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Introduction 

Gastric cancer is a serious global disease and has been 
reported to be the 5th most diagnosed human cancer in 
2018 (Thrift and El-Serag, 2020). The current mortality 
rate of gastric cancer is still around 75% which makes 
gastric cancer one of the major contributors to the 
global disease burden (Rawla and Barsouk, 2019).  

Despite the application of advanced diagnostic regimes 
and effective therapeutic modalities, gastric cancer 
remains generally undetected till advanced stages and 
the overall 5-year survival rates are still not so 
encouraging.  

During the past two decades, rigorous research explora-
tions have led to the identification of many natural 
compounds with substantial biological effects and anti-
cancer potential against several types of human cancer 
(Prakash et al., 2013). For instance, bufalin; a steroidal 
cardiotonic chemical molecule isolated from the 
Chinese toad venom prepared from white dried venom 

of Asiatic toad (Bufo gargarizans) has been reported to 
exert beneficial effects on the human body in terms of 
its pain-relieving activity, stimulation of blood pressure 
and myocardial contraction, anti-inflammatory and anti
-cancer potential (Wang et al., 2018, Lan et al., 2019).  

Bufalin has attained tremendous scientific attention 
during recent past years because of its anti-cancer 
effects against a wide range of cancer cell types like 
lung cancer, liver cancer, gastric cancer (Jiang et al., 
2010; Qiu et al., 2013; Wamg et al., 2018). Gastric cancer 
cells are induced for apoptosis when treated with 
bufalin through several cell signaling pathways like 
PI3K/AKT and endoplasmic stress pathways (Li et al., 
2019; Zhao et al., 2017). Bufalin was also shown to 
modulate mTOR and ERK-driven signaling cascades in 
gastric cancer cells (Qi et al., 2019).  

However, the effects of bufalin have not been investiga-
ted on the cell cycle distribution, epithelial to mesen-
chymal transition, migration, invasion and MEK/ERK 
signaling pathway of gastric cancer cells.          

Abstract 

This study was designed to evaluate the anti-cancer effects of bufalin against 
the human gastric cancer cells and unveil the underlying mechanism. The 
results showed that bufalin inhibited the proliferation and colony formation 
of the MGC-803 gastric cancer cells and exhibited an IC50 of 10 μM. These 
antiproliferative effects were found to be due to the induction of G2/M cell 
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cancer cells. The Western blot analysis revealed that bufalin exerted its effects 
via deactivation of EK/ERK signaling pathway. Taken together, these results 
suggest the potential of bufalin as the lead molecule for the development of 
chemotherapy for gastric cancer.   
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Materials and Methods 

Cell culture 

GES-1 human gastric epithelial cells and MGC-803 gas-
tric cancer cells were procured from the Pasture Insti-
tute of Cell Culture Collection (Iran). RPMI-1640 
medium (Gibco BRL Life Technologies) supplemented 
with 10% fetal bovine serum (FBS, Sigma-Aldrich) and 
1% penicillin/streptomycin (Gibco BRL Life Techno-
logies) was used for in vitro propagation of both GES-1 
and MGC-803 cells with 5% CO2/95% O2 environment 
in a CO2 incubator at 37ºC. 

CCK-8 viability assay 

The untreated GES-1 and MGC-803 cells and those 
treated with 2.5, 5, 10, 20, 40, 80 or 160 µM bufalin in a 
96-well plate at 37ºC for 24 hours were mixed with 
diluted CCK-8 solution (Cell counting kit-8, Sigma-
Aldrich). The 37ºC incubation was prolonged for 2 
hours again after which the absorbance of each sample 
was read at 450 nm using the microplate reader 
(Thermo Fisher Scientific, USA). 

Colony formation assay 

For the analysis of relative colony formation, 5000 MGC
-803 cancer cells were incubated without or with 5, 10  
or 20 µM bufalin in 10 cm petri dishes at 37ºC in a 
humidified atmosphere of 5% CO2 for 14 days. The 
colonies formed were fixed with 70% ethanol and then 
stained with 0.1% crystal violet (Sigma-Aldrich). Dissec-
ting microscope was used for manually counting the 
colonies. 

Cell cycle analysis 

MGC-803 cancer cells (2 x 105) were plated per well of a 
12-well plate and incubated without or with 5, 10 or 20 

µM bufalin for 24 hours at 37ºC. The cancer cells were 
harvested, PBS washed, fixed overnight with chilled 
70% ethanol at 4ºC, re-harvested and washed with PBS 
thrice. 0.5 mL of PBS containing 100 µg/mL RNase and 
50 µg/mL PI was used for re-suspending the cells 
followed by dark incubation for 1 hour at 37ºC. Finally, 
the flow cytometer was used for the analysis of the 
cancer cell cycle. 

Isolation of total RNA and semi-quantitative RT-PCR 
analysis 

Total RNA was extracted using Trizol reagent (Invitro-
gen, USA) according to the manufacturer’s protocol. 
The extracted RNA was subjected to treatment with 
RNase-free DNaseI (TaKaRa, China) to eliminate geno-
mic DNA contamination as per the manufacturer 
guidelines. The first strand of cDNA was synthesized 
from 2.0 μg of total RNA using the M-MLV First Strand 
Kit (Invitrogen) and the cDNA products equivalent to 
200 ng of total RNA were used as templates in a 25 μL 
PCR reaction system. Semi-quantitative RT-PCR analy-
ses for gene expression were performed on a PCR 
instrument (S1000™ Thermal Cycler, BIO-RAD, USA). 
PCR primers used in semi-quantitative RT-PCR were 
designed using Primer Premier 6.0 software to create 
PCR products actin gene was used as an internal 
control in semi-quantitative RT-PCR analysis 

Agarose gel electrophoresis 

Agarose gel electrophoresis was routinely carried out in 
1x TAE both in gel as well as running buffer. For 
determining the expression, 0.8% gel was used while 
for the PCR products. Ethidium bromide was added to 
a final concentration of 0.5 μg/mL in the gel and the gel 
was run at 100 V until the dye reached 2/3rd of the gel. 
The gel was visualized under UV light and the image 
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Box 1: Transwell Migration and Invasion Assays 

Principle 

The transwell cell migration assay measures the chemotactic 
capability of cells toward a chemo-attractant whereas cell 
invasion assay measures both cell chemotaxis and invasion of 
cells through extracellular matrix, a process that is commonly 
present in cancer metastasis.    

Requirements 

Crystal violet (0.1%); MGC-803 cell; Optical microscope 
(Olympus Optical, Japan); Phosphate buffer solution (10%); 
Transwell; RPMI-1640    

Procedure 

Cell migration analysis  

Step 1: MGC-803 cell suspension with cellular density of (100 
µL; 2 × 105 cells/mL) were transferred to the upper chamber of 
a Transwell insert. 

Step 2: Bufalin at concentrations (0, 5, 10 or 20 µM) were 
transferred to the upper chamber of a Transwell insert 

Step 3: The lower chamber was filled with RPMI-1640 contain-
ing 10% phosphate buffer solution.  

Step 4: The cells were incubated at 37ºC for 48 hours. 

Step 5: After incubation, the membranes were collected and  
swabbed on the upper surface. 

Step 6: The lower surface was stained with 0.1% crystal violet 
for 15 min at room temperature.  

Step 7: Migrated cells on the lower surface of the membranes 
were visualized and counted under an optical microscope.  

Cell invasion assay 

Step 1: Cell invasion was also determined by using same 
procedure except for the upper chamber was matrigel coated 
overnight prior to invasion assay.  

Reference 

Zheng et al., 2020 

Reference (video) 

Zheng et al., 2017 



 

was captured using alpha imager- EC (Bio-Rad). 

Western blotting 

For Western blotting, the protein lysates were prepared 
from the untreated MGC-803 along with those treated 
with 5, 10 or 20 µM bufalin for 24 hours at 37ºC using 
RIPA lysis and extraction buffer (Thermo Fisher Scien-
tific) which were subjected to SDS-PAGE and then 
transferred electrophoretically onto PVDF membranes. 
Primary and secondary antibody treatments were given 
to the PVDF membranes. Finally, the specific protein 
signals were detected using the ECL by ChemiScope 
3000 Exp system. β-actin was used as an internal refer-
ence. 

Immunofluorescence 

MGC-803 cancer cells treated without or with 5, 10 or 20 
µM bufalin for 24 hours at 37ºC were plated at a conflu-
ence of 50%-80% onto the sterilized glass coverslips. 
Paraformaldehyde (4%) was used for fixation of the 
coverslips for 15 min at room temperature while Triton 
x100 (0.1% solution in PBS) was used for cell permeali-
zation. The skimmed milk (5%; Cellconic, Korea) was 
used for blocking of coverslips for 1 hour at room tem-
perature which were then exposed to primary antibo-
dies for 1 hour. The coverslips were stained with DAPI 
and then mounted. The fluorescence was detected using 
Rhodamine or fluorescein isothiocyanate (FITC)-conju-
gated secondary antibodies. The cells were finally 
examined through confocal microscopy (Nikon, Japan). 

Statistical analysis 

The experimental data presented represent mean ± SD 
values determined by performing at least three repli-
cates for each experiment. Graphpad prism 7.0 software 
was used for statistical analysis. The statistical differ-
ence between the two treatment groups was analyzed 
by Student’s t-test and a p-value <0.05 was considered 
to indicate the statistically significant difference. 

 

Results 

Growth of gastric cancer cells 

Figure 1(A) presents the chemical structure of bufalin. 
Gastric cancer cells (MGC-803) were incubated for 24 
hours at 37ºC without or with (2.5, 5, 10, 20, 40, 80 or 
160 µM) bufalin in a 96-well plate and then the viability 
of cancer cells was estimated by CCK-8 proliferation 
assay. MGC-803 cancer cell viability was significantly 
lower under all treatment concentrations in comparison 
to that of the untreated cancer cells (Figure 1B). The 
decline in cancer cell growth followed treatment 
concentration dependence. The IC50 of bufalin against 
MGC-803 cancer cells was estimated to be 10 µM. On 
the other hand, when the same bufalin concentrations 
were employed against GES-1normal gastric epithelial 
cells, the cell growth was shown to be affected less 

prominently with an observed IC50 value of 84 µM 
(Figure 1C). The results indicated that selective growth 
inhibitory action of bufalin against the gastric cancer 
cells. MGC-803 untreated cancer cells and those treated 
with 5, 10 or 20 µM bufalin were analyzed for the 
colony formation through clonogenic assay (Figure 1D). 
There was a considerable decline in colony formation 
when the cancer cells were incubated with bufalin and 
also followed the dose-dependence. The relative 
number of colonies was shown to be reduced by 22, 50 
and 80% under 5, 10 and 20 µM bufalin respectively 
(Figure 1E). 

G2/M phase cell arrest in gastric cancer cells 

To find out the possible mechanism of growth 
inhibition of gastric cancer cells by bufalin, MGC-803 
cells were treated with 5, 10 or 20 µM bufalin for 24 
hours in 12-well plates. The cell cycle phase distribution 
of bufalin-treated cancer cells along with untreated 
MGC-803 cells was determined using a flow cytometer. 
The percentage of cancer cells was shown to be 
accumulating at G2 phase with increasing treatment 
concentration (Figure 2A). The percentage of the G2/M 
phase cells increased from 17.2% in control to 61.0% at 
20 μM bufalin. The Western blotting of cell cycle 
regulatory proteins indicated that the expression of 
cdc2, Cyclin B1 and cdc25c proteins was highly repre-
ssed by bufalin in a dose-dependence manner (Figure 
2B). The results are suggestive that bufalin induced G2/
M cell cycle arrest in gastric cancer cells. 

Gastric cancer cell migration, invasion and EMT 

Transwell assays were performed to understand the 
effect of bufalin on gastric cancer cell migration and 
invasion. Bufalin concentrations used were 5, 10 and 20 
µM. The migration and invasion of bufalin adminis-
tered MGC-803 cancer cells as well as the untreated 
cancer cells were analyzed after 48 hours of treatment. 
The cancer cells showed significantly lower migration 
and invasion when treated with bufalin and the higher 
treatment concentrations were shown to be more 
effective (Figure 3). The cell migration was decreased 
by 12, 41 and 71% while the invasion was reduced by 
42, 81 and 89% respectively under 5, 10 and 20 µM 
bufalin treatment. In addition, the immunostaining of E
-cadherin and vimentin marker proteins of EMT 
showed that bufalin treatment enhanced E-cadherin 
and repressed vimentin protein expression in MGC-803 
cancer cells in a dose-dependent manner (Figure 4A). 
The Western blotting results of E-cadherin and 
vimentin marker proteins were also in agreement with 
their immunostaining (Figure 4B). The results indicate 
that bufalin inhibits the gastric cancer cell migration, 
invasion and EMT further suggesting its possible anti-
metastatic potential against gastric cancer. 

MEK/ERK signaling pathway in gastric cancer cells 

To investigate the effect of bufalin in vitro treatment on 
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Figure 1: Bufalin exhibits selective antiproliferative activity against gastric cancer cells. (A) Chemical structure of bufalin; (B) CCK-
8 viability analysis of MGC-803 gastric cancer cells incubated with different doses (in µM) of bufalin at 37ºC for 24 hours; (C) CCK-
8 viability analysis of GES-1 gastric epithelial cells incubated with different doses (in µM) of bufalin at 37ºC for 24 hours (C) evalu-
ation of colony formation from MGC-803 cancer cells incubated without or with 5, 10 or 20 µM bufalin; (D) relative percentage of 
colonies formed  by MGC-803 cancer cells incubated without or with 5, 10 or 20 µM bufalin. The experiments were performed in 
three biological replicate and the results are shown as mean ± SD (*p<0.05)  

Figure 2: G2/M phase mitotic arrest is induced in bufalin treated gastric cancer cells. (A) Analysis of cell cycle phase distribution of 

MGC-803 cancer cells through flow cytometry incubated without or with 5, 10 or 20 µM bufalin at 37ºC for 24 hours; (B) relative 

expression analysis of cdc2, cyclin B1 and cdc25c cell cycle regulatory proteins form MGC-803 cancer cells through flow cytometry 

incubated without or with 5, 10 or 20 µM bufalin at 37ºC for 24 hours. Each experiment was performed with three replicates  

A B C 

C 

A B 
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MEK/ERK signaling pathway of gastric cancer cells, 
the Western blotting was used for analy-zing the 
expression levels of p-ERK (phosphorylated), ERK, p-
MEK (phosphorylated) and MEK signaling proteins 
from bufalin treated (5, 10 or 20 µM) and untreated 
MGC-803 cancer cells. The expression of both p-ERK 
and p-MEK proteins decreased with increased bufalin 
concentration while MEK protein expression increased 
(Figure 5). The expression of ERK remained by and 
large unaltered. The results suggest that bufalin induces 
blockage of MEK/ERK signaling pathway in gastric 
cancer cells.   

 

Discussion 

The studies have suggested that bufalin has sizeable 

anti-cancer effects against human cancer cells in terms 
of its pro-apoptotic potential (Takai et al., 2014). Bufalin 
has been shown to display antiproliferative effects 
against gastric cancer cells through apoptosis induction 
(Zhao et al., 2015). In the present study, the gastric 
cancer cell growth was selectively inhibited by bufalin 
while the effects on proliferation of normal stomach 
cells were comparatively less prominent. This signifies 
the therapeutic applicability of bufalin to aid in 
chemotherapy treatment against gastric cancer. The 
administration of gastric cancer cells with bufalin in 
vitro resulted in G2/M phase cell cycle arrest which was 
evident from flow cytometry and expression analysis of 
cell cycle regulatory proteins cdc2, cyclin B1 and 
cdc25c. The latter proteins act as positive regulators of 
mitotic entry of eukaryotic cells (Liu et al., 2020). 
Bufalin induced cell cycle arrest in gastric cancer cells 

A B 

Figure 3: Bufalin treated gastric cancer cells display significantly lower migration and invasion.  Analysis of migration and inva-

sion of MGC-803 cancer cells through transwell assays incubated without or with 5, 10 or 20 µM bufalin at 37ºC for 48 hours. The 

experiments were performed in three biological replicate and the results are shown as mean ± SD (*P < 0.05) 

Figure 4: Bufalin inhibits the epithelial-to-mesenchymal transition of gastric cancer cells, in vitro. (A) Immunostaining of E-
cadherin and vimentin marker proteins from MGC-803 cancer cells incubated without or with 5, 10 or 20 µM bufalin at 37oC for 24 
hours; (B) western blotting of E-cadherin and vimentin marker proteins from MGC-803 cancer cells incubated without or with 
5µM, 10 µM or 20 µM bufalin at 37oC for 24 hours. Each experiment was performed with three replicates  
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by down-regulating the expression of cdc2, Cyclin B1 
and cdc25c proteins. Pancreatic cancer cells were also 
shown to be induced for G2/M cell cycle arrest by 
bufalin (Li et al., 2014).  

The results of the current study also suggested anti-
metastatic potential of bufalin against gastric cancer 
cells. In agreement with its previous established 
activity, bufalin restrained the migration and invasion 
of gastric cancer cells in vitro (Wang et al., 2018). Cancer 
cell migration and invasion are key features of 
metastasis and are largely triggered through epithelial-
to-mesenchymal transition (EMT) in cancer cells (Hua 
et al., 2020). EMT enhances the malignant behavior and 
aggressiveness of human cancer cells by enabling the 
cancer cells to invade the secondary sites through the 
process of metastasis (Ribatti et al., 2020). E-cadherin is 
an epithelial marker while vimentin is a mesenchymal 
molecular marker (Kallergi et al., 2011). The enhance-
ment in E-cadherin and repression of vimentin protein 
in gastric cancer cells by bufalin indicated that bufalin 
restricts EMT of gastric cancer cells. Recently, it was 
shown that bufalin inhibited gastric cancer cell metas-
tasis and EMT by modulating Wnt/ASCL2 expre-ssion 
(Wang et al., 2018). Bufalin was shown to block MEK/
ERK signaling pathway in gastric cancer cells in the 
present study to exert its anti-cancer effects. The MEK/
ERK pathway has a dominant regulatory role in 
controlling the cell cycle, differentiation and apoptosis 
(McCubrey et al., 2013). The signaling pathway is 
generally highly expressed in cancer cells and is 
considered a key therapeutic target in human cancer 
(Montagut and Settleman, 2009; Marampon et al., 2019).          

 

Conclusion 

Bufalin induces G2/M phase cell cycle arrest and 
selectively inhibits the growth of gastric cancer cells. 

Moreover, the migration, invasion and EMT of gastric 
cancer cells are significantly reduced by bufalin in vitro. 
The anti-cancer effects are exerted through MEK/ERK 
signaling pathway.    
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