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and activation of JNK and P38 signalling pathways
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Summary

Purpose: Liver cancer is one of the major causes of can-
cer related deaths throughout the world and the fifth most
common type of malignancy in men and eighth in women.
Beta-amyrin has been reported to exhibit significant phar-
macological properties and in the present study we examined
the anticancer and apoptotic effects of beta-amyrin against
Hep-G2 liver cancer cells.

Methods: The antiproliferative activity of beta-amyrin was
determined by MTT assay. Apoptosis was assessed by DAPI
staining and DNA damage was checked by the comet assay.
The cell cycle analysis was carried out by flow cytometry
and protein expression was examined by western blotting.

Introduction

Plants produce a diversity of secondary metab-
olites to adapt to the harsh environmental condi-
tions and these metabolites have been observed to
exhibit significant bioactivities in humans [1]. Ter-
penoids are also plant secondary metabolites that
have been reported to exhibit a wide array of phar-
macological properties [2]. Physiologically, they
play vital roles in plants as they may help plants
to lure pollinators to carry out the act of pollina-
tion or act as chemo-repellents to keep away the
predators. Among these terpernoids, tritepenoids
have been reported to posses anticancer, antimi-
crobial, antioxidant and several other properties
[3,4]. The triterpenoids, such as ursolic acid, have

Results: Beta-amyrin exhibited significant anticancer ac-
tivity against Hep-G2 cancer with ICso values of 25 uM.
The anticancer effects were attributed to induction of apo-
ptosis and G2/M cycle arrest in a dose-dependent manner.
Moreover, beta-amyrin could also activate the p38 and JNK
signalling pathways.

Conclusion: Based on the results of the current study, we
propose that beta-amyrin may prove an important lead mol-
ecule for the treatment of liver cancer.
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been reported to inhibit the growth of human pros-
tate cancer cells [5]. Similarly, many other triterpe-
noids of plant origin exhibit the capacity to prevent
the growth and metastasis of cancer cells [6]. In the
present study we evaluated the anticancer effects
of beta-amyrin (Figure 1) against Hep-G2 liver can-
cer cells. Liver cancer is one of the major causes
of cancer-related deaths throughout the world and
the fifth most common type of malignancy in men
and eighth in women. Every year around 400,000
men and more than 250,000 women are diagnosed
with liver cancer [7]. Studies have shown that liver
cancer is mostly detected before the age of 20 in
high risk countries and around 50 years in low risk

Correspondence to: Song Wen, PhD. Department of Interventional Treatment, Zhejiang Cancer Hospital, Hangzhou, 1# East Ban-

shan Rd, Gongshu Zone, Hangzhou 310006, China.

Tel & Fax: +86 0571 88122021, E-mail: songwen92@hotmail.com

Received: 05/12/2017; Accepted: 03/01/2018



966

Effects of beta-amyrin in liver carcinoma

Figure 1. Chemical structure of beta-amyrin.

countries [8]. Previous reports have shown that the
occurrence of liver cancer in men is twice as high
compared to women [8]. Moreover, studies have
reported that the incidence of liver cancer in devel-
oped countries is supposed to escalate in the future
[9]. The increase in the incidence of liver cancer,
the limited standard treatments and the side ef-
fects of the existing drugs demand exploration and
identification of new bioactive molecules of plant
origin.

In the present study we report that beta-
amyrin exerts significant antiproliferative activ-
ity on Hep-G2 cancer cells by triggering apoptosis
and cell cycle arrest in these cells. Moreover, beta-
amyrin was also found to target the p53 and JNK
signalling pathways. In conclusion beta-amyrin
may prove to be a promising lead molecule for the
treatment of liver cancer.

Methods

Chemicals, reagents and culture conditions

The following chemicals were used in the present
study: DAPI, RNase. A triton X-100 dimethylsulfoxide
(DMSO) were obtained from Sigma-Aldrich (St. Louis,
MO, USA). Primary and secondary antibodies were
purchased from Santa Cruz Biotechnology Inc (Santa
Cruz, CA, USA). Fetal bovine serum (FBS), RPMI-1640
medium, L-glutamine, antibiotics were obtained from
Invitrogen Life Technologies (Carlsbad, CA, USA). Hu-
man liver cancer Hep-G2 and non-cancer FR-2 cell line
were purchased from Type Culture Collection of Chi-
nese Academy of Sciences, Shanghai, China. The cells
were cultured in RPMI-1640 medium containing 10%
FBS, penicillin and streptomycin (100 U/mL each) and
maintained in a humidified atmosphere containing
5% CO..

Estimation of cell viability

The viability of liver Hep-G2 cancer cells was as-
sessed by MTT assay. In brief, Hep-G2 cells were cul-
tured in a 96-well plates at the density of 5x103 cells/
well. Then the cells were incubated overnight and then
the RPMI-1640 medium was removed and replaced with
fresh RPMI-1640 with beta-amyrin separately at differ-
ent concentrations (0-100 pM) for 24 hrs. Afterwards,
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MTT solution at 0.5 mg/ml concentration was added for
the last 4 hrs of incubation and then the absorbance was
measured at 570 nm.

Detection of apoptosis

Liver cancer Hep-G2 cells were seeded at a density
of 2x105 cells/well in 6-well plates, exposed to 20 pM
of beta-amyrin and incubated for 24 hrs. DAPI stain-
ing was carried by incubating the cells in 6-well plates
with DAPI. The cells were then washed with PBS (phos-
phate buffered saline), fixed in formaldehyde (10%) and
then again washed with PBS. The DAPI-stained cells
were then examined by fluorescence microscope. For
the estimation of the percentage of the apoptotic cells,
FITC-Annexin V/PI (propidium iodide) Apoptosis de-
tection kit was employed as per the instructions of the
manufacturer.

Determination of mitochondrial membrane potential

Hep-G2 cells were seeded at a density of 2x105
cells/well in a 6-well plate, maintained for 24 hrs at
37°C and then treated with 0, 12.5, 25 and 50 pM beta-
amyrin for 24 hrs at 37°C in incubator with 5% CO,
and 95% air. Subsequently, cells from all samples were
collected, washed twice with PBS and re-suspended in
500 pl 3’-dihexyloxacarbocyanine iodide (1 pmol/l) for
mitochondrial membrane potential (MMP) analysis at
37°C in the dark for 30 min. The samples were then
examined instantly using a flow cytometer.

Analysis of cell cycle phase distribution

For estimating the distribution of Hep-G2 liver
cancer cells in different phases of cell cycle, the beta-
amyrin-treated Hep-G2 cells were harvested and washed
twice with PBS. Thereafter the cells were fixed with eth-
anol (70%) for about an hr and then washed again with
PBS. The cells were finally resuspended in propidium
iodide solution (50 pl/ml) and RNasel (250 pg/ml). This
was followed by incubation for 30 min at room tempera-
ture and fluorescence-activated cell sorting cater-plus
cytometer using 10,000 cells/group.

Estimation of protein expression by western blotting

Total protein from cancer and normal cells was iso-
lated in RIPA lysis buffer. Equal protein extracts from
each group were run on SDS PAGE and then transferred
to a polyvinylidene fluoride membrane. This was fol-
lowed by blocking with 5% non-fat milk and incubation
at room temperature for 1 hr. Thereafter, the membranes
were incubated with a specific primary antibody at 4 °C
overnight. This was followed by washing in washing
buffer and incubation for 1 hr with the suitable second-
ary antibody. The protein bands of interest were visu-
alised by an ECL Advanced Western Blot Detection Kit
(Amersham, USA).

Statistics

The experiments were carried out in triplicate and
presented as mean+SD. Statistically significant differ-
ences between groups were determined using one way
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ANOVA and Tukey’s post hoc test using GraphPad prism
7 software. A p value<0.01 was considered statistically
significant.

Results

Beta-amyrin exerts antiproliferative effects on Hep-G2
cells

The antiproliferative effects of beta-amyrin
were evaluated by MTT assay. The Hep-G2 cells
were treated with beta-amyrin at varied concen-
trations. The results of MTT assay revealed that
beta-amyrin exhibited considerable anticancer ac-
tivity on the Hep-G2 cells and this acitivity was
concentration-dependent (Figure 2). However, it
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Figure 2. Assessment of cell viability of Hep-G2 and FR-2
cells at indicated concentrations of beta-amyrin. The ex-
periments were carried out in triplicate and expressed as
mean + SD. *p<0.01, **p<0.001.

Control 12.5 uM

Figure 3. Induction of apoptosis in Hep-G2 cells at indicat-
ed concentrations of beta-amyrin with DAPI staining. The
experiments were carried out in triplicate and expressed as
mean + SD. Arrows indicate the apoptotic cells after beta-
amyrin treatment.

was observer that the ICsy of beta-amyrin against
Hep-G2 liver cancer cells was 25uM as compared
to ICsy of 75 pM against non-cancer FR-2 cells.

Beta-amyrin triggers apoptosis in Hep-G2 cells

The Hep-G2 liver cancer cells were first treated
with beta-amyrin at different concentrations, and
then subjected to DAPI staining and observed un-
der fluorescence microscope (Figure 3). It was ob-
served that beta-amyrin induced apoptosis in Hep-
G2 cells as evidenced from the increased number
of cells with white color nuclei. The results of an-
nexin V/PI further revealed that the apoptotic cell
populations increased from 3.7% in the control to
56.7% at 50 pM beta-amyrin concentration (Fig-
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Figure 4. Induction of apoptosis as revealed by Annexin-V
FITC assay. The cells were treated with increasing doses
of the drug and it was seen that the fraction of cells with
apoptosis increased noticeably.
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Figure 5. Expression of Bax and Bcl-2 in Hep-G2 cells at
indicated concentrations of beta-amyrin (western blotting).
The experiments were carried out in triplicate. Beta-amyrin
increased the expression of Bax and decreased the Bcl-2
proteins, indicative of mitochondrial apoptosis.
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Figure 6. Effect of beta-amyrin on the mitochondrial mem-
brane potential loss in Hep-G2 cells at varying doses. The
experiments were carried out in triplicate. Increasing dos-
age of the drug led to increase in mitochondrial membrane
potential loss. *p<0.01
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Figure 7. Induction of cell cycle arrest in Hep-G2 cells
at ICso concentrations of beta-amyrin as indicated by flow
cytometry. The experiments were carried out in triplicate.
Beta-amyrin led to accumulation of Hep-G2 liver cancer
cells in G2/M phase of the cell cycle, triggering G2/M cell
cycle arrest.

ure 4). To further examine whether beta-amyrin
induced apoptosis followed the mitochondrial
pathway we checked the expression of Bax and
Bcl-2 proteins (Figure 5). The results revealed that
beta-amyrin increased the expression of Bax and
decreased the Bcl-2 proteins, indicative of mito-
chondrial apoptosis. This was further confirmed by
the concentration-dependent decrease in the MMP
(Figure 06).

Beta-amyrin causes G2/M cell cycle arrest in Hep-G2
cells

The distribution of Hep-G2 cells in the different
cell cycle phases after treatment with beta-amyrin
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Figure 8. Effect of beta-amyrin on the phosphorylation
of JNK and p38 as indicated by western blotting. The ex-
periments were carried out in triplicate. Administration
of beta-amyrin at increasing concentrations increased the
phosphorylation of both JNK and p38 in a concentration-
dependent manner.

was determined at varied concentrations. The re-
sults showed that beta-amyrin led to accumula-
tion of Hep-G2 liver cancer cells in G2/M phase
of the cell cycle, triggering G2/M cell cycle arrest
(Figure 7).

Beta-amyrin activates JNK and P38

The effect of beta-amyrin on the phosphoryla-
tion of JNK and p38 was examined and the results
indicated that the administration of beta-amyrin
at varied concentrations increased the phospho-
rylation of both JNK and p38 in a concentration-
dependent manner (Figure 8).

Discussion

Over the years, triterpenoids have attained
considerable attention as bioactive molecules.
They have been shown to possess anticancer ac-
tivities against a range of cancer types such as
breast, skin and liver [2,3]. Liver cancer, being one
of the common reasons of cancer-related deaths
[7-9], demands exploration of novel compounds
that would prove effective and exhibit lower toxic-
ity. In this context, the present study was carried
out to investigate the anticancer effects of beta-
amyrin against Hep-G2 liver cancer cells. The re-
sults showed that beta-amyrin exhibits consider-
able anticancer activity with an ICsy of 25 pM. To
further unveil the reasons behind the anticancer
effects of beta-amyrin we carried out DAPI staining
and observed that beta-amyrin exerted anticancer
effects via induction of apoptosis. Moreover, the
apoptotic effects of beta-amyrin were concentra-
tion-dependent and the apoptotic cell populations
increased with increase in the concentration of the
beta-amyrin. Apoptosis is a series of consecutive
steps that lead to cell’s death without releasing any
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harmful chemicals. It an important mechanism by
which several of the chemotherapeutic drugs exert
their antiproliferative effects [10-12]. The results of
the present study are well supported with previous
studies wherein triterpenes, such as such as urso-
lic acid, have been reported to trigger apoptosis
in cancer cells [5]. Next, to explore whether the
beta-amyrin-induced apoptosis follows the mito-
chondrial pathway, we estimated the expression of
Bax and Bcl-2 proteins. The results of the western
blotting revealed that the expression of Bax was in-
creased and that of Bcl-2 was decreased in response
to the beta-amyrin treatment. Another important
mechanism that has been reported to contribute to
the anticancer effects of many well known drugs is
cell cycle arrest [13,14]. Some anticancer drugs halt
the progression of the cells from the one phase of
the cell cycle to the other by targeting specific pro-
teins leading to the accumulation of cancer cells
at a particular phase. Arrest of the cell cycle pre-
vents the cancer cells to develop into tumors and
to spread to other parts of the body [15]. Consistent
with this, we observed that the triterpenoid beta-
amyrin caused G2/M cell cycle arrest of Hep-G2
cancer cells in a concentration-dependent manner.
Previously it was reported that many anticancer
molecules trigger apoptosis by activating JNK and
p38 signalling [16]. Therefore, we investigated the
effect of beta-amyrin on the phosphorylation of
JNK and p38 and observed that beta-amyrin en-
hanced the phosphorylation of both JNK and p38
in a concentration-dependent manner. Taken to-
gether these results suggest that beta-amyrin is
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