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Signaling pathways in hyperbaric oxygen-induced HSP32 expression

in primary cultured rat spinal neurons
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Weigang Xu”
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Abstract Introduction/Background: Our previous study found that HBO preconditioning
significantly protected the primary cultured rat spinal neurons via HSP32 against oxidative insult
and oxygen glucose deprivation, which are two pivotal mechanisms involved in the
physiopathology of decompression sickness spinal cord injury. In this study, the molecular
mechanisms were further investigated.MaterialsandMethods:After HBO exposure, the
production or expression of ROS, NO and the related key signaling molecules were determined by
fluorescent probe, protein microarray and western blotting in primary cultured spinal neurons. The
participation and sequence of ROS, NO and activated signaling molecules in the signaling cascade
from HBO to HSP32 were evaluated using specific inhibitors or gene knockdown.Results: A
single exposure of HBO (280 kPa, 60 min) significantly increased levels of intracellular ROS and
NO and activated ERK1/2, p38MAPK, CREB and Nrf2. The expression of HSP32 by HBO was
significantly reversed by pretreatment with ROS scavenger NAC, p38MAPK inhibitor SB203580
or Nrf2 knockdown, enhanced by ERK1/2 inhibitor U0126. Pretreatment with NAC significantly
inhibited the activation of ERK1/2, p38 MAPK, and Nrf2. SB203580 inhibited the activation of
Nrf2.Conclusion: HBO induces HSP32 expression through the ROS/p38MAPK/Nrf2 pathway in
primary cultured rat spinal neurons, and ERK1/2 pathway may contribute to a negative regulating
mechanism. Further investigation is in progress.

Keywordshyperbaric oxygen, spinal cord injury, heat shock protein 32, reactive oxygen
species.

Introduction

Spinal cord injury (SCI) is an unpredictable and disastrous disease, which maybe a
complication of surgical operations on the spinal column or thoracoabdominalaorta, or result from
decompression sickness (DCS) associated with sport or commercial diving (19,26). Many
therapies have been suggested to protect against SCI, including hypothermia, anti-excitotoxic
agent, calcium channel blockers, N-methyl-D-aspartate receptor antagonists, and cerebrospinal
fluid drainage, but the improvement in outcome is marginal(27). Novel effective therapies are in
desperate needed to prevent SCI.

The pathological sequence of SCI is mainly mediated by edema, inflammation, excitotoxicity,
ischemia-reperfusion injury, and oxidative cell damage (9,18). Concerning the inadequacy blood
supply and high content of lipid in spinal cord, which is damaged easily by free radicals,
ischemia-reperfusion injury and oxidative stress are two critical mechanisms of SCI (9,27). Our
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previous work found that hyperbaric oxygen preconditioning (HBO) significantly protected the
primary cultured rat spinal neurons from oxidative insult and oxygen glucose deprivation (a cell
model of ischemia-reperfusion injury) via up-regulating the heat shock protein (HSP) 32
expression (6).

Materials and Methods

Materials

Statistical analysis

The results are presented as meantstandard deviation (SD). Statistical analysis was
performed with SPSS software (version 16.0), using one-way ANOVA followed by LSD. P<0.05
was considered statistically significant.

Results
HBO increased intracellular ROS and NO levels

In this study, we firstly observed the effects of HBO on intracellular ROS and nitric oxide
(NO) levels, immediately after HBO exposure, using 2,7-dichlorodihydrofluorescein diacetate
(DCFH-DA,......

L-NAME

ROS

NO

Figurel.Effects of HBO on intracellular ROS and NO levels in spinal neurons.
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Figure 2. Effects of ROS or NO inhibiting on HBO induced HSP32 expression. Significance
compared with Air group,ttp< 0.01; significance compared with HBO group, **p< 0.01.

ROS is responsible for HBO mediated HSP32 induction.
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Discussion

Our previous study indicated that HBO may be an effective prevention measure against SCI.

In this study, we further investigated the mechanism of HBO mediated induction of HSP32 in
spinal neuron. The results showed that the induction of HSP32 by HBO is through the p38
MAPK/Nrf2 signaling pathway and is dependent on the production of ROS.
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Neuronal apoptosis analyzing on cortex different cell architecturalof

acute CO poisoned rat and HBO therapy

XUE Li, WANG Wen-lan, LI Ya, REN lJie, LI Jin-sheng, CHANG Yao-ming, XIE Xiao-ping
Department of Aerospace Medicine, the Fourth Military University, Xi’an, Shaanxi, 710032

AbstractObjective: To investigate the effects and mechanism on neuronal apoptosis of cortex
different cell architectural after acute carbon monoxide (CO) poisoning and hyperbaric oxygen
(HBO) therapy. Methods:The animal model of acute CO poisoning was established. Then the SD
rats were treated with hyperbaric oxygen therapy. Immunohistochemistry and
immunofluorescence were used to determine the expression level of caspase-3, NeuN and MMP-9
at 1d, 3d, 7d, 14d and 21d. Results:Different cell of rat cortex involved in neuronal apoptosis after
acute CO poisoning and HBO therapy; the internal-granular layer and internal-pyramidal layer of
cortex most sensitivity in apoptosis after acute CO poisoning. Caspase-3 and MMP-9 regulates
neuronal apoptosis: it began to increase at 1d, reached the maximum at 3d, started to decrease at
7d; for the CO poisoning rats treated with HBO therapy, MMP-9 and caspase-3 in cortex were
obviously decreased, especially in internal-granular layer and internal-pyramidal layer. On 7 day,
the inhibitory effect of HBO therapy is the most obvious. Conclusions:Neuronal apoptosis of
cortex depend on different cell architectural, internal-granular layer and internal-pyramidal layer
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are most sensitive in the 6 layers. MMP-9 expression may responsible on the apoptosis and may
related with matrix degradation. Also, the expression of caspase-3 and MMP-9 may related with
the function of neurons. HBO therapymay control the expression of apoptosis related proteins and
reduce the expression of MMP-9 and caspase-3, then inhibit neuronal apoptosis.

KeywordsHBO therapy, Carbon monoxide poisoning, MMP-9, Neuronal apoptosis
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