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Abstract. — OBJECTIVE: We aimed to com-
pare immunological, histological and oxidative
effects of antiepileptic agents; felbamate and le-
vetiracetam on head trauma in rats.

MATERIALS AND METHODS: In this study, 32
Sprague-Dawley genus male rats were used. A
closed head trauma mechanism was constitut-
ed in order to perform head trauma in rats. Rats
were divided into 4 groups, and each group had
8 rats. Following head trauma, Group 1 (Control);
normal saline was administered, Group 2; leve-
tiracetam 50 mg/kg was administered, Group
3; felbamate 100 mg/kg was administered, and
Group 4; levetiracetam 50 mg/kg and felbamate
100 mg/kg were administered with a combina-
tion. Injections were administered intraperito-
neally once a day for 20 days. The rats were de-
capitated at the end of the 20" day. Blood and
tissue samples were collected and analyzed for
biochemical, immunohistochemical and histo-
logical parameters.

RESULTS: Serum cytokine levels in Group 2,
3 and 4 were lower when compared to the con-
trol group. In Group 4, in which combined ther-
apy was performed, cytokine levels were found
to be the lowest. In Groups 2 and 3, a significant
decrease in vascular congestion, mononuclear
cell infiltration, hemorrhage, and neural degen-
eration was noticed in the pia mater. In Group 2,
a decrease in vascular congestion and Purkin-
je cell degeneration was obtained in the cere-
bellum. However, the best outcomes were deter-
mined in Group 4.

CONCLUSIONS: We determined that leveti-
racetam and felbamate alone are useful with re-
spect to immunological, oxidative and histolog-
ical alterations. However, their utility is better
when used in a combination.
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Introduction

Head trauma is the leading cause of death in
patients with trauma in developed countries'.
Even though head trauma is an important health
issue with the economic burden, morbidity and
mortality, studies in this field are limited?*-.

Secondary brain damage occurs as a result
of complex physiopathological events and arises
within hours and days following primary brain
damage. It was shown that the secondary brain
damage is associated with a poor prognosis in
patients with head trauma. Mechanisms involved
in secondary brain damage are neurotransmitter
release, gene activation, calcium-dependent cell
damage, free radical formation, mitochondrial
dysfunction and inflammation®.

Lipid peroxidation (LP) plays an essential role
in secondary brain damage. Prevention of free
oxygen radical formation following ischemia and
trauma in the Central Nervous System (CNS) de-
creases morbidity and mortality with their thera-
peutic effects.

Recurrent epileptic seizures secondary to
brain damage following head trauma are defined
as posttraumatic epilepsy. They may occur at any
time following trauma®. As an antiepileptic, leve-
tiracetam (Lev), was reported to be an effective
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alternative treatment choice in posttraumatic ep-
ilepsy with fewer side-effects’. It was also shown
that Lev therapy is useful in molecular, histologic
and behavioral aspects of neurological recovery
after traumatic brain injury®. Felbamate (Fel), a
new generation antiepileptic drug, has not been
analyzed regarding its immunological, histologi-
cal and oxidative effects after head trauma in the
literature.

This study aims to compare the immunolog-
ical, histological and oxidative effects of antie-
pileptic agents, Lev and Fel, following the head
trauma in rats.

Materials and Methods

The Experimental Animal Research Labo-
ratory at Inonu University provided 32 male
Sprague-Dawley rats, 6-8 weeks old and weigh-
ing between 250-300 g, for this study. The study
was conducted by the Ethical Standards and
approved by our Institutional Animal Research
Ethics Board (Acceptance No.: 2014/A-57). The
animals were fed rat chow and water ad libitum.
Before the trial, the rats were kept individually
caged at room temperature with a 12 h light-dark
cycle.

The head trauma method in which the skull
was protected intact described by Marmarou et
al’ was performed to all rats. A trauma mecha-
nism for this method was constituted by a pipe
with a length of 2.15 m, an inner diameter of 19
mm, an outer diameter of 25 mm and a stabilizer
attached to it. The rats were located in a place
of 12x12x43 cm in dimensions with protective
foam material, a metal disk of stainless steel of
10 mm in diameter, 3 mm in length, and 9 me-
tallic segments of 18 mm in diameter and 50 g of
weight. The hair on the head of rats was shaved.
A scalp incision was performed in sterile condi-
tions under local anesthesia. The frontoparietal
region was exposed by a median vertical incision
extending from the frontal region to the occipital
region. Periost that covers vertex was dissected
by a dissector. In order to make diffuse cranial
damage by falling weights and have a broader
affected area, a metal disc of stainless steel was
fixated with dental acrylic in rats’ vertexes be-
tween coronal and lambdoid sutures to fill the
space between the disc and the vertex. Moderate
head trauma was performed according to the
Marmarou model by releasing a 450 gr weight
from 1 m height onto the parietal regions of rats.

The rats were randomized into four study
groups. Each group consisted of eight rats. After
head trauma, no treatment was administered to
the Group 1 (Control); Lev 50 mg/kg daily for
20 days was administered to the Group 2; Fel
100 mg/kg daily for 20 days was administered
to the Group 3; Lev 50 mg/kg and Fel 100 mg/
kg daily for 20 days were administered to Group
4. Injections were administered intraperitoneally.
After the head trauma, all rats were resuscitated
by subcutaneous administration of 10 ml/kg of
an isotonic saline solution (0.9% NaCl). The rats
were decapitated at the end of the 20" day.

The samples were stored at -20°C until thiobar-
bituric acid reactive substances (TBARS), super-
oxide dismutase (SOD), catalase (CAT), glutathi-
one peroxidase (GPx), reduced glutathione (GSH)
were analyzed from tissue specimens. Then, the
samples were placed in glass tubes after weighing.
In order to obtain a dilution of 1/10 (g/h), 1.15%
potassium chloride was added and homogenized
in a glass-teflon homogenizer for 3 minutes at
16000 rpm. Measurements of malondialdehyde
(MDA) and protein levels were performed in the
preparations. Remaining homogenates were cen-
trifuged in 3500 rpm for 45 minutes at +4°C. The
supernatants were used to measure GSH, GPx,
and CAT enzymes. A mixture of chloroform/eth-
anol (3/5, w/w) was added in a proportion of 1/1
(w/w) to the remaining supernatant, and mixed
by a vortex. Then, it was centrifuged at 3500 rpm
for 45 minutes. In the chloroform/ethanol phase
(upper phase), SOD enzyme activity and protein
levels were measured.

Immunological studies were performed with
the blood samples. Levels of serum cytokines,
such as interleukin one beta (IL-1 beta), inter-
leukin 4 (IL-4), interleukin 6 (IL-6), and tumor
necrosis factor-alpha (TNF-a) were determined.

Tissue samples were fixed in 10% formal-
dehyde for histopathologic investigations. The
routine tissue follow-up process was performed,
and they were embedded in paraffin blocks. The
blocks were cut into 5 um thick sections, mount-
ed on slides and stained with Hematoxylin-Eosin
(H-E). Tissue samples were examined using a
Leica DFC 280 light microscope and a Leica Q
Win Image Analysis system (Leica Micros Imag-
ing Solutions Ltd., Cambridge, UK).

For statistical analyses, IBM SPSS Statistics
25.0 (IBM Corp., Armonk, NY, USA) for Win-
dows was used. After Shapiro normality tests,
one-way ANOVA was used for the comparison of
groups. Multiple comparisons were carried out by
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Table I. TNF- a, [L-4, IL-6 and IL-1 beta levels in rats (n=8, mean + SE).

IL-1 beta IL-4 IL-6 Tnf-a
Group 1 600.8 +92.1° 301.1 +28.2¢ 21.8 +£4.96° 256.2 +48.7
Group 2 538.0 + 58.32 209.8 +25.5° 14.6 + 4.64° 209.3 & 33.5%®
Group 3 512.2+£959* 216.6 + 35.1° 14.9 + 4.80° 171.9 + 47.0°
Group 4 369.3 + 88.6° 197.8 + 34.6° 11.5 £ 3.63° 163.0 +35.9°

Different letters in the same column present the statistical significance (p<0.01). Fel: Felbamate, Lev: Levetiracetam, IL-1 beta:
Interleukin 1 beta, IL-4: Interleukin 4, IL-6: Interleukin 6, TNF-a: Tumour necrosis factor-alpha.

the Tukey test. Data was given mean + standard
error (SE) and p<0.05 values were considered as
statistically significant.

Results

Immunological Analyses

All immunological findings were presented in
Table I. In all groups, cytokine levels elevated af-
ter trauma. In Groups 2, 3 and 4, cytokine levels
were lower than those of Group 1. In Group 4, in
which combined therapy was performed, the low-
est cytokine levels were obtained. The combined
therapy in Group 4 was more effective than the
therapies in Groups 2 and 3 (p<0.01).

While IL-1 beta levels did not decrease signifi-
cantly in Groups 2 and 3, it decreased significant-
ly in Group 4 (p<0.01). Between Groups 2 and 3,
there was not a significant difference in respect to
IL-1 beta levels. When compared to Group 1, IL-
4 levels in Groups 2, 3 and 4 were significantly
different (p<0.01). The highest decrease in 1L-4
level was obtained in Group 4. When compared
to Group 1, IL-6 levels in Groups 2, 3 and 4
were significantly different (p<0.01). The highest
decrease in IL-6 level was obtained in Group
4. When compared to Group 1, TNF-a levels
in Groups 3 and 4 were significantly different
(p<0.01). The highest decrease in TNF-a level
was obtained in Group 4.

Biochemical Analyses

The values for TBARS, SOD, CAT, GSH and
GPx levels were given in Table II. In rats with
head trauma, TBARS level as an indicator of ox-
idative damage was found to be higher in Group
1 when compared to the other groups (p<0.01).
However, it was found that Lev and Fel treatment
significantly inhibited the increase in TBARS
caused by trauma, both individually and in com-
bination (p<0.01). The decreases in TABRS lev-
els in Groups 2 and 4 were found to be higher
than Group 3.

A significant decrease in GSH, SOD, GPx,
and CAT levels was determined in Group 1
compared to Group 2, 3 and 4 (p<0.01). Fol-
lowing drug treatment, SOD and GSH levels
increased significantly in Group 2, 3 and 4
(p<0.01).

Histopathologic Analyses

In Group 1, there was significant histopatho-
logical damage in the brain tissue. There was
vascular conjugation in the pia mater (Figure 1A);
mononuclear cell infiltration (Figure 1B), hem-
orrhage (Figure 1C) and vascular conjugation in
the cerebral cortex (Figure 1D) and a significant
degeneration in the neurons of the cerebral cortex
(Figure 1E).

In Group 2, there was a significant decrease
in the vascular conjugation (Figure 2A), mono-

Table II. TBARS, SOD, CAT, GSH and GPx levels in rats (n=8, mean + SE).

ISOD GSH TBARS CAT GPx
U/mg protein nmol/ml nmol/g k/mg protein U/mg protein
Group 1 31.0 £4.73¢ 198.0 = 22.0° 9.76 £ 1.15* 0.026 + 0.0011* 263.1 +10.3
Group 2 54.2 £10.9° 2353+ 12.0° 6.76 + 0.59° 0.018 +£0.0012° 195.2 £ 12.7°
Group 3 46.9 £ 7.31¢ 247.3 £21.7° 772 £ 1.85¢ 0.019 + 0.0014° 210.9 + 15.9¢
Group 4 66.9 = 12.8b 230.3 = 12.1b 6.03 £0.62° 0.015 £ 0.0012¢ 190.8 + 13.1°

Different letters in the same column present the statistical significance (p<0.01). Lev: Levetiracetam, Fel: Felbamate, SOD:
Superoxide dismutase, GSH: Reduced glutathione, TBARS: Thiobarbituric acid reactive substances, CAT: Catalase, GPx:

Glutathione peroxidase.
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nuclear cell infiltration (Figure 2B), hemorrhage
and vascular conjugation (Figure 2C) and neu-
ron degeneration in the pia mater (Figure 2D).

In Group 3, there was a significant decrease in
vascular conjugation (Figure 3A), mononuclear
cell infiltration (Figure 3B), hemorrhage (Figure
3C) and neuron degeneration (Figure 3D) in the
pia mater.

In Group 4, the decreases in histopathological
damage (Figure 4A, B) and neuron degeneration
in the pia mater were more significant. Also, the
neurons appeared normal (Figure 4B).

In Group 1, vascular conjugation in the cere-
bellum tissue (Figure 5A) and a significant de-
generation in Purkinje cells (Figure 5B) were
observed.

In Group 2 (Figure 6A, B) and Group 3 (Fig-
ure 6C, D), there were significant decreases in
vascular congestion (Figure 6A, C) and Purkinje
cell degeneration (Figure 6B, D) in the cere-

Figure 1. Thehistopathological
images of Group 1 in the pia
mater (A, B, x10; C, x20; D,
E, x40 magnification with H-E
staining method).

bellum tissue. In Group 4 (Figure 6E, F), the
cerebellum tissue and also Purkinje cells (Figure
6F) were observed in the normal histological
appearance.

Discussion

In this study, the neuroprotective effects of
antiepileptic agents Lev and Fel were analyzed
following the head trauma. The best outcomes
were obtained with a combination of Lev and
Fel. When Lev and Fel were administered in
combination, a significant decrease in immu-
nological markers (IL-1 beta, IL-4, IL-6 and
TNF-a), less accumulation of TBARS and a sig-
nificant increase in SOD and GSH levels were
determined.

Histopathologically, the most significant de-
crease in vascular congestion, mononuclear cell
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Figure 2. The histopathological
images of Group 2 in the pia mater
(A, B, C, x20; D, x40 magnifica-
tion with H-E staining method).

infiltration, hemorrhage and neuron degeneration
in pia mater was obtained in the group to which
Lev and Fel were given in a combination. In this
group, brain damage and neuron degeneration

Figure 3. The histopathological
images of Group 3 in the pia mater
(A, B, C, x20; D, x40 magnifica-
tion with H-E staining method).

significantly decreased, and the neurons had a
normal histological appearance. Additionally, the
cerebellar tissue and Purkinje cells were in nor-
mal histological appearance.
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Figure 4. The histopathological images of Group 4 in the pia mater (A, x20; B, x40 magnification with H-E staining method).

Prophylaxis of posttraumatic epilepsy has
great importance in preventing neurological
sequelae. Lev was investigated as a prophy-
lactic agent for epilepsy following traumatic
brain injury. It was proposed as an alternative
to phenytoin since it has usefulness in epilepsy
following head trauma with fewer side effects’.
Daily Lev treatment was shown to be useful
on molecular, histological and behavioral fields
of neurological recovery following traumatic
brain injury®. In animal studies, besides con-
trolling the seizures, Lev was shown to have
neuron protective effects!”. It was suggested
that Lev increased the glutathione level in a
dose-dependent manner, improved mitochon-
drial functions and thus, had neuron protec-
tive effects''. With Lev treatment, experimen-
tal brain damage performed by blocking the
middle brain artery was decreased in adult
rats'>. Lev was also shown to decrease LP and
oxidative stress in the hippocampus in seizures
induced by pilocarpine in adult rats">. Marini et
al" reported that Lev had a neuronal protective
effect by reducing MDA levels.

Daily Lev treatment was investigated in neu-
roprotective, neuroplastic and neurobehavioral
aspects and found to improve motor functions
and had more protective effects on hippocampal
cells in traumatic brain injury. Daily Lev use also
decreased local IL-1 beta expression following
traumatic brain injury. All these results show
the beneficial effects of daily Lev treatment on
histological, molecular and behavioral aspects of
neurological recovery following a traumatic brain
injury®.

In our study, a decrease in IL-1 beta, [L-4, IL-
6, and TNF-a levels was determined in the group
to which Lev was given alone. Additionally, a
significant decrease was determined in vascular
congestion, mononuclear cell infiltration, hem-
orrhage and neuron degeneration in pia mater. In
cerebellar tissue, vascular congestion and Purkin-
je cell degeneration were found to be decreased.
The results represented in this work are consis-
tent with the literature.

Neuron protective effects of Fel in the trau-
matic neuronal injury of the hippocampus were
investigated and Fel treatment was found to

Figure 5. The histopathological images of Group 1 in the cerebellum tissue (A, x10; B, x40 magnification with H-E staining

method).
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Figure 6. The histopatho-
logical images of Group 2,
3 and 4 in the cerebellum
tissue (A, C, E, x10; B, D,
F, x40 magnification with
H-E staining method).

have a strong protective effect when compared
to treatment without medication'®. In our study,
the levels of IL-1 beta, IL-4, IL-6 and TNF-a
were found to be decreased in rats treated with
Fel compared to the control group after head
trauma. Besides, a marked decrease was deter-
mined in vascular congestion, mononuclear cell
infiltration, hemorrhage, and neuronal degen-
eration in the pia mater layer of brain tissue. A
similar decrease was also determined in vascu-
lar congestion and Purkinje cell degeneration in
cerebellar tissue.

It was previously shown that TNF-a, IL-1,
hydrogen ions, potassium ions, calcium ions,
arachidonic acid and its metabolites, free ox-
ygen radicals, histamine and quinine cause an
increase in both vasogenic and cytotoxic brain
edema in damaged tissue following traumatic

brain injury'®. In the experimental diffuse brain
damage model, it was shown that the proinflam-
matory cytokine IL-1 beta infiltrated the dam-
age zone and its serum levels increased in brain
tissue within 24 hours"”. TNF-a was shown to
play an essential role in traumatic brain damage
and cause glial, microglial, astrocytic and neu-
ronal damage'®",

It was reported that hydroxyl (OH) radical
increases just after trauma, cause damage to vas-
cular endothelium, and initiate the LP in the brain
membrane by damaging blood-brain barrier®. It
was shown that the levels of MDA as a catabolite
and an important indicator of LP, increase in the
acute phase after experimental closed head trau-
ma?', In a study on head injury, MDA level was
higher in trauma performed control group com-
pared to the non-traumatic sham group?.
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In our study, TBARS levels as an indicator
of oxidative damage were shown to increase
significantly in the control group when com-
pared to the other groups in traumatized rats.
It was determined that Lev and Fel treatment
both together and alone decreased trauma-related
TBARS levels significantly. The highest decrease
was obtained in the group to which Lev and Fel
were administered together. In treatment groups,
GSH and SOD levels were elevated significantly.
These results have shown that, together or alone,
both agents prevented secondary damage in head
trauma; however, the usefulness of Lev and Fel
administration together had the highest rate of the
antioxidant effect.

In a study, in traumatized brain parenchy-
ma tissue; edema, vascular congestion, neuro-
nal injury indicators, such as hyperchromasia in
neuronal nuclei, nuclear pyknosis, eosinophilic
degeneration in the cytoplasm, axonal edema,
and focal neuronal loss and gliosis in trauma area
were determined. In the same study, coenzyme
Q 10, a powerful antioxidant that plays a role in
membrane stabilization, caused significantly less
neuronal degeneration®.

In our study, vascular congestion, mononu-
clear cell infiltration, hemorrhage and marked
degeneration in neurons of the cerebral cortex
were observed in the pia mater layer of the
brain tissue of rats in the control group. In
the control group, also vascular congestion
and marked Purkinje cell degeneration were
detected in cerebellum tissue. In Lev or Fel
administered groups, a distinct decrease in
vascular congestion, mononuclear cell infiltra-
tion, hemorrhage, and neuron degeneration in
pia mater layer of brain tissue was noticed. In
these groups, a decrease in vascular congestion
and Purkinje cell degeneration was observed
in cerebellar tissue. In the group that Lev and
Fel were administered together, a very evident
decrease in neuron degeneration in brain tissue
and normal histological appearance of neurons
were determined. Additionally, the normal his-
tological appearance of Purkinje cells and cer-
ebellum tissue was detected.

The information about the effects of Fel, known
as an antiepileptic drug, on head trauma is quite
insufficient in the literature. In this study, we
investigated Lev and Fel, used alone or in a com-
bination, with respect to their protective effects
in head trauma. Our study supports the use of the
drugs for their protective effects in clinical prac-
tice following head trauma. Therefore, we think
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that it is a valuable study with novelties. However,
further investigations are needed for the clinical
use of these medications.

Conclusions

Our study revealed that Lev and Fel improved
histological, immunological and biochemical
parameters when administered alone; however,
the best results were obtained when Lev and
Fel were administered together following head
trauma.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
We would like to thank the staff of Inonu University Ani-
mal Research Laboratory for their help.

Funding
This study was supported by Inonu University Scientific
Research Projects Unit (Project No: 2015/45).

Statement of Institutional Review Board Approval
The study was conducted by Ethical Standards and ap-
proved by Our Institutional Animal Research Ethics Board
(Acceptance No. 2014/A-57).

References

1) Hyper AA, WunDeRLICH CA, PUVANACHANDRA P, GURU-
RAJ G, Kosusingye OC. The impact of traumatic
brain injuries: a global perspective. NeuroReha-
bilitation 2007; 22: 341-353.

2) Akkose S, ARMAGAN E, Buiut M, Tokvar R. Trauma
care system in Turkey and the approach to pa-
tients suffering head trauma. Ulus Travma Derg
2002; 8: 1-2.

3) Kiris T, IS M, Imer M, Gotec I, HepcoL K, UNAL F, izai
N. Trauma practice in neurosurgery - a prospec-
tive epidemiologic study. Turkish Journal of Trau-
ma & Emergency Surgery 1998; 4: 281-284.

4) Maas Al, StoccHetT N, ButLock R. Moderate and se-
vere traumatic brain injury in adults. Lancet Neu-
rol 2008; 7: 728-741.

5) Wison JX, Gels AW. Free radicals, antioxidants,
and neurologic injury: possible relationship to ce-
rebral protection by anesthetics. J Neurosurg An-
esthesiol 2002; 14: 66-79.

6) AGRAWAL A, TimoTHy J, PanpiT L, MaNJu M. Post-trau-

matic epilepsy: an overview. Clin Neurol Neuro-
surg 2006; 108: 433-439.



Effects of felbamate and levetiracetam in traumatic brain injury

7)

10)

11)

12)

13)

14)

Toreic H, Fornt AA, ANGER KE, DEGRADO JR, GREEN-
woob BC. Use of antiepileptics for seizure prophy-
laxis after traumatic brain injury. Am J Health Syst
Pharm 2013; 70: 759-766.

Zou H, Braver SW, Hurwitz M, Nivonkuru C, Fowt-
er LE, WaGNEr AK. Neuroprotective, neuroplastic,
and neurobehavioral effects of daily treatment
with levetiracetam in experimental traumatic brain
injury. Neurorehabil Neural Repair 2013; 27: 878-
888.

MaArRmMAROU A, Foba MA, vAN DEN Brink W/, CAmp-
BeLL J, Kita H, Demetriapou K. A new model of
diffuse brain injury in rats. Part I: Pathophys-
iology and biomechanics. J Neurosurg 1994;
80: 291-300.

MAazaArATI AM, BALDWIN R, KLTGAARD H, MATAGNE A,
WasterLaIN CG. Anticonvulsant effects of levetirac-
etam and levetiracetam-diazepam combinations
in experimental status epilepticus. Epilepsy Res
2004; 58: 167-174.

Giess JE, Cock HR. Administration of levetiracetam
after prolonged status epilepticus does not pro-
tect from mitochondrial dysfunction in a rodent
model. Epilepsy Res 2007; 73: 208-212.

HanoNn E, Kuteaarp H. Neuroprotective proper-
ties of the novel antiepileptic drug levetiracetam
in the rat middle cerebral artery occlusion mod-
el of focal cerebral ischemia. Seizure 2001; 10:
287-293.

Ouveira AA, ALMEIDA JP, FrReitas RM, NascivenTo VS,
AGUIAR LM, JUNIorR HV, Fonseca FN, VIANA GS, Sou-
sa FC, FonTeLes MM. Effects of levetiracetam in lip-
id peroxidation level, nitrite-nitrate formation and
antioxidant enzymatic activity in mice brain after
pilocarpine-induced seizures. Cell Mol Neurobiol
2007; 27: 395-406.

Marint H, Costa C, Passanimi M, Esposito M, CAmPO
GM, IenTiLE R, ADAMO EB, MARINI R, CALABRESI P, ALTA-
viLLa D, Minutour L, Pisant F, Sauabprito F. Levetirac-
etam protects against kainic acid-induced toxici-
ty. Life Sci 2004; 74: 1253-1264.

15)

16)

17)

18)

19)

20)

21)

22)

23)

WaLLis RA, Panizzon KL. Felbamate neuroprotec-
tion against CA1 traumatic neuronal injury. Eur J
Pharmacol 1995; 294: 475-482.

UNTERBERG AW, STOVER J, KrESs B, Kiening KL. Edema
and brain trauma. Neuroscience 2004; 129: 1021-
1029.

Kamm K, VANDERKOLK W/, LAWRENCE C, JONKER M, DAvis
AT. The effect of traumatic brain injury upon the
concentration and expression of interleukin 1beta
and interleukin-10 in the rat. J Trauma 2006; 60:
152-157.

ADEN U, FAvrAIs G, PLAISANT F, WINERDAL M, FELDER-
HOFF-MUESER U, LAMPA J, LELIEVRE V, GREssENs P. Sys-
temic inflammation sensitizes the neonatal brain
to excitotoxicity through a pro-/anti-inflammato-
ry imbalance: key role of TNF alpha pathway and
protection by etanercept. Brain Behav Immun
2010; 24: 747-758.

Kato K, Liu H, KikucHi S, Myers RR, SHusAvev VI. Im-
mediate anti-tumor necrosis factor-alpha (etaner-
cept) therapy enhances axonal regeneration af-
ter sciatic nerve crush. J Neurosci Res 2010; 88:
360-368.

HaLL ED, Anprus PK, Yonkers PA. Brain hydroxyl
radical generation in acute experimental head in-
jury. J Neurochem 1993; 60: 588-594.

Yitmaz N, DulGer H, Kivmaz N, Yiimaz C, Gupu BO,
Dewmir 1. Activity of mannitol and hypertonic saline
therapy on the oxidant and antioxidant system
during the acute term after traumatic brain injury
in the rats. Brain Res 2007; 1164: 132-135.

Ozturk E, DemirsiLek S, But AK, Saricicex V, GuLEC
M, AkvoL O, Ersoy MO. Antioxidant properties of
propofol and erythropoietin after closed head in-
jury in rats. Prog Neuropsychopharmacol Biol
Psychiatry 2005; 29: 922-927.

KaLava M, UNAL MM, GuL S, Acikgoz S, KANDEMIR N,
Hana V, Epesaul N, Acikgoz B. Effect of Coenzyme
Q 10 on ischemia and neuronal damage in an ex-
perimental traumatic brain-injury model in rats.
BMC Neurosci 2011; 12: 75.



