
ONCOLOGY REPORTS  45:  1193-1201,  2021

Abstract. Acanthopanax senticosus (Rupr. et Maxim) Harms 
(ASH), also known as Siberian ginseng or eleuthero, is a hardy 
shrub native to China, Korea, Russia and the northern region 
of Japan. ASH is used for the treatment of several diseases 
such as heart disease, hypertension, rheumatoid arthritis, aller-
gies, chronic bronchitis, diabetes and cancer. In the present 
study, the inhibitory effect of the root extract of ASH (ASHE) 
on HuH‑7 and HepG2 liver cancer cells was examined. ASHE 
suppressed liver cancer cell proliferation by inducing cell cycle 
arrest at the G0/G1 phase, as well as apoptosis, as indicated by 
the increased number of Annexin V and 7‑AAD‑positive cells. 
Furthermore, the expression of LC3‑II, an autophagy marker, 
in these cells also increased post treatment with ASHE. 
LC3‑II induction was further enhanced by co‑treatment with 
chloroquine. Fluorescence and transmission electron micro-
graphs of ASHE‑treated liver cancer cells showed the presence 
of an increased number of autophagic vesicles. A decreased 
protein expression level of run domain Beclin‑1‑interacting 
and cysteine‑rich domain‑containing, an autophagy inhibitor, 
with no change in RUBCN mRNA expression was observed, 
indicating activation of the autophagosome‑lysosome fusion 

step of autophagy. In conclusion, ASHE exerts cytostatic 
activity on liver cancer cells via both apoptosis and autophagy, 
and may serve as a potential therapeutic agent for management 
of liver cancer and autophagy‑related diseases.

Introduction

Liver cancer is the fifth most common type of cancer, 
and the third most common cause of cancer‑related death 
worldwide (1). Liver cancer usually occurs in patients with 
chronic hepatitis and cirrhosis, which limits the feasibility of 
curative therapies such as surgical resection and locoregional 
ablation therapy. Systemic chemotherapy, such as sorafenib 
and Lenvatinib, is used to treat patients with advanced liver 
cancer, which is associated with vascular invasion and metas-
tasis. Recent advances in diagnostic imaging and supportive 
care for liver cancer have increased the duration of treat-
ment periods and the quality of life of patients. However, the 
long‑term survival in liver cancer remains unsatisfactory, with 
a median survival time of 12.3 months with sorafenib and 
13.6 months with Lenvatinib treatment (2). Therefore, novel 
treatment strategies for liver cancer are required to achieve 
higher rates of patient survival. 

Acanthopanax senticosus (Rupr. et Maxim) Harms (ASH), 
also known as Siberian ginseng or eleuthero, is a small 
hardy shrub native to China, Korea, Russia and the northern 
region of Japan (3). ASH is a well‑known traditional Chinese 
medicinal herb, that possesses various pharmacological prop-
erties such as anti‑fatigue, antioxidant, anti‑protective and 
antibacterial activities (4‑7). ASH is also known to exhibit 
therapeutic effects in several diseases, such as heart disease, 
hypertension, allergies (8), chronic bronchitis, diabetes (9), 
gastric ulcers (10), rheumatoid arthritis (11) and neurodegen-
erative diseases (12). Previous studies have also shown that 
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ASH exhibits a cytotoxic effect on several cancer cell types. 
The stem bark of ASH inhibits tumor growth in stomach 
cancer (13), breast cancer (14) and leukemia (15), as well as 
the growth of sarcoma cells (16). However, the effect of ASH 
on liver cancer cells remains unknown. In the present study, 
the effects of ASH root extract on liver cancer cell lines was 
examined.

Materials and methods 

Preparation of ASH extract. The ASH root extract (ASHE) used 
in the present study was prepared as described previously (17). 
Briefly, the roots of ASH were collected from the native area 
of Heilongjiang, China. The collected ASH roots (fresh weight 
10 kg) were cut and immersed in water for 3 h at 80˚C to obtain 
extracts. The extract was then evaporated in vacuo, yielding 
~500  g powder using a spray‑drying method  (10). ASHE 
(lot no. 8142) used in this experiment was prepared and supplied 
by Sun Chlorella Corp., and dissolved in distilled water to a 
concentration of 100 mg/ml for use in subsequent experiments.

Chemicals reagents. Chloroquine (CQ), bafilomycin A1 and 
3‑methyladenine (3‑MA) were purchased from Sigma‑Aldrich; 
Merck KGaA. The working concentrations of CQ were 0.5 µM 
(HuH‑7) or 2 µM (HepG2). The working concentrations of 
bafilomycin A1 were 50 nM (HuH‑7) or 125 nM (HepG2). The 
working concentrations of 3‑MA were 0.1 mM (HuH‑7) or 
0.3 mM (HepG2). Treatment duration with CQ and 3‑MA was 
72 h. Treatment duration of bafilomycin A1 was 2 h.

Cell lines and culture conditions. The human liver cancer 
cell lines, HuH‑7 (JCRB0403) and HepG2 (JCRB1054), 
were obtained from the Japanese Collection of Research 
Bioresources (JCRB), and cultured in DMEM supplemented 
with 10% FBS, 10 mM L‑glutamine, 100 U/ml penicillin 
and 100  µg/ml streptomycin (all from Sigma‑Aldrich; 
Merck KGaA) at 37˚C in a humidified incubator with 5% CO2. 

Cell viability assay. HuH‑7 and HepG2 cells were treated for 
24, 48 or 72 h with 62, 125, 250, 500 or 1,000 µg/ml ASHE in 
96‑well plates (Thermo Fisher Scientific, Inc.). Subsequently, 
cell viability was determined using the Premix WST‑1 Cell 
Proliferation assay kit (Takara Bio Inc.) according to the 
manufacturer's protocol. Absorbance at 440 nm was measured 
using a microplate reader (Thermo Scientific Multiskan FC; 
Thermo Fisher Scientific, Inc.).

Colony formation assay. HuH‑7 (1x105) and HepG2 (5x104) 
cells were seeded in 6‑well plates (Thermo Fisher Scientific, 
Inc.), and treated with the indicated concentrations of ASHE 
for 5 days. After treatment, the colonies were fixed in 4% para-
formaldehyde for 15 min at 4˚C, stained with 0.25% crystal 
violet for 15 min at room temperature, observed using a light 
microscope (magnification, x400) and imaged. A colony was 
defined to consist of ≥50 cells.

Cell cycle assay. HuH‑7 and HepG2 cells were allowed to 
adhere to 6‑well plates for 24 h prior to treatment with ASHE. 
After incubation, cells were fixed with cold 70% ethanol for 2 h, 
followed by staining with FxCycle propidium iodide (PI)/RNase 

Staining Solution (Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. Stained cells were then analyzed 
using a BD FACSCanto II flow cytometer (BD Biosciences) 
with FACSDiva version 8.0.1 (BD Biosciences). Cell cycle 
analysis was performed using FlowJo version (FlowJo LLC).

Apoptosis assay. HuH‑7 and HepG2 cells were allowed to 
adhere to 6‑well plates, and were treated with ASHE for 72 h. 
Treated cells were then harvested and washed, followed by 
staining with a phycoerythrin‑conjugated Annexin V antibody 
(1:20) and 7‑AAD (1:20) for 15 min at room temperature in 
the dark (BD Pharmingen). Apoptotic cells were analyzed 
using a BD FACSCanto II flow cytometer and the FACSDiva 
software. The percentage of apoptotic cells was calculated 
by dividing the percentage of either Annexin V‑positive or 
7‑AAD‑positive cells by the total number of cells.

Western blotting. Western blotting was performed as previ-
ously described  (18). Briefly, the separated proteins were 
transferred to PVDF membranes and blotted with specific 
primary antibodies overnight at 4˚C. The primary antibodies 
used were AMPKα (1:1,000; Cell Signaling Technology, 
Inc.; cat. no. 2532), phospho‑AMPKα (Thr172) (1:1,000; Cell 
Signaling Technology, Inc.; cat. no. 2535), LC3B (1:1,000; 
Cell Signaling Technology, Inc.; cat. no. 3868), Run domain 
Beclin‑1‑interacting and cysteine‑rich domain‑containing 
(Rubicon; 1:1,000; Cell Signaling Technology, Inc.; cat. 
no. 8465), c‑Jun (1:1,000; Cell Signaling Technology, Inc.; 
cat. no. 9165), phospho‑c‑Jun (Ser63) (1:1,000; Cell Signaling 
Technology, Inc.; cat. no. 2361), SAPK/JNK (1:1,000; Cell 
Signaling Technology, Inc.; cat. no. 9252), phospho‑SAPK/JNK 
(Thr183/Tyr185) (1:1,000; Cell Signaling Technology, Inc.; cat. 
no. 9251) or actin (1:3,000; Santa Cruz Biotechnology, Inc.; cat. 
no. sc1615). After incubation for 1 h at room temperature with 
the secondary antibody, a horseradish peroxidase‑conjugated 
anti‑rabbit IgG (1:2,000; Cell Signaling Technology, Inc.; cat. 
no. 7074S), signals were visualized using ECL Select Western 
Blotting Detection Reagent (GE Healthcare). Finally, the bands 
were imaged using either ChemiDoc XRS Plus (Bio‑Rad 
Laboratories, Inc.) or WSE‑6100H LuminoGraphI (ATTO).

Fluorescence microscopy. HuH‑7 and HepG2 cells were plated 
at a density of 1.2x105 cells/well in 12‑well plates and allowed 
to adhere overnight. After ASHE treatment for 72 h, the cells 
were incubated with 75 nM DAPGreen (Dojindo Molecular 
Technologies, Inc.) and NucBlue Live ReadyProbes Reagent 
(Thermo Fisher Scientific, Inc.) at 37˚C for 30 min. After 
washing with PBS, fluorescence imaging was performed using 
a Leica DMi8 fluorescence microscope (magnification, x400) 
and LAS X version 3.3 (Leica Microsystems, Inc.).

Transmission electron microscopy. ASHE‑treated and 
untreated HuH‑7 cells were washed with PBS and fixed in 
2% glutaraldehyde (in 0.1 M PBS, pH 7.4) for 10 min at room 
temperature, and subsequently post‑fixed with 2% osmium 
tetra‑oxide for 2 h in an ice bath. Next, the specimens were 
dehydrated in graded concentrations of ethanol (30, 50, 70, 90 
and 100%) and embedded in epoxy resin. Ultrathin sections 
were prepared using an ultramicrotome. These sections were 
stained with uranyl acetate for 15 min at room temperature 



ONCOLOGY REPORTS  45:  1193-1201,  2021 1195

and lead staining solution for 5 min at room temperature, 
and were observed using a HITACHI H‑7600 transmission 
electron microscope (magnification, x5,000)(Hitachi, Ltd.) at 
a high voltage of 100 kV.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
from HuH‑7 and HepG2 cells was isolated using TRIzol® reagent 
(Thermo Fisher Scientific, Inc.). cDNA was synthesized from 
2 µg total RNA using a SuperScript VILO cDNA Synthesis 
kit according to the manufacturer's protocol (Thermo Fisher 
Scientific, Inc.). The primer sequences for human Rubicon 
and β‑actin genes were as follows: RUBCN forward, 5'‑GAT​
TAC​TGG​CAG​TTC​GTG​AAA​GA‑3' and reverse, 5'‑CTG​CTC​
TGG​TCG​TTC​TCG​TG‑3'; ACTB (β‑actin) forward, 5'‑GGC​
ATC​CTC​ACC​CTG​AAG​TA‑3' and reverse, 5'‑GAA​GGT​GTG​
GTG​CCA​GAT​TT‑3'. qPCR was performed in triplicate using 
Power SYBR Green PCR mix (Thermo Fisher Scientific, Inc.). 
The thermocycling conditions were 3 min at 95˚C, followed by 
40 cycles of 95˚C for 3 sec, and 60˚C for 20 sec. Changes in 
relative gene expression between cDNA samples were deter-
mined using the 2‑ΔΔCq method (19).

Statistical analysis. All data are presented as the 
mean ± standard deviation of three independent experiments. 
SPSS version 21 (IBM Corp.) was used to compare data. A 
two‑tailed unpaired Student's t‑test was used compare differ-
ences between two groups. Comparisons between control 
(non‑treated) and ASHE‑treated cells were performed using a 
one‑way ANOVA followed by a post‑hoc Tukey's test. P<0.05 
was considered to indicate a statistically significant difference. 

Results

ASHE inhibits the proliferation of HuH‑7 and HepG2 cells. 
HuH‑7 and HepG2 cells were treated with different concen-
trations of ASHE (62‑1,000 µg/ml) for 72 h to investigate the 

effects of ASHE on cell viability. ASHE had minimal effects 
on cell viability in these cell lines in the presence of FBS. 
However, in the absence of FBS, cell viability was significantly 
reduced in a dose‑dependent manner (Fig. 1A). Colony forma-
tion assay also revealed the inhibitory effect of ASHE on the 
colony forming capacity of HuH‑7 and HepG2 cells (Fig. 1B).

ASHE induces cell cycle arrest at the G0/G1 phase and 
inhibits cell viability. Flow cytometry of PI stained cells 
showed accumulation of cells in the G0/G1 phase, whereas 
the proportion of cells in the S phase decreased in both 
HuH‑7 and HepG2 cells (Fig. 2A and B). Apoptosis analysis 
was used to examine whether cell cycle arrest at the G0/G1 
phase could inhibit cell viability. Because the fluorescence 
intensity of both Annexin V‑negative and 7‑AAD‑negative 
cells was increased in the cells treated with ASHE compared 
with the untreated cells, ASHE was determined to affect 
the fluorescence intensity  (Fig.  2C). The number of both 
Annexin V‑positive and 7‑AAD‑positive cells increased after 
treatment with ASHE (Fig. 2D), suggesting that apoptotic cell 
death occurred upon ASHE treatment. 

ASHE promotes autophagic cell death in HuH‑7 and HepG2 
cells. Previous studies on mice models showed that the fruit of 
the ASH tree modulates the autophagy regulator, AMPK (20), 
and that autophagy may trigger cell death in certain types of 
cells (21‑23). Therefore, the effect of ASHE on AMPK activity 
and autophagy was assessed. No significant increase in the 
phosphorylation of AMPK was observed in ASHE‑treated 
HuH‑7 and HepG2 cells (Fig. 3A). Furthermore, LC3‑II protein 
levels, a widely used marker for autophagic activity (24), were 
elevated in ASHE‑treated HuH‑7 and HepG2 cells compared 
with the untreated cells following treatment for 48 and 72 h 
(Fig.  3B  and  C). Thereafter, an LC3 turnover assay was 
performed to determine whether the increase in LC3‑II protein 
levels was due to autophagy induction or inhibition (25). When 

Figure 1. ASHE inhibits growth of liver cancer cells. (A) HuH‑7 and HepG2 cells were treated with different concentrations of ASHE with or without FBS for 
72 h, and cell viability was measured. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05 treated cells vs. untreated 
cells in the absence of FBS; #P<0.05 cells treated with ASHE in the presence of FBS compared with treated cells in the absence of FBS. (B) Representative 
images of crystal violet‑stained colonies of ASHE‑treated HuH‑7 and HepG2 cells in the absence of FBS. ASHE, Acanthopanax senticosus Harms root extract. 
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ASHE‑treated HuH‑7 and HepG2 cells were co‑treated with 
CQ, an inhibitor of degradation in autolysosomal compart-
ments (26), LC3‑II levels were further increased compared 
with ASHE treatment alone (Fig. 3D). In contrast, in the pres-
ence of bafilomycin A1, an autophagy inhibitor that blocks the 
fusion of autophagosomes and lysosomes (26), LC3‑II levels 
remained unchanged irrespective of ASHE treatment (Fig. 3E). 
Thus, the LC3 turnover assay results suggested that ASHE 
enhanced autophagy by promoting autophagosome‑lysosome 
fusion process, and not the degradative activity.

Next, DAPGreen was used to visualize the autophagic 
vacuoles in the ASHE‑treated cells under a fluorescence 

microscope. As shown in Fig. 4A, the number of fluores-
cence‑stained autophagic vacuoles increased in HuH‑7 and 
HepG2 cells in an ASHE dose‑dependent manner. The ultra-
structure of ASHE‑treated HuH‑7 cells was assessed using 
transmission electron microscopy to further confirm whether 
the vacuoles were the result of autophagy (Fig. 4B). Both the 
number and the percentage area of autophagic structures was 
increased in ASHE‑treated cells compared with those in the 
untreated cells in a dose‑dependent manner (Fig. S1A, B). 
Furthermore, to examine the effect of autophagy on cell 
viability, the cells were treated with 3‑MA, which inhibits 
autophagy at an early stage, instead of CQ and bafilomycin A1. 

Figure 2. ASHE causes G0/G1 cell cycle arrest and induces apoptosis. (A) Representative flow cytometry histograms of cell cycle distribution. HuH‑7 and 
HepG2 cells were treated with ASHE in the absence of FBS for 72 h and stained with PI. The gray area between 20 and 40 units of PI‑A indicates the 
G0/G1 phase. (B) Percentage of HuH‑7 and HepG2 cells in the G0/G1 phase with or without ASHE treatment (500 and 1,000 µg/ml. (C) Representative 
dot plot of cells stained with Annexin V‑PE and 7‑AAD. HuH‑7 and HepG2 cells were treated with ASHE in the absence of FBS for 72 h, followed by the 
assessment of apoptosis using flow cytometry. Values indicate the cell percentage in each quartile of the plots. (D) Percentage of either Annexin V‑positive or 
7‑AAD‑positive cells in HuH‑7 and HepG2 cells. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05 vs. untreated 
cells ASHE, Acanthopanax senticosus Harms root extract; 7‑AAD, 7‑actino; PE, phycoerythrin; PI, propidium iodide. 
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Growth inhibition was partially attenuated in HuH‑7 cells 
co‑treated with 3‑MA and ASHE compared with cells treated 
with ASHE alone (Fig. 4C). A similar result was also observed 
in HepG2 cells at low ASHE concentrations.

ASHE decreases Rubicon expression in HuH‑7 and HepG2 
cells. As co‑treatment with bafilomycin A1 did not enhance 
LC3‑II expression in ASHE‑treated cells (Fig. 3E), the protein 
expression of Rubicon was examined, which inhibits autopha-
gosome and lysosome fusion by binding to the UVRAG 
complex. UVRAG serves as an autophagy‑associated protein by 
binding to Beclin‑1 and functions in the autophagy maturation 
process (27). The protein expression of Rubicon in ASHE‑treated 
HepG2 and HuH‑7 cells was lower than that in untreated cells 
(Fig. 5A). Regulation of Rubicon protein expression is mediated 
by the JNK signaling pathway in hepatocytes (28). However, 
western blotting results showed no decrease in the phosphoryla-
tion of either c‑Jun or SAPK/JNK in both HuH‑7 and HepG2 
cells following treatment with ASHE (Fig. 5B). Notably, no 
significant change in Rubicon expression was observed in 
HuH‑7 and HepG2 cells treated with ASHE in the presence of 
either CQ or bafilomycin A1 (Fig. S2). Moreover, no decrease 

in RUBCN mRNA expression was observed in ASHE‑treated 
cells compared with the untreated cells (Fig. S3). 

Discussion

In the present study, it was demonstrated that ASHE exhibits 
cytostatic effects mediated by apoptosis and autophagy in 
liver cancer cells by inhibiting Rubicon protein expression. 
This effect was partially attenuated by co‑treatment with the 
autophagy inhibitor, 3‑MA, suggesting that the mechanism 
underlying the reduction in cell viability of liver cancer cells 
by ASHE may involve autophagy.

ASHE is a widely used component of Chinese traditional 
medicine prescribed for the treatment of several diseases, such 
as heart disease, hypertension, allergies (8), chronic bronchitis, 
diabetes (9), gastric ulcers (10), rheumatoid arthritis (11) and 
neurodegenerative disease (12). Previous studies have shown 
that ASHE triggers apoptosis in stomach (13) and breast cancer 
cells (14); however, this effect is not evident in leukemia (15) 
and sarcoma cells (16). Thus, ASHE exhibits diverse cytotoxic 
effects in cells of different cancer types. Moreover, a previous 
study showed that the polysaccharides extracted from ASH 

Figure 3. LC3‑II expression is increased via promotion of autophagy flux in ASHE‑treated liver cancer cells. Effect of ASHE on (A) AMPK, phosphorylated 
AMPK, and (B) LC3‑I and LC3‑II in HuH‑7 and HepG2 cells. HuH‑7 and HepG2 cells were treated with ASHE (HuH7: 0, 100 or 250 µg/ml; HepG2: 0, 250 
and 500 µg/ml) for 72 h. (C) Effect of ASHE treatment for different time periods on LC3‑I and LC3‑II protein expression. HuH‑7 and HepG2 cells were treated 
with ASHE in the absence of FBS for the indicated time periods and concentrations. ASHE‑treated HuH‑7 and HepG2 cells were co‑treated with either (D) CQ 
(0.5 or 2 µM) for 72 h, or (E) bafilomycin A1 (50 or 125 nM) for 2 h. Protein expression was detected by western blotting. Actin was used as the loading control. 
ASHE, Acanthopanax senticosus Harms root extract; CQ, chloroquine. 
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root caused pronounced apoptosis in HepG2 cells (29). As 
crude ASHE was used in the present study, the apoptotic effect 
of ASHE was not observed.

Autophagy is a catabolic process that delivers endogenous 
cytoplasmic content to the lysosome, followed by degrada-
tion and recycling of proteins and organelles. Dysregulation 
of autophagy is known to contribute towards protection 
of organisms against pathologies, such as infections, heart 
disease, neurodegeneration, aging and cancer (30). Autophagy 
functions as either an inducer or inhibitor of cell death in 
cancer cells. In the present study, ASHE‑mediated autophagy 
promoted cell death in cooperation with apoptosis in liver 

cancer cells. As the cytotoxicity of ASHE was most evident in 
the absence of FBS, it is proposed that FBS is an inhibitor of 
ASHE‑induced autophagy.

During autophagy induction, LC3 protein is synthesized 
and processed by Atg4 into LC3‑I, followed by conversion to 
LC3‑II, which is conjugated with phosphatidylethanolamine. 
Therefore, LC3 is commonly used for autophagy assays (24). 
The results of the present study showed that LC3‑II protein 
expression levels were increased in ASHE‑treated cells 
compared with the untreated cells. The difference in LC3‑I 
levels between HuH‑7 and HepG2 cells suggests different 
LC3‑I to LC3‑II conversion rates in the two cell types.

Figure 4. Autophagic vesicle quantity is increased in ASHE‑treated liver cancer cells. (A) Fluorescence micrographs of HuH‑7 and HepG2 cells treated 
with ASHE in the absence of FBS for 72 h. Following treatment, cells were incubated with DAPGreen (50 nM) for 30 min. Magnification, x400. Scale 
bar, 10 µm. (B) Representative transmission electron micrographs of HuH‑7 cells treated with ASHE in the absence of FBS. Arrows indicate autophagosomes, 
and arrowheads indicate autolysosomes. Magnification, x5,000. Scale bar, 5 µm. (C) ASHE‑treated HuH‑7 and HepG2 cells were co‑treated with 3‑MA 
(0.1 or 0.3 mM) for 72 h, followed by measurement of cell viability. Data are presented as the mean ± standard deviation of three independent experiments. 
*P<0.05 vs. ASHE‑treated cells in the absence of 3‑MA. ASHE, Acanthopanax senticosus Harms root extract; 3‑MA, 3‑methyladenine. 
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Autophagy serves dual roles in cancer development 
depending on the cancer type, stage or genetic context (21,30). 
Rubicon protein inhibits autophagy by suppressing the fusion 
of autophagosomes and lysosomes (27). This protein is upregu-
lated by the JNK pathway in palmitate‑treated hepatocytes in 
fatty liver (28). In the present study, the total amount of both 
c‑Jun or SAPK/JNK proteins in HuH‑7 and HepG2 cells 
increased after ASHE treatment, suggesting the presence of a 
factor that promotes the transcription of these proteins in ASHE. 
Nevertheless, neither the JNK pathway nor the transcription 
of RUBCN was inhibited in ASHE‑treated liver cancer cells. 
Notably, the expression of Rubicon protein in ASHE‑treated 
HepG2 and HuH‑7 cells was decreased. Thus, inhibiting 

Rubicon protein may be a promising approach for the treatment 
of fatty liver (28), and therefore, validation of this effect using 
other liver cancer cell lines is required. Additionally, as ASHE 
induces autophagy as well as inhibiting Rubicon expression in 
cell lines other than liver cancer cell lines, autophagy‑related 
diseases of other organs may also be treated using ASHE.

In the present study, the increase in autophagic flux after 
ASHE treatment in HuH‑7 and HepG2 cells was independent 
of the inhibition of Rubicon protein expression. Thus, unlike 
metformin, which suppresses the mammalian target of the 
rapamycin (mTOR) pathway  (31), ASHE showed no posi-
tive regulatory effect on AMPK activation. ASHE has four 
major bioactive components, isofraxidin, eleutheroside B, 

Figure 5. Decreased Rubicon protein expression in ASHE‑treated liver cancer cells. Protein expression of (A) Rubicon and (B) Rubicon‑related proteins. 
HuH‑7 and HepG2 cells were treated with ASHE at the indicated concentrations in absence of FBS. Protein expression was detected by western blotting. 
Actin was used as the loading control. ASHE, Acanthopanax senticosus Harms root extract; p‑, phospho‑; Rubicon, run domain Beclin‑1‑interacting and 
cysteine‑rich domain‑containing. 
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eleutheroside E and chlorogenic acid (3). Isofraxidin, eleuthero-
side B, and chlorogenic acid offers protection against damage 
from radiation and oxidation. Eleutheroside E is reported to 
exhibit anti‑inflammatory effects. As these components are 
not known to induce autophagy, to the best of our knowledge, 
further studies are required to determine the mechanism 
underlying ASHE‑mediated autophagy promotion.

In conclusion, the mechanism of ASHE action in liver 
cancer cells was shown to involve autophagy. Decreased 
expression of Rubicon protein upon ASHE treatment 
promotes the fusion of autophagosomes and lysosomes, and 
leads to autophagy. As crude ASHE affected liver cancer cell 
autophagy in the absence of FBS, treatment with ASHE may 
not be practical in clinical settings, where there are sufficient 
nutrients. Isolating the ASHE components that inhibit Rubicon 
expression and promote autophagic flux, even in the presence 
of FBS, may facilitate its application for the treatment of 
diseases associated with autophagy dysregulation.
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