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Abstract: Objective: To explore the efficacy of the acrid-release and bitter-downbearing therapy and Banxia Xiexin 
Decoction (BXD) in treating gastric cancer (GC). Methods: BXD was decocted, and serum containing medicine was 
prepared from rats. The SNU-16 cells were cultured with different concentrations of BXD serum (25, 50, 100 μL/
mL). Then, those were treated with BXD and Wnt/β-catenin pathway activator (LiCl) and divided into three groups: 
Control group, BXD group and BXD+LiCl group. Activation of the Wnt/β-catenin pathway was detected by immuno-
fluorescence staining, qRT-PCR, and western blot. Cell activity, clone formation, invasion, metastasis and apoptosis 
in each group were examined by MTT, clone formation test, Transwell and flow cytometry. The oxidative stress 
measures in cells of each group were tested by an oxidative stress kit. Results: With increasing BXD concentration, 
the clonogenic ability of cells was inhibited. BXD can inhibit cell activity, clone formation, invasion and metastasis, 
promote oxidative stress, and induce apoptosis. It can also inhibit the activation of Wnt/β-catenin signaling pathway. 
A Wnt/β-catenin signaling pathway activator could partially inhibit the action of BXD. Conclusion: BXD participates 
in GC treatment by inhibiting Wnt/β-catenin signaling pathway, thus inhibiting GC cell activity and clone formation, 
promoting oxidative stress, and inducing apoptosis.

Keywords: BXD, gastric cancer, Wnt/β-catenin, apoptosis, oxidative stress, activity, invasion and metastasis

Introduction

Gastric cancer (GC) ranks first among malig-
nancies in China, and it occurs in middle-aged 
people over 50 years old. However, due to the 
changes of work pressure and lifestyle, the 
affected population has become younger in 
recent years [1]. Most GC has no obvious symp-
toms at an early stage and is easily confused 
with gastritis, so the early diagnosis rate is low 
[2]. GC can be treated by surgery, chemothera-
py, or targeted therapy. It has been found that 
many natural compounds can effectively treat 
GC [3]. Research has shown that pine nut 
extract can inhibit the proliferation of GC and 
prostate cancer cells [4]. Acrid-release and bit-
ter-downbearing therapy are used to treat 
stomach ache caused by mixed cold and heat. 
Banxia Xiexin decoction (BXD) is the agent of 

this therapy, and is often used in the treatment 
of gastrointestinal diseases [5]. Many studies 
have shown that BXD has a good effect in the 
treatment of gastrointestinal diseases [6, 7]. 
Some studies have found that BXD also plays a 
role in cancer treatment. Wang et al. found that 
BXD alone had a good effect on advanced liver 
cancer, and there is no adverse reaction in the 
treatment [8]. However, its role in GC is still 
vague.

Wnt/β-catenin is a common signaling pathway, 
that is involved in the development of many dis-
eases. Research has shown that oncolytic ade-
novirus can inhibit the migration and invasion 
of colorectal cancer cells and the differentia-
tion of tumor stem cells by inhibiting the Wnt/β-
catenin/epithelial-mesenchymal transition sig-
naling pathway [9]. Wnt/β-catenin signaling 
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pathway is usually activated in prostate cancer, 
and is related to cancer cell metastasis and 
drug resistance [10]. Up-regulating miR-6838-
5p can inhibit the malignant behavior of GC 
cells by targeting GPRIN3 to inhibit the Wnt/β-
catenin signaling pathway [11]. The GGT gene 
of Helicobactor pylori promotes GC by up-regu-
lating TET1 and activating the Wnt/β-catenin 
signaling pathway [12]. Key components of 
BXD, such as jatrorrhizine and rutin, have been 
proven to play an anticancer part by inhibiting 
Wnt pathway activation [13, 14].

The purpose of this research is to probe the 
mechanism of BXD regulation of GC cell prolif-
eration and apoptosis through the Wnt/β-ca- 
tenin signaling pathway, and find a new treat-
ment for GC.

Methods and materials

BXD decoction

BXD was prepared according to the prescrip-
tion dosage of decoction given in Treatise on 
Febrile Diseases, and the dosage was convert-
ed in light of Science of Prescription. The 
required medicines are as follows: Pinellia ter-
nata 12 g, Scutellaria baicalensis, ginseng, 
dried ginger, licorice, four Chinese-dates each 
9 g, and Coptis chinensis 3 g. First of all, 8 
times volume of water was added, decocted for 
1.5 h, and filtered. Next, 6 times volume of 
water was added, decocted for 1 h, and filtered. 
Next, the decoctions were collected. Finally, 
they were processed into lyophilized powder 
and dissolved.

Preparation of medicated serum

The drug-containing serum was prepared from 
25 Wistar rats, weighing 223.15±12.24 g,  
with an average age of 6 weeks. Rats were fed 
adaptively for 1 day, and then medicine was 
injected. Those in the BXD group were given  
10 mL/kg BXD twice a day for 3 consecutive 
days, while the control group was given the 
same dose of normal saline. Afterwards, they 
were fasted 12 h before the last administra-
tion. On the 4th day, blood was taken from the 
aorta 1 h later. The operation is as follows:  
Rats were anesthetized with 40 mg/kg 3%  
pentobarbital. They were supine on the plate, 
limbs were fixed, and the abdomen was disin-
fected. The abdominal skin was cut, and the 
internal organs were separated. The back was 

exposed, and a film was separated. The abdom-
inal aorta was exposed, and the blood collec-
tion needle was used to collect blood from the 
abdominal aorta. Blood was allowed to stand 
for 4 h, centrifuged at 3,500 rpm for 30 min, 
and serum was collected, filtered, sterilized, 
and stored at -80°C [15]. This animal experi-
ment was approved by the Ethics Committee. It 
follows the principles of the guidelines for the 
care and use of experimental animals.

Cell culture and grouping

Human GC cell line SNU-16 was from the cell 
bank of Beijing Academy of Sciences (China). 
The cells were placed in a RPMI1640 medium 
containing 10% fetal bovine serum (PM1501- 
10B, Procell, Wuhan, China), and placed in an 
incubator containing 5% CO2 at 37°C. The 
medium was changed every 3 days. When the 
cells were growing logarithmically, they were 
taken out for the next experiment.

The experimental groups were divided into 
Control group (SNU-16 cells were cultured with-
out any treatment), BXD group (SNU-16 cells 
were cultured with 25 μL BXD medicated 
serum), and BXD+LiCl group (SNU-16 cells were 
cultured with 25 μL BXD medicated serum and 
25 μL LiCl).

Detection of β-catenin nuclear translocation by 
immunofluorescence staining

The expression of β-catenin was tested by 
immunofluorescence staining. The cells were 
inoculated in a 24-well culture plate, cultivated 
in an incubator for 24 h, taken out and wash- 
ed with PBS. After that, they were permeabi-
lized with 0.2% TritionX-100 (Solarbio, Beijing, 
China), sealed with 5% sheep serum (Yi Lai Sa 
Biology, China) for 30 min, then added drop-
wise with primary antibody β-catenin (8480S, 
Cell Signaling Technology, 1:100), and finally 
cultivated at 4°C all night. The cells were 
washed with PBS, incubated with second anti-
body IgG (ab172730, Abcam, 1:2,000) for 90 
min, stained with DAPI (Solarbio, Beijing, China) 
and cleaned with distilled water. Subsequently, 
the stained cells were observed by fluores-
cence microscopy (IX71, Olympus, Japan).

Clone formation assay

The cells were inoculated on a 6-well plate, and 
the control and experimental wells of the plate 
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were set, and 500 cells were inoculated in each 
hole. Subsequently, 0, 25, 50 and 100 μL/mL 
BXD were added to the experimental wells, and 
then the cells were cultured in an incubator for 
14 days. The incubator was set at 37°C and 
contained 5% CO2. After that, the cells were 
fixed with 4% paraformaldehyde and stained 
with 0.5% crystal violet (G1065, Solarbio, 
Beijing, China). The number of cell clones was 
observed using an inverted microscope (GX53, 
OLYMPUS, China).

MTT

The 96-well plates were planted with 5×103 
cells per well, and the control wells were set. 
The experimental wells were divided into three 
groups; each group was set with 5 replicate 
wells. The BXD group and BXD+LiCl group  
were added with 25 μL BXD, 25 μL BXD+25 μL 
LiCl (40 mmol/L) into the wells respectively. 
Then, they were incubated in an incubator con-
taining 5% CO2 at 37°C for 2 h. Altogether  
10 μL MTT solution (M1020, Solarbio, Beijing, 
China) was added to each well and incubated 
for 4 h, then the supernatant was discarded, 
and finally 110 μL Formazan solution was 
added to each well and shaken well. The 
absorption value (OD value) was measured with 
the help of a multifunctional microplate reader, 
the emission wavelength was 490 nm, and the 
cell survival rate was calculated.

Flow cytometry

Cell apoptosis was detected by the AnnexinV 
Alexa Fluor448/PI apoptosis detection kit 
(CA1040, Solarbio, Beijing, China). After being 
cultured with the above drugs for 24 h, the  
cells were digested with 0.25% trypsin to pre-
pare a single cell suspension. Then, they were 
washed with PBS and centrifuged. Afterwards, 
the supernatant was discarded, and the cells 
were resuspended with PBS. Next, 200 μL 
binding buffer was added, and the cells were 
put in a dark room. Subsequently, 5 µL An- 
nexin V/Alexa Fluor 488 and 10 µL 20 µg/mL 
propidium iodide solution were added, mixed 
well and incubated for 5 min. Apoptosis was 
tested and the apoptosis rate was analyzed by 
flow cytometry (CytoFLEX, Beckman, USA).

Transwell

Cell invasion and metastasis was tested by the 
Transwell method. At first, the cells were treat-

ed with drugs according to the same method  
as above, and then they were inoculated into 
the upper chamber. RPMI1640 medium con-
taining 10% fetal bovine serum (PM150110B, 
Procell, Wuhan, China) was put into the lower 
chamber, placed in the incubator for 24 h, 
taken out, fixed with paraformaldehyde, and 
stained with crystal violet. The cell metastasis 
was observed under an inverted microscope. 
The upper chamber was coated with Matrigel 
(356234, Shanghai Qcbio Science&Techno- 
logies Co., Ltd., China) before the cell invasion 
test, and other steps were the same as for 
detection of metastasis.

qRT-PCR

The mRNA expression of β-catenin was detect-
ed by qRT-PCR after the cells were cultured 
with the above drugs. Total RNA was extracted 
from cells by TRlzol reagent (155960216, 
Thermo Fisher, USA), and then synthesized into 
cDNA by high capacity cDNA reverse transcrip-
tion kit (4374967, Thermo Fisher, USA), and 
7500 Fast System (A30299, Thermo Fisher, 
USA) and PowerUpSYBR Green Master mix 
(A25741, Thermo Fisher, USA) to complete  
RNA detection. It was calculated by using  
2-ΔΔCT, and GAPDH was used as an internal ref-
erence. Primers were synthesized by Shanghai 
GenePharma Co., Ltd (China), upstream of 
β-catenin: CGCTAGGCTAGCAGGATAAAGA and 
downstream: AATCGCTCGCGCTAGCGCTAGCGC, 
upstream of GAPDH: CTGATCAGCGATCAGCGC- 
GATCATCG, and downstream: CGCTCGGGTC- 
GGGAACGCCGCTA.

Western blot

The expression of β-catenin protein in cells 
treated with the above drugs was detected. 
Each group of cells were lysed by RIPA cell 
lysate (SW104-01, SevenBiotech, Beijing, 
China), and the protein concentration was  
tested by the BCA protein assay kit (PC0020, 
Solarbio, Beijing, China). The proteins were sep-
arated by 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis. Then, they were 
transferred to PVDF membrane (ISEQ00010, 
Solarbio, Beijing, China) and separated by 5% 
skim milk. The primary antibodies β-catenin 
(1:1,000, ab32572, Abcam, UK) and GAPDH 
(1:1000, ab8245, Abcam, UK) were incubated 
with the membrane overnight at 4°C. Hor- 
seradish peroxidase labeled goat anti-rabbit 
IgG (1:1,000, ab172730, Abcam, UK) was incu-
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bated with the membrane for 2 h. TBST was 
washed for 10 min, chemiluminescence (ECL) 
(SW2030, Solarbio, Beijing, China) was added 
to the membrane, and the protein was observ- 
ed by gel imaging system. The protein expres-
sion was counted by Image J software, and the 
result was expressed by the ratio of target pro-
tein band gray value/GAPDH protein band gray 
value.

Detection of oxidative stress parameters

After the cells were treated with the above 
drugs for 24 h, the contents of MDA, SOD and 
GSH-PX were measured by malondialdehyde 
(MDA) content detection kit (BC0025, Solarbio, 
Beijing, China), superoxide dismutase (SOD) 
activity detection kit (BC0170, Solarbio, Beijing, 
China) and glutathione peroxidase (GSH-PX) 
activity detection kit (BC1190, Solarbio, Beijing, 
China). Detection was carried out according to 
kit instructions.

Statistical analysis

The experiments were repeated three times. 
The data were analyzed by SPSS23.0 soft- 
ware and expressed with mean ± standard 
deviation. The differences between the two 
groups were compared by Student’s t test, and 
those between multiple groups were compared 
by one-way ANOVA combined with Tukey test. 
P<0.05 indicated a significant difference.

Results

With increasing BXD concentration, cell clone 
formation ability decreases

The SNU-16 cells were treated with BXD medi-
cated serum with different concentrations,  
and their clone formation and activity were 
observed by clone formation test and MTT 
assay. Compared to cells cultured without BXD 
medicated serum, the clonogenic ability and 
activity in 25, 50 and 100 μL/mL groups were 
inhibited, and there was a dose-response rela-
tionship at 25 μL and 50 μL (Figure 1, all 
P<0.05). After that, 25 μL/mL BXD began to 
show obvious differences, so it was selected 
for subsequent experiments. These results 
indicate that BXD can effectively inhibit the 
cloning of GC cells.

BXD can inhibit activation of the Wnt/β-
catenin signaling pathway and inhibit ability 
of cell clone formation. Adding Wnt/β-catenin 
signaling pathway activator can partially re-
verse BXD’s effect

First, the activation effect of LiCl on β-catenin 
was verified. The results manifested that LiCl 
could promote the nuclear implantation ex- 
pression of β-catenin and activate the Wnt/ 
β-catenin signal pathway (Figure 2). After that, 
the expression of β-catenin in cells of each 
group was detected by immunofluorescence. 
The results revealed that compared with the 

Figure 1. BXD inhibits cell clone formation and activity. A: Results of cell clonal formation ability in each group; B: 
Quantification of cell clone number in each group; C: Detection of cell activity in each group. Compared with Control 
group, *P<0.05, and compared with BXD 25 μL/mL group, ^P<0.05. BXD: Banxia Xiexin Decoction.
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Control group, the fluorescence intensity of 
β-catenin in BXD group was inhibited, and this 
effect was partially reversed by adding LiCl 
(Figure 3A). Compared with the Control group, 
the clonal formation of cells in BXD group 
decreased, while that in BXD+LiCl group 
increased (Figure 3B, all P<0.05). The experi-
ment indicated that BXD could inhibit the for-
mation of cell clones, while LiCl could partially 
reverse the effect of BXD. The above experi-
ments indicate that BXD may inhibit cell clone 
formation by inhibiting the Wnt/β-catenin sig-
naling pathway.

BXD can inhibit cell activity and induce apopto-
sis, and Wnt/β-catenin signaling pathway acti-
vator can partially reverse BXD’s effect

MTT assay showed that compared with the 
Control group, cell activity of the BXD group 
was decreased, and compared with BXD  
group, the activity of the BXD+LiCl group was 
increased (Figure 4A, all P<0.05). The apopto-
sis in each group was detected by flow cytome-
try. The experimental results manifested that 
compared with the Control group, apoptosis in 
the BXD group increased, while compared with 
BXD group, apoptosis in the BXD+LiCl group 
was decreased (Figure 4B, all P<0.05). The 
above experiments signify that BXD can inhibit 

apoptosis induced by cell activity, while LiCl 
partially reverses this effect.

BXD can inhibit cell invasion and metastasis, 
and Wnt/β-catenin signaling pathway activator 
can partially reverse BXD’s effect

Transwell test revealed that compared with  
the Control group, invasion and metastasis of 
cells in the BXD group were inhibited, and  
compared with the BXD group, those in the 
BXD+LiCl group were promoted (Figure 5A, 5B, 
all P<0.05). The above experiments reveal that 
BXD can inhibit cell invasion and metastasis, 
while LiCl can partially reverse this effect.

BXD can promote oxidative stress in cells, and 
Wnt/β-catenin signaling pathway activator can 
partially reverse BXD’s effect

The contents of MDA, SOD, and GSH-PX in cells 
of each group were detected. The experiment 
showed that compared with the Control group, 
the contents of MDA, SOD and GSH-PX of the 
BXD group increased, and compared with the 
BXD group, the above measures of the BXD+ 
LiCl group were partially reversed (Figure 6, all 
P<0.05). This shows that BXD can promote the 
oxidative stress response of cells, while Wnt/β-
catenin signaling pathway activator partially 
reverses this effect.

Figure 2. Verification of activation effect of LiCl on β-catenin (400×).
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Discussion

BXD, recorded in Treatise on Febrile Diseases, 
is a representative drug of acrid-release and 
bitter-downbearing therapy. It can eliminate 
phlegm, strengthen the spleen, clear heat, and 
relieve dampness. Research has found that 
BXD can activate the PI3K/Akt signaling path-
way, plays a neuroprotective role in APPswe/
PS1dE9 transgenic mice, and may have an 
effect on the treatment of Alzheimer’s disease 
[16]. Another study found that BXD combined 
with cisplatin in the treatment of lung cancer 

can improve cisplatin-induced apoptosis of 
cancer cells [17]. The therapeutic effect of BXD 
on gastrointestinal diseases was confirmed. 
This research explored the specific mechanism 
of BXD in GC [18]. Oxidative stress refers to a 
state in which the oxidation reaction is more 
than antioxidation, and oxidation and anti- 
oxidation are out of balance, which will lead to 
an increase in secretion of inflammatory fac-
tors and promote cell aging and body diseases. 
This is a feature of tumor cells and can run 
through the whole process of tumor develop-
ment [19]. MDA is a common indicator of oxida-

Figure 3. BXD effectively inhibits cell clone formation. A: Detection of nuclear translocation expression of β-catenin 
by immunofluorescence (400×); B: Test results of cell clone formation ability of each group. Compared with Control 
group, *P<0.05; compared with BXD group, #P<0.05. BXD: Banxia Xiexin Decoction.
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Figure 4. BXD can inhibit cell activity and induce apoptosis. A: Cell activity of each group is tested by MTT assay; B: Apoptosis in each group is tested by flow cytom-
etry. Compared with Control group, *P<0.05; compared with BXD group, #P<0.05. BXD: Banxia Xiexin Decoction.
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tion, and can reflect the degree of peroxidation 
in vivo. SOD and GSH-PX are antioxidant 
enzymes that can protect the structure and 
function of the cell membrane [20]. This 
research found that BXD could promote the oxi-
dative stress response of GC cells. BXD can 
inhibit cell vitality, clone formation, proliferation 
and invasion, promote oxidative stress, and 
induce apoptosis. 

Wnt/β-catenin is a highly conserved signaling 
pathway. Wnt gene was first found in mouse 
breast cancer, which could induce β-catenin to 
accumulate in cytoplasm, form a classic path-

way with β-catenin, and participate in disease 
development [21]. Knockout of mll1 gene can 
reportedly inhibit the activation of Wnt/β- 
catenin pathway and further prevent the  
formation of intestinal stem cell adenoma of 
Lgr5 [22]. Circ_104348 promotes the develop-
ment of liver cancer by regulating the miR- 
187-3p/RTKN2 axis and activating the Wnt/β-
catenin pathway [23]. Research has also found 
that Wnt/β-catenin pathway can promote the 
proliferation and invasion of non-small cell lung 
cancer cells [24]. Therefore, activation of the 
Wnt/β-catenin pathway generally plays a role in 
tumor promotion. In this research, we found 

Figure 5. BXD combined with 5-FU can inhibit cell invasion and metastasis. A: Cell invasion of each group analyzed 
by Transwell test (200×); B: Cell metastasis in each group is assessed by Transwell test (200×). Compared with 
Control group, *P<0.05; compared with BXD group, #P<0.05. BXD: Banxia Xiexin Decoction.

Figure 6. The Wnt/β-catenin signaling pathway activator partially reverses BXD’s effect. A: MDA content test results; 
B: SOD activity test results; C: Detection results of GSH-PX activity. Compared with Control group, *P<0.05; com-
pared with BXD group, #P<0.05. BXD: Banxia Xiexin Decoction; MDA: malondialdehyde; SOD: superoxide dismutase; 
GSH-PX: glutathione peroxidase.
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that the Wnt/β-catenin pathway is highly acti-
vated in GC cells. BXD can inhibit Wnt/β-ca- 
tenin pathway activation, inhibit GC cell ac- 
tivity, invasion and metastasis, clone forma-
tion, and promote oxidative stress-induced 
apoptosis. On the basis of BXD, Wnt/β-catenin 
pathway activator can improve GC cell activity, 
invasion and metastasis, clone formation, and 
inhibit oxidative stress and apoptosis. The acti-
vation of Wnt/β-catenin pathway may be relat-
ed to a series of malignant behaviors such as 
GC cell activity, clone formation, invasion and 
metastasis, and oxidative stress, and the inhi-
bition of BXD on GC cells may be realized by 
blocking Wnt/β-catenin pathway.

Nevertheless, the study has limitations. At 
present, there are no clinical cases or further 
verification of BXD’s role in animals. In addi- 
tion, there are differences between animal and 
human experiments. Only the mechanism of 
action in vitro model is discussed, and the 
above defects need to be improved. However, 
the study does provides a basis for BXD to treat 
GC. The mechanism diagram is shown in Figure 
7.
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