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The neuroprotective effect of Coconut Oil in mice with Traumatic Brain Injury
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Amac: Bu calismada hindistan cevizi yaginin travmatik beyin hasar1 olan farelerde olas1 noroprotektif etkisini degerlendirmeyi amagladik.

Gereg ve Yontemler: Calisma grubunda yer alan 10 adet erkek fare (C57BL/6), kontrol (n=5) ve hindistan cevizi yagi uygulanan gruba (n=5) rastgele ayril-
di. Bir hafta boyunca kontrol grubuna 250 ul salin, diger gruba gruba 10 mg / kg/oral hindistan cevizi yag: verildi. Farelere 7. giin cold brain injury modeli
uygulandi. Beyindeki enfarktiis voliimii ve 6dem, travmadan 24 saat sonra degerlendirildi.

Bulgular: Hindistancevizi yagi uygulanan grupta, enfarktiis voliimii ve beyin 6deminin, kontrol grubuna gére anlaml1 derecede daha diisiik oldugu saptandi.

Sonug: Bulgularimiz, hindistancevizi yaginin farelerde travmatik beyin hasar1 sonrasi hasarli néronlar tizerinde potansiyel bir noroprotektif etkiye sahip
oldugunu gostermistir.

Anahtar kelimeler: Beyin hasari, Hindistan cevizi yagi, Noroproteksiyon

Objective: This study aimed to evaluate the possible neuroprotective effect of coconut oil in mice with traumatic brain injury.

Material and Methods:Ten adult male mice (C57BL/6) were randomly assigned into the control (n=5) and coconut oil administered group (n=5). The
control group was received 250 pl saline/day and coconut oil was administered 10 mg/kg/day per os to the coconut oil group for a week. Brain coold injury
model was produced on seventh day. 24 hours after the injury, infarction and oedema volume in the brain was measured in two groups.

Results: The coconut oil group mice were found to exhibit lower brain infarct volume and edema than the control group mice.
Conclusion: Our findings indicated that coconut oil has a potential neuroprotective effect on damaged neurons after traumatic brain injury in mice.
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INTRODUCTION

Traumatic brain injury (TBI) is the common cause of
mortality and morbidity leading to high financial costs world-
wide. Unfortunately, there is no actual proven treatment for
TBI. The main reason for this limitation is that central nerv-
ous system (CNS) has a limited capacity to regenerate. This is
partly due that neurons have limited primary energy sources,
such as glucose to overcome the injury state and initiate the
neuro-regenerative response.

Coconut Oil (CoOil) is a well-known agent to increase
the production of ketone bodies which are alternative energy
sources for the brain(1, 2). Unlike many other dietary fats
that contain high level long-chain fatty acids, CoOil includes
medium-chain fatty acids (MCFA) which are well absorbed
and easily converted by the liver to energy-providing keto-
ne bodies(1, 3, 4). The main advantage of ketone bodies in
this context is their availability as an internal energy source
for mitochondria(5)which does not require to be absorbed
from the circulation, and thus not blocked by the selectively
permeable structure of brain blood barrier (BBB). TBI has a
heterogeneous process and contains many critical steps whi-
ch are overlapping with those of many other traumatic and
neurodegenerative diseases (i.e. stroke, Alzheimer’s disease)
including direct tissue damage (i.e., vasogenic oedema) and
indirect series of events (i.e., inflammation, anoxic neuronal
cell depolarization, excitotoxic neuronal cell death and cy-
totoxic oedema formation)(6). Additionally, the anaerobic
phase of TBI is associated with lactic acid accumulation due
to impaired cellular energy states which is a challenge for ef-
fective neuroprotective treatment in humans with TBI (7).
To overcome this hurdle, considerable research has focused
on secondary injury mechanisms to develop neuroprotective
treatment strategies. However, despite many promising prec-
linical studies, more than 30 phase III prospective clinical
trials have failed to show any significance in their primary
end point (8-10). However, in fact, there have been no cli-
nical study that focused on the bioenergetic mechanisms in
TBI making it logical to assume that treatment options that
do not target bioenergetic mechanisms might be responsible
for failed clinical study results in brain trauma patients. Con-
sistently, several studies have suggested that TBI and other
traumatic neurodegenerative diseases might include some
major bioenergetic deficiencies (11). Additionally, there are
pieces of evidence suggesting the role of repetitive brain tra-
uma as a significant risk factor for the development of Alz-
heimer Disease (AD)(12). In this context, several preclinical
and clinical studies have demonstrated that cortical glucose
metabolism has been severely disturbed after brain trauma
(13, 14). However, the bioenergetic role of ketone bodies has
been recently confirmed by cultures co-treated with CoOil
and amyloid-p (AP) peptide (15, 16). Overall, these studies
have indicated that CoOil can have a great impact on neuro-
nal survival by decreasing the AP secretion via modulating

various secondary intracellular messengers, such as ADP-Ri-
bosylation Factor 1 (ARF1) (17). Because CoOil has been
found neuroprotective in various in-vivo and in-vitro models
of AD(1, 16, 18), we aimed to assess the brain protective ef-
fect of CoOil in a brain trauma model. Based on the anti-inf-
lammatory, pro-cognitive and bioenergetic role of CoOil, we
further hypothesized that CoOil could exert a multifaceted
brain protective effect in the TBI pathophysiology. From the
clinical point of view, it can be assumed that ketone bodies
might be a novel treatment option for people who are expo-
sed to TBI with their potency to provide alternative energy
sources for the injured brain. Following studies have also
confirmed that CoOil exerted significant inhibitory effects
on inflammationwhich is an essential step in TBI pathophsy-
iology.

MATERIAL and METHODS
Ethical approval

All applicable international, national and/ or institutio-
nal guidelines for the care and useof animals were followed.
The study was approved by the Istanbul Medipol Univer-
sity Medical School Ethical Committee (approval number:
38828770-604.01.01-E.58829).

Animals

The study was performed at Meditam Research Laborato-
ries of Istanbul Medipol University.

Ten male mice (C57BL/ 6 mice, 8-10 weeks old, weighing
25-30 g) were used for the study. The animals were mainta-
ined under a constant 12:12-h light-darkness regimen (with
the lights on daily at 7.00 a. m.) and with ad libitum access
to food and water. The mice were housed separately in cages
after the operation.

Coconut oil treatment and experimental groups

A total of ten mice were randomly divided into two
groups (n=5 per group), namely the control and CoOil tre-
atment groups which were treated with 250 ul saline and 10
ml kg BW CoOil per os (p.o), respectively along a week of 7
days. As by previous literature,we have chosen the neuropro-
tective dose of coconut oil as 10 mg/kg which is equal to hu-
man doses (19, 20).

Cold injury

The brain injury was performed as previously described
for a cryogenic trauma model(21, 22).All the mice were ana-
esthetized with intraperitoneally (i.p.) ketamine (60 mg/ kg)
and xylazine (6 mg/ kg) and fixed in the stereotaxic device.
A parietal craniotomy (3 mm diameter, 2.5 mm lateral, 2.5
mm posterior to the bregma) was done using a dental drill.
The cold injury was performed using a liquid nitrogen-coo-
led copper probe (tip diameter 2.5 mm), which was placed on
the dura for 60 s and then removed. After that, the scalp was
sutured. The rectal temperature was continuously monitored
and kept between 36.5 and 37°C with a homeothermic blan-
ket during the procedure. The animals were then taken to the
feeding room and the experimenters waited for the animals
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to recover during the following 24 h post-trauma. At the end
of this 24 h, the animals were anaesthetized again with high
doses of i.p. xylazine (20 mg/ kg) and ketamine (100 mg/ kg).
The mice were sacrificed, and their brains were dissected and
put on dry ice. Coronal 18 pm-thick brain sections were ta-
ken from the frozen brain tissue for histopathological and
protein analyses.

Cresyl violet staining

The sections were dried at room temperature for 30 min
to remove the moisture, followed by fixation in a 4% parafor-
maldehyde solution for 7 min. After washing with distilled
water, the sections were placed in a glass chamber containing
phosphate-buftered saline (PBS) with subsequent shaking of
the samples for 5 min at 140 rpm. Then, cresyl violet dye was
applied to the sections for 15 min on a shaker with 80 rpm.
After staining, the sections were rinsed three times with dis-
tilled water and they were dipped into four chambers contai-
ning sequentially increasing concentrations of ethanol (70%,
90%, 95% and 100%) for 20 s in each chamber. Finally, xylene
was applied to the sections for 3 min at room temperature
and the mounting medium was placed onto each slide (23).

Analysis of brain injury

Coronal brain sections from equidistant brain levels, 0.5
mm apart, were stained with cresyl violet staining according
to a standard protocol(24).On the sections, the border betwe-
en the injured and non-injured areas was outlined using an
image analysis system (Image J; NIH, Bethesta, MD, USA)
and the area of the injury was assessed by subtracting the area
of the non-injured ipsilateral hemisphere from that on the
contralateral side. The volume of the injury was calculated by
integration of these lesion areas. Odema was calculated as the
volume difference between the ischaemic and the non-ischa-
emic hemisphere and expressed as a percentage of the intact
hemisphere(25).

Statistical analysis

For statistical data comparisons, a standard software pac-
kage SPSS 18 for Windows (SPSS Inc., Chicago, IL, USA) was
used. The differences between groups were analysed with in-
dependent t-test. All the values are given as mean + SD with
N values indicating the number of animals analysed. p<0.05
is considered significant.

RESULTS

Infarct Volume and Brain Swelling

To analyse the effects of CoOil on TBI, the damaged vo-
lume was measured. In vehicle-treated animals, reproducible
brain infarcts were observed after 24 h as described by our
previous literature (12). In the control-group (Group 1), the
infarct volume (Figure 1) was measured as 33+8.5 mm®
versus23+9.1lmm’ (mean + SDj; p<0.05) in coconut oil app-
lied group (Group 2). When the alterations of brain swelling
were analysed, a reduction was found in Group II (Figure
2, 87%; p<0.05).Shortly, these alterations of brain swelling
and infarct were statistically significantly different between
the groups.
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Figure 1. Infarct volume is lower in CoOil administe-
red mice than in the control group 24 h after brain injury
(p<0.05).
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Figure 2. CoOil administered mice showing decreased
brain swelling compared to the control group, 24 h after
brain injury (p< 0.05). Distance bar = 2 mm, Group I: Cont-
rol group; Group II: CoOil administered group

DISCUSSION

Despite the warnings of American Heart Association
(AHA) (26) and the United States Department of Agricul-
ture (USDA) (27) to consume CoQil due to increased cardi-
ovascular system (CVS) side effects, there are rapidly repli-
cating evidence showing that CoOil does not increase CVS
side effects, suggesting further that it can be safely used in
patients with neurodegenerative diseases (28, 29). Several
studies further supported this recommendation by showing
that CoQil might even slow the progression rate of PD and
AD (30, 31).In investigating the neuroprotective effect of Co-
Oil on the injured brain in mice, we have found that CoOi
Ireduced significantly the infarct and oedema volume. Des-
pite many complex and interactive pathwaysinvolved in TBI,
we have observed that 10 mg/kg CoOil sufficiently reduced
infarct and oedema volumes, suggesting that in addition to
major cascades (i.e., neuroinflammatory and oxidative), bio-
energetic deficiencies,might play also an essential role in the
pathophysiology of TBI. These results along with our cur-
rent findings might strongly suggest that CoOil could play
an important role in providing bioenergetic support by en-
hancing the utility of ketone bodies in TBI. Further, it is not
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unreasonable to assume that the dosage applied in our study
was sufficient to providesustainable energy for inducingthe
repairing process after TBI. Our present results might also be
relevant as they provide further evidence for the therapeutic
role of CoOil in TBI-related dementia which is characterized
with neuroinflammation, amyloid deposition and bioener-
getic failures (32). In this regard, many studies have found
that TBI might initiate multiple degenerative mechanisms,
such as increased amyloid beta aggregation, leading to dif-
fuse axonal injury (DAI) which is associated with increased
risk of AD (33-36). Although our findings contribute to the
literature in several ways, this study has some limitations that
should be addressed. First, a long-term evaluation instead of
a “snap-shot” histological analysis at post-injury 24 hours,
could increase the power of the present study. Second, our
sample size was small, and further investigation using more
animals are necessary.

It should be noted, despite the small sample size we were
able to show statistically significant differences between the
groups regarding infarct and oedema volumes that support
the potential neuroprotective role of CoQil in TBI-related
dementia. Taken together, although some limitations, our
study is the first study that tested the neuroprotective role
of CoOil in TBI,and opens a new translational window for a
new understanding the underlying bioenergetic and inflam-
matory mechanisms of the neuroprotective effect of CoOil
in TBIL.
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