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Abstract

Hypoxia/reoxygenation causes cellular injury and
death associated with many pathophysiologic conditions,
including respiratory disorders, myocardial ischemia,
and tumour progression diseases. Neuronal pheochro-
mocytoma (PC12) cells are widely used as a model sys-
tem for neurologic research and are subject to chemical
hypoxia induced with sodium hydrosulfite (Na,S,0y4), a
common oxygen-consuming agent. Salidroside, which is
the main active component of the famous traditional
Chinese herb Rhodiola rosea L. (Crassulaceae), has been
proved to possess many bioactivities. In this article, we
studied the protective effects of salidroside on hypoxia/
reoxygenation injury in PC12 cells induced by Na;S,0y,.
Cultures of PCI2 cells were exposed for 1h to 10mM
Na,S,0,4 for hypoxia, followed by reoxygenation for
2 h. The results showed that salidroside was very stable
in medium and was not harmful to PC12 cells at the
experimental concentrations of 0 ~ 200pug/mL. The
cytoprotection by salidroside was dose-dependent, and
the cell viability was 41.8 +5.7%, 62.4+4.1%, and
92.2+3.7% at 0, 50, and 100pug/mL of salidroside,
respectively. The level of released LDH significantly
decreased from 513.5 +5.5% (without salidroside) to
258.1 +6.3% (with 100 pg/mL salidroside). Flow cyto-
metry was performed to measure apoptotic rate. The
results of flow cytometry assay indicated that the apop-
totic rate was 17.0 + 1.2% after hypoxia/reoxygenation
injury. When the cells were treated with salidroside
12.5, 50 and 100pg/mL, the apoptotic rate was
9.5+£09%, 74 +£0.5%, and 4.5+ 0.4%, respectively.
In addition, our results were confirmed by inspection
of cell morphology of PC12 cells. Treatment with

salidroside (12.5, 50, 100 pg/mL) significantly prevented
the cells from morphologic changes. All the above results
showed salidroside could effectively protect PC12 cell
against hypoxia/reoxygenation injury.

Keywords: Hypoxia/reoxygenation, Na,S,04, PC12 cells,
salidrosid.

Introduction

Mammalian cells are critically dependent on oxygen for
survival. Hypoxia, or hypoxia/reoxygenation, arises dur-
ing a variety of pathophysiologic states such as ischemia,
respiratory disease, and tumorigenesis (Xue, 2004). It has
been reported that hypoxia/reoxygenation can generate
superoxide, promote the recruitment of inflammatory
leukocytes, cause cell death involving both necrotic and
apoptotic events, and induce specific gene expression in
the neuronal cells (Cazevicille et al., 1993; Yun et al.,
1997). Thus, hypoxia/reoxygenation is an important
physiologic factor in the respiratory disorders, ischemia,
and tumor progression diseases (Dana et al., 2002). In an
effort to prevent or diminish hypoxia/reoxygenation
damage, investigators have evaluated many compounds
that could reduce cellular damage. In recent years, more
and more researchers have investigated the function of
natural compounds. Many studies show a number of
products provide antihypoxia action, including sesamin,
seasmolin, ginkgolid, and an extract of Curcuma longa
L. (Zingiberaceae) (Chen et al., 2001; Hou et al., 2003;
Koo et al., 2004).
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Rhodiola rosea L. (Crassulaceae), also known as “Arc-
tic root” or “rose root,” is a medicinal plant in Asia and
Eastern Europe. It is a member of the Crassulaceae fam-
ily, a perennial herbaceous plant growing in the Arctic
and the mountainous regions throughout Europe and
Asia. The genus Rhodiola consists of about 200 species
(German & Ramazanov, 1999), in which nearly 70 spe-
cies are distributed in the southwest, northwest, and
northeast regions in China (Li & Yu, 2002). In Siberia,
folklore states that people who drink a cup of Rhodiola
rosea tea every day will live for more than 100 years.
Strong evidence indicates this plant possesses biological
activity with few side effects (German & Ramazanov,
1999; Darbinyan, 2000). Traditionally, the plant has
been documented as useful in the treatment of many
illnesses including enhancing work performance, decreas-
ing depression, eliminating fatigue, preventing high-
altitude sickness, and so on (Kelly, 2001). It has long
been known to have adaptogenic properties (Brekhman
& Dardymov, 1969). Recently, researchers have found
that it can eclevate concentrations of norepinephrine,
dopamine, and serotonin in the brain, act as a nicotinic
cholinergic agonist in the central nervous system, reduce
the level of C-reactive protein and creatinine kinase in
the blood, increase the ATP content in the muscle mito-
chondria, and has antiarrhythmic activity, anti—prostate
cancer activity, and antibacterial activity (Maslov et al.,
1998; Abidov et al., 2003, 2004; Ming et al., 2005).

The main active component of R. rosea is salidroside
[2-(4-hydroxyphenyl)-ethyl-f-p-glucopyranoside]. The
chemical structure of this component is shown in
Figure 1. Salidroside has been shown to possess medical
functions such as resisting microwave radiation and
fatigue (Saratikov, 1968; Ming et al., 1988). It also
has been reported to be used in such special positions
such as diver, astronaut, pilot, and mountaineer to
enhance the body’s ability to survive in adverse environ-
ments (Ming et al., 1988). Furthermore, its effect on
extending human life was reported (Kurkin, 1986).
Also, salidroside, which has been shown to have antiox-
idant activity, can reduce the intracellular accumulation
of reactive oxygen species and malondialdehyde, and
prevent decline of antioxidant enzyme activities (Jang
et al., 2003). However, until now, the effect of salidro-
side against hypoxia/reoxygenation insult has not been
reported. Neuronal pheochromocytoma (PC12) cells are
widely used as a model system for neurologic research,
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Figure 1. Chemical structure of salidroside.

and they are subject to chemical hypoxia induced with
sodium hydrosulfite (Na,S,04), a common oxygen-
consuming agent. Thus, we used PC12 cells to evaluate
the effect of salidroside in preventing the hypoxia/
reoxygenation injury induced by Na,S,0,.

There is an important relevancy among cell viability,
the percentage of apoptotic level, and the extracellular
lactate dehydrogenase LDH activity of PC12 cells. When
the cells are damaged, those indexes will be changed. In
this study, cell viability, apoptotic rate, and the extracel-
lular LDH activity of PC12 cells were examined. The
purpose was to determine whether treatment with sali-
droside would reduce hypoxia/reoxygenation injury
induced by Na,S,04in PCI12 cells.

Materials and Methods
Materials

Standard extracts of Rhodiola rosea were provided by
Tianjin Jianfeng Natural Product R&D Co., Ltd. (Tian-
jin, China), and the content of salidroside was about
2.0%. Salidroside was isolated and identified from these
extracts by our lab, and the purity was above 98%
(HPLC). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl (MTT)
was purchased from Bioseen Technology, Inc.
(Shanghai, China). PC12 cell lines were purchased from
Chinese Type Culture Collection (Shanghai Institute of
Cell Biology, Chinese Academy of Science, Shanghai,
China). RPMI 1640 Medium was purchased from
GIBCO BRL (Grand Island, NY, USA). Fetal bovine
serum was purchased from Hangzhou Sijiging Co.,
Ltd. (Hangzhou, China). LDH activity kit was pur-
chased from Shanghai Rongsheng Biotechnology Co.,
Ltd. The other regents were analytic reagents (AR).

Cell and cell culture

PC12, which is a rat cell line derived from a pheochromo-
cytoma, was cultured in RPMI 1640 Medium with
10% dialyzed heat-inactivated bovine serum, penicillin
(100 U/mL), and streptomycin (100 U/mL) at 37°C in a
humidified atmosphere of 95% air and 5% CO,. In every
experiment, the cells were in their exponential growth
phase. Salidroside was freshly prepared in medium
before the experiment. Control cultures were performed
in the presence of normal medium under the same culture
conditions. To produce hypoxia/reoxygenation stress,
Na,S,04 was freshly prepared in medium prior to each
experiment. The cells were preincubated in different con-
centrations of salidroside for 16 h before Na,S,0, was
added. After hypoxic incubation for 1h, the medium
was changed with the former concentration of salidroside
for reoxygenation 2h. Assays for cell viability, LDH
activity, and apoptotic rate were performed after hypoxia/
reoxygenation.
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Isolation, purification, and identification of salidroside
from the Rhodiola rosea extract

The Rhodiola rosea extract (100g) was dissolved in
300mL water by ultrasonication and extracted subse-
quently with petroleum ether and ethyl acetate. Only
the water layer contained salidroside. Therefore, this
fraction was chosen and applied to a macroporous resin
column to enrich salidroside (column 50 x 5cm i.d.). The
column was eluted with 0% (2.01), 10% (2.01), 20%
(2.01), 30% (2.01), 50% (2.01) ethanol in water to obtain
five different fractions as shown in Figure 2. Fraction 2
and fraction 3 were detected to contain salidroside by
HPLC, so we combined these two fractions. The fraction
was further separated with a silica gel column
(40 x 10cm 1i.d.) and eluted with 40% (5.01) methanol
in chloroform to obtain 1.5 g of about 95% salidroside.
Then, it was recrystallized many times in methanol
at room temperature, and 0.8g salidroside (>98%,
detected by HPLC) was obtained.

The identification of salidroside was accomplished by
direct HPLC comparisons with a standard from Sigma
and by spectroscopic methods (UV, IR, FAB-MS, 'H
NMR and '3C NMR). The spectral data of salidroside
corresponded with published values (Chen et al., 1999).

Assay for cells survival

The exponentially growing PCI12 cells were plated in
96-well plates at a density of 1.5 x 10° to 2.0 x 10’ cells/
well. When the cells were grown to approximately 80%
confluence, culture medium was changed with various

Extracts of Rhodiola rosea (100 g)

suspended in 300 ml water by ultrasonication,

then extracted by petroleum ether and ethyl acetate
water layer
enriched salidroside by D
macroporous resin (E/W)

Y
lo% l 10% lzo% lzo% lso%
Fr.1 Fr.2 Fr.3 Fr.4 Fr.5

I

salidroside-rich extracts (25 g)
Silica gel column (C-M)
40% M/C
about 95% salidroside (1.5 g)
recrystallized many times in methanol

above 98% salidroside (0.8 g)

E-Ethanol W-Water C-Chloroform M-Methanol

Figure 2. Separation and purification of salidroside from
extracts of Rhodiola rosea.

concentrations of salidroside and further cultured for
16 h. Then, the cells were exposed to different concentra-
tions of Na,S,04 for 1h. After hypoxic incubation, the
medium was replaced with the former concentration of
salidroside for reoxygenation 2 h. Cell viability was mea-
sured by the conventional MTT reduction assay. After
incubation, cells were treated with 0.5mg/mL MTT
(dissolved in PBS and filtered through an 0.22-pm mem-
brane) for 4 h. The dark-blue formazan crystals formed in
intact cells were dissolved in dimthyl sulfoxide (DMSO),
and absorbance at 550 nm was measured with an auto-
mated Bio-Rad 550 microtiter plater reader (CA, USA).

Assay for the stability of salidroside

Salidroside (100 pug/mL) was dissolved in RPMI 1640
medium and incubated at 37°C in a humidified atmo-
sphere of 95% air and 5% CO, for different times. The
solution was centrifuged at 10,000 rpm for 15min at
4°C, and then the supernatant was filtrated through an
0.45-um membrane. The supernatant was assayed by
HPLC to test the stability of salidroside. The chromato-
graphic data were recorded and processed with Agilent
Chromatographic Work Station software (Palo Alto,
CA, USA). Analysis was carried out at 35°C on an Agi-
lent Eclipse XDB-C18 column (5.0 um, 150 x 4.6 mm,
1.d.), which was protected by a guard column (3.5 um,
12.5 x4.6mm, i.d.). The mobile phase was methanol
and water (20:80v/v), with a flow rate of 1.0mL min .
It was detected at 278 nm with a retention time of 5.4 min.

Assay for LDH

Cell damage was evaluated via the leakage of LDH
using a colorimetric assay. PC12 cells with various con-
centrations of salidroside were treated with Na,S,0y,
for hypoxia/reoxygenation. The culture medium was
collected. Subsequently, 100 uL of supernatant for extra-
cellular samples was added to a polystyrene cuvette
containing 900 pL of LDH reagent (50 mmol/L lactate,
7mmol/L NAD" in 0.05% sodium azide buffer,
pH = 8.9). Spectrophotometric analysis was performed
at room temperature, and the absorption values were
determined at 340 nm. The absorbance was recorded at
I-min intervals for 3min after reaction for 1 min. Then
the change in absorbance was expressed in concentration
units per liter and converted to percentage of control
levels.

Analysis of apoptosis by flow cytometry

Apoptotic rate was measured by flow cytometry. Briefly,
the PC12 cells that were pretreated with different concen-
trations of salidroside and then treated with Na,S,0, for
hypoxia/reoxygenation (1 h/2 h) were collected by cen-
trifugation at 1000rpm for 10min, then rinsed with
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Figure 3. Effects of Na,S;04-induced cytotoxicity on PC12
cells. Confluent cells in 96-well plates were treated with differ-
ent concentrations in the presence of Na,S,0,4 and then chan-
ged to normal medium for 2h. Cell viability was determined
by the MTT assay, and the data were expressed as X 4+ SD,
n=3. *p < 0.05, **p < 0.01, and ***p < 0.001 in comparison
with normal cells.

PBS (pH = 7.4). The cell pellets were resuspended in cold
70% (v/v) ethanol and fixed at —20°C for 24 h. The
cells were then centrifuged (1000 rpm for 15min), and
ethanol was removed by rinsing thoroughly with PBS.
The cell pellets were resuspended in 2 mL PBS containing
100 pg/mL RNase A, 0.1% Triton X-100, 0.1 mM
EDTA, and incubated at 37°C for 30min. After incu-
bation, the cells were stained with 100 pg/mL propidium
iodide (PI) in the dark for 30min at 4°C. The fluores-
cence of cells was measured with a FACScan (Becton
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Figure 4. Toxicologic effects of salidroside on PCI12 cells.
Confluent PCI12 cells, exposed to different concentrations of
salidroside, were preincubated in 96-well plates for 24 h. Data
were expressed as X + SD, n = 3.
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Figure 5. The stability of salidroside in RPMI 1640 medium.
Salidroside (100 pg/mL) was dissolved in RPMI 1640 medium
and then incubated at 37°C in a humidified atmosphere of
95% air and 5% CO,. The solution was centrifuged at
10,000 rpm for 15min at 4°C, and then the supernatant was
filtrated through an 0.45-um membrane. The supernatant was
assayed by HPLC.

Dickinson, Mountain View, CA, USA). The relative con-
tent of DNA indicated the distribution of a population of
cells throughout the cell cycle. Apoptotic cells caused the
appearance of a subdiploid peak in the cell-cycle profile.
The percentage of apoptotic cells was determined by
using Cell Fit software.

110
100

(] O
(=] o
T T

(o))
o
T

*%

Cell viability (%)
3
(=)

(O8] B W
o (=] (e
T T T

3
S

3.13 625 125 25 50 75 100

Concentration of salidroside (pg/ml)

con 0

Figure 6. Protective effects of salidroside on hypoxia/
reoxygenation injury. Confluent PC12 cells were pretreated
with different concentrations of salidroside in 96-well plates
for 16 h. Then, the cells were exposed to 10 mM Na,S,0,4 for
1 h for hypoxic damage. After hypoxic incubation, the medium
was replaced with the former concentration of salidroside for
reoxygenation for 2h. Cell viability was determined by the
MTT assay and the data were expressed as X + SD, n = 3.
*p < 0.05, **p<0.0l, and ***p < 0.001 in comparison with
hypoxia/reoxygenation injury group cells.
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Statistical analysis

All experiments were done in triplicate. Data were
expressed as mean = SD and were analyzed by paired
t-test. The scientific statistical software Origin version
7.0 was used to evaluate the significance of differences
between groups. The criterion of statistical significance
was *p < 0.05, **p < 0.01, and ***p < 0.001 in compar-
ing with control group (control group: without salidro-
side and Na,S,0,).

@

Results
Cell toxicity induced by Na,S,0,

It has been reported that chemical hypoxia/reoxy-
genation was simulated by the addition and the removal
of chemicals such as NaN; or CoCl, or Na,S,04
(Rose et al., 1998; Wang et al., 2000; Zhang et al.,
2005). The neurons are extremely sensitive to hypoxia
and reoxygenation insult (Faroqui et al., 1994). In order

(3)

Figure 7. Morphologic inspection of PC12 cells. Confluent PCI12 cells were pretreated with different concentrations of salidroside in
96-well plates for 16h. Then, the cells were exposed to 10 mM Na,S,0, for 1h for hypoxic damage. After hypoxic incubation, the
medium was replaced with the former concentration of salidroside for reoxygenation for 2 h. Salidroside could prevent the cells from
morphologic changes: (1) control group (without salidroside and Na,S,0,), (2) hypoxia/reoxygenation injury group, (3) hypoxia/
reoxygenation injury and 100 pg/mL salidroside, (4) hypoxia/reoxygenation injury and 50 pg/mL salidroside, (5) hypoxia/reoxygena-

oxygenation injury and 12.5 ug/mL salidroside.
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to investigate the protective effects of salidroside on
hypoxia/reoxygenation injury, we use PC12 cells induced
by NayS,04. The cell viability was measured by the
conventional MTT assay. As shown in Figure 3, the
viability of cells exposed to 10mM Na,S,04 for 1h for
hypoxia and reoxygenation for 2h was 51% of the con-
trol group. Thus, we chose 10 mM Na,S,0, for hypoxia
lh and reoxygenation 2h to treat PCI2 cells in
subsequent experiments.

Toxicologic effects of salidroside on PC12 cells

We concluded that salidroside had no harmful or inhibi-
tory effects on the growth of PC12 cells with increasing
dose (Fig. 4). The cells were treated with salidroside at
the concentrations of 0-200 pg/mL for 24 h, and the cell
viability was not changed at all. The results demon-
strated that salidroside was not harmful to PCI12 cells
at the experimental concentration range.

The stability of salidroside in RPMI 1640 medium

Based on the standard curve (not shown in this article,
Y =4.5233X — 2.9086; R*=0.9999), the stability of
salidroside is shown in Figure 5. It was very stable in
RPMI 1640 medium at 37°C in a humidified atmosphere
of 95% air and 5% CO, for 048 h. After incubation for
48 h, the residual concentration of salidroside in culture
medium was 97.0%, compared with the control group
(not incubated). The study showed salidroside was stable
in medium in the experimental time range and the
subsequent experiment was practicable.

Protective effects of salidroside on hypoxia/reoxygenation
injury and morphologic inspection of PC12 cells

To examine whether salidroside has protective effects on
Na,S,0y-treated PC12 cells, the connection between
Na»S,0,4 and salidroside was demonstrated. With cells
exposed to hypoxia/reoxygenation insult alone (in the
absence of salidroside), viability was 41.8 4+ 5.7% of con-
trol group (Fig. 6). With increasing concentrations at
3.13-100 pg/mL, the protective role of salidroside on
the PC12 cells increased in a dose-dependent manner.
Compared with the control group, salidroside increased
cell viability by 49.0 + 7.4%, 62.4 +4.1%, and 92.2 +
3.7% at 6.25, 50, and 100 pg/mL, respectively (Fig. 6).
These results indicated that salidroside had a protective
effect against hypoxic/reoxygenation stress on PCI12
cells. The hypoxia/reoxygenation insult was accom-
panied by typical morphologic changes, such as cell body
detachment, damage to neurite outgrowths, and collapse
of growth cones. But these morphologic changes were
prevented when the cells were treated with different con-
centrations of salidroside (Fig. 7). The results corre-
sponded with the MTT assy.

Effects of salidroside on the extracellular LDH levels
in PC12 cells

To further investigate the protective effects of salidroside
on hypoxia/reoxygenation injury in PC12 cells, the LDH
assay was considered as an indicator. LDH is a stable
cytoplasmic enzyme in all cells, and when the cell plasma
membrane was damaged. LDH was rapidly released in
the culture medium. Thus, the increase of LDH activity
in the culture medium can indicate the degree of cellular
damage. After exposure to hypoxia/reoxygenation insult,
LDH activity increased to 513.54+5.5% of control
group, indicating that the cells were damaged markedly.
The result was similar to that obtained by morphologic
inspection (Fig. 7). The treatment with salidrosede at
concentrations between 3.13 and 100 pg/mL had signifi-
cant effects on the decrease of LDH activity in culture
medium, from 400.0 + 6.5% (with 3.13 pg/mL salidro-
side) to 258.1 £6.3% (with 100pg/mL salidroside)
(Fig. 8). These results suggest that salidroside effectively
reduced the release of LDH by hypoxia/reoxygenation
in a concentration-dependent manner.

Effects of salidroside on the apoptotic rate in PC12 cells

In order to determine whether salidroside can block
Na,S,04-induced apoptosis in PC12 cells, we measured
the apoptotic rate by flow cytometry. In recent years,
flow cytometry has emerged as a rapid and sensitive tech-
nique for studying cell membranes and intracellular
changes of various cell types. The apoptotic rate in flow

600 r
500
400
300

200

Extracellular LDH (% of control)

100

con 0 313 625 125 25 50 100
Concentration of salidroside (jg/ml)

Figure 8. Effects of salidroside on extracelluar LDH activity
in PC12 cells. Confluent cells were preincubated with various
concentrations of salidroside for 16h. After hypoxia/
reoxygenation injury, the medium was collected and the activity
of LDH was determined using LDH test kits according to the
manufacturer’s protocol. The data were expressed as X + SD,
n=3. *p<0.05 *p <0.0l, and ***p < 0.001 in comparison
with hypoxia/reoxygenation injury group cells.
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cytometry detection is considered as an indicator of
cell damage. Analyzed by flow cytometry, the apoptotic
rate increased significantly in PC12 cells treated
with hypoxia/reoxygenation insult, up to 17.0 £ 1.2%
[Fig. 9(1)]. As shown in Fig. 9(3), (4), and (5), the treat-
ment with salidroside 12.5, 50, and 100 pg/mL decreased
the Na,S,04-induced apoptotic rate, 9.5 +0.9%, 7.4 +
0.5%, and 4.5+ 0.4%, respectively. These results are
consistent with MTT, LDH assay, and the morphologic
inspection.

Discussion

It has been reported that hypoxia/reoxygenation injury
involved a number of factors, including reactive oxygen
species, nitric oxide, oxygen free radical, N-methyl-D-
aspartate, intracellular free calcium, and protein kinase
C (Cazevieille et al., 1993; Yun et al., 1997; Bossenmeyer,
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1998; Wang & Shum, 2002). But recently, most research-
ers consider oxidative stress as a major factor after
hypoxia/reoxygenation injury (Cazevieille et al., 1993;
Chan, 1996; Yun et al., 1997). Oxidative stress can be
defined as the pathogenic outcome of the overproduction
of oxidants that overwhelm the antioxidant capacities of
free radical quenching enzymes such as superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxi-
dase (GPx) (Machlin & Bendich, 1987; Koo et al.,
2004). The major cytotoxic effect of oxidative stress on
cells is supposed to be the peroxidation of lipid compo-
nents of cellular and subcellular membranes. The result-
ing loss of cellular integrity could lead to irreversible
cell injury. Changes induced by hypoxia/reoxygenation
injury can include an increase in oxidant factors, and
impairment of endogenous antioxidant systems. PC12,
which is a tumor cell line derived from rat pheochro-
mocytoma, is widely applied in neurologic research
(Wang et al., 2000). Chemical hypoxia/reoxygenation
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Figure 9. Effects of salidroside on the apoptotic rate in PC12 cells. Apoptotic rate was measured by flow cytometry. (1) control group
(without salidroside and Na,S,04), (2) hypoxia/reoxygenation injury group, (3) hypoxia/reoxygenation injury and 12.5pg/mL
salidroside, (4) hypoxia/reoxygenation injury and 50 pg/mL salidroside, (5) hypoxia/reoxygenation injury and 100 png/mL salidroside.
The data were expressed as X + SD, n = 3. **p < 0.01 and ***p < 0.001 in comparison with hypoxia/reoxygenation injury group cells.
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was simulated by the addition and the removal of chemi-
cals such as NaNjor CoCl, or Na,S,04 (Rose et al.,
1998; Wang et al., 2000; Zhang et al., 2005).

In the current study, salidroside, one of the major
compounds from the roots of a famous traditional
Chinese herb Rhodiola rosea, was investigated for its
cytoprotection against Na,S,0y4-induced hypoxia/reoxy-
genation on PC12 cells. The toxic effects of Na,S,04
resulted in decrease in the viability of PCI2 cells
(Fig. 3). An incubation of the PC12 cells with different
doses of salidroside protected the cells from the cytotoxic
effects of hypoxia/reoxygenation insult in a dose-depen-
dent manner (Fig. 6), and the corresponding extracelluar
LDH levels decreased concurrently (Fig. 8). Interest-
ingly, we observed the higher apoptotic rate after
exposure of the cells to hypoxia/reoxygenation insult,
and with the increased concentration of salidroside the
values gradually decreased. Thus, salidroside appeared
to play a protective role against neuronal injury after
hypoxia/reoxygenation.

In the previous study, the Rhodiola rosea aqueous
extract was proven to have antioxidant activity. It could
protect human erythrocytes against in vitro damage
induced by HOCI (Roberta, 2004). Salidroside, which is
the main active component in Rhodiola rosea, has been
shown to have antioxidant activity. It can reduce the
intracellular accumulation of reactive oxygen species
and malondialdehyde and prevent decline of antioxidant
enzyme activities (Jang et al., 2003). The antioxidant
mechanism may be the structure similarity of salidroside
to p-tryrosol, which is a superior antioxidant.

In conclusion, our findings suggest that salidroside
reduced PC12 cells from death induced by Na,S,04 in
a concentration-dependent manner, and the potential
mechanism of this neuroprotection may relate to its anti-
oxidant capacity. Its neuroprotective effects against
hypoxia/reoxygenation injury might be of importance
and contribution to their clinical efficacy for the treat-
ment of ischemic brain injury. Our results indicate that
salidroside may be a valuable natural therapeutic pro-
duct for remedying ischemia and respiratory disease.
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