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Abstract. Cisplatin is a first generation platinum-based 
chemotherapeutic agent, however, the extensive applica-
tion of cisplatin inevitably results in drug resistance, which 
is a major obstacle in cancer chemotherapy. The aim of the 
present study was to investigate the efficiency of reversing 
cisplatin-resistance with the use of combination therapy with 
oridonin and cisplatin in human ovarian cancer cells, and 
attempt to reduce the side effects of the therapeutic agents 
when used alone. The half maximal inhibitory concentration 
(IC50) values of cisplatin were determined in cisplatin-sensitive 
and cisplatin-resistant ovarian cancer cells using an MTT 
assay. IC50 values of cisplatin in A2780, A2780/DDP, SKOV3 
and SKOV3/DDP cells were significantly decreased in a 
time-dependent manner. The antitumor effect of oridonin in 
A2780/DDP cells was also detected by the MTT assay and 
the inhibitory effects of oridonin increased in a dose- and 
time-dependent manner. A2780/DDP cells were treated with 
20 µM oridonin in combination with increasing concentrations 
of cisplatin for 48 h, and the result demonstrated that oridonin 
synergistically increased the antitumor effects of cisplatin 
in A2780/DDP cells. Notably, the combination treatment of 
oridonin and cisplatin effectively reversed cisplatin resistance 
and the IC50 values were significantly decreased from 50.97 µM 
and 135.20 to 26.12 µM and 73.00 µM in A2780/DDP and 
SKOV3/DDP cells at 48 h, respectively. Furthermore, oridonin 
induced cell apoptosis in a dose-dependent manner and 
promoted cell-cycle arrest at the G0/G1 phase in ovarian cancer 
cells. Oridonin and cisplatin synergistically increased the cell 

apoptosis rate of A2780/DDP cells, which was detected by 
fluorescence-activated cell sorting analysis. Downregulated 
expression levels of Bcl-2 and upregulated the expression 
of Bax protein were demonstrated by western blot analysis, 
further indicating increased apoptosis. In addition, the expres-
sion levels of matrix metalloproteinase (MMP)‑2 and MMP‑9 
decreased in a dose-dependent manner with oridonin treat-
ment. The results from the present study demonstrated that 
oridonin exerted a synergistic effect with cisplatin to inhibit 
proliferation and induce cell apoptosis in cisplatin-resistant 
ovarian cancer cells. Thus, combination therapy with oridonin 
and cisplatin effectively reversed cisplatin resistance in human 
ovarian cancer cells, which may have useful clinical applica-
tions.

Introduction

Ovarian cancer has the lowest survival rate of all gynecolog-
ical malignancies (1). Ovarian cancers predominantly include 
three types of tumor, epithelial tumors, germ cell tumors 
and stromal tumors (2). Of all ovarian cancers, 85‑90% are 
epithelial ovarian carcinomas (3,4) and ~70% of patients are 
diagnosed at an advanced stage with pelvic or lymph node 
metastasis. Only 1/4 patients are diagnosed at an early stage 
and the worldwide five-year survival rate of patients with 
advanced ovarian cancer is 20‑25% (5,6). It is difficult to 
detect ovarian cancer at an early stage predominantly due to 
its inherent metastatic nature resulting in a poor prognosis (7).

Surgery combined with chemotherapy is an important 
therapeutic strategy for ovarian cancer. Cisplatin is a first line 
platinum-based chemotherapeutic agent, which exerts marked 
antitumor activity in a number of solid tumors (8-12). It is also 
one of the most commonly used agents for the treatment of 
ovarian cancer. However, the extensive application of cisplatin 
may result in adverse gastrointestinal toxicity, including severe 
nausea and vomiting, renal toxicity and neurotoxicity (13). 
Notably, long-term use of cisplatin results in drug resistance, 
which is a major obstacle in cancer chemotherapy (14-16). 
Investigation into therapeutic strategies with increased effi-
cacy in order to decrease the side effects of treatment or reduce 
drug resistance in ovarian cancer is required.
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Recently, natural products extracted from medicinal plants 
have drawn more attention in cancer therapy. Oridonin is 
extracted from the Chinese herb Rabdosia rubescens, and is 
a natural compound with the structure of a tetracycline diter-
penoid (17,18). It has been reported to exert antitumor effects 
and is widely used, in China, in the clinical treatment of a 
number of tumor types. Qi et al (19) reported that oridonin 
effectively induced cell apoptosis of pancreatic cancer cells, 
and a nanosuspension was more effective than free oridonin 
on G2/M-phase cell cycle arrest and apoptosis in the PANC-1 
human pancreatic cancer cell line. Gao et al (20) demonstrated 
that oridonin induces apoptosis and senescence by increasing 
hydrogen peroxide and glutathione depletion in colorectal 
cancer cells. Furthermore, a study demonstrated that autophagy 
preceded apoptosis in oridonin-treated MCF-7 human breast 
cancer cells (21). In lung cancer patients, oridonin also 
suppressed mammalian target of rapamycin (mTOR) signaling 
and the growth of lung cancer tumors, suggesting inhibition of 
mTORC1 may be an effective target for improving the thera-
peutic outcome of treatment with oridonin (22).

In the present study, two cisplatin-resistant ovarian cancer 
cell lines, A2780/DDP and SKOV3/DDP, were used to inves-
tigate the underlying mechanism of combined therapy with 
oridonin and cisplatin. It is beneficial to elucidate the molecular 
mechanism of disease progression to aid in the development of 
therapeutic strategies that reverse drug resistance.

Materials and methods

Therapeutic agents and cell lines. Oridonin and cisplatin 
were obtained from the Shifeng Biocorporation (Shanghai, 
China). 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazo-
lium bromide (MTT) was purchased from Sigma-Aldrich 
(St. Louis, MO, USA). The A2780/DDP cisplatin-resistant 
human ovarian cancer subline (Huiying Corporation, 
Shanghai, China) and SKOV3/DDP (Yunnan Tumor Hospital, 
Kunming, China) were used. The non-resistant cells lines, 
A2780 and SKOV3 were obtained from Wuhan Boster 
Biological Technology, Ltd. (Wuhan, China). The cells were 
cultured in Dulbecco's modified Eagle's medium (Hyclone; 
GE Healthcare Life Sciences, Logan, UT, USA) enriched 
with 10% fetal bovine serum (Hyclone; GE Healthcare Life 
Sciences) at 37˚C and 5% CO2. Cisplatin was obtained from 
Qilu Pharmaceutical Co., Ltd. (Jinan, China) and 0.5 µg/ml 
cisplatin was added into the medium to maintain chemoresis-
tance in the resistant cells.

MTT assay. The inhibitory effect of oridonin alone, 
cisplatin alone and oridonin + cisplatin on A2780/DDP and 
SKOV3/DDP human ovarian cancer cells was measured 
using the MTT assay. Cells were transferred to cispl-
atin-free medium 3 days prior to the experiments. The cells 
(1.0x104 cells/well) were plated into 96‑well plates and allowed 
to attach overnight. The cells were treated with different 
concentrations of oridonin (10, 40, 80 and 160 µmol/l) or 
cisplatin (1, 2, 5, 10, 20, 40, 80, 200, 500 or 1,000 µM) for 
24, 48 and 72 h, respectively. Control cells were administered 
an equal quantity of dimethyl sulfoxide (DMSO). MTT 
(20 µl; 5 mg/ml) was added to each well and incubated for 
4 h at 37˚C in the dark. The supernatant was removed and the 

formazan crystals were dissolved in 100 µl DMSO and mixed 
thoroughly prior to determining absorbance at a wavelength of 
490 nm using an AquaMate‑Plus ultraviolet spectrophotom-
eter (Thermo Fisher Scientific, Inc.). All in vitro experiments 
were conducted in triplicate.

Apoptosis rate analysis. Flow cytometry was used to detect 
the apoptosis rate. A2780/DDP cells (2x104 cells/well) were 
plated into 6-well plates. They were cultured for 6 to 8 h and 
treated with cisplatin alone, oridonin alone, or cisplatin in 
combination of oridonin for 48 h. The oridonin concentra-
tions used were: 0, 10, 20, 40, 80 and 160 µmol/l and 50 µM 
cisplatin. The cells were analyzed following treatment with 
RNase (Sigma-Aldrich) and stained with Annexin V and 
propidium iodide (PI; Sigma‑Aldrich) for flow cytometry (BD 
FACSCalibur™; BD Biosciences, Franklin Lakes, NJ, USA).

Western blotting. Western blotting was performed as described 
previously (23‑25). Briefly, a total protein extract for each 
tissue sample or cell line was dissolved in lysis buffer and 
equal quantities of protein (60 µg) were analyzed by immu-
noblotting. Rabbit anti-human polyclonal antibodies against 
Bcl‑2 (cat. no. sc‑492), rabbit anti‑human polyclonal antibodies 
against Bax (cat. no. 526), rabbit anti-human polyclonal anti-
bodies against MMP-2 (cat. no. sc-10736) and goat anti-human 
polyclonal IgG antibodies against MMP‑9 (cat. no. sc‑6840) 
were purchased from Santa Cruz Biotechnology Inc. (Dallas, 
TX, USA) and used at a dilution of 1:1,000. The horseradish 
peroxidase-conjugated goat anti-rabbit secondary antibody 
was obtained from Abgent, Inc. (San Diego, CA, USA; cat. 
no. ASS1006).

Statistical analysis. All data were processed using SPSS 17.0 
(SPSS, Inc., Chicago, IL, USA). Statistical analysis was 
performed using analysis of variance and Student's t-test for 
continuous data. The data are presented as the mean ± stan-
dard error of the mean and P<0.05 was considered to indicate 
a statistically significant difference.

Results

Half maximal inhibitory concentration (IC50) value of 
cisplatin in ovarian cancer cells. In order to detect the anti-
tumor effects of cisplatin on ovarian cancer cells, the A2780 
and SKOV3 human ovarian cancer cell lines and the cispl-
atin-resistant sublines, A2780/DDP and SKVO3/DDP, were 
used as cell models. The ovarian cancer cells were treated 
with increasing concentrations of cisplatin and the inhibi-
tory rate was determined by an MTT assay. The structure of 
oridonin and cisplatin is presented in Fig. 1. Cisplatin had an 
increasing antitumor effect in A2780 and A2780/DDP human 
ovarian cancer cell lines in a dose- and time-dependent 
manner. As presented in Fig. 2, the IC50 values of cisplatin 
were 88.89, 13.20 and 9.55 µM for 24, 48 and 72 h in the A2780 
sensitive cell line, respectively. However, the IC50 values 
were 350.50, 50.96 and 25.39 µM in the A2780/DDP cispl-
atin-resistant cell line following treatment for 24, 48 and 72 h, 
respectively. IC50 values in SKOV3 and SKOV3/DDP were 
105.10, 51.73, 16.13 and 446.70, 135.00, 66.70 µM, respec-
tively, for 24, 48 and 72 h.
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Figure 1. Chemical structures of (A) oridonin and (B) cisplatin.

Figure 2. IC50 values of cisplatin on ovarian cancer cells are determined by an MTT assay. The A2780, A2780/DDP, SKOV3 and SKOV3/DDP ovarian cancer cell lines 
(3x104 cells/per well) were plated into 96 wells and the cells were exposed to increasing concentrations of cisplatin for 24, 48 and 72 h. The proliferation of ovarian 
cancer cells was determined by the MTT assay and IC50 values were calculated. The histogram of IC50 values were presented at 24, 48 and 72 h. All the analyses were 
repeated three times on duplicate samples. IC50, half maximal inhibitory concentration; MTT, 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide.

Figure 3. Proliferation of A2780/DDP cells was determined by the MTT assay. (A) The A2780/DDP cisplatin-resistant ovarian cancer cell line (3x103 cells/per well) 
was plated into 96‑well plates and treated with increasing concentrations of oridonin for 24, 48 and 72 h. Data are presented as the mean ± standard deviation in tripli-
cates. **P<0.01 vs. 24 h. (B) A2780/DDP cells were treated with 20 µM oridonin in combination with increasing concentrations of cisplatin for 48 h. The inhibition rate 
was determined by the MTT assay. Cells not treated with oridonin served as controls. *P<0.05 and **P<0.01 vs. the control. MTT, 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑di-
phenyltetrazolium bromide.
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  A   B
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Oridonin synergistically increases the antitumor effects 
of cisplatin in A2780/DDP cells. The inhibitory effects of 
oridonin in ovarian cancer cells were also detected by an 
MTT assay. The A2780/DDP cisplatin resistant ovarian 
cancer cells were treated with increasing concentrations 
(10, 20, 40, 80 and 160 µM) of oridonin for 24, 48 and 72 h, 
respectively. As presented in Fig. 3A, the inhibitory effects 
increased in a dose-dependent manner.

In order to determine whether oridonin exerts syner-
gistic antitumor effects with cisplatin in ovarian cancer 
cells, 20 µM was selected as the appropriate concentration 
for oridonin as the inhibition rate was effective at ~30% but 
relatively low. The concentrations of cisplatin used were 
5, 10, 25, 50 and 100 µM. Compared with the group treated 
with oridonin alone, the inhibitory effects were significantly 
increased at 10, 25 (P<0.05) and 50 µM (P<0.01), which 
demonstrated that oridonin and cisplatin demonstrate syner-
gistic antitumor effects in ovarian cancer cells.

IC50 values of cisplatin were decreased when administered 
in combination with 20 µM oridonin in A2780/DDP and 

SKOV3/DDP cells. Results from the present study demon-
strated that oridonin synergistically increased the antitumor 
effects of cisplatin in A2780/DDP and SKOV3/DDP cells. The 
cells were treated with increasing concentrations of cisplatin 
in combination with 20 µM oridonin for 48 h. The samples had 
two replicates and the experiments were conducted twice. The 
untreated cells were used as negative controls. As presented in 
Fig. 4, the IC50 values were calculated as 26.12 and 73.00 µM 
for 48 h. The ratio of IC50 values was downregulated by ~1.95 
and 1.84-fold in A2780/DDP and SKOV3/DDP cells treated 
with cisplatin + 20 µM of oridonin, respectively, which 
demonstrated that oridonin significantly (P<0.01) decreased 
the resistance to cisplatin in A2780/DDP and SKOV3/DDP 
cells.

Figure 4. IC50 values of cisplatin were decreased in combination with 20 µM 
oridonin in A2780/DDP and SKOV3/DDP cells. (A) The cisplatin resistant 
ovarian cancer cells, A2780/DDP and SKOV3/DDP (3x103 cells/per well), 
were plated into 96‑well plates and treated with increasing concentrations of 
oridonin for 48 h. The MTT assay was performed to detect the proliferation of 
cisplatin-resistant ovarian cancer cells. IC50 values were calculated and the data 
are presented as the mean ± standard deviation. Experiments were repeated 
three times. (B) The histogram of IC50 values in A2780/DDP and SKOV3/DDP 
cells. The cisplatin-resistant ovarian cancer cells were treated with 20 µM 
oridonin in combination with increasing concentrations of cisplatin for 48 h. 
The MTT assay was used to detect the inhibition rate of oridonin in combina-
tion with cisplatin. The cells treated with cisplatin alone served as controls. 
**P<0.01 vs. the control. IC50, half maximal inhibitory concentration; MTT, 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide.

Figure 5. Cell apoptosis rates were detected by flow cytometry of A2780/DDP 
cells. A2780/DDP cells (2x104 cells/well) were plated into 6-well plates, cul-
tured for 6 to 8 h and treated with cisplatin alone, oridonin alone, or cisplatin 
in combination with ordonin for 48 h. Untreated cells served as negative 
controls. (A) Cell apoptosis rates were detected by fluorescence‑activated 
cell sorting analysis with Annexin V and PI dual staining method. (B) The 
histogram of cell apoptosis rates is presented. **P<0.01 vs. the control. PI, 
propidium iodide.
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Oridonin and cisplatin synergistically induces cell apoptosis 
in A2780/DDP cells. The present study demonstrated that the 
cell death rates were significantly increased in the cisplatin 
and oridonin group. In order to identify whether cell apoptosis 
in A2780/DDP cells was induced by treatment with oridonin 
alone, cisplatin alone and oridonin in combination with 
cisplatin for 48 h, fluorescence‑activated cell sorting (FACS) 
analysis was performed to detect the cell apoptosis rate in 

A2780/DDP cells. As presented in Fig. 5A, the cells were 
treated with 50 µM cisplatin alone, 50 µM oridonin alone, or 
50 µM cisplatin + 50 µM oridonin for 48 h, and the late apop-
tosis rate was 32.48% in the oridonin + cisplatin group, which 
was markedly higher than that of the oridonin or cisplatin alone 
groups. As presented in Fig. 5B, the early and late cell apoptosis 
rates were 42.67, 40.73 and 71.24% in the oridonin, cisplatin 
and oridonin + cisplatin groups, respectively. All the results 
demonstrated that oridonin and cisplatin act synergistically with 
cisplatin in inducing cell apoptosis in A2780/DDP cells.

Oridonin induces cell apoptosis of ovarian cancer cells 
and induces cell‑cycle arrest at the G0/G1 phase. In order to 
further elucidate the underlying mechanism of cell apoptosis 
in cisplatin-resistant ovarian cancer cells, the A2780/DDP 
cells were treated with oridonin at 10, 20, 40, 80 and 160 µM 
for 48 h. As presented in Fig. 6A, the result demonstrated that 
oridonin induced cell apoptosis of A2780/DDP cells, which 
increased in a dose-dependent manner.

The cell cycle distribution of A2780/DDP cells was also 
analyzed by the PI‑staining method. As presented in Fig. 6B, 
G0/G1 phase arrest of the cells was induced and the number of 
cells in G0/G1 phase increased in a dose-dependent manner, 
while the number of cells in G2/M phase decreased and the 
number in S phase was not markedly changed.

Oridonin and cisplatin synergistically downregulated the 
expression levels of Bcl‑2 and upregulated the expression 

Figure 6. Cell apoptosis rate and the cell cycle distribution of A2780/DDP cells was determined. (A) A2780/DDP cells were treated with increasing concen-
trations of oridonin for 48 h with the untreated cells serving as negative controls. Cell apoptosis rate was determined by fluorescence‑activated cell sorting 
analysis with Annexin V and PI dual staining. *P<0.05, **P<0.01 vs. the untreated cells. (B) Cell cycle of A2780/DDP cells was determined using the PI-staining 
method. A2780/DDP cells were treated with increasing concentrations of oridonin for 48 h. The proportion of the cells in each phase was determined. The 
cell distribution is presented in the histogram. (C) Expression levels of apoptosis-associated proteins in A2780/DDP cells were detected by western blotting. 
A2780/DDP cells were treated with 20 µM oridonin and 10 µM cisplatin for 48 h. Expression levels of Bax and Bcl-2 in A2780/DDP cells were detected by 
western blotting. The experiment was repeated 3 times. PI, propidium iodide.

Figure 7. Expression levels of (A) MMP‑2 and (B) MMP‑9 in A2780/DDP 
cells were detected by western blot analysis. A2780/DDP cells were plated 
into 48-well plates and cultured for 8 h. The cells were treated with increasing 
concentrations of oridonin for 48 h. Untreated cells served as negative con-
trols. MMP, matrix metalloproteinase.
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levels of Bax. The expression levels of Bcl-2 family proteins 
were detected by western blot analysis. As presented in 
Fig. 6C, treatment with oridonin resulted in downregulation 
of Bcl-2 protein expression levels and the upregulation of Bax 
protein expression levels. This was consistent with cells that 
were treated with cisplatin alone. Notably, in A2780/DDP cells 
treated with 20 µM oridonin and 10 µM cisplatin for 48 h, 
the ratio of Bax/Bcl-2 was markedly higher than that of cells 
treated with cisplatin or oridonin alone. All data indicated 
that oridonin and cisplatin synergistically downregulated the 
protein expression levels of Bcl-2 and upregulated the protein 
expression levels of Bax.

Expression levels of MMP‑2 and MMP‑9 decreased in a 
dose‑dependent manner with oridonin treatment. MMPs, 
including MMP‑2 and MMP‑9, are involved in the invasion 
and metastasis in a number of types of human malignancy, 
as degradation of collagen IV in the basement membrane 
and extracellular matrix facilitates tumor progression. The 
expression levels of MMP‑2 and MMP‑9 in A2780/DDP 
cells treated with an increasing concentration of oridonin 
were detected. A2780/DDP cells were treated with increasing 
concentrations (10, 20, 40 and 80 µM) of oridonin for 48 h. As 
presented in Fig. 7, the protein expression levels of MMP-2 and 
MMP‑9 decreased with increasing concentration of oridonin 
suggesting that oridonin may suppress the invasion and metas-
tasis of human ovarian cancer cells.

Discussion

Adverse side-effects of chemotherapy and resistance to 
chemotherapeutic agents are a key problem in ovarian cancer 
therapy (26). Cisplatin resistance is a major obstacle in the 
treatment of ovarian cancer and novel chemotherapeutic strat-
egies are urgently required (4,27). The present study aimed to 
investigate a novel method to reverse cisplatin-resistance using 
combination therapy with oridonin and cisplatin in human 
ovarian cancer cells. The cisplatin-resistant A2780/DDP 
and SKOV3/DDP ovarian cancer cell lines were used as cell 
models. Results from the present study demonstrated that 
oridonin had a synergistic role with cisplatin to inhibit prolif-
eration and induce cell apoptosis of cisplatin-resistant ovarian 
cancer cells.

The combined therapy of oridonin and cisplatin has a syner-
gistic antitumor effect, which may decrease the dose required of 
a single therapeutic agent used. It is effective to kill tumor cells 
at a relatively lower dose in order to decrease the side effects 
of chemotherapeutic agents. The results demonstrated that cell 
death significantly increased in the cisplatin + oridonin group 
partly as a result of increased cell apoptosis. The apoptosis 
rate was 71.24% in the oridonin + cisplatin group, markedly 
higher than the rates of 42.67 and 40.73% in the oridonin and 
cisplatin groups, respectively. This was consistent with the 
detection of protein expression levels by western blot analysis. 
The downregulated protein expression level of Bcl-2 and 
upregulated protein expression level of Bax demonstrated that 
combination therapy with oridonin and cisplatin promoted 
cell apoptosis in drug-resistant A2780/DDP cells. Cell phase 
was detected by FACS, and the results demonstrated oridonin 
induces cell-cycle arrest in G0/G1 phase and the apoptosis rate 

increased in a dose-dependent manner with oridonin. All the 
results demonstrated that combined therapy is an effective 
method to inhibit the proliferation of human ovarian cancer 
cells.

Notably, the combined treatment of oridonin and cisplatin 
effectively reversed the cisplatin resistance. The IC50 values 
were significantly decreased from 50.97 to 26.12 µM in the 
A2780/DDP cells and, consistently, in the SKOV3/DDP cells, 
the IC50 values were decreased from 135.20 to 73.00 µM at 
48 h.

MMPs are involved in the invasion and metastasis of 
human malignancies, and the present study demonstrated the 
expression levels of MMP‑2 and MMP‑9 were decreased in 
A2780/DDP cells treated with increasing concentration of 
oridonin. The data indicated that oridonin may suppress the 
invasion and metastasis of human ovarian cancer cells, which 
may be an effective therapeutic strategy to inhibit the spread 
of drug-resistant ovarian cancer cells.

In conclusion, combination therapy with oridonin and 
cisplatin was an useful method to treat cisplatin-resistant 
ovarian cancer cells. The two compounds exerted synergistic 
antitumor effects and effectively reversed the cisplatin resis-
tance in human ovarian cancer cells.
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