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Lycium barbarum polysaccharides attenuates the apoptosis
of hippocampal neurons induced by sevoflurane
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Abstract. Following the application of inhalational anesthetics,
including sevoflurane, patients may suffer from neural injury.
The present study was conducted to explore the mechanism
involved in Lycium barbarum polysaccharides (LBP) treat-
ment of sevoflurane injured hippocampal neurons. Primary
hippocampal neurons were isolated from Sprague Dawley
embryonic rats. Th\e Cell Counting Kit-8 (CCK-8) assay was
used to detect cell viability. Furthermore, flow cytometry
(FCM) was used to determine cell proliferation and apoptosis
rates. Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and western blot analysis were applied
to detect the expression levels of apoptosis-related factors,
including activated-Caspase-3, B-cell lymphoma/leukemia-2
(Bcl-2) and Bcl-2 associated X (Bax), phosphorylated
extracellular signal-regulated kinase 1/2 (p-ERK1/2) and
total ERK1/2. The results showed that LBP promoted cell
viability and cell proliferation but inhibited cell apoptosis
in neurons injured with 3% sevoflurane, in dose-dependent
manners (100, 200 and 400 yg/ml). LBP increased the expres-
sion levels of Bcl-2 and p-ERK1/2, and decreased levels of
activated-Caspase-3 and Bax in a dose-dependent manner in
hippocampal neurons that were injured with sevoflurane. In
addition, ERK1/2 inhibitor reversed the above phenomenon
in 400 pg/ml LBP and 3% sevoflurane-treated hippocampal
neurons. Therefore, the present study indicated that LBP
protected hippocampal neurons from sevoflurane injury,
including aberrant cell apoptosis, via the ERK1/2 pathway.

Introduction

Sevoflurane is one of the most prominent inhalational
anesthetics used in cesarean delivery and pediatric clinical
application, for its rapid induction and recovery properties.
The critical vulnerable period of anesthetic neurotoxicity

Correspondence to: Dr Xuejun Wang, Department of
Anesthesiology, Qinghai Red Cross Hospital, 55 South Avenue,
Xining, Qinghai 810000, P.R. China

E-mail: xuejunwang25@163.com

Key words: Lycium barbarum polysaccharides hippocampus
neuron, sevoflurane, apoptosis, extracellular signal-regulated kinase

depends on rapid synaptogenesis, and lasts from mid-gestation
to several years after birth (1,2). Recent retrospective cohort
studies demonstrated that anesthesia application in young
children younger than 3 years old could lead to behavioral
and developmental cognitive disorders (3-5). Sevoflurane
neurotoxicity in immature brain is associated with altera-
tions in behavior, spatial learning, memory and reading,
writing, math learning disabilities, even effects later in adult-
hood (6-10). More evidence suggested that sevoflurane could
induce neuronal apoptosis of developing brain (11,12). For the
frequent application of sevoflurane in anesthetics exposure for
childbirth and surgeries to prevent pain, it is urgent to find
effective remedy to prevent anesthetic neurotoxicity.

Lycium barbarum, fruit of wolfberry, is commonly applied
as food addictive and traditional medicinal herb in many coun-
tries, especially China and other Asian countries (13). Lycium
barbarum polysaccharides (LBPs), the main effective compo-
nent of Lycium barbarum, possess a variety of beneficial effects
in anti-aging, anti-cancer, immune modulation and neuropro-
tection (14-17). LBP is found to decrease oxidative stress in
hippocampus, promote cell proliferation and neurons differ-
entiation (18,19). It is also reported to enhance neurogenesis in
hippocampus and subventricular zone, to improve cognition via
apoptosis regulation in hippocampal neurons under stress, and
to prevent cognitive and memory deficits in scopolamin-treated
rats (20-24). However, whether and how LBP protects neurons
from injury of sevoflurane is still unclear.

Apoptosis, also called programmed cell death, eliminates
dysfunctional or superfluous cells to maintain normal tissue
functions. However, abnormal apoptosis could induce cell injury
or death. Sevoflurane has been reported to promote the activation
of cysteine aspartate-specific protease (Caspase) and apoptosis
pathway (11,25). Extracellular signal-regulated kinase 1/2
(ERK1/2), a critical member of mitogen-activated protein kinase
(MAPK) cascades, plays a prominent role in cell survival and
death. Recent researches have demonstrated that ERK1/2
plays positive roles in neuroprotective processes. Sevoflurane
neurotoxicity in immature brain is related to ERK1/2 signaling
pathway and apoptosis related factors such as Caspase-3,
B-cell lymphoma/leukemia-2 (Bcl-2) and Bcl-2 associated X
(Bax) (6-8). It would be interesting to know whether LBP effects
on sevoflurane-injured neurons through ERK1/2 pathway.

In conclusion, we constructed sevoflurane-injured rat
hippocampal neuron model to validate possible function of
LBP on cell apoptosis induced by sevoflurane. Furthermore, we
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also measured the role of ERK1/2 MAPK signaling pathway
on it. It may provide novel light for clinical application of LBP
as remedy for anesthetic neurotoxicity.

Materials and methods

Primary nerve cells cultures. Adult female Sprague-Dawley
(SD) rats, weighing 200-300 g, were purchased from Beijing
Vital River Company (Beijing, China) and raised for 14 days
under normal environment (22-24°C, 55-65% humidity, 12-h
light/dark cycle) after mating between female and male rats.
Then the embryos were isolated for following experiments.
The present study was approved by Institutional Animal Care
and Use Committee of Qinghai Red Cross Hospital (Xining,
China). After being sacrificed by cervical dislocation, the
rats were immersed and disinfected in alcohol. The pregnant
uterus were exposed and cut off under aseptic conditions,
the fetus was removed, and the hippocampus tissues were
isolated and digested by 0.125% trypsin for 30 min, and
nerve cells were collected and cultured in Neuralbasal media
(MTI-GlobalStem, Gaithersburg, MD, USA) supplemented
with 2% B27, 10 mmol/l HEPES, and 0.5 mmol/l L-glutamine,
in 5% CO,-containg incubator at 37°C. Cell culture media was
changed every 3 days. Cell morphology was observed by DMi8
optical microscope (Leica Microsystems GmbH, Wetzlar,
Germany) after being cultured for 3 and 7 days, respectively.

Primary hippocampal neurons cultured for 7 days were
pre-treated with LBPs with different concentrations (100, 200,
400 and 600 pg/ml) for 6 h, and injured by 3% sevoflurane
[Baxter Healthcare (Shanghai) Co., Ltd., Shanghai, China] gas
mixture of 95% O, and 5% CO, subsequently, the flow rate
of which was delivered at 2 I/min. 3% seveflurane was used
to construct the injury model, the concentration of which was
just higher than that commonly used in clinical application
and was commonly used in researches too (6,26), The groups
were named LBP100+SEV, LBP200+SEV, LBP400+SEV,
LBP600+SEV groups, respectively, Cells treated with
3% sevoflurane gas alone were named SEV group, Cells
treated with 400 pg/ml LBPs were named LBP400 group, and
cells without any treatment were considered as Control group.

In addition, for the best repairing effect, LBP400+SEV
cells were chosen to be treated with 5 gmol/l ERK1/2
inhibitor PD98059 (Merck, Germany) 1 h before 400 pug/ml
LBP treatment (ERK1/2 inhibitor+LBP400+SEV group). The
changes were compared to that in Control, SEV, LBP400+SEV
groups.

Cell Counting Kit-8 (CCK-8) assay. Cell viabilities of primary
hippocampal neurons in different groups (Control, SEV,
LBP100+SEV, LBP200+SEV, LBP400+SEV, LBP600+SEV
groups) were determined by CCK-8 assay (Beyotime Institute
of Biotechnology, Haimen, China) in dedicated times (2, 4
and 6 h), according to the manufacturer's protocols. Briefly
speaking, following the determined treatment, cells were
seeded in 96-well plates and reacted with 20 yl CCK-8 reagent
for 1 h in 5% CO,-containing incubator at 37°C. CCK-8 is a
yellow-colored dye, which can be reduced by succinate dehy-
drogenase in mitochondria of living cells. forming soluble
blue-purple formazan and depositing in cells, whereas dead
cells do not have this function. The optical density (OD) values
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were measured by a microplate reader (Omega Bio-Tek, Inc.,
Norcross, GA, USA) at 450 nm.

Carboxyfluorescein diacetate succinimidyl ester (CFSE)
assay. Mature neurons are terminal differentiation cells.
However, the embryo hippocampus neurons have the ability
of proliferation and differentiation (25,27-29). CFSE cell
proliferation kit (Invitrogen, USA) was used to analyze cell
proliferation abilities of different groups (Control, SEV,
LBP100+SEV, LBP200+SEV, LBP400+SEV groups), which
detected both living and dead cells, according to the manufac-
turer's protocols. Cells were resuspended to 1x10%ml in 1 ml
preheated phosphate buffer solution (PBS) in sterile centrifuge
tubes. 2 ul CFSE (5 mmol/l) stocking reagent was added into
cell suspension to the final concentration of 10 zmol/l, then
cells were incubated at 37°C for 10 min and then in 10 ml icy
culture media for 5 min in dark. Finally, cells were inoculated
in 24-well plates (1x10%/well) and incubated with 5% CO, at
37°C, then cells were digested, collected and detected by FACS
Calibur flow cytometer (BD Biosciences, Franklin Lakes, NJ,
USA), with the whole process avoiding light.

Apoptosis detection. The apoptosis rates of hippocampal
neurons in different groups (Control, SEV, LBP100+SEV,
LBP200+SEV, LBP400+SEV groups) were determined by
Annexin V/PI (propidine iodide) double-stain assay, according
to the manufacturer's instructions (BioVision, Inc., Milpitas,
CA, USA). Phosphatidylserine exposed to the outside of cell
membrane in early stage of apoptosis could be detected by
Annexin V/FITC (fluorescein isothiocyanate), and DNA within
membrane-injured cells could be detected by PI in the late-stage
of apoptosis. The combination of them could effectively detect
apoptotic cells. In the experiment, cells were resuspended by
100 ul binding buffer to the final concentration of 1x10° cells/ml.
Then 5 ul Annexin V/FITC and 10 ul PI (20 pg/ml) were added
in. After the incubation for 15 min away from light at room
temperature, cells were analyzed by a flow cytometer (BD
Biosciences), with 488 nm as exciting light wavelength, and
515 nm (FITC), 560 nm (PI) as detecting light wavelengths.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). RT-qPCR was performed to analyze
the mRNA expression levels of apoptosis-related factors
such as Caspase-3, Bax, Bcl-2 in different groups, including
Control, SEV, LBP100+SEV, LBP200+SEV, LBP400+SEV
and ERK1/2 inhibitor+LBP400+SEV groups. GAPDH was
considered as internal reference. Firstly, total RNA was
extracted by TRIzol (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and reversely transcribed to cDNA
with a first strand cDNA kit (Takara Bio, Inc., Otsu, Japan),
according to the protocols provided by manufacturer. PCR
amplification was conducted using the SYBR Premix Ex
Taq kit (Takara Bio, Inc.). Briefly, after pre-denaturation at
95°C for 30 sec, amplification of 40 cycles were conducted:
denaturation at 95°C for 5 sec, annealing/extension at 60°C
for 30 sec, which was performed in ABI 7300 Thermocycler
(Applied Biosystems; Thermo Fisher Scientific, Inc.) The
primer sequences were as follows: Caspase-3 (sense: 5 TGG
AATGTCAGCTCGCAATGS3' and antisense: 5CAGGTC
CGTTCGTTCCAAAAZ"); Bax, sense: SSAGATCATGAAGA
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Figure 1. LBP promoted cell viability of hippocampal neurons injured by sevoflurane. (A) Cell morphology of hippocampus primary neurons separated
from SD embryonic rats was observed under light microscopy, after 3 and 7 days culture. (B) CCK-8 assay was used to detect function of LBP with different
concentrations (100, 200, 400 and 600 ug/ml) on cell viability of 3% sevoflurane treated neurons in different groups (Control, LBP400, SEV, LBP100+SEV,
LBP200+SEV, LBP400+SEV, LBP600+SEV), at different times (2,4 and 6 h). (C and D) CFSE assay was conducted to verify the promotion function of LBP
on cell differentiation of neurons, after 6 h treatment of sevoflurane. #P<0.01 vs. Control group, "P<0.05, “P<0.01 vs. SEV group. LBP, Lycium barbarum
polysaccharides; SD, Sprague-Dawley; CCK-8, Cell Counting Kit-8; CFSE, carboxyfluorescein diacetate succinimidyl ester.

CAGGGGCC3' and antisense: SSATCCTCTGCAGCTCC
ATGTT3'"; Bcel-2, sense: SSAACTCTTCAGGGATGGGG
TG3' and antisense: SSGCTGGGGCCATATAGTTCCA3";
GAPDH, sense: 5SAGTCTACTGGCGTCTTCACC3' and
antisense: SSCCACGATGCCAAAGTTGTCA3).

Western blot analysis. Western blotting was conducted to
measure protein levels, including apoptosis related factors
(active-Caspase-3, Bax, Bcl-2) and p-ERK1/2 (phosphorylated
ERK1/2), t-ERK1/2 (total-ERK1/2), in different groups
including Control, SEV, LBP100+SEV, LBP200+SEV,
LBP400+SEV and RK1/2 inhibitor+LBP400+SEV groups.
Briefly speaking, proteins were firstly extracted and the
quantities were determined by BCA assay (Beyotime
Institute of Biotechnology,). Then they were concentrated
and separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), and electrotransfered onto a
polyvinylidene fluoride (PVDF) membrane (EMD Millipore,
Billerica, MA, USA). After the blockage with 5% nonfat
dry milk for 1 h, the blotting membranes were incubated
with specific primary antibodies overnight at 4°C, respec-
tively. GAPDH was used as loading control. The primary
antibodies were as follows: rabbit anti-active-Caspase-3
(Abcam, Cambridge, UK; ab2302, 1:200), anti-Bax (Abcam;
ab32503, 1:2,000), anti-Bcl-2 (Abcam; ab59348, 1:1,000),
anti-ERK1/2 (Abcam; ab17942, 1:1,000), anti-p-ERK1/2
(Cell Signaling Technology, Inc., Danvers, MA, USA;
4370, 1:2,000), anti-GAPDH (Abcam; ab9485, 1:2,500).
After that, membranes were incubated with the appropriate
secondary antibody goat anti-rabbit HRP-conjugated

IgG H&L (Abcam; ab6721, 1:5,000) for 2 h. The PVDF
membrane were exposed to and detected by X-ray film
with enhanced chemiluminescense (ECL) detection system
reagents (Amersham; GE Healthcare, Chalfont, UK).

Statistical analysis. All results were presented as mean =+ stan-
dard deviation of three independent experiments. Statistical
analysis was performed using a SPSS 22.0 statistical package
(IBM Corp., Armonk, NY, USA), then differences among
multi-groups were analyzed by Welch's one-way analysis of
variance (ANOVA), following by Games-Howell test. P<0.05
was considered significant, P<0.01 was considered especially
significant.

Results

LBP promoted cell viability of hippocampal neurons injured
by sevoflurane. Hippocampal primary neurons were isolated
from SD embryonic rats and cell morphologies were found in
good growing conditions after 3 and 7 days culture, observed by
light microscopy. On the 3rd day, most of cells displayed clas-
sical morphologies of neural cells, with round, oval or shuttle
shapes, smooth surface, longer neurites with obvious branches
connected to be nets. On the 7th day, neurons aggregated with
shuttle or polygonal shapes, with more neurites tightly connected
to be nets, indicating the rapid brain development period which
was vulnerable to anesthesia-induced neuronal injury (Fig. 1A).

CCK-8 assay was used to detect function of LBP with
different concentrations (100, 200, 400 and 600 zg/ml) on cell
viability of hippocampal primary neurons treated with 3%
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Figure 2. LBP inhibited cell apoptosis of hippocampal neurons injured by sevoflurane. (A and B) Annexin V/PI double-stain and FCM assay were performed
to evaluate the effect of LBP with different concentrations (100, 200 and 400 pg/ml) on cell apoptosis of neurons injured by 3% sevoflurane for 6 h. (C-E) The
expression levels of apoptosis related factors, such as Caspase-3, Bax, Bcl-2, were determined by (C) RT-qPCR and (D and E) western blot analysis in above
groups. #P<0.01 vs. Control group, 'P<0.05, “P<0.01 vs. SEV group. LBP, Lycium barbarum polysaccharides; FCM, flow cytometry.

sevoflurane, at determined times (2, 4 and 6 h). Function of
400 pg/ml LBP alone was also detected. LBP alone had no
effect on neurons viability. Cell viability of neurons decreased
significantly with sevoflurane treatment, compared with control
group (P<0.01). The inhibition rate of 3% sevoflurane on neurons
viability was 53% at 6 h, so 3% sevoflurane treatment for 6 h
was chosen for following experiments. Meanwhile cell viability
of sevoflurane-injured neurons increased notably by LBP in
dose (100, 200, 400 and 600 pg/ml) and time dependent (2, 4,
6 h) manners, compared with SEV group (P<0.05) (Fig. 1B).
For the effect of 600 ug/ml was similar to 400 pg/ml LBP, we
just studied function of LBP (100, 200 and 400 pg/ml) in the
following experiments.

CFSE assay was conducted to verify the promotion function
of LBP with different concentrations (100, 200 and 400 ug/ml)
on cell proliferation abilities of hippocampal primary neurons
treated by 3% sevoflurane for 6 h. The flow cytometry (FCM)
detection showed that the cell proliferation ability of neurons
was inhibited significantly, with decreased M1 values, by sevo-
flurane in SEV group, compared with control group (P<0.01),
which was promoted significantly, with increased M1 values,
by LBP in dose-dependent manners (100, 200 and 400 pg/ml)
(P<0.05; Fig. 1C and D).

LBP inhibited cell apoptosis of hippocampal neurons injured
by sevoflurane. Annexin V/PI double-stain and FCM assay
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Figure 3. LBP activated ERK1/2 pathway in hippocampal neurons injured by
sevoflurane. The phosphorylation levels of ERK1/2 were assessed by western blot
in Control, SEV, LBP100+SEV, LBP200+SEV, LBP400+SEV groups. “P<0.01
vs. Control group, ‘P<0.05, “P<0.01 vs. SEV group. LBP, Lycium barbarum
polysaccharides; ERK1/2, extracellular signal-regulated kinase 1/2.
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Figure 4. LBP inhibited cell apoptosis through ERK1/2 pathway in sevoflurane injured hippocampal neurons, which was verified by ERK1/2 inhibitor usage.
(A and B) Western blot analysis was performed to analyze levels of pERK1/2 protein levels in Control, SEV, LBP400+SEV, ERK1/2 inhibitor+LBP400+SEV
groups. (C and D) The FCM analysis was conducted to analyze the apoptosis rates in above groups. (E) RT-qPCR and (F and G) western
blot analysis were conducted to analyze levels of apoptosis related factors in above groups. “P<0.01 vs. Control group, “P<0.01 vs. SEV group, "'P<0.01
vs. LBP400+SEV group. LBP, Lycium barbarum polysaccharides; ERK1/2, extracellular signal-regulated kinase 1/2.

were performed to evaluate the effect of LBP with different
concentrations (100, 200 and 400 pg/ml) on cell apoptosis status
of hipocampal neurons injured by 3% sevoflurane for 6 h. The
results suggested that sevoflurane remarkably facilitated cell
apoptosis of neurons in SEV group, compared with control group
(P<0.01), which was reduced notably by LBP in dose-dependent
manners (100, 200 and 400 pg/ml) (P<0.05; Fig. 2A and B).

The expression levels of apoptosis related factors, such as
active-Caspase-3, Bax, Bcl-2, were determined by RT-qPCR and
western blot assay in above groups. The results demonstrated
that sevoflurane dramatically up-regulated the expression levels
of pro-apoptosis factors active=Caspase-3 and Bax (P<0.01),
and LBP effectively down-regulated them dose-dependently
(100, 200 and 400 ug/ml), both in mRNA and protein manners
(P<0.05). Meanwhile, sevoflurane notably down-regulated
the expression of apoptosis inhibitor Bcl-2 (P<0.01), and
LBP effectively up-regulated them dose-dependently (100,
200 and 400 pg/ml), both in mRNA and protein manners
(P<0.05; Fig. 2C-E).

LBP activated ERKI1/2 pathway in hippocampal neurons
injured by sevoflurane. The phosphorylation levels of ERK1/2
in above groups were assessed by western blot. The assay illus-
trated that, protein levels of p-ERK1/2 decreased significantly
in SEV group compared with control group (P<0.01), which

increased notably dose-dependently (100, 200 and 400 pg/ml)
when treated with LBP, compared with SEV group (P<0.05).
Meanwhile, t-ERK1/2 levels were of no significant differences
among different groups (Fig. 3A and B).

ERK1/2 inhibitor blocked function of LBP on sevoflurane
injured hippocampal neurons. Western blot assay on ERK1/2
protein levels in Control, SEV, LBP400+SEV, ERK1/2
inhibitor+LBP400+SEV groups revealed that, the increased
protein levels of p-ERK1/2 in LBP400+SEV group was
blocked when pre-treated with ERK1/2 inhibitor (P<0.05)
(Fig. 4A and B). The FCM analysis on apoptosis rates verified
that, LBP declined the apoptosis rates of hippocampal neurons
treated with sevoflurane in LBP400+SEV group, which was
attenuated by ERK1/2 inhibitor (P<0.05) (Fig. 4C and D).
RT-qPCR and western blot assays showed that levels of
active=Caspase-3 and Bax were promoted, Bcl-2 was inhibited
by ERK1/2 inhibitor in ERK1/2 inhibitor+L.BP400+SEV group,
compared with LBP400+SEV group (P<0.05) (Fig. 4E-G).

Discussion
Sevoflurane, commonly used as inhalational anesthetics

in cesarean delivery and pediatric surgeries, is reported to
frequently induce behavioral and developmental cognitive
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disorders in children. It is necessary to find possible remedy
to prevent developmental anesthetic neurotoxicity. LBPs are
effective to enhance neurogenesis in hippocampus and to
improve cognition via apoptosis regulation in hippocampal
neurons under stress. It is exciting to verify the possible
molecular mechanism of LBP protecting neurons from sevo-
flurane injury.

The hippocampus is the critical tissue for spatial naviga-
tion and long-term memory in brain. In the present study, the
primary hippocampal neurons isolated from SD embryonic
rats were observed by light microscopy after culture for 3 and
7 days. Then neurons cultured for 7 days were chosen for the
following research, for the best developing morphologies with
much more tightly connected neurites. LBP alone didn't affect
cell viabilities of hippocampal neurons. 3% seveflurane was
used to construct the injury model in the studies before (6,26),
Moreover, the inhibition rate of 3% sevoflurane on neurons
viability at 6 h was 53%, so 3% sevoflurane treatment for 6 h
was chosen for following experiments. Cell differentiation
happens along with the whole process of neurons development.
As a spontaneous cell-suicide process, apoptosis of neurons
is needed for regular brain development. However, abnormal
apoptosis could inhibit cell viability too. In our study, LBP
was found promoting cell viability, proliferation, and inhib-
iting cell apoptosis of neurons injured by 3% seveflurane
dose-dependently (100, 200 and 400 pg/ml).

Sevoflurane neurotoxicity in immature brain is related to
excessive apoptosis, including abnormal expression of Bcl-2
family members and caspases (25). The members of Bcl-2
family, including Bax, Bcl-2 and Bcl-XL, are the main regula-
tors of apoptosis (30,31). As a critical anti-apoptosis factor,
Bcl-2 inhibits apoptosis predominantly by inhibiting caspase
pathway. On the other hand, Bax conjugates with Bcl-2,
forming heterodimer, to induce the release of cytochrome
¢, activate caspase pathway and promote apoptosis (32,33).
Caspases are a family of cysteine-aspartic proteases. Being
the final executor of caspase pathway, caspase-3 plays an
important role to degrade cellular components and induce
apoptosis (34). Consistent with previous researches, our study
showed that sevoflurane-treatment on hippocampal neurons
significantly increased the expression levels of pro-apoptosis
factors like Bax and active-Caspase-3, and decreased the
expression levels of anti-apoptosis factors such as Bcl-2.
It showed that, LBP promoted cell viability and differen-
tiation, inhibited apoptosis dose-dependently by declining
Bcl-2 and elevating Bax and active-Caspase-3 expression, in
hippocampal neurons injured by sevoflurane in our study, as
expected.

Recently, studies have provided evidence that numerous
pathways were involved in sevoflurane induced injury on
neurons (35). ERK1/2 MAPK pathway is activated by different
stimulus including growing factors, mechanical stress and
so on (36). The activation of ERK1/2 is necessary for signal
transduction, from cell membrane surface receptors to nucleus.
ERK1/2 MAPK signaling pathway has been reported to play
essential roles in developmental neuronal survival and sevo-
flurane neurotoxicity (6-8), to increase dendritic spine density
during synaptogenesis in hippocampal neurons, and to help
improving learning and memory abilities (37,38). MEK (ERK1/2
kinase) inhibitor PD98059 is specific for ERK1/2 pathway,
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by noncompetitively binding to MEK, it is commonly used to
block ERK1/2 pathway. In our study, LBP was found effectively
promoting ERK1/2 activation by increasing ERK1/2 phosphory-
lation levels, which was decreased remarkably by sevoflurane
in hippocampal neurons. The phosphorylation levels of ERK1/2
were attenuated when additional ERK1/2 inhibitor PD98059
was applied. Furthermore, ERK1/2 inhibitor could attenuate
function of LBP on apoptosis inhibition, in hippocampal neurons
treated with sevoflurane. Consistent with the promoted apop-
tosis, the expression levels of Bax and active-Caspase increased,
and Bcl-2 decreased when ERK1/2 inhibitor existed, Though it
would be better to investigate effect of ERK1/2 activation on it
at the same time, the results have indicated that LBP protected
neurons from sevoflurane induced apoptosis through ERK1/2
pathway, which might attenuate cell viability and proliferation
abilities of primary hippocampal neurons.

Based on the whole study, LBP could promote cell
viability, cell proliferation and inhibit apoptosis of primary
hippocampal neurons injured by sevoflurane, through
activating ERK1/2 MAPK pathway. Moreover additional
ERK1/2 inhibitor could attenuate function of LBP by
promoting cell apoptosis. It provided novel light to attenuate
neurotoxicity of inhalational anesthetics in clinic. Function
of LBP on sevoflurane-induced behavioral changes, cognitive
and memorial disorders in vivo might be further studied in
the future.
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