the maximum low p-Akt and 
P-PI3K settings. More findings indicated that the PI3K 
suppressor LY294002 increased the effects of wogonin 

Figure 3. Wogonin affecting the protein level and mRNA of pro- and anti-apoptosis proteins in MDA-MB231 tumors
A: The quantitative findings of mRNA level; B:The quantitative findings of protein levels; Analysis of data was performed by 
Rest software.
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on inhibition of survivin and increased the active form 
of cleaved caspase-3. Our results demonstrate that sur-
vivin inhibition is mediated by the inactivation of PI3K/
Akt in cells treated with wogonin-MDM-MB231. In 
addition, apoptosis caused by wogonin was weakened 
by PD98059 after inhibiting the MAPK/ERK pathway. 

5. Conclusion

In the present project, it has been concluded that 
wogonin apoptosis was caused by MDM-MB231 hu-
man breast cancer cells. Bax, p53 can regulate the 
apoptosis pathway and caspase-3 activation decreased 
BCL2 and survivin modulation. Furthermore, both 
pathways of MAPK/ERK and PI3K/Akt pivotal had 

Figure 4. The incubation with wogonin stimulated the activation of Caspases in MDA-MB231 tumors
A: The assessment of activated Caspases after incubation with wogonin, considerable variations between wogonin-incubated 
group and the control assessed by Dennett’s test and demonstrated by Asterisks; B: Caspases-3 specific suppressor Z-DEVD-
FMK suppressed the apoptosis stimulated via wogonin.
One-way ANOVA test was used to analyses data by flow cytometry.
The data are represented as Mean±SD. *P<0.05 vs the control group.
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A
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Figure 5. 1×106 MDA-MB231 cells assessed for western blotting assay, wogonin-stimulated apoptosis contributed to both 
pathways of MAPK/ERK and PI3K/Akt/survivin in MDA-MB231
A: The MDA-MB231 incubated with 80 Μm wogonin, while ERK, Akt, p-Akt, p-ERK, PI3K, p-PI3K, and survivin were ob-
served via western blotting analysis; B: The quantitative findings of associated proteins after incubation with wogonin; C: 
The role of kinase suppressors on wogonin-stimulated apoptosis in MDA-MB231 tumors, the apoptosis level reported via 
flow cytometry after expose to wogonin, LY294002, Wogonin+PD98059, Wogonin+LY294002, and PD98059, respectively for 
24 h; D: PI3K suppressor LY294002 decreased the mRNA level of survivin; E: PI3K suppressor LY294002 increased wogonin 
stimulation decrease of survivin and p-Akt mRNA level, and promoted wogonin-stimulated activation of Caspases-3. *P<0.05 
vs the control group.
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an essential activity on wogonin-stimulated apoptosis 
of MDM-MB231 cells. Suppression of the PI3K/Akt 
pathway through wogonin could be used for expressing 
the survivin rate of a downstream PI3K/Akt pathway 
target. Our findings indicated the molecular signaling 
pathway of the antitumor function of wogonin. 
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