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Abstract The aim of this study was to evaluate the thera-
peutic efficacy of caffeic acid phenethyl ester (CAPE) with an
experimental traumatic brain injury (TBI) model in rats.
Twenty-four adult male Sprague—Dawley rats were randomly
divided into three groups of 8 rats each: control, TBI, and
TBI + CAPE treatment. In TBI and TBI + CAPE treatment
groups, 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 at4 h after the
onset of injury. Brain tissues were removed for biochemical
and histopathological investigation. To date, no biochemical
and histopathological changes of neurodegeneration in the
frontal cortex after TBI in rats by CAPE treatment have been
reported. The TBI significantly increased tissue malondial-
dehyde (MDA) levels, and significantly decreased tissue
superoxide dismutase (SOD) and glutathione peroxidase
(GPx) activities, but not tissue catalase (CAT) activity, when
compared with controls. The administration of a single dose of
CAPE (10 pmol/kg) 15 min after the trauma has shown pro-
tective effect via decreasing significantly the elevated MDA
levels and also significantly increasing the reduced antioxi-
dant enzyme (SOD and GPx) activities, except CAT activity.
In the TBI group, severe degenerative changes, shrunken
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cytoplasma and extensively dark picnotic nuclei in neurons, as
well as vacuolization indicating tissue edema formation. The
morphology of neurons in the CAPE treatment group was well
protected. The number of neurons in the trauma alone group
was significantly less than that of both the control and TBI
+CAPE treatment groups. The caspase 3 immunopositivity
was increased in degenerating neurons of the traumatic brain
tissue. Treatment of CAPE markedly reduced the immuno-
reactivity of degenerating neurons. TBI caused severe
degenerative changes, shrunken cytoplasma, severely dilated
cisternae of endoplasmic reticulum, markedly swollen mito-
chondria with degenerated cristae and nuclear membrane
breakdown with chromatin disorganization in neurons of the
frontal cortex. In conclusion, the CAPE treatment might be
beneficial in preventing trauma-induced oxidative brain tissue
damage, thus showing potential for clinical implications. We
believe that further preclinical research into the utility of
CAPE may indicate its usefulness as a potential treatment on
neurodegeneration after TBI in rats.

Keywords Traumatic brain injury - CAPE - Oxidative
stress - Apoptosis - Rats

Introduction

Traumatic brain injury (TBI) is one of the leading causes of
death in children and young adults and results in a signif-
icant society burden throughout the world (Langlois et al.
2006; Marshall 2000a, b; Teasdale and Graham 1998). The
pathology associated with TBI can be divided into two
parts: the primary injury which is associated with the initial
mechanical insult, and the secondary injury which is
caused by an incompletely understood and complex cas-
cade of physiology and biochemistry mechanism (Nortje
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and Menon 2004; Bramlett and Dietrich 2004; Gaetz
2004). Although they have significant impact on tissue
necrosis and progressive neuronal cell death that follows
after TBI, these secondary mechanisms of delayed post-
traumatic neuronal cell death are still poorly understood. It
is generally accepted that the overall pathology of TBI
often associate with apoptosis of neurons (Clark et al.
1999; Keane et al. 2001). Both proapoptotic and anti-
apoptotic signaling pathways can be activated after TBI
(Keane et al. 2001; Stoica and Faden 2010). It is clear that
the key effector of apoptosis is caspase-3, activation of
which leads to programmed neuronal cell death after TBI
(Erhardt 1996; Clark et al. 2000).

Oxygen free radicals and lipid peroxidation are believed
to play crucial roles in secondary brain injury (Ikeda and
Long 1990; McCall et al. 1987). Gray matter trauma causes
tissue damage and increases Ca2l in the intracellular
space. Ca2l then activates phospholipases and destroys
membrane phospholipids, including arachidonic acid,
which stimulates the generation of oxygen free radicals and
lipid peroxidation. Previous reports of increased lipid
peroxidation end products after head injury, and of the
protective effects of free-radical scavengers and lipid
antioxidants, are consistent with the proposed role of
oxygen free radicals and lipid peroxidation in secondary
brain injury (McCall et al. 1987; Marshall et al. 1998).
There is extensive experimental support for the patho-
physiological importance of early oxygen radical formation
and cell membrane lipid peroxidation in the injured ner-
vous system (Ikeda and Long 1990; McCall et al. 1987).

Caffeic acid phenethyl ester (CAPE) is an active com-
ponent of honeybee propolis extracts and has been used for
many years as a folk medicine. It has anti-inflammatory,
immunomodulatory, antiproliferative, and antioxidant
properties and have been shown to inhibit lipo-oxygenase
activities as well as to suppress lipid peroxidation (Hepsen
et al. 1997; Ilhan et al. 1999; Koltuksuz et al. 1999).
However, to our best knowledge, there is no experimental
study concerning the protective effects of CAPE against
neuronal damage in the frontal cortex induced by TBL

Therefore, the present study aimed to examine the
neuronal damage of TBI on frontal cortex and to investi-
gate the protective effects of CAPE against these effects at
biochemical, light and electron microscopic, and immu-
nohistochemical levels.

Materials and methods
Animals

Thirty-six adult male Sprague—Dawley rats (3 month-old),
weighing 280-320 g, were used in this study. Rats were
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provided by the Experimental Research Center of the
Medical Faculty of Trakya University. The rats were kept
in a windowless animal quarter where temperature
(21 £ 1°C) 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%. The Ethical
Committee of Trakya University approved all animal pro-
cedures and the experimental protocol. Efforts were made
to minimize animal suffering and reduce the number of
animals used in experimental groups. All animals received
proper care according to the criteria outlined in the Guide
for the Care and Use of Laboratory Animals as prepared by
the National Academy of Sciences and published by the
National Institutes of Health.

Surgical technique

Animals were divided randomly into three groups of 8 rats
each: control, TBI and TBI 4+ CAPE treatment groups.
CAPE (10 pmol/kg/i.p.) was applied 15 min after trauma.
Rats were anesthetized with an intraperitoneal injection of
ketamine hydrochloride (70 mg/kg) and xylazin hydro-
chloride (7 mg/kg). The animals maintained spontaneous
breathing. 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 TBI and TBI 4+ CAPE treatment
groups, 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 J over the skull. The rats were decapitated 4 h after the
onset of the injury. Frontal brain tissues were removed for
biochemical and histopathological investigation.

Biochemical procedures
Measurement of malondialdehyde (MDA ) level

Tissue samples were frozen at) 70°C and irrigated well
with a solution of NaCl (0.9%). By admixing it with KCl
(1.5%), homogenization at a ratio of 1:10 was achieved.
The DIAX9000 Homogenizer (Heidolph Instruments,
Germany) was used to homogenize the tissue samples. The
lipid peroxide level in the centrifuged tissue homogenates
was measured according to the method described by
Ohkawa et al. (1979). The reaction product was assayed
spectrophotometrically (Shimadzu UV-1700, Japan) at
532 nm. The lipid peroxide level was expressed as the
nmol of MDA per mg of cerebral tissue protein. Protein
levels were measured according to the method described by
Lowry et al. (1951).
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Measurement of tissue superoxide dismutase (SOD)
activity

The SOD activity was determined according to the method
of Sun et al. (1988). The principle of the method is based
on the inhibition of NBT reduction by the xanthine—xan-
thine oxidase system as a superoxide generator. Activity
was assessed in the ethanol phase of the lyzate after 1.0 ml
ethanol/chloroform mixture (5/3, v/v) was added to the
same volume of sample and centrifuged. One unit of SOD
was defined as the enzyme amount causing 50% inhibition
in the NBT reduction rate. SOD activity was also expressed
as units per mg protein.

Measurement of tissue glutathione peroxidase (GPx)
activity

GPx activity was measured by the method of Paglia and
Valentine (1967). The enzymatic reaction was initiated in a
tube, which contained the following items: NADPH,
reduced glutathione (GSH), sodium azide, and glutathione
reductase by addition of H,O, and the change in absor-
bance at 340 nm were monitored by a spectrophotometer.
Activity was given in units per gram protein. All samples
were assayed in duplicates.

Measurement of tissue catalase (CAT) activity

CAT activity was determined according to Aebi’s method
(1974). The principle of the method was based on the
determination of the rate constant (s~', k) of the H,O,
decomposition rate at 240 nm. Results were expressed as
k (rate constant) per mg protein.

Histological examinations

The brain specimens were individually immersed in 10%
neutral buffered formalin, dehydrated in alcohol and
embedded in paraffin. Sections of 5 pm were obtained,
deparaffinized and stained with hematoxylin and eosin
(H&E). The brain tissue was examined and evaluated in
random order under blindfold conditions with standard
light microscopy.

Immunohistochemical procedures

Harvested frontal brain tissues were fixed in 10% neutral
buffered formalin, embedded in paraffin, and sectioned at
5 um thickness. Immunohistochemical reactions were
performed according to the ABC technique described by
Hsu et al. (1981). Specific a rabbit polyclonal anti-caspase-
3 antibody (Cat. #RB-1197-P, Neomarkers, USA) was
applied at a dilution of 1:50. The procedure involved the

following steps: (1) endogenous peroxidase activity was
inhibited by 3% H,0, in distilled water for 30 min; (2) the
sections were washed in tap water for 30 min, and in dis-
tilled water for 10 min; (3) nonspecific binding of anti-
bodies was blocked by incubation with normal goat serum
(DAKOX 0907, Carpinteria, CA) with PBS, diluted 1:4; (4)
sections were incubated with monoclonal mouse antisera
against human insulin protein, diluted 1:400 for 2 h, and
then at room temperature; (5) sections were washed in PBS
3-3 min; (6) sections were incubated with biotinylated anti-
mouse IgG (DAKO LSAB 2 Kit; (7) sections were washed
in PBS 3 x 3 min; (8) sections were incubated with ABC
complex (DAKO LSAB 2 Kit); (9) sections. were washed
in PBS 3 x 3 min; (10) peroxidase was detected with di-
aminobenzidine as substate; (11) sections were washed in
tap water for 10 min and then dehydrated; (12) nuclei were
stained with hematoxylin; and (13) sections were mounted
in DAKO paramount.

Histological specimens of the frontal cortex were exam-
ined under light microscopy, with the examination carried out
at a magnification of x400 and the counts of neurons deter-
mined per square millimeter with the use of a standardized
ocular grid. Apoptotic cells (caspase-3-immunopositive) were
counted. The distribution of neurons was examined in the
sections from the specimens were subjected by immunobhis-
tochemical method (caspase-3 antibody). Tissue 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 incorporat-
ing a square graticule in the eyepiece (eyepiece x 10,
objective x 40, a total side length of 0.25 um?).

Electron microscopy

For electron microscopy, frontal cortex tissue specimens
were fixed with 2.5% glutaraldehyde in 0.1 M sodium
phosphate buffer (pH 7.2) for 3 h at 4°C, washed in the
same buffer for 1 h at 4°C, and post-fixed with 1% osmium
tetraoxide in sodium phosphate buffer for 1 h at 4°C. The
tissues were then dehydrated in graded series of ethanol
starting at 50% each step for 10 min and, after two changes
in propylene oxide. The tissue specimens were embedded
in araldite. Ultrathin sections were prepared with Mg-ura-
nyl acetate and lead citrate for the electron microscopic
(Jeol JEM 1010) evaluation.

Statistical analysis

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

Results
Biochemical findings

The values of the MDA levels and SOD, GPx, and CAT
activities are shown in Table 1 respectively. The TBI sig-
nificantly increased the tissue MDA levels (P < 0.05) and
significantly decreased the tissue SOD and GPx activities
(P < 0.05) when compared with controls. The changes in
the tissue CAT activity were not statistically significant.
The administration of a single dose of CAPE (10 umol/kg)
15 min after the trauma has shown protective effect via
decreasing significantly (P < 0.05) the elevated MDA
levels and also significantly (P < 0.05) increasing the
reduced antioxidant enzyme activities (SOD and GPx),
except CAT activity.

Histological findings

In control group, the morphology of neurons in the brain tissue
was normal (Fig. 1a). In TBI group, the most consistent
findings occurring in the histological tissue sections stained
with hematoxylin-eosin were those indicating severe degen-
erative changes, shrunken cytoplasma and extensively dark
picnotic nuclei in neurons, as well as vacuolization indicating
tissue edema formation (Fig. 1b). In the CAPE-treated rat
brains, the intensity of traumatic changes was less than in the
traumatized group. The dark stained nucleus and the distorted
nerve cells were mainly absent in the CAPE-treated trauma-
tized rats. In this group, the severity of degenerative changes
in the cytoplasma and especially in the nuclei of cells (Fig. 1c)
was less than that in the TBI group.

Immunohistochemical findings

Light micrographs showed apoptotic cortical neurons after
trauma by caspase-3 immunohistochemistry (Fig. 2). The

caspase-3 immunoreactivity of neurons was not evident in
the frontal brain tissue in control group (Fig. 2a). The
caspase-3 immunopositivity was increased in neurons of
frontal brain tissue at 4 h following trauma (Fig. 2b;
Table 2). Treatment of CAPE markedly reduced the
immunoreactivity of degenerating neurons after trauma
(Fig. 2¢).

Ultrastructural findings

In control group, the ultrastructure of neurons in the frontal
cortex tissues was normal (Fig. 3a). In TBI group, the most
consistent findings occurring in the ultrathin sections
stained with Mg-uranyl acetate and lead citrate were those
indicating severe degenerative changes, shrunken cytopl-
asma, severely dilated cisternae of endoplasmic reticulum
and markedly swollen mitochondria resulting in loss of
matrix density with degenerated cristae were observed in
neurons of the frontal cortex. The nucleus of these cells
seem to have increased evidence of nuclear membrane
breakdown with chromatin disorganization and severely
shrunken appearance, all signs of advanced cell death
(Fig. 3b). Although CAPE treatment was effective in pre-
venting the dilatation of endoplasmic reticulum, mito-
chondrial degeneration and irregularly shaped nuclei, the
irregularly shaped chromatin clumps and moderately
mitochondrial swollen was still observed in neurons
(Fig. 3c).

Discussion

Closed head trauma causes acute morphological changes
and dysfunctions of neuronal and glial cells and elicits a
series of secondary events after hours to days, causing
necrotic and apoptotic cell death and impaired neurological
function (Lewén et al. 2001; McIntosh et al. 1998a).
Immediate early genes coding for transcription factors are
activated, and locally generated autacoids, pro-inflamma-
tory cytokines, and reactive oxygen species are formed and
contribute to the secondary damage (Mclntosh et al.
1998b).

Table 1 Brain tissue MDA (nm/mg protein), SOD (U/mg protein), GPx (U/mg protein) and CAT (k/mg protein) levels of all groups

Control TBI TBI + CAPE
MDA (nm/mg protein) 371 £ 0.54 5.10 £ 0.37* 3.63 £0.43
SOD (U/mg protein) 0.257 £ 0.10 0.159 £ 0.07* 0.248 + 0.08
GPx (U/mg protein) 0.37 £ 0.05 0.22 £+ 0.03" 0.35 £ 0.04
CAT (k/mg protein) 1.182 £ 0.21 1.177 £ 0.20 1.175 £ 0.19

Kruskal-Wallis test was used for statistical analysis. Values are expressed as means + SD, n = 8 for each group

? P < 0.05 when compared to control and TBI + CAPE treatment groups
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Fig. 1 Representative light microphotographs showing the morphol-
ogy (a—c) of the frontal cortex tissue after trauma by hematoxylin-
eosin. Brain tissue histology in control group was normal (a). Severe
degenerative changes in neurons with shrunken cytoplasma and

Brain trauma causes primary and secondary injury to
neural tissue (Siesjo 1993; Marshall 2000a, b; Ozsuer et al.
2005). Oxygen free radicals and lipid peroxidation are
believed to play crucial roles (Ikeda and Long 1990;
McCall et al. 1987). Indeed, a number of experimental
studies suggest that excitatory amino acids and lipid per-
oxidation interact with each other and lead to cell death as
a chain reaction (Baethmann et al. 1989; Scatton et al.
1991). Ozsuer et al. (2005) showed that MDA increases
significantly in the injured hemisphere, starting from
30 min after the trauma and reaching a maximum level at
2 h, after which it gradually declines. Experimental and
clinical studies also demonstrate early increases in MDA
after head injury (Cristofori et al. 2001; Ustun et al. 2001;
Vagnozzi et al. 1999). SOD represents the first line of
defense against oxidative stres catalyzing the dismutation
reaction of superoxide anion to hydrogen peroxide
(McCord and Fridovich 1969), while GSH-Px converts
peroxides into nontoxic forms, stable alcohols and water
(Paglia and Valentine 1967). Therefore, SOD and GSH-Px
constitute the major defense enzymes against superoxide
radicals. In our study, treatment with CAPE increased the
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extensively dark picnotic nuclei, and vacuolization indicating tissue
edema formation are seen in traumatized rats (b). In the CAPE-treated
rats brain tissue, intensity of traumatic changes was less as compared
to the traumatized group (c¢). (H&E, scale bar, 50 pm)

reduced antioxidant enzyme activities (SOD, CAT and
GPx); however, the increase in the CAT activity was not
significant.

CAPE is an active component of honeybee propolis
extracts and it has been shown to be a pharmacologically
safe compound with anti-inflammatory, anti-mitogenic,
anti-carcinogenic, anti-oxidant and immunomodulatory
effects (Nagaoka et al. 2002; Montpied et al. 2003; Russo
et al. 2002). Previous experimental studies have shown that
lipid peroxidation can be prevented by CAPE in spinal cord
and kidney after ischemia—reperfusion (Ilhan et al. 1999;
Ozyurt et al. 2001). Ozen et al. (2004) have shown that
CAPE administration prevents cisplatin-induced nephro-
toxicity in rats. Similarly, Fadillioglu et al. (2004) have
reported that CAPE inhibits cardiotoxicity induced by
doxorubicin in rat. Additionally, it has been reported that
CAPE has protective effects against oxidative damage in
various tissues (Kus et al. 2004; Ogeturk et al. 2005).
Moreover, Fadillioglu et al. (2010) have reported that
CAPE prevents hioacetamide-induced hepatic encepha-
lopathy in rats. CAPE has these protective effects on the
basis of anti-oxidant actions, but the exact mechanisms of
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Fig. 2 Light micrographs showing apoptotic cortical neurons after
trauma by caspase-3 immunohistochemistry (a—c). The caspase-3
immunoreactivity of neurons was not evident in the frontal brain
tissue in control group (a). The caspase-3 immunopositivity was

Table 2 The numbers (number/pmz) of apoptotic neurons (caspase-
3-immunopositive) in the brain of all groups

Groups Frontal cortex tissue
Control 105 £ 1.1

TBI 85.5 +9.1*

TBI + CAPE 48.1 + 4.3°

Kruskal-Wallis test was used for statistical analysis. Values are
expressed as means £ SD, n = 8 for each group

? P < 0.001 compared to control group
® P <0.01 compared to TBI group

anti-oxidant properties of CAPE are not known yet.
However, it has been speculated that CAPE may affect
transcription and/or translation of genes and gene products
of anti-oxidant enzymes (Ozen et al. 2004). Although
CAPE has antioxidant effects (Irmak et al. 2001; Ozyurt
et al. 2001), its effect in TBI has not been investigated to
date. The object of the present study was therefore to
investigate the effects of CAPE on lipid peroxidation,
antioxidant enzyme activity and neuronal protection in TBI
injury of rat brain.
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increased in neurons of frontal brain tissue at 4 h following trauma
(b). Treatment of CAPE markedly reduced the immunoreactivity of
degenerating neurons after trauma (c¢). (Immunoperoxidase, hema-
toxylin counterstain, scale bar 50 pm)

Our histological results demonstrate that even a TBI can
cause diffused neuronal damage. These results correlate
well with the literatures (Hicdonmez et al. 2006; Rink et al.
1995; Thomale et al. 2006; Shapira et al. 1988). In our
study, the most consistent findings in histological sections
of neuron regions amongst the TBI group involved severe
degenerative changes, shrunken cytoplasma and exten-
sively dark picnotic nuclei. The dark stained nucleus and
the distorted nerve cells were mainly absent in the TBI
group of CAPE-treated traumatized rats. In this group, the
severity of degenerative changes in the cytoplasma and
especially in the nuclei of cells was less than that in the
TBI group.

In a study, Ozisik et al. (2007) observed there was
severe damage of the cytoskeleton 24 h after trauma, that
was characterized by mitochondrial swelling with loss of
cristae and cytoplasmic edema, together with the devel-
opment of empty zones located within myelin sheaths
adjacent to the axon and loss of microtubules and neuro-
filaments. In our study, the ultrastructural examination of
traumatized brain specimens clearly showed severe
degenerative changes, shrunken cytoplasma, severely
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Fig. 3 Representative transmission electron microphotographs show-
ing the ultrastructure of neurons in the frontal cortex tissues after
trauma (a—c). (a) Control rats: The ultrastructure of cytoplasma and
cytoplasmic organelles showed a normal appearance. (b) Traumatized
rats: Disintegrating neuron containing shrunken cytoplasma, severely
dilated cisternae of endoplasmic reticulum and markedly swollen
mitochondria resulting in loss of matrix density in varying stages of
destruction were observed. Typical necrotic neurons had smaller

dilated cisternae of endoplasmic reticulum, markedly
swollen mitochondria with degenerated cristae and nuclear
membrane breakdown with chromatin disorganization in
neurons of the frontal cortex. These changes was fairly well
reduced after the administration of CAPE treatment.
Caspase-3 immunostaining was observed in neurons
distributed around the lesioned area at 24 h after TBI and
the number of immunopositive neurons increased at 48 and
72 h post-injury. In rats receiving prophylactic or post-
injury treatment of aminoguanidine (AG), the number of
caspase-3 immunopositive neurons was reduced in the
cerebrum compared with those receiving saline injection
(Lu et al. 2003). Cernak et al. (2002) have demonstrated an
increased expression of active caspase-3 protein as early as
24 h after diffuse injury and persisting for almost 1 week.
Moreover, the decrease in pro-caspase-3 levels suggests a
conversion to the active form may have occurred as early
as 4 h after injury. Thus, apoptosis seems activated early
after diffuse traumatic brain injury and continues for at

clumps of irregularly shaped, condensed chromatin with nuclear
membrane breakdown. (¢) Traumatized rats with CAPE: Although
CAPE treatment was effective preventing the above mentioned
findings, slightly dilated cisternae of endoplasmic reticulum was still
observed. (thick arrow: nucleolus, N: nucleus, thin arrow: cisternae of
endoplasmic reticulum, M: mitochondria) (scale bar, a: 1 pm,
b:1 pm, c: 0.2 um)

least 5 days post-trauma. While some caspases can be
activated during events unrelated to apoptosis, caspase-3
activity is considered to be specific to the apoptotic path-
way and thus a marker for apoptosis (Porter and Janicke
1999), Caspase-3 activity has been shown to be increased
after ischemic insults, as well as following both experi-
mental (Yakovlev et al. 1997; Clarket al. 2000) and clinical
traumatic brain injury (Clarket al. 2000). The occurrence of
apoptosis in the cortex and the hippocampus following
experimental focal brain trauma was correlated with the
induction of caspase-3 mRNA expression which showed
significant elevation as early as 4 h after TBI continuing
for at least 3 days posttrauma (Nicholson 1999). Moreover,
Khan et al. (2007) have reported that CAPE treatment
inhibited apoptotic cell death by down-regulating caspase 3
in rat brain following transient focal cerebral ischemia.
In our study, the caspases-3 immunopositivity was
increased in neurons of frontal brain tissue at 4 h following
trauma. Treatment of CAPE markedly reduced the
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immunoreactivity of degenerating neurons after trauma.
Our results support findings of the above-mentioned liter-
ature reports on apoptosis in terms of neuronal survival.
In conclusion, our findings suggest that a single dose of
CAPE given 15 min after trauma might be effective on
lipid peroxidation, antioxidant enzyme activity and neu-
ronal protection in brain injury following TBI. We suggest
that this would be more relevant clinically when consid-
ering the possible therapeutic use of CAPE in emergency
conditions amongst human subjects with cerebral injuries.
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