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Abstract
AIM
To investigate the antitumor activity of α-hederin in 
hepatocellular carcinoma (HCC) cells and its underlying 
mechanisms in vitro  and in vivo .

METHODS
SMMC-7721, HepG-2 and Huh-7 HCC cells were cultured 
in vitro  and treated with α-hederin (0, 5 μmol/L, 10 
μmol/L, 15 μmol/L, 20 μmol/L, 25 μmol/L, 30 μmol/L, 35 
μmol/L, 40 μmol/L, 45 μmol/L, 50 μmol/L, 55 μmol/L, or 
60 μmol/L) for 12 h, 24 h, or 36 h, and cell viability was 
then detected by the Cell Counting Kit-8. SMMC-7721 
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cells were treated with 0, 5 μmol/L, 10 μmol/L, or 20 
μmol/L α-hederin for 24 h with or without DL-buthionine-
S ,R -sulfoximine (2 mmol/L) or N -acetylcysteine (5 
mmol/L) pretreatment for 2 h, and additional assays 
were subsequently performed. Apoptosis was observed 
after Hoechst staining. Glutathione (GSH) and adenosine 
triphosphate (ATP) levels were measured using GSH 
and ATP Assay Kits. Intracellular reactive oxygen species 
(ROS) levels were determined by measuring the oxidative 
conversion of 2’,7’-dichlorofluorescin diacetate. Disruption 
of the mitochondrial membrane potential was evaluated 
using JC-1 staining. The protein levels of Bax, Bcl-2, 
cleaved caspase-3, cleaved caspase-9, apoptosis-inducing 
factor and cytochrome C were detected by western 
blotting. The antitumor efficacy of α-hederin in vivo was 
evaluated in a xenograft tumor model.

RESULTS
The α-hederin treatment induced apoptosis of HCC cells. 
The apoptosis rates in the control, low-dose α-hederin 
(5 μmol/L), mid-dose α-hederin (10 μmol/L) and high-
dose α-hederin (20 μmol/L) groups were 0.90% ± 
0.26%, 12% ± 2.0%, 21% ± 2.1% and 37% ± 3.8%, 
respectively (P < 0.05). The α-hederin treatment reduced 
intracellular GSH and ATP levels, induced ROS, disrupted 
the mitochondrial membrane potential, increased 
the protein levels of Bax, cleaved caspase-3, cleaved 
caspase-9, apoptosis-inducing factor and cytochrome C, 
and decreased Bcl-2 expression. The α-hederin treatment 
also inhibited xenograft tumor growth in vivo. 

CONCLUSION
The α-hederin saponin induces apoptosis of HCC cells 
via  the mitochondrial pathway mediated by increased 
intracellular ROS and may be an effective treatment for 
human HCC. 

Key words: Hepatic carcinoma; α-hederin; Apoptosis; 
Reactive oxygen species; Mitochondria 
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Core tip: The α-hederin saponin induces apoptosis of 
hepatocellular carcinoma cells in vitro  and in vivo . We 
found that reactive oxygen species and the mitochondrial 
pathway play a vital role in α-hederin-induced apoptosis. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a highly prevalent 

disease worldwide, particularly in many Asian countries, 
with a very high incidence of over 20 cases/100000 
individuals[1]. It is the fifth most common malignancy and 
the second most common cause of cancer-related death, 
and related deaths increased from 600000 in 2008 to 
746000 in 2012[1,2]. It is also recognized as the main 
cause of death in patients with cirrhosis[3]. HCC treatment 
mainly includes systemic chemotherapy, radiofrequency 
ablation, transarterial chemoembolization, ethanol or 
acetic acid injection, surgical resection, and, in rare 
cases, liver transplantation[4]. Although resection is the 
most common therapy, most patients are not eligible for 
this treatment because of tumor extent or poor hepatic 
condition[4,5]. Systemic chemotherapy is another possible 
treatment option, but it often has a low response rate 
and severe side effects. Multidrug resistance occurs 
frequently in patients treated with chemotherapy, leading 
to recurrence and poor survival[6]. The poor general 
prognosis is related to a low overall survival rate after 
5 years, ranging from 24% to 41%[7]. Therefore, it is 
important to develop highly effective natural treatments 
with limited toxicity for HCC.

Triterpene saponins are natural amphiphilic com
pounds that have the potential to induce cancer cell 
death and increase the activity of chemotherapeutic 
agents or radiotherapy[8,9]. The α-hederin is a secondary 
saponin isolated from Hedera or Nigella species. It is the 
major active component of various traditional medicinal 
herbs and shows promising activity against colon and 
lung cancers. The α-hederin also has biological activities, 
such as antioxidant activity, antiinflammatory activity, 
and effects on smooth muscle contraction[10-14]. It is 
thought to promote cell apoptosis and/or membrane 
alterations[15], and excess reactive oxygen species (ROS) 
have been reported to be involved in these processes[16]. 
Excess ROS can cause oxidative damage to the mito
chondrial membrane and trigger apoptosis through 
downstream signal transduction[17,18]. 

Reports on the anti-HCC activity of α-hederin are 
limited. In this study, we evaluated the effects of α-hederin 
on HCC cells both in vitro and in vivo and explored the 
underlying mechanisms.

MATERIALS AND METHODS
Cell lines and culture
The human SMMC-7721, HepG-2 and Huh-7 HCC cell 
lines were purchased from the Shanghai Cell Collection 
(Shanghai, China). HCC cells were cultured in DMEM 
(Gibco, Grand Island, NY, United States) supplemented 
with 10% fetal bovine serum (Gibco) and 1% penicillin/
streptomycin. All cells were cultured in a 5% CO2 
humidified incubator at 37 ℃. The α-hederin was 
purchased from Sigma-Aldrich (St. Louis, MO, United 
States), dissolved in 100% dimethyl sulfoxide and stored 
at 5 ℃.

Cell proliferation assays
Cells were seeded at a density of 5 × 103 cells per well 
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in 96-well plates and then treated with 0, 5 μmol/L, 10 
μmol/L, 15 μmol/L, 20 μmol/L, 25 μmol/L, 30 μmol/L, 
35 μmol/L, 40 μmol/L, 45 μmol/L, 50 μmol/L, 55 μmol/L, 
or 60 μmol/L α-hederin for 12 h, 24 h, or 36 h. Cell 
proliferation was assessed at different times using Cell 
Counting Kit-8 (Beyotime, Shanghai, China) according 
to the manufacturer's protocol. Ten microliters of CCK-8 
solution was added to each well for 1 h; the absorbance 
was then measured at 450 nm with a microplate reader 
(Victor31420 Multilabel Counter; PerkinElmer, Waltham, 
MA, United States) to calculate the cell viability in 
different groups.

Cell apoptosis assays
Apoptotic cells were examined using the Hoechst 33258 
staining kit (Beyotime). SMMC-7721 cells were treated 
with 0, 5 μmol/L, 10 μmol/L, or 20 μmol/L α-hederin 
for 24 h with or without pretreatment with 2 mmol/L 
DL-buthionine-S,R-sulfoximine (BSO) (Sigma-Aldrich) 
or 5 mmol/L N-acetylcysteine (NAC) (Sigma-Aldrich) 
for 2 h and then fixed with 4% paraformaldehyde in 
phosphate-buffered saline (PBS) for 30 min. After 
staining with 20 μmol/L Hoechst 33258 for 20 min, the 
cells were observed under a fluorescence microscope 
(Olympus, Tokyo, Japan), and apoptotic cells were 
identified by fragmented and condensed nuclei. 

Measurement of intracellular glutathione and adenosine 
triphosphate
Glutathione (GSH) and adenosine triphosphate (ATP) 
levels were measured using a GSH Assay Kit (Beyotime) 
and an ATP Assay Kit (Beyotime). SMMC-7721 cells 
were treated with 0, 5 μmol/L, 10 μmol/L, or 20 μmol/L 
α-hederin for 24 h with or without pretreatment with 
BSO (2 mmol/L) or NAC (5 mmol/L) for 2 h, and the 
subsequent procedures were performed according to 
the manufacturers’ instructions. The experimental data 
were obtained with a microplate reader.

ROS detection
Intracellular ROS levels were determined by measuring 
the oxidative conversion of 2′,7′-dichlorofluorescin 
diacetate (DCFH-DA) to the fluorescent compound 
dichlorofluorescin (DCF) using a ROS Assay Kit (Beyo
time). After treatment with 0, 5 μmol/L, 10 μmol/L, 
or 20 μmol/L α-hederin for 24 h with or without 
pretreatment with BSO (2 mmol/L) or NAC (5 mmol/L) 
for 2 h, SMMC-7721 cells cultured in 6- and 96-well 
plates were incubated with 10 μmol/L DCF-DA for 
20 min at 37 ℃. Cells cultured in 6-well plates were 
observed under an upright fluorescence microscope, 
while cells in 96-well plates were evaluated with a 
microplate reader.

Mitochondrial membrane potential (ΔΨm) 
Changes in the ΔΨm were identified using JC-1 dye 
according to the manufacturer's specifications. 
SMMC-7721 cells were pretreated with BSO (2 mmol/L) 

or NAC (5 mmol/L) for 2 h, treated with 0 or 10 μmol/L 
α-hederin for 24 h, and then incubated with 1 mL of 
the JC-1 dye for 30 min in a 37 ℃ incubator. The cells 
were washed twice with PBS and then evaluated with 
a confocal laser scanning microscope (Olympus). JC-1 
forms a red fluorescent aggregate at hyperpolarized 
membrane potentials, whereas it remains in the green 
fluorescent monomeric form at depolarized membrane 
potentials.

Western blot analysis
Total cellular protein was extracted on ice using RIPA lysis 
buffer containing protease inhibitors (Beyotime). Proteins 
were separated by 10% SDS-PAGE and transferred to 
polyvinylidene fluoride membranes. Membranes were 
blocked with 5% nonfat dry milk and incubated overnight 
with various primary antibodies at 4 ℃. Next, antirabbit 
secondary antibodies were added for 1 h at room 
temperature. Band intensity was measured using the 
Odyssey Infrared Imaging System (LI-COR Biosciences, 
Lincoln, NE, United States).

Xenograft tumor model 
All animal experiments were performed in accordance 
with the recommendations in the Guide for the Care 
and Use of Laboratory Animals of Wuhan University. 
The animal protocol was designed to minimize animal 
pain and discomfort. The animals were acclimatized 
to laboratory conditions (23 ℃, 12 h/12 h light/dark 
cycle, 50% humidity, and ad libitum access to food and 
water) for 1 wk prior to experimentation. All animals 
were euthanized by barbiturate overdose (intravenous 
injection, 150 mg/kg pentobarbital sodium) after being 
fasted overnight, and tissues were collected.

The antitumor efficacy of α-hederin in vivo was 
evaluated using a xenograft tumor model. Male BALB/
c-nu/nu nude mice (4-6 wk old) were purchased from 
HFK Experimental Animal Center (Beijing, China). HCC 
cells (5.0 × 106) suspended in 100 μL of PBS were 
subcutaneously inoculated into the right dorsal flank of 
nude mice. When the tumors reached 100-150 mm3, 
the mice were randomly divided into four groups (n 
= 6 per group): control group, low-dose group (2.5 
mg/kg), mid-dose group (5 mg/kg), and high-dose 
group (10 mg/kg). The α-hederin was administered via 
intraperitoneal injection every 3 d. 

To create the tumor growth curve, the diameter 
of each xenograft tumor was measured with a caliper. 
The mice were weighed every 3 d. At the end of the 
experiment, xenotransplanted tumors, livers, lungs and 
brains were harvested for additional analysis. Mouse 
blood was collected for hepatic and renal function tests.

Hematoxylin and eosin and TUNEL staining
To further evaluate treatment efficiency, the tumors 
were dissected and fixed in 4% formaldehyde. Next, 
tumors were sectioned into slices and stained with 
hematoxylin and eosin (HE) for histological analysis. 
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Relative DCFH-DA fluorescence was significantly 
increased in the α-hederin (10 μmol/L) group compared 
to the control group (P < 0.05), and this increase was 
enhanced in the α-hederin and BSO group but reduced 
in the α-hederin and NAC group (P < 0.05). As shown 
in Figure 2C and D, intracellular GSH and ATP levels 
were significantly decreased in the α-hederin (10 μmol/
L) group compared to the control group (P < 0.05), 
and these decreases were enhanced in the α-hederin 
and BSO group but reduced in the α-hederin and NAC 
group (P < 0.05). This result suggested that α-hederin 
induced apoptosis of HCC cells in an indirect way which 
is closely related to GSH and ROS.

α-hederin induces apoptosis through activation of the 
mitochondria-mediated pathway
To investigate the underlying mechanism of apoptosis 
induced by α-hederin, we ascertained the effect of 
α-hederin on mitochondrial membrane depolarization 
using the JC-1 cationic dye. Compared to the control 
group, the ratio of aggregate-to-monomer fluorescence 
in the α-hederin (10 μmol/L) group was decreased 
(P < 0.05), as JC-1 fluorescence changed from red 
(aggregate) to green (monomer) (Figure 3A). Compared 
to that in the α-hederin group, the aggregate-to-
monomer fluorescence ratio was decreased in the 
α-hederin and BSO group and increased in the α-hederin 
and NAC group (P < 0.05).

Then, we conducted western blotting to examine 
the effect of α-hederin on the levels of mitochondrial 
pathway-related proteins. As shown in Figure 3B, 
α-hederin increased the levels of Bax, cleaved caspase-3 
and cleaved caspase-9, and decreased Bcl-2 expression 
levels. Meanwhile, the mitochondria-mediated apoptosis-
related proteins apoptosis-inducing factor (AIF) and 
cytochrome C (Cyt C) in cytoplasm were increased 
by α-hederin, but AIF and Cyt C in mitochondria 
were decreased (Figure 3C). Pretreatment with BSO 
augmented the α-hederin-induced changes in protein 
levels, whereas pretreatment with NAC weakened these 
effects of α-hederin. 

α-hederin inhibits tumor growth in vivo
The anticancer effects of α-hederin in vivo were 
analyzed in a human xenograft tumor model. As shown 
in Figure 4A, the transplanted tumor volume increased 
more slowly with increasing α-hederin concentration, 
and the final tumor weight was lower in the α-hederin-
treated groups. At the end of the experiment, the tumor 
weights in the control and 2.5 mg/kg, 5 mg/kg and 10 
mg/kg α-hederin groups were 1217 mg ± 177 mg, 917 
mg ± 84 mg, 778 mg ± 105 mg and 539 mg ± 96 mg, 
respectively. Tumor growth was significantly suppressed 
in the α-hederin groups in a dose-dependent manner 
(P < 0.05). TUNEL staining of the tumors is shown 
in Figure 4B, and cells stained brown are apoptotic. 
Compared to the control group, the α-hederin groups 
showed a gradual increase in the proportion of apoptotic 
cells with increasing drug concentration (P < 0.05). 

Liver, lung and brain tissue from each group was 

We performed TUNEL staining to detect apoptotic cells. 
Positive cells were identified, counted (eight random 
fields per slide), and analyzed by light microscopy 
(Olympus).

Statistical analysis
All data were collected from at least three independent 
experiments. One-way analysis of variance (ANOVA) 
and t-tests were performed to analyze all the data (SPSS 
20.0 software; IBM Corp., Armonk, NY, United States). 
P < 0.05 indicated statistical significance.

RESULTS
α-hederin reduces HCC cell viability and induces 
apoptosis of HCC cells via GSH depletion and ROS 
accumulation
To investigate the effects of α-hederin on HCC cell 
growth, we treated HCC cells with different concen
trations of α-hederin for 0, 12 h, 24 h, and 36 h. As 
shown in Figure 1A, α-hederin significantly reduced HCC 
cell viability in a dose- and time-dependent manner, 
with IC50 values at 24 h for SMMC-7721, HepG-2 and 
Huh-7 cells being 13.880 μmol/L, 18.450 μmol/L and 
25.520 μmol/L, respectively. We further use the one-
way ANOVA to analyze the IC50 values for each time 
period with SMMC-7721, HepG-2 and Huh-7 cells; there 
was statistical significance among the IC50 value of three 
time periods (P < 0.05). 

The Hoechst 33258 staining results are shown in 
Figure 1B; α-hederin induced the apoptosis of HCC 
cells in a dose-dependent manner. The apoptosis rates 
in the control, low-dose α-hederin (5 μmol/L), mid-
dose α-hederin (10 μmol/L) and high-dose α-hederin 
(20 μmol/L) groups were 0.90% ± 0.26%, 12% ± 
2.0%, 21% ± 2.1% and 37% ± 3.8%, respectively (P 
< 0.05). 

To determine whether α-hederin affected the intra
cellular ROS generation, SMMC cells were treated with 
α-hederin for 24 h. As shown in Figure 1C, the relative 
DCFH-DA fluorescence significantly increased in a dose-
dependent manner. The α-hederin significantly reduced 
cellular GSH (Figure 1D) and ATP levels (Figure 1E) (P 
< 0.05). These results show that α-hederin may reduce 
HCC cell viability and induce the apoptosis of HCC cells 
via GSH depletion and ROS accumulation.

BSO and NAC influence α-hederin-induced apoptosis of 
SMMC-7721 cells 
To further determine whether α-hederin induces the 
apoptosis of HCC cells via GSH depletion and ROS 
accumulation, SMMC cells were treated with 10 μmol/L 
α-hederin for 24 h with or without BSO (2 mmol/L) 
or NAC (5 mmol/L) pretreatment for 2 h. As shown 
in Figure 2A, the apoptosis rate varied as expected: 
0.94% ± 0.25% in the control group, 22% ± 2.4% in 
the α-hederin group, 27% ± 3.5% in the α-hederin 
and BSO group, and 13% ± 3.3% in the α-hederin 
and NAC group (P < 0.05). Intracellular ROS levels are 
shown in Figure 2B. 
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stained with HE, and no tumor metastases were 
observed. We assayed the hepatic and renal functions 
of nude mice treated with control or α-hederin and 
found that alanine aminotransferase, aspartate ami
notransferase, urea and creatine levels were not sig
nificantly different. 

DISCUSSION
The α-hederin saponin has various biological activities, 

including anticancer activity in some cancer cells. 
However, its effects on HCC have not been clarified. 
In the present study, to investigate the effects of 
α-hederin on HCC cells, we performed the following: 
Cell proliferation and apoptosis assays; detected ROS, 
GSH and ATP levels and the mitochondrial membrane 
potential; conducted Western blotting analysis to 
examine related proteins; and generated a xenograft 
tumor model to evaluate the antitumor efficacy of 
α-hederin in vivo. Our results show that α-hederin 
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induces the apoptosis of HCC cells in vitro and in 
vivo and suggest that the mechanism involves the 
mitochondrial pathway mediated by increased intra
cellular ROS.

In this study, we found that α-hederin significantly 
inhibited the proliferation of HCC cells and induced 
their apoptosis in a dose- and time-dependent manner. 
We also found that α-hederin decreased GSH and ATP 
levels and increased ROS levels in a concentration-
dependent manner. These results are consistent with 
those of Swamy et al[16], who reported that α-hederin 
increased the apoptosis of murine P388 leukemia 
cells and increased the production of ROS in a dose- 
and time-dependent manner. It has been reported 
that cancer cells have increased ROS production 
compared to normal cells. ROS is generated through 
a variety of extracellular and intracellular actions. 
Severe accumulation of cellular ROS may induce lethal 
damage in cells. 

GSH is one of the most common intracellular com
pounds that plays a vital role in the cellular defense 
against ROS damage. GSH clears intracellular ROS 

by nonenzymatic and enzymatic catalysis. The non
enzymatic process involves GSH acting directly. The 
enzyme catalyzed process is based on GSH as the 
substrate, and induces the clearance of ROS in cells 
under the catalysis of GSH-peroxidase or GSH S 
transferase[19,20]. During intracellular GSH synthesis, 
two ATP-dependent enzyme catalyzes are required: 
Glutamate cysteine ligase and glutathione synthetase[21]. 

Our study shows α-hederin significantly reduced 
cellular ATP levels. Therefore, a reduction in intracellular 
ATP contributes to a decrease in GSH, leading to ROS 
accumulation and cellular damage. To determine 
whether the apoptotic effect of α-hederin on HCC cells is 
associated with the generation of intracellular ROS, we 
pretreated SMMC-7721 cells with BSO or NAC, which 
improved/decreased the levels of intracellular GSH and 
ROS. The results showed that the apoptotic effect of 
α-hederin was greater after pretreatment with BSO but 
was ameliorated by NAC. These data indicate that the 
apoptosis-inducing potential of α-hederin is related to 
intracellular ROS production. 

Mitochondria play an important role in cancer 
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cell survival[22], as they are major sources of cellular 
bioenergetics and the target of ROS. ROS can in

duce oxidative damage that affects mitochondrial 
function, and a decrease in ΔΨm indicates damage to 
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mitochondrial function. Cheng et al[23] reported on the 
mitochondrial apoptotic activity of α-hederin in breast 
cancer cells. A previous study showed that ROS causes 
the mitochondrial permeability transition pore (mPTP) 
to open in HepG-2 cells[24]. We next evaluated whether 
ROS induced this mitochondria-mediated apoptotic 
mechanism in HCC cells treated with α-hederin. Similar 
to breast cancer cells, SMMC-7721 cells treated with 
α-hederin showed a clear decrease in ΔΨm compared 
to untreated cells. Additionally, the ΔΨm decrease was 
aggravated by BSO but relieved by NAC. 

To further investigate whether the ROS increase and 

ΔΨm loss induced by α-hederin led to HCC cell apoptosis, 
we detected the levels of related proteins. We found that 
α-hederin increased the protein levels of Bax, cleaved 
caspase-3 and cleaved caspase-9 but decreased Bcl-2 
levels. Thus, the antiapoptotic/proapoptotic (Bcl-2/Bax) 
protein ratio decreased. AIF and Cyt C protein levels 
were increased by α-hederin. Although the α-hederin-
induced changes in the above proteins were enhanced 
by pretreatment with BSO, they were weakened by 
NAC pretreatment. Bcl-2 family proteins are reported to 
be key factors in regulating the mitochondrial apoptosis 
pathway[25]. Disruption of the Bcl-2/Bax protein balance 
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induces apoptosis. 
Bcl-2 family proteins are also components of the 

mPTP. A decrease in Bcl-2 levels alters the mPTP 
structure and the ΔΨm, increasing mitochondrial mem
brane permeability[26]. Additionally, excess ROS can 
trigger opening of the mPTP[27]. As a result, AIF and Cyt 
C proteins are released to activate procaspase-9, which 
activates the caspase cascade that ultimately generates 
caspase-3 to induce apoptosis. On the other hand, AIF 
can mediate apoptosis directly in a caspase-independent 
way[28]. These data indicate that the mechanism by 
which α-hederin induces HCC cell apoptosis involves 
the mitochondrial pathway mediated by increased 
intracellular ROS.

In human xenograft tumor models in nude mice, 
α-hederin significantly inhibited tumor growth without 
causing liver and kidney damage, indicating the efficacy 
and safety of α-hederin for the treatment of HCC in vivo. 

In conclusion, we show herein that α-hederin induces 
the apoptosis of HCC cells via the mitochondrial pathway 
mediated by increased intracellular ROS in vitro and in 
vivo. These findings identify α-hederin as a potential 
highly effective natural medicine with limited toxicity for 
HCC treatment. However, α-hederin has been reported 
to have other effects, such as membrane permeabilizing 
activity, which can directly induce cell death[29]. This 
study is not sufficient to clarify the antitumor effects of 
α-hederin. Further studies should focus on the detailed 
mechanism.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is a highly prevalent disease worldwide, with 
poor general prognosis. To develop highly effective natural treatments with 
limited toxicity for HCC is important. The α-hederin saponin is reported to have 
antitumor activity. However, the effect of α-hederin on HCC remains to be 
examined. We evaluated the effect and possible mechanism of α-hederin on 
HCC cells both in vitro and in vivo. 

Research motivation
Developing new, effective and nontoxic chemotherapeutic drugs will contribute 
to the treatment and prognosis for HCC patients in clinic.

Research objectives 
To investigate the antitumor activity of α-hederin in HCC cells and its underlying 
mechanisms in vitro and in vivo.

Research methods
Three HCC cells lines (SMMC-7721, HepG-2 and Huh-7 HCC cells) were 
used to detect the effect of α-hederin on HCC. Cell viability was detected 
by Cell Counting Kit-8 assay after cells were treated with α-hederin. (BSO) 
N-acetylcysteine (NAC) and DL-buthionine-S,R-sulfoximine (BSO) were used 
to interfere with the synthesis of glutathione (GSH) in the SMMC-7721 cells, 
then, the effects of α-hederin on cell proliferation, cell apoptosis, adenosine 
triphosphate (ATP) and reactive oxygen species (ROS) and mitochondrial 
membrane potential were detected. The protein levels of Bax, Bcl-2, cleaved 
caspase-3, cleaved caspase-9, apoptosis-inducing factor (AIF) and cytochrome 
C (Cyt C) were detected by western blotting. The antitumor efficacy of α-hederin 
on HCC was also evaluated in nude mice with xenograft tumor. The apoptosis 
of cancer cells in xenograft tumor were examined by TUNEL staining. In this 

research, as we used NAC and BSO to interfere with the synthesis of GSH, the 
mechanism we explored was more persuasive.

Research results
The α-hederin treatment inhibited cell growth of the three cell lines in a dose- 
and time-dependent manner. The IC50 values at 24 h for SMMC-7721, HepG-2 
and Huh-7 cells were 13.88, 18.45 and 25.52 μmol/L, respectively, so we 
used SMMC-7721 cells for the on-going experiments. The results showed that 
the apoptosis rates in the control, low-dose α-hederin (5 μmol/L), mid-dose 
α-hederin (10 μmol/L) and high-dose α-hederin (20 μmol/L) groups were 
0.90% ± 0.26%, 12% ± 2.05, 21% ± 2.15 and 37% ± 3.8%, respectively. 
In comparison to the control, after treatment with α-hederin, ROS increased 
significantly, while the ATP levels decreased. When SMMC-7721 cells were 
pretreated with BSO (2 mmol/L), compared with the mid-dose α-hederin group, 
the apoptosis rate increased to 27% ± 3.5% (P < 0.05); what’s more, the 
increase of ROS and the decrease of ATP were both enhanced. However, NAC 
pretreatment had a protective effect on SMMC-7721 cells and could alleviate 
the change of ROS and ATP. The proteins involving in the mitochondria-
mediated pathway were detected by western blotting. The results showed 
α-hederin increased the levels of Bax, cleaved caspase-3 and cleaved 
caspase-9, and decreased Bcl-2 expression levels. Meanwhile, AIF and Cyt C 
in cytoplasm were up-regulated, but AIF and Cyt C in mitochondria were down-
regulated. Subcutaneous xenografts were successfully constructed in 24 nude 
mice. After treatment with α-hederin for 3 wk, the weight of xenograft tumor was 
significantly reduced (P < 0.05). Compared to the control group, TUNEL staining 
showed a gradual increase in the proportion of apoptotic cells with the increase 
of α-hederin concentration (P < 0.05). There was no difference between the 
control mice and α-hederin-treated mic for the hepatic and renal functions. 
This research indicated that α-hederin could induce HCC cell apoptosis via 
mitochondria-mediated pathway by depleting GSH and accumulating ROS. But 
it did not explain how α-hederin changed the expression of GSH and ROS, and 
the effect of α-hederin on HCC cell invasion was not studied either. In addition, 
apoptosis involves multiple factors and multiple links, making it necessary to 
conduct in-depth research to clarify the specific mechanism.

Research conclusions
The α-hederin saponin induces apoptosis of HCC cells via the mitochondrial 
pathway mediated by increased intracellular ROS and may be an effective 
treatment for human HCC.

Research perspectives
It is of great value to discover natural anticancer compounds which have 
high efficacy and low toxicity in the treatment of HCC. In our study, we show 
that α-hederin could induce HCC cell apoptosis via mitochondria-mediated 
pathway by depleting GSH and accumulating ROS, which identifies α-hederin 
as a potential highly effective natural medicine with limited toxicity for HCC 
treatment. But some points remain unclear. How does α-hederin change the 
expression of ATP? The effect of α-hederin on HCC cell migration and invasion 
was not studied, either. In addition, apoptosis involves multiple factors and 
multiple links, and it’s necessary to conduct in-depth research to clarify specific 
mechanism. These results will facilitate the development of treatment for HCC.
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