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We aimed to evaluate the effects of Panax notoginseng saponin on neuronal apoptosis and neuroprotection
based on oxygen-glucose deprivation/reoxygenation in rats with focal cerebral ischemia. 100 rats were
randomly divided into sham operation, middle cerebral artery occlusion model, low-dose Panax notoginseng
saponin (10 mg/kg), medium-dose Panax notoginseng saponin (25 mg/kg) and high-dose Panax notoginseng
saponin (50 mg/kg) groups. The model of focal cerebral ischemia was established by middle cerebral artery
occlusion. For sham group, the right common, external and internal carotid arteries were only dissociated,
without ligation or insertion. After modeling, Panax notoginseng saponin groups were intraperitoneally
injected with Panax notoginseng saponin. Hippocampal neurons isolated from normal rats were randomly
divided into control, oxygen-glucose deprivation/reoxygenation model, 1 pmol/l, 5 pmol/l and 20 pmol/l
oxygen-glucose deprivation/reoxygenation+Panax notoginseng saponin groups. Neurological function was
scored by Longa method and neuron morphology was observed. Neuronuclear antigen and neuroepithelial
stem protein in brain tissues were detected by immunohistochemistry. The survival rate of neurons, lactate
dehydrogenase leakage, neuronal apoptosis and expression levels of protein kinase B, phosphorylated-
protein kinase B and apoptosis-related proteins B-cell lymphoma 2, Bcl-2-associated X protein and
caspase-3 were examined by cell counting kit-8 assay, lactate dehydrogenase kit, Hoechst 33 342 staining
and Western blotting, respectively. Compared with model group, Panax notoginseng saponin groups had
significantly lower neurological function scores (p<0.05). Panax notoginseng saponin significantly relieved
neuronal injury and increased neuronuclear and neuroepithelial stem protein-positive cells (p<0.05). It
significantly raised the survival rate of neurons, reduced lactate dehydrogenase leakage and inhibited
neuronal apoptosis dose-dependently. Panax notoginseng saponin up-regulated the protein expressions of
phosphorylated-protein kinase B/protein kinase B and B-cell lymphoma 2 and down-regulated those of Bel-
2-associated X protein and caspase-3 dose-dependently. It can protect against and repair neuronal injury
caused by oxygen-glucose deprivation/reoxygenation, probably by activating the phosphatidylinositol

3-kinase/protein kinase B signaling pathway to suppress neuronal apoptosis.
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Ischemic Cerebrovascular Diseases (ICVDs) are acute
conditions characterized by high morbidity, disability
and mortality rates, which are the third leading
cause of human death, with the highest disability
rate. Among them, ischemic stroke accounts for 80
% of global stroke cases!"! and Cerebral Ischemia-
Reperfusion Injury (CIRI) is the most harmful to
the human body®?. In recent years, researchers have
endeavored to determine different components in the
brain using the specific markers of mature neurons,
such as Neuronuclear (NeuN) antigen', Glial Fibrillary
Acidic Protein (GFAP)™ and Laminin (LN)P!, Ischemic
injury involves many components in brain tissues that
damage gray matter neurons, astrocytes, microglial
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cells (supporting structures of neurons), nerve axons
transmitting nerve signals and microvessels supplying
oxygen and nutrients to neurons!®..

Panax notoginseng saponin (PNS) is an effective active
component of Panax notoginseng, which contains
ginsenoside Rb1, ginsenoside Rb2 and notoginsenoside
R VL It is a natural estrogen receptor agonist with
many protective effects such as anti-apoptotic, anti-
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inflammatory, anti-oxidative and anti-endoplasmic
reticulum stress®™. PNS has been successfully applied
in the clinical treatment of cerebral infarction in recent
years’. It can inhibit calcium overload and improve
cerebral blood flow after ischemia, thus alleviating
neuronal damage, promoting glial cell repair, protecting
vascular endothelial cells and maintaining the integrity
of endothelial barrier". Si et al. found that PNS was
able to facilitate the proliferation and differentiation
of hippocampal neural stem cells after ischemic brain
injury in rats!'". Additionally, Li et al. confirmed that
notoginsenoside R in PNS alleviated the inflammatory
reaction after ischemia-reperfusion, reduced intestinal
microvascular  permeability, protected vascular
endothelial cells and maintained the integrity of
intradermal barrier!'?,

In this study, therefore, an in vitro model of Oxygen-
Glucose Deprivation/Reoxygenation (OGD/R) was
established to investigate the protective effect of PNS
on neurons. Besides, the protective effect of PNS on
neuronal apoptosis and its regulatory effect on the
Phosphoinositide 3 Kinase (P13K)/protein kinase
B (Akt) signaling pathway were explored and the
molecular mechanism of PNS for treating [CVDs was
investigated, aiming to provide a theoretical basis for
the clinical prevention of ischemic diseases with PNS.

MATERIALS AND METHODS

Ethical approval:

Ethical approval was sought and received from Inner
Mongolia People’s Hospital, China. The protocols for
the use of animals in scientific research were strictly
adhered to in compliance with the World Health
Organization’s provisions.

Experimental animals:

A total of 100 male Sprague-Dawley (SD) rats (Animal
License No.: SCXK (Hunan) 2013-0002) aged 5-6 w
old, with the body weight of 230-250 g (average body
weight of (241.348.9) g), were purchased from Hunan
SJA Laboratory Animal Co., Ltd. All animals were fed
in our hospital at 21°-25° with the relative humidity
of 50 %-60 % and natural illumination. They had free
access to food and water in a clean feeding environment.
After adaptive feeding for 1 w, experimental grouping
and modeling were carried out.

Main reagents:

Materials included PNS (Shanghai Winherb Medical
Technology Co., Ltd.), Dulbecco's Modified Eagle’s
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Medium (DMEM), fetal bovine serum (Gibco, USA),
rabbit anti-mouse antibodies against polyclonal
NeuN and polyclonal Neuroepithelial Stem Protein
(Nestin) (Proteintech Group, Inc.), primary antibodies
against pro-apoptosis proteins, including B-cell
lymphoma 2 (Bcl-2), Bcl-2-Associated X protein
(BAX) and Cysteinyl Aspartate Specific Proteinase-3
(caspase-3), Akt and phosphorylated Akt (p-Akt)
(Santa Cruz), mouse anti-beta (fB)-actin antibody
(Sigma, USA), Bicinchoninic Acid (BCA) protein kit,
Radioimmunoprecipitation Assay (RIPA) lysis buffer
and high-sensitivity Enhanced Chemiluminescence
(ECL) kits (Beyotime Biotechnology Co., Ltd.) and
horseradish peroxide-labeled secondary antibody
(Abcam, USA).

Apparatus:

A multifunctional microplate reader (BioTek, USA), a
Carbon dioxide (CO,) thermostatic incubator (Thermo,
USA), a gel imaging analysis system (Alpha, USA)
and an inverted phase contrast microscope (Olympus,
Japan) were used.

Experimental grouping and establishment of
focal cerebral ischemia:

The 100 rats were randomly allocated into 5 groups, i.e.
sham operation group (sham group), Middle Cerebral
Artery Occlusion (MCAQO) model group and low-dose
PNS (10 mg/kg) group (PNS-L group), medium-dose
PNS (25 mg/kg) group (PNS-M group) and high-dose
PNS (50 mg/kg) group (PNS-H group) (n=20). Next,
the model of focal cerebral ischemia caused by MCAO
was established according to the method specified
previously!'?. Model and PNS groups were anesthetized
by intraperitoneal injection of 10 % chloral hydrate
(0.35 g/kg). After a 3 cm incision was made in the
middle of the front of the neck, the right common carotid
artery, external carotid artery and internal carotid artery
were bluntly dissected. The distal end of the external
carotid artery was ligated with 5-0 surgical sutures
and the artery and its branches proximal to the ligation
point were coagulated and severed. Meanwhile, the
distal side of the internal carotid artery was subjected
to slip knot ligation. Then the distal side of the internal
carotid artery and right common carotid artery were
clamped with an artery clamp and the occlusion thread
with a diameter of 0.28 mm was inserted into the
internal carotid artery from the external carotid artery
through the furcation between common and internal
carotid arteries. Afterwards, the thread was inserted
into the intracranial segment of internal carotid artery
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for about (18+2) mm until the middle cerebral artery
ring and tightened to prevent bleeding and movement.
Subsequently, the neck skin was sutured layer by layer.
After 2 h of ischemia, the occlusion thread was slowly
pulled out for reperfusion. For the sham group, the
right common carotid artery, external carotid artery and
internal carotid artery were only dissociated, without
ligation or insertion, and other operations were the
same as those for MCAO model group.

Scoring of function and

administration:

neurological

The rats basically woke up 3-4 h after operation and
their neurobehavioral function was scored based on
the Longa scoring standard using 5-mark system!*. 0
points is without neurological deficits; 1 point for left
forelimb flexion; 2 points for spontaneous left circling;
3 points for falling to the left and 4 points for without
spontaneous movement or loss of consciousness. A
higher score means severer neurological damage.
The rats with scores of 1-3 points were regarded as
successfully modeled and then used. PNS groups were
intraperitoneally injected with different concentrations
of PNS once a day until the end of the experiment. In the
meantime, model and sham groups were injected with
the same amount of normal saline. Twenty rats from
each group were subjected to neurological function
evaluation.

Observation of morphology of brain tissues:

Eight rats from each group were tested. The rats were
anesthetized by intraperitoneal injection of 10 %
chloral hydrate (0.35 g/kg) and decapitated, and their
brains were collected. After removal of the olfactory
bulb, cerebellum and lower brainstem, the brain tissues
were fixed with 4 % paraformaldehyde. Afterwards,
the brain tissues were cut into sections through coronal
incision at the visual intersection plane. Following
dehydration with gradient concentrations of ethanol
solutions, transparentization using xylene and paraffin
embedding, the tissues were cut into 4 pm thick serial
sections. Immediately after Hematoxylin Eosin (HE)
staining, 5 optical fields were taken from the ischemic
cortex. The total number of cells and number of injured
cells were observed under a microscope and the cell
injury rate was calculated as follows:

Cell injury rate (%)=(Number of injured cells/Total
number of cells)x100 %

Detection of Nestin and NeuN protein
expressions by immunohistochemistry:
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Eight rats from each group were tested. After deep
anesthesia, the brain tissues were harvested and the
specimens were fixed with 4 % paraformaldehyde
solution. Then they were embedded in paraffin, frozen
at -20° for 2 h, cut into 4 pm thick serial sections, baked
inan oven at 75° for 1 h and cooled at room temperature.
Next, the sections were deparaffinized with xylene,
hydrated with gradient concentrations of ethanol
solutions, washed by Phosphate-Buffered Saline (PBS)
and dripped with 3 % hydrogen peroxide-methanol
to remove endogenous peroxidase. Later, the sections
were added with citric acid antigen retrieval solution
and heated for 20 min. Afterwards, the sections were
added with anti-Nestin polyclonal antibody and anti-
NeuN monoclonal antibody diluted at 1:1500 drop wise
and incubated with primary antibodies at 4° overnight.
On the next day, goat anti-mouse Immunoglobulin G
(IgG) labeled with horseradish peroxidase was added,
followed by HE staining. Under the microscope,
positively expressed neurons were brown granules.
Nestin was mainly expressed in the cytoplasm, and
NeuN was primarily expressed in the nucleus and
cytoplasm of neurons. Five optical fields were taken
from each section and the number of positive cells in
each field was calculated.

Positive cell rate (%)=(Number of positive cells/Total
number of cells)x100 %

Isolation and culture of hippocampal neurons:

Four normal rats were tested. After the rats were
killed under deep anesthesia, their cerebral cortex was
isolated on a sterile clean bench and the hippocampus
was separated under a dissecting microscope and placed
in precooled D-Hank's solution. After the tissues were
cut into small pieces, they were digested with 0.25 %
trypsin at 37° for 8 min and digestion was terminated
with high-glucose DMEM containing 10 % fetal bovine
serum. Later, the tissues were filtered with a 200-mesh
copper mesh and centrifuged for 5 min (1000 r/min).
The separated cells were resuspended in neurobasal
(2 % B27) culture medium and inoculated in a culture
bottle pre-coated with poly-L-lysine (100 mg/1). Finally,
the cells were placed in a thermostatic incubator for
passage at 37° with 5 % CO, and saturated humidity
for 7 d, and the medium was replaced once every 2-3 d.

OGD/R grouping of neurons and model

establishment:

Hippocampal neural stem cells cultured for 7 d were
randomly allocated into control, OGD/R and OGD/
R+PNS (1, 5, 20 umol/l) groups. Control group was
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incubated in glucose-free neurobasal solution for 48
h, OGD/R group was treated with OGD for 4 h and
incubated in the thermostatic incubator for 48 h, and
OGD/R+PNS groups were inoculated into glucose-free
neurobasal solution containing PNS (15 pg/ml) and
treated in the same way as the OGD/R group.

Detection of neuronal survival rate:

The cell viability was detected using Cell Counting Kit-
8 (CCK-8) assay. The cells in the logarithmic growth
phase were inoculated in 96-well plates at 5x10*ml
for 24 h and then an OGD/R model was established.
After 4 h of reoxygenation, 10 pl of CCK-8 was added
to each well. Following incubation in the thermostatic
incubator for 3 h, the absorbance (570 nm) of each
well was measured using the microplate reader and the
relative survival rate was calculated by converting the
absorbance ratio'.

Detection of neuronal Lactate Dehydrogenase
(LDH):

After the cells were reoxygenated for 24 h, the
supernatant was collected and the LDH level was
determined according to the instructions of LDH Kkit.

Detection of neuronal apoptosis:

The neural stem cells were inoculated into 96-well
culture plates at a density of 6x10*ml. After OGD/R for
24 h, the supernatant was discarded and the cells were
washed with PBS and fixed by 4 % paraformaldehyde.
After washing with PBS again, the cells were stained
by Hoechst 33 342/Propidium iodide (PI) working
solution and incubated at 4° for 30 min in dark. Later,
the working solution was sucked out and the cells were
washed with PBS. After mounting with glycerol, the
fluorescence intensity was observed under an inverted
fluorescence microscope.

Detection of protein expressions by Western
blotting:

The cells were collected, lysed in RIPA lysis buffer with
phosphatase inhibitors and protease inhibitors for 30
min on ice and centrifuged for 10 min (12 500 r/min)
using a refrigerated centrifuge. After the supernatant
was collected, the protein concentration was detected by
BCA method and total protein was subjected to Sodium
Dodecyl-Sulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE) (5 % stacking gel+10 % separation gel,
80V, 100 min). Next, the protein was transferred onto
a Polyvinylidene Difluoride (PVDF) membrane that
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was then washed by Tris-Buffered Saline (TBS) for
10 min, diluted with 5 % blocked protein dry powder
diluent and blocked for 2 h. Later, the membrane was
incubated with primary antibodies against BAX, Bcl-
2, caspase-3, Akt and p-Akt at 4° overnight and with
the corresponding secondary antibodies for 1-2 h on the
next day. Following ECL color development, ImageJ2x
imaging system was utilized to analyze the gray values
of protein bands.

Statistical analysis:

Statistical Package for the Social Sciences (SPSS)
18.0 software was used for statistical analysis. One-
way analysis of variance was applied to analyze the
differences between groups. p<0.05 indicated that the
differences were statistically significant and GraphPad
Prism5.0 software was used for plotting.

RESULTS AND DISCUSSION

Compared with sham group, the neurological function
score of MCAO model group significantly increased
(p<0.01). In comparison with MCAO model group,
PNS groups had significantly lower neurological
function scores (p<0.05, p<0.01) as shown in fig. 1.
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Fig. 1: Neurological function scores
Note: **p<0.01 vs. sham group and *p<0.05; #p<0.01 vs. MCAO
model group

The brain tissue structure in the cortical area was
complete, closely connected and regular in shape,
the nucleolus was clearly visible and the cell damage
was mild in sham group. In MCAO model group,
the intercellular substance in the cortical area was
obviously oedematous, the nucleus was irregular, cells
were disordered and nuclear pyknosis or acidophilic
degeneration occurred. Compared with sham group, the
number of injured cells and the cell injury rate increased
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significantly in MCAO model group (p<0.01). After
PNS intervention, the injury degree and rate of cortical
cells reduced (p<0.05, p<0.01), the edema of cells was
relieved and the tissue structure tended to be complete
as shown in fig. 2 and fig. 3.

In control group, the number of NeuN-positive cells was
larger, while that of Nestin-positive cells was smaller
in the hippocampus. MCAO group had significantly
fewer NeuN-positive cells and more Nestin-positive
cells than those of sham group (p<0.01). In comparison
with MCAO model group, the number of NeuN
and Nestin positive cells in PNS group increased
significantly (p<<0.05) as shown in fig. 4-fig. 6. After 4 h
of reoxygenation, the absorbance of cells was measured
at 570 nm. Compared with control group, the survival
rate of neurons in OGD/R model group significantly
declined (p<0.01). After PNS treatment, the survival rate
of neurons was raised significantly in a concentration-
dependent manner compared with that of OGD/R
model group. Besides, the survival rates of PNS-M and

PNS-L groups were significantly different from that
of OGD/R model group (p<0.05, p<0.01), indicating
that PNS pretreatment elevated the survival rate of
OGD/R-injured neurons as shown in fig. 7. Compared
with control group, the LDH leakage of neurons in
OGD/R model group rose significantly (p<0.01) and
significantly dropped in PNS group compared with that
in OGD/R model group. In addition, the leakages of
PNS-M and PNS-L groups were significantly different
from that of model group (p<0.05, p<0.01) suggesting
that PNS reduced the LDH leakage of OGD/R-injured
neurons and protected the cell membranes as shown
in fig. 8. After Hoechst 33 342/PI double staining,
normal cells showed weak blue+low red fluorescence,
while apoptotic cells showed strong bluet+low red
fluorescence. Compared with sham group, OGD/R
model group showed strong blue+low red fluorescence
and the intensity increased significantly but decreased
after PNS intervention, indicating that PNS suppressed
neuronal apoptosis caused by OGD/R injury as shown
in fig. 9.
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Fig. 2: Pathological changes in the cortex (magnification: 400x), (A): Sham group; (B): MCAO model group; (C): PNS-L group;

(D): PNS-M group and (E): PNS-H group
Note: The cells with nuclei deeply stained with pyknosis or acidophilic degeneration indicated by arrows were damaged cells
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Fig. 3: Cell injury rates

Note: **p<0.01 vs. sham group and “p<0.05; #p<0.01 vs. MCAO model group

Fig. 4: NeuN staining results in the hippocampal CA1 region, (A): Sham group; (B): MCAO model group; (C): PNS-L group; (D):
PNS-M group and (E): PNS-H group
Note: Arrow: Positive expression of protein
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Fig. 5: Nestin staining results in the hippocampal CA1 region, (A): Sham group; (B): MCAO model group; (C): PNS-L group; (D):
PNS-M group and (E): PNS-H group
Note: Arrow: Positive expression of protein
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Fig. 6: Protein expressions of NeuN and Nestin in the hippocampal CA1 region
Note: “p<0.01 vs. sham group and “p<0.05; #p<0.01 vs. MCAO model group, (E3): NeuN and (g23): Nestin
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Fig. 7: Effects of PNS on survival rates of OGD/R-injured neurons
Note: “p<0.01 vs. control group and *p<0.05, #p<0.01 vs. OGD/R model group
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Fig. 8: Effects of PNS on LDH leakage of OGD/R-injured neurons

Note: **p<0.01 vs. control group and *p<0.05; #p<0.01 vs. OGD/R model group

Fig. 9: Effects of PNS on apoptosis of neurons injured by OGD/R, (A): Control group; (B): OGD/R model group; (C): OGD/R+PNS
(1 pmol/l) group; (D): OGD/R+PNS (5 pmol/l) group and (E): OGD/R+PNS (20 pmol/l) group

The protein expressions of Bcl-2, BAX and caspase-3
were detected by Western blotting. In comparison
with control group, the protein expression of Bcl-2 in
OGD/R model group declined, while those of BAX
and caspase-3 rose significantly (p<0.05). Compared
to OGD/R model group, OGD/R+PNS groups had
elevated protein expression of Bcl-2 but significantly
reduced protein expressions of BAX and caspase-3
(p<0.05). Collectively, PNS can down-regulate the
protein expressions of BAX and caspase-3 and up-
regulate that of Bcl-2 in neurons injured by OGD/R as
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shown in fig. 10.

In comparison with control group, the protein
expression of p-Akt/Akt in OGD/R model group
dropped significantly (p<0.05). Compared with OGD/R
model group, PNS groups had increased protein
expression of p-Akt/Akt in a concentration-dependent
manner (p<0.05), implying that PNS activated the
Phosphatidylinositol 3-Kinase (PI3K)/Akt signaling
pathway of neurons injured by OGD/R as shown in fig.
11.
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Fig. 10: Effects of PNS on protein expressions of Bcl-2, BAX and caspase-3 in neurons injured by OGD/R
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Fig. 11: Effects of PNS on protein expressions of p-Akt/Akt in neurons injured by OGD/R

CIRI participates in and interacts with each other
through various mechanisms, which leads to edema,
degeneration and necrosis of brain cells in the ischemic
area, necrosis or apoptosis of endothelial cells,
changes of cerebrovascular structure and destruction
of blood-brain barrier function after cerebral ischemia-
reperfusion, thus forming cerebral infarction foci and
eventually causing cerebral dysfunction!!®!. Apoptosis
after CIRI is the main form of neuronal death!'7,
so finding anti-neuronal apoptosis drugs is of great
significance to the repair of CIRI. PNS is a main effective
component of Panax notoginseng, which can improve
cerebral microcirculation after ischemia, dilate blood
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vessels, resist inflammation and oxidation, scavenge
free radicals, protect endothelial cells, promote their
regeneration and inhibit apoptosis!'®l.

In this study, PNS markedly reduced the neurological
function score of rats and alleviated the cell injury
in the cerebral cortex, indicating that PNS mitigated
the neurological dysfunction of CIRI rats. NeuN is
a specific marker of mature neurons!™ and the up-
regulation of NeuN protein expression can reflect the
maturity of neurons. Cerebral ischemia and hypoxia
result in neuronal injury and death. Nestin is a neural
stem cell-specific marker protein. There are only a few
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Nestin-positive cells in the hippocampus of normal
adult rats. After ischemic brain injury, the Nestin-
positive cells in the Stratum Griseum Centrale (SGC)
and Subventricular Zone (SVZ) regions of hippocampal
dentate gyrus increase, suggesting that ischemic brain
injury can induce the proliferation and differentiation
of endogenous neural stem cells®’. Herein, after the
modeling of focal cerebral ischemia, the expression of
NeuN declined dramatically and the positive expression
of Nestin increased in the hippocampus of rats, implying
that focal cerebral ischemia inhibited the differentiation
of neurons and induced the proliferation and repair
of neurons. Moreover, PNS intervention notably
raised the protein expressions of NeuN and Nestin in
the hippocampus, indicating that PNS facilitated the
proliferation, differentiation and maturation of neurons
after ischemia-reperfusion.

In this study, the cortical neurons of SD rats were
cultured in vitro, and the OGD/R model was established
to simulate the neuronal injury caused by cerebral
ischemia and to explore the neuroprotective effect of
PNS. Based on the PI3K/Akt signaling pathway, the
molecular mechanism of PNS against OGD/R-injured
neuronal apoptosis was explored. PNS evidently
increased the survival rate of neurons, reduced LDH
leakage and inhibited neuronal apoptosis, suggesting
that PNS exerted an obvious neuroprotective effect,
which is consistent with a previous literature’.
After intracerebral hemorrhage, the neurons around
hematoma suffered from ischemia and hypoxia due
to the compression of hemorrhage focus and secreted
apoptotic factors of neurons, thus triggering neuronal
apoptosis. Bcl-2, BAX and caspase-3 are considered
as vital regulatory genes that inhibit or promote
apoptosis!l. Furthermore, we herein found that PNS
down-regulated the protein expressions of BAX and
caspase-3 and up-regulated that of Bcl-2 in OGD/R-
injured neurons. Thus, PNS protects OGD/R-injured
neurons by regulating apoptosis-related genes.

The PI3K/Akt signaling pathway, which is crucial
for cell survival, exerts a pivotal effect on regulating
neuronal apoptosis after cerebral ischemia, as a key
transduction pathway for cell metabolism and anti-
apoptosis??l. The Bcl-2 protein family is composed of
anti-apoptotic (Bcl-2, B-cell lymphoma-Extra-Large
(Bcl-XL), etc.) and pro-apoptotic proteins BAX, Bcl-
associated killer (Bak), etc., which are the downstream
executive proteins of the PI3K/Akt signaling pathway.
After cerebral ischemia, PI3K can be activated,
inducing the phosphorylation of Akt, phosphorylating
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BCL2 associated Agonist of Cell Death (BAD)
protein, inhibiting its binding with Bcl-2 and Bcl-
XL, and increasing the protein expressions of free
Bcl-2 and Bel-XL in the cytoplasm, thereby exerting
an anti-apoptotic effect®). Besides, p-Akt can inhibit
apoptosis by suppressing the expressions of BAX-
Bcl-2 dimer and caspase-3 protein. In the present study,
the effects of PNS on the PI3K/Akt signaling pathway
and apoptosis-related proteins in neurons injured by
OGD/R were evaluated. The levels of p-Akt and Bcl-
2 in neurons injured by OGD/R were significantly
lower than those in control group, while the protein
expressions of BAX and caspase-3 dramatically
increased, suggesting that OGD/R injury suppressed
the activation of the PI3K/Akt signaling pathway but
enhances the phosphorylation level of Akt in OGD/R-
injured neurons in a concentration-dependent manner.
Hence, the neuroprotection of PNS may be related to its
activation of the PI3K/Akt signaling pathway.

In summary, PNS can protect against and repair neuron
injury caused by CIRI, probably by activating the PI3K/
Akt signaling pathway to inhibit neuronal apoptosis.
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