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Ginsenoside Rh2 and Rg3 inhibit cell proliferation and
induce apoptosis by increasing mitochondrial reactive
oxygen species in human leukemia Jurkat cells
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Abstract. Ginsenoside Rh2 (GRh2) and ginsenoside Rg3
(GRg3) are primary bioactive components in Panax ginseng.
The present study aimed to investigate the underlying mecha-
nisms of apoptotic cell-death induced by GRh2 and GRg3
in human leukemia Jurkat cells. The Cell Counting kit-8
assay was used to determine cell proliferation. Apoptosis
was detected by nuclear morphologic observation by
Hoechst 33342 staining and Annexin V-allophycocyanin and
7-amino-actinomycin D assay. mitoTEMPO, a mitochon-
drial reactive oxygen species (ROS) scavenger, was used to
examine the effects of mitochondrial ROS on cell viability
and mitochondrial membrane potential (MMP). Finally, the
expression levels of numerous mitochondrial-associated
apoptosis proteins were assessed by western blot analysis.
These results demonstrated that GRh2 and GRg3 inhibited
cell growth and induced apoptosis, and that GRh2 had greater
cytotoxicity than GRg3. GRh2 induced generation of more
mitochondrial ROS compared with GRg3 in Jurkat cells;
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however, this effect was ameliorated by subsequent treatment
with mitoTEMPO. Furthermore, excess mitochondrial ROS
induced by GRh2 was more potent than GRg3 in inhibiting
cell proliferation and reducing MMP. In addition, expression
levels of apoptosis-associated proteins were significantly
increased in Jurkat cells treated with GRh2 than GRg3. In
conclusion, these findings suggested that GRh2 and GRg3
induce mitochondrial-associated apoptosis by increasing
mitochondrial ROS in human leukemia Jurkat cells. GRh2
may more effectively inhibit cell growth and accelerate
apoptosis than GRg3. This study provides a potential novel
strategy for the treatment of acute lymphoblastic leukemia.

Introduction

Ginseng, the root of Panax ginseng, has been used worldwide
for thousands of years as a herbal drug in oriental traditional
medicine (1). Ginsenosides (ginseng saponins), the primary
active components of Panax ginseng, have been demonstrated
to have anticancer activities, particularly ginsenoside Rh2
(GRh2) and ginsenoside Rg3 (GRg3) (2,3). GRh2 and GRg3
are protopanaxadiol (PPD)-type ginsenosides, which have one
and two glucose moieties at the C3 hydroxyl of PPD, respec-
tively (4). Previously, it has been reported that GRh2 and GRg3
may inhibit growth (5), induce apoptosis (6) and restrict tumor
invasion and metastasis (7,8) in mammalian tumor cells.
Acute lymphoblastic leukemia (ALL), the most common
type of childhood malignancy, comprises a group of hemato-
logic neoplasms which may be regarded as clonal expansions
of B- and T-lymphocytes arrested at an immature stage of
differentiation (9,10). T-cell (T) immunophenotypes, associ-
ated with poor outcome, have limited prognostic importance
in childhood ALL in the context of contemporary treat-
ment (11,12). Therefore, novel anticancer agents are required
to further improve survival rates and to avoid serious side
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effects. GRh2 and GRg3 may be novel natural products for
ALL therapy. However, the underlying mechanism of GRh2-
and GRg3-induced cell death in human T-ALL Jurkat cells
remains unclear.

Apoptosis is a process of genetically programmed cell
death triggered by biological and physical signals, including
chemical reagents (13,14). At present, two major signaling
pathways exist to induce apoptosis: Intrinsic-mitochondrial
and extrinsic-death receptor (15). The mitochondrial
pathway involves the regulation of apoptosis by mitochon-
dria and is characterized by the release of mitochondrial
intermembrane space proteins (16). Reactive oxygen species
(ROS) primarily generate inside mitochondria, and excess
ROS results in dissipation of the mitochondrial membrane
potential (MMP), leading to the release of cytochrome c
and the subsequent engagement of the Apaf-1-pro-caspase-9
apoptosome complex, which activates downstream
caspases (17,18). In addition, the B-cell lymphoma 2 (Bcl-2)
family of proteins regulate permeabilization of the mito-
chondrial outer membrane and cytochrome c release (19).
Bcl-2 and Bcel-2 X-associated protein (Bax) have been
identified as primary regulators in mitochondrial control
during apoptosis (20).

The present study investigated the anticancer properties
of GRh2 and GRg3 in Jurkat cells. Cell viability, nuclear
morphology and apoptotic levels were examined to evaluate
the cytotoxic effects of GRh2 and GRg3. Mitochondrial ROS
generation, MMP and mitochondria-associated apoptotic
proteins were determined to examine the underlying molecular
mechanisms of GRh2- and GRg3-induced cell death in human
acute leukemia Jurkat cells.

Materials and methods

Materials and cell culture. GRh2 and GRg3 were purchased
from Beina Chuanglian Biotechnology Institute (Beijing,
China). A Cell Counting kit-8 (CCK-8) was obtained from
Dojindo Molecular Technologies, Inc. (Kumamoto, Japan).
Hoechst 33342 was purchased from Sigma-Aldrich; Merck
KGaA (Darmstadt, Germany). Annexin V-allophycocyanin
(APC) and 7-amino-actinomycin D (7-AAD) were obtained
from BD Pharmingen (San Diego, CA, USA). MitoSOX™
Red reagent, Roswell Park Memorial Institute (RPMI) 1640
medium and fetal bovine serum (FBS) were purchased
from Thermo Fisher Scientific, Inc. (Waltham, MA, USA).
MitoTEMPO was obtained from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA). The primary antibodies against
cleaved caspase-9 (9501), cleaved caspase-3 (9665), Bcl-2
(4223), Bax (5023), B-actin (4970) and secondary horse-
radish peroxidase (HRP)-labeled goat-anti-rabbit antibodies
(7074) were purchased from Cell Signaling Technology, Inc.
(Danvers, MA, USA).

The human T-ALL cell line (Jurkat cells) was purchased
from the Cell Bank of Chinese Academic of Science (Shanghai,
China), and cultured in RPMI medium 1640 supplemented
with 10% FBS at 37°C in a 95% air and 5% CO, incubator.

Cell viability assay. Jurkat cells (5x10° cells/ml) were plated
on a 96-well (100 pl/well) microplate and treated with 15, 30,
45 or 60 uM GRh2 or GRg3. Cell viability was measured by
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CCK-8 according to the manufacturer's protocol. Following
treatment, 10 ul CCK-8 solution was added, and cells were
incubated for 4 h at 37°C. The absorbance in each well was
measured at a wavelength of 450 nm using an automated
ELISA reader (Tecan Austria GmbH, Salzburg, Austria).
IC,, values were calculated using GraphPad Prism software
version 5 (GraphPad Software, Inc., La Jolla, CA, USA) from
CCK-8 assay data after 24 h.

Nuclear staining with hoechst 33342. Apoptotic nuclei were
observed by chromatin staining with Hoechst 33342. Jurkat
cells (5x10° cells/ml) were cultured in a 12-well plate and
treated with 35 uM GRh2 or GRg3. After a 24 h incubation,
the cells were washed with PBS three times, fixed with meth-
anol acetic acid for 10 min and exposed to 1 mg/ml Hoechst
33342 at room temperature in the dark for 3 min. The nuclear
morphology of Jurkat cells was examined under UV illumina-
tion with a fluorescence microscope (Olympus Corporation,
Tokyo, Japan).

Annexin V/7-AAD flow cytometry assay. Jurkat cells were
seeded into 12-well plates at a density of 5x10° cells/ml and
treated with 35 uM GRh2 or GRg3. After a 24 h incubation,
cells were washed twice with PBS and resuspended in 500 ul
binding buffer (BD Pharmingen). Annexin V-APC and 7-AAD
were added away from light for 15 min at room temperature.
The cells were analyzed by flow cytometry (FACScan; BD
Biosciences, San Jose, CA, USA) within 1 h. Cells in early
apoptosis are Annexin V-APC-positive and 7-A AD-negative.

Measurement of mitochondrial ROS generation.
Mitochondrial ROS levels were measured using MitoSOX Red
reagent. Jurkat cells (5x10° cells/ml) were seeded into 12-well
plates and treated with GRh2 or GRg3 in the presence or
absence of 50 yuM mitoTEMPO, a specific mitochondrial ROS
inhibitor. Following a 24 h incubation, cells were collected and
stained with MitoSOX Red, and incubated at 37°C in the dark
for 30 min. MitoSOX Red fluorescence was observed under a
fluorescence microscope and measured by a FACScan™ flow
cytometer.

Measurement of MMP. The JC-1 fluorescent probe
(Sigma-Aldrich; Merck KGaA) was used to detect mitochon-
drial depolarization during the early stages of apoptosis.
Jurkat cells received either single or a combination treatment,
as previously described, for an incubation period of 24 h. The
cells were stained with JC-1 in the dark for 30 min at 37°C and
washed twice with PBS. JC-1 fluorescence was measured by a
FACScan flow cytometer within 1 h.

Western blot analysis. Jurkat cells were cultured in 6-well plates
and treated with 35 yM GRh2 or GRg3 for 24 h. Whole-cell
extracts were lysed using radioimmunoprecipitation assay
buffer (Sigma-Aldrich; Merck KGaA). The supernatant was
collected after centrifugation at 15,000 x g for 15 min at 4°C,
and heated to 100°C for 5 min and placed briefly on ice. A
total of 20 ul supernatant was separated by 12% SDS-PAGE.
Following this, protein samples were electrotransferred onto
polyvinylidene fluoride membranes. The membranes were
blocked with 5% non-fat dry milk in 1X PBST buffer (0.1%
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Figure 1. GRh2 and GRg3 treatment inhibits proliferation of Jurkat cells. Jurkat cells were treated with 0, 15, 30,45 or 60 uM (A) GRh2 and (B) GRg3 for 24 h.
(C) Cells were treated with 35 uM GRh2 or GRg3 for 48 h. Cell viability was measured by Cell Counting kit-8 assay. Data are presented as the mean + standard
error of the mean. “P<0.01 vs. 0 uM; “"P<0.001 vs. 0 uM. GRh2, ginsenoside Rh2; GRg3, ginsenoside Rg3; n.s., non-significant.

Tween-20 in PBS) for 1 h at room temperature and incubated
in PBST overnight at 4°C with the appropriate primary anti-
body. The membranes were washed with PBST, and incubated
in PBST for 1 h at room temperature with the secondary
HRP-conjugated antibody. The immunoreactive bands were
visualized by using an ECL kit (32106; Thermo Fisher
Scientific, Inc.). B-actin served as a loading control.

Statistical analysis. All experiments were performed in trip-
licate and data are expressed as the mean + standard error of
the mean. Statistical significance was determined by one-way
analysis of variance followed by a multiple comparisons test
with a Bonferroni adjustment. The analysis was performed
using GraphPad Prism software version 5.03. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effect of GRh2 and GRg3 on cell proliferation. The effect of
GRh2 and GRg3 on cell viability in human ALL cells was
assessed by CCK-8 assay. Jurkat cells were exposed to 0,
15, 30, 45 or 60 uM of GRh2 or GRg3 for 24 h. GRh2 and
GRg3 treatment resulted in a dose-dependent decrease in cell
viability with ICs, values of ~35 uM (Fig. 1A) and 90 uM
(Fig. 1B), respectively. Jurkat cells were treated with 35 uM
GRh2 or GRg3 for 12, 24, 36 and 48 h. As presented in
Fig. 1C, the survival of Jurkat cells decreased following GRh2
and GRg3 treatment in a time-dependent manner. Collectively,
these results indicated that GRh2 and GRg3 may inhibit prolif-
eration of Jurkat cells, and that GRh2 has a more significant
growth-inhibitory effect than GRg3.

GRh2 and GRg3 induce apoptosis in Jurkat cells. To inves-
tigate the cytotoxic effect of GRh2 and GRg3, the nuclear
morphology of dying cells were examined with Hoechst
33342 staining. As presented in Fig. 2A, following treatment
with 35 uM GRh2 or GRg3 for 24 h, Jurkat cells exhibited
condensed and fragmented nuclei, regarded as a morpholog-
ical symbol of apoptosis. Nuclear condensation and apoptotic
bodies were increased in GRh2-treated cells compared with
GRg3-treated cells.

Apoptotic cells induced by GRh2 and GRg3 treat-
ment was assessed using Annexin V-APC and 7-AAD
double staining. The results indicated that the population

of Annexin V+ and 7-AAD-apoptotic cells was increased
in the GRh2- and GRg3-treated groups compared with the
control group (Fig. 2B). Additionally, the percentage of early
apoptotic cells was 23.23+3.06% in the GRh2-treated group
and 10.53£0.98% in the GRg3-treated group (Fig. 2C). These
findings suggested that GRh2 and GRg3 may induce apop-
totic cell death in Jurkat cells, and that GRh2 has greater
cytotoxicity than GRg3.

Mitochondrial ROS is involved in GRh2- and GRg3-induced
cytotoxicity. Previous studies have reported that mitochon-
dria are the major site of ROS production in mammalian
cells, but are major targets of detrimental effects (17,21).
MitoTEMPO, a specific mitochondrial ROS scavenger, was
added to investigate generation of mitochondrial ROS in
GRh2- and GRg3-treated Jurkat cells. The results indicated
that the red fluorescence intensity was clearly increased in the
GRh2- and GRg3-treated groups, and markedly attenuated
following concurrent treatment with mitoTEMPO (Fig. 3A).
As presented in Fig. 3B, GRh2 and GRg3 significantly
increased mitochondrial ROS levels, and mitoTEMPO almost
completely blocked GRh2- and GRg3-induced mitochondrial
ROS generation. In addition, GRh2 induced generation of
more mitochondrial ROS than GRg3 in Jurkat cells. Following
this, whether mitochondrial ROS participates in GRh2- and
GRg3-induced cytotoxicity in Jurkat cells was investigated.
GRh2 was more effective than GRg3 on decreasing cell
viability, whereas concurrent treatment with mitoTEMPO
markedly attenuated GRh2- and GRg3-induced cell inhibition
(Fig. 3C). These results suggested that GRh2 is more potent
than GRg3 in inhibiting cell proliferation by mitochondrial
ROS generation.

Mitochondrial ROS contributes to dissipation of MMP
in GRh2- and GRg3-treated Jurkat cells. To demonstrate
the effect of mitochondrial ROS on MMP in GRh2- and
GRg3-treated Jurkat cells, MMP levels were examined
using a JC-1 sensitive fluorescent probe by flow cytometry.
The results revealed that the ratio of JC-1 (red:green) was
significantly decreased in cells treated with GRh2 compared
with those treated with GRg3. However, concurrent treat-
ment with mitoTEMPO attenuated the loss of MMP in
GRh2- and GRg3-treated Jurkat cells (Fig. 4A and B). These
results indicated that accumulation of mitochondrial ROS is
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Figure 2. GRh2 and GRg3 treatment induces apoptosis in Jurkat cells. Cells were treated with 35 M GRh2 and GRg3 for 24 h. (A) Apoptotic cell death was
examined with Hoechst staining by fluorescence microscopy (magnification, x200). The white arrows indicate morphological alterations in the nuclei of Jurkat
cells. (B) Annexin V-APC-positive and 7-AAD-negative stained cells indicate early apoptotic cells. The percentage of early apoptotic cells was analyzed by
flow cytometer. (C) Quantification of the percentage of early apoptotic cells. Data are presented as the mean =+ standard error of the mean (n=3/group) P<0.05
and "P<0.01 vs. Control. GRh2, ginsenoside Rh2; GRg3, ginsenoside Rg3; APC, allophycocyanin; 7-AAD, 7-amino-actinomycin D.

more potent than GRg3 in inducing dissipation of MMP in
Jurkat cells.

GRh2 and GRg3 induce expression of apoptosis-related
proteins in Jurkat cells. To investigate the involvement of the
mitochondrial-related pathway in GRh2- and GRg3-induced
apoptosis, the expression levels of numerous mitochon-
drial-associated apoptosis proteins were examined by
western blot analysis. It is understood that caspase and Bcl-2
family members serve critical roles in mitochondrial-asso-
ciated apoptosis (22). The present study demonstrated that
protein expression levels of cleaved-caspase-3 and -9 were

significantly increased in cells treated with GRh2 compared
with cells treated with GRg3 (Fig. 5A and B). As presented in
Fig. 5C and D, the ratio of Bax to Bcl-2 and cytochrome ¢ was
significantly increased in the GRh2-treated group compared
with the GRg3-treated group.

Discussion

ALL is the most prevalent type of childhood malignancy, and
T-ALL is associated with poor prognosis (11). To increase
survival rates and improve quality of life, novel natural medi-
cines are required to treat T-ALL. GRh2 and GRg3, extracted
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Figure 3. Mitochondrial ROS is involved in GRh2- and GRg3-induced cytotoxicity. Cells were treated with 35 xM GRh2 or GRg3 in the presence or absence
of mitoTEMPO for 24 h. Mitochondrial ROS levels were measured using a MitoSOX™ Red reagent. (A) Fluorescence intensity was evaluated by fluorescent
microscopy (magnification, x400). (B) Fluorescence intensity was assessed by flow cytometry. (C) Cell viability was measured by Cell Counting kit-8 assay.
Data are presented as the mean =+ standard error of the mean (n=3/group). 'P<0.05, "P<0.01,""P<0.001 vs. Control. ROS, reactive oxygen species; GRh2,

ginsenoside Rh2; GRg3, ginsenoside Rg3.

from the root of the Panax ginseng, are recognized as major
active anticancer saponins in ginsenosides (23). GRg3 may be
metabolized to GRh2 by human fecal microflora (24). It has
been reported that GRh2 and GRg3 have anticancer effects on
numerous strains of human tumor cells (6,25,26), and GRh2
has a more potent anticancer activity than GRg3 (6,27,28).
The present study investigated the underlying mechanisms
of GRh2- and GRg3-induced toxicity, and examined whether
mitochondrial ROS contributes to apoptosis via mitochondrial
damage in Jurkat cells. These findings provide a potential
strategy for T-ALL therapy.

Previous studies have demonstrated that GRh2 and GRg3
are extracted from ginsenosides and have anticancer activi-
ties (5,7,29). The present study demonstrated that GRh2 and
GRg3 inhibited cell growth in a dose- and time-dependent
manner, and GRh2 was significantly more potent at inhib-
iting Jurkat proliferation than GRg3. Therefore, GRh2 and
GRg3 may have apoptosis-inducing activities in Jurkat cells.
This hypothesis was supported by the generation of nuclear
condensation and apoptotic bodies induced by GRh2 and
GRg3 treatment. Furthermore, GRh2 and GRg3 treatment

significantly increased the percentage of apoptotic cells; GRh2
to a greater extent. Collectively, these findings revealed that
GRh2 and GRg3 induce apoptosis in the T-ALL cell line, and
that GRh2 has greater cytotoxicity than GRg3.

Mitochondria are key regulators of apoptotic cell death.
The mitochondrial pathway of apoptosis is activated in
response to a number of stress conditions including DNA
damage and oxidative stress, which is a common cause of
tumor cell death induced by chemotherapeutic agents (30,31).
ROS is primarily generated within the mitochondrial
electron transport chain during typical cellular metabo-
lism. However, various stimuli, including tumor necrosis
factor-a, Fas ligand and growth factors, rapidly provoke
ROS accumulation in target cells (32,33). In addition, excess
ROS induces mitochondrial membrane permeabilization,
which, in turn, results in the loss of MMP by activating
mitochondrial permeability transition (34). In the present
study, mitoTEMPO, a specific mitochondrial ROS inhibitor,
was used to assess the role of mitochondrial ROS in GRh2-
and GRg3-treated Jurkat cells. The results revealed that
GRh2 induced increased generation of mitochondrial ROS
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Figure 4. Effect of mitochondrial reactive oxygen species on MMP in GRh2- or GRg3-treated Jurkat cells. Cells were treated with 35 M GRh2 or GRg3 in
the presence or absence of mitoTEMPO for 24 h. MMP levels were detected by JC-1 staining. (A) The fluorescence intensity was measured in Jurkat cells by
flow cytometry. (B) The ratio of FL2/FLI reflects MMP level. Data are presented as the mean + standard error of the mean (n=3/group). ““P<0.001 vs. control.
GRh2, ginsenoside Rh2; GRg3, ginsenoside Rg3; MMP, mitochondrial membrane potential; FL1, fluorescein isothiocyanate signals; FL2, phycoerythrin.

compared with GRg3 in Jurkat cells; however, this effect
was ameliorated by subsequent treatment with mitoTEMPO.
Furthermore, excess mitochondrial ROS induced by GRh2
was more potent than GRg3 in inhibiting cell proliferation

and reducing MMP.

It has been reported that numerous anticancer agents may
trigger the release of mitochondrial-associated apoptotic
proteins and induce cell death by promoting the intrinsic apop-
totic signaling pathway (18,35). It is understood that caspases,
another family of kinases, serve an important role in the
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Figure 5. GRh2 and GRg3 treatment induces expression of apoptosis-associated proteins. Jurkat cells were treated with 35 yM GRh2 or GRg3 for 24 h. The
expression levels of numerous mitochondrial-associated apoptosis proteins were detected by western blot analysis. (A) Representative western blot images
and (B) analysis of cleaved caspase-3 and -9 protein expression levels. (C) Representative western blot images and (D) quantification of cytochrome C, Bax and
Bcl-2 protein expression levels. B-actin served as a loading control. Data are presented as the mean + standard error of the mean. "P<0.05, “P<0.01, “"P<0.001
vs. Control. GRh2, ginsenoside Rh2; GRg3, ginsenoside Rg3; Bcl-2, B cell lymphoma 2; Bax, B cell lymphoma 2-X-associated protein.

regulation of cell apoptosis. Activation of caspase-3 and -9 stim-
ulates mitochondrial cell death signals (36). In addition, gene
members of the Bcl-2 family, particularly Bax (an pro-apoptotic
gene) and Bcl-2 (an anti-apoptotic gene), are key mediators in
regulating the mitochondrial cell death signaling pathway (37).
The present study demonstrated that expression levels of
apoptosis-associated proteins were significantly increased in
Jurkat cells treated with GRh2 compared with GRg3. These
findings supported that GRh2 and GRg3 induce apoptosis via
mitochondria-dependent signaling pathways, and that GRh2 is
more potent than GRg3 in promoting apoptosis of Jurkat cells.
In conclusion, the current study revealed the underlying
mechanisms of GRh2- and GRg3-induced cell death in Jurkat
cells. GRh2 and GRg3 may inhibit growth and induce apoptosis,
and GRh2 has greater cytotoxicity than GRg3. Furthermore,
GRh2 inhibits proliferation and induces apoptosis more effec-
tively than GRg3 by stimulating the generation of mitochondrial
ROS and promoting the loss of MMP in Jurkat cells. Collectively,
these results suggested that GRh2 and GRg3 may be used as
potential chemopreventive agents for the treatment of ALL.
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