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ABSTRACT

Background and Objectives. Neuroprotection agents may help improve the outcomes of large vessel ischemic stroke.
This study aims to explore the role of Virgin Coconut Qil (VCO), with its well-documented anti-oxidant properties,
in neuroprotection after transient occlusion of the extracranial internal carotid artery in a rat model of stroke.

Methods. Twenty-three Sprague-Dawley rats were randomized into two groups: 1) control group (n=11) given
distilled water, and 2) treatment group (n=12) given virgin coconut oil at 5.15 ml/kg body weight for seven days.
Subsequently, the rats underwent transient right extracranial internal carotid artery occlusion (EICAQ) for 5 minutes
using non-traumatic aneurysm clips. At 4 and 24 hours after EICAO, the animals were examined for neurologic
deficits by an observer blinded to treatment groups, then sacrificed. Eight brain specimens (4 from each group)
were subjected to histopathologic examination (H & E staining) while the rest of the specimens were processed
using triphenyltetrazolium chloride (TTC) staining to determine infarct size and area of hemispheric edema.

Results. VCO treatment significantly improved the severity of neurologic deficit (1.42 + 2.31) compared to the control
distilled water group (4.09 + 2.59) 24 hours after EICAO. Whereas, infarct size and percent hemispheric edema
did not significantly differ between the two groups.

Conclusion. Prophylactic treatment of VCO is protective against EICAO-induced neurologic deficits in a rat model.
VCO shows great potential as a neuroprotective agent for large vessel ischemic stroke. However, more studies
are necessary to elucidate the neuroprotective mechanisms of VCO therapy in ischemic stroke.
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INTRODUCTION
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manuscript. i .
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Free radicals are extremely reactive molecules
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molecules.® These reactive species are responsible for the
brain parenchymal damage that leads to poor outcomes
in LVIS. During ischemia, free radicals form as a result of
(1) a decrease in mitochondrial reduction potential, (2) an
increase in nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase activity in biological membranes, and
(3) an increase in the activity of phospholipase A, and
cyclooxygenase.” Free radical formation is amplified with
the restoration of blood flow to ischemic parts of the brain
due to the influx of oxygen, which is a potent substrate
for the formation of superoxide.® Reperfusion injury,
characterized by further insult to ischemic but salvageable
brain tissue after the re-establishment of blood flow, has
proven to be one of the major therapeutic targets in the
management of secondary insults following LVIS.?

Virgin coconut oil (VCO) is defined by the Philippine
Coconut Authority (PCA) as the oil obtained from the
fresh and mature kernel of coconut by mechanical or natural
means, without undergoing chemical refining, bleaching, or
deodorizing, and which does not lead to the alteration of
the nature of the oil." VCO consists of different fatty acids
such as caproic acid, caprylic acid, capric acid, palmitic acid,
stearic acid, oleic acid, linoleic acid, lauric acid, and myristic
acid. Of note, the latter two medium-chain fatty acids are
abundant. VCO also contains polyphenols like phenolic
acids, ferulic acid, and p-coumaric acid. The biologic effects
of VCO are thought to be mediated by its component
medium-chain fatty acids and polyphenols.'?

The anti-oxidant effects of the polyphenols in VCO
have been established by both cell culture and animal
studies.’® The number of phenolic acids, ferulic acid, and
p-coumaric acid were found to be correlated with the free
radical scavenging activity of VCO." Besides, VCO was
found to reduce lipid peroxidation and increase the activity
of superoxide dismutase.'

The most studied benefit of VCO supplementation
is its effect on the lipid profile i.e. effectively increasing
high-density lipoprotein (HDL) levels while decreasing
cholesterol and triglyceride levels using established animal
models.”® Two trials involving human subjects, a cross-
over trial on healthy subjects monitoring HDL levels”
and a controlled trial on coronary artery disease patients,
validate the ability of VCO to raise HDL levels.

Studies on the benefits of VCO on neurologic illnesses
are limited. Despite this, VCO has been marketed as a
food supplement with protective effects against CVD and
myocardial infarction and is widely available in health food
stores. Thus, the study aims to determine whether VCO
can improve clinical outcomes after large-vessel ischemic
stroke in a rat model. While VCO has been used in trials
involving human participants for Alzheimer’s Disease,? we
felt that an animal study needed to be done first to give
insight into the mechanism of VCO for neuroprotection
in stroke, if any.

MATERIALS AND METHODS

Ethical Statement

'This protocol was approved by the Institutional Animal
Care and Use Committee (IACUC) of the university. All
efforts were made to minimize animal suffering and to
reduce the number of animals used. Animal care followed
the recommendations of the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Council Directive 86/609/
EEC)* and the Principles of Laboratory Animal Care
(NIH Publication Vol 25, No. 28 revised 1996; http://grants.
nih.gov/grants/guide/notice-files/not96-208.html).

Housing, Husbandry, and Experimental Animals

Twenty-three male Sprague-Dawley rats aged eight to
ten weeks old and weighing between 250-280 grams were
obtained from the hospital laboratory. All experiments
were performed at the animal house of the university. Rats
were housed individually in standard polycarbonate cages
with stainless steel top and kept at 22 + 2°C, 30 to 50%
humidity, at 12 hours/12-hour light-dark cycle and fed ad
libitum with commercial pellets and water for seven days
before the experimental procedure. The health and behavior
of the animals were monitored during the one-week
acclimation period.

Study Design and Experimental Procedure

A complete randomized block design was utilized in
the study. Rats were randomly divided into two groups
namely: a control group (n=11) given distilled water for
7 days and a treatment group (n=12) given VCO for the
same duration. Because a completely randomized design
is utilized in this study, the unequal number of rats in each
group was tolerated.”

Both distilled water and VCO were administered daily
for seven days using a stainless steel oral gavage. In a toxicity
study on VCO?* the median lethal dose (LD, ) of VCO was
found to be greater than 36.7 g/kg in mice while the oral
no adverse effect level (NOAEL) in mice was determined
to be 2.3 g/kg. VCO treatment group was given VCO once
daily for seven days at a dosage of 5.15 ml/kg body weight,
which is equivalent to 4.6 g/kg rat using the density of
0.893 g/ml.* This dose was equivalent to the recommended
human dose of three to four tablespoons per day.?*

An hour after the last administration of VCO or distilled
water, extracranial internal carotid artery occlusion (EICAO)
was done on both VCO and the control rats as outlined
by Desamero et al.®* A treatment-blinded veterinarian
with experience in EICAO performed the procedure. The
rats were anesthetized intraperitoneally with a cocktail of
ketamine at 90 mg/kgBW and xylazine at 9 mg/kgBW.

The right ventral neck and throat region were shaved
and sterilized with alcohol and povidone-iodine. The
rats were placed supine with a four-point restraint on a
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wooden operating block with a disposable sterile drape. A
2-cm ventral midline incision was made using a scalpel.
'The right internal carotid artery (RICA) was dissected free
from the vagus nerve and surrounding tissues. The RICA
was temporarily clipped for 5 minutes using a microvessel
clip (RWD, San Diego) to induce transient ischemia. The
clip was removed and the incision site was closed with 3-0
absorbable suture material (Polyglactin 910, Ethicon Inc.,
New Jersey). The operative site was sterilized again after
closure. Heating lamps and heating pads were provided
during the entire procedure to prevent hypothermia and to
promote faster recovery from general anesthesia.

The determination of the neurologic deficit score
(NDS) was made at two-time points, 4 hours, and 24
hours after EICAO, by an observer who was blinded to
the treatment assignment. The rats were placed on a table
and videotaped during assessment for neurologic deficits.
The following maneuvers were performed on the rats:
letting the rat roam freely on the table, applying a gentle
lateral push behind the rat’s shoulders, and suspending the
rat above the table for a few seconds. After the maneuvers
and observations were performed, the rats were graded
on an 8-point NDS scale (Table 1). The maneuvers and
the NDS scale were used by Desamero et al.,** and were
an adaptation from an earlier study by Bederson et al.?’
After the assessment for neurologic deficits, the rats were
euthanized by intraperitoneal injection of pentobarbital

sodium at a dose of 150 mg/kg body weight.

Table 1. Neurologic Deficit Score?

Score Description

0 No neurologic deficit
1 Left forelimb flexion when suspended by the tail or
failure to extend the left paw fully

2 Left shoulder adduction when suspended by the tail

3 Reduced resistance to lateral push toward the left side

4 Spontaneous movements in all directions with circling to
the left exhibiting only if pulled by the tail

Circling or walking spontaneously only to the left

Walking only when stimulated

No response to stimulation

Stroke related death

[o RN BN N0 |

Tissue Processing

Brain tissue samples from randomly selected rats from
each group were collected by a treatment-blinded pathologist.
Four brains from each group were processed using routine
histopathological techniques (10% buffered neutral formalin
fixation) to prepare Spm thick, coronal brain sections at the
level of the bregma. Staining with hematoxylin and eosin
was done. Histopathological examination was performed
using stereo and digital microscopes (Olympus® Tokyo).
Photomicrographs were taken using Evos® FL Imaging
System (Fisher Scientific, Pittsburgh, PA). All specimens
were analyzed by a veterinarian specializing in animal
pathology who was blinded to the treatment assignments.

VCO Neuroprotection for Cerebral Ischemia

The rest of the brain samples were sliced in
2-mm-thick coronal sections and stained with 2%
2,3,5-triphenyltetrazoliumchloride (TTC) (Sigma Aldrich,
St. Louis, Missouri) for 10 minutes in the dark at 37 °C
for gross morphologic analysis. Sections were scanned and
analyzed using Image] software version 1.51s (http://rsbweb.
nih.gov/ij/). Infarcted regions were visualized as poorly
staining regions in contrast to the red-orange-stained areas
of normal brain tissue. The infarcted and the total brain areas
were traced manually in the loaded images. The number of
pixels in the selected area was determined using the menu
option Analyze then Measure.”® The computed values were
recorded and the process repeated on subsequent images.
Infarct percentage was calculated as the sum of the areas
of an infarcted region divided by the total brain area and
multiplying by 100.% For determination of the area of brain
edema, the ipsilateral (injured) and contralateral (uninjured)
hemispheres were manually traced and the pixel number was
computed as previously described. Ipsilesional hemisphere
swelling was calculated by analyzing the difference in
the size of the ipsilateral and contralateral hemispheres
using the formula®:

Ipsilateral Hemispheric _ Ipsilateral area - Contralateral area
Edema Percentage Contralateral area

x 100

A single observer blinded to treatment assignment
performed the analysis described.

The remains of all experimental animals were packed
in polythene bags before disposal. They were buried four
feet below the ground away from any water pipelines and
covered with lime and disinfectants.

Statistical Analysis

'The results were expressed as mean =+ standard deviation.
Non-parametric test for two samples Wilcoxon rank-sum
(Mann Whitney) test was used to compare NDS, infarct
percentage, and percent hemispheric edema. All statistical
analyses were performed using GraphPad Prism 7. P-value
of less than 0.05 was considered statistically significant.

RESULTS

Neurologic Deficits

One rat from each treatment arm died after surgery
(NDS=8). All rats (n=23) were included in the analysis.
The results of the neurologic testing done at 4 hours and
24 hours after EICAO are summarized and illustrated in
Figure 1. Two-sample Wilcoxon rank-sum (IMann Whitney)
test showed that there was no significant difference between
NDS of the control group (5.72 + 1.35) and the VCO
treatment group (5.17 + 1.03) 4 hours after occlusion
(p=0.28). However, the severity of neurological deficit was
significantly reduced in the VCO treatment group (1.42 +
2.31) compared to the control group (4.09 + 2.59) 24 hours
after occlusion (p=0.01) (Figure 1).
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Figure 1. Neurologic deficit scores (NDS) of the rats in the
distilled water control and virgin coconut oil (VCO)
treatment groups were observed during 4 and 24
hours post-occlusion of the right internal carotid
artery (RICA). A significant reduction in NDS of the
rats receiving VCO was observed 24 hours post-
occlusion. *** - p <0.05

Histopathologic Analysis

Coronal sections of brain tissue at the level of the bregma
did not show any sharp demarcation between ischemic and
non-ischemic areas for both groups at low magnification.
At high magnification, however, histopathological changes
signifying early neuronal injury were seen in both groups.
Figure 2 shows the presence of red neurons characterized as
eosinophilic cells with pyknotic nuclei, increased perinuclear
space, and neuropil microvacuolation. These cells were
seen in both the contralateral and ipsilateral neocortical
layers in both treatment groups, and are consistent with
the histopathologic sequelae of transient ischemia and
hypoxia-induced by EICAO and subsequent euthanasia.

Staining with 2,3,5-triphenyltetrazoliumchloride

'The discrete areas showing the absence of TTC staining
that characterizes core infarct™ in protocols employing
MCA occlusion were not observed in our study specimens.
This is likely due to the duration of EICAO in the current
study — five minutes — which was significantly shorter than
the hour-long occlusion of the MCA in other studies.!
Nonetheless, poorly staining regions ipsilateral to the side
of the EICAO were noted. Figure 3 shows representative
specimens from both groups that confirm ischemic changes
in the right ICA territory after EICAQ.

Delineation of infarcted region and determination of
hemispheric edema was done. Gross morphologic analysis
showed no difference (p=0.694) in the infarct size between
the control group (50.77 + 33.49%) and the VCO treatment

group (55.07 £ 32.93%). Although a trend toward less edema
was noted in the VCO treatment group (0.06 = 18.07%)
compared to the control (10.67 * 36.7%), this was not
statistically significant (p=0.548) (Figure 4).

DISCUSSION

Treatment with VCO conferred a protective effect
against neurologic deficits in a rat model of LVIS. 'The
decrease in NDS scores seen on assessment 24 h after
occlusion in the VCO treatment group which was not seen
during the 4-hour assessment suggests that VCO helps
reverse ischemic insults to the brain following EICAQ. This
is likely due to its antioxidant properties.

Due to its high metabolic activity and relatively
sparse endogenous antioxidant enzymes, neurons are
particularly susceptible to oxidative damage that occurs
after periods of ischemia.’ This increased production of free
radicals following ischemic injury has been unequivocally
confirmed in rat models of stroke.® The administration of
known anti-oxidants such as a-phenyl-N-tert-butyl nitrone
(PBN) and MCI-186 has also been shown to reduce infarct
volumes in animal studies.’> VCO, with its known anti-
oxidant properties, may act similarly.’*¢

The use of transient EICAO pioneered by a previous
neuroprotection study? requires less time and technical
skill compared to other established stroke models such as
the intraluminal MCA, craniotomy, photothrombolysis,
endothelin-I, and embolic stroke models.’> However, the
effects of the EICAO on the TTC stained specimens were
not as remarkable as that of the commonly used MCAO
model,* as seen in our study. Both the T'T'C stained brain
specimens and histopathologic slides demonstrated findings
of ischemic injury after EICAO. 'The histopathologic
sequela of red neurons noted to be distributed on both
cerebral cortices seen after EICAOQ in this study was similar
to the findings of Desamero et al.?

The percentages of the infarcted and edematous regions
determined with the use of T'T'C staining and image analysis
did not vary between the groups at 24-hour reperfusion.
The mismatch between the observed improvement in NDS
scoring with the treatment group and the non-significant
difference in histologic analysis between the two groups is
likely due to the phenomenon of penumbra. A penumbra is
potentially salvageable hypoxic brain tissue that surrounds
the core infarct after intracranial vessel occlusion and
can remain up to 24 hours after ictus.*** The ischemic
penumbra is a region of brain tissue that is functionally
impaired but remains structurally intact, and may thus cause
neurologic deficits.” Since the stains were not sensitive for
penumbra, a non-visualized penumbra in the control group
may have accounted for the higher NDS scores.

There is a paucity of data on the use of VCO for
neurologic conditions. A search on Pubmed using the term
“Virgin Coconut Oil” retrieved 97 search items while the
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Figure 2. Histopathologic sections of the brains from both treatment and control groups showing red neurons (*), increased
perinuclear space (arrow), and neuropil microvacuolation (arrowhead). (A) Ipsilateral (right) neocortex of a rat from the
VCO treatment group; (B) Contralateral (left) neocortex of a rat from the VCO treatment group; (C) Ipsilateral (right)
neocortex of a rat from the distilled water control group; (D) Contralateral (left) neocortex of a rat from the distilled
water control group (400x magnification, H&E) Bar = 200um

Figure 3. Representative brain specimens from the (A) VCO treatment and (B) Distilled water control groups after staining with
2,3,5-triphenyltetrazolium chloride. The neocortex stained red-orange represents non-infarcted brain tissue while the yellow
areas of poorly staining neocortex represent infarcted brain tissue corresponding to the area supplied by the right ICA.
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Table 2. Studies using VCO for neurologic conditions

Author

Population and design

Neurologic Domain

Intervention and Methods

Results

Rahim et al.®® Wistar Rats; Randomized Memory VCO before Morris Water VCO had significant memory
2017 controlled trial Maze test enhancing properties

Melo et al.¥” Wistar rats: Randomized Epilepsy Ketogenic diet based on VCO VCO had no effect on frequency
2018 controlled trial after induction of pilocarpine-  and duration of seizures

induced status epilepticus

Hu Yang et al.?*
2015
(Article in Spanish)

Alzheimer's disease patients;
Pilot randomized
controlled trial

Memory; Dementia

VCO before cognitive
assessment with Mini-examen
cognoscitivo

Significant decline in scores in the
VCO group

Mirzaei et al. %
2018

Wistar Rats; Randomized
controlled trial

Memory; Dementia

VCO in Wistar rats with beta-
amyloid induced toxicity; used
Morris maze master test and
passive avoidance learning

VCO groups did better in memory
and learning tests

Da Silva et al. #°
2018

Wistar Rats; Randomized
controlled trial

Memory; behaviour

VCO with exercise before
object recognition test and
open field test

VCO with exercise ameliorated
the effects of stress on anxiety
and memory

Nafar et al.**

Cortical neuron cultures;

Memory

VCO in cultured neurons with

VCO decreases beta amyloid-

2017 Randomized controlled trial beta-amyloid induced decrease in cell viability
Ching et al.*¢ Alzheimer's disease patients; Memory; Dementia ~ VCO given and memory VCO did not improve cognition or
2017 Randomized double assessed until 6 months behavior in AD patients
blind controlled trial
Diestro et al. Sprague-Dawley rats; Stroke VCO before transient EICAO; Significantly better Neurologic
Randomized controlled trial neurologic deficits assessed Deficit Scale scores in the
post-occlusion VCO group
Py
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Figure 4. Calculated percentages of (A) infarct size and (B) hemispheric edema of rats in the distilled water control and
VCO treatment groups. Differences in percentages between the two groups did not attain statistical significance.

same search on Scopus yielded 303 items. After thoroughly
reviewing the abstracts and titles of all the articles, only 7
articles related to the use of VCO in neurological disorders.
These studies are summarized along with our research in
Table 2. Six of the studies evaluated the potential role of
VCO in the prevention and treatment of memory loss, with
two studies being pilot clinical studies involving Alzheimer’s
disease patients.?** None of the studies dealt with stroke;
thus, our study is the first to explore the possible benefits
of the use of VCO supplementation for CVD. In terms of
outcome, only two studies failed to show neuroprotective

properties of VCO, the epilepsy study® and one pilot study

on Alzheimer’s disease.’® The rest of the studies, including
our own, demonstrated improvement in the measured
neurologic parameters.

Currently, the 2018 American Heart Association
and American Stroke Association Guidelines for the
management of acute ischemic stroke do not recommend
the use of neuroprotection agents. Numerous agents, such as
citicoline,* cerebrolysin,” and magnesium*, had promising
results in animal studies, but have failed to translate to
improvement in clinical outcomes. Thus, the search for
a neuroprotective agent that can augment the effects of
the current standard medical treatment and mechanical
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reperfusion, as well as address the treatment gap for stroke
patients who are ineligible for these methods, continues.
VCO, with its anti-oxidant properties, holds great promise
to become such a neuroprotection agent for LVIS.

'The main limitation of this study is that VCO was only
given as a supplement before occlusion of the extracranial
RICA. As a result, the possible therapeutic effects of VCO
after occlusion of the artery was not evaluated. The latter
scenario can translate to an even bigger clinical role for VCO
because it gives VCO a possible adjuvant therapeutic role
rather than being relegated to a dietary supplement role.

Another limitation of this study is the use of a newly
developed stroke model. While the new model holds great
promise, further studies should be done on improving
the model and the histopathologic analyses that go with
it. Lastly, the use of more complex staining methods and
biochemical analyses® such as pimonidazole to visualize
penumbra tissue* could help determine the mechanism
behind the improved NDS scores in the treatment group.

EICAO model of stroke in rats is an appealing
alternative as it is a faster and relatively simpler technique
to perform compared to other established animal stroke
models. Although histologic and morphologic assessment of
brain tissue did not vary for the control and VCO groups,
statistically significant improvement in neurologic deficit
scores was observed in the VCO group 24 hours after
arterial occlusion. Recommendations for future studies
include the use of VCO after the induction of the occlusion,
the inclusion of other biochemical and histopathologic
techniques in the analysis of ischemic brain parenchyma,
and further refinement of the EICAO model of stroke.
Performing the study using the more established MCAO
model of stroke which allows for a longer occlusion time
may also yield more robust data. More studies to elucidate
the neuroprotective mechanisms and efficacy of VCO

for LVIS are needed.
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