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Hyperbaric oxygen (HBO) has been used as a primary or adjunctive therapy over the last 50
years with controversial results, both in experimental and clinical studies, and definitive
established mechanisms of action are still lacking. It is not unlikely that some of the effects of
HBO on neuronal survival are mediated indirectly by glial cells, which are robustly activated
after brain injury and are known to play important roles in neuroprotection and
neurodegeneration. Previously, we have shown that cortical lesions cause massive activation
of glial cells primarily in injured cortex. Neuroinflammation following acute brain trauma is
considered to play a prominent role in both the pathological and reconstructive response of
the brain to injury. The CD40 receptor (CD40) and CD40 ligand (CD40L) has now been well
established as a pair of regulators of pro-inflammatory and immune responses. Strategies to
suppress CD40/CD40L expression may attenuate inflammation and neuronal damage within
the CNS, which will ultimately be of benefit in recovery. Since the effects of repetitive HBO
treatment on glial and immune response after stab sensorimotor cortex injury to the rat brain
have not been addressed so far, the aim of this study was to compare these responses in
treated vs. untreated animals.

Animals and surgery : Experiments were conducted on the male Wistar rats, 10 weeks old.

Surgery : experimental animals (n=10 per group) were in ether anesthesia subjected to stab injury of the
left sensorimotor cortex (2 mm posterior to the bregma, 2 mm from the midline, 2 mm deep). Sham controls (S,
S+HBO) passed the same operation protocol but without skull injury. Two groups of animals were left intact (C,
C+HBO) and served as physiological controls.

Immunohistochemical labeling of CD40L was not found in physiological controls (A,
B, C). After the injury CD40L was profoundly expressed on reactive astrocytes (D, E, F) and T-
lymphocytes (G,H) around the lesion site. After HBO treatment, astrocytic bodies and processes
were intensively stained with CD154 antibody near the lesion site, while deeper layers showed no
immunoreactivity (G, H, I). Magnification: 10x, 20x, 40x, respectively. Western blot analysis
confirmed observed results.

Introduction

Material and methods

16���P thick coronal sections of rat forebrain were used for immunostaining. Santa Cruz goat (CD154) and rabbit (CD40) polyclonal antibodies were used at
dilution 1:200, while vimentin mouse moniclonal antibody (DAKO) was used as 1:100. Immunoperoxidase staining was performed with the Vector ABC kit.
The reaction was viewed on the computer based Leica DMRB photomicroscope. Double immunofluorescence was performed using rabbit (GFAP) and goat
(CD154) primary antibody. On the next day, slides were washed and than incubated with Alexa555 donkey anti-rabbit secondary antibody and Alexa488
donkey anti-goat secondary antibody (1:200, Invitrogen) for 2 hours, respectively. Staining was visualized with a Carl Zeiss AxioVision microscope with
ApoTome software module for generating optical sections through fluorescence samples. All images were acquired on 100x magnification or as indicated.

In C sections immunohistochemical labeling for ICAM-1 in cortex was weak (A, B, C).
After the stab lesion endothelial cells and blood vessels around the lesion site were intensively stained
with ICAM-1 antibody (D, E , F), while deeper layers showed weak immunoreactivity. After HBO
treatment, immunoreactivity was observed predominantly around the lesion site, while deeper layers
showed no immunoreactivity (G,H, I). Magnification: 10x, 20x, 40x, respectively.

Immunohistochemical staining of brain slices revealed CD40 expression on neuronal cells
in all examined groups (A-I). After the lesion, CD40 was expressed on activated microglia /
macrophages (inset D), while in physiological (A, B, C) and HBO conditions (G, H, I) was not detected.
Magnification: 10x, 20x, 40x, respectively. Western blot analysis revealed almost 2-fold increase of
CD40 expression after brain injury compared to intact physiological controls.

Double immunofluorescent staining for CD40L (green) and GFAP (red) revealed their co-localization in reactive astrocytes confirming that astrocytes are the
predominant source of CD40L in the brain. HBO treatment reduced the number of reactive astrocytes in the region of the lesion site and changed their morphology towards resting form, while
CD40L+ T-lymphocytes were not observed. These data were correlated to Western blot observations.

HBO treatment : after the sanitation of the wound, one hour following the
surgical procedure, animals were subjected to the HBO protocol for 60 minutes
(compression/decompression periods lasted 10 minutes), pressure applied from 2 to
2.5 ATA. The treatment was performed once a day for 10 days.

Results

Immunohistology

Western blot analysis
SDS-PAGE and immunoblot analysis of the rat cortex P2 fractions (10 mg protein) resuspended in the Laemmle sample buffer was done. The proteins were
separated in 7.5% SDS polyacrylamide gels. After electrophoresis, the gel was transferred to a PVDF membrane using a Mini Trans-Blot apparatus (Bio-Rad
Laboratories). PVDF membranes were blocked with 5%non-fta dry milk. Subsequently, membranes were incubated overnight (at 4�•C) with primary polyclonal
antibodies against rabbit CD40, goat CD154 (1:1000 dilution; Santa Cruz) and rabbit GFAP 1:7000 dilution; DAKO. After addition of the corresponding
secondary antibodies (1:20,000 dilution; Santa Cruz Biotechnology), membranes were processed using the enhanced chemiluminescence assay as
described by the manufacturer and exposed to an X-ray film. The molecular weights of the bands reacting with the antibodies were determined according to
the migration of kaleidoscope broad range molecular weight standards. The densitometric analysis was performed with Image J Processing and Analysis
program (JAVA version 1.32j; National Institutes of Health, Bethesda, MD).
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Vimentin immunoreactivity in the peri-lesioned region of injured cortex was 
significantly lowered in HBO-treated group, due to reduction of reactive astrogliosis and 
prevention of glial scar formation.  Magnification: 10x, 20x, 40x, respectively.


