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Abstract

Ziyuglycoside II is an active compound of Sanguisorba officinalis L. that has anti-inflammation, antioxidation, antibiosis, and

homeostasis properties. We report here on the anticancer effect of ziyuglycoside II on human gastric carcinoma BGC-823

cells. We investigated the effects of ziyuglycoside II on cell growth, cell cycle, and cell apoptosis of this cell line. Our results

revealed that ziyuglycoside II could inhibit the proliferation of BGC-823 cells by inducing apoptosis but not cell cycle arrest,

which was associated with regulation of Bax/Bcl-2 expression, and activation of the caspase-3 pathway. Our study is the first to

report the antitumor potential of ziyuglycoside II in BGC-823 gastric cancer cells. Ziyuglycoside II may become a potential

therapeutic agent against gastric cancer in the future.
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Introduction

Gastric cancer is the second most common cancer in

the world. It causes about 800,000 deaths each year, over

70% of which are in developing countries (1-3). Currently,

gastric cancer is only treated with surgery or radiation

therapy, followed by chemotherapy (4). The outcome of

chemotherapy is often unsatisfactory primarily due to

development of multiple drug resistance, which results in

recurrent carcinoma of the stomach (5,6). Therefore,

research to develop more effective pharmaceutical agents

against gastric cancer is ongoing.

In recent decades, compounds isolated from tradi-

tional Chinese herbs have been recognized as a most

valuable resource in the development of novel and

advanced cancer therapies (7-9). The dried root of

Sanguisorba officinalis L., a plant that is widely distributed

throughout China, Japan, and Korea, has been used to

treat inflammatory and metabolic diseases for centuries

(10,11). Recently, compounds exacted from this plant

have been reported to exhibit anticancer activity (12-14).

Ziyuglycoside II (Figure 1) is one of the major active

compounds of S. officinalis L. and has various clinical

effects including hemostasis, antibiosis, diminishing

inflammation, and antioxidation (15). However, no pre-

vious studies have evaluated its anticancer activity.

In this study, the anticancer effect of ziyuglycoside II

on the human gastric cancer cell line BGC-823 was

investigated for the first time. The underlying molecular

mechanisms of its effects on cell proliferation, cell cycle

phases, and apoptosis were explored in BGC-823 cells

treated with ziyuglycoside II.

Material and Methods

Chemicals and reagents
Ziyuglycoside II (purity>99%, MW: 604.8) and

5-fluorouracil (purity>99%, MW: 130.1) were obtained

from theNational Institute for the Control of Pharmaceutical

and Biological Products (Beijing, China). RPMI 1640

culture medium, penicillin-streptomycin, trypsin, and fetal

bovine serum (FBS) were obtained from Gibco (USA).
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MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium

bromide], dimethyl sulfoxide (DMSO), sodium bicarbonate,

propidium iodide (PI), PVDF membranes, and an

enhanced chemiluminescence (ECL) detection kit were

obtained from Beyotime (China). Annexin V-FITC and PI

double-staining kits were obtained from Pharmingen

(USA), and ApoAlert cell fractionation kits were obtained

from Clontech (USA). Antibodies against Bax, Bcl-2,

b-actin, and HRP-conjugated rabbit anti-mouse secondary

antibody were obtained from Santa Cruz Biotechnology

(USA). z-Tyr-Val-Ala-Asp-fluoromethylketone (z-YVAD-

fmk), z-Asp-Glu-Val-Asp-fluoromethylketone (z-DEVD-

fmk), z-Ile-Glu-Thr-Asp-fluoromethylketone (z-IETD-fmk),

z-Leu-Glu(OMe)-His-Asp(OMe)-fluoromethylketone

(z-LEHD-fmk), and caspase-3 fluorimetric assay kits

were obtained from BioVision (USA).

Cell culture
Human gastric carcinoma BGC-823 and the CTLL-2

mouse cytotoxic T-cell lines were obtained from the

American Tissue Culture Collection. BGC-823 cells were

cultured in RPMI 1640 medium supplemented with 10%

FBS and 1% penicillin-streptomycin; CTLL-2 cells were

maintained in RPMI 1640 containing 10% FBS, 1%

penicillin-streptomycin, and 50 U/mL IL-2 at 376C in a

humidified atmosphere containing 5% CO2.

Cell growth assay
The inhibition of cell growth was determined by MTT

assay. Cells were seeded on 96-well culture plates

(26104 cells/well) with RPMI 1640 containing 10% FBS.

After 24 h of incubation, cells were treated with various

concentrations of ziyuglycoside II or 5-fluorouracil.

Following incubation, cell growth was measured at

different time points with the addition of 20 mL MTT

followed by incubation for 4 h at 376C. Then, 150 mL
DMSO was added to dissolve the formazan crystals.

Absorbance (A) was measured at 570 nm with an ELISA

plate reader (Dynex, USA). Cell viability was expressed

as a percent of the control. The experiments were done in

triplicate and the results are reported as means of three

independent measurements.

Cell cycle and apoptosis analysis
The cell cycle distribution and cell apoptosis were

examined by flow cytometry (Becton Dickinson

FacsCalibur, USA). Cells were seeded on 6-well plates

(56105 cells/well) and treated with various concentrations

of ziyuglycoside II for 24 h. After treatment, cells were

washed twice with ice-cold phosphate-buffered saline

(PBS) and then centrifuged. The pellet was fixed in 75%

(v/v) ethanol for 1 h at 46C, washed once with ice-cold

PBS, and then suspended in cold PI solution (50 mg/mL)

containing RNase A (0.1 mg/mL) in PBS, pH 7.4, for

30 min in the dark. The cell suspension was then passed

through a 35-mm mesh filter and analyzed by flow

cytometry. In addition, cells were washed twice with ice-

cold PBS and resuspended in 300 mL binding buffer

(Annexin V-FITC kit) containing 10 mL Annexin V-FITC

stock and 10 mL PI. After incubation for 15 min at room

temperature in the dark, the samples were analyzed by

the CELLQuest software (BD Biosciences, USA) for the

evaluation of cell apoptosis.

Western blot analysis
Whole cells were lysed in lysis buffer [1% Triton

X-100, 0.5% sodium deoxycholate, 0.1% sodium dodecyl

sulfate (SDS), 1 mM phenylmethanesulfonyl fluoride

(PMSF), 1 mM DL-dithiothreitol (DTT), 10 mg/mL aproti-

nin, 10 mg/mL leupeptin, 1 mM sodium orthovanadate in

PBS, pH 7.4], for 30 min and then centrifuged at 16,000 g
for 30 min at 46C. The cytosol fraction and mitochondrial

fraction were prepared using an ApoAlert cell fractionation

kit. The protein concentration of samples was determined

with the Bradford method. Then, the samples (50 mg)
were applied to 10% SDS polyacrylamide gel and

transblotted onto PVDF membranes. After blocking with

5% BSA in Tris-buffered saline (TBST) for 1 h, mem-

branes were incubated with the primary antibodies

against Bax, Bcl-2, and b-actin overnight, and followed

by secondary antibody incubation for 1 h at room

temperature. Protein bands were visualized with the

ECL detection kit. The density of each band was normal-

ized against b-actin.

Fluorimetric assay for caspase-3 activity
The caspase-3 fluorimetric assay measured its activity

by detecting cleavage of its substrate DEVD-AFC. BGC-

823 cells (26106 cells) were collected and lysed in caspase

assay buffer containing 50 mM 2-[4-(2-hydroxyethyl)-1-

piperazinyl]ethanesulfonic acid (HEPES), pH 7.5, 100 mM

NaCl, 2 mM ethylene diamine tetraacetic acid (EDTA),

0.1% 3-[(3-cholamidopropyl)dimethylammonium]-1-pro-

panesulfonate (CHAPS), 10% sucrose and 5 mM DTT.

Aliquots of crude cell lysate (100 mL) were incubated with

caspase-3 substrate DEVD-AFC at 376C for 30 min. The

caspase-3 activity was quantified by a spectrofluorometer

with an excitation wavelength at 400 nm and an emission

wavelength at 505 nm.

Figure 1. Chemical structure of ziyuglycoside II.
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Statistical analysis
Biostatistical analyses were conducted with Prism 5.0

and SPSS 16.0 software packages. All experiments were

repeated three times. Results of multiple experiments are

reported as means±SD. A P value less than 0.05 was

accepted as statistically significant.

Results

Inhibitory effect of ziyuglycoside II on BGC-823 cell
growth

We first determined the inhibitory effect of ziyuglycoside

II on BGC-823 cell growth at 24 and 48 h by MTT assay. As

shown in Figure 2A, ziyuglycoside II exhibited a remarkably

strong inhibitory effect on the growth of BGC-823 cells,

which was similar to that of 5-fluorouracil, a clinically

used drug (Figure 2B). The IC50 of ziyuglycoside II at 24 and

48 h was 14.40 and 10.11 mM, respectively. In addition,

ziyuglycoside II showed low cytotoxicity in the murine

cytotoxic T-cell line CTLL-2 (Figure 2C).

Effects of ziyuglycoside II on BGC-823 cell cycle and
apoptosis

To further examine the molecular mechanism of

ziyuglycoside II-mediated cell growth inhibition in BGC-

823 cells, cell cycle distribution and apoptosis were

evaluated by flow cytometry. Compared with controls,

there was no appreciable cell cycle arrest after 24 h of

ziyuglycoside II treatment (Table 1). The effect of

ziyuglycoside II on BGC-823 cell apoptosis was assessed

by the Annexin V-PI dual-staining assay. Our results

showed that the apoptotic rate was significantly increased

by ziyuglycoside II treatment at 5 mM (28.17±3.15%,

P,0.05), 10 mM (40.12±6.27%, P,0.05), and 25 mM
(62.34±10.13%, P,0.05) for 24 h in comparison with

controls (0.05±0.03%; Figure 3).

Effect of ziyuglycoside II on expressions of Bax and
Bcl-2 proteins

The Bcl-2 family plays an essential role in the regulation

of apoptosis (16). To confirm whether such a mechanism is

involved in ziyuglycoside II-induced apoptosis of BGC-823

cells, the expressions of Bax and Bcl-2 were evaluated.

After normalization, the expression of Bcl-2 was down-

regulated following ziyuglycoside II (5 to 25 mM) treatment

for 24 h. In contrast, Bax expression was upregulated

under the same conditions (Figure 4A). The Bax/Bcl-2 ratio

increased in a dose-dependent manner compared to the

control (Figure 4B). Furthermore, cytosol and mitochon-

drial preparations of the whole cell population (including

apoptotic and nonapoptotic cells) showed clearly that

redistribution of Bax (from the cytosol to mitochondria)

was induced by ziyuglycoside II in this cell line (Figure 4C

and D). These observations suggest that the Bcl-2 family,

including Bax and Bcl-2 proteins, plays an important role in

ziyuglycoside II-induced cell apoptosis.

Effects of caspase-3 pathway activation on
ziyuglycoside II-induced apoptosis

To assess whether the caspase pathway is involved in

the ziyuglycoside II-induced apoptosis of BGC-823 cells,

three caspase inhibitors were applied. Cells were pre-

treated with caspase-1 inhibitor (z-YVAD-fmk), caspase-3

inhibitor (z-DEVD-fmk), caspase-8 inhibitor (z-IETD-fmk),

and 20 mM caspase-9 inhibitor (z-LEHD-fmk) for 1 h and

then cultured with 25 mM ziyuglycoside II for 12 h. When

Figure 2. Inhibitory effect of ziyuglycoside II and 5-fluorouracil on

the proliferation of BGC-823 or CTLL-2 cells determined by MTT

assay. A, Inhibition of BGC-823 cell growth after treatment with

ziyuglycoside II. B, Inhibition of BGC-823 cell growth after

treatment with 5-fluorouracil. C, Inhibition of CTLL-2 cell growth

after treatment with ziyuglycoside II. Data are reported as

means±SD percent of cell proliferation relative to the prolifera-

tion of controls (n=3).
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BGC-823 cells were pretreated with z-DEVD-fmk, the

ziyuglycoside II-induced loss of cell viability was markedly

reduced from 75.37±3.81 to 15.24±2.62%, while

z-YVAD-fmk, z-IETD-fmk, and z-LEHD-fmk only partly

inhibited ziyuglycoside II-induced cell death (Figure 5). A

fluorimetric assay was used to measure cleavage of the

caspase-3-specific fluorogenic substrate (DEVD-AFC),

with the results considered to indicate caspase-3 activity.

Ziyuglycoside II increased caspase-3 activity in a dose-

dependent manner. The addition of the specific caspase-3

inhibitor (z-DEVD-fmk, 20 mM) reduced ziyuglycoside

II-induced caspase-3 activity (Figure 6). In view of these

results, we concluded that activation of the caspase-3

pathway plays an important role in ziyuglycoside

II-induced apoptosis of BGC-823 cells.

Discussion

Natural compounds extracted from Chinese herbs are

a valuable resource for chemoprevention and chemother-

apeutic agent development (17). S. officinalis L. is one of

the popular traditional Chinese medicines used in the

treatment of inflammation and metabolic diseases and

various cancers (10-14). Previous studies have reported

that the ethanol and methanol extracts of S. officinalis L.

exhibit anticancer activity in vitro (12). Ziyuglycoside II is

one of the major active compounds of S. officinalis L., but it

has never been evaluated for its anticancer effect. The

current study was the first to investigate the molecular

effects of ziyuglycoside II on BGC-823 gastric cancer cells.

Our data demonstrated that ziyuglycoside II significantly

inhibited the growth of BGC-823 gastric cancer cells in a

dose- and time-dependent manner. The IC50 effect was

14.40 mM at 24 h and 10.11 mM at 48 h. Flow cytometry

indicated that the suppressive effect of ziyuglycoside II on

cell growth was not mediated by arresting the cell cycle but

by inducing apoptosis of BGC-823 cells.

The results also elucidate the molecular mechanism of

apoptosis induced by ziyuglycoside II. It is well known that

the Bcl-2 family of proteins constitutes an important

control mechanism in the regulation of apoptosis

(16,18). Bcl-2 is an apoptosis inhibitor, and high Bcl-2

levels are required to maintain intracellular gene transfer

and other changes required to block apoptosis. Bax is an

apoptotic protein. It promotes apoptosis by competing

with Bcl-2 in cells. Therefore, with a low level of Bax,

induction of apoptosis may require upregulation of Bax

expression. Thus, a change in the Bax/Bcl-2 ratio

indicates the susceptibility of cells to apoptosis (19-21).

According to our results, the Bax/Bcl-2 ratio increased in a

dose-dependent manner compared with the control and

redistribution of the Bax protein that occurred with

ziyuglycoside II-induced apoptosis of BGC-823 cells.

Caspase family proteases are downstream targets of

Table 1. Effect of ziyuglycoside II on cell cycle distribution of

BGC-823 cells after a 24-h treatment.

Concentration
(mM)

Cell cycle (%)

G0/G1 S G2/M

0 (control) 59.30 ± 1.35 16.88 ± 2.03 21.99 ± 0.73

5 56.79 ± 2.26 18.32 ± 0.89 19.53 ± 0.58

10 57.52 ± 1.11 16.59 ± 0.96 20.12 ± 1.38

25 58.39 ± 1.19 15.09 ± 1.24 20.02 ± 2.17

Figure 3. Effects of ziyuglycoside II on cell

apoptosis in BGC-823 cells after a 24-h treat-

ment. Cells were fixed and stained with Annexin

V-FITC and propidium iodide (PI) and then

assessed by flow cytometry. Annexin V+PI- data

are reported as percents of apoptotic cells.
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Bax and Bcl-2 in the mitochondrial apoptosis signaling

pathway (22). The literature indicates that changes in the

Bax/Bcl-2 ratio could regulate the activity of caspase

proteins under in vitro and ex vivo conditions (23,24). We

examined the effects of caspase-1, -3, -8, and -9 inhibitors

on inhibition of ziyuglycoside II-treated BGC-823 cell

proliferation and found that the effect of ziyuglycoside II

on BGC-823 cells was mediated by activating caspase-3

activity. Although a direct role for caspase-3 in stimulating

tumor repopulation has not been described before,

caspase-3 status could affect the tumor microenviron-

ment in a significant way, which can also affect the

outcome of tumor therapy. Our results clearly demon-

strate that the activation of caspase-3 was an important

pathway of ziyuglycoside II-induced apoptosis of BGC-

823 cells.

We have demonstrated that ziyuglycoside II inhibited

gastric carcinoma BGC-823 cell proliferation by inducing

cell apoptosis but not cell cycle arrest. This effect was

associated with the regulation of Bax/Bcl-2 expression

and activation of caspase-3 pathway. Therefore, our

study contributed to better understanding of the anti-

proliferation effect of ziyuglycoside II as well as its

underlying molecular mechanisms. This information will

greatly assist in the future development of ziyuglycoside II

as a potential anticancer agent to treat gastric carcinoma.

Further studies will be required to evaluate the effects of

ziyuglycoside II in ex vivo or in vivo situations.
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Figure 5. Effect of caspase inhibitors on ziyuglycoside II-induced

BGC-823 cell apoptosis. Cells were pretreated with or without

caspase inhibitor (20 mM) for 1 h and then cultured with

ziyuglycoside II (Ziyu II, 25 mM) for 12 h. Caspase-1 inhibitor

(z-YVAD-fmk: z-Tyr-Val-Ala-Asp-fluoromethylketone), caspase-3

inhibitor (z-DEVD-fmk: z-Asp-Glu-Val-Asp-fluoromethylketone),

caspase-8 inhibitor (z-IETD-fmk: z-Ile-Glu-Thr-Asp-fluoro-

methylketone), caspase-9 inhibitor (z-LEHD-fmk: z-Leu-

Glu(OMe)-His-Asp(OMe)-fluoromethylketone). After incubation,

cell viability was assessed. Data are reported as means±SD for

n=3 independent assays. *P,0.05 vs ziyuglycoside II-treated

(Student t-test).

Figure 6. Activity of caspase-3 in ziyuglycoside II-induced BGC-

823 cell apoptosis. Cells were treated with the indicated drugs for

12 h. DEVD: caspase-3 inhibitor (z-DEVD-fmk: z-Asp-Glu-Val-

Asp-fluoromethylketone). After incubation, caspase-3 activity

was determined by fluorimetric assay. Data are reported as

means±SD for n=3 independent assays. *P,0.05 vs control,
#P,0.05 vs ziyuglycoside II-treated (Student t-test).

Figure 4. Effect of ziyuglycoside II on the

expression of Bax and Bcl-2 protein in BGC-

823 cells after a 24-h treatment. A, Assessment

of Bax and Bcl-2 expression levels in BGC-823

cells by Western blotting. B, Effect of ziyuglyco-
side II on the ratio of values of Bax/Bcl-2. C, The
subcellular expression level of the Bax protein in

BGC-823 cells by Western blotting. D, Effect of
ziyuglycoside II (Ziyu II) on subcellular distribu-

tion of Bax. Data are reported as means±SD for

n=3. *P,0.05 vs control (Student t-test).
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