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traumatic brain injury in a rat model
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BACKGROUND: The effect of pituitary adenylate cyclase activating polypeptide (PACAP)

during traumatic brain injury (TBI) and whether it can modulate secondary injury has not been
reported previously. The present study evaluated the potential protective effects of ventricular infusion
of PACAP in a rat model of TBI.

METHODS: Male Sprague Dawley rats were randomly divided into 3 treatment groups (n=6,
each): sham-operated, vehicle (normal saline)+TBI, and PACAP+TBI. Normal saline or PACAP (1 ug/5
pL) was administered intracerebroventricularly 20 minutes before TBI. Right parietal cortical contusion
was produced via a weight-dropping method. Brains were extracted 24 hours after trauma. Histological
changes in brains were examined by HE staining. The numbers of CD4* and CD8" T cells in blood and
the spleen were detected via flow cytometry.

RESULTS: In injured brain regions, edema, hemorrhage, inflammatory cell infiltration, and
swollen and degenerated neurons were observed under a light microscope, and the neurons were
disorderly arrayed in the hippocampi. Compared to the sham group, average CD4" CD8™ lymphocyte
counts in blood and the spleen were significantly decreased in rats that received TBl+vehicle, and
CD4~ CD8" were increased. In rats administered PACAP prior to TBI, damage was attenuated as
evidenced by significantly increased CD4", and decreased CD8", T lymphocytes in blood and the

spleen.

cellular immune function.

CONCLUSION: Pretreatment with PACAP may protect against TBI by influencing periphery T
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INTRODUCTION

Besides the initial primary insult in traumatic brain
injury (TBI), secondary injuries are also possible.
Secondary injuries are mainly caused by local
inflammation and immune suppression, as well as
dysregulation of the neuroendocrine system.'"’ The
prevention and treatment of secondary brain injury has
become a focus for neuroscience studies.

Pituitary adenylate cyclase-activating polypeptide
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(PACAP) has been considered as a neuromodulator and
trophic factor, and has demonstrated protective effects
in brain ischemia and Parkinson's disease.”™” It was
also found to participate in immune regulation, and be
able to suppress antigen-presenting cell function in an
autoimmune encephalomyelitis model.””! Yet the effect
of PACAP during TBI and whether it can modulate
secondary injury has not been reported previously. The
present study aimed to evaluate the potential protective
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effects of ventricular infusion of PACAP in a rat model
of TBI.

METHODS
Rats
Eighteen adult male Sprague Dawley rats (220-240

g) were provided by the Experimental Center of Xuzhou
Medical College (license: SYXK [su] 2002—-0038).
The rats were randomly assigned to 3 groups (n=6
each): sham-operated (skull opening only), saline and
TBI (NS+TBI; 5 pL saline injection into the ventricle
20 minutes prior to TBI), and PACAP and TBI
(PACAP+TBI; 1 ng PACAP [St. Louis, US] in 5 pL
saline infusion into the ventricle 20 minutes prior to TBI).
The stereotaxic coordinates for ventricular infusion were
AP 1.0, L 1.5 and H 4.5 mm. The infusion lasted for 2
minutes and the needle was left for 10 minutes before
withdrawal.

The rat TBI model was set up as previously
described.”” A 20 g weight was dropped from a height of
30 cm (600 g/cm) onto a metal plate over the 4-mm hole
in the skull (dura was left intact before the hit). Then
the incision was closed and the animals were left for
free recovery. All procedures were in accordance with
the local Ethics Committee for Animal Experimental
Research and the project was approved by the institution.

Histology
Twenty-four hours after the surgery and induced

trauma, the rats were euthanized after transcardial
perfusion with 4% paraformaldehyde (in 0.1 mol
phosphate buffered saline). Their brains were removed,
post-fixed in 4% paraformaldehyde for 48 hours, and
then processed for 5-um paraffin sections, followed by
HE staining to assess histological changes after TBI.

Flow cytometry
Blood samples (5 mL) in each rat were obtained

from the heart ventricle after the rats were euthanized,
with heparin added for anti-coagulation. Additionally,
some spleen tissues were homogenized. Fifty microliters
of blood or spleen tissue solution were then mixed with
1.25 uL CD4 monoclonal antibody (phycoerythrin-
labeled) and 1 pL CD8 monoclonal antibody (fluorescein
isothiocyanate-labeled; BioLegend, San Diego, US) for
a 15-minute incubation in the dark at room temperature.
Then 450 uL hemolysin was added to the mixture in the
dark for another 15 minutes. The solution was examined
with fluorescence-activated cell sorting (FACS) calibur

flow cytometry (BD, US), and the results were analyzed
with CellQuest Pro software.

Statistical analyses
Data were presented as mean = standard deviation

and were analyzed with SPSS 16.0 software (Chicago,
US). Analysis of variance (ANOVA) was used for
comparisons among the 3 treatment groups, and Scheffe's
test was used for comparisons between 2 groups. P<0.05
was considered statistically significant.

RESULTS

General changes in brain morphology
Right parietal cortical contusion was produced via

a weight-dropping method. Sites of injury (diameter 5
mm) were found in local cortical tissues, with ischemic
and necrotic regions (Figure 1).

Effects of PACAP on cortical and hippocampal
injury

In the TBI group, HE staining of injured brain
regions revealed the presence of edema, hemorrhage,
inflammatory cell infiltration, and swollen and
degenerated neurons. In the hippocampi, neurons were
disorderly arrayed. PACAP infusion into the ventricle
prior to induced trauma reduced edema in the brain tissue
and alleviated neuronal swelling and necrosis (Figure 2).

Effects of PACAP on circulating CD4" and CD8*
T cells

Flow cytometry showed that, compared with the
sham-operated rats, there were significantly fewer CD4"
T cells in the blood of NS+TBI rats (P=0.000). However,
ventricular infusion of PACAP prior to induced trauma
partially inhibited this response: there were significantly
more CD4" T cells in the PACAP+TBI group, compared
with the NS+TBI group (P=0.019; Table 1). There were
significant differences in the numbers of CD4" T cells
among the three treatment groups (F=26.702, P=0.000).

Figure 1. Schematic representation of the cortical contusion area
induced by weight-dropping trauma.
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Figure 2. Photomlcrographs showmg the effects of microinjection of PACAP into the Ventncle on cerebral cortex neurons adjacent to the contused
area and hippocampal neurons following TBI in rats. A: cortical tissues adjacent to the injury site; B: the hippocampus of the injury side. HE

staining (original magnificationx200).
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Figure 3. Effects of microinjection of PACAP into the lateral ventricle on CD4" and CD8" T cell numbers in the blood of TBI rats.

Table 1. The effects of microinjection of PACAP into the brain lateral
ventricle on CD4" and CD8" T cell numbers in the blood of TBI rats (n
=6, mean+SD)

Group CD4" T cells CDS8" T cells
Sham 59.57+4.97 13.54+4.51
NS+TBI 39.20+2.44" 24.62+6.27"
PACAP+TBI 48.26+6.29" 18.34+5.09

Compared with the sham group, 'P<0.01; compared with the
NS+TBI group, *P<0.05.

On the other hand, compared with the sham-operated
rats there were significantly more CD8" T cells in the
blood of NS+TBI rats (P=0.01). Although PACAP
treatment prior to trauma decreased the numbers of CD8"
T cells compared with the NS+TBI rats, the difference
was not significant (P=0.162; Table 1, Figure 3). There
were significant differences in the number of CD8" T
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cells among the three groups (F=6.452, P=0.010).

Effects of PACAP infusion on CD4" and CD8"
T cells in spleen tissues

Flow cytometry showed that, similar to the results
for circulating CD4" T cells, compared with the sham-
operated group there were significantly fewer CD4" T cells
in the spleen tissues of NS+TBI rats (P=0.005). However,
there were no differences in the numbers of CD4" T cells
between the PACAP+TBI and NS+TBI groups (P=0.839;
Table 2, Figure 4). There were significant differences
among the three groups (£=8.987, P=0.003).

The number of CD8" T cells increased in the
NS+TBI group after induced trauma, compared with
the sham-operated rats (P=0.034), and PACAP infusion
did not decrease these numbers (P=0.199, compared
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Figure 4. Effects of microinjection of PACAP into the ventricle on CD4" and CD8" T cell numbers in the spleen of TBI rats.

Table 2. The effects of microinjection of PACAP into the ventricle
on CD4" and CD8" T cell numbers in the spleens of TBI rats (n=6,
mean+SD).

Groups CD4" T cells CDS8" T cells
Sham 43.1443.73 17.43+3.76
NS+ TBI 25.74+4 46" 23.26+4.13"
PACAP+ TBI 28.37+11.93 19.49+2.11

Compared with the sham group, "P<0.05, “P<0.01.

with NS+TBI; Table 2, Figure 4). There were significant
differences among the three groups (£=4.413, P=0.031).

DISCUSSION
TBI is currently the third leading factor of the central

nervous system, and is the main cause of mortality in
males between 20 and 45 years of age. TBIs are both
primary and secondary. Secondary injuries include
pathological changes due to immune reactions and
blood flow changes in the local brain area. These lead to
dysfunction in metabolism and the release of excitatory
amino acids, calcium increase, oxidative stress, and
immune responses.” " Both local immune responses
and post-injury immune suppression have roles in the
development of secondary TBIL."

PACAP was discovered in 1989 by Miyata et al"'*'""!
in the hypothalamus, and was found to activate pituitary
adenylate cyclase. PACAP includes PACAP38 and
PACAP27, and its functions include neuromodulation,
neurotrophic effect, and neuroprotection.”’ In one study,
PACAP inhibited the JNK and p38 signaling pathways
to prevent neuronal death in rat hippocampi following
brain ischemia, and protected against ethanol-induced
neuronal death via PAC1 signaling."” Moreover, PACAP
could alleviate diffuse axonal injury after TBL.!" The
results of the present study concur with these findings.

The administration of PACAP prior to contusion injury
prevented neuronal death and brain tissue edema
afterward, which is highly specific for these brain areas.

PACAP was found to ameliorate experimental
autoimmune encephalomyelitis,”* and inhibit IL-12
expression via cAMP-dependent and non-dependent
pathways. It also could upregulate the expression of Il-
10 and its release. In the present study we examined the
effects of PACAP on TBI-induced immune responses.
TBI induced T cell-mediated immune suppression,'®
in both animal and clinical studies. The percentage of
CD4" and CD8" T cells could be considered indices of a
functional immune system. CD4" T cells recognized the
antigen presented by major histocompatibility complex
(MHC) class II molecules (Fas signaling),!"” while
CDS8" T cells recognized the antigen presented by MHC
class I molecules."*" Our results were consistent with
these data, and we found that, post-contusive injury,
CD4" T cells decreased while CD8" T cells increased,
implying suppression of the immune response. With
PACAP treatment, CD4" T cells increased and CD§"
decreased. Possibly, PACAP inhibits the expression of
IL-12 thereby preventing T cell proliferation, or PACAP
inhibits FasL expression suppressing the apoptosis of
CD4" T cells.”"*

In conclusion, our results indicate that PACAP is
neuroprotective after TBI, partly through the regulation
of circulating T cells. Ventricular infusion of PACAP
with local efficiency may suggest new possibilities in
clinical therapies.
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