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In vitro investigation of the mechanism underlying the effect of
ginsenoside on the proliferation and differentiation of neural
stem cells subjected to oxygen-glucose deprivation/reperfusion
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Abstract. The present study comprised a series of experiments
to investigate the mechanism underlying the effect of ginsen-
oside on the self-renewal, proliferation and differentiation of
neural stem cells (NSCs) undergoing oxygen-glucose depri-
vation/reperfusion (OGD/R) in vitro. The NSCs, which were
isolated from the hippocampus of embryonic day 17 embryo
rats, were subjected to OGD/R to establish an in vitro model
of brain ischemia-reperfusion, following which different doses
of ginsenoside were administered to the model. The prolifera-
tion of the NSCs was determined using MTT colorimetry and
nestin/bromodeoxyuridine (BrdU) immunofluorescent double-
labeling. The NSCs were identified by measuring the expression
of nestin, and the differentiation of NSCs was assessed through
the immunofluorescent double-labeling of nestin/vimentin and
nestin/neuron-specific class III B-tubulin (tuj-1). The protein
levels of vascular endothelial growth factor (VEGF) and
hypoxia-inducible factor-1a. (HIF-1a) were detected to inves-
tigate the function and mechanism of ginsenoside on ischemic
stroke using an enzyme-linked immunosorbent assay. Marked
increases in the optical density, area density and numbers of
nestin/BrdU-, nestin/vimentin- and nestin/tuj-1-positive cells
were found in the ginsenoside-treated group. Compared with
the control group, enhanced expression levels of BrdU, tuj-1
and vimentin were found in the ginsenoside-treated group,
suggesting that ginsenoside may significantly promote the
proliferation and differentiation of NSCs. The results of the
present study also showed that ginsenoside significantly
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increased the protein level of HIF-1a (P<0.05) in the NSCs
exposed to OGD/R. These results indicated that ginsenoside
may maintain NSC replication, promote NSC proliferation
and promote NSC differentiation into neurons and astrocytes.
Ginsenoside may initiate the expression of downstream VEGF,
which is involved in promoting the survival, self-renewal and
differentiation of NSCs.

Introduction

With a complex pathophysiology, ischemic stroke is damaging
disease posing a significant threat to quality of life, and is the
second leading cause of mortality and disability worldwide (1).
As a contributor to mortality rates and loss of central nerve
cells in the infarct region, ischemic cerebral artery thrombosis
and embolus-induced ischemic cerebrovascular occlusion are
encountered most frequently in cases of ischemic stroke (2).
On the occurrence of initial ischemic injury, swelling of the
damaged region of the brain may lead to secondary damage.
The primary cause of neurological deficits is the neuronal
damage caused by cerebral ischemia/reperfusion injury.
Therefore, in cases of cerebral ischemia injury, the promotion
of neuranagenesis is important as a measure of recovery of
cerebral function. At present, despite numerous investigations
into the pathological mechanism of ischemic stroke, few effec-
tive therapies are available for patients with the disease.

It has been found that cerebral ischemia can limit the
supply of glucose and oxygen to brain tissue, which is consid-
ered to be a causal factor for neuron degeneration, the onset
of ischemic stroke and Alzheimer's-type changes in the aged
brain (3-5). As a hypoxic environment can have a detrimental
effect on cell survival, hypoxic-ischemic cerebral injury can
be utilized as a model for acquired neurodegenerative condi-
tions with extensive parenchymal involvement. In practice,
the model of oxygen-glucose deprivation (OGD) is used for
investigations of cerebral ischemia injury in vitro, as its condi-
tions can be easily controlled (6). In in vitro investigations,
glucose-free culture medium is used for experiments involving
hypoxic conditions, with an oxygen content of <1%, to simu-
late the status of cerebral ischemia and hypoxia caused by a
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short supply of oxygen and glucose. Reperfusion, comprising
the resupplying of oxygen and glucose, is used to simulate the
state of blood flow recovery in brain tissue. The OGD/reperfu-
sion (OGD/R) model has been considered an ideal model for
use in in vitro investigations of ischemia/reperfusion injury, as
the conditions of the model can be easily controlled.

Neural stem cells (NSCs) are self-renewing multipotent
cells, which can generate neurons, astrocytes and oligoden-
drocytes. The NSCs exist in the subventricular zone (SVZ) of
the lateral ventricle and the dentate gyrus subgranular zone
of the hippocampus throughout life (7,8). The NSCs have
neuroprotective functions due to their anti-inflammatory, glial
scar-inhibitory, and anti-apoptotic effects; accordingly, they
promote the recovery of patients with neurological disease (9).
These characteristics of NSCs show that the NSCs can
affect the regeneration of damaged brain tissues and possess
therapeutic potential, which is promising for the treatment of
pathological processes of disorders or injuries of the central
nervous system. Although the characteristics of NSCs have
been investigated extensively for over a decade (10), to enable
the use of NSCs for accurate and safe therapies, key issues
remain to be resolved, including the effective promotion,
proliferation and induction of complete differentiation into
neurons, of the NSCs.

It has been found that vascular endothelial growth
factor (VEGF) is an important signaling molecule in angio-
genesis and neurogenesis (11). Previous studies have shown
that VEGF mRNA can be expressed in the ischemic cortex and
hippocampus of rats with transient global cerebral ischemia,
and the mechanism may be associated with the expression of
hypoxia-inducible factor-lo. (HIF-1a) by cerebral injury and
the regulatory downstream gene expression of VEGF (12,13).
The mRNA expression of VEGF can promote the migration
and proliferation of microvascular endothelial cells in the
damaged region to form new blood vessels, improve blood
supply and reduce cerebral ischemic injury; the regulatory
downstream gene expression of VEGF can exert effects on
neurotrophic activities to induce the proliferation and differ-
entiation of NSCs and repair brain damage (14-17). Therefore,
the HIF-1a-VEGF pathway may be a component of the patho-
genetic mechanism of cerebral ischemic injury.

Ginsenoside is the major active component of ginseng,
and it has been shown to be safe and effective in the treat-
ment of acute ischemic stroke (18,19). It has been reported
that ginsenoside has effects on improving neurological
outcome, decreasingthe infarct area, ameliorating mitochon-
drial dysfunction, reducing oxidative damage, promoting
glutamate clearance and inhibiting mitochondrial-nuclear
translocation of apoptosis-inducing factor, in rats with middle
cerebral artery occlusion (MCAO) injury (20-25). It has also
been reported that ginsenoside can promote the differen-
tiation and proliferation of NSCs (26). However, whether its
therapeutic effect on cerebral ischemia and hypoxia injury
is associated with the HIF-1a-VEGF pathway remains to be
elucidated.

The aim of the present study was to establish an OGD/R
model of NSCs to investigate the synergistic effects of oxygen
and glucose withdrawal, and the duration of OGD/R (2, 4 and
6 h) on the proliferation, differentiation and outgrowth of NSCs.
This was assessed by determining the protein levels of VEGF
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and HIF-1a, and the growth status of the NSCs to confirm the
effect of ginsenoside in the promotion of NSC proliferation
and differentiation by regulating the HIF-1a-VEGF pathway.

Materials and methods

Chemicals and reagents. Fetal bovine serum (FBS),
DMEM/F12, basic fibroblast growth factor, penicillin-strepto-
mycin liquid and trypsin were obtained from Invitrogen; Thermo
Fisher Scientific, Inc. (Waltham, MA, USA); polylysine, mouse
anti-bromodeoxyuridine (BrdU) antibody (cat. no. ab8152),
rabbit anti-nestin antibody (cat.no.ab11306), mouse anti-neuron-
specific class III B-tubulin (tuj-1) antibody (cat. no. ab52623),
mouse anti-vimentin antibody (cat. no. ab8978), goat anti-rabbit
IgG antibody (cat. no. ab6939), and goat anti-rat IgG antibody
(cat. no. ab6717) were obtained from Abcam (Cambridge, MA,
USA); 2-(4-amidinophenyl)-6-indolecarbamidine (DAPI)
staining solution and HEPES were obtained from Solarbio
(Beijing, China); dimethylsulfoxide (DMSO) was obtained
from Amresco LLC (Solon, OH, USA); and (3-glycerin sodium
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) were obtained from Beyotime (Beijing, China).

Animals. A total of 4 pregnant female Sprague-Dawley rats
of SPF grade were purchased from Sibeifu Experimental
Animal Science and Technology Co., Ltd. (Beijing, China;
no. SCXK2011-0004) on embryonic day 17 (E17). All animals
were housed individually at 22+2°C and a relative humidity of
50+10% with a 12 h light/12 h dark cycle. Food and water were
given ad libitum throughout the experiment. All procedures
in the present study were performed in accordance with the
institutional guidelines and ethics of Beijing University of
Chinese Medicine (Beijing, China). All surgical procedures
were performed under anesthesia and all efforts were made to
minimize suffering.

Isolation and culture of NSCs. The E17 fetuses were removed
from the female rats in advanced pregnancy individually
following anesthetization, following which the fetuses were
immediately decapitated, and the brain and its surrounding
meninges were immediately removed. The primary cell
cultures were established from the hippocampal tissues of the
fetuses. The dissociated embryonic tissue was digested with
0.05% trypsin for 25 min at 37°C, and the suspension of NSCs
was passed through a 200-mesh sieve following washing with
DMEM-F12 and NSC complete culture solution. Following
cell counting with a light microscope (magnifcation, x40), the
harvested NSCs were grown in an incubator (Thermo Fisher
Scientific, Inc.) with 5% CO, and at a constant temperature of
37°C. Following culture for 5-7 days, spheres of NSCs were
formed in the suspension, which were mechanically dissoci-
ated into individual cells. The suspension of NSCs was then
digested with 0.05% trypsin for 2 min at 37°C, and cultured to
a clonal density of 1x10° cells/ml in 5% CO, at 37°C.

MTT method. The MTT method was used to iden-
tify the optimal concentration of ginsenoside and
duration of OGD/T on the proliferation and differentiation
of the NSCs. Following isolation, the single-cell suspension
(1x10° cells/ml) was cultured in a 96-well plate coated with



Table I. Treatment groups and durations of OGD/R.
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Time of
Fluorescent- Time simulated Total
labeled of OGD reperfusion OGD/R
antibodies Group (h) (h) time (h)
Nestin/BrdU Control 0 6
0 8 8
0 10 10
Vehicle 4 2 6
4 4 8
4 6 10
Ginsenoside-
treated 4 2 6
4 4 8
4 6 10
Nestin/tuj-1 Control 0 6 6
0 8 8
0 10 10
Vehicle 4 2
4 4 8
4 6 10
Ginsenoside-
treated 4 2 6
4 4 8
4 6 10
Nestin/vimentin ~ Control 0 6 6
0 8 8
0 10 10
Vehicle 4 2
4 4 8
4 6 10
Ginsenoside-
treated 4 2
4 4
4 6 10

OGD/R, oxygen-glucose deprivation/reperfusion; tuj-1, neuron-specific
class IIT B-tubulin; BrdU, bromodeoxyuridine

poly-lysine (0.01%, wt/vol). Following culture in a humidi-
fied 5% CO,/95% air incubator at 37°C for 24 h, ginsenoside
at 10 concentrations (0.25, 0.5, 1, 2.5, 6.25, 12.5, 25, 50,
100 and 200 pg/ml) were respectively added into the plate
wells for 3 days. In the control group, ginsenoside was
added into complete medium only. The optical density (OD)
values of each well were detected on a microplate reader at
a wavelength of 570 nm, and the optimal concentration was
calculated according to the OD values.

The single-cell suspension (5x10° cells/ml) was cultured in
96-well plates coated with poly-lysine (0.01%, wt/vol) with the
optimal dose of ginsenoside. The cells were cultured for eight
periods of time (1, 3, 6, 12, 24, 48, 72 and 96 h) in the control
group and ginsenoside group. The OD values of each well were
detected on a microplate spectrophotometer, and the optimal
time-period was calculated according to the OD values.
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OGD/R model establishment and ginsenoside administra-
tion. Three groups, namely the control group, vehicle group
and ginsenoside-treated group, were included in the present
study. The OGD/R model was established as reported previ-
ously (27,28) with minor modification. The cells in the
control group were incubated with glucose Earle's balanced
salt solution (BSS), and the cells in the vehicle group and
ginsenoside-treated group were incubated with glucose-free
Earle's BSS. The cells were then immediately transferred to a
humidified anaerobic chamber for 4 h with 94% N,, 5% CO,
and 1% O, at 37°C. During the OGD process, ginsenoside
(1 pg/ml) was added to the Earle's BSS in the ginsenoside-
treated group. For terminating cell OGD and perfusion, the
cells were then cultured in neurobasal medium and the supple-
ments under a humidified atmosphere of 5% CO, and 95% air
at 37°C, during which ginsenoside (1 pg/ml) was added to
the medium in the ginsenoside-treated group again. The cells
were then used for the subsequent experiments of western blot
analysis, enzyme-linked immunosorbent assay (ELISA) and
double-labeling immunofluorescence.

Western blot analysis. Western blot analysis was performed
on the extracts prepared from the different groups of NSCs,
and the cell lysates collected and analyzed for evaluating the
expression of HIF-1a. PMSF (2 pl; 0.25 mol/l), cytoplasmic
extraction reagent (CER)I, CERII and nuclear extraction
reagent were added in sequence to the drying cell lysates,
and the nucleoprotein was collected from the supernatant
following repeated vortexing and centrifugation (16,000 x g,
4°C, 10 min).

The concentrations of the nucleoprotein were determined
with BCA protein assay kit. The nucleoprotein (30 pg) was
then resolved by sodium dodecyl sulfate-PAGE, and then
transferred onto a PVDF membrane (EMD Millipore,
Billerica, MA, USA). The membrane was incubated with
primary antibodies HIF-1a (1:500, cat. no. ab113642; Abcam,
Beijing, China) in saline/Tween-20 buffered by 1% bovine
serum albumin (Thermo Fisher Scientific, Inc.)/phosphate
at 4°C overnight, following the incubation with secondary
antibodies goat anti-mouse IgG (1:30, cat. no. SA00001-1;
ProteinTech, Hubei, China) at room temperature for 2 h. The
protein signals were detected using the enhanced chemilumi-
nescence method.

ELISA. The cell-free supernatants of the treated and untreated
NSC suspensions in each group were collected 72 h following
treatment with ginsenoside, and were used to measure the
production of VEGF using an ELISA kit according to the
manufacturer's protocol. The levels of VEGF were determined
and calculated according to the results of the OD value at
450 nm.

Immunofluorescence staining. The design of the fluorescent
labeling experiment for each group is shown in Table I. The
cells (1x10%/ml) were plated onto coverslips for 24 h, and the
coverslips were respectively coated with poly-D-lysine and
immunofluorescent labeling for nestin/BrdU, nestin/vimentin,
and nestin/tuj-1, in order to detect the self-renewal and prolif-
eration, astrocytic differentiation, and neuronal differentiation
of the NSCs. The primary antibodies used comprised nestin
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and BrdU antibodies (1:300 and 1:400, respectively), nestin
and vimentin antibodies (1:400 and 1:500, respectively), and
nestin and tuj-1 antibodies (1:400 each). Goat anti-rabbit
[gG-Cy3 (1:50) and goat anti-mouse IgG-FITC (1:50) were
used as the secondary antibodies. Counterstaining of cell
nuclei was then performed with DAPI (100 ng/ml) for 10 min.
Viable cells were then counted with laser-scanning confocal
microscopy (Olympus, Tokyo, Japan).

Image analysis and statistical analysis. Image-Pro Plus
software (version 6.0; Media Cybernetics, Inc., Rockville,
MD, USA) was used to analyze the number, density and OD
of the positive cells in the fluorescence images. All data were
processed with the use of SPSS 20.0 (IBM SPSS, Armonk,
NY, USA). The data are expressed as the mean + standard
deviation. The significance of variables was determined using
a paired-sample t-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Identification of NSCs. Initially, the cells in the suspension
prepared during the dissection of the fetuses were single,
small and transparent, and were round or elliptical in shape
with little protuberance and a glossy appearance. Cell clone
spheres began to form at 24 h post-dissection. They became
round in shape following 3-4 days and were passaged at
7-8 days (Fig. 1). The primary neurospheres had a regular
morphology without irregularly sized processes, and their
volumes increased with culture duration, the same as was
observed in the passaged cell clone spheres.

The expression of nestin was measured following 4 days
of cell culture (Fig. 1C) The nestin-positive cells varied in
volume, with or without apophyses, and positive red staining
was observed in the cytoplasm. The stained cells were round
or oval in shape, and their nuclear zones were unstained and
often shifted to one side of the cell.

Positive dark green staining was observed in the nuclear
region, which confirmed the expression of BrdU, whereas
less staining was observed in the cytoplasm (Fig. 1D) The
BrdU-positive cells were found to be small in volume with
apophyses.

A green color was observed in the cytoplasm, which
confirmed the expression of tuj-1 (Fig. 1E). The nuclear region
of tuj-1-positive cells was unstained and often shifted to one
side of the cell. The tuj-1-positive cells were small in volume,
round in shape and featured apophyses.

The expression of vimentin, confirmed by green staining,
was observed in the cytoplasm (Fig. 1F). The nuclear zones of
the vimentin-positive cells were unstained and often shifted to
one side of the cell.

The above-mentioned results indicated that the NSCs were
identified by the positive expression of nestin, NSC prolif-
eration was assessed according to the positive expression of
BrdU, and NSC differentiation was identified by the enhanced
expression of tuj-1 and vimentin.

Determination of the optimal dose and OGD/R duration for
the effect of ginsenoside on NSC proliferation and differen-
tiation. The effects of ginsenoside on the proliferation and
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Figure 1. Identification of NSCs and its differentiated cells. (A) Primary
culture of cell clone spheres. (B) Passage culture of cell clone spheres.
Immunofluorescence images of the NSCs to show (C) nestin, (D) BrdU,
(E) tuj-1 and (F) vimentin (magnification, x200). Primary neurospheres
had a regular morphology without irregularly sized processes. Volume
increased with the culture time, as with the passaged cell clone spheres. The
immunofluorescence staining showed that the cells were nestin-positive,
with red fluorescent in the cytoplasm. The cells shown to be BrdU-positive
following 4 days with proliferation condition medium, exhibited green
fluorescence in the cytoplasm. NSCs, neural stem cells; BrdU; bromodeoxy-
uridine; tujl, neuron-specific class III B-tubulin.

differentiation of NSCs, which were cultured with different
concentrations of ginsenoside for 3 days, are shown in Fig. 2A.
It was found that, compared with the control group, the OD
values of the NSCs were significantly increased by ginsenoside
at concentrations of 1, 2.5 and 6.25 pg/ml (P<0.01), according
to the MTT assay. In addition, the OD value of the NSCs
reached its highest level at a concentration of 1 pg/ml, which
suggested that this may be the optimal dose for affecting the
proliferation and differentiation of the NSCs.

The effect of ginsenoside at a dose of 1 xg/ml with different
OGD/R durations on the proliferation and differentiation of
NSCs is shown in Fig. 2B. Compared with that in the control
group, the OD value of the NSCs was significantly higher
between 3 and 72 h in the ginsenoside-treated group, which
indicated that ginsenoside promoted the proliferation and
differentiation of NSCs in this period of time; however, it was
found that this effect was optimal within 24 h, following which
it weakened with time.

Effect of ginsenoside on the protein expression of HIF-1. The
expression of HIF-1a in the ginsenoside-treated group was
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Figure 2. Effects of ginsenoside on proliferation and differentiation NSCs.
Effects of different (A) concentrations of ginsenoside and (B) durations of
reperfusion. The values were analyzed using a t-test and expressed as the
mean + standard deviation (n=8). "P<0.05 and “P<0.01 vs. control groups.
NSCs, neural stem cells; OD, optical density.

confirmed using western blot analysis (Fig. 3). The results of the
western blot analysis showed that, compared with the vehicle
group, the expression of HIF-1a in the OGD/R-treated NSCs
in the ginsenoside-treated group was significantly increased
(P<0.05). The difference between the expression levels of
HIF-1a in the NSCs of the vehicle and ginsenoside-treated
groups gradually increased with the duration of simulated
reperfusion, and were highest at 6 h.

Effect of ginsenoside on the protein expression of VEGF.
The results of the ELISA showed that the protein expres-
sion of VEGF was at a low level in the NSCs of the control
group (Fig. 4), however, the level was markedly upregulated
when the cells were damaged by hypoxia (P<0.05). The protein
levels of VEGF in the NSCs of the ginsenoside-treated group
were significantly increased with the duration of simulated
reperfusion (P<0.05), showing the same results as with HIF-1a.

Effect of ginsenoside on the proliferation and differentiation
of NSCs. The results of the immunofluorescence staining
experiments of the effects of ginsenoside on the proliferation
and differentiation of NSCs are shown in Figs. 5-7, which
include a series of findings. Firstly, it was found that the
expression of nestin-positive cells was in the cytoplasm, and
the body of the cell was round or oval in shape with no or few
neurites; the number of the nestin-positive cells in the vehicle
group was lower, compared with that in the control group,
and the cells had no or few neurites. However, it was found
that, in the ginsenoside-treated group, the number of nestin-
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determined in the three groups. #P<0.05 vs. Veh. VEGF, vascular endothelial
growth factor; Con, control group; Veh, vehicle group; Gin, ginsenoside-treated
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positive cells increased and the majority of the cells contained
neurites. In the ginsenoside-treated group, the BrdU staining
was present mainly in the nuclei of the nestin-positive cells
with minimal staining in the cytoplasm. The cells were also
smaller in volume and contained neurites. Secondly, it was
found that the number of BrdU-positive cells decreased and
the cells contained no or few protrusions in the vehicle group,
compared with those in the control group. The number of
BrdU-positive cells was increased and the cells contained
increased neurites. The tuj-1 staining was observed mainly
in the cytoplasm and the cells were smaller in volume with
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Nestin DAPI/Brdu/Nestin

Figure 5. Morphological observations of the number, optical density and area density of nestin/BrdU double-labeled positive cells following 2,4 and 6 h of reper-
fusion. From left to right (x200): DAPI (blue), BrdU (green), Nestin (red), Merge. DAPI, 2-(4-amidinophenyl)-6-indolecarbamidine; BrdU, bromodeoxyuridine.

neurites. In the vehicle group, the number of tuj-1-positive
cells was reduced and the volumes of the cells were smaller,
compared with those in the ginsenoside-treated group, in
which the volume of cells and the number of neurites were
increased, with aggregation of vimentin staining in the
cytoplasm. Thirdly, it was found that, in the vehicle group,
the number of vimentin-positive cells was decreased and the
cells were smaller in volume with fewer neurites, compared
with those in the control group. However, in the ginsenoside-
treated group, the number of vimentin-positive cells and the
volume of the cells were increased and the cells contained
more neurites.

The statistical results showed that, compared with those
in the control group, the number of positive cells, OD and
area density were significantly decreased between 2 and 4 h
of reoxygenation (P<0.01) in the vehicle group, whereas the
positive cell number, OD and area density were significantly
increased (P<0.01) in the ginsenoside-treated group, compared
with those in the vehicle group. The statistical results also
showed that the number of positive cells, OD and area density
were decreased at 6 h of reoxygenation (P>0.05) in the vehicle
group, whereas the number of positive cells, OD and density
were increased significantly (P<0.01), compared with those in
the vehicle groups (Figs. 8-10).
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Nestin DAPI/Tuj-1/Nestin

B \

Figure 6. Morphological observation of the number, optical density and density of the nestin/tuj-1 double-labeled positive cells for 2, 4 and 6 h of reperfu-
sion. From left to right (x200): DAPI (blue), tuj-1 (green), nestin (red), merge. DAPI, 2-(4-amidinophenyl)-6-indolecarbamidine; BrdU, bromodeoxyuridine;

tuj-1, neuron-specific class III f-tubulin.

Discussion

Characterized by a loss of neurons and glial cells in the brain,
stroke, or traumatic brain injury, can lead to the death of brain
cells. NSCs can proliferate and migrate into the injured region
of the brain, and differentiate into the corresponding nerve
cells to become involved in the formation of neural circuits,
and the promotion of structural and functional repair of the
injured brain (29,30). NSCs may also be involved in treatment
of the brain degeneration associated with certain diseases,
including Parkinson's disease and Alzheimer's disease (31-33).
Ginsenoside can exert effects promoting the proliferation and

differentiation of NSCs (34), however, the molecular mecha-
nism of this effect remains to be elucidated.

Acting upstream of the Wnt/B-catenin pathway, HIF-1a
may contribute to the production of VEGF (35), which is an
important signaling molecule in angiogenesis and neurogen-
esis (11). As amaster regulator of cellular adaptation to hypoxia,
HIF-1a is considered as a potent therapeutic target in cerebral
ischemia. HIF-1a can be activated by the reduction in cellular
oxygen supply caused by MCAO, followed by the secretion
of its downstream protein, VEGF; this is a critical factor in
angiogenesis, and can be produced and secreted by various
types of cell to increase capillary permeability and stimulate
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Nestin DAPI/Vimentin/Nestin

Figure 7. Morphological observation of the number, optical density and density of the nestin/vimentin double-labeled positive cells for 2, 4 and 6 h of
reperfusion. From left to right (x200): DAPI (blue), vimentin (green), nestin (red), Merge. DAPI, 2-(4-amidinophenyl)-6-indolecarbamidine; BrdU, bromode-

oxyuridine.

the proliferation of endothelial cells (36-38). A previous study
using a neonatal hypoxia/ischemia model also confirmed the
effects of ginsenoside on inhibiting apoptosis, and increasing
the expression of HIF-1a and VEGF in injured brain tissue.
Tang et al concluded that Rgl has a neuroprotective role in
brain repair following neonatal hypoxia/ischemia, and that
HIF-1la is a potential target for therapeutic intervention in
neonates with hypoxic/ischemic brain injury (39). As a type
of intermediate filament protein, nestin is a specific marker
for embryonic NSCs. Previous in vitro studies have shown that
NSCs are characterized by the expression of nestin, capacity
for continuous proliferation, self-renewal, and multidirectional

differentiation under specific conditions (16,40-42). The
results of the present study showed that ginsenoside at certain
concentrations increased the number of nestin-expressing
NSCs, which suggested that ginsenoside may promote the
survival, proliferation and self-renewal of NSCs by inducing
the production of undifferentiated and nestin-positive cells.
The results from the experiments on ginsenoside-treated
BrdU-positive NSCs suggested that ginsenoside accelerated
the proliferation of NSCs. The results of the experiments
on rats in the present study also suggested that ginsenoside
promoted the differentiation of embryonic cortical NSCs into
tuj-1-positive neurons and vimentin-positive astrocytes.
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Figure 8. Nestin/BrdU double-labeled immunochemical staining results fol-

lowing 2,4 and 6 h of reperfusion. Results for area density, optical density and Figure 9. Nestin/tuj-1 double-labeled immunochemical staining results of
positive number are shown. “P<0.01 vs. Con; “P<0.05 and *P<0.01 vs. Veh. the control group, vehicle group and ginsenoside-treated group following 2,
Compared with those in the control group, the number of positive cells, optical 4 and 6 h. of reperfusion. "P<0.01 vs. Con; "P<0.01 vs. Veh. Compared with
density and area density were decreased significantly between 2 and 4 h of those in the control group, the number of positive cells, optical density and
reoxygenation (P<0.01) in the vehicle group and were significantly increased area density were significantly decreased between 2 and 4 h of reoxygenation
(P<0.01) in the ginsenoside-treated group, compared with those in the vehicle ~ (P<0.01) in the vehicle group, but were increased significantly (P<0.01) in the
group. The statistical results showed that the number of positive cells, optical ginsenoside-treated group, compared with those in the vehicle group. The
density and area density were decreased following 6 h of reoxygenation number of positive cells, optical density and area density were decreased
(P>0.05) in the vehicle group, but were significantly increased (P<0.01) in ~ following 6 h of reoxygenation (P>0.05) in the vehicle group, but were
the ginsenoside-treated group, compared with those in the vehicle groups. increased significantly (P<0.01) in the ginsenoside-treated group, compared

Veh. Con, control group; Veh, vehicle group; Gin, ginsenoside-treated group; with those in the vehicle group. Veh. Con, control group; Veh, vehicle group;
BrdU, bromodeoxyuridine. Gin, ginsenoside-treated group; BrdU, bromodeoxyuridine; tuj-1, neuron-

specific class III B-tubulin.

The increased number of positive NSCs, higher OD values
and area density in the ginsenoside-treated group in the present ~ the combination of its receptors and specific ligands can
study suggested that ginsenoside may protect the nerve cells promote angiogenesis, proliferation and migration of nerve
from injury induced by OGD/R. The increase in the number cells, neurotrophic activity and nerve regeneration. VEGF
of positive NSCs, in addition to the increased duration for  can also promote NSC survival in the brain and stimulate
reoxygenation may be due to the hypoxia-induced activation = neurogenesis in vitro and in vivo (15-17). The change in the
of HIF-1a and the formation of HIF-1, which is the result of  number of positive NSCs in the ginsenoside-treated group
the migration of activated HIF-1a to the nucleus and combing  in the present study showed that ginsenoside may increase
with HIF-1p3. HIF-1 may regulate the production of VEGF  the differentiation and proliferation of NSCs. The increase
protein following transcription and translation. The stability  in the expression levels of VEGF and HIF-1a by ginsenoside
of VEGF protein can increase under anoxic conditions, and  indicated that ginsenoside may exert cerebral protection by
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Figure 10. Nestin/vimentin double-labeled immunochemical staining results
of the control group, vehicle group, and ginsenoside-treated group following
2,4 and 6 h of reperfusion. “P<0.01 vs. Con; "P<0.05; "P<0.01 vs. Veh.
Compared with those in the control group, the number of positive cells, optical
density and area density were decreased significantly between 2 and 4 h of
reoxygenation (P<0.01) in the vehicle group, but were increased significantly
(P<0.01) in the ginsenoside-treated group, compared with those in the vehicle
group. The number of positive cells, optical density and area density were
decreased following 6 h of reoxygenation (P>0.05) in the vehicle group, but
were increased significantly (P<0.01) in the ginsenoside-treated group, com-
pared with those in the vehicle group. Veh. Con, control group; Veh, vehicle
group; Gin, ginsenoside-treated group; BrdU, bromodeoxyuridine.

promoting the protein expression of HIF-1a, followed by
initiating the downstream VEGF pathway at the early phase
of OGD/R.

In conclusion, the results from the experiments in the
present study suggested that ginsenoside may maintain the
replication of NSCs, promote NSC proliferation, promote their
differentiation into neurons and astrocytes. This indicated that
ginsenoside exerted a protective effect on the NSCs injured by
ischemia-reperfusion through the HIF-1a-VEGF pathway. The
results of the present study provide a theoretical basis for the
possible treatment of ischemic stroke with ginsenoside, and
provide scope for investigating the mechanisms of traditional
Chinese medicine preparations in treating diseases associated
with the nervous system in novel drugs.
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