
JBUON 2019; 24(1): 280-284
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Correspondence to: Hao Shen, MD. Department of Doppler Ultrasonography, Traditional Chinese Medicine of Nantong City, 
Jianshe Rd no. 41, Nantong, Jiangsu, 226001 China.
Tel/Fax: +86 0513 85126061, E-mail: haoshen12@hotmail.com
Received: 02/06/2018; Accepted: 21/06/2018

 Gentiopicroside exerts convincing antitumor effects in human 
ovarian carcinoma cells (SKOV3) by inducing cell cycle arrest, 
mitochondrial mediated apoptosis and inhibition of cell 
migration
Xiaohao Li1, Chenglin Yang2, Hao Shen3

1Department of Gynaecology, The People’s Hospital of Tongzhou District, Nantong City, Nantong, Jiangsu, 226300, China; 
2Department of Gynaecology, The People’s Hospital of Yining County, Yining, Xinjiang, 835100, China; 3Department of Doppler 
Ultrasonography, Traditional Chinese Medicine of Nantong City, Nantong, Jiangsu, 226001 China.

Summary

Purpose: Gentiopicroside is an important plant secondary 
metabolite and has been reported to exhibit tremendous phar-
macological potential. In the present study we investigated 
the anticancer effects of gentiopicroside against ovarian 
SKOV3 cancer cells.

Methods: Anticancer effects were determined by MTT as-
say. Apoptosis was investigated by DAPI and annexin V/
propidium iodide (PI) double staining. Mitochondrial mem-
brane potential (MMP) determination and cell cycle analysis 
were carried out by flow cytometry. Protein expression was 
examined by western blotting.

Results: The results showed that gentiopicroside exerted an-
ticancer effects on SKOV3 cancer cells in a dose-dependent 

manner. The IC50 of gentiopicroside was 20 µM against 
the SKOV3 cancer cells. The anticancer effects were mainly 
found to be due to loss of MMP and induction of apoptosis. 
The Bax/Bcl-2 expression ratio was also altered upon gen-
tiopicroside treatment. Furthermore, gentiopicroside could 
arrest the SKOV3 cells in G2/M phase of the cell cycle and 
prevent their migration and invasion.

Conclusions: These results indicate that gentiopicroside 
could prove a potential lead molecule in the treatment and 
management of ovarian cancer.
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Introduction

 Natural products of plant origin have long 
been considered as source of anticancer agents 
and are being evaluated against several types of 
cancers. Gentiopicroside (Figure 1) is an impor-
tant plant secondary metabolite that has been 
shown to exhibit anticancer effects [1]. Ovarian 
cancer represents one of the most fatal gyneco-
logical malignancies. It accounts for about 3% of 
all cancers in females with 0.24 million new cases 
being diagnosed every year. Moreover, 0.15 mil-

lion deaths are due to ovarian cancer annually 
across the globe [2]. In the United States alone, 
around 22,000 ovarian cancer cases are diagnosed 
and about 14,000 deaths are reported annually [3]. 
Ovarian cancer is often referred to as ‘silent killer’ 
as 80% of the patients show no symptoms of the 
disease until they reach advanced stage [4]. It has 
been reported that in the last few decades or so, 
20% of patients diagnosed with ovarian cancer at 
early stage exhibit over 90% survival rate [5]. Ef-
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ficient surgical interventions and use of different 
combinations of anticancer drugs have shown de-
cent results, but the overall long term complete 
remission rate still remains at 30% only [6]. Ow-
ing to the distinct biology of ovarian cancers, the 
selection of treatment options and effective drug 
combinations still remain subtle. Thus, there is a 
pressing need to explore new and more effective 
drugs for the treatment of this disease. Consist-
ently, natural products have displayed a diversity of 
positive human health promoting properties since 
times immemorial. Natural products are mainly 
the secondary metabolites synthesized by plants to 
adapt to and survive under extreme environmental 
conditions. Owing to the tendency of these second-
ary metabolites to interact with enzymes, receptors 
and other cellular entities, they exhibit appropriate 
drug-like properties [7]. In the present study we 
observed that gentiopicroside exhibited significant 
anticancer activity against SKOV3 ovarian cancer 
cells. The anticancer effects were found to be due 
to mitochondrial apoptosis, cell cycle arrest and in-
hibition of cell migration and invasion, indicating 
the potential of gentiopicroside as lead molecule 
for the treatment of ovarian cancer.

Methods 

Chemicals, reagents and cell cultures

 Gentiopicroside and other chemicals were of rea-
gent grade and purchased from Sigma Chemical Co. (St. 
Louis, Missouri, USA). Non-small ovarian cancer cell 
line cell (SKOV3) were procured from Cancer Research 
Institute of Beijing, China, and were cultured continu-
ously in RPMI-1640 supplemented with 10% fetal bo-
vine serum (FBS) and antibiotics (streptomycin 100 μg/
ml and penicillin G 100 U/ml) and maintained at 37°C.

Antiproliferative assay

 The anti-proliferative effect of gentiopicroside 
against SKOV3 cells was investigated by MTT assay. All 
cells were cultured at the density of 1×106 cells/well in 
96 well plates for 12 hrs. The cells were then exposed 
to 0-80 μM gentiopicrosidedose for 24 hrs. Thereafter, 
20 μl of MTT solution were added to each well. Prior to 

the addition of 500μl of DMSO, the cells were separated 
from the medium. For solubilizing the MTT formazan 
crystals, we added dimethylsufoxide (500 μl). Thereaf-
ter, absorbance was taken by ELISA plate reader at 570 
nm. Since gentiopicroside exhibited lowest IC50 against 
SKOV3 cells, further experiments were performed only 
at of 0, 10, 20 and 40 μM concentrations.

Apoptosis assay

 SKOV3 cells were cultured at the density of 1×106 
cells per well in 6-well plates and then were exposed to 
0, 7.5, 15 and 30 μM gentiopicroside for 24 hrs. This was 
immediately followed by DAPI staining. Then, the cell 
samples were examined and photographs were taken 
with a fluorescence microscope. To estimate the apop-
totic cell populations. SKOV3 cells were platted at a den-
sity of 1×106 cells/well in 6-well plates and treated with 
varied concentrations (0, 7.5, 15 and 30 μM) of gentiopic-
roside for 24 hrs. Thereafter, the cells were collected and 
washed with phosphate buffered salin (PBS). The cells 
were then incubated with Annexin V/FITC and PI for 15 
min and the apoptotic cell populations were estimated 
by a flow cytometry (BDBiosciences, San Jose, CA, USA).

Cell cycle analysis 

 To investigate the distribution of SKOV3 cells in 
different phases of the cell cycle, approximately 1×105 
cells in each well of 6-well plates were kept at 37°C 
overnight to allow t he cells to adhere. This was followed 
by treatment with various concentrations of gentiopic-
roside (0, 7.5, 15 and 30 μM) and then were incubated 
at 37°C for 24 hrs. Thereafter, the cells were trypsinized 
and were resuspended in ice-cold PBS. Finally, the cells 
were treated with ethanol (70%) at -20°C and allowed to 
fix overnight. Following fixation with ethanol, the cells 
treated with ice-cold PBS were centrifuged (1000 rpm) 
for 10 min at 4°C. Afterwards, the cells were resuspended 
in 1 ml PI/Triton-X 100 solution for 30 min in the dark. 
Finally, the distribution of the cells at each phase was 
examined from 10,000 cells in a FacScan flow cytometer 
(BD Biosciences). The estimation of the percentage of 
cells in each phase of the cell cycle was carried out by 
WinMDI software.

Boyden chamber assay for cell migration and invasion

 Cell migration assay was carried out by Boyden 
chamber assay with some modifications. Cells at the 
density of 5×104 cells/well were suspended in 2% FBS 
medium and placed in the upper chamber of 8 μm pore 
size transwells. Afterwards, medium supplemented with 
10% FBS was added to the lower chamber. This was fol-
lowed by 24-h incubation. On the upper surface of the 
membrane, unmigrated cells were removed while on the 
lower surface of the membrane the migrated cells were 
fixed with methanol (100%) and Giemsa-stained. The 
cell migration was assessed by counting the number of 
migrated cells under a microscope. 

Determination of protein expression by western blotting

 Protein expression was determined by western blot 
analysis. Briefly, proteins present in the cell extracts 

Figure 1. Chemical structure of gentiopicroside.
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were resolved by SDS–PAGE. This was followed by trans-
ference of the blots on nitrocellulose membrane. Follow-
ing this, the membrane was treated with non-fat milk 
(5%) in PBS and then incubated with suitable primary 
antibody for 2 hrs at room temperature followed by sec-
ondary antibody (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) for 1 hr at room temperature. The western blot 
results were then observed in an enhanced chemilumi-
nescence (ECL) western blot analysis system (Amersham 
Biosciences). 

Statistics

 The experiments were performed in triplicate and 
presented as means ± standard deviation (SD). Student’s 
t-test was used and Graphpad prism 7 software was used 
for statistical analyses. Results were considered signifi-
cant at p<0.01.

Results

Gentiopicroside exerts anti-proliferative effects on 
SKOV3 cells

 Gentiopicroside displayed significant antican-
cer effects against SKOV3 cells with an observed 
IC50 20 μM. The effect of gentiopicroside on the cell 
viability showed a dose-dependent trend (Figure 2). 

Gentiopicroside causes apoptosis in SKOV3 cells

 Gentiopicroside caused apoptosis in SKOV3 
cells in a concentration-dependent manner as it 
was obvious from the increased number of cells 
with white color nuclei (Figure 3). Estimation of 
apoptotic cell population was determined by flow 
cytometry as shown in Figure 4. The percentage of 
apoptotic cells from 2.6% in the control increased 
to 39.6% at 30 μM concentration of gentiopicro-
side. To examine if the apoptosis followed the mi-
tochondrial pathway we determined the protein 

Figure 2. Effect of indicated doses of gentiopicroside on 
cell viability of SKOV3 cells. The results are mean ± SD. 
The values were considered significant at *p<0.01.

Figure 3. Effect of indicated doses of gentiopicroside on 
the cell apoptosis as indicated by DAPI staining. The ex-
periments were carried out in triplicate. The Figure shows 
that gentiopicroside exerts dose-dependent apoptotic ef-
fects on the SKOV3 cells.

Figure 4. Estimation of apoptotic cell populations at indi-
cated doses of gentiopicroside as indicated by annexin V/
PI staining. The experiments were carried out in triplicate. 
The Figure shows that apoptotic SKOV3 cells increased 
with increase in the concentration of gentiopicroside.
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expression of Bax and Bcl-2. The results showed 
that the protein expression of Bax was upregulated 
in a concentration-dependent manner and that of 
Bcl-2 was decreased (Figure 5).

Gentiopicroside induces G2/M cell cycle arrest of 
SKOV3 cells

 To assess the effect of gentiopicroside on the 
cell cycle phase distribution of SKOV3 cells, the 
cells were administered 0, 10, 20 and 40 μM of 
gentiopicroside for 24 hrs. What happened was 
that the number of cells at G2 phase increased in 
a dose-dependent manner causing cell cycle arrest 
(Figure 6). At 40 μM there was a marked increase 
in G2 phase cells.

Gentiopicroside suppresses cell migration of SKOV3 
cells

 The results of cell migration assay after gen-
tiopicroside treatment at 20 μM concentration for 
24 hrs, indicated that gentiopicroside reduced the 
motility and migration of the of SKOV3 cells in a 
dose-dependent manner (Figure 7).

Discussion

 Ovarian cancer, being one of the fatal can-
cers, demands immediate development of novel 
treatment strategies that could prove beneficial in 
decreasing its incidence. Natural products could 
prove crucial source for identifying lead molecules 

Figure 5. The effect of indicated doses of gentiopicroside 
on Bax and Bcl-2 expression as indicated by western blot-
ting. The experiments were carried out in triplicate. The 
results of this Figure show that gentiopicroside increased 
Bax and decreased Bcl-2 in SKOV3 cells in a dose-depend-
ent manner.

Figure 6. The effect of indicated doses of gentiopicroside 
on cell cycle distribution as indicated by flow cytometry. 
The experiments were carried out in triplicate. The Figure 
proves that G2/M phase cells increased in a concentration-
dependent manner.

Figure 7. The effect of indicated doses of gentiopicroside 
on cell migration as evidenced from migration assay. The 
experiments were carried out in triplicate and expressed 
as mean ± SD. The values were considered significant at 
*p<0.01. The Figure shows that the migration of the SKOV3 
cells was inhibited dose-dependently by gentiopicroside.



Gentiopicroside exhibits anticancer activities against ovarian cancer cells284

JBUON 2019; 24(1): 284

for the treatment of ovarian cancer [8]. In the cur-
rent study we investigated the anticancer effects 
of gentiopicroside against ovarian cancer cell line 
SKOV3. The results showed that gentiopicroside 
could significantly inhibit the growth of SKOV3 
cancer cells. The IC50 of gentiopicroside was 20 
μM and its anticancer effects were dose-dependent. 
These results are also consistent with previous 
studies. For instance, gentiopicroside was found 
to exhibit significant anticancer effects on ovarian 
cancer cell line OVACAR-3 through induction of 
apoptosis [9]. Keeping this in mind, we also inves-
tigated if gentiopicroside could trigger apoptosis 
in SKOV3 ovarian cancer cells. The results of DAPI 
staining revealed that gentiopicroside could trig-
ger apoptosis in SKOV3 in a dose-dependent man-
ner as evidenced from the DNA fragmented white 
color nuclei. We also estimated the apoptotic cell 
populations at different doses by annexin V/PI dou-
ble staining and observed that the apoptotic cell 
populations increased from 2.6% in the control to 
39.6% at 40 μM concentrations. Our results are also 
justified by the fact that gentiopicroside and other 
related natural products exert anticancer effects on 
cancer cells by induction of apoptosis [10,11]. Apo-
ptosis was found to be mediated via the mitochon-
drial pathway as evidenced from the Bax/Bcl-2 ra-

tio. Apoptosis is an important mechanism by which 
anticancer agents eliminate the cancer cells from 
the body, indicative of the fact that gentiopicroside 
could prove a potential anticancer agent [12,13]. In 
addition, cell cycle arrest is another mechanism 
by which anticancer drugs cells inhibit the growth 
of cancer cells [14,15]. In the present study we 
observed that gentiopicroside induced G2/M cell 
cycle arrest in SKOV3 cells. Gentiopicroside also 
inhibited the cell migration of SKOV3 cancer cells, 
suggesting that it could potentially inhibit metas-
tasis of cancer cells in vivo.

Conclusion

 Taken together, these results indicate that 
gentiopicroside exerts anticancer effects on ovar-
ian SKOV3 cancer cells by induction of apoptosis 
and G2/M cell cycle arrest. Besides, it could also 
inhibit cell migration of cancer cells in vivo. There-
fore, gentiopicroside is a potent lead molecule for 
the management of ovarian cancer and deserves 
further research endeavours.
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