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Abstract
Background: Recurrence and metastasis are the main factors which seriously influence the 
therapeutic effect and long-term survival for hepatocellular carcinoma (HCC). Bufalin is a 
kind of topology isomerase II inhibitors. The pharmacological effects of bufalin are anti-tumor, 
anticoagulant, analgesia, enhanced systole and immunity. Therefore, in the present study, we 
explore the migration, invasion and adhesion influence of bufalin on the liver cancer cells, and 
provide better theoretical basis for bufalin on preventing and treating the recurrence and metastasis 
of HCC.

Methods: The human high metastasis potential LM3 hepatoma cells (HCC-LM3) were cultured in 
vitro. The influence of bufalin on HCC-LM3 cell proliferation was detected by the CCK-8 living cells 
staining technique, and the migration, invasion and adhesion influence of bufalin on the HCC-LM3 
cells were detected by the Trans well Chambers technique.

Results and Discussion: The results showed that bufalin can inhibit the growth of liver cancer 
cells with time and concentration of dual dependence. With the increase of dose concentration, the 
inhibitive effect of bufalin on liver cancer cell adhesion, migration and invasion ability significantly 
enhanced. Bufalin is a kind of agent being potential application value to inhibit the recurrence and 
metastasis of HCC.
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Introduction
The occurrence of malignant tumors is the result of a in vivo metabolic imbalance. At this 

time, the regulatory and controlled mechanisms in vivo for cell division and proliferation occur 
abnormally, which is the key to the development of excessive proliferation in tumor cells. Recurrence 
and metastasis are the main factors which seriously influence the therapeutic effect and long-term 
survival for hepatocellular carcinoma (HCC). The postoperative recurrence and metastasis rate of 
5 years is as high as 60%-70% even if the radical resection is performed for liver cancer [1]. How to 
effectively inhibit the proliferation, adhesion and adhesion of liver cancer cells, is the key to reduce 
recurrence and metastasis, to improve therapeutic effect and long-term prognosis of HCC. Bufalin 
is the strongest toxicity legends that is extracted from Chinese toad venom, and is a kind of topology 
isomerase II inhibitors. The pharmacological effects of bufalin are anti-tumor, anticoagulant, 
analgesia, enhanced systole and immunity. The anti-tumor mechanism of bufalin mainly lies in 
inhibiting tumor cell proliferation and angiogenesis, promoting tumor cell differentiation, inducing 
tumor cell apoptosis, reversing drug-resistant, regulating the body's immune system and the gene 
expression of tumor cells [2]. This study will explore the inhibitive effect of bufalin on the human 
high metastasis potential LM3 hepatoma cells (HCC-LM3) in vitro by the CCK - 8 living cells 
staining technique, and detecting the migration, invasion and adhesion influence of bufalin on the 
HCC-LM3 cells by the Transwell Chambers technique. The study can provide better theoretical 
basis for bufalin on preventing and treating the recurrence and metastasis of HCC.

Material and Methods
Reagents

Bufalin, purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.), was dissolved in anhydrous 
alcohol at a concentration of 10-1 mol/L and stored at 4°C. High glucose Dulbecco’s modified Eage’s 
medium (DMEM) and fetal bovine serum (FBS) were purchased from Gibco (Gaithersburg, MD, 
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U.S.A.). Matrigel glue was purchased from American BD Company. 
Transwell Chambers was purchased from American Corning 
Company. Crystal violet (0.1%) dyeing liquid was purchased from 
Jiangsu Blue skies Biotechnology Company.

Cell lines
HCC-LM3 cells were obtained from Liver Cancer Institute 

of Zhongshan Hospital affiliated to Fudan University. The cells 
were cultured in high glucose DMEM supplemented with 10% 
FBS, 100U/ml of penicillin and 100 μg/ml of streptomycin in a 
humidified atmosphere with 5% CO2 in air at 37°C. Then the cells 
in the logarithmic growth phase were collected for the following 
experiments.

Grouping
HCC-LM3 cells were cultured in vitro; they were divided into 

DMEM group and Bufalin group according to the experimental 
design.

Drug concentration
Bufalin concentration was designed according to our previous 

study [11], drug concentration gradient were respectively 0.02 μg/ml, 
0.04 μg/ml, 0.08 μg/ml, 0.16 μg/ml, 0.32 μg/ml, 0.64 μg/ml, 1.28 μg/
ml and 2.56 μg/ml.

Cell proliferation assay
The Cell Counting Kit-8 (CCK-8, Dojindo, and Tokyo, Japan) 

assay was used to evaluate cell proliferation. Briefly, cells in the 
logarithmic growth phase were plated at a density of 10 × 104 cells/
ml, then 100 μl/well in 96-well plates. Culture mediums were changed 
after cells were adherent growth. Various concentration of bufalin 
was diluted with DMEM with 10% FBS. 200 μl bufalin was injected 
into culture plate per well in bufalin group, 200 μl DMEM with FBS 
was only injected into culture plate per well in DMEM group, four 
wells were set in each drug concentration. The cells in each group 
were respectively cultured at 24 h, 48 h and 72 h in a humidified 
atmosphere with 5% CO2 in air at 37°C, then culture medium were 
changed. 100 μl CCK-8 (dilution 9:1) was injected into culture plate 
per well and cultured for 1.5 h in dark place. Optical density (OD) 
value in per well was detected at 450 nm wavelength in automatic 
enzyme mark instrument. Each experiment was performed in 
triplicate. The cell inhibition ratio was calculated by the following 
formula:

Cell inhibition ratio (%)=1-(average OD value of treated group-
average OD value of blank group)/(average OD value of control 
group-average OD value of blank group) × 100%.

30 percent inhibitory concentration (IC30), half maximal inhibitory 
concentration (IC50), and 70 percent inhibitory concentration (IC70) 
at 24 h and 48 h are respectively calculated with SPSS 18.0 software.

Cell migration assay
Cells in the logarithmic growth phase were plated at a density of 10 

× 104 cells/ml, 5 ml cell suspension liquid was cultured in a humidified 
atmosphere with 5% CO2 in air at 37°C, and culture medium was 
changed after cells were adherent growth. 5 ml bufalin of IC30, IC50, 
IC70 at 24 h were respectively injected into culture flask in bufalin 
group, and 5 ml DMEM with FBS was only injected into culture 
flask in DMEM group. After the cells were cultured in a humidified 
atmosphere with 5% CO2 in air at 37°C for twenty hours, the cells in 
various groups were respectively harvested and centrifuged at 2000 

rpm for 5 min. Then supernatant was removed, sediment was rinsed 
with 0.01 MPBS solution. The cells in various groups were suspended 
in serum-free DMEM at a density of 1 × 106 cells/ml. Cell suspension 
(100 µl) were seeded into the upper chamber of Transwell chamber, 
and 600 μl DMEM with 10% FBS culture medium simultaneously 
added to the lower chamber, the same cell suspension was set in three 
wells per each group. After the cells were cultured for 48 h, culture 
medium in the upper and lower chamber of Transwell chamber were 
removed, and the upper and lower chamber were rinsed with 0.01 
MPBS solution. 600 l crystal violet staining fluid was added into the 
upper chamber of Transwell chamber, the cells were stained for 10 
min, the cells on the upper surface of the filter were removed with 
cotton swabs, and the number of migrated cells was counted in five 
fields of each triplicate filter with an inverted microscope. The cell 
migration ratio was calculated by the following formula:

Cell migration ratio (%)=the number of cell migration in the 
treated group / the number of cell migration in the control group × 
100%.

Cell adhesion assay
The 96-well flat-bottomed plates were percolated with 50 μl/

well of 1:4 DMEM-diluted Matrigel at 4°C overnight. Cells in the 
logarithmic growth phase were plated at a density of 10 × 104 cells/ml, 
5 ml cell suspension liquid was cultured in a humidified atmosphere 
with 5% CO2 in air at 37°C, and culture medium was changed after 
cells were adherent growth. 5 ml bufalin of IC30, IC50, and IC70 at 24 
h were respectively injected into culture flask in bufalin group, and 5 
ml DMEM with FBS was only injected into culture flask in DMEM 
group. After the cells were cultured in a humidified atmosphere with 
5% CO2 in air at 37°C for twenty hours, the cells in various groups 
were respectively harvested and centrifuged at 2000 rpm for 5 min. 
Then supernatant was removed, sediment was rinsed with 0.01 MPBS 
solution. The cells in various groups were suspended in serum-free 
DMEM at a density of 1 × 106 cells/ml. 100 µl cell suspension per 
well were injected into 96 well plates in bufalin group, 100 µl culture 
medium was only injected into 96 well plates in DMEM group. After 
the cells in various groups were cultured for 2 hours in a humidified 
atmosphere with 5% CO2 in air at 37°C. 100 μl CCK-8 (dilution 9:1) 
was injected into culture plate per well and cultured for 1.5 h in dark 
place. Optical density (OD) value in per well was detected at 450 nm 
wavelength in automatic enzyme mark instrument. Each experiment 
was performed in triplicate. The cell adhesion ratio was calculated by 
the following formula:

Cell adhesion ratio (%)=average OD value of treated group/
average OD value of control group × 100%.

Cell invasion assay
Cells in the logarithmic growth phase were plated at a density 

of 10 × 104 cells/ml, 5 ml cell suspension liquid was cultured in a 
humidified atmosphere with 5% CO2 in air at 37°C, and culture 
medium was changed after cells were adherent growth. 5 ml bufalin 
of IC30, IC50, and IC70 at 24 h were respectively injected into culture 
flask in bufalin group, and 5 ml DMEM with FBS was only injected 
into culture flask in DMEM group. After the cells were cultured in a 
humidified atmosphere with 5% CO2 in air at 37°C for twenty hours, 
the cells in various groups were respectively harvested and centrifuged 
at 2000 rpm for 5 min. Then supernatant was removed, sediment was 
rinsed with 0.01 MPBS solution. The cells in various groups were 
suspended in serum-free DMEM at a density of 1 × 106 cells/ml. 100 μl 
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cell suspension was added into the upper chamber with a filter coated 
with 100 μl matrigel at 1:8 dilutions in serum-free medium. 100 μl 
culture medium was added into the lower chamber of the Transwell 
chamber. And the experiment was performed in triplicate. After the 
cells were incubated at 37°C with 5% CO2 for 72 h, the cells that did 
not invade the membrane were gently removed. Cells that invaded 
the membrane were stained with 0.1% crystal violet. Six fields were 
randomly selected and observed under an inverted microscope for 
counting the cell number of stained cells and image collection. The 
cell invasion ratio was calculated by the following formula:

Cell invasion ratio (%)=the number of cell invasion in the treated 
group/the number of cell invasion in the control group × 100%.

Statistical analysis
Data were analyzed using analysis of variance (SPSS18.0 and 

Graphpad Prism 5; Cary, NC, USA). Data are expressed as the 
mean values ± standard of the mean. P values of less than 0.05 were 
considered statistically significant.

Results
Inhibitive effect of bufalin on proliferation of HCC-LM3 
cells

After different concentrations of bufalin were used to inhibit the 
proliferation of HCC-LM3 cell at 24 h, 48 h and 72 h, growth inhibition 
rate of bufalin on HCC-LM3 cells increased with the increase of drug 

concentration at the same time point(P<0.05). Growth inhibition rate 
of bufalin on HCC-LM3 cells increased with the extension of time at 
the same drug concentration (P<0.05). It indicated that bufalin could 
inhibit the growth of HCC-LM3 cells with time and concentration of 
dual dependence. (Table 1 and Figure 1).

IC30, IC50 and IC70 of bufalin on HCC-LM3 cells at 24 h and 
48 h

 IC30, IC50 and IC70 of bufalin on HCC-LM3 cells at 24 h were 
higher than that at 48 h (P<0.05). There was statistical difference 
between IC30 and IC70 at 24 h (P<0.05), and among IC30, IC50 and IC70 
at 48 h (P<0.05). It indicated that the inhibitive effect of bufalin on the 
proliferation of HCC-LM3 cells enhanced with the extension of time 
and higher drug concentration Table 2.

Morphologic changes of HCC-LM3 cells
IC30, IC50 and IC70 of bufalin on HCC-LM3 cells at 24 h were 

respectively used to treat the HCC-LM3 cells for 24 h. The results 
showed that the HCC-LM3 cells were loss of polarity, and adherent 
ability weakened. The cells became round, shrinkage and sparse. The 
living cells gradually reduced, and the dead cells increased with the 
concentration increase of bufalin (Figure 2).

Bufalin inhibits migration of HCC-LM3 cells
IC30, IC50 and IC70 of bufalin on HCC-LM3 cells at 24 h were 

respectively used to treat the HCC-LM3 cells for 24 hours. The 
results showed that the number of migrated cells in the bufalin 
group was lower than that of the DMEM group (F=45.73, P<0.05), 
and the number of migrating cells reduced with increase of bufalin 
concentration. The migrating rate of the HCC-LM3 cells in the 
bufalin group was lower than that of the DMEM group (F=48.98, 
P<0.05), and the migrating rate decreased gradually with increase of 
bufalin concentration. It indicated that the inhibitive effect of bufalin 

bufalin concentration 
μg/ml 24h 48h 72h

0.02 23.32±2.81 37.32±6.43 43.83±6.36

0.04 30.59±4.97 49.86±10.04 54.61±5.01

0.08 40.19±9.71 53.83±6.79 73.92±6.82

0.16 57.2±11.48 70.57±8.28 75.78±2.62

0.32 66.92±7.65 75.14±3.24 78.57±6.08

0.64 73.6±2.18 75.36±9.89 77.8±5.66

1.28 73.53±2.35 75.48±11.73 79.38±3.45

2.56 74.47±2.18 76.54±4.41 80.5±7.61

Table 1: The growth inhibition rate of HCC-LM3 cells after bufalin was used with 
different time and concentration (x±s%, n=3).

Note: There are significant difference of growth inhibition rate of HCC-LM3 cells 
among 0.02 μg/ml, 0.04 μg/ml, 0.08 μg/ml, 0.16 μg/ml and 0.32 μg/ml at 24h 
(F=31.31, P< 0.05). There are significant difference of growth inhibition rate of 
HCC-LM3 cells among 0.02 μg/ml, 0.04 μg/ml, 0.08 μg/ml and 0.16 μg/ml at 48h 
(F=10.51, P< 0.05). There are significant difference of growth inhibition rate of 
HCC-LM3 cells among 0.02 μg/ml, 0.04μg/ml and 0.08 μg/ml at 72h (F=18.51, 
P< 0.05).

Figure 1: The growth inhibition rate of HCC-LM3 cells with different time and 
concentration of buflin. It showed that growth inhibition rate of HCC-LM3 cells 
increased with the extension of time and high drug concentration of bufalin.

time IC30 IC50 IC70

24h 0.04±0. 01 0.12±0.02 0.41±0.12

48h 0.02±0.01 0.06±0.01 0.16±0.03

Table 2: IC30, IC50 and IC70 of bufalin on HCC-LM3 cells at 24h and 48h (x±s μg/
ml, n=3).

Note: There are significant difference between IC30 and IC70 of brucine at 24h 
(F=22.89, P< 0.05). There are significant difference among IC30, IC50 and IC70 of 
brucine at 48h (F=42.55, P< 0.05).

Figure 2: Morphologic changes of HCC-LM3 cells after different concentration 
of bufalin were used for 24 hours (magnification×200).
A: the cells were dense and stronger adherent ability in DMEM group; B: 
some cells became round and shrinkage in the IC30 of bufalin group; C: most 
cells became round and shrinkage in the IC50 of bufalin group; D: the cells 
became round and lower vigour in the IC70 of bufalin group.
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on the HCC-LM3 cells migration occurred in a dose-dependent 
manner (Figure 3 and Table 3).

Bufalin inhibits adhesion of HCC-LM3 cells
IC30, IC50 and IC70 of bufalin on HCC-LM3 cells at 24 h were 

respectively used to treat the HCC-LM3 cells for 24 hours. The 
results showed that the adhesive rates of the HCC-LM3 cells were 
respectively 95.41 ± 3.17%, 83.76 ± 6.07%, 40.16 ± 3.42% in the IC30 
of bufalin group, the IC50 of bufalin group and the IC70 of bufalin 
group. The adhesive rate of the HCC-LM3 cells in the IC70 of bufalin 
group was lower than that of the IC30 of the bufalin group and the 
IC50 of bufalin group (40.16 ± 3.42% vs. 95.41 ± 3.17%, 83.76 ± 6.07%, 
F=17.41, P<0.05). It indicated that bufalin could significantly inhibit 
adhesion of HCC-LM3 cells, and the inhibitive effect of bufalin 
enhanced with increase of drug concentration and occurred in a 
dose-dependent manner.

Bufalin inhibits invasion of HCC-LM3 cells
IC30, IC50 and IC70 of bufalin on HCC-LM3 cells at 24h were 

respectively used to treat the HCC-LM3 cells for 24 hours. The results 
showed that the number of invaded cells in the bufalin group was 
less than that of the DMEM group (F=35.85, P<0.05). The number 
of invading cells reduced significantly with increase of bufalin 
concentration. The invading rate of the HCC-LM3 cells in the bufalin 
group was lower than that of the DMEM group (F=46.38, P<0.05), 
and the invading rate decreased gradually with increase of bufalin 
concentration. It indicated that the inhibitive effect of bufalin on 
the HCC-LM3 cells invasion occurred in a dose-dependent manner 
(Figure 4 and Table 4).

Discussion 
Bufalin is one of the bufotoxin legends extracted from the 

white serous fluid of retro auricular gland of toad. Recent study 
indicated that anti-tumor mechanisms of bufalin involved in tumor 

cell proliferation, apoptosis, autophagy, related genes, signaling 
pathways, multi-drug resistance, etc. The main mechanisms lie in 
inhibiting DNA and RNA biosynthesis of cancer cells, destroying the 
rough surface endoplasmic reticulum of mitochondria of cancer cells, 
Inducing differentiation and apoptosis of cancer cells, and Increasing 
the intracellular cAMP and the cAMP/cGMP, changing the content 
of cyclic nucleotide in tumor tissue or cancer cells, promoting the 
cell differentiation and inhibiting the cell proliferation, regulating 
the intracellular metabolism of nucleic acid and protein, increasing 
the serum level of IgG and white blood cell count, enhancing 
the macrophage phagocytosis, stimulating the body's anti-tumor 
cytokine release. Through the above- mentioned roles, bufalin 
can promote the tumor cell differentiation, induce the tumor cell 
apoptosis, inhibit the tumor angiogenesis, improve the radiotherapy 
sensitization of tumor tissues, reverse the multiple drug resistance, 
regulate the body's immune system, change the related gene 
expressions in tumor cells, regulate signal transduction pathways of 
tumor cells, inhibit the cell proliferative cycle, topoisomerase and 
membrane Na + / K +-ATPase activity, enhance the mitogen activated 
protease activity etc. Bufalin has the stronger pharmacological effects 
on anti-tumor, anti-inflammatory, positive immunomodulation [3-
5]. Zhang et al. [6] found that bufalin could inhibit the proliferation 
and PI3K/AKT signal pathway of HepG2 cells. Meng et al. [7] found 
that bufalin could induce the apoptosis of Bel-7402 liver cancer cells 
with drug resistance in dose-dependent manner. The apoptotic rate 
of Bel-7402 liver cancer cells significantly increased with increase of 
bufalin concentration from 0.01mol/L to 1.00 mol/L. Bufalin could 
reverse the drug resistance to 5-fluorouracil in Bel-7402 liver cancer 
cells. Tumors can get rich nutrition from host through tumor blood 
vessels, and also output a large number of tumor cells through the 
tumor blood vessels, then result in tumor constant growth and 
metastasis. Lee et al. [8] cultured the endothelial cells of bovine artery 
in vitro, 5, 10, 20 nMol/L of bufalin were respectively added into cell 

group Migrating rate (%)

IC30 group 80.31±7.09*

IC50 group 67.72±3.94♦

IC70 group 40.16±3.42*♦

Table 3: The migrating rate of the HCC-LM3 cells after bufalin was used with 
different concentration for 24 hours (x±s%, n=3).

Note: ♦vs. IC30 group, P< 0.05; * vs. IC50 group, P< 0.05.

Figure 3: The migration of the HCC-LM3 cells after different concentration of 
bufalin were used for 24 hours (magnification×200).
A: the cells migrated in a dense manner in the DMEM group; B: some cells 
migrated in a scattered manner in the IC30 of bufalin group; C: a small number 
of cells migrated sparsely in the IC50 of bufalin group; D: fewer cells migrated 
dispersedly in the IC70 of bufalin group.

group Invading rate (%)

IC30 group 81.52±6.52*

IC50 group 63.04±6.52♦

IC70 group 48.91±8.68*♦

Table 4: The invading rate of the HCC-LM3 cells after bufalin was used with 
different concentration for 24 hours (x±s%, n=3).

Note: ♦vs. IC30 group, P< 0.05; * vs. IC50 group, P< 0.05.

Figure 4: The invasion of the HCC-LM3 cells after different concentration of 
bufalin were used for 24 hours (magnification×200).
A: most cells invaded in a dense manner in the DMEM group; B: some 
cells invaded sparsely in the IC30 of bufalin group; C: fewer cells invaded 
scatteredly in the IC50 of bufalin group; D: several cells invaded dispersedly 
in the IC70 of bufalin group.



Qin JM, et al., Clinics in Surgery - General Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2017 | Volume 2 | Article 13635

culture medium to culture the endothelial cells for 5 days, the result 
showed that the growth inhibitive rates of the endothelial cells were 
respectively 45.3%, 62.8%, 75.6%, bufalin could reduce the endothelial 
cells of G0/G1, S phase and block the cell proliferation in G2/M phase. 
Cell proliferation includes the G1, S, G2 and M phase, the G1/S phase 
and G2/M phase of cell cycle are two key control points. The cell cycles 
are out of control once the two key control points occur dysfunction, 
and it will result in cell carcinogenesis. Abnormal cell proliferation 
and regulation defects are the most step of malignant tumor [9,10]. 
Our previous study indicated that bufalin could block the HCC-LM3 
cells in S and G2 phase, and the cell apoptotic rate increased with the 
increase of bufalin concentration and time extension, it was one of 
the important mechanisms that bufalin inhibited the proliferation of 
liver cancer cells [11]. The adhesion between cells and extracellular 
matrix occur abnormal changes, because of genetic traits changes, 
it results in the microenvironment changes in vivo and cancer cell 
metastasis [12,13]. Recurrence and metastasis of tumor involves in 
multiple factors and links, including the related oncogenes, tumor 
suppressor genes, adhesion molecules, matrix protease, cytokines, and 
the related signal transduction pathways etc., and it result in cancer 
cells migration from the primary tumor lesion to other site to form 
a new tumor lesion [14]. In the process of recurrence, invasion and 
metastasis of HCC, tumor cell adhesion is an important step of tumor 
metastasis. When tumor cells break away from the primary lesion and 
adhere to extracellular matrix, blood vessels and lymphangion are 
vulnerable to invasion of tumor cells, and result in tumor recurrence 
and metastasis. When liver cancer cells occur invasion and metastasis, 
extracellular matrixes are degradation, the dynamic balance of the 
extracellular matrix is broken, it causes the cancer cells to diffuse and 
metastatize through the basement membrane [15]. Our present study 
showed that bufalin can inhibit the growth of liver cancer cells with 
time and concentration of dual dependence. The cancer cells are loss 
of polarity, and adherent ability weakened. The cells become round, 
shrinkage and sparse. The living cells gradually reduce, and the dead 
cells increase with the concentration increase of bufalin. Different 
concentrations of bufalin are used to treat the liver cancer cells for 
24 h, the results showed that with the increase of drug concentration, 
the inhibitive effect of bufalin are significantly stronger on the liver 
cancer cell proliferation, and the number of adhesion, migration 
and invasion of liver cancer cells significantly reduce. It indicate 
that with the increase of dose concentration, the inhibitive effect of 
bufalin on liver cancer cell adhesion, migration and invasion ability 
significantly enhanced, and the metastatic potential of liver cancer 
cells significant weaken. In summary, there is a positive correlation 
between the inhibitive effect of bufalin and the action time and dose 
concentration. Bufalin is a kind of agent being potential application 
value to inhibit the recurrence and metastasis of HCC.
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