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 Background: Hepatocellular carcinoma (HCC) is the fifth most prevalent malignant tumor in China after lung cancer, gastric 
cancer, esophageal cancer, and breast cancer, and has a high mortality rate. Though there are a series of ther-
apeutic strategies is now available for HCC in clinical practice, the 5-year survival rate after surgery is still low. 
In addition, multi-drug resistance (MDR) is one of the most important factors responsible for the low survival 
rate and poor therapy response in HCC. Hence, novel treatment strategies and molecules for HCC need to be 
developed.

 Material/Methods: We assessed the effect of asiaticoside, a natural product derived from Centella asiatica (L.) Urban, on HCC cell 
proliferation and drug resistance.

 Results: Our data indicated that asiaticoside significantly inhibited the proliferation of HCC cell lines QGY-7703 and 
Bel-7402 in a dose- and time-dependent manner. Moreover, asiaticoside significantly induced apoptosis in 
QGY-7703 and Bel-7402 cells. Treatment with asiaticoside also caused G1 cell cycle arrest in QGY-7703 and 
Bel-7402 cells. Western blot assay results indicated that the mechanism underlying the effects of asiaticoside 
involves inhibiting the activity of the PI3K/Akt and MAPK/ERK pathways. Furthermore, asiaticoside significantly 
antagonized P-gp-mediated MDR in HCC cells.

 Conclusions: Our results suggest that asiaticoside has the potential to be applied in the treatment of HCC patients, but fur-
ther evidence is needed to confirm our results, particularly in vivo efficacy.
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Background

Hepatocellular carcinoma (HCC), a heterogeneous group of 
diseases, is the sixth most common cancer worldwide, caus-
ing about 60 000 deaths per year [1]. In China, HCC is the 
fifth most commonly diagnosed cancer after lung cancer, gas-
tric cancer, esophageal cancer, and breast cancer, and it has a 
high mortality rate [2]. A series of novel therapeutic strategies 
are now available for HCC, including surgical resection and liv-
er transplantation, which have become primary surgical treat-
ment strategies for HCC [3]; however the 5-year survival rate 
after surgery is still only 15–40% [4-6]. In addition, although 
surgical treatment is the main treatment used in early-stage 
HCC, patients are usually diagnosed at an advanced stage, in 
which adjuvant therapy, including systemic chemotherapy, is 
essential [7]. However, development of chemoresistance is a 
major obstacle in chemotherapy-based treatment of the dis-
ease, with poor prognosis [8]. Hence, novel pharmacothera-
pies to control HCC progression and resistance are urgently re-
quired. Natural products usually have considerable therapeutic 
efficacy and fewer adverse effects than traditional chemother-
apeutic drugs [9,10]. In recent years, small molecules derived 
from natural products have become increasingly important in 
new drug research into treatment of multiple types of can-
cer, and provide alternative treatment strategies for HCC [11].

Asiaticoside, one of the primary active compounds derived 
from Centella asiatica (L.) Urban, has been widely document-
ed and indicated to participate in a series of pharmacologi-
cal processes. Asiaticoside has shown osteoclastogenesis [12], 
anti-inflammatory and anti-allergic [13], pulmonary hyperten-
sion [14], and immunoregulation [15] effects in multiple human 
disease models. Moreover, asiaticoside has shown anti-can-
cer effects in a series of human malignancies, including mul-
tiple myeloma [16], melanoma [17], glioma [18], and breast 
cancer [19]. Hence, asiaticoside may be a potential anti-can-
cer agent with anti-HCC cell activity.

HCC pathogenesis includes a series of genetic and epigene-
tic mutations, which finally induce aberrant activation of mul-
tiple signaling pathways, such as phosphoinositide 3-kinas-
es (PI3Ks) signal transduction pathway 28854942. The PI3K 
family plays key roles in multiple physiological and patholog-
ical processes, including cell proliferation, apoptosis, cell cy-
cle, and cell migration. Mechanistically, PI3Ks transfer extra-
cellular signals, such as a series of cytokines, growth factors, 
and some chemotherapeutic drugs, to within cells by synthe-
sizing second-message phospholipid PI (3,4,5) P3, and subse-
quently activate protein kinase B (Akt), as well as downstream 
effectors. PI3K transduction pathways are often upregulated 
and excessively activated in multiple types of cancer and have 
increasingly become the potential targets of novel anti-can-
cer drugs. There are now a series of PI3K inhibitors approved 

or in clinical evaluation, including idelalisib, alpelisib [20], 
BKM120 [21], and gedatolisib [22].

In the present study, we demonstrated that asiaticoside sig-
nificantly inhibits HCC cell proliferation and clone formation. 
We found that asiaticoside induced HCC cell apoptosis and 
cell cycle arrest, which are related to inhibition of PI3K path-
ways. We also found that asiaticoside reduces HCC cell drug 
resistance by downregulating the expression level of P-gp by 
decreasing the ROS level in chemotherapy-resistant HCC cells.

Material and Methods

Chemicals and reagents

Asiaticoside was purchased from Selleck Chemicals (Houston, 
TX, USA), Dulbecco’s modified Eagle’s medium (DMEM) and fetal 
bovine serum (FBS) were purchased from Biological Industries 
(BI, Israel). Penicillin/streptomycin and trypsin were purchased 
from Corning Incorporated (Corning, NY, USA). The chemother-
apy drugs paclitaxel (PTX), Adriamycin (ADM), colchicine, and 
vincristine were purchased from Energy Chemicals (Shanghai, 
China). The primary monoclonal antibodies of PI3K-p110a 
(#4255), PI3K-p110b (#3011), PI3K-p110g (#4252), p-PDK1 
(Ser241) (#3061), p-Akt (Ser473) (#4060), p-mTOR (Ser2448) 
(#2976), p-ERK1/2 (#4370), ERK1/2 (#4696), p-JNK1/2 (#9255), 
JNK1/2 (#9252), p-P38 (#4511), P38 (#8690), b-actin (#4970), 
and P-gp (ABCB1) (#13342) were purchased from Cell Signaling 
Technology (Danvers, MA, USA). HRP-conjugated secondary goat 
anti-mouse antibody, Annexin V-FITC, propidium iodide (PI), 
and 2’,7’-dichlorofluorescein diacetate (DCFH-DA) were pur-
chased from Beyotime Biotechnology (Nantong, JS, China). All 
other chemicals were purchased from Sigma Aldrich (MO, USA).

Cell lines and cell culture

The human HCC cell line QGY-7703 was purchased from the 
Cell Bank of the Chinese Academy of Science (Shanghai, China). 
The human HCC cell line Bel-7402 was purchased from the Cell 
Resource Center, Peking Union Medical College (Beijing, China), 
and the ADM-resistance Bel-7402/ADM cell line was purchased 
from KeyGEN Biotech Corporation (Nanjing, JS, China). We used 
300 nM of doxorubicin to maintain the resistance level of Bel-
7402/ADM cells. Each cell line was cultured in complete DMEM 
media containing 10% FBS and 1% penicillin/streptomycin at 
37°C in a sterile humidified atmosphere containing 5% CO2. 
Each of the cell lines was passaged when cells occupied 80% 
of the cell dish. The ADM-resistance cell line Bel-7402/ADM 
was cultured in drug-free DMEM for more than 14 days before 
experiments. The cell lines used in this study were authenti-
cated to be free of contamination.
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Cell viability assays

The anti-proliferation effects of asiaticoside on HCC cells were 
determined by MTT assay. In brief, human HCC QGY-7703 and 
Bel-7402 cells were seeded into 96-well plates at a density of 
5000 cells per well (200 μL) for overnight culturing, then vari-
ous concentrations of asiaticoside (gradient dilution) were add-
ed and incubated for 48 h, after which MTT was added and 
incubated at 37°C for 4 h. Subsequently, supernatant was dis-
carded and DMSO was used to dissolve the formazan crystals. 
The OD value was measured at 490 nm. To assess the time-
dependent inhibition effect of asiaticoside, 5 μM of asiaticoside 
was added into the cells using the protocol described above.

Plate clone formation assay

After treatment with asiaticoside (1, 3, and 10 μM) or DMSO 
for 48 h, QGY-7703 and Bel-7402 cells were harvested and 
pipetted gently to single-cell suspension. Subsequently, 0.7% 
agarose (containing 10% FBS) in DMEM medium (3 mL) was 
poured into the bottom of 6-well plates, followed by addition of 
0.3% agarose (containing 10% FBS) in DMEM medium (2 mL) to 
the aforementioned single-cell suspension (5000 cells per mL). 
After incubating for 15 days, paraformaldehyde-PBS solution 
(4%) was used to fix the colonies, followed by staining with 
Giemsa buffer for 20 min and washing with double-distilled 
water until the colonies were visible and clear.

Flow cytometry assays for cell cycle distribution analysis

QGY-7703 and Bel-7402 cells were plated into 6-well plates at 
a density of 2×105 cells per well and treated with DMSO or var-
ious concentrations of asiaticoside (1, 3, and 10 μM) and incu-
bated for 48 h. Subsequently, cells were harvested and fixed 
with ice-cold ethanol (70%) for at least 30 min, after which the 
cells were centrifuged and resuspended in 0.1% Triton X-100 
PBS solution. Cells were then stained by PI for 30–35 min. 
A BD FACS Verse flow cytometer was used to analyze the cell 
cycle populations. Data were analyzed using FlowJo software.

Flow cytometry assays for apoptosis analysis by Annexin 
V and PI double-staining

Evaluation of apoptotic cells was conducted by Annexin V and 
PI double-staining, and detected by flow cytometry. In brief, 
QGY-7703 and Bel-7402 cells were plated into 6-well plates at 
a density of 2×105 per well and treated with DMSO or various 
concentrations of asiaticoside (1, 3, and 10 μM), followed by 
incubation for 48 h. Subsequently, cells were harvested and 
incubated with Annexin V (5 μL of 100 μL binding buffer) and 
PI (5 μL of 100 μL binding buffer) for 30 min. Then, the cells 
were washed and resuspended in 200 μL of binding buffer. 

A BD FACS Verse flow cytometer was used to detect apoptotic 
cells. FlowJo software was used to analyze the results.

Western blot assays

The expression of P-gp and the effects of asiaticoside on 
PI3K/Akt/MAPKs signaling were determined by Western blot 
assays. Briefly, cells were seeded into 6-well plates and treat-
ed with various concentration of asiaticoside (1, 3, and 10 μM 
for PI3K/Akt/MAPKs, 2, 4, and 6 μM for expression of P-pg) for 
48 h. Subsequently, cells were harvested and total proteins of 
the cells were extracted with RIPA. Protein concentration was 
detected by use of a BCA kit and normalized (20 μg) before 
10% sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE). The proteins on the gel were transported to PVDF 
membranes with 200 mA electricity, and non-fat milk (5%) was 
used to block the non-specific proteins. Subsequently, primary 
antibodies were diluted in 5% BSA PBS buffer and incubated 
overnight in the dark at 4°C. On the following day, after wash-
ing twice, the membranes were incubated with diluted HRP-
conjugated secondary antibodies for 1 h, and protein bands 
were visualized by ECL and digitalized by scanning.

Reversal of P-gp-mediated MDR

As described above in “Cell viability assays”, MTT assay was 
used to conducted the reversal experiment of asiaticoside 
on P-gp-mediated drug resistance in HCC cells. Briefly, Bel-
7402/ADM cells were seeded into 96-well plates and incubat-
ed overnight. On the following day, 2 and 4 μM asiaticoside 
were added for 2 h. Subsequently, various concentrations of 
paclitaxel, doxorubicin, colchicine, or vincristine were added, 
followed by further incubation for 48 h.

Detection of reactive oxygen species (ROS) in drug-
resistant HCC cells

Intracellular ROS level was determined by DCFH-DA through 
flow cytometry assay. In brief, Bel-7402/ADM cells were treat-
ed with various concentration (2, 4, and 6 μM) of asiaticoside 
for 48 h, then stained with DCFH-DA for 30 min. After wash-
ing with ice-cold PBS, a FACS Verse flow cytometer was used.

Statistics

All data are presented as mean±SD from at least 3 indepen-
dent experiments. One-way ANOVA was used to determine the 
significance of differences between control and experimental 
groups, with the level of significance set at p value less than 
0.05. A dot plot and bar plot were created using GraphPad 7.00.
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Results

Asiaticoside significantly inhibited the proliferation of 
human HCC QGY-7703 and Bel-7402 cells

In MTT assays, asiaticoside showed a significant inhibitory ef-
fect on HCC cells. Specifically, asiaticoside significantly inhibited 
the cell viability of QGY-7703 and Bel-7402 cell lines in dose-
dependent (Figure 1A, 1B) and time-dependent (Figure 1C, 1D) 
manners. The IC50 values of asiaticoside on QGY-7703 cells was 
6.724 μM, and that for the Bel-7402 cell line was 6.807 μM. 
Plate clone formation assays further demonstrated the anti-
proliferation effects of asiaticoside on HCC cells. As shown in 
Figure 1E, the colony formation of QGY-7703 and Bel-7402 
cells was significantly decreased, indicating asiaticoside sup-
pressed the colony formation ability of HCC cells.

Asiaticoside induced apoptosis in HCC cells

As shown in Figure 2A–2C, the ratio of apoptotic cells in 
QGY-7703 and Bel-7402 cells was significantly increased after 
treatment with asiaticoside in a concentration-dependent man-
ner. Moreover, the apoptosis-related proteins were evaluated 
after treatment with asiaticoside. As shown in Figure 2D and 2E, 

asiaticoside treatment resulted in pronounced upregulation 
of cleaved-caspase9, cleaved-caspase3, and cleaved-PARP in 
QGY-7703 and Bel-7402 cells in a dose-dependent manner. 
These results indicated that asiaticoside inhibits HCC cells pro-
liferation through inducing HCC cells apoptosis.

Asiaticoside induced cell cycle arrest in HCC cells

As shown in Figure 3A–3C, an obvious increase in G1 cell pop-
ulation was found after treatment with various concentra-
tions of asiaticoside, indicating that asiaticoside causes G1 
cell cycle arrest in HCC cells. Meanwhile, Western blot results 
showed the effects of asiaticoside on cell cycle checkpoint pro-
teins, including cyclinD1 and p27, which is essential for G1 to 
S phase transition, and the downstream effector p-pRB. As 
presented in Figures 3D and 3E, in QGY-7703 and Bel-7402 
cells, asiaticoside significantly downregulated the phosphor-
ylation level of pRB and expression level of cyclin D1, and up-
regulated the p27 expression level, all in a dose-dependent 
manner, which agrees with the results of flow cytometry and 
PI staining, indicating that asiaticoside induced growth arrest 
in HCC cells in vitro.

QGY-7703

Bel-7402

Control Asiaticoside
1 μM

Asiaticoside
3 μM

Asiaticoside
10 μM

Control Asiaticoside
1 μM

Asiaticoside
3 μM

Asiaticoside
10 μM

* *
*

*

*
*

120

100

80

60

40

20

0

Re
lat

ive
 ex

pr
es

sio
n o

f p
ro

te
in

QGY-7703
Bel-7402

1

Asiaticoside (μM)

10

IC50: 6.724 μM

1000.1

Ce
ll v

iab
ilit

y

120
100

80
60
40
20

0
1

Asiaticoside (μM) Asiaticoside (5 μM)

10

IC50: 6.807 μM

1000.1

Ce
ll v

iab
ilit

y

120
100

80
60
40
20

0
Control

QGY-7703

Ce
ll v

iab
ilit

y (
%

)

120

80

40

0
24 h 48 h 72 h

*
*

*

Asiaticoside (5 μM)

Control

Bel-7402
Ce

ll v
iab

ilit
y (

%
)

120

80

40

0
24 h 48 h 72 h

*
*

*

A

E F

C DB

Figure 1.  The inhibitory effect of asiaticoside on HCC cells proliferation. Concentration-viability curves of asiaticoside on QGY-703 cells 
(A) and Bel-7402 cells (B) after treatment for 48 h. Asiaticoside (5 μM) inhibited the proliferation of QGY-7703 cells (C) and 
Bel-7402 cells (D) in a time-dependent manner. (E) Colony formation assays of asiaticoside in QGY-7703 and Bel-7402 cells. 
(F) Statistical analysis of colony formation assays. Data are presented as mean±SD, which are representative of at least 3 
independent experiments.
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Figure 2.  Asiaticoside induced apoptosis in HCC cells. (A) Dot plot of apoptotic cells in QGY-7703 and Bel-7402 cells conducted by 
flow cytometry. The “red” dot plots showed the results in QGY-7703 cells, while the “blue” dot plot showed the results in 
Bel-7402 cells. (B) The percentage of apoptotic cells in QGY-7703 cells after treatment with asiaticoside. (C) The percentage 
of apoptotic cells in Bel-7402 cells after treatment with asiaticoside. (D) Apoptotic-related proteins alteration in QGY-7703 
cells after treatment with asiaticoside. (E) Apoptotic-related proteins alteration in Bel-7402 cells after treatment with 
asiaticoside. Data are presented as mean±SD, which are representative of at least 3 independent experiments.
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Figure 3.  Asiaticoside induced G1 phase cell cycle arrest in HCC cells. (A) The peak plot showed results of cell cycle analysis for 
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Asiaticoside stimulated apoptosis and cell cycle arrest 
through blocking PI3K/Akt and MAPK/ERK pathways in 
HCC cells

It is widely accepted that PI3K/Akt and MAPKs pathways play 
important roles in regulating proliferation, apoptosis, and cell 
cycle in multiple types of cancer, including HCC. Therefore, 
Western blot assays were conducted to detect the expression 
and phosphorylation level of key proteins in PI3K/Akt and 
MAPKs signaling after treatment with asiaticoside. As illustrated 
in Figure 4A and 4B, in QGY-7703 and Bel-7402 cells, the cat-
alytic subunits of PI3K, p110a, p110b, and p110g were signif-
icantly downregulated by asiaticoside treatment in a concen-
tration-dependent manner. Meanwhile, the phosphorylation 
level of PDK1, a downstream effector of PI3K, was simultane-
ously inhibited by asiaticoside. Moreover, downstream of PDK1, 
the phosphorylation levels of Akt and mTOR were significantly 
downregulated after treatment with various concentration of 
asiaticoside in a dose-dependent manner. These results sug-
gested that the apoptotic and cell cycle arrest characters of 
asiaticoside are related to blocking the PI3K/Akt pathways. In 
addition, in QGY-7703 and Bel-7402 cells (Figure 5A, 5B), asi-
aticoside significantly inhibited the phosphorylation level of ki-
nases of ERK, JNK, and P38, which are 3 primary MAPKs mole-
cules in mammalian cells, indicating that the anti-proliferation 
effects of asiaticoside are related to MAPKs pathways. These 
results suggested that asiaticoside inhibits the proliferation of 
HCC cells through blocking the PI3K/Akt and MAPKs pathways.

Asiaticoside P-gp-mediated MDR in HCC cells

Acquired drug resistance is a major obstacle in cancer chemo-
therapy, including in HCC. Therefore, we performed a series of 
experiments to investigate whether asiaticoside could reverse 
HCC drug resistance. We used the Bel-7402/ADM cell line, 
which is selected and is resistant to ADM and overexpresses 
P-gp (ABCB1), an ATP-binding cassette transporter. As illustrat-
ed in Figure 6A, low cytotoxic concentrations of asiaticoside 
significantly lowered the IC50 values of a series of chemother-
apeutic drugs, including doxorubicin, paclitaxel, colchicine, and 
vincristine, in Bel-7402/ADM cells in a dose-dependent man-
ner. Western blot results indicated that the expression lev-
el of P-gp in Bel-7402/ADM cells was obviously downregulat-
ed (Figure 6E), which could be responsible for the reversal of 
drug resistance induced by asiaticoside. Our results suggest 
that the increased level of ROS may be involved in upregula-
tion of P-gp, which resulted in drug resistance. Hence, we per-
formed flow cytometry analysis to detect changes in ROS lev-
els caused by asiaticoside in Bel-7402/ADM cells. As shown 
in Figure 6F, asiaticoside significantly inhibited the ROS level 
in Bel-7402/ADM cells.

Discussion

Natural products are extraordinarily diverse and form tre-
mendously large libraries containing abundant bioactive mol-
ecules, which are of vital importance in finding novel agents 
to treat many diseases, especially malignant tumors [23–25]. 
Compared to the traditional chemotherapeutic drugs, natural 
product-derived molecules always maintain considerable ther-
apeutic efficacy and have fewer adverse effects in the process 
of disease treatment [10,26]. A series of natural agents have 
been approved as anti-cancer drugs, such as vincristine and 
paclitaxel, which have already shown remarkable efficacy in 
cancer therapy [9,27]. Hence, it is necessary to evaluate more 
natural products-derived molecules that have potential effects 
such as inhibiting proliferation and overcoming drug resistance.

As a triterpene-rich medicinal Chinese traditional herb, Centella 
asiatica has been extensively demonstrated to have thera-
peutic value in various types of diseases, including neurologi-
cal, dermatological, and metabolic diseases [28]. Centella asi-
atica-derived molecules have been widely documented to treat 
multiple types of cancer [29,30]. For example, asiatic acid has 
shown anti-cancer effects in non-small cell lung cancer (NSCLC) 
by impeding transforming growth factor-b1 (TGF-b1)-induced 
epithelial-mesenchymal transition (EMT) [31]. In addition, asi-
atic acid also inhibits the proliferation of human cholangiocar-
cinoma cells through inhibition of proliferation and induction 
of apoptosis [32]. As a major compound of Centella asiatica, 
asiaticoside has been reported to show significant antitumor 
effects in multiple myeloma via mechanisms of action related 
to autophagy induction, activation of effector caspases, and 
inhibition of cell migration, invasion, and STAT-3 signaling 
pathways [17]. It is also documented that asiaticoside inhib-
its melanogenesis in B16F10 mouse melanoma by inhibiting 
tyrosinase mRNA expression and decreasing its DNA-binding 
affinity [16].

Although extracts of Centella asiatica have considerable anti-
proliferation effects, as one of the primary components, 
the anti-proliferation effects and the underlying mechanisms 
of asiaticoside remained to be detected, especially in HCC cells. 
In the present study, we demonstrated for the first time that 
asiaticoside dramatically inhibits the proliferation of HCC cells 
and re-sensitizes it to chemotherapy.

Our study demonstrated that asiaticoside inhibits HCC cells vi-
ability and colony formation, which are 2 major aspects of cell 
proliferation, in a dose-dependent manner. These results indi-
cate that asiaticoside reduces the proliferation of HCC cells in 
vitro. The inhibition of cell viability might be directly caused 
by apoptosis. In consideration of key role of apoptosis in cell 
proliferation, flow cytometry assays were conducted to mea-
sure phosphatidylserine externalization and exposed nucleic 
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Figure 4.  Asiaticoside inhibited PI3K/Akt pathways in QGY-7703 and Bel-7402 cells. (A) Protein bands showed alteration of key 
proteins in PI3K/Akt pathways after asiaticoside treatment for 48 h in QGY-7703 cells. (B, C) The relative intensity of protein 
expression of PI3K subunits p110a, p110b, and p110g, and p-PDK, p-Akt, and p-mTOR after treatment with asiaticoside 
for 48 h in QGY-7703 cells. (D) Protein bands showed alteration of key proteins in PI3K/Akt pathways after asiaticoside 
treatment for 48 h in Bel-7402 cells. (E, F) The relative intensity of protein expression of PI3K subunits p110a, p110b, and 
p110g, and p-PDK, p-Akt, and p-mTOR after treatment with asiaticoside for 48 h in Bel-7402 cells. Data are presented as 
mean±SD, which are representative of at least 3 independent experiments.
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Figure 5.  Asiaticoside inhibited MAKPs pathways in QGY-7703 and Bel-7402 cells. (A) Protein bands showed alteration of key proteins 
in MAKPs pathways after asiaticoside treatment for 48 h in QGY-7703 cells. (B) The relative intensity of protein expression 
of MAPKs key proteins after treatment with asiaticoside for 48 h in QGY-7703 cells. (C) Protein bands showed alteration 
of key proteins in MAKPs pathways after asiaticoside treatment for 48 h in Bel-7402 cells. (D) The relative intensity of 
protein expression of MAPKs key proteins after treatment with asiaticoside for 48 h in Bel-7402 cells. Data are presented as 
mean±SD, which are representative of at least 3 independent experiments.

acid, which are markers of apoptosis, by Annexin V/PI dou-
ble-staining after treatment with asiaticoside. Asiaticoside in-
duced significant apoptosis in HCC cells by increasing cleaved-
caspase family and its substrate, PARP. Although it is known 
that there are 3 major pathways involved in cell apoptosis, 
the pathways involved in the effect of asiaticoside remain 
to be determined. To further define the mechanism of action 
underlying the anti-proliferation effect of asiaticoside, cell cy-
cle distribution by PI staining was conducted by flow cytom-
etry. Our results confirmed that asiaticoside induced G1 cell 
cycle arrest via cyclin D1 and p-pRB downregulation and p27 
upregulation in a dose-dependent manner in QGY-7703 and 
Bel-7402 cells. Taken together, our results indicate that asiati-
coside inhibits HCC cell proliferation through inducing apop-
tosis and by G1 cell cycle arrest.

The PI3K/Akt pathway is one of the most important pathways 
regulating cell proliferation, apoptosis, and cell cycle in multiple 
cancer cells, including HCC [33–35]. High expression and aber-
rant increase of action of PI3K pathways have been widely doc-
umented in multiple human cancers [36]. In addition, MAPKs 
signals, primarily consisting of 3 kinases molecules – ERK, JNK, 
and P38 – are involved in a series of physiological and patholog-
ical processes. We found significant alterations of PI3K/Akt and 
MAPKs pathways after treatment with asiaticoside. Specifically, 
the expression of 3 major PI3K catalytic subunits – p110a, 
p110b, and p110g – were significantly downregulated by asi-
aticoside. Meanwhile, the phosphorylation level of the PI3K 
downstream effector, PDK1, which is also the upstream pro-
tein kinase of Akt, was dramatically inhibited by asiaticoside, 
together with the downregulation of phosphorylation level of 
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Figure 6.  Asiaticoside antagonized P-gp-mediated MDR in HCC cells by decreasing the expression level of P-gp through decreasing 
the intracellular ROS level. The colored bar plot shows the IC50 values of doxorubicin (A), paclitaxel (B), colchicine (C), 
and vincristine (D) after treatment with indicated concentrations of asiaticoside in parental Bel-7402 cells as well as 
chemoresistance of Bel-7402/ADM cells. Western blot assays showed the inhibitory effect of asiaticoside on P-gp protein 
expression (E), and relative intensity of P-gp after treatment with asiaticoside in Bel-7402/ADM cells is shown in (F). 
The intracellular ROS level in Bel-7402/ADM cells after treatment with asiaticoside for 48 h (G). Data are presented as 
mean±SD, which are representative of at least 3 independent experiments.

Akt or mTOR. Moreover, as key proteins in MAPKs pathways, 
the phosphorylation levels of ERK, JNK, and P38 were also re-
duced by asiaticoside. Taken together, these results indicate 
that the mechanisms of action of asiaticoside on HCC cells 
proliferation are involved in blocking the activity of PI3K/Akt 
and MAPKs pathways.

Acquired drug resistance is one of the largest obstacles in can-
cer chemotherapy, which is always related to the overexpres-
sion of P-glycoprotein (P-gp) [37]. In this study, we determined 
the effect of asiaticoside on reversal of drug resistance me-
diated by overexpression of P-gp in Bel-7402/ADM HCC cells. 
Asiaticoside significantly reversed chemotherapeutic resis-
tance in Bel-7402/ADM cells by downregulating the expres-
sion level of P-gp in Bel-7402/ADM. It is documented that in-
creased levels of ROS are involved in upregulation of P-gp [38], 
so we assessed changes in ROS levels caused by asiaticoside 
in Bel-7402/ADM cells. We found that asiaticoside significantly 
inhibited the ROS level in Bel-7402/ADM cells, suggesting that 

the reversal of drug resistance caused by asiaticoside occurs 
by downregulating P-gp via downregulation of ROS.

Conclusions

In conclusion, our findings suggest that asiaticoside could be 
a novel candidate for use in HCC therapy, with promising anti-
cancer activities, and the ability to reduce drug resistance in 
HCC cancer cells. Nevertheless, more studies are needed to fur-
ther determine the mechanism of action underlying the anti-
HCC effects of asiaticoside; for example, in vivo assessment of 
the specific mechanism underlying the effect of asiaticoside 
on drug resistance is needed. Our findings suggest that asiati-
coside has promise for use in treatment of HCC.
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