
• LIVER CANCER •

Molecular mechanisms of apoptosis induced by Scorpio water

extract in human hepatoma HepG2 cells

Kang-Beom Kwon, Eun-Kyung Kim, Jung-Gook Lim, Eun-Sil Jeong, Byung-Cheul Shin, Young-Se Jeon, Kang-San Kim,

Eun-A Seo, Do-Gon Ryu

EL SEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                                 World J Gastroenterol  2005;11(7):943-947

www.wjgnet.com                                                                                                                                               World Journal of Gastroenterology  ISSN 1007-9327

wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Kang-Beom Kwon, Eun-Kyung Kim, Jung-Gook Lim, Eun-Sil
Jeong, Do-Gon Ryu, Department of Physiology, School of Oriental
Medicine, Wonkwang University, Chonbuk 570-749, South Korea
Byung-Cheul Shin, Department of Rehabilitation Medicine, School
of Oriental Medicine, Wonkwang University, Chonbuk 570-749,
South Korea
Young-Se Jeon, Kang-San Kim, Department of Internal Medicine,
School of Oriental Medicine, Wonkwang University, Chonbuk
570-749, South Korea
Eun-A Seo, Department of Food and Nutrition, School of Human
Environmental Science, Wonkwang University, Chonbuk, 570-749,
South Korea
Supported by Wonkwang University (2004)
Correspondence to: Do-Gon Ryu, Department of Physiology,
School of Oriental Medicine, Wonkwang University, Iksan, 570-749
Republic of Korea.  tkryu@wonkwang.ac.kr
Telephone: +82-63-850-6846    Fax: +82-63-842-3138
Received: 2004-07-02    Accepted: 2004-09-19

Abstract

AIM: To clarify the mechanism underlying the anti-mutagenic
and anti-cancer activities of Scorpio water extract (SWE).

METHODS: Human hepatoma HepG2 cells were incubated
with various concentrations of SWE. After 24-h incubation,
cytotoxicity and apoptosis evaluations were determined
by MTT and DNA fragmentation assay, respectively. After
treatment with SWE, mitochondrial membrane potential
(MMP) was determined by measuring the retention of
the dye 3,3’-dihexyloxacarbocyanine (DiOC6(3)) and the
protein expression including cytochrome C and poly-(ADP-
ribose) polymerase (PARP) were measured by Western
blotting. Caspase-3 and -9 enzyme activities were measured
using specific fluorescence dyes such as Ac-DEVD-AFC
and Ac-LEHD-AFC.

RESULTS: We found that treatment with SWE induced
apoptosis as confirmed by discontinuous DNA fragmentation
in cultured human hepatoma HepG2 cells. Our investigation
also showed that SWE-induced apoptosis of HepG2 cells
were associated with intracellular events including
disruption of MMP, increased translocation of cytochrome
C from mitochondria to cytosol, activation of caspase-3,
and PARP. Pre-treatment of N-acetyl-Asp-Glu-Val-Asp-CHO
(Ac-DEVD-CHO), a caspase-3 specific inhibitor, or cyclosporin
A (CsA), an inhibitor of MMP disruption, completely
abolished SWE-induced DNA fragmentation.

CONCLUSION: These results suggest that SWE possibly
causes mitochondrial damage, leading to cytochrome C

release into cytosol and activation of caspases resulting
in PARP cleavage and execution of apoptotic cell death in
HepG2 cells. These results further suggest that Scorpio
may be a valuable agent of therapeutic intervention of
human hepatomas.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Recently, some herbs have been shown to be potent cancer-
protective or cancer- preventive agents against chemical-induced
carcinogenesis model in vivo[1] and cancer cells in vitro[1-3].
The use of these herbs has attracted a great deal of attention
as one of alternative cancer therapies from the viewpoint
of less toxicity and cost benefit.

Scorpio is the whole body of Buthus martensii Karsch
and belongs to Buthidae[4]. It is commonly used in alleviating
pain and treating liver disease and cancer. Experimentally,
it was reported that Scorpio has anti-tumor promoting
activity in two-stage mouse skin and lung carcinogenesis
induced by chemical carcinogens and cytotoxic effect on
human hepatoma HepG2 cells[5,6]. However, the events
leading to cell-death after Scorpio treatment are not well
understood.

Apoptosis, or programed cell death, plays a central role
in the development and homeostasis of all multicellular
organisms[7,8] and is characterized by loss of plasma membrane
phospholipid asymmetry, chromatin condensation, and
discontinuous DNA fragmentation[9]. Suppression of the
apoptotic machinery is a hallmark of cancer. Therefore,
induction of apoptosis of cancer-cells is a useful method,
as a valuable tool for cancer treatment[10].

Many investigators have demonstrated that mitochondria
are key regulators of apoptosis[11,12]. Mitochondria have
shown to be involved in integrating different pro-apoptotic
pathways via release of cytochrome C into cytosol[11,13],
which is associated with loss of mitochondrial membrane
potential (MMP) and an increased production of reactive
oxygen species[14]. The released cytochrome C induces the
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activation of a family of caspases (aspartate-specific cystein
proteases)[15]. Caspase activity is responsible, either directly
or indirectly, for cleavage of cellular proteins including
poly-(ADP-ribose) polymerase (PARP)[16], nuclear lamin[17]

and inhibitors of deoxyribonuclease (such as DFF45 or
ICAD)[18] during apoptosis.

In the present study, we demonstrated that Scorpio water
extract (SWE) could induce apoptosis of human hepatoma
HepG2 cells. Additionally, to investigate the mechanisms,
we measured the loss of MMP, cytochrome C release from
mitochondria, activations of caspase-9 and -3 and the
cleavage of  PARP in SWE-treated HepG2 cells.

MATERIALS AND METHODS

Materials
Culture medium RPMI 1640, fetal bovine serum and
trypsin-EDTA were from Gibco Ltd. Paisley and Strathclyde
were from UK. DiOC6(3) were from Molecular Probes
(Eugene, Oregon, USA). Mouse IgG1 monoclonal antibodies
against PARP and cytochrome C, N-acetyl-Asp-Glu-Val-
Asp-AFC (Ac-DEVD-AFC), Acetyl-Leu-Glu-His-Asp-AFC
(Ac-LEHD-AFC), N-acetyl-Asp-Glu-Val-Asp-CHO (Ac-
DEVD-CHO) were from BD PharMingen (Franklin Lakes,
NJ, USA). Cyclosporin A (CsA), anti-mouse IgG antibody
conjugated with alkaline phosphatase were from Sigma (Saint
Louis, Missouri, USA).

Cell culture
The human hepatoma HepG2 cell line was purchased from
the American Type Culture Collection. Cells were placed
into 75 cm2 tissue culture flasks and grown at 37 ℃ under
a humidified, 50 mL/L CO2 atmosphere in RPMI 1640
medium (Gibco, BRL) supplemented with 10% fetal bovine
serum and 2 mmol/L glutamine, 10 000 units/mL of
penicillin, 10 mg/mL of streptomycin, and 2.5 g/mL of
amphotericin B.

Preparation of Scorpio water extract (SWE)
The herb was identified as Scorpio by local experts. Voucher
samples were preserved for reference in the herbarium of
Department of  Physiology, School of  Oriental Medicine,
Wonkwang University (Omcphy, 2001-40-d). For extraction,
200 g of Scorpio was added to 1 800 mL of water and
boiled for 2 h, filtered and then concentrated to 200 mL.
The sterile extract (57.67 g) was stored at -20 ℃.

MTT assay for cell viability
The viability of  cultured cells was determined by assaying
for the reduction of  MTT to formazan[19]. In brief, after
incubation with SWE, cells (104/well) in 96-well plates were
washed twice with PBS and MTT (100 g/0.1 mL of PBS)
was added to each well. Cells were incubated at 37 ℃
for 1 h, and DMSO (100 L) was added to dissolve the
formazan crystals. Absorbance was measured at 570 nm
with a spectrophotometer (model E-MAX, Molecular
Devices, USA).

Measurement of mitochondrial membrane potential (MMP)
MMP was determined as described[20] by measuring the

retention of the dye 3,3’-dihexyloxacarbocyanine (DiOC6

(3). Briefly, cells (5×105 in 500 L of complete RPMI 1640
medium) were loaded with 100 nmol/L DiOC6(3) during
the last 30 min of treatment. The cells were then pelleted
by centrifugation at 700 g for 10 min. The supernatant
was removed and the pellet was re-suspended and washed
twice in PBS. The pellet was then lysed by the addition of
600 L of deionized water followed by homogenization.
The concentration of retained DiOC6(3) was read on a
spectrofluorometer (F-2500, Hitachi, Japan) with an
excitation wavelength of 488 nm and an emission
wavelength of 500 nm.

Detection of cytochrome C release
The release of  mitochondrial cytochrome C was determined
by Western blot[21]. Briefly, at the end of  various designated
treatments, cells (1.5×107) were washed with PBS, and re-
suspended in ice-cold homogenizing buffer (250 mmol/L
sucrose, 20 mmol/L Hepes-KOH (pH 7.5), 10 mmol/L
KCl, 1.5 mmol/L MgCl2, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1 mmol/L DTT, 1 mmol/L PMSF, 1 g/mL
aprotinin, and 1 g/mL leupeptin). After 30-min incubation
on ice, cells were homogenized with a glass Dounce
homogenizer (30 strokes). The homogenate was subjected
to a series of centrifugations at 100 000 g for 60 min for
the collection of mitochondrial pellets and cytosolic fraction.
Thirty micrograms of protein was loaded on 15% SDS gel.
After electrophoretic separation, the proteins were
transferred to nitrocellulose membrane (Millipore, Bedford,
MA, USA) using a semi-dry blotting apparatus (Bio-Rad,
Munich, Germany), and the blot was incubated with mouse
anti-cytochrome C antibody (Pharmingen, San Diego, CA,
USA), followed by reaction with alkaline phosphatase
conjugated secondary antibody.

Caspase activity assay
After treatment with SWE, cells were washed with ice-cold
PBS and lysed in Triton X-100 buffer (5 mL/L Triton X-100,
10 mmol/L EDTA, and 10 mmol/L Tris–HCl, pH 7.5) for
30 min on ice. Cell lysates were mixed with caspase assay
buffer (100 mL/L glycerol, 2 mmol/L DTT, and 20 mmol/L
HEPES, pH 7.5) containing 20 mol/L Ac-DEVD-AFC
(specific for caspase-3) and 50 mol/L Ac-LEHD-AFC
(specific for caspase-9), caspase substrates, and incubated
for 1 h at 37 ℃. Enzyme catalyzed release of AFC was
monitored using a spectrofluorometer (F-2500, Hitachi,
Japan) with an excitation wavelength of 400 nm and an
emission wavelength of 505 nm.

Western blot analysis of PARP cleavage
Cell extract proteins were separated by SDS-PAGE.
Subsequently the proteins were transferred onto a nitrocellulose
membrane using a semi-dry blotting apparatus. Prior to
incubation with antibodies against PARP, membranes were
blocked with 20 g/L BSA for 30 min. After the membranes
were washed, an alkaline-phosphatase coupled secondary
antibody was added. The target proteins became visible
following the addition of 5-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium (BCIP/NBT), a substrate
of alkaline phosphatase.
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Detection of DNA fragmentation by gel electrophoresis
Cell pellets (3×106) were resuspended in 500 L of lysis
buffer (5 mL/L Triton X-100, 10 mmol/L EDTA, and
10 mmol/L Tris–HCl, pH 8.0) at room temperature for
15 min and centrifuged at 16 000 g for 10 min. DNA was
then extracted twice with phenol/chloroform (1:1),
precipitated with ethanol, and resuspended in Tris/EDTA
buffer (10 mmol/L Tris-HCl, pH 8.0, and 1 mmol/L EDTA).
DNA was analyzed after separation by gel electrophoresis
(20 g/L agarose).

Protein determination
The cytosolic protein concentration in HL-60 cells was
determined by the method of  Bradford[22] with bovine
serum albumin as the standard. All the samples were assayed
in triplicate.

Statistical analysis
Statistical analysis of  the data was performed with Student’s
t-test and ANOVA. Differences with P<0.05 were
considered statistically significant.

RESULTS

Induction of apoptosis by SWE in HepG2 cells
The effect of SWE on the viability of HepG2 cells was
examined using the MTT staining. SWE decreased cell viability
in a dose-dependent manner as shown in Figure 1A. A
significant cytotoxicity by SWE was started at the concentration

of 1.0 mg/mL. The IC50 of SWE for HepG2 was less
than 2.0 mg/mL. We further examined whether SWE
induced apoptotic cell death in HepG2 cells. In DNA
agarose gel electrophoresis, a ladder of fragmented DNA
was detected 12 h after incubation and sustained until 24 h
in 2.0 mg/mL SWE-treated HepG2 cells, as shown in
Figure 1B. These results showed that SWE had an activity
in inducing apoptosis of HepG2 human hepatoma cells.

Role of mitochondrial alteration in SWE-treated HepG2 cells
Because mitochondria were known to play an important
role in apoptosis, we examined whether SWE induced loss
of mitochondrial membrane potential (MMP) assessed by
DiOC6(3) fluorescence. Treatment with 2.0 mg/mL SWE
represented a time- dependent loss of DiOC6(3) fluorescence,
which was inhibited by preincubation with cyclosporin A
(CsA), a known inhibitor of  mitochondrial permeability
transition (MPT) for 30 min in HepG2 cells (Figures 2A
and B). The MPT released cytochrome C from mitochondria
into cytosol. SWE-treated HepG2 cells produced a release
of cytochrome C to the cytosol and a concomitant decrease
in the content of cytochrome C in the mitochondria, which
was almost prevented by pretreatment with CsA (Figure 2C).

Activation of caspase-3 and cleavage of PARP in SWE-treated
HepG2 cells
Based on increased apoptosis of SWE-treated HepG2 cells,
our next aim was to examine the involvement of caspases that
play a major role in the execution of apoptotic events. As

Figure 1  Effects of SWE on cell viability (A) and DNA fragmentation (B). A: Cells (1×104) treated with various concentrations of SWE for 24 h;
B: Cells (3×106) treated with 2.0 mg/mL SWE for the indicated time periods. aP<0.05, bP<0.01 vs control.

Figure 2  Role of mitochondrial alterations in SWE-treated HepG2 cells. A: Cells (5×105) treated with 2.0 mg/mL SWE for the indicated time
periods; B and C: Cells pretreated for 30 min with 5 mol/L CsA and then treated with 2.0 mg/mL SWE for 6 h. aP<0.05 vs control.
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shown in Figures 3A and B, SWE caused concentration
and time- dependent activation of caspase-3, but the activation
of caspase-9 did not occur (data not shown). These results
were well correlated with a decrease of viability and a
discontinuous DNA fragmentation as depicted in Figure 1.
Since PARP is one of  the down stream substrates of  caspase-
3, we examined the effect of SWE-induced caspase-3
activation on PARP cleavage, which separates N-terminal DNA-
binding domain from its C-terminal catalytic domain (85 ku).
Our immunoblot analysis showed a time-dependent cleavage
of  PARP that corresponded to and further supported the
possible involvement of caspase-3 activation in SWE-caused
apoptosis of HepG2 cells (Figure 3C).

Inhibition of SWE-induced apoptosis by CsA and Ac-DEVD-

CHO
To further confirm the involvement of  caspase-3 activation
and MMP loss in SWE-induced apoptosis of HepG2 cells,
we employed pharmacological inhibitors such as Ac-DEVD-
CHO, a specific inhibitor of caspase-3 activation, and CsA,
an inhibitor of MMP loss. Pre-treatment with 25.0 mol/L
Ac-DEVD-CHO and 5.0 mol/L CsA inhibited both the
activation of  caspase-3 and the cleavage of  PARP by SWE
in HepG2 cells (Figures 4A and B). Also, these inhibitors
prevented SWE-induced DNA fragmentation, which is one
of the characteristic signs of apoptosis (Figure 4C).

DISCUSSION

Previously, SWE has been reported to have an anti-tumor
activity. However, the mechanisms of these actions of SWE
are completely unknown. In the present study, we examined
the effect of SWE on the proliferation of human hepatoma
cell lines, HepG2 cells. Our results demonstrated that SWE
inhibited HepG2 cell growth in a concentration-dependent
manner. Moreover, cultured HepG2 cells treated with SWE
exhibited a characteristic pattern of apoptosis such as DNA
ladder.

Many reports suggested that mitochondria play an
important role in apoptosis. Disruption of MMP plays a
pivotal role in the initiation of apoptotic induction and is
related to the release of cytochrome C[11,13,23]. Mitochondrial
permeability transition (MPT) causes loss of  the MMP and
cytochrome C release from mitochondria into cytosol[20].
The fluorescent dye DiOC6(3) localizes at mitochondria as
a consequence of MMP, and MPT reduces accumulation
of DiOC6(3)[24,25]. In HepG2 cells, SWE produced a time-
dependent loss of DiOC6(3) (Figure 2A) and released
cytochrome C from mitochondria into cytosol. Participation
of the MPT in SWE-induced apoptosis of HepG2 cells
was shown by the observation that CsA, a known inhibitor
of MPT, prevented the discontinuous DNA fragmentation
(Figure 4C), as well as the loss of MMP (Figure 2B) and
cytochrome C release (Figure 2C).

Figure 4  Inhibition of SWE-induced caspase-3 activation (A), PARP cleavage (B) and DNA fragmentation (C) by caspase-3 inhibitor or MPT
inhibitor. HepG2 cells were pretreated with Ac-DEVD-CHO (25 mol/L) for 1 h or CsA (5 mol/L) for 30 min followed by treatment with 2.0 mg/mL
SWE for further 24 h. Lane M: DNA marker, lane 1: control, lane 2: 2.0 mg/mL SWE, lane 3: 2.0 mg/mL SWE with 5 mol/L CsA, lane 4: 2.0 mg/mL
SWE with 25 mol/L Ac-DEVD-CHO. bP<0.01 vs control; dP<0.01 vs SWE alone.

Figure 3  SWE induces the activation of caspase-3 and PARP cleavage in HepG2 cells. A: HepG2 cells (1.5×107) treated with 0-5.0 mg/mL of
SWE for 24 h; B and C: HepG2 cells treated with 2.0 mg/mL SWE for the indicated time periods. aP<0.05, bP<0.01 vs control.
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Cytochrome C released from mitochondria during
apoptosis promotes the activation of caspase-3[20,26]. Caspase
(cystein aspartate-specific proteases) family has been shown
to play a central role in the initiation and execution of
apoptosis[27,28]. The caspase family of proteases consists of
at least 14 mammalian members that are constitutively
expressed in almost all cell types[29]. Among them, caspase-3
is activated during most apoptotic processes and is believed
to be the main executor caspase. In SWE-induced apoptosis
of HepG2 cells, caspase-3 enzyme was activated in a dose-
and time-dependent fashion (Figures 3A and B). Also,
using DNA fragmentation assay, we observed that HepG2
cell apoptosis could be prevented by inhibiting caspase
activity with caspase-3 inhibitors such as Ac-DEVD-CHO
(Figure 4C). Many intracellular stimuli can activate caspase-3
including apoptosis-inducing factor (AIF), heat shock
proteins (HSPs)[28], direct IAP binding proteins such as
DIABLO/Smac, and several procaspases. Although we
confirmed that cytochrome C released from mitochondria
could induce the activation of caspase-3, further studies
may be needed about other factors involved in SWE-induced
apoptotic cascade of HepG2 cells.

The activation of caspase-3 induces characteristic patterns
of apoptosis such DNA fragmentation and chromatin
condensation through activation or inactivation by the
cleavage of cellular substrates including lamin, actin, -
fodrin, PARP, and ICAD (inhibitor of  caspase activated
DNase)[16,17]. The increased caspase-3 activity in SWE-treated
cells was accompanied with a decrease of  PARP (116 ku)
and concomitant increase of 85 ku (Figure 3C). The cleavage
of  PARP was prevented by the presence of  either Ac-
DEVD-CHO or CsA, indicating an essential role of the
activation of caspase-3 and the loss of MMP in SWE-
induced apoptosis of HepG2 cells.

In conclusion, SWE induces apoptosis through the
mechanisms involved in MMP loss, the release of cytochrome
C from mitochondria, and activation of caspase-3 with the
consequent degradation of  PARP in HepG2 cells.
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