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The aim of this study was to investigate the caspase-3 activity in neuronal apoptosis after
experimental closed head trauma model in rats. Twenty adult male rats were randomly
divided into two groups: control and trauma groups. In trauma group, a cranial impact
was delivered to the skull from a height of 7 cm at a point just in front of the coronal
suture and over the right hemisphere. Rats were sacrificed at 12 hours after the onset
of injury. Brain tissues were removed for histopathological investigation. In the trauma
group, the neurons became extensively dark and degenerated into picnotic nuclei. The
number of apoptotic neurons in frontal cortex tissue of trauma group was significantly
more than control groups. In conclusion, the caspase 3 immunopositivity was increased
in degenerating neurons of the frontal cortex tissue following trauma. The present results
indicate that closed head trauma caused degenerative changes and increased caspase 3

immonupositivity in neurons.
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1. Introduction

In humans, frontal impact, closed head trauma is arguably the
most frequently encountered cause of traumatic brain injury,
especially with motor vehicle, sports, and other types of acci-
dents, and accounts for a disproportionate number of diffuse
brain injuries (Adams et al., 1982; Adams et al., 1989; Cecil
et al., 1998). Diffuse brain injury is often marked by suba-
rachnoid hemorrhage, scattered intraparenchymal petechial
hemorrhages, and diffuse axonal injury. Diffuse axonal injury
is a common primary lesion both in humans and in experi-
mental animals, and results from shearing forces that develop
within the anisotropic brain, especially when it is subjected to
rotational acceleration (Gennarelli et al., 1981; Gennarelli et
al., 1982; Prange et al., 2000).

Apoptosis, a type of programmed cell death, is a major
event in normal development of the nervous system, play-
ing an important role in the establishment of neuronal con-
nections (Oppenheim, 1991; Oppenheim, 1996; Clarke et al.,
1998). Apoptotic cell death is executed via molecular path-
ways that are mediated by the activation of caspases, a family

of cysteine proteases (Zimmermann et al., 2001). Caspase-3,
a main effector caspase, is strongly implicated in neuronal
apoptosis (Cohen, 1987), which occurs due to competition
for, or limited supply of, neurotrophins that suppress the en-
dogenous genetic death program. Evidence suggests that ex-
perimental axotomy or target elimination and withdrawal of
neurotrophins result in an increase in apoptosis during devel-
opment and in the adult (Henderson, 1996; Hortnagl, 1997).
In the present study, we aimed to investigate the capase-3 ac-
tivity in experimental closed head trauma model in rats.

2. Materials and methods

Animals

Twenty healthy male Sprague-Dawley rats averaging 16
weeks old were utilized in this study. The rats were kept in
a windowless animal quarter where temperature (22 + 2C°)
and illumination were automatically controlled (light on at 07
am and off at 09 pm: 14 h light/10 h dark cycle). Humidity
ranged from 50% to 55%. All animals received human care
according to the criteria outlined in the ‘Guide for the Care
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and Use of Laboratory Animals’ prepared by the National
Academy of Sciences and published by the National Insti-
tutes of Health. The study was approved by the Institutional
Animal Ethical Committee of the Namik Kemal University,
Tekirdag, Turkey.

Experimental design
Animals were divided randomly into two groups: Control
and closed head trauma; each group contain 10 animals. Rats
were sacrificed at 12 hours after the onset of injury.

Closed head trauma procedure
Rats were anesthetized with an intraperitoneal injection of
ketamine hydrochloride (70 mg/kg) and xylazin hydrochlo-
ride (7 mg/kg). The animals maintained spontaneous breath-
ing. The heads of the animals were fixed into the head injury
device with the chin resting firmly on the bottom plane. The
application of the closed head injury was made according
to the modified method described by Shapira et al. (1988).
In trauma group, the cranial impact was induced to a point
on the right hemisphere 2 mm lateral to the midline and just
in front of the coronal suture. The free fall occurred from a
height of 7 cm, preferable for producing impact energy of 0.5
Joules over the skull. The rats were decapitated 12 hours after
the onset of the injury. Frontal brain tissues were removed for
histopathological investigation.

Histological Examinations
Brain tissue were harvested from the sacrificed animals, and
the tissues were fixed in 10% neutral buffered formaline,
embedded in paraffin, sectioned at 5 pm thickness and then,
stained with heamatoxyline and eosine. Histological speci-
mens were examined in light microscopy (Nikon Optiphot
I, Japan).

Immunohistochemistry for Caspase-3
For immunohistochemical observations, the brain tissues
were fixed in 10% neutral buffered formaline, embedded in
paraffin and sectioned at 5 um thickness. Immunocytochemi-
cal reactions were performed according to the ABC technique
described by Hsu et al., (1981). The procedure involved the
following steps: (1) endogenous peroxidase activity was
inhibited by 3% H,O, in distilled water for 30 min; (2) the
sections were washed in distilled water for 10 min; (3) non-
specific binding of antibodies was blocked by incubation
with normal goat serum (DAKO X 0907, Carpinteria, CA)
with PBS, diluted 1:4; (4) the sections were incubated with
specific rabbit polyclonal anti-caspase-3 antibody (Cat. #RB-
1197-P, Neomarkers, USA) diluted 1:50 for 1h at room tem-
perature; (5) the sections were washed in PBS 3 x 3 min; (6)
the sections were incubated with biotinylated anti-mouse 1gG
(DAKO LSAB 2 Kit); (7) the sections were washed in PBS 3
x 3 min; (8) the sections were incubated with ABC complex
(DAKO LSAB 2 Kit); (9) the sections were washed in PBS 3
% 3 min; (10) peroxidase was detected with diaminobenzidine
as substrate for 10 min; 11) the sections were washed in PBS;
12) the sections were counterstained with hematoxylin for 1
min, dehydrated through a graded ethanol series; and 13) the
sections were mounted in DAKO paramount. As a negative
control, primary antibody was replaced with PBS. All dilu-
tions and thorough washes between steps were performed
using phosphate buffered saline unless otherwise specified.
All steps were carried out at room temperature unless other-
wise specified. As a negative control, primary antibody was
replaced with PBS.

Microscopic examination
Histological specimens of the frontal cortex were examined
under light microscopy, with the examination carried out at a
magnification of 400 and the counts of neurons determined
per square millimeter with the use of a standardized ocular
grid. Apoptotic neurons (strong caspase 3 immunopositive)
were counted. The distribution of neurons was examined in
the sections from the specimens were subjected to immuno-
histochemical staining by using anticaspase-3 antibody. Tis-
sue sections were examined under light microscopy (x400)
and the number of the neurons counted within random high-
power fields using a Nikon Optiphot 2 light microscope in-
corporating a square graticule in the eyepiece (eyepiece %10,
objective x40, a total side length of 0.25 um2). Neuron den-
sity was assessed by counting the number of cells in 400 high
power fields amongst the frontal cortex tissue preparations
of each group. The neuron density in each site was calcu-
lated and recorded as the number of neurons /um?2. The tissue
compartments were used to record neuron distribution in the
frontal cortex tissue.
Statistical Analysis

All statistical analyses were carried out using SPSS statisti-
cal software (SPSS for windows, version 11.0). All data was
presented in mean (£) standard deviations (S.D.). Differences
in measured parameters among the three groups were ana-
lyzed with a Kruskal-Wallis test. Dual comparisons between
groups exhibiting significant values were evaluated with a
Mann—Whitney U-test. These differences were considered
significant when probability was less than 0.05.

3. Results
Histological findings: In the control group, the morphology
of neurons in the brain tissue was normal (Fig. 1a). In the

Fig. 1. Representative light microphotographs showing the mor-
phology of the frontal cortex tissue by hematoxylin-eosin.
(a) Control group: Normal frontal cortex tissue histology is
seen. (b) Closed head trauma group: Severe degenerative
changes, shrinkage cytoplasm and extensively dark picnotic
nuclei in neurons of the frontal cortex tissue are seen. (H&E,
scale bar, 50 pm).

closed head trauma group, the most consistent findings occur-
ring in the histological tissue sections stained with hematoxy-
lin-eosin were those indicating severe degenerative changes,
shrunken cytoplasma and extensively dark picnotic nuclei in
neurons (Fig. 1b).
Immunohistochemical findings

Mild caspase-3 immunoreactivity was observed in the cyto-
plasm of neurons in control rats (Fig. 2a). The micrographs
showed apoptotic neurons by caspase-3 immunohistochemis-
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Fig. 2. Representative light microphotographs showing apoptosis of
the frontal cortex tissue by caspase-3 immunohistochemis-
try. (a) Control group: Neuronal cells are mildly stained with
the anti-caspase-3 antibody. (b) Closed head trauma group:
The caspase-3 immunopositivity was strongly increased in
degenerating neurons of the frontal cortex tissue after trau-
ma. (Immunoperoxidase, haematoxylin counterstain, scale-
bar, 50 pm)

try after closed head trauma in rats. The caspase 3 immunop-
ositivity was increased in degenerating neurons of the frontal
cortex tissues following closed head trauma (Fig. 2b).

Table 1. The numbers (number/um?2) of apoptotic neurons (strong
caspase 3 immunopositive) in the frontal cortex tissues of
control and closed head trauma groups.

Groups Brain tissue
Control 10.31 £5.72
Closed head trauma 79.24 £3.96°

The data is expressed as mean + standard deviation (S.D.), (n = 10).
" P<0.0001 when compared to control group.

On the other hand, the number of apoptotic neurons were in-
creased significantly in closed head trauma group compared
to control (P<0.0001), (Table 1).

4. Discussion

Trauma to the brain causes tissue damage by primary and
secondary injury to the neural tissue. Primary injury, due to
an initial mechanical trauma, results in physical disruption of
vessels, neurons and their axons (Marshall, 2000; Ozsuer et
al., 2005). Secondary Siesjo, (1993) injury, at the subcellular
level, follows the primary impact and causes the death of ad-
ditional tissue at the peripheral zone of the initial damage. Al-
leviation of this type of injury is considered the main target of
medical treatment (Ozsuer et al., 2005). As far as the mecha-
nisms of secondary brain damage are considered, oxygen free
radicals and lipid peroxidation are believed to play crucial
roles (McCall et al., 1987; Ikeda and Long, 1990; Clausen
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