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Abstract. Ginsenoside Rh2 (G‑Rh2), the main bioactive 
component in American ginseng, is known to exert a wide 
variety of biological activities. Accumulating evidence 
suggests that G‑Rh2 inhibits cell proliferation and induces 
apoptosis of tumor cells. However, the possible mechanism 
through which G‑Rh2 exerts its action on malignant glioma 
cells have not been completely elucidated. The findings of the 
present study demonstrated that G‑Rh2 decreased the viability 
of glioma cells in a dose‑ and time‑dependent manner, and 
induced cell cycle arrest. G‑Rh2‑induced cell cycle arrest 
was accompanied by the downregulation of cyclin‑dependent 
kinase 4 and Cyclin E. In addition, G‑Rh2 markedly reduced 
the expression of total‑ RAC‑α serine/threonine‑protein kinase 
(Akt) and the levels of phosphorylated‑Akt. These findings 
provide mechanistic details of how G‑Rh2 acts on glioma cells 
and suggest that G‑Rh2 may function as a potential anti‑cancer 
drug for glioma treatment.

Introduction

Glioma, originated from the glial cell, is the most common 
intracranial primary tumors, accounting for 80% of malignant 
brain tumors (1). Overall age‑adjusted incidence rate for all 
gliomas ranges from 4.67 to 5.73 per 100 thousand persons 
with a median survival 2 to 5 years. However, the median 
survival is only one year for patients with glioblastoma 
multiforme (GBM) (2,3). Currently, invasive therapy achieves 
little benefit in glioma owing to their less effective penetrance 
to brain tissue. Adjuvant chemotherapy also has minimal 
efficacy. Tumor heterogeneity, low membrane permeability, 

pre systemic metabolism, and blood brain barrier (BBB) 
contribute to therapeutic resistance and tumor recurrence (4). 
Therefore, novel approaches for the treatment of glioma are 
critically required.

Ginseng, one of the most commonly used Chinese herbal 
medicines in the United States, contains multiple effective 
components which have been reported to have a wide variety of 
biological activities including immunomodulatory, neuropro-
tection, anti‑aging and anti‑tumor effects (5‑8). Ginsenoside 
Rh2 (G‑Rh2), a dammarane‑type glycoside compounds 
(Fig. 1A) separated from Ginseng has been reported to induce 
apoptosis by reactive oxygen species or activating the p53 
pathway in several tumors (9‑11). In recent years, increasing 
insights into the mechanism of G‑Rh2 actions have been eluci-
dated. G‑Rh2 induced internalization of rafts and caveolae, 
have reported to inactivate Akt and induce cell apoptosis (12). 
In addition, G‑Rh2 has been shown to affect cell viability 
by modulating autophagy  (13). These studies suggest that 
anti‑tumor effect mediated by G‑Rh2 might involve multiply 
mechanisms.

Cell cycle deregulation is one of the most frequent 
alterations associated with tumor development. Thus, the 
blockade of cell cycle is regarded as a feasible strategy for 
targeting tumor growth. In the process of cell proliferation, the 
conversion of G1‑S phase is considered to be the key step (14). 
Upstream signaling molecules such as hormones or cytokines 
causes cell proliferation or inhibition, which ultimately affects 
retinoblastoma protein (pRb). When phosphorylated by the 
CDKs, pRb separate from the E2F factors to relieve its inhibitory 
effect. Therefore, E2F factors promote the transcriptions 
of genes causing cells to enter the S phase from the G1 
phase (15,16). CDKs activity is regulated by exact regulatory 
networks, including the activated factor: Mainly CyclinD and 
CyclinE, and the inhibitory factor: INK4 and CIP/KIP families. 
Intensive research about the characteristics of tumor cell cycle 
progression is helpful to select the optimal target drugs (17).

Previous evidence demonstrates that G‑Rh2 blocks the 
tumor cell proliferation via multiple mechanisms (9‑13). G‑Rh2 
induced the cell differentiation and cycle arrest in human 
leukemia by up‑regulating TGF‑β expression  (18). G‑Rh2 
decreased the cells proliferation and induced the cell apoptosis 
through inhibiting EGFR expression in gliomas (19). However, 
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the underlying molecular mechanistic details of G‑Rh2 effects 
on glioma malignant cells have not been completely eluci-
dated. In this study, we have investigated the effects of G‑Rh2 
on proliferation, cell cycle regulation of human glioma cells 
and the underlying molecular mechanisms involved.

Materials and methods

Cell culture. The glioma cell lines A172 and U87MG were 
purchased from the American Type Culture Collection (ATCC, 
Manassas, VA, USA). Cells were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM; Gibco, Thermo Fisher Scientific 
Inc., Grand Island, NY, USA) supplemented with 10% fetal 
bovine serum (FBS; Biowest, Nuaillé, France), 100  U/ml 
penicillin and 0.1 mg/ml streptomycin and maintained in a 
humidified incubator at 37˚C with 5% CO2.

Reagents. G‑Rh2 (purity ≥98%) used for the present study 
was purchased from Aladdin (Shanghai, China). The identity 
was confirmed by liquid chromatography‑mass spectrometry. 
G‑Rh2 was prepared in DMSO (Sigma‑Aldrich, St. Louis, 
MO, USA) at a stock concentration of 10 mM and diluted with 
fresh complete medium immediately before use. Cell Counting 
Kit‑8 (CCK‑8; Dojindo Laboratories, Tokyo, Japan), Cell 
apoptosis kit and Cell Cycle kit (KeyGEN BioTECH, Jiangsu, 
China) were obtained from commercial sources. Antibodies: 
CDK4 (cat. no.  A0336), CyclinD (cat. no.  A1301), CDK2 
(cat. no. A2254), CyclinE (cat. no. A0112), p27 (cat. no. A0026) 
and β‑actin (cat. no. AC006) were purchased from ABclonal 
(Boston, USA). Antibodies to detect total‑Akt (cat. no. 4691T) 
and phosphorylated‑Akt (p‑Akt, Ser473, cat. no. 4060T) were 
purchased from Cell Signaling Technology (CST, Danvers, 
MA, USA). All of the antibodies mentioned above are rabbit 
anti‑human antibodies and used in 1:1,000 dilutions except 
β‑actin and p‑Akt (1:2,000 dilution).

Cell viability and cell proliferation assay. Cytotoxicity was 
assessed by CCK‑8 assay. Briefly, the indicated number of 
cells was seeded in 96‑well plate and cultured for 24 h. A 
series of concentrations of G‑Rh2 (30, 40, 50, 60, 70 µM) were 
used to treat glioma cells and an equal volume of DMSO (final 
concentration, <0.1%) was used as a control. After culturing 
for specified times, the cytotoxicity of G‑Rh2 was measured 
using a CCK‑8 according to the manufacturer's instructions. 
The absorbance was measured by Microplate reader (Thermo 
Fisher Scientific Inc.) at 450 nm wavelength.

For measuring cellular proliferation, clone formation assay 
was performed. Briefly, 150 A172 cells were cultured in 6‑well 
plates for 24 h and followed by the treatment with different 
concentrations of G‑Rh2 (0, 30, 40, 50, 60 µM) for another 
7 days. Cell clones were immobilized by methanol and stained 
with crystal violet Solution before photographed and counted. 
More than 50 cells were defined as a positive colony and the 
number of clones was counted with Image Pro Plus 6.0 (Media 
Cybernetics, Inc., Rockville, MD, USA). Colony formation 
rate=(number of clones/number of cells inoculated) x100%.

Flow cytometric analysis. Briefly, G‑Rh2‑treated cells were 
digested by EDTA‑free Trypsin and collected by centrifuga-
tion at 400 g for 5 min. Collected cells were washed once 

with Phosphate buffered saline (PBS). For cell cycle analysis, 
cells were fixed in 70% ethanol overnight at 4˚C and treated 
with RNaseA for 30 min in water bath, and resuspended in 
400 µl propidium iodide (PI) for 30 min in dark at 4˚C. For 
cell apoptosis analysis, collected cells were resuspended in 
500 µl binding buffer with 5 µl AnnexinV‑FITC and 5 µl PI 
for 15 min in dark at room temperature. Cell cycle distribution 
and apoptosis proportion was measured by flow cytometry 
(BD LSRFortessa™; BD Biosciences, San Diego, CA, USA). 
A total of 1.0x104 events were acquired for analysis using Cell 
Quest software.

Western blot assay. Proteins were extracted with Cell Total 
Protein Extraction Kit (KeyGEN BioTECH, Jiangsu, China). 
Briefly, G‑Rh2 treated cells were lysed in RIPA lysis buffer 
(Contains Protease inhibitor, phosphatase inhibitors and 
PMSF) on ice for 30 min. The supernatants were collected 
after centrifugation at 18.8x103 g at 4˚C for 30 min. Protein 
concentration was determined by Bradford method (KeyGEN 
BioTECH), and whole supernatants were mixed with 5xSDS 
loading buffer (contain 0.25M Tris‑HCl, 1.6M MEDTA 
(pH=8.5), DTT, LDS, glycerol, bromophenol blue, pyronin Y) 
at a ratio of 4:1. Protein samples were heated at 100°C for 
10  min and separated on SDS polyacrylamide gels. The 
Separating gel concentration was determined by the size of 
the target protein molecular weight. The separated proteins 
were then transferred to a PVDF membrane (Merck KGaA, 
Darmstadt, Germany), blocked with 5% evaporated milk and 
probed with a primary antibody for 24 h. After incubation with 
horseradish peroxidase (HRP)‑conjugated second antibody 
(cat. no. bs‑0295G; Bioss, Beijing, China), membrane blots 
were stained with enhanced chemiluminescent system (Fdbio 
Science, Hangzhou, China) to visualize the protein bands. 
Densitometry of western blots was performed with Quantity 
One v4.62 (Bio-Rad Laboratories, Richmond, CA, USA). The 
protein levels were first normalized to loading controls and 
then normalized to experimental controls. Images shown in 
the figures were representative from all individuals.

Statistical analysis. Data were analyzed by one‑way analysis 
of variance (ANOVA) in SPSS19.0, followed by Dunnett‑test 
when treated groups were compared only to the control group. 
For plotting the analysis findings software GraphPad Prism 6.0 
was used and P<0.05 was considered to indicate a statistically 
significant difference.

Results

G‑Rh2 treatment decreases the viability of human glioma cells. 
Initially, for determining the effect of G‑Rh2 on cell viability 
and Cytotoxicity, U87MG and A172 glioma cell lines were used. 
With the increased concentration of G‑Rh2 and the prolongation 
of treatment period, the cell viability was decreased gradually 
(Fig. 1B and C). The IC50 of G‑Rh2 exposure on A172 and 
U87MG cells for 24 h was 60.0 and 57.2 µM, respectively. 
Our findings demonstrated that G‑Rh2 inhibits the viability 
of U87MG and A172 glioma cells in a dose/time‑dependent 
manner. Especially, at 40 µM and above concentrations or 
12‑48 h of incubation time, the treatment groups were statisti-
cally significant compared with the control group.
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G‑Rh2 treatment decreases the clone formation of human 
A172 glioma cells. We noticed that with G‑Rh2 treatment 
glioma cells proliferation was decreased and the dead cells 
were increased in a dose‑dependent manner (Fig. 2A). This 
demonstrates that G‑Rh2 may have an impact on cell apoptosis 
and proliferation. We further performed clone formation 
assay to evaluate two important characters: Cell population 
dependence and proliferation ability. It can thus discriminate 
between cytotoxic (cell death) and cytostatic (decreased growth 
rate) effects (20). Our findings demonstrated that treatment 
with G‑Rh2 significantly inhibited the clone formation of 
A172 cells in a dose‑dependent manner (Fig. 2B and C).

G‑Rh2 treatment induces the cell cycle arrest apoptosis in 
glioma cells. According clone formation assay, we speculated 
that G‑Rh2 may exert an anti‑tumor effect in A172 cells by 
inhibiting proliferation and inducing apoptosis. Therefore, we 
further analyzed by flow cytometry. We found that compared 
to untreated control group (47.94±1.63%), the proportion of 
cells in G1 phase was significantly increased in the G‑Rh2 
treatment group (51.48±7.05% at 30 µM and 80.66±7.50% at 
60 µM). Correspondingly, proportion of S‑phase was markedly 
decreased (37.07±8.50% at 30 µM and 7.29±0.20% at 60 µM) 
compared with control group (40.40±4.35%). Therefore, these 
results indicated that G‑Rh2 was able to block the cell cycle 
progression and induce G1 phase arrest in A172 glioma cells 
(Fig. 3A). Moreover, our apoptotic analysis of A172 cells indi-
cated that with G‑Rh2 treatment apoptotic cells were increased 

Figure 1. Cytotoxicity of G‑Rh2 in human U87MG and A172 glioma cell lines. (A) Chemical structures of G‑Rh2; (B) Exponentially growing U87MG and 
A172 (5x103 cells per well) were treated with series concentrations of G‑Rh2 for 24 h. With the increasing of G‑Rh2 concentration, the viability decreased 
gradually in both cell lines, 0 µM (DMSO) was used as a control; (C) U87MG (5x103 cells per well) and A172 (2x103 cells per well) were treated with G‑Rh2 
(40 µM) for the indicated times. With the prolongation of treatment period, the viability decreased gradually in both cell lines. The data shown represent 
mean ± SD of three independent experiments. *P<0.05 vs. corresponding control group.

Figure 2. Effects of G‑Rh2 on the proliferation in A172 glioma cells. (A) The 
A172 cells were seeded in 96‑well plates and were then treated with G‑Rh2 
at a series of concentration (0, 30, 40, 50, 60, 70 µΜ) for 36 h. Morphological 
changes: Scattered and fragmented shapes, reduced cell density and increased 
cell gap were observed under Inverted optical microscope (magnification, 
x200); (B) The A172 cells were seeded at a density of 150 cells in 6‑well 
plates and cultured for 48 h before treated with G‑Rh2 at concentration 
(0, 30, 40, 50, 60 µΜ), and then cultured for 7 days. With the G‑Rh2 concen-
tration increased, the number of clones decreased gradually. 0 µM (DMSO) 
was used as a control and clone formation number were quantified. (C) The 
data shown represent mean ± SD of three independent experiments. *P<0.05 
vs. corresponding control group.
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significantly at 60 µM (13.37%) compared to untreated control 
group (3.73%) as showed in Fig. 3B.

G‑Rh2 induces G1 phase arrest by inhibiting CDK4/CyclinD 
in A172 cells. Cell cycle related proteins are a class of proteins 
with specific periodicity, which can reflect the process of 
cell cycle (21). We found that upon treatment with a series of 
concentrations of G‑Rh2, the CDK4 was decreased gradually 
(Fig. 4A and B). CyclinD, the periodic protein regulating CDK4 
activity, was also decreased (Fig. 4A and B). We observed 
modestly decreased CDK2 protein expression and no obvious 
on CyclinE protein expression level with G‑Rh2 treatment 
(Fig. 4C and D).We further investigated the p27 protein, one 
of the CDKIs family members, which play an important role 
in the regulation of G1‑S transition to inhibit the activation of 
CDK2/CyclinE complex. Consistent with the CyclinE, there 
was no significant change after treatment with G‑Rh2 in A172 
cell line (Fig. 4C and E).

G‑Rh2 reduces Akt expression and phosphorylation. Previous 
studies have shown that the phosphatidylinositol 3 kinase 
(PI3K)/Akt signaling pathway mediates cell proliferation, 
survival and motility. Akt is implicated in the oncogenesis 
of many cancers (22). Therefore, we examined the effect of 
G‑Rh2 treatment on Akt expression and phosphorylation. The 
expression of total‑Akt protein was decreased gradually and 
p‑Akt (Ser473) also affected by the treatment with G‑Rh2. 
Therefore, the results suggested that G‑Rh2 might be exerting 
its anti‑proliferative effects by inhibiting Akt expression and 
phosphorylation, at least partially (Fig. 5A and B).

Discussion

Glioma patients benefit little from standard therapy (Surgical 
resection combined with radiotherapy and chemotherapy). 
How to improve bioavailability and penetrate the BBB have 

been obstacles in chemotherapy drugs. Animal experiments 
show that the bioavailability of G‑Rh2 is about 16% and it 
distributed mainly to the liver and gastrointestinal tissues. 
After oral administration at 3 mg/kg, the concentration in 
plasma was 0.104 µM in dogs (4). Our findings demonstrated 
that G‑Rh2 inhibits the viability of U87MG and A172 glioma 
cells in a dose/time‑dependent manner. The IC50 of G‑Rh2 
exposure on A172 and U87MG for 24 h was 60.0 and 57.2 µM, 
respectively. It is necessary to develop new methods of admin-
istration or to change the physical and chemical properties so 
that it can pass through BBB. Recent studies have provided us 
some new ideas. For example, liposomes, the small spherical 
vesicle with single or multiple lipid bilayers, have been 
widely exploited due to their unique characteristics. Animal 
experiments showed that the concentration of docetaxel from 
docetaxel‑loaded nanoliposomes in the brain was significantly 
increased (23). Esterification of G‑Rh2 enhanced its cellular 
uptake and antitumor activity in Human HepG2 Cells (24). The 
combination of G‑Rh2 with magnetic iron oxide nanoparticles 
increased the cell uptake efficiency and convection‑enhanced 
delivery (CED) treatment may break through the BBB and 
greatly increased the concentration of drugs in the brain. But 
their safety needs further evaluation (25).

G‑Rh2 is classified as a new anticancer drug owing to its 
capability of inducing apoptosis in multiple tumor cells (9‑11). 
In recent years, another utility of G‑Rh2 in inhibiting tumor 
cell proliferation has been noticed. Previous studies suggests 
that Rh2‑mediated cell cycle arrest in MCF‑7 cells was accom-
panied by the down‑regulation of CDK and Cyclins, reduced 
interaction between CyclinD and CDK4/CDK6 and increased 
recruitment of p15INK4B and p27KIP1 to CDK4/CyclinD and 
CDK6/CyclinD complexes (26). In addition, the Rh2‑mediated 
G0/G1 phase cell cycle arrest in A549 lung adenocarcinoma 
cells has been reported to be correlated with reduced expres-
sion of CDK6, CyclinD1 and CyclinE, but levels of CDK4, 
CDK2 and CyclinA were unaltered (27). These researches 

Figure 3. Effect of G‑Rh2 on cell cycle and apoptosis. The A172 cells were treated with G‑Rh2 at 0, 30, 60 µM for 36 h and then flow cytometry analysis was 
performed according to the manufacturer's protocol. G‑Rh2 exerts the inhibitory effect to block cell cycle in the G1 phase in a dose‑dependent manner (A) and 
induce apoptosis. (B) 0 µM (DMSO) was used as a control. The data shown represent mean ± SD of three independent experiments. *P<0.05 vs. corresponding 
control group.
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indicated the anti‑tumor mechanisms involved may be cell 
line specific.

A172 and U87MG are classic glioma cell lines and are 
derived from glioblastoma. Considering the heterogeneity of 
cell response to G‑Rh2, the cytotoxicity of G‑Rh2 was tested 
at the two cell lines. The results showed the reactivity to G‑Rh2 
was consistent on both cell lines. Previous studies had shown 
that G‑Rh2 inhibited the expression of EGFR in A172 (19), 
thus we continued to explore the following mechanism in 
the A172. Our further investigation revealed that cells were 
arrested at G1 phase of cell cycle and the expression of cell 
cycle related proteins CDK4/CyclinD was decreased gradually 
with G‑Rh2 treatment, which suggest that CDK4/CyclinD is 
an essential regulatory target of G‑Rh2 for blocking cell cycle 
progression. As cell cycle progresses, CyclinE expression is 
gradually increased in early G1 phase and in G1 to S transition 
CDK2/CyclinE complex exerts a dominant kinase activity. 
We found that with G‑Rh2 treatment CyclinE level was 
unaltered, whereas CDK2 expression is modestly reduced. 
Further investigation revealed that p27, the main inhibitor of 
CDK2/CyclinE, was unaltered as well. These results further 
suggested that G‑Rh2 blocked cells cycle in the G1 phase. 
Previous studies indicated that G‑Rh2 only inhibited the 
kinase activity of CDKs rather than protein expression (18).. 

Figure 4. G‑Rh2 inhibits cell cycle related protein CDK4/Cyclin D in A172 cells. The A172 cells were treated with G‑Rh2 at 0, 30, 60 µM for 24 or 36 h, 
and then western blotting was performed for protein analysis. (A and B) the CDK4 and Cyclin D protein decreased gradually with a dose‑dependent manner. 
(C to E) CDK2 protein expression modestly decreased but no obvious difference observed on CyclinE and p27 protein level with G‑Rh2 treatment. 0 µM 
(DMSO) was used as a control. The protein level were quantified by scanning densitometry and normalized to β‑actin (as an intracellular control). The data 
shown represent mean ± SD of three independent experiments. *P<0.05 vs. corresponding control group.

Figure 5. G‑Rh2 exerts anti‑proliferation effect by inhibiting Akt expres-
sion and phosphorylation. The A172 cells were treated with G‑Rh2 at 
0, 30, 60 µM for 24 or 36 h, and followed protein analysis. (A) The protein 
expression level of total Akt and p‑Akt (Ser473) decreased gradually with 
the increase of G‑Rh2 concentration and (B) protein expression level were 
quantified by scanning densitometry and normalized to β‑actin (as an intra-
cellular control). The data shown represent mean ± SD of three independent 
experiments. *P<0.05 vs. corresponding control group.
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Whether G‑Rh2 exerts inhibition of CDKs activity in such 
manner in glioma cells needed to be explored.

EGFR mutations are detected in half of gliomas, which 
may contribute to tumorgenesis (28). The research indicated 
G‑Rh2 may have its anti‑tumor effect through inhibiting EGFR 
expression in A172 glioma cells  (19). But the downstream 
molecules have not yet been elucidated. The serine/threonine 
kinase Akt, also known as protein kinase B (PKB), is one of the 
downstream signaling molecules regulated by EGFR. Since its 
discovery as a proto‑oncogene, Akt has become a major focus of 
attention because of its critical regulatory role in diverse cellular 
processes, including cancer progression (29,30). So we decided 
to investigate the impact of G‑Rh2 on Akt. Our results showed 
that with G‑Rh2 treatment, total‑Akt levels were decreased, 
and the Akt phosphorylation was inhibited in a dose‑dependent 
manner. This finding indicates that G‑Rh2 could exert 
anti‑tumor activity through inhibiting Akt pathway in glioma 
cells. Abnormal Akt activation was observed in the majority of 
GBM (31). Akt phosphorylation inhibitors were able to block 
effectively the proliferation, migration and invasion in glioma 
cells (32). These studies suggest that inhibition of Akt pathway 
is an effective strategy to target glioma. Dozens of Akt inhibitors 
being in the Phase II/Ⅲ clinical trials, but so far they have not 
really been used in clinical patients. Some key points such as 
differences in pharmacokinetic properties and high toxicity 
have not been fully resolved (33). Drug combination therapy 
is well worth promoting for which contributes to enhance the 
curative effect and reduce drug resistance. PI3K/Akt inhibitors 
have been evaluated for their function to resensitize glioma 
cells to TMZ (22). Our findings suggest that G‑Rh2 may serve 
as a potential Akt inhibitor and provide a new alternative for 
the development of glioma treatment. Furthermore, G‑Rh2 is 
reported to suppress the growth of H22 hepatomas without 
causing severe side effects in mouse model, which might be a 
reference for safe drug use (34). But the superior advantages 
compared to Akt inhibitor need further study.

In summary, our study demonstrates that G‑Rh2 exerts 
an anti‑tumor effect on glioma cells via mechanisms that 
modulate the expression of CDK4/CyclinD complex and Akt, 
might have potential applications as an effective anti‑cancer 
drug for glioma.
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