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A common pathology in Traumatic brain injury (TBI) is brain edema that develops within hours of impact. It
causes increased intracranial pressure (ICP), and nerve damage. It was shown that Walnut kernel (WK) has a
large amount of phenolic compounds with beneficial effects on human health due to antioxidant and antiinflammatory properties. The present study was designed to investigate the effect of WK feeding on brain
edema, neurological score and neuronal degeneration in male rat after traumatic brain injury. The diffuse TBI
was induced in adult male rats using Marmarou’s method. Sixty days prior to the injury, WK was added to
ordinary food (6% percent of daily food). Experimental groups are included sham (no TBI and no WK), control
(TBI and no WK) and treatment (TBI and WK). Brain edema and neuronal injury were measured 72 h after TBI.
Veterinary Coma Scale (VCS) and ICP were assessed at -1, 4, 24, 48 and 72 h after TBI. Brain water content
and ICP in treatment group decreased as compared to the control. Besides, VCS at 24, 48 and 72 h after TBI
showed a significant increase in treatment group in comparison with control. Based on our data, WK pretreatment may reduce pathological parameters after TBI in male rats.
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INTRODUCTION
Traumatic brain injury (TBI) is one of the most
important cause of mortality and morbidity among young
individuals worldwide.TBI produces an inflammatory reaction
that is usually accompanied by intense cell death in different
areas of the brain (Saatman et al., 2006). The cytotoxic events
can directly affect patient outcome after TBI, which can be
further exacerbated by uncontrolled intracranial pressure (ICP)
(Jiang et al., 2002) caused by an increase in brain water content
(Griebenow et al., 2007). Uncontrolled ICP can produce greater
.
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secondary damage through ischemia (Stiefel et al., 2005) and an
increase in mortality caused by hernia of the brain (Lang and
Chesnut, 1995). Up to now, TBI treatment methods have
concentrated on the reduction of ICP and post oxidative stress, but
an effective pharmacological treatment remains to be found.
Walnut species are the main source of nuts in mild climate
zones around the world. In Iran, Juglans regia L. (Juglandaceae) is
not just an agricultural product: its leaves, fruit, stems and flowers
are all used for different medicinal purposes. Walnut kernels (WK)
have high concentrations of phenolic compounds, which have
positive effects on human health because of their anticonvulsive,
neuroprotective, antioxidant and anti-atherogenic effects (Li et al.,
2007, Asadi-Shekaari et al., 2012). In addition, walnut kernels are a
nutrient-rich food, containing plentiful phospholipids, proteins,
unsaturated fatty acids and tocopherols (Labukas et al., 2010).
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Currently, there is no F.D.A approved treatment for
complication reduction after TBI (McAllister et al., 2001). Hence,
this study was designed to investigate the effect of walnut kernel
feeding on brain edema, neurological score and neuronal
degeneration in male rat after traumatic brain injury.
MATERIALS AND METHODS
This study was conducted in accordance with the
guidelines for the animal experimental protocols of Kerman
University of Medical Sciences. The protocol was approved
by the ethics committee (EC/KNRC/91-14) of this university,
in accordance with the internationally accepted principles for
laboratory animal use and care, as found in the US guidelines
(NIH publication #85–23, revised in 1985) or European
Community guidelines (EEC Directive of 1986; 86/609/EEC).
Adult male Albino Wistar rats (weighing 180–200 g) were
housed in an air-conditioned room in Afzali Pour Medical
Faculty, Kerman University of Medical Sciences, at 22–24 °C,
with a 12 h light : 12 h dark cycle and free access to food
and water. Animals (n=42) were divided into three groups of
sham (no TBI and no WK), control (TBI and no WK) and
treatment (TBI and WK, 6% percent of daily food for 2 months).
The number of animals in each group was 14. The groups
were divided into two subgroups (n = 7) for measuring brain water
content and neurologic score (subgroup 1), and neuronal injury
(subgroup 2).
Induction of TBI
The TBI method of the diffuse type induced by the
Marmarou’s method (Marmarou et al., 1994), using a TBI
induction device made by the Dept. of Physiology, Afzali Pour
Medical Faculty, Kerman University of Medical Sciences. The
protocol was as follows: a 250g weight was dropped from a 2 m
height on the head of the anesthetized (chloral hydrate,380 mg/kg)
animal rat while a metal disc (stainless steel, 10 mm in diameter,
3 mm thick) was attached to the animal’s skull. Control (shamoperated) animals were anesthetized and had the steel disc attached
to the skull, but they did not receive the weight drop. After TBI
induction, the rats were immediately connected to a respiratory
pump (TSA animal respiratory compact, Bad Homburg,
Germany). After spontaneous breathing had been restored, the
intratracheal tube was removed and, following recovery, the rats
were placed in individual cages (Shahrokhi et al., 2010).
Determination of Brain Edema
Edema was measured by assessing water content in the
brains. The weight of wet tissue was assessed first and then
incubated in 70°C in an incubator (Memmert, Germany) for 72
hours to evaporate the tissue water and dry, the brain was weighed
again and water content was determined by using the formula
listed below:
Brain water content %=[(wet weight-dry weight)/wet weight]×100
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Evaluation of Neurological Outcomes
According to veterinary coma scale (VCS), in the range
of 3-15 that was the sum of 3 parts: motor function (score range 1–
8), respiration (score range 1–3), and eye function (score range 1–
4). Based on VCS criteria, higher scores show better neurological
outcomes, and lower scores show worse neurological outcomes. In
the current study, the outcomes were measured 1 hour before
trauma induction and measurements were continued at , 4, 24, 48
and 72 hours after TBI (Stahel et al., 2000).
FluoroJade (FJ) staining
At 72 h after TBI, animals underwent intra-cardiac
perfusion with saline (0.9% NaCl in distilled water) and 4%
paraformaldehyde, subsequent to which the brain was extracted.
The right hemisphere was processed for FJ staining and the left
one for Nissl staining. FJ histochemistry was carried out as
originally described (Schmued et al., 1997). In brief, brain coronal
sections containing the sensorimotor cortex were washed in 80%
ethanol with 1% NaOH, 70% ethanol in distilled water. Then,
tissue sections were washed in 0.06% KMnO4 for 15 min and
washed again in distilled water. The FJ solution (1 ml) was diluted
in 99 ml 0.1% acetic acid and the tissue was incubated for 15 min.
Sections were then rinsed in distilled water, dehydrated, air dried,
and mounted on gelatin coated slides. Then nuclei were stained by
4'-6-diamidino-2-phenylindole (DAPI) to show total cells.
Nissl staining
For quantative analysis, three days after TBI, the brains
(left hemisphere) were processed consistent with standard
histological methods. Paraffinized brains were cut into 6 μm
sections on a rotary microtome and the sections were stained with
Cresyl fast violet (Nissl method). Neuronal injury was then
determined for each animal as the rate of the number of
degenerated pyramidal neurons to that of both surviving and
degenerated in three distinct fields of the cortex in sections (AsadiShekaari et al., 2012).
Statistical Analysis
Statistical analysis was carried out with SPSS for
Windows. All the data represented as mean ± SEM. Differences
among multiple groups were assessed using ANOVA. Tukey's test
was used for the ANOVA post-hoc analysis .The criterion
for statistical significance was sign at p < 0.05.
RESULTS
Determination of water content
The water content of the brain in the different groups, at
72 h post TBI is shown in Fig.1.This figure demonstrates that the
brain water content in control group is significantly more than in
sham group (p<0.05), on the other hand the brain water content in
treatment group was signiﬁcantly less than that of control groups
(p<0.05).
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Fig. 1: The effect of WK-pretreatment on brain water content 72 h after
inducing TBI in male rats. Experimental groups are included sham (no TBI and
no WK), control (TBI and no WK) and treatment (TBI and WK). Data are
presented as mean ± SEM, n= 7/groups. *: Significant difference between
control and sham groups (p <0.05). #: Significant difference compared to sham
group (p<0.05).

Neurological score
Experimental time course including 4, 24, 48, and 72
hours has shown significance difference between treated animal
groups comparing to control and/or sham groups P<0.05 or P <
0.001. However, no significance differences were seen following 1
hour in our experimental groups.
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Neuronal counting
Our data showed that TBI induced severe neuronal
degenration in the brain cortex of control group (54.13%). Pretreatment with WK significantly diminished degeneration in
treatment group (22.37%). Neuronal degenerated was in sham
group was (7.48%) (Fig. 4).
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Fig. 2: The effect of WK-treatment on neurological scores after inducing TBI
in male rats. Experimental groups are included sham (no TBI and no WK),
control (TBI and no WK) and treatment (TBI and WK). ***: Significant
difference in compared to sham group (p<0.001). Neurological scores
increased in TBI groups that pre-treated with WK group compared to control
group # P<0.05. Data are presented as mean ±SEM, n = 7/group.

Neuronal degeneration
Qualitative Neuronal degeneration after TBI was
assessed by FluoroJade (FJ) staining at 72 h post trauma.
Compared to sham (Fig. 3A), intense FJ-labeled neuronal
perikarya were detected in the cortex (Fig. 3B). While, in all
regions, FJ labeled cells were significantly reduced as a result of
pre-treatment with WK (Fig. 3C). Compared to the control, the
injured cortex in animals pre-treated with WK demonstrated
reduction in neuronal injury.
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Fig. 3: Sections containing the cerebral cortex were double-labeled with DAPI
(blue nuclei show total cells) (A, B, C) and Fluoro-Jade (A’,B’,C’), and their
merged (A”,B”,C”) to show degeneration of neurons. Fluoro-Jade staining of
the sections demonstrates the extensive neuronal damage that has occurred in
control group (TBI and no WK) (B) comparing to sham group (no TBI and no
WK) (A). Pre-treatment with WK decreased neurodegeneration in cerebral
cortex as observed in the figure (C, D). White arrow shows degenerated
neuron. Magnification: ×100.
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Fig. 4: Neuronal damage in cerebral cortex 72 hr after TBI was analyzed using
Nissl’s staining. Experimental groups are included sham (no TBI and no WK),
control (TBI and no WK) and treatment (TBI and WK). Results were expressed
as Mean ± SEM. A statistical difference was determined by a value of 0.05.

DISCUSSION
In the current study, we investigated the effect of WK
diet in the development of brain edema, neurological scores, and
neuronal degeneration after TBI in male rats. The main finding
was acquired in this study; WK pre-treatment reduced brain
edema, improved neurological scores and prevented increased
neuronal degeneration post-TBI, in male rats.
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The results of experimental studies have revealed that
blood-brain barrier (BBB) breakdown and increase of endothelium
permeability after brain trauma can cause brain edema and
eventually ICP increase (Shlosberg et al., 2010). Brain edema
resulted in cell injury after TBI (Papadopoulos and Verkman,
2007). It has shown that edema causes a rise in ICP, which
contributes significantly to neuronal cell injury (Griesbach et al.,
2009), and also enhances the mortality and morbidity rates in TBI
patients (Sarabia et al., 1988). It seems that oxidative stress has a
main role in post-TBI neuronal injury (Marmarou, 2007).
Accumulation of oxygen-derived free radicals in vessels has a key
role in the molecular cascade involved in BBB breakdown (del
Zoppo, 2006). Moreover, inflammation originated from TBI
resulted in secondary vascular damage and intense neuronal
degeneration in the brain (Shlosberg et al., 2010; Saatman et al.,
2006).
The results of our study demonstrated that TBI causes
severe neuronal degeneration in the brain cortex, while, pretreatment with WK ameliorates the induced injury. The
neuroprotective effect of KW was confirmed by Asadi-Shekaari et
al. They stated that the positive effects of the WK are dependent
upon its anti-inflammatory and antioxidant properties (AsadiShekaari et al., 2014).
Walnut kernels contain essential fatty acids such as
alpha-linolenic acid (ALA), linoleic acid (LA) and oleic acid. In
addition to high fatty acid contents, the walnut has some other
beneficial constituents such as vitamin E, melatonin and numerous
antioxidant polyphenolics. Different polyphenols of WK include
tannins, ellagic acid, gallic acid and glansrins A, B and C (Ito et
al., 2007).
According to a recent study, walnut extract reduced the
production of Tumor Necrosis Factor-α (TNF-α) in BV-2
microglial cells activated by lipopolysaccharide (LPS) (Liu et al.,
2012). Walnut extract and its component ellagic acid also showed
anti-inflammatory activity in human aorta endothelial cells and
osteoblastic activity in the cell line KS483 (Papoutsi et al., 2008).
In addition, a more recent study showed that fatty acids have a role
in reduction of inflammation response in peritoneal macrophages
(Montserrat-de la Paz et al., 2014). In our study, the reduction of
neuronal degeneration in pre-treatment group may be due to antiinflammatory constituents of WK.
Neurologic scores of WK pre-treated group at different
post TBI h were higher compared to the control group. It has been
reported that low neurologic scores are associated with
vasoconstriction and cerebral hypoperfusion (Shahlaie et al.,
2009). Nuts including walnuts contain large amounts of Larginine, the precursor amino acid of the endogenous vasodilator
nitric oxide (NO)(Cooke et al., 1993). Moreover, one of the
beneficial components of WK is melatonin (Al-Qarawi et al.,
2003) that may be involved in the protective effect of WK in
treated group. Recently, Dehghan et al.,confirmed that melatonin
can increase neurologic scores after TBI in male rats (Dehghan et
al., 2013). Although the precise mechanism of this protective
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effect is not yet known, but high L-arginine content and melatonin
could be an explanation for the observed effect.
According to our data, WK pre-treatment for 60 days
prior to TBI is effective in decreasing brain edema, and neuronal
degeneration, as well as in improving neurological scores. These
positive properties may be due to its potent antioxidant and antiinflammatory effects.
CONCLUSION
WK diet might decrease brain edema, and neuronal
degeneration, plus improving neurological scores in TBI group.
This may suggest that WK consumption has beneficial effects in
reducing the injury caused by TBI, nevertheless, the precise
mechanism of anti-inflammatory and antioxidative properties of
WK require further studies.
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