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Abstract. Ophiopogonin B (OP‑B) is a bioactive component 
of Radix Ophiopogon  japonicus, which is often used in 
traditional Chinese medicine to treat cancer. The present 
study aimed to investigate the antitumor activity of OP‑B 
in gastric cancer. Cell Counting kit‑8, flow cytometry with 
Annexin V‑fluorescein isothiocyanate, Hoechst staining, mito-
chondrial membrane potential (MMP) detection, and reactive 
oxygen species (ROS) assay were used to detect the biological 
function of SGC‑7901 gastric cancer cells. The results demon-
strated that high concentrations of OP‑B (5, 10 and 20 µmol/l) 
exerted potent antiproliferative effects on SGC‑7901 cells in 
a dose‑dependent manner. Furthermore, apoptotic rates were 
increased and cell morphology was altered following treatment 
with OP‑B. In addition, OP‑B‑induced apoptosis of SGC‑7901 
cells was associated with loss of MMP and increased ROS 
generation. Western blotting indicated that treatment with 
OP‑B increased the protein expression levels of caspase‑3 and 
B‑cell lymphoma 2 (Bcl‑2)‑associated X protein, whereas the 
expression levels of Bcl‑2 and the phosphorylation levels of 
extracellular signal‑regulated kinases 1/2 and c‑Jun N‑terminal 
kinases 1/2 were decreased. These results suggest that OP‑B 
may be considered a potential inhibitor of gastric cancer 
progression, and may be used as an alternative compound for 
its treatment.

Introduction

Gastric cancer (GC) is one of the most common cancers 
of the alimentary tract (1). GC is a major malignancy that 

seriously affects patient health and is associated with a high 
rate of mortality; with prevalence in men double that in 
women (2). Research regarding the development of drugs for 
the treatment of GC and its complications has recently gained 
attention. Chemotherapy is one of major therapeutic methods 
for the treatment of cancer; however, cancer gradually evolves 
resistance to chemotherapeutic reagents (3). Therefore, the 
identification of novel therapeutic strategies is essential to 
improve the clinical management of patients with GC. The 
search for novel therapies has recently focused on several 
plants used in traditional medicine (4‑6).

For centuries, traditional Chinese medicine has been 
used to treat cancer (7). The plant Ophiopogon japonicus 
(Thunb.) Ker‑Gawl is an evergreen perennial medicinal 
herb, which has been widely used in Southeast Asia to treat 
disease for thousands of years (8,9). O. japonicus contains 
the following active ingredients: Saponins, polysaccharides, 
and homoisoflavonoids (10). This plant has been reported to 
exert pharmacological effects, including cardioprotective, 
diuretic and antibacterial activities  (11). Ophiopogonin B 
(OP‑B), which is isolated from the traditional Chinese herb 
Radix O. japonicus, has been revealed to exert anticancer 
effects in human non‑small cell lung cancer and cervical 
cancer (12,13). However, the role of OP‑B in GC has yet to 
be explored.

The present study aimed to investigate the anticancer 
effects of OP‑B on cell proliferation, apoptosis, mitochondrial 
membrane potential (MMP) and reactive oxygen species 
(ROS) in the SGC‑7901 GC cell line. In addition, the expres-
sion levels of apoptosis‑associated proteins were detected, 
in order to explore the mechanisms underlying the effects of 
OP‑B.

Materials and methods

Cell culture and treatment. The SGC‑7901 human GC cell 
line was purchased from the Cell Bank of Chinese Academy 
of Sciences (Shanghai, China). The cells were cultured in 
RPMI 1640 medium (Hyclone; GE Healthcare Life Sciences, 
Logan, UT, USA) supplemented with 10% fetal bovine serum, 
penicillin (100 IU/ml) and streptomycin (100 mg/ml) (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C 
in a humidified atmosphere containing 5% CO2. Cells in the 
logarithmic phase were used in the subsequent experiments.
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Cell viability assay. To detect cell viability following exposure 
to various concentrations (0, 5, 10 and 20 mmol/l) of OP‑B 
(Jrdun Biotechnology Corp., New York, NY, USA), 100 µl 
SGC‑7901 cells (5x104/ml) were seeded in 96‑well plates and 
were cultured for 0, 12, 24, 48 and 72 h at 37˚C. Subsequently, 
100  µl serum‑free Dulbecco's modified Eagle's medium 
(Hyclone; GE Healthcare Life Sciences) containing 10% Cell 
Counting kit (CCK)‑8 reagents (v/v) (Dojin Laboratories, 
Kumamoto, Japan) was added to each well, and the cells were 
cultured for 1 h in a 5% CO2 atmosphere at 37˚C. Optical 
density was then measured at 450 nm using a Model 550 
microplate reader (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA).

Cell apoptosis assay. Cells were seeded at a density of 
5x105 cells/well in 6‑well plates, following treatment with OP‑B 
(0, 5, 10 and 20 µmol/l). The cells were subsequently stained 
using an Annexin V‑fluorescein isothiocyanate (FITC)/prop-
idium iodide kit (BD Biosciences, Franklin Lakes, NJ, USA). 
Staining was performed according to the manufacturer's 
protocol. Apoptosis of SGC‑7091 cells was determined using 
a FACSCalibur flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA).

Hoechst staining. Cells were seeded on a 6‑well plate at 
5x105 cells/well and were treated with OP‑B (0, 5, 10 and 
20 µmol/l). Subsequently, attached cells were washed with 
phosphate‑buffered saline (PBS) and were incubated with 
10 µg/ml Hoechst 33342 staining solution (Sigma‑Aldrich, 
St. Louis, MO, USA) for 10 min. Following the incubation, 
cells were washed with PBS and anti‑fade mounting medium 
was added. Apoptosis, as determined by condensed and 
fragmented nuclei (14), was observed under an RX‑DA fluo-
rescence microscope (Leica Microsystems GmbH, Wetzlar, 
Germany).

MMP detect ion.  Rhodamine‑123 (Rho‑123) dye 
(Sigma‑Aldrich) was used to detect alterations in MMP. Cells 
(1x106/ml) were cultured in a 24‑well plate. After a period of 
exposure to various concentrations of OP‑B, cells were washed 
with PBS, incubated with Rho‑123 (100 nM), and were subse-
quently subjected to flow cytometry.

Detection of ROS. ROS generation was assessed by flow 
cytometry  (15). Briefly, cells (5x104/well) were cultured, 
washed with PBS and were re‑suspended in complete 
medium. Subsequently, the cells were incubated with 50 µM 
DCFH‑DA (Vigorous Biotechnology, Beijing, China). ROS 
fluorescence intensity was determined by flow cytometry at 
an excitation wavelength of 490 nm and an emission wave-
length of 520 nm.

Western blot analysis. Cells were harvested, and total proteins 
were extracted using ice‑cold radioimmunoprecipitation assay 
buffer (Beyotime Institute of Biotechnology). Protein concen-
tration was subsequently determined using a Bicinchoninic 
Acid Protein Assay reagent (Thermo Fisher Scientific, Inc.). 
Protein samples (40 µg) were separated by sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis, and were then 
transferred to nitrocellulose membranes. The membranes were 

blocked in 5% skim milk solution for 1 h at room temperature, 
then were incubated with rabbit antibodies against phosphory-
lated (p)‑c‑Jun N‑terminal kinases (JNK)1/2 (dilution, 1:800; 
cat. no. 4668; monoclonal), JNK1/2 (dilution, 1:1,000; cat. 
no. 9252; polyclonal), p‑extracellular signal‑regulated kinases 
(ERK)1/2 (dilution, 1:1,000; cat. no.  4370; monoclonal), 
ERK1/2 (dilution, 1:1,000; cat. no. 4695; monoclonal) (all Cell 
Signaling Technology, Inc., Danvers, MA, USA), caspase‑3 
(dilution, 1:1,500; cat. no. ab32351; Abcam, Cambridge, UK; 
monoclonal), B‑cell lymphoma 2 (Bcl‑2; dilution, 1:400; cat. 
no. sc‑492; polyclonal) and Bcl‑2‑associated X protein (Bax; 
dilution, 1:400; cat. no. sc‑493; polyclonal) (both Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) overnight at 4˚C. 
This was followed by incubation with a horseradish peroxi-
dase‑conjugated goat anti‑rabbit secondary antibody (dilution, 
1:1,000; cat. no. A0208; Beyotime Institute of Biotechnology, 
Haimen, China) for 1 h at room temperature. Rabbit anti‑glyc-
eraldehyde 3‑phosphate dehydrogenase (dilution, 1:1,500; cat. 
no. 5471; monoclonal) was used as the loading control. The 
blots were visualized using enhanced chemiluminescence 
(EMD Millipore, Billerica, MA, USA) and analyzed with 
ImageJ v. 1.49 software (imagej.nih.gov/ij). Western blots 
presented in the figures are representative of three independent 
experiments.

Statistical analysis. All data are presented as the mean ± stan-
dard deviation from three determinations.  Data were analyzed 
with two‑tailed Student's t‑tests for comparison with the 0 µmol 
group. For statistical analysis, GraphPad Prism 5.0 (GraphPad 
Software, Inc., San Diego, CA, USA) was used. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Effects of OP‑B on proliferation of SGC‑7901 cells. SGC‑7901 
cells were treated with various concentrations of OP‑B for 0, 
12, 24, 48 and 72 h, and the CCK‑8 assay was used to measure 
cell proliferation. As shown in Fig. 1, treatment with OP‑B 
was able to inhibit GC cell proliferation in a dose‑dependent 
manner.

Figure 1. Ophiopogonin B (OP‑B) inhibits proliferation of SGC‑7901 cells. 
The effects of various concentrations of OP‑B (0, 5, 10 and 20 µmol/l) on 
the viability of SGC‑7901 cells at 12, 24, 48 and 72 h were assessed by Cell 
Counting kit‑8 assay. Data are presented as the mean ± standard deviation. 
OD, optical density.
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Effects of OP‑B on the apoptosis of SGC‑7901 cells. Three 
different concentrations of OP‑B were used to treat SGC‑7901 
cells for 24 h. Flow cytometric analysis of Annexin V‑FITC 
staining demonstrated that OP‑B significantly increased the 
apoptotic rate of SGC‑7901 cells in a dose‑dependent manner 
(Fig. 2).

Effects of OP‑B on morphological alterations to SGC‑7901 
cells. To confirm that OP‑B induced apoptosis, morpho-
logical alterations to SGC‑7901 cells were observed following 
Hoechst 33342 staining. As shown in Fig. 3, following OP‑B 
treatment, blue emission was much brighter than in the 
control cells, indicating the presence of apoptotic cells. In 
addition, condensed chromatin was detected in several of the 
OP‑B‑treated cells and apoptotic bodies had formed in some 
cells.

Effects of OP‑B on MMP in SGC‑7901 cells. To assess the 
effects of OP‑B on alterations to the MMP in SGC‑7901 cells, 
flow cytometry was conducted to detect the fluorescence inten-
sity of Rho‑123. As shown in Fig. 4, treatment of SGC‑7901 
cells with OP‑B (5, 10, and 20 µmol/l) for 24 h resulted in a 
moderate depolarization of MMP in a dose‑dependent manner.

Effects of OP‑B on ROS generation in SGC‑7901 cells. The 
fluorescent probe dichlorodihydrofluorescein diacetate was 
used to determine the levels of ROS generation in SGC‑7901 
cells. As shown in Fig. 5, SGC‑7901 cells exposed to 5, 10, 
and 20 µmol/l OP‑B for 12 h exhibited a significant increase 
in the intracellular accumulation of ROS in a dose‑dependent 
manner.

Western blotting results. To clarify the mechanism by which 
OP‑B induced SGC‑7901 cells apoptosis, the expression levels 
of apoptosis‑associated proteins and the phosphorylation 
of kinases were determined by western blotting. As shown 
in Fig. 6A, treatment with OP‑B for 6 h resulted in down-
regulation of the protein expression levels of p‑JNK1/2 and 
p‑ERK1/2. Furthermore, following treatment with OP‑B for 
48 h, protein expression levels of caspase‑3 and Bax were 
increased, whereas the expression levels of Bcl‑2 were down-
regulated (Fig. 6B).

Discussion

OP‑B is a natural active compound extracted from the Chinese 
herbal medicine O. japonicus, which is widely used in clinical 
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Figure 2. Ophiopogonin B (OP‑B) induces apoptosis of SGC‑7901 cells. Cells were incubated with 0, 5, 10 or 20 µmol/l OP‑B. (A) Representative flow 
cytometric results. (B) Percentage of apoptotic cells. Data are presented as the mean ± standard deviation. **P<0.01 vs. 0 µmol/l.

Figure 3. Ophiopogonin B (OP‑B) induces morphological alterations to SGC‑7901 cells. Cells were incubated with 0, 5, 10 and 20 µmol/l OP‑B, were fixed and 
stained with Hoechst 33342, and were observed under a fluorescent microscope. Cells treated with OP‑B exhibited condensed chromatin and fragmented nuclei. 
Magnification, x200. 
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Chinese medicine (16). The present study confirmed that high 
concentrations of OP‑B were able to significantly inhibit the 
proliferation of SGC‑7901 cells in a time‑ and dose‑dependent 
manner. In addition, apoptotic rates were increased and cell 
morphology was altered following OP‑B treatment, thus 
suggesting that induction of apoptosis may be the main 
mechanism underlying the antiproliferative effects of OP‑B in 
SGC‑7901 cells.

Apoptosis is a physiological process that leads to cell 
self‑destruction. Dysregulation of this process is implicated 
in various diseases  (17). Mitochondria are important cell 
organelles, the functions of which include respiration, oxygen 

metabolism and enzyme activity, and are associated with 
membrane permeability and MMP (18). Breakdown of the 
MMP is an early stage of the apoptotic process and precedes 
nuclear disintegration (19). In the present study, MMP fluores-
cence intensity was gradually reduced in response to high dose 
OP‑B, thus suggesting that OP‑B may induce cell apoptosis 
by decreasing MMP. Furthermore, the expression levels of 
apoptosis‑associated proteins caspase‑3 and Bax were signifi-
cantly increased, whereas the protein expression levels of Bcl2 
were decreased.

ROS generation and subsequent oxidative stress have 
long been implicated in induction of cell apoptosis  (20). 

Figure 4. Ophiopogonin B (OP‑B) decreases mitochondrial membrane potential (MMP) in SGC‑7901 cells. Cells were treated with 0, 5, 10 and 20 µmol/l 
OP‑B for 24 h, and were then incubated with Rhodamine‑123 and analyzed by flow cytometry. (A) Representative results. (B) Fluorescence intensity. Data are 
presented as the mean ± standard deviation **P<0.01 vs. 0 µmol/l.
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Figure 5. Ophiopogonin B (OP‑B) increases the intracellular reactive oxygen species (ROS) generation in SGC‑7901 cells. Cells were treated with 0, 5, 10 and 
20 µmol/l OP‑B for 24 h. The fluorescence probe dichlorodihydrofluorescein diacetate was used to determine levels of ROS production. (A) Representative 
results. (B) ROS levels. Data are presented as the mean ± standard deviation. **P<0.01 vs. 0 µmol/l.
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Mitochondria have been identified as the major organelles in 
which ROS are generated (21). As expected, intracellular ROS 
levels were significantly increased when SGC‑7901 cells were 
exposed to OP‑B. The MAPK family comprises three main 
parallel pathways: ERK, JNK and p38. Previous studies have 
indicated that MAPK is an important pathway involved in cell 
proliferation and apoptosis (22‑24). In the present study, the 
phosphorylation levels of JNK1/2 and ERK1/2 were increased 
in SGC‑7901 cells following OP‑B treatment. These results 
suggested that the anticancer mechanisms of OP‑B may be 
associated with the JNK1/2 and ERK1/2 signaling pathways.

The pharmacological assays conducted in the present study 
suggested that OP‑B may significantly decrease proliferation, 
and induce apoptosis of GC cells. In conclusion, OP‑B may be 
considered a potential candidate agent for the treatment of GC. 
Further studies regarding the underlying mechanism of OP‑B 
are currently ongoing.
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