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Abstract
Background and Objective: Ovarian cancer has the highest mortality rate of all gynecologic cancers, exploring natural plant-derived
antitumor drugs has become indispensable in ovarian cancer treatment. Ginsenoside Rk1 exerted numerous pharmacological activities
including anti-tumour and anti-inflammation. The present study explored the effect of ginsenoside Rk1 (G-Rk1) on the proliferation and
apoptosis in SK-OV-3 ovarian cancer cells and deepened its mechanism of action. Materials and Methods: Cell viability was measured
by MTT assay. Changes in mitochondrial membrane potential (MMP) and Hoechst 33258 staining were used to detect cell apoptosis.
Western  blot  was  used  to  detect  the  release  of  cytochrome  C  and  expression  of  apoptosis-related  proteins  Bcl-2,  Bax  and  cleaved
caspase-3, cleaved caspase-9. Additionally, flow cytometry was used to detect cellular cycles and apoptosis. Results: The G-Rk1
significantly inhibited cell viability dose-dependently (p<0.01). In addition, G-Rk1-induced apoptosis was investigated through reactive
oxygen species (ROS) and mitochondrial membrane potential loss. It was observed that G-Rk1 can not only induce cell cycle arrest at the
G1 phase but also inhibit the proliferation ability of SK-OV-3 cells. Importantly, western blot analysis confirmed that more cytochrome
c was released from mitochondria resulting in caspase activation (p<0.05). Conclusion: Therefore, the findings from the present study
exhibited that G-Rk1 could inhibit the proliferation of SK-OV-3 ovarian cancer cells and maybe as a candidate drug for anti-ovarian cancer
soon.
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INTRODUCTION

Ovarian cancer ranks sixth in cancer death among women
(3% of all cancers among women), accounting for more deaths
than any other cancer of the female reproductive system1. The
most common type of ovarian cancer is epithelial ovarian
carcinoma, which accounts for 85-90% of all ovarian cancers2.

Ovarian cancer has the highest mortality rate of all
gynecologic cancers because its early symptoms are
nonspecific and most patients present an advanced stage of
this disease during initial diagnosis3. Despite intensive
multimodal therapy (chemotherapy and surgery), ovarian
cancer still has a poor prognosis tumorigenesis and malignant
transformation are caused by overexpression of the cell
survival pathway and normal cellular senescence or apoptosis.
Thus, manipulation of the cell survival pathway can reduce the
malignant potential of these tumours and provide a pathway
to  develop  new  therapies4.  Therefore,  exploring  natural
plant-derived antitumor drugs with high efficiency and low
toxicity has become a popular research topic in ovarian cancer
treatment.

Natural compounds from herbs or medicinal plants are
widely used for therapy and prevention of cancers5,6. Ginseng,
the root of Panax ginseng  C.A. Meyer (ginseng) and a famous
traditional Chinese medicine (TCM), has been widely used in
China, Korea and Japan due to its powerful pharmacological
activity. Previous studies have also demonstrated that
ginsenosides are the main active constituent in ginseng7.
Ginsenosides in white ginseng underwent deglycosylation,
dehydration and isomerization to generate many rare
ginsenosides during the steaming process, of these rare
ginsenosides, G-Rk1(Fig. 1a) was the major one produced from
protopanaxadiol-type ginsenosides such as Rb1, Rb2, Rb3, Rc
and Rd during ginseng process8. It is well known to have
various  pharmacological  activities  including  anti-cancer9,
anti-inflammatory10 and anti-platelet aggregation11.
Interestingly, ginsenoside Rg5, the isomer of G-Rk1, have been
shown to inhibit the proliferation and promote apoptosis of
ovarian cancer cells12. However, there are fewer reports about
other saponins against ovarian cancer.

Some rare ginsenosides, including ginsenosides Rg3, Rh2,
F2 and compound K, are more pharmacologically active than
major ginsenosides such as ginsenoside Re, Rb1, Rb2 etc.13-15.
Accumulating evidence has revealed that the major beneficial
effects of ginsenoside have anti-inflammation, anti-diabetes
and anti-tumour16,17. In particular, the rare ginsenosides are
excellent in killing tumour and cancer cells. According to the

literature we have, the research of ginsenosides on ovarian
cancer is still relatively limited, especially the newly discovered
rare saponins such as Rk1 and Rg5.

Based on the previous research results on the preparation
and separation of rare ginsenosides, we first illustrated the
effect of G-Rk1 on the proliferation and apoptosis of ovarian
cancer (SK-OV-3 cell) and its underlying mechanism. We do
not doubt that our results will provide the necessary
theoretical basis for the in-depth development of ginsenoside
on ovarian cancer and the development of anti-tumour drugs
soon.

The present study explored the effect of ginsenoside Rk1
(G-Rk1) on the proliferation and apoptosis in SK-OV-3 ovarian
cancer cells and deepened its mechanism of action.

MATERIALS AND METHODS

Reagents and chemicals: The G-Rk1 (purity >98%, HPLC
analysis) were converted from crude saponins and purified by
using the semi-preparative HPLC method in our lab18. Cisplatin
(CDDP, purity >99.0%) was purchased from Sigma Chemicals
(St. Louis, Missouri). Dulbecco’s Modified Eagle’s Medium
(DMEM) and penicillin-streptomycin solution were obtained
from HyClone Laboratories (Logan, Utah). Fetal Bovine Serum
(FBS) was purchased from CLARK Bioscience (Richmond,
Virginia). The ROS dye kit was purchased from Wanlei
Biotechnology (Shenyang China). Hoechst 33258 dye kit was
obtained from Beyotime Co., Ltd. (Shanghai, China). A
mitochondrial membrane potential detection kit was
purchased from Nanjing Jiancheng Biological Research
Institute (Nanjing, China). Cell Cycle and Apoptosis Analysis Kit
were purchased from Beyotime Co., Ltd. (Shanghai, China).
The antibodies for Bax, Bcl-2, Cytochrome, caspase-3, cleaved
caspase-3, caspase-9, cleaved caspase-9, $-actin and the
horseradish  peroxidase-conjugated  antirabbit  antibodies
were    procured    from    Cell    Signaling    Technology
(Danvers, Massachusetts). All other reagents and chemicals,
unless indicated, were obtained from Beijing Chemical Factory
(Beijing, China). The study was carried out at the College of
Chinese Medicinal Materials, Jilin Agricultural University from
November, 2019 to September, 2020.

Cell culture and viability assay: The SK-OV-3 cells were
purchased from ATCC and cultured in DMEM supplemented
with  10%  fetal  bovine serum  (FBS)  and  1%
penicillin/streptomycin, at 37EC in a humidified atmosphere
of 5% CO2 and were sub-cultured every 2-3 days.
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The cells were seeded in 96-well plates to reach a density
of 5104 cells/well and incubated overnight. When the cells
reached 60% confluence, G-Rk1 were added to make
concentrations of 0.125, 0.25, 0.5, 1, 2, 4, 8, 16 and 32 µM,
respectively. Similarly, we also evaluated the toxicity effect of
cisplatin on SK-OV-3 cells. Cells were treated with cisplatin at
different concentrations (1, 2, 4, 8, 16, 32, 64, 128 and 256 µM)
dividedly before MTT determination. After incubation for 24 h,
the cell viability was measured at 490 nm by a microplate
reader (Nano, Germany).

ROS staining: The SK-OV-3 cells were cultured in 6-well
microplates  and  treated  with  1  µM  DCFH-DA  at  37EC  for
30 min. The medium was removed after staining and cells
were  washed  by  PBS  two  times  before  imaging.  Cisplatin
(32 µM) was used as positive control and relative ROS
fluorescence intensity of treated cells was expressed as a
percentage of the cisplatin-induced group (Leica TCS SP8,
Solms, Germany).

Hoechst 33258 staining: Nuclear morphological changes of
SK-OV-3 cells were analyzed by Hoechst 33258 staining19.
Briefly, after co-incubation with G-Rk1 and cisplatin for 24 hrs,
SK-OV-3 cells were fixed in stationary liquid overnight and
stained by Hoechst 33258 solution (10 µg mLG1). After washing
with PBS (0.01 M, pH 7.4) three times, stained nuclei were
visualized under UV light and photographed by a fluorescent
microscope (Leica TCS SP8, Germany). The result was
quantified by Image-Pro Plus 6.0 software.

Immunofluorescence staining: The SK-OV-3 cells were
cultured  in  6-well  microplates  and  then  treated  with  PBS
(0.01 M, pH 7.4) three times. After being washed with PBS
three times, the SK-OV-3 cells were incubated with 4%
paraformaldehyde fix solution for 15 min, then blocking and
permeabilization was performed with 0.2% Triton-X100 in PBS
containing 5% bovine serum albumin for 15 min at room
temperature. Then, the cell was incubated with primary
antibodies including mouse anti-Bax (1:200) at 4EC overnight.
After three times washing with PBS, the cells were incubated
with SABC-Cy3 (BOSTER, Wuhan, China) for 30 min at 37EC,
then were subject to 4, 6 diamidino-2-phenylindole (DAPI)
staining. Finally, the stained cells were observed under a
fluorescence microscope (Leica TCS SP8, Germany) and the
intensity  of  immunofluorescence  was  analyzed  using
Image-Pro Plus 6.0 software.

Mitochondrial membrane potential detection (MMP): The
MMP was examined by staining the cells with the fluorescent
probe JC-112 (Beyotime, Shanghai). Briefly, after treatments,

the cells were collected, resuspended in 500 µL of PBS and
incubated in 0.5 mL JC-1 working solution in darkness at 37EC
for 20 min. Then the stained cells were analyzed by fluorescent
microscope (Leica TCS SP8, Germany).

Cell cycle and apoptosis analysis: Cell cycle progression was
evaluated using the Cell Cycle and Apoptosis Analysis Kit
(Beyotime Co., Ltd. Shanghai, China). In brief, after the
treatments, the cells were collected, stained with propidium
iodide (PI) for 30 min in the dark. Then the stained cells were
analyzed by flow cytometry.

Cell apoptosis was evaluated using the Annexin V-FITC
apoptosis analysis kit (Tianjin Sungene Biotech Co., Ltd.).
Briefly, after the treatments, the cells were collected, washed
with PBS and suspended in 500 µL binding buffer with 5 µL of
Annexin V-FITC and 5 µL PI for 5 min in the dark. Then the
stained cells were analyzed by flow cytometry.

Western  blot  analysis:  Total  protein  was  extracted  using
RIPA buffer (1:10, g/v) and the protein concentrations were
measured by BCA protein assay kit (Thermo Scientific,
Waltham, Massachusetts)20. The protein, 5 mg mLG1, were
loaded on 12% SDS-PAGE gel (50 µg per lane) and transferred
to the polyvinylidene fluoride (PVDF) membrane. The
membranes were blocked with 5% skim milk in tris-buffered
saline (TBS) containing 0.1% Tween-20 for at least 1 hr and
incubated overnight with primary antibodies including Bax
(1:2000), Bcl-2 (1:2000), Cytochrome C (1:1000), caspase-3
(1:1000), caspase-9 (1:1000), cleaved caspase-3 (1:1000),
cleaved caspase-9, $-actin (1:2000) at 4EC and then incubated
with secondary antibodies for 1 hr at room temperature after
washing with TBS-T. The ECL substrate (Thermo Scientific,
Massachusetts) was used for signal detection.

Statistical analysis: Data are expressed as Means±Standard
Deviation (Mean±SD). The student’s t-test was employed for
comparisons between two groups. Multiple comparisons were
performed using one-way ANOVA, p<0.05 were considered
significant. Analysis was performed using GraphPad Prism
8.0.2. (GraphPad Software, La Jolla, CA, USA).

RESULTS

G-Rk1 on cell proliferation and cycle progression: The effect
of G-Rk1 on SK-OV-3 cell viability was examined by MTT assay.
The cell viability of the normal group was defined as 100% and
other groups were expressed as a percentage of the normal
group. As shown in Fig. 1b-c, compared with the normal
group (Normal, N), with the treatment of G-Rk1 and cisplatin,
the    survival    rate    of    cells    gradually    decreased    with
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Fig. 1(a-d): Effects of G-Rk1 on SK-OV-3 cell, (a) Chemical structures of G-Rk1, (b) Effect of G-Rk1 on cells viability, (c) Effect of G-Rk1
and cisplatin on cells viability and (d) Cell cycle progression was analyzed by flow cytometry
Data are expressed as Mean±SD (n>6), *p<0.05, **p<0.01 and ***p<0.0001 vs. normal group
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dose-dependent      relationship,      with      a      significant
dose-dependent and relative in comparison, G-Rk1 has a
stronger inhibitory effect on SK-OV-3 cell viability than
cisplatin. The IC50 value of G-Rk1 on SK-OV-3 cells for 24 hrs
was 23.242 µM. Therefore, the concentration  of  1,  2,  4  and
8 µM were selected in subsequent experiments  and  32  µM
of cisplatin was used as the subsequent experimental
concentration.

To further investigate the effect of G-Rk1, cell cycle assays
were performed for SK-OV-3 cells. G-Rk1 regulates G1/S cell
cycle arrest, the G2-phase and S-phase were reduced
compared   with   normal   groups,   while   the   G1-phase   was

increased (Fig. 1d). In the normal cells, the proportions of G1,
S and G2 phases were 67.98, 15.71 and 12.61%. After
incubating with 8 µM G-Rk1, the proportions of G1, S and G2
phases were 77.85, 9.70 and 12.37%, respectively (p<0.01).
These results showed that the percentage of S and G2/M
phases cells decreased, while those in the G1 phase increased
after treatment with G-Rk1 (p<0.05 and p<0.01).

G-Rk1 inhibits the ROS overproduction and cell apoptosis:
As shown in Fig. 2a, G-Rk1 and cisplatin-treated cells showed
typical apoptotic morphology, whereas, cells not treated with
G-Rk1  and  cisplatin   had   normal   morphology.   We   further

Fig. 2(a-e): Effects of G-Rk1 on apoptosis in SK-OV-3 cell, (a) Cell morphology of SK-OV-3 cells, (b) ROS staining of SK-OV-3 cells
(200×),  (c)  Fluorescence  intensity  of  ROS  staining,  (d)  Hoechst  33258  staining  of  SK-OV-3  cells  (200×)   and
(e) Fluorescence intensities of the Hoechst 33258 staining
Data are expressed as Mean±SD, *p<0.05, **p<0.01 and ***p<0.0001 vs. normal group
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verified apoptosis by ROS stating (Fig. 2b-c), after cisplatin
treatment, intracellular ROS generation was significantly
increased. The G-Rk1 treatment for 24 hrs also significantly
increased the intracellular ROS levels as the concentration of
G-Rk1 increased (p<0.05).

According  to  the  results  of  Hoechst  33258  staining  in
Fig. 2d, e, the nucleus of the normal group was
morphologically intact and neatly arranged with a clear
outline along with evenly and slightly stained chromatin. In
the cisplatin group, a large proportion and high density of
blue apoptosis of cells and small chunks of nucleus distributed
clearly, indicating severe apoptosis after cisplatin challenge.
The G-Rk1 treatment also significantly increased apoptosis as
the concentration of G-Rk1 increased.

G-Rk1 regulates the expression of Bcl-2 family proteins: The
Bcl-2 family proteins are related proteins regulating apoptosis.
Bcl-2 is an anti-apoptotic protein and a member of the Bcl-2
family of the apoptosis regulator proteins. To further evaluate
the effect of G-Rk1, we examined the effect of G-Rk1 on Bax
expression in SK-OV-3 cell using immunofluorescence staining
and western blot. The experiment is illustrated in Fig. 3a, b,
Bax-positive puncta were rarely observed in the normal group
(p<0.05, p<0.01). Concomitant with the immunofluorescence
staining  of Bax, western blot analysis of the Bcl-2 family
proteins showed that the protein expression of Bax was
increased in the SK-OV-3 cell. In contrast, a significant
decrease of Bcl-2 was found in the G-Rk1 treatment groups
compared   to   the   normal   group   (p<0.01   and   p<0.05)
(Fig. 3c-e).

G-Rk1 reduces the mitochondrial membrane potential: To
detect the change of G-Rk1-induced membrane potential in
mitochondria, the sensitive fluorescent probes JC-1 was used
as indicators of mitochondrial dysfunction. As shown in Fig. 4,
the normal cells showed red fluorescence (JC-1 aggregates),
indicating high membrane potential. The SK-OV-3 cells treated
with G-Rk1 at a concentration of 1, 2, 4 and 8 µM for 24 hrs
showed less red but increased green fluorescence, which
means that membrane potential is low. These results suggest
that G-Rk1 could induce apoptosis in SK-OV-3 cells by
promoting mitochondrial dysfunction.

G-Rk1 regulates cell apoptosis and caspase activation: To
determine the effect of caspases on the apoptotic process, we
investigated whether the mechanism of the G-Rk1-induced
cell death employed caspase proteins by examining their
expression   according   to   western   blot   analysis.   From  the

results, we found increased levels of cleaved caspase 3 and
caspase 9 with G-Rk1-pretreatment by western blot analysis
(Fig. 5a-d).

In    addition,    we    analyzed    the    apoptosis    rate    of
G-Rk1-treated SK-OV-3 cells by flow cytometry following
Annexin V-FITC/PI double staining. Early and late apoptotic
cell populations were shown as Annexin V+/PI-and Annexin
V+/PI+ cells, respectively and both were considered apoptotic.
G-Rk1 treatment with various concentrations (1, 2, 4 and 8 µM)
significantly  increased  the  percentage  of  apoptotic  cells
(1.84,    2.18,    33.65    and    51.28%,    respectively)    in    a
dose-dependent manner (Fig. 5e).

DISCUSSION

Ovarian, cervical and endometrial cancers are common
gynaecological malignancies, whose incidence are
increasing21-23. Furthermore, ovarian cancer is the highest
among the gynaecological malignant tumours. The primary
treatment approaches for ovarian in clinical practice are
surgical resection, chemotherapy and radiotherapy, however,
efficacy can be poor due to high rates of recurrence and a
poor prognosis. Therefore, the prevention of ovarian is
essential. In this study, G-Rk1 induces apoptosis in SK-OV-3
cells via the ROS-mediated mitochondrial pathway.

As known, ROS could induce apoptosis through activation
of mitochondrial-mediated intrinsic apoptotic pathway22. At
the same time, the mitochondrion is a major site for ROS
production and excessive ROS accumulation can further
damage mitochondria 24-26. In the present study, we found that
G-Rk1 significantly increased the production of intracellular
and mitochondrial ROS (Fig. 2b) and a significant progressive
decline in MMP (Fig. 4). However, Numerous studies have
revealed that high intracellular levels of ROS not only result in
mitochondrial  DNA  damage  and  release  of  cytochrome  c
from   mitochondria   to   cytosol,   thereby   triggering
caspase-dependent or caspase-independent apoptosis27,28.
Likewise, ROS has good antitumor effects and can inhibit the
proliferation and survival of various tumour cells by inducing
cell cycle arrest and apoptosis 29. Inducing cell cycle arrest is an
effective method to suppress cancer cell growth30. Various
anticancer agents trigger cell cycle arrest31. Similarly,
ginsenosides can induce cell cycle arrest32-34. Ginsenoside Rh2
arrests G0/G1 phase in A549 human lung adenocarcinoma
cells through the reduction of cyclin D1 and CDK432. The
results were similar to these conclusions, we demonstrated
that Rk1 triggered G1 phase arrest in SK-OV-3 cells (Fig. 1d).
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Fig. 3(a-e): G-Rk1 regulates the expression of Bcl-2 family proteins in SK-OV-3 cell, (a) Immunofluorescent image of the expression
levels  of  Bax  (red)  in  SK-OV-3  cell  expression,  (b)  Effects  of  G-Rk1  on  the  protein  expressions  of  Bax  and  Bcl-2,
(c) Western blot analysis of Bax and Bcl-2 and (d-e) Quantification of Bax and Bcl-2 protein expression were performed
by densitometric analysis
Data are expressed as Mean±SD, *p<0.05, **p<0.01 and ***p<0.0001 vs. normal group
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Fig. 4: G-Rk1 reduces the mitochondrial membrane potential
Mitochondrial membrane potential (JC-1) staining of SK-OV-3 cell (200×)

Fig. 5(a-e): Continue
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Fig. 5(a-e): G-Rk1 Regulates apoptosis and caspase activation in SK-OV-3 Cells, (a) Effects of G-Rk1 on the protein expressions of
cleaved caspase-3, caspase-3, cleaved caspase-9 and caspase-9, Cytochrome C, (b-d) Quantification of relative protein
contents were performed by densitometric analysis and (e) Cell apoptosis was analysed by flow cytometry
Data are expressed as Mean±SD, *p<0.05, **p<0.01, ***p<0.0001 vs. normal group

Cell cycle arrest is closely linked to apoptosis35. Cell
proliferation is regulated by cell cycle progression, while
apoptosis is related to cell cycle arrest36. Agents that induce
cell cycle arrest and apoptosis could be potential therapeutic
drugs for cancer therapy. Indeed, the mitochondrial/caspase-
mediated signalling cascade is an important pathway of
apoptosis characterized by mitochondrial membrane
permeabilization37. The Bcl-2 and Bax serve important roles in
regulating caspase-dependent and caspase-independent
apoptosis, mediated by the mitochondrial pathway38.
Furthermore,  the  mitochondrial  membrane  permeability
may  be  increased  through  Bax  activation39.  Western  blot
and     Immunofluorescence     analysis     demonstrated     that
G-Rk1-treatment markedly increased the protein level of Bax
(Fig. 3). Moreover, Bax, a pro-apoptotic protein, can
translocate from the cytoplasm to the mitochondria and
inserts into the mitochondrial membrane, which induces an
increase in mitochondrial membrane permeability and results
in the release of cytochrome c40. This study further
demonstrated that G-Rk1 promoted the expression levels of

Bax and cleaved caspase 9, cleaved caspase 3 and reduced the
expression of Bcl-2 (p<0.01). Furthermore, Rk1 caused
cytochrome c release from mitochondria to cytosol. These
findings demonstrated that Rk1 triggered apoptosis via
mitochondrial pathways in SK-OV-3 cells.

CONCLUSION

Collectively, we found that G-Rk1 can induce cell cycle
arrest and apoptosis in SK-OV-3 cells. Our results clarified that
G-Rk1 suppressed the cell viability and induced G1 phase
arrest and cellular apoptosis. G-Rk1 induce apoptotic cells
death through mitochondria- and caspase-dependent
pathways in SK-OV-3 cells. These results suggest that G-Rk1
can be a safe cancer therapeutic drug because it induces
apoptosis in cancer cells and reduces migration ability
through the enhancement of ROS signalling, even at low
concentrations. However, studies on the efficacy and safety of
humans are required to investigate the therapeutic potential
of G-Rk1 for cancer.

1207

 

102                  103            104           105            108 

106 

105 

104 

103 

102 

FITC-A 

PE
-A

 

102                  103            104           105            108 

106 

105 

104 

103 

102 

FITC-A 

PE
-A

 
(e) 

102                  103            104           105            108 

106 

105 

104 

103 

102 

FITC-A 

PE
-A

 

FITC-A 
102                  103            104           105            108 

106 

105 

104 

103 

102 

PE
-A

 

102                  103            104           105            108 

106 

105 

104 

103 

102 

FITC-A 

PE
-A

 

102                  103            104           105            108 

106 

105 

104 

103 

102 

FITC-A 
PE

-A
 



Int. J. Pharmacol., 18 (6): 1199-1209, 2022

SIGNIFICANCE STATEMENT

This study discovers that G-Rh1 can inhibit cell
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