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Abstract. This study was designed to investigate the effect of 
pseudo-G-Rh2, a novel metabolite of ginsenoside Rh2, on the 
apoptosis of SGC-7901 human gastric cancer cells. Pseudo-
G-Rh2 demonstrated antitumor activity and significantly 
inhibited the proliferation of SGC-7901 cells in a concentra-
tion-dependent manner. After treatment with pseudo-G-Rh2, 
SGC-7901 cells showed typical apoptotic morphological 
features, such as chromatin condensation and DNA fragmen-
tation. Pseudo-G-Rh2 could induce mitochondrial membrane 
potential loss, which led to the release of cytochrome c (Cyt c), 
Smac/Diablo and apoptosis-inducing factor (AIF) to the cell 
cytoplasm. Furthermore, pseudo-G-Rh2 exposure not only 
decreased the expression of the Bcl-2 protein but also increased 
the expression of the Bax protein and the activities of caspase-9 
and caspase-3 in SGC-7901 cells. These results demonstrated 
that pseudo-G-Rh2 inhibited the proliferation of SGC-7901 
cells by initiating apoptosis. Pseudo-G-Rh2-induced apoptosis 
was associated with a drop in the mitochondrial transmem-
brane potential, down-regulation of Bcl-2, up-regulation of 
Bax and activation of caspase-9 and caspase-3.

Introduction

Gastric cancer is a leading cause of cancer death worldwide. It 
causes a significant global health care burden, responsible for 
approximately 934,000 new diagnoses annually (8.6% of new 
cancer cases) (1). Globally, gastric cancer is responsible for 
700,349 deaths worldwide annually, yielding a case-fatality 
ratio (CFR) of 0.75, much higher than other common malignan-
cies, like colon cancer (CFR 0.52), breast cancer (CFR 0.36), 
or prostate cancer (CFR 0.33) (2). To date, there are only a few 

effective clinical treatments for this highly malignant tumor. 
The progress in treating this disease with chemotherapy over 
the last 30 years has lagged behind other non-hematologic 
malignancies, such as breast and colorectal cancer. In this 
time span, during which the median survival for breast and 
colorectal cancer has at least doubled (3,4), the median survival 
for metastatic gastric cancer has increased only marginally, 
and currently remains at 8-10 months, with an overall 5-year 
survival of <7%. Therefore, numerous approaches have been 
conducted to search for efficient strategies for the development 
of cancer chemopreventive and chemotherapeutic agents. In 
recent years, apoptosis has been shown to play a significant 
role in the elimination of cancer cells (5). Thus, targeting 
apoptosis pathways in malignant cells may be an effective 
method of gastric cancer prevention and therapy.

Ginseng, the root of Panax ginseng C.A. Meyer 
(Araliaceae), has been used as a traditional Chinese medicine 
due to its wide spectrum of medicinal properties, such as tonic, 
immunomodulatory, anti-mutagenic, and anti-aging activities 
(6). Ginsenoside Rh2 is the major effective component of 
ginseng and has been suggested to have a cell-growth suppres-
sive effect on various cancer cells. It has been reported that 
ginsenoside Rh2 inhibits cell growth in MCF-7 human breast 
cancer cells (7) and SK-HEP-1 human hepatoma cells (8). 
Previous studies demonstrated that ginsenoside Rh2 was also 
capable of inducing apoptosis in various cells including C6 
rat glioma cells (9), SK-N-BE human neuroblastoma cells 
(10) and A375-S2 human malignant melanoma cells (11).

In most cases, ginseng has been used as an orally admin-
istered crude drug. It has been reported that ginsenosides are 
metabolized by intestinal bacterial and the intestinal bacterial 
metabolites were responsible for the main pharmacological 
activities of ginseng (12-14). However, the intestinal bacteria 
are liable to be influenced by a human's makeup and his dietary 
patterns. Thus, any individual differences in the metabolism 
of ginseng may lead to individual differences in his treatment.

Recently, the structure of a novel metabolite designated 
as pseudo-G-Rh2 with the chemical name of 3-O-β-D-
glucopyranosyl-3β,12β,25-trihydroxyl dammar-20(22)-ene in 
rat plasma after oral administration of ginsenoside Rh2 has 
been described (Fig. 1). In a study in vitro, ginsenoside Rh2 
was degraded into pseudo-G-Rh2 by Professor Chen at the 
College of Chemistry, Jilin University. It was thus of interest 
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to elucidate whether pseudo-G-Rh2 has antitumor effects in 
human tumor cell lines. In the present study, the growth inhi-
bition and induction of apoptosis by pseudo-G-Rh2 in human 
gastric cancer SGC-7901 cells were investigated.

Materials and methods

Chemicals and reagents. Purified pseudo-G-Rh2 (purity 
>98%) was generously provided by Professor Chen, College of 
Chemistry, Jilin University. Dimethyl sulfoxide (DMSO) and 
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-lium bromide 
(MTT) were purchased from Sigma (St. Louis, MO, USA). 
Hoechst 33342, caspase-3, and caspase-9 activity assay kits 
were from Beyotime Institute of Biotechnology (Shanghai, 
China). Annexin V-FITC/PI apoptosis assay kits were obtained 
from KeyGEN Biotechnology (Nanjing, China). Rabbit poly-
clonal antibodies specific to Bax, Bcl-2, Cyt c, Smac/Diablo, 
AIF, and goat anti-rabbit secondary antibodies were bought 
from Santa Cruz Biotechnology (Santa Cruz, CA). RPMI-1640 
medium and fetal calf serum were purchased from Northern 
Biotech Institute (Beijing, China).

Cell lines and cell culture. Human gastric cancer SGC-7901 
cells were purchased from the Shanghai Institute of Cell 
Biology, Chinese Academy of Sciences. SGC-7901 cells of 
a suitable concentration were inoculated in culture flasks 
containing RPMI-1640 solution with 10% fetal bovine serum, 
100 U/ml penicillin and 100 µg/ml streptomycin at 37˚C in a 
humidified incubator with 5% CO2.

Cell growth and viability assay. The effect of pseudo-G-Rh2 
on the viability of cells was determined by the MTT assay. 
Briefly, SGC-7901 cells were plated at 5x104 cells/well with 
200 µl of complete culture medium in 96-well microtiter 
plates. After incubating for 24 h, cells were treated with 5, 10, 
20, 40 and 80 µg/ml of pseudo-G-Rh2 for another 24 h. The 
cell viability was determined by adding 10 µl MTT (5 mg/ml in 
phosphate-buffered saline) to each well followed by incubation 
for 4 h. After careful removal of the medium, 200 µl DMSO 
was added to each well and shaken carefully. The absor-
bance was recorded on a Microplate Reader (SpectraMax® 
Plus384, Molecular Devices, USA) at a wavelength of 570 nm. 
Percentage of survival was calculated as a fraction of the nega-
tive control (medium only).

Hoechst 33342 staining for morphological evaluation. 
Chromatin condensation was detected by nuclear staining with 
Hoechst 33342 as previously described with a minor modifi-
cation (15). SGC-7901 cells were incubated with or without 
pseudo-G-Rh2 for 24 h. The cells were subsequently washed 
with phosphate-buffered saline (PBS) and fixed in 4% form-
aldehyde at 4˚C for 10 min and then washed again with PBS. 
The fixed cells were incubated with Hoechst 33342 (60 µg/ml) 
for 15 min at room temperature in the dark. Morphological 
changes of the pseudo-G-Rh2-treated cells were examined 
using a Nikon TE-2000U fluorescence microscope (Tokyo, 
Japan).

Annexin V-FITC/propidium iodide assay for the analysis of 
apoptotic cells. After treatment with pseudo-G-Rh2 for 24 h, 

SGC-7901 cells were collected and washed twice in cold PBS 
and resuspended in 300 µl of binding buffer at 1x106 cells/ml. 
The samples were incubated with 5 µl of Annexin V-FITC 
and 5 µl propidium iodide (PI) in the dark for 15 min at room 
temperature. Finally, samples were analyzed by a flow cytom-
eter (FACScalibur, BD Biosciences) and evaluated based on 
the percentage of cells that were Annexin V-positive.

Detection of mitochondrial membrane potential. Mito chondrial 
membrane potential was measured by using rhodamine 123. 
Briefly, SGC-7901 cells were treated with pseudo-G-Rh2 under 
a concentration of 10, 20 and 40 µg/ml for 24 h. Then the cells 
were incubated with rhodamine 123 (10 µg/ml) at 37˚C for 
30 min and washed with PBS. The cell pellet was collected by 
centrifugation (500 x g, 5 min) and resuspended in 300 µl of 
PBS. Fluorescence intensities of rhodamine 123 in cells were 
analyzed by flow cytometric analysis.

Western blot analysis of Cyt c, Smac/Diablo, AIF, Bcl-2, and 
Bax. SGC-7901 cells were seeded in 6-well plates. After treat-
ment with pseudo-G-Rh2 for 24 h, the cells were harvested 
and lysed in RIPA buffer (150 mM NaCl, 1% Triton X-100, 
0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCl, 
pH 7.4) for 30 min on ice. After centrifugation (12,000 x g 
at 4˚C for 15 min), the supernatants were loaded onto poly-

Figure 1. Structure of pseudo-G-Rh2.

Figure 2. Effects of pseudo-G-Rh2 on the cell viability in human gastric 
cancer SGC-7901 cells. SGC-7901 cells were plated at 5x104 cells/ well in 
96-well microtiter plates. The cell inhibition rate was determined by the 
MTT assay after treatment with different concentrations of pseudo-G-Rh2 
for 24 h. Concentration-dependent inhibition of SGC-7901 cell growth was 
observed. Data are expressed as the means ± SD; *p<0.05, **p<0.01 compared 
to untreated group.



ONCOLOGY REPORTS  26:  1441-1446,  2011 1443

acrylamide SDS gels. Each lane was loaded with 40 µg of cell 
lysate protein. After electrophoresis, the gels were blotted onto 
a PVDF membrane, blocked with 5% (w/v) milk for 1 h on a 
shaker at room temperature, washed twice with TBS-T, and 
then probed overnight at 4˚C. Primary antibody binding was 
detected with anti-rabbit IgG conjugated to HRP, and visual-
ized by ECL-enhanced chemiluminescence.

Caspase-3 and caspase-9 activity assays. The activities 
of caspase-3 and caspase-9 were determined using the kits 
according to the manufacturer's protocol. After exposure to 
pseudo-G-Rh2 for 24 h, SGC-7901 cells were collected and 
rinsed with cold PBS. Cell lysates were prepared in lysis buffer 
(100 µl) for 15 min on ice and centrifuged at 16,000 x g for 
15 min at 4˚C. The supernatants were collected and the total 
protein was quantified by the Bradford method. Assays were 
performed on 96-well microtiter plates by incubating 20 µl 
protein of cell lysate per sample in 80 µl reaction buffer (1% 
NP-40, 20 mM Tris-HCl, 137 mM NAD and 10% glycerol) 
containing 10 µl caspase-3 substrate (Ac-DEVD-pNA) and 
10 µl caspase-9 substrate (Ac-LEHD-pNA). Lysates were 
incubated at 37˚C for 2 h and were measured with a microplate 
reader at an absorbance of 405 nm. Results are presented as 
the percentage of change of activity compared to the untreated 
control.

Statistical analysis. Differences among groups were analyzed 
by one-way analysis of variance (ANOVA) followed by the 
Student's t-test. Data are expressed as the means ± SD and 
p<0.05 was considered statistically significant.

Results

Effects of pseudo-G-Rh2 on the proliferation of SGC-7901 cells. 
The anti-proliferative effect of pseudo-G-Rh2 on SGC-7901 
cells was examined by treating cells with different concentra-
tions of pseudo-G-Rh2 (5, 10, 20, 40, 80 µg/ml) for 24 h. The 
results showed that pseudo-G-Rh2 inhibited the proliferation of 
SGC-7901 cells in a concentration-dependent manner (p<0.05 
or p<0.01). The IC50 value of pseudo-G-Rh2 for inhibition of 
SGC-7901 cell proliferation was 32.9 µg/ml (Fig. 2).

Effects of pseudo-G-Rh2 on morphological apoptosis in 
SGC-7901 cells. Morphological evaluation revealed slight 
Hoechst 33342 nuclear staining in untreated (medium only) 
cells, and apoptotic nuclei were not observed. In contrast, 
treatment with pseudo-G-Rh2 for 24 h significantly altered 
SGC-7901 cell morphology, and most of the pseudo-G-
Rh2-exposed cells were shrunken and detached from the 
substratum of the culture dish. Hoechst-stained SGC-7901 
cells displayed fewer intercellular connections and exhibited 
typical apoptotic morphology characterized by chromatin 
condensation and DNA fragmentation (Fig. 3). In order to 
quantitate the apoptosis, phosphatidylserine externalization 
onto the cell surface was examined by Annexin V-FITC/
PI staining. As shown in Fig. 4, the percentage of Annexin 
V-FITC stained early and late apoptotic cells increased with 
the treatment of pseudo-G-Rh2 for 24 h.

Effects of pseudo-G-Rh2 on mitochondrial transmembrane 
potential in SGC-7901 cells. Mitochondria play an essential 

Figure 3. Effects of pseudo-G-Rh2 on the morphology of SGC-7901 cells. Cells were treated with different concentrations of pseudo-G-Rh2 for 24  h. 
Morphological changes of nuclear chromatin were detected by nuclear staining with Hoechst 33342. The arrows indicate apoptotic cells. The apoptotic nuclei 
were not observed in untreated (medium only) cells (A). In contrast, the SGC-7901 cells treated with pseudo-G-Rh2 for 24 h displayed fewer intercellular 
connections and exhibited typical apoptotic morphology. Cells were treated with (B) 10 µg/ml, (C) 20 µg/ml, and (D) 40 µg/ml of pseudo-G-Rh2. 

Figure 4. Apoptotic cells detected by flow cytometry with Annexin V-FITC/PI staining. SGC-7901 cells were treated with (A) medium only or pseudo-G-Rh2 
at (B) 10 µg/ml, (C) 20 µg/ml, or (D) 40 µg/ml.

  A   B   C   D
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role in the progression of apoptosis, and the disruption of the 
mitochondrial membrane potential is a critical step occurring 
in cells undergoing apoptosis. The mitochondrial transmem-
brane potentials in SGC-7901 cells exposed to 10, 20 and 
40 µg/ml of pseudo-G-Rh2 for 24 h were significantly lower 
than that of the control group (33.3±2.4, 20.7±1.4, 7.6±0.6% vs. 
45.4±1.1%, p<0.05 or p<0.01). It was also shown that pseudo-
G-Rh2 decreased the mitochondrial transmembrane potentials 
in a concentration-dependent manner (Fig. 5).

Effects of pseudo-G-Rh2 on the contents of Cyt c, Smac/Diablo, 
and AIF in SGC-7901 cells. Cyt c, Smac/Diablo, and AIF 
release from mitochondria is essential for programmed cell 
death. Compared to the control, the contents of Cyt c, Smac/

Diablo, and AIF were significantly increased after exposure 
to any concentration of pseudo-G-Rh2 (10, 20 and 40 µg/ml), 
(p<0.05) (Fig. 6).

Effects of pseudo-G-Rh2 on the expression of Bcl-2 family 
proteins in SGC-7901 cells. After pseudo-G-Rh2 (10, 20 and 
40 µg/ml) exposure, the expression of the Bcl-2 protein was 
significantly lower, while the expression of the Bax protein 
was significantly higher than that in the control group (p<0.05 
or p<0.01) (Fig. 7).

Effects of pseudo-G-Rh2 on caspase-3 and caspase-9 activi-
ties in SGC-7901 cells. Caspases, a family of cysteine proteases, 
is known to form integral parts of the apoptotic pathway. The 

Figure 5. Effects of pseudo-G-Rh2 on the mitochondrial membrane potential in SGC-7901 cells. SGC-7901 cells were treated with different concentrations of 
pseudo-G-Rh2 for 24 h. The mitochondrial membrane potential was analyzed by flow cytometry with fluorescent rhodamine 123 dye staining. (A) Medium 
only, (B) 10 µg/ml, (C) 20 µg/ml, and (D) 40 µg/ml of pseudo-G-Rh2.

Figure 6. Western blot analysis of Cyt c, Smac/Diablo, and AIF protein 
expression in SGC-7901 cells treated with or without pseudo-G-Rh2 for 
24 h. SDS-PAGE was performed and the proteins were transferred to PVDF 
membranes and detected by anti-Cyt c, anti-Smac/Diablo, and anti-AIF 
antibodies. Relative expression of Cyt c, Smac/Diablo, and AIF protein are 
expressed as a percentage of β-actin. (A) Cyt c protein, (B) AIF protein, 
(C) Smac/Diablo protein. Data are expressed as the means ± SD; *p<0.05, 
**p<0.01 compared to untreated group.

  A   B   C   D
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activities of caspase-9 and caspase-3 were detected by spec-
trophotometry. The activities of caspase-3 and caspase-9 were 
significantly increased after exposure to pseudo-G-Rh2 (10, 
20 and 40 µg/ml) (p<0.05 or p<0.01) (Fig. 8). It was also shown 
that pseudo-G-Rh2 increased the activities of caspase-3 and 
caspase-9 in a concentration-dependent manner.

Discussion

Gastric cancer is one of the most common malignancies in 
the world, particularly in Eastern Asian countries such as 
China, Korea, and Japan (16), and it is characterized by its high 
capacity for proliferation (17). In this study, SGC-7901 cells 
were treated with pseudo-G-Rh2 at different concentrations 
from 5 to 80 µg/ml for 24 h. The results showed that pseudo-
G-Rh2, a novel metabolite of ginsenoside Rh2, was able to 
significantly inhibit the proliferation of the SGC-7901 cell line 
in a concentration-dependent manner.

Apoptosis, or programmed cell death, is a major 
control mechanism by which cells die if DNA damage is 
not repaired. Apoptosis is important in controlling cell 
number and proliferation as part of normal development. 
It is also essential for the elimination of cancer cells (18). 
The present experiment showed that the proliferation inhi-
bition of SGC-7901 was the result of apoptosis induction, 
as evidenced by the cell morphological analyses of the 
pseudo-G-Rh2-treated SGC-7901 cells showing the apop-
totic characteristics, such as appearance of apoptotic bodies, 
nuclear shrinkage and condensed chromatin when compared 
to control cells. Flow cytometry data of Annexin V-FITC/
PI staining confirmed that pseudo-G-Rh2 could alter the 
apoptotic ratio in a concentration-dependent manner. Flow 
cytometry was used to investigate the loss of mitochondrial 
membrane potential which had been shown to play an essen-
tial role in mediating apoptosis (19). Rhodamine 123-staining 
experiments showed that the mitochondrial transmembrane 
potentials in SGC-7901 cells decreased after pseudo-G-Rh2 
exposure, which indicated that the mitochondrial apoptotic 
death-signaling pathway plays a critical role in pseudo-G-
Rh2-induced apoptosis in SGC-7901 cells.

There are two major mechanisms of cell death-necrosis 
and apoptosis. Cells that are damaged by external injury 
undergo necrosis, while cells that are induced to commit 
programmed suicide because of internal or external stimuli 
undergo apoptosis. Stimulation of the intrinsic or mitochon-
drial pathway leads to the release of Cyt c, Smac/Diablo, 
and AIF from the mitochondria and activation of the death 
signal (20). In healthy cells, Cyt c exists in the mitochondrial 
intermembrane space where it acts in the electron transport 
chain to transfer electrons from complex III to complex IV. 
In the cytoplasm of cells undergoing apoptosis, Cyt c binds to 
Apaf-1, and then triggers formation of the apoptosome. It has 
been reported that the presence of Cyt c in the cytosol is suffi-
cient to cause caspase-dependent cell death (21). A previous 
study has shown that Smac/Diablo could enhance activa-
tion of caspase-3 in vitro, and found that, like Cyt c, Smac/
Diablo is a mitochondrial protein released into the cytosol 
of cells undergoing apoptosis (22). AIF is a mitochondrial 

Figure 7. Western blot analysis of (A) Bcl-2 and (B) Bax protein expression in SGC-7901 cells treated with or without pseudo-G-Rh2 for 24 h. SDS-PAGE was 
performed and the proteins were transferred to PVDF membranes and detected by anti-Bcl-2 and anti-Bax antibodies. Relative expression of Bcl-2 and Bax 
protein are expressed as a percentage of β-actin. Data are expressed as the means ± SD; *p<0.05, **p<0.01 compared to untreated group.

Figure 8. Effects of pseudo-G-Rh2 on the activities of caspase-3 and caspase-9 
in SGC-7901 cells. SGC-7901 cells were treated with different concentrations 
of pseudo-G-Rh2 for 24 h. The activities of caspase-3 and caspase-9 were 
measured using the substrate Ac-DEVD-pNA and Ac-LEHD-pNA. Relative 
caspase-3 and caspase-9 activities were calculated as a ratio of treated cells 
to untreated cells. Data are expressed as the means ± SD; *p<0.05, **p<0.01 
compared to untreated group.

  A   B
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cysteine protease which translocates from the mitochondria 
to the nucleus resulting in DNA fragmentation and cell death 
following an apoptotic stimulus. Moreover, it has been claimed 
that AIF is essential for programmed cell death, and that 
in the nucleus it directly binds DNA (23). One of the most 
important regulators of the mitochondria-mediated apoptosis 
is the Bcl-2 family of proteins. The Bcl-2 family includes the 
pro-apoptotic members, such as Bax, Bak, and Bad, and the 
anti-apoptotic members, such as Bcl-2 and Bcl-xL. Bax could 
breach mitochondrial integrity, provoke the permeabilization 
of the outer mitochondrial membrane and dissipate mitochon-
drial membrane potential, allowing the efflux of mitochondrial 
proteins, such as Cyt c, Smac/Diablo and AIF. Anti-apoptotic 
Bcl-2 members act as repressors of apoptosis by blocking the 
release of mitochondrial proteins (24). In the present study, 
treatment with pseudo-G-Rh2 not only reduced the expression 
of Bcl-2, but also increased the expression of Bax. It was also 
found that pseudo-G-Rh2 exposure increased the contents 
of Cyt c, Smac/Diablo and AIF in SGC-7901 cells. All these 
findings indicate that apoptosis of SGC-7901 cells induced by 
pseudo-G-Rh2 is related to the up-regulation of Bax with a 
concomitant down-regulation of Bcl-2 levels followed by an 
increase of the contents of Cyt c, Smac/Diablo and AIF.

Caspases, a family of cysteine-dependent aspartate-directed 
proteases, play critical roles in the initiation and execution of 
apoptosis (25). Caspases are synthesized as pro-enzymes and 
undergo proteolytic activation during apoptosis. The mito-
chondrial pathway requires the release of mitochondrial Cyt c, 
Smac/Diablo, and AIF and the formation of a large multiprotein 
complex comprising Cyt c, Apaf-1 and procaspase-9. Caspase-9 
will then proteolytically activate downstream caspases, in 
particular caspases-3 which is responsible for the apoptotic 
destruction of the cell. The results of this study showed that 
pseudo-G-Rh2 exposure caused the activation of caspase-9 
and caspase-3 in a concentration-dependent manner. Hence, 
we presumed that pseudo-G-Rh2 regulated the expression of 
Bcl-2 family proteins and increased the release of Cyt c, Smac/
Diablo, and AIF, which then led to the activation of caspase-9 
and caspase-3 to induce the apoptosis of SGC-7901 cells.

In conclusion, the current report demonstrated for the 
first time that pseudo-G-Rh2 induced growth inhibition 
in SGC-7901 cells by apoptosis initiation. Pseudo-G-Rh2-
induced apoptosis was closely associated with a drop in the 
mitochondrial transmembrane potential, down-regulation of 
Bcl-2, up-regulation of Bax and activation of caspase-9 and 
caspase-3. Nevertheless, further detailed studies are required 
to clarify the cellular signaling process by which pseudo-G-
Rh2 induces apoptosis in SGC-7901 cell.
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