Zhu J, et al., J Alzheimers Neurodegener Dis 2016, 2: 008
DOI: 10.24966/AND-9608/100008

HSOA Journal of

Alzheimer’s and Neurodegenerative Diseases

Research Article

Rensheng ShouWu Protects
Against Neuronal Injury by In-
hibiting the Apoptosis Induced
by Hypoxia and Reoxygen-
ation

Jing Zhu', Li Wan', Yadong Zhu', Xu Yang', Yongming Cai?,
Weijian Bei'*, and Jiao Guo'

'Guangdong Province Research Centre for Chinese Integrative Medicine

Against Metabolic Disease, Guangdong TCM key laboratory against met-
abolic diseases, The Institute of Chinese Medicinal Sciences, Guangdong
Pharmaceutical University, Guangzhou, China

2Department of Medical Information Engineering, Guangdong Pharmaceu-
tical University, Guangzhou, China

Abstract

Rensheng Shouwu Capsule (RSSW) is an approved and pat-
ented drug of Traditional Chinese Medicine that has been used for
years to treat vascular dementia and neural syndrome related to
cerebral-vascular ischemia. However, the underlying mechanism of
RSSW remains unclear.

Previous studies have indicated that RSSW could significantly re-
duce cerebral ischemic injury and improve vascular dementia. In the
present study, cultured cortical neuron hypoxia/reoxygenation injury
model was used to test the neuroprotection of RSSW and its mech-
anisms in vitro.

RSSW 0.2~5.0 pg/ml was demonstrated to increase intracellular
endogenous superoxide dismutase, restore the level of mitochon-
drial membrane potential in hypoxia/anoxia-injured neurons in a
dose-dependent manner. RSSW was also shown to inhibit neuronal
apoptosis dose-dependently by suppressing the activity of caspase
3 and caspase 9 and by decreasing the level of reactive oxygen
species, the leak of lactate dehydrogenase and the accumulation of
malondialdehyde, in hypoxia/anoxia-injured neurons. These findings
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suggest that the neuroprotection of RSSW from hypoxia injuries may
be related to the improvement of intracellular endogenous antioxi-
dants, and the inhibition of the caspase 3 and caspase 9 expression,
which might represent the mechanisms underlying RSSW preven-
tion and treatment of neurodegenerative disorders and neural disor-
ders related to cerebral-vascular ischemia.
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Highlights

« RSSW can inhibit neuronal cell apoptosis induced by hypoxia/re-
oxygenation

o RSSW can increase the SOD activity, reduce ROS, and improve mi-
tochondrial membrane potential in cortical neuron suffering from
hypoxia/reoxygenation injury

o RSSW protects neuron from apoptosis by reducing the activity of
caspase 3 and caspase 9

Introduction

Stroke and neurodegenerative disease account for the majority
of public health problems in middle-aged and elderly people. These
health problems have become a heavier burden over the years to fam-
ilies and society, as the average lifespan has continued to increase.
However, combating stroke and neurodegenerative disease has proven
to be an enormous challenge [1-3].

Oxidative stress has been implicated in the progression of stroke
and neurodegenerative diseases, such as Alzheimer’s Disease (AD),
Parkinson’s Disease (PD) and Amyotrophic Lateral Sclerosis (ALS)
[4-6]. Oxidative stress is the result of an imbalance in pro-oxidant/
antioxidant homeostasis that leads to the generation of toxic Reactive
Oxygen Species (ROS). ROS react preferentially with certain atoms to
modulate functions ranging from cell homeostasis to cell death [5].

Significant amounts of oxygen free radicals (oxidants) are gener-
ated during cerebral ischemia/reperfusion, and oxidative stress plays
an important role in brain ischemic neuronal apoptosis and brain
damage after stroke. Apoptosis is the main mechanism of cerebral
ischemic neuronal damage. In addition to oxidizing macromolecules,
leading to cell injury, oxidants are also involved in cell death/survival
signal pathways and cause mitochondrial dysfunction [4].

Early signs of cell apoptosis include mitochondrial dysfunction,
increased membrane permeability, and decreased membrane poten-
tial. Intracellular ROS increase dramatically and induce changes to
mitochondrial membrane potential, damage to mitochondrial DNA,
changes to the electron transfer chain, and disruption of mitochon-
drial function, eventually leading to neuronal degeneration and death

[6].

Increasing endo-antioxidant function, restoring mitochondrial
dysfunction, and reducing the apoptosis induced by oxidative stress
are promising strategies to treat the cerebrovascular and neural dis-
orders related to ischemic brain damage, such as ischemic stroke,
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vascular dementia, and neurodegenerative diseases, such as AD, PD,
and others [4-10].

Chinese medicine plays an important role in the prevention and
treatment of cerebral ischemia-reperfusion injury and neurodegen-
erative diseases, such as AD and PD and others [10-12]. Renshen
Shouwu Capsule (RSSW) is a patented and Chinese Pharmacopoeia
approved Traditional Chinese Medicine (TCM). It is widely used to
treat several diseases, including neurodegenerative diseases, amnesia,
insomnia, and mental decline [13]. RSSW is composed of Ginseng
(Root of Ginseng-Panax ginseng C.A. Mey) and fleece-flower root
(Radix Polygoni Multiflori-Polygonum multiflorum Thunb). RSSW
had significant neuroprotective effects against Middle Cerebral Ar-
tery Occlusion (MCAO) and vessel occlusion caused by ischemic
reperfusion (4-VO I/R) injury and a therapeutic effect on cognitive
disorders in Vascular Dementia (VD) rats [14]. Our previous stud-
ies have shown that RSSW administration significantly reduced the
size of the lesion of the insulted brain hemisphere and improved the
neurological behavior of MCAO rats. In addition, RSSW marked-
ly reduced an increase in brain infarct volume from an I/R-induced
MCAO and reduced the cerebral water content in a dose-dependent
manner. Administration of RSSW also increased pyramidal neuronal
density in the hippocampus of surviving rats after transient global
brain ischemia and improved the learning and memory ability of rats
with 4-VO induced vascular dementia in a dose-dependent manner
[14]. Although RSSW has significant neuroprotective effects against
MCAO and 4-VO I/R injury and a therapeutic effect on cognitive
disorders in VD rats, the mechanism underlying its neuroprotective
effects remains to be elucidated. Therefore, we aimed to investigate the
neuroprotective properties of RSSW against oxidative stress neuronal
damage induced by hypoxia/reoxygen in primary rat cortical neurons.
Edaravone is a free radical scavenger of clinical use for ischemic stroke
and other neurodegenerative disorders [15]. We used edaravone as the
positive agent to explore the mechanism of RSSW neuroprotection.

Materials and Methods

Preparation of a standardized extract from Renshen
Shouwu

Standardized extract from Renshen Shouwu (RSSW) was prepared
as previously described [14]. The extract contains more than 16.7
mg/g of total ginsenoside (including 8.52 mg/g ginsenoside Rb1, 1.92
mg/g ginsenoside Rd, 3.33 mg/g ginsenoside Re, and 2.9 mg/g ginse-
noside Rg1) and 27.1 mg/g of Stilbene Glucoside (SBG), as character-
ized by high performance liquid chromatography.

Primary cultures of rat cortical neuronal cells

Procedures involving animals were conducted in accordance
with the Animal Ethics Committee of Guangdong Pharmaceutical
University. Rats’ cortical neuron culture and purification were con-
ducted essentially as Wei, Bei and Luo reported [16,17] with minor
modifications. Cerebral cortices were isolated from 1 postnatal-day
Sprague-Dawley rats and triturated in ice PBS for 1 min (90% tissue
dispersal). Tissue dispersal was incubated in sterile tube with 2 ml of
cell dissociation solution (0.02% Ethylene Diamine Tetraacetic Acid
(EDTA) solution and 0.25% trypsin solution) at 37°C for 15 min.
The dissociation was terminated with Dulbecco Minimum Essential
Medium (DMEM)/F12 containing 10% fetal serum. The dissociated
samples were filtered using 35-pum nylon mesh. The suspension was
centrifuged at 1,000 rpm for 5 min, and then cells were resuspended
in DMEM/F12 supplemented with glucose (0.6%wt/vol), penicillin
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(100 U/ml), streptomycin (100 mg/ml), and 10% fetal calf serum. Cells
were diluted with DMEM/F12 to approximately 1 x 10°/L and plated
into 6-well-plates (or 30 mm-plates), which were previously coated
with 100 mg/L poly-L-lysine. Cells were incubated at 37°C, 5% CO,,
95% humidity for 4 h. After neurons were attached to the plate, the
medium was discarded, and neurons were maintained in Neurobas-
al medium supplemented with 2% B-27 and L-glutamine (0.5 mM).
After the cells grow mature (approximately 10-12 days), immunoflu-
orescence identification of neuronal cells and hypoxia/reoxygenation
were conducted.

Hypoxia/reoxygenation model and cell culture treatment

The neurons were treated with Na_$,0, at a concentration of 2 mM
in the glucose-free Earle’s balanced Salt Solution (EBSS, pH 7.4) me-
dium for 4 h (hypoxia). The hypoxia procedure was terminated by re-
placing the anoxic medium with neurobasal medium for an additional
2 h (reoxygenation). Various concentrations of RSSW 1, m, h (0.2, 1.0,
5.0 ug/ml, for RSSW 1, RSSW m, RSSW h, respectively) and Edaravone
(2 mM) were added into the cultures 24 h before inducing hypoxia/
reoxygenation, respectively. Control cultures were treated in an iden-
tical way without Na,S O, but EBSS. Next, the cultures were harvested
for the detection of cell viability, apoptosis, mitochondrial membrane
potential, ROS, SOD, MDA, Caspase 3, and Caspase 9.

Cell viability assay

Cell viability, an indication of the cytotoxicity or neuroprotec-
tion of RSSW and Na,S,0,, was evaluated using 3-(4,5-dimethylth-

iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and the
absorbance at 570 nm measured with a microplate reader.

Neuronal injury assays

Lactate Dehydrogenase (LDH) leakage in extracellular superna-
tant medium, an index of cell injury, was determined with an LDH
assay commercial kit (Nanjing Jian Chen BioChem Co.) at 440 nm.

The protective effects of RSSW on cortical neurons induced by
H/R were measured by determining the amount of apoptotic cells as
described by Li and Chen [4,18].

Hoechst 33258 staining for morphological analysis of
apoptosis

Neurons were seeded on sterile cover glasses placed in the 6-well
plates. After all treatments, cells were washed with Phosphate-Buff-
ered Saline (PBS) and fixed with 4% paraformaldehyde for 10 min,
and then incubated with 50 uM Hoechst 33258 staining solution for
10 min. Apoptotic morphological changes in the nuclear chromatin of
neurons were detected and then counted under a fluorescence micro-
scope (ZEISS Axio Observer Al).

Apoptosis assays

Neurons were plated in 12-well plates and treated with H/R and
RSSW. The apoptosis ratio was analyzed after all treatments via using
Annexin V/FITC Apoptosis Detection Kit (BD Biosciences, San Di-
ego, CA) according to the manufacturer’s instructions. Annexin V/
FITC and propidium iodide double stain were used to evaluate the
percentages of apoptosis. Annexin V— and PI- cells were used as
controls. Annexin V+ and PI- cells were designated as apoptotic and
Annexin V+ and PI+ cells displayed necrotic. Tests were repeated in
triplicate.
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Measurement of SOD and MDA in neuron cultures

To assess the antioxidants and lipid peroxide in cells after H/R in-
sult, the cultures were harvested and washed with ice-cold PBS and
then pooled in 0.1 M PBS/0.05 mM EDTA buffered solution and
homogenized. The homogenate was centrifuged for 1 h at 10,000 x
g at 4°C. The supernatants were used in the assay [16]. We assessed
the content of protein in cells by the coomassie blue protein binding
method with bovine serum albumin. The content of intracellular Su-
peroxide Dismutase (SOD) and Malondialdehyde (MDA) was deter-
mined colorimetryly with a commercial assay kit for SOD and MDA
(Nanjing Jian Chen BioChem Co.) under manufacturer instruction.

Determination of ROS level

Intracellular ROS levels were determined by a Dichlorofluorescein
Diacetate (DCFH-DA) assay with Reactive Oxygen Species Assay Kit
(Beyotime Company, Haimen, China) as SUN described [18]. Briefly,
cells (4 x 10* cells/ml) were seeded in 96-well plates, and 2 days later
were pretreated with RSSW for 24 h prior to exposure to H/R. After
the indicated treatments, neurons cultured in 96-well plates were in-
cubated in the dark with 10 uM DCFH-DA for 30 min at 37°C and
were washed twice with PBS. Fluorescence emission at 525 nm (kem)
from 488 nm excitation (kex) was measured on a fluorescence micro-
plate reader (BERThold Technologies, Mithras LB 940) and expressed
as a percentage of the DCF fluorescence generated in control cells un-
der identical incubation conditions.

Mitochondrial membrane potential (Aym) detection

The Aym was determined by the Mitochondrial Membrane Poten-
tial Assay Kit using JC-1 (Beyotime Biotechnology) as Xu described
[19]. After the indicated treatments, neurons were loaded with JC-1
for 30 min at 37°C as directed by the manufacturer, and images were
acquired using a ZEISS Axio Observer Al inversed fluorescence mi-
croscope. Using fluorescence microscopy to pictures, the fluorescence
intensity was determined. Monomeric JC-1 green fluorescence emis-
sion at 480 nm and aggregate JC-1 red fluorescence emission at 530
nm were measured on a microplate reader. The Aym of neurons in
each treatment group was calculated as the ratio of red to green fluo-
rescence.

Determination of Caspase-3, 9 activity in neurons by ELISA
assays

The activity of caspase-3 and caspase-9 was determined using
the caspase-3/-9 activity kit (Beyotime Institute of Biotechnology,
Haimen, China) based on colorimetric assay of the yellow formazan
chromophore p-Nitroaniline (pNA) after cleavage from the labeled
substrate DEVD-pNA or LEHD-pNA [18,20]. To evaluate the activity
of caspase-3/9, cells were homogenized in 80/100 pl reaction buffer
(1% NP-40, 20 mM Tris-HCI (pH 7.5), 137 mM NaCl and 10% glyc-
erol) containing 10 ul caspase-3 substrate (Ac-DEVD-pNA) (2 mM)
or caspase-9 substrate (Ac-LEhD-pNA) (2 mM) after all treatments.
Lysates were incubated at 37°C for 2 h. Samples were measured with
an ELISA reader (Multiskan Ascent) at an absorbance of 405 nm. The
detail analysis procedure is described in the manufacturer’s protocol.
The caspase activity, normalized for total proteins of cell lysates, was
then expressed as fold of the baseline caspase activity of control neu-
rons.

Statistical analysis

The data were processed from two to three independent exper-
iments with five to six cultures per experiment, except for the flow
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cytometric assay with SPSS13.0 and expressed as the mean +SD. Raw
data were analyzed with GraphPad Prism 5.0 software (GraphPad
Software, Inc., San Diego, CA). Statistical significance was determined
by using one-way Analysis of Variance (ANOVA), followed by post
hoc test Least Significant Difference (LSD). Differences were consid-
ered to be significant for p < 0.05.

Results
RSSW effect on H/R induced neuronal apoptosis

Cell viability of neurons exposed to H/R (Na,S,0, at concentration
of 2 mM for 4 h) was significantly reduced compared with the control
group. RSSW (0.1~25 pg/ml) or 2 mM edaravone did not affected the

cell viability of the cultured neurons.

Hoechst 33258 staining and Annexin V/FITC apoptosis detection
showed that 20% of neurons exposed to hypoxia/reoxigeneration
suffered from apoptosis, indicating nuclear chromatin agglutination,
condensation nuclear chromatin, or broken chromatin fragment with
dense fluorescence. Pre-treatment with RSSW was observed to in-
crease the cell viability and reduce apoptosis rate of neurons exposed
to hypoxia/reoxygenation in a concentration-dependent manner.
Edaravone also showed a similar effect to RSSW (Figure 1a, 1b and
1c). This indicated that RSSW had the ability to reduce the neuron
damage and prevent neuron apoptosis induced by hypoxia/reoxygen-
ation.

Figure 1: Effect of RSSW on the apoptosis induced by H/R in the cortical
neuron.

Neurons was treated as the text described. Hoechst 33258 staining results
(Figure a) and apoptosis rate by flow cytometry with Annexin V-FITC/PI double
staining (Figure b and Figure c), The data were expressed as the mean +SD
(Zhu et al.).

#P<0.01 versus control group, **P<0.01 versus H/R model group.

J
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RSSW effect on neuron LDH leakage

Intracellular LDH will leak into the neurons liquid culture medi-
um after hypoxia/reoxygenation injury. Determining LDH leakage
quantity in the supernatant fluid of the cultures can measure the dam-
age of cells. As shown in figure 2, H/R induced significant increase of
the LDH levels by 53% in the neuron culture medium. Pre-treatment
with RSSW significantly decreased the LDH levels in the neuron cul-
ture medium in a concentration-dependent manner. Edaravone also
showed similar effects to RSSW on neuron LDH leakage.
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concentration-dependent manner except higher than 5 pg/ml. Eda-
ravone also showed a similar effect of RSSW on neuron intracellular
ROS.

Figure 4: Effect of RSSW on ROS level in cortical neurons with hypoxia/reox-
ygenation injury. (a) Neurons were treated as the text described. Microscop-
ic images of the cortical neurons staining with Dichlorofluorescein Diacetate
(DCFH-DA), (b) Green Fluorescence intensity (ROS level indicator) of different
cortical neurons. The data were expressed as the mean +SD (Zhu et al.).

#P<0.01 versus control group, *P<0.05, **P<0.01, versus H/R model group.
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Figure 2: The Effect of RSSW on LDH leakage of the cortical neuron induced
by H/R Neurons was treated as the text described. The data were expressed
as the mean +SD (Zhu et al.).

#P<0.01 versus control group, **P<0.01 versus H/R model group.

The effect of RSSW on SOD, MDA level in neurons exposed
to H/R

As shown in figure 3, H/R induced SOD reduction and almost 5
times increase of MDA in the neurons exposed to H/R. Pre-treated
with RSSW significantly enhanced intracellular SOD and dramatically
reduced the intracellular MDA content in the neurons exposed to H/R
in a dose-dependent manner except high concentration of RSSW. A
similar effect was observed with edaravone.

Figure 3: (a) The effect of RSSW on the activity of the intracellular SOD and
(b) MDA of the rat cortical neurons exposed to H/R. Neurons were treated as
the text described. The data were expressed as the mean +SD (Zhu et al.).

#P<0.01, versus control group, **P<0.01, versus H/R model group.

RSSW effect on neuron intracellular ROS

High concentration of reactive oxygen species can induce apop-
tosis and even lead to its necrosis by oxidative stress reaction, which
can be used to measure the level of apoptosis. As shown in figure 4,
H/R induced a significant increase of intracellular ROS in the neu-
rons as indicated by the green fluorescence intensity. Pre-treat-
ment with RSSW significantly decreased the intracellular ROS in a
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RSSW effect on neuron mitochondrial membrane potential
(Aym)

Mitochondria are the main sites of ATP in animal cells, and are
the important cell devices to promote cell energy conversion and
participate in cell apoptosis. Decreasing of membrane potential lev-
el indicates the degree of cell apoptosis. As shown in figure 5, H/R
significantly reduced Aym levels by 60% in the neuron, and RSSW
significantly recovered Aym to 80% of the control level in the neuron
culture exposed to H/R in a concentration-dependent manner except
higher than 5 pg/ml. Edaravone also showed a similar effect of RSSW
on neuron Aym.

Figure 5: Effect of RSSW on mitochondrial membrane potential in neurons
exposed to H/R injury (x+s, n=3) Neurons were treated as the text described.
(a) Microscopic images of the cortical neurons staining with JC-1 MMP Assays
kit, (b) red/green fluorescence intensity rate of different cortical neurons. The
data were expressed as the mean +SD (Zhu et al.).

#P<0.01 versus control group, *P<0.05, **P<0.01, versus H/R model group.

RSSW effect on Caspase-3,9 activity in the neurons exposed
to H/R

H/R significantly increased Caspase 3, 9 activity in the neurons.
Pretreatment with RSSW decreased caspase-3,9 activity in the neu-
rons exposed to H/R, and the same was observed with Edaravone
pre-treatment (Figure 6a). However, the high concentration of RSSW
did not reduce the increased caspase-3 activity induced by H/R
(Figure 6b).

Discussion

Edaravon, a free radical scavenge, has been used for the treatment
of ischemic stroke and other neurodegenerative disorders. It showed
a protective effect on oxidative damage of neurons, via scavenging
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Figure 6: WSXN effect on rat cortical neuronal apoptosis protein caspase-9
and caspase-3 activity. Neurons were treated as the text described. The data
were expressed as the mean +SD, n=3 (Zhu et al.).

#P<0.01 versus control group, *P<0.05, **P<0.01, versus H/R model group.

oxygen free radicals, inhibiting lipid peroxidation, which play a vital
role in the treatment of cerebral ischemia [15]. We used edaravone
as the positive agent to explore the mechanism of RSSW neuropro-
tection. Our study found that oxidative stress stimulation by Na,S,0,
induced apoptosis of the cultured rat cortical neurons. As like edara-
vone, RSSW protect neurons to alleviate the apoptosis and the leakage
of LDH in the insulting neurons while increasing SOD activity and
the mitochondrial membrane potential of the insulting neurons, and
reducing the level of reactive oxygen species and the accumulation of
MDA neuronal cells, which accompanied with the inhibition of the
activity of caspase 3 and caspase 9 of the neurons. This indicates that
RSSW might protect neurons from hypoxia/reoxygenation-induced
injuries by reducing oxidative stress, which provided a scientifical data
for the RSSW clinical usage in the treatment of oxidative stress related
disorder such as ischemic stroke and neurodegenerative diseases.

Oxidative stress is a major pathophysiologic mechanism in the
progression of stroke and neurodegenerative diseases, such as AD, PD
and ALS [4-6]. In stroke, AD, and PD, abnormal brain metabolism
caused by decreased cerebral blood flow is the cause of early patho-
logical changes in hypoxic-ischemic encephalopathy and appears in
pathophysiological responses that occur mainly in neuronal apoptosis
[2-5]. Several studies have indicated that cell apoptosis is closely as-
sociated with oxidative stress. Oxidative stress results in a sharp in-
crease in intracellular ROS, which causes a change in mitochondrial
decreased membrane potential, damages to mitochondrial membrane
structure, damages to mitochondrial DNA and the electron transfer
chain, and disruption of mitochondrial function. These effects of
oxidative stress eventually lead to neuronal apoptosis, degeneration,
and death [6-9,21,22]. Indeed, mitochondrial dysfunction, increased
membrane permeability, and decreased membrane potential are early
markers of cell apoptosis [8,9].

Ischemia and hypoxia in the brain disrupt neuronal oxidative
function and produce large amounts of free radicals. SOD-level indi-
rectly responds to the body’s ability to scavenge oxygen free radicals
[4-6,21,22] and thereafter free radical scavenging can alleviate neuro-
logical injury [23].

Neuron apoptosis is regulated by active genes, such as caspases,
and is reversible under certain conditions by inhibiting or blocking
the expression of caspases during treatment or intervention using cer-
tain special agents in the early apoptosis stage. This phenomenon may
have a protective effect on insulted cells and may be beneficial to the
functional restoration of the injured and damaged neuron [21,22].

The main pathway of apoptosis contains endogenous and ex-
ogenous processes, eventually brought together in a cascade of
caspase-family effector proteins, which can be used during apoptosis
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to induce degradation of intracellular proteins [21-24]. Hypoxic inju-
ry caused by endogenous apoptosis mainly activates BH3-only fami-
ly protein and, during a series of reactions that activate caspase-9, a
cascade of downstream caspase-family effector proteins become ac-
tivated, finally leading to cell apoptosis [21-24]. During this process,
Caspase-3 is the key caspase cascade protein that serves as the com-
mon part of many downstream effector receptor-mediated apoptosis
pathways [8,9,21]. Sometimes is Caspase in other caspase. Previous
studies have suggested that H/R could damage nerve cells and cause
apoptosis by producing excessive reactive oxygen [21,24]. Futher-
more, it was found that H/R could activate caspase-3 activity, leading
to apoptosis in cultured cortical neurons [24]. Therefore, inhibiting
caspase-3 and caspase-9 activity can reduce the H/R neuronal damage
that produces apoptosis, thereby increasing neuronal survival and im-
proving neurological function.

Our study showed that RSSW could decrease the activity of
caspase-3, and caspase-9 and inhibit cell apoposis in a dose-depen-
dent manner. Although at high doses caspase-3 vitality was increased,
overall our data indicated that RSSW protected neurons from apopto-
sis via inhibiting the activity of caspase-3 and caspase-9 and improv-
ing mitochondrial function.

The present study shows for the first time that RSSW significantly
inhibits neuronal apoptosis, suppresses oxidative stress through inhi-
bition of caspase 3 and 9, and protects neurons against hypoxic neuro-
nal injury.

We previous reported that administration of RSSW (50, 100, and
200 mg/kg) has significant neuroprotective effects against MCAO and
4-VOI/R injury and a therapeutic effect on cognitive disorders in VD
rats. In this study, 0.2~1 pg/ml of RSSW contains approximately 3.34
ng/g of total ginsenoside (including 1.74 ng/g Rb1 and 0.58 ng/g Rgl)
and 5.42 ng/g of stilbene glucoside. This concentration is consistent
with the actual concentration in the rat brain after administration of
100 mg/kg RSSW (unpublished data). It was reported that ginseno-
side (the active ingredient of Panax ginseng) and stilbene glucoside
(the active ingredient of fleece-flower root) were effective at protect-
ing neurons from oxidative stress-induced neurotoxicitye at the con-
centration of 1~5 pg/ml [14,17-21]. This might indicate that RSSW
showed neuroprotection via improving hypoxia injury through its
active ingredients of ginsenoside and stilbene glucoside, which have
been shown to have antioxidant properties, such as scavenging oxygen
free radicals. It was noted in our experiment that a higher concentra-
tion (more than 5 pg/ml) of RSSW did not lead to greater neuropro-
tection when studying the reduction of ROS and MDA, inhibition of
caspase 3 activity, apoptosis ratio to lower level, or increase of mito-
chondrial membrane potential. Our finding is consistent with other
reports on the neuroprotective effects of some agents with antioxidant
properties in oxidative stress models, which might contribute to their
ability to produce free radicals that induce apoptosis [25]. The under-
lying cause remains to be further elucidated. It might also suggest that
the dosage of RSSW and other antioxidants should be controled prop-
erly in the clinic use as not to give excessive dose to avoid the reverse
effect and waste the herbs resources.

In conclusion, this study’s findings suggest that the neuropro-
tection of RSSW from hypoxia injuries may be related to its ability
to increase intracellular endogenous antioxidant SOD, reduce ROS,
improve mitochondrial membrane potential, and decrease caspase 3
and caspase 9 activity in neurons exposed to oxidative stress. These
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processes might represent the mechanisms underlying the use of
RSSW in the prevention and treatment of neural disorders related to
cerebrovascular ischemia and some neurodegenerative diseases, such
as PD and AD.
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