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Investigation of Various Events Occurring in the Brain
Tissue After Calvarial Defects in Rats
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SUMMARY: Bone damage and accidents, traumas can alter people's normal life, and damage the soft tissues. In this study, we
aimed to investigate in calvarial defects in rats depending on the severity of cerebral contusion injury occurring inrtdeegiopo
The rats were randomly divided into two groups: group 1 (control group), critical size cranial model with no treatmeng(oalQ);
(14-day synthetic graft group givefi @ay DEXA), critical size cranial model treated with Dexamethasone (0.05 mg/kg intramuscular
injection) +Synthetic graft (n=10) One calvarium defect of 7 mm was made in the parietal bone of each animal under géresial ane
Calvarial defect results in dilatation of blood vessels, hemorrhage and deterioration was observed in glial fibrillaeg sédditionally,
the increase in vascular endothelial growth factor expression showed a positive reaction with glial fibrillary acid patgtesast
extensions. Apoptotic glial cells stained positive with Bcl-2. Calvarial defects caused by mild brain injury, to be inthftzedrgatory
cytokines, interrupting glial fibrillary degeneration by affecting the blood brain barrier is thought to promote apoptgés.chan
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INTRODUCTION

Traumatic brain injury (TBI) is defined as damage tenechanism, and is thought to be generated in part by
the brain resulting from an external mechanical force, suslasogenic edema due to blood brain barrier (BBB)
as that caused by rapid acceleration or deceleration, blastakdown and in part by cytotoxic edema (Koshinaga, 2000;
waves, crush, impact, or penetration by a projectile, and ceenet al, 2003). Vascular Endothelial Growth Factor
lead to temporary or permanent impairment of cognitiv€/EGF) is a key player of angiogenesis in health and disease
physical and psychosocial functions. Depending on tH{€armeliet, 2003). The creation of the calvarial defect is
severity of injury, chronic constriction injury (CCI) resultsaccomplished primarily by the use of a dental trephine with
in an ipsilateral injury with cortical contusion, hemorrhaga dental drill against the superficial aspect of the calvarial.
and blood-brain barrier disruption (Dhillat al, 1994). This exposure is achieved through midline incision and
Neuronal cell death and degeneration, astrogliosis, microgl&gireading of the skin, fascial and periosteal layers overlying
activation, inflammatory events, axonal damage, cognitiibe sagittal suture of the calvaria. The bone is not completely
deficits, excitotoxicity and cortical spreading depressiorgenetrated by the trephine to avoid damage to the underlying
are reported to ensue (Udtl al, 1994; Smithet al, 1995; dural and brain tissues as the dura may play a role in bone
Moraleset al, 2005; Cernak, 2005; Griesbastal, 2009). healing and regeneration (Hotedral, 1993, 1996). Instead
An increase of Glial Fibrillar Acidic Protein (GFAP) the bone is thinned considerably and elevated using blunt
immunoreactivity is considered to be one sensitive markistruments to separate the bone from the underlying dura.
of such injuries (Bignami, 1991). Dexamethasone (Dex) is also an inducing factor which

stimulates the up-regulation of some major bone-related

Post traumatic brain edema is one of thgenes during osteogenesis. Bone has an architecture mainly
pathophysiologic events occurring late as a secondary injursgmposed of inorganic phase (70 %) consisting of HA and
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an organic fraction consisting of 95 % Type | collagen (Fratzhto the defect to fill in the defect area. At the end of the
et al, 2004). experiment, the calvarial bone was removed in oval shape of
the temporal. Brain specimens in temporal regions were fixed
Primary damage, which is seen immediately aften 10 % buffered formalin for 1 d, they were dehydrated in a
trauma, and secondary damage, which is seen several haguesled ethanol series, cleaned in xylene and embeded in
or days later, occur after Traumatic brain injury (Gentile &araffin Then 4um sections were cut and made into slides.
Mclntosh, 1993). Two pathogenic mechanismsThese were processed for Hematoxylin-eosin.
excitotoxicity and apoptotic, have been described during the
secondary damage. Using a model of combined traumaltismunohistochemical Technique Formaldehyde-fixed
brain injury and hypoxemia, Cladt al (1997) observed an tissue was embedded in paraffin wax for further
up-regulation of Bcl-2 in cortical and hippocampal neuronsnmunohistochemical examination. Sections were
that survived the traumatic injury, Apoptosis may be inducedkeparaffinized in absolute alcohol. Antigen retrieval process
by extracellular or intracellular events, such as oxidatiugas performed twice in citrate buffer solution (pH: 6.0); the
stress or excess calcium (Ketral, 1972). In this study, we first for 7 min, and later 5 min boiled in microwave owen at
aimed to investigate in calvarial defects in rats of differem00 W. They were allowed to cool to room temperature for 30
depending on the severity of cerebral contusion injumpin and washed twice in distilled water for 5 min. Endogenous
occurring in the temporal region. peroxidase activity was blocked in 0.1 % hydrogen peroxide
for 20 min. Ultra V block (Cat. No:85-9043, Invitrogen,
Carlsbad, CA, USA) was applied for 10 minutes prior to the
MATERIAL AND METHOD application of primary antibodies (Abcam anti-GAFP antibody
1:100), (mouse monoclonal Bcl-2 Santa-Cruz) 1:100 and
(Abcam VEGF anti- antibody), 1:100 overnight. Secondary
The study protocol was approved by the Animantibody (Cat.N0:85- 9043, Invitrogen, Carlsbad, CA, USA)
Research committee of Dicle University (DUHADEK),was applied for 20 min. Slides were then exposed to
Turkey. Twenty (20) adult Sprague-Dawley rats, each weighirggreptavidin—peroxidase for 20 min. As a chromogen,
180-220 g, were used as experimental animals. Animals watieminobenzidine (DAB Invitrogen, Carlsbad, CA, USA) was
housed individually in plastic cages in a controlled environmensed. Control slides were prepared as mentioned above but
(21°C; 12:12 light cycle) and were given ad libitum access tomitting the primary anti bodies. After counterstaining with
drinking water and a diet of standard laboratory rat food pelletsematoxylin, washing in tap water for 8 min and in distilled
The rats were randomly divided into two groups: group 1 (comvater for 10 min, the slides were mounted with entellan.
trol group), critical size cranial model with no treatment (n=
10); group 2 (14-day synthetic graft group giveéhday
DEXA), critical size cranial model treated with RESULTS AND DISCUSSION
Dexamathasone (0.05 mg/kg intramuscular
injection)+Synthetic graft. Animals were anesthetized with an
intramuscular injection of ketamine hydrochloride (Ketavett, Experimental group and control group were compared
5 mg/kg body weight) and routine infiltration anesthesia @b histopathological sections. When the control group brain
the surgical site. The surgical site was shaved and disinfectagtopathological examination; pyramidal neurons was not
An incision was made in the scalp in the sagittal plane acrasisserved any changes in the glial cells of the blood vessels. In
the cranium, allowing reflection of a full-thickness flap in é&xperimental group (Calvarial defects+Dexa+Synthetic graft);
posterior direction. A calvarial through-and-through osteotomgilatation of blood vessels and hemorrhage, degenerative
7.0 mm in diameter was trephined into the dorsal portion changes were observed in the blood brain barrier. Around blood
the parietal bone on each side of the midsagittal suture usingessels, in fibrillar structures we observed distortion and
dental handpiece and a trephine bur (Messeinger, Duesseldbyilinization some inflammatory cells. around blood vessels.
Germany) under constant irrigation with sterile saline and ti@ontrol animals displayed no reaction to VEGF in neuron,
trephined bone was removed from the surgical fieldylial or endothelial cells, neither in grey nor white matter.
StraumanfiBoneCeramic (particle size 500—1000 mm; Institut
Straumann AG, Basel, Switzerland), a medical grade, The initial mechanical impact can vary from superfi-
particulate form of biphasic calcium phosphate comprisingjal bruises to the head, to skull fracturing and direct damage
60 % hydroxyapatite and 40 % b-tricalcium phosphate withta the brain. The primary damage to the brain often leads to
wide spongiosa structure, a wide interconnected pore systeatondary cascade of events such as breakdown of the dura-
(300-1500um) and a crystalline size of 10-60 mm, wasnater and the blood-brain barrier, edema, inflammation,
moistened with sterile saline for 5 min before being placethange in ionic homeostasis, excitotoxicity, apoptosis and
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Fig.1.

a-Control group;Normal
appearance of pyramidal
neurons and glial cells in the
cerebral cortex, H-E staning
Bar 100um.

b- Calvarial defects+Dexa
+Synthetic graft group,
dilatation of blood vessels and
hemorrhage, degenerative
changes in the blood brain
barrier, H-E staning Bar 50
pm.

c- Control group; negative
VEGF expression in capillary
vessels, VEGF immuno-
staining Bar 10Qum.

d- Calvarial defects+Dexa+
Synthetic graft group, an
increase in the expression of
VEGF in neronal processes
and endothelial cells of blood
vessels VEGF immuno-
staining Bar 5Qum.

e- Control group; Regular
distribution in astrocytes
extension around the
vessel,weak
GAFPexpressionGAFP
immunostaining Bar 100m.
f-Calvarial
defects+Dexa+Synthetic
graft group, extension of
astrocytes  surrounding
vessels, separation and
degeneration GAFP positive
expression, GAFP
immunostaining Bar 5@m.
g- Control group; Bcl-2
negative expression in
neurons and glial cells, Bcl-2
immunostaining Bar 5@gm.
h-Control group; Calvarial
defects+Dexa+Synthetic
graft group, pyknotic nuclei
in glial cells and glial
apoptosis, Bcl-2 positive
reaction, Bcl-2 immuno-
staining Bar 10Qum.
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pathological activation of various genes and biochemicaligodendrocytes after traumatic CNS injury may be a result
processes (Lyetlet al, 1993; Laurer & MclIntosh, 1999; of either the direct trauma or a secondary event due to loss of
Tashlykovet al, 2007; Tweedieet al, 2007). The mTBI trophic support from the degenerating axons (Beattia!,
induced in the mice, did not produce external damage to th898).

brain and its surrounding tissue (as examined by MRI), any

skull fracture, no edema and no evident damage to the BBB  Also, determinating the age of injury by examining
(Panet al, 2003; Zohaet al, 2003). However, although no microscopic histopathological changes in inflammatory
peripheral damage was induced to the brain we demonstratedponse with inflammatory stimuli as a result of the trauma
that the injury induce apoptosis to neurons in brain areas suws a great importance in forensic histopathology.

as the hippocampus and the cortex. In this study, we

demonstrated that glial apoptosis increased with head trauma  To estimate the age of an injury, remains one of the
in temporal regions. Some authors have described an upere difficult aspects within legal medicine. The use of
regulation of VEGF expression in several models of brain injuipflammatory mediators or cells and matrix proteins in injured
where VEGF mediates the disruption of the BBB and edentiasue will provide some clues to make an estimation (Frank
formation (Nag, 2002: Skoket al,, 2005). Vascular endothelial R.W. van de Goot).

growth factor, induced by cerebral damage, was prominent in

the area of infarction and appeared to be expressed both in  For implant development, made calvarial defects in ex-
pyramidal neuron, astroglia and in endothelial cells. In thigerimental studies, minimal brain damage formation,
study, VEGF disrupting the blood-brain barrier andstrocytes in neuronal damage and blood-brain barrier is
inflammatory cytokine has been shown to be responsive. thought to induce cellular apoptotic changes affected.

Apoptosis has a major role in the mechanism of
traumatic injury in the immature brain and is very severe i@ONCLUSIONS
the brain of 7-day-old rats (Bayt al,, 2003). Apoptotic cell
death is highest 24 h after trauma and continues for 7 more
days (Bittigatet al, 1999). The amount of apoptosis necessary Calvarial defects caused by mild brain injury, to be
for physiological brain development is determined by thenduced by inflammatory cytokines, interrupting glial fibrillary
degree of myelinization and the water content of the brad@iegeneration by affecting the blood brain bais¢hought to
(Smith et al) It has been suggested that apoptosis giromote apoptotic changes.

TAS, M.; GOK, E.; EKINCI, C.; DEVECI, E. & DEVECI, S. Investigacion de las alteraciones ocurridas en el tejido cerebral
posterior a la creacion de defectos en la calvaria de Hatas. Morphol., 34(129-33, 2016.

RESUMEN: Dafios 6seos, accidentes y traumas pueden alterar la vida normal de las personas y dafiar los tejidos blandos. Este
estudio tuvo como objetivo investigar los defectos de calota en ratas en funcion de la gravedad de la lesion cerebmkquanacurr
contusion de la regién temporal. Las ratas fueron divididas aleatoriamente en dos grupos: al grupo 1 (control), senlenddinide
defecto craneal de tamafio critico sin tratamiento (n=10) y al grupo 2, se le realizé un modelo de defecto craneal dédauaagio cr
fue tratado con dexametasona (0,05 mg/kg via i.m.) + injerto sintético (n= 10) (14 d con injerto sintético y el dia 7isistl® adm
dexametasona). El modelo generd un defecto de 7 mm en el hueso parietal en cada animal, bajo anestesia general. laoedkfectos cr
produjeron dilatacion de los vasos sanguineos, hemorragias y deterioro en las estructuras gliales fibrilares. Ademéas,del lmaument
expresion del factor de crecimiento vascular endotelial mostré una reaccion con las positiva con la proteina acidéefiffdee|das
extensiones de los astrocitos. Las células gliales apoptoticas se tifieron positivas con Bcl-2. Los defectos de calotalesidsan un
cerebral leve, inducidas por citoquinas inflamatorias, las que interrumpen la degeneracion glial fibrilar al afectahlerbatoerecefalica,
induciendo cambios apoptéticos.

PALABRAS CLAVE: Defectos de calota; Rata; Cerebro; Inmunohistoquimica.
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