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The  retinoprotective  effect  of Cocos  nucifera  oil (CNO)  was  investigated.  Twenty  male  Wistar  rats  weigh-
ing  140  g and 180 g were  randomly  divided  into  four  groups  comprising  of five  animals  each.  The  control
group  received  distilled  water.  Retinal  degeneration  was  induced  in  the  remaining  three  groups  by  expos-
ing  the  animals  to  5,000  lux  of  bright  white  light for two  hours.  Prior  to  the  light  exposure,  the  light
model  group  (LMG)  received  distilled  water  for  14 days,  low  Cocos nucifera  oil (LCNO)  group  received
5  ml/kg  of  CNO  for 14  days,  and  the  high  Cocos  nucifera  oil (HCNO)  group  received  10  ml/kg  of  CNO  for
14  days.  The  treatments  continued  for 7 days  after  exposure  to light.  On  the eight  day,  the  animals  were
euthanised  and  their  retinas  isolated.  The  right retinas  and  occipital  cortices  of the  animals  were  prepared
for histological  evaluation  while  the  homogenates  of the  left retinas  were  used  for  biochemical  assay.
The  results  show  that  CNO  significantly  (p  <  0.05)  reduced  caspase-3  activity  from  1.15  ±  0.054  ng/ml  to
0.434  ±  0.095  ng/ml  (LMG  versus  LCNO)  and  malondialdehyde  concentration.  There  was  no  significant

difference  in  the  total antioxidant  capacity  in  the  retinas  of  the  rats. However,  LMG  showed  a significant
increase  in  catalase  activity.  CNO  was  able  to preserve  the  retinal  morphology  while  LMG  showed  a  dis-
torted  retinal  layer  and  significant  reduction  (p < 0.05)  in  retina  thickness.  CNO  was unable  to  prevent
perineural  vacuolations  in the occipital  cortices  of  the  rats.  In conclusion,  Cocos  nucifera  oil produced
retino-protective  effect  via  anti-oxidative  and  anti-apoptotic  mechanisms.

© 2018  Elsevier  B.V.  All  rights  reserved.
. Introduction

Retinal degeneration is a multifactorial neurodegenerative
isease characterized by progressive degeneration of photorecep-
ors/retinal pigment epithelium and results in irreversible central
ision loss [1]. Examples of retinal degenerative diseases include
etinal pigmentosa, Age-related Macular Degeneration (AMD), dia-
etic retinopathy.

In 1966, Noell et al [2] discovered that when the eyes of albino
ats were continuously exposed to ambient light in the natural light
pectrum, their retinas became irreversibly damaged. This discov-
ry led many scientists to investigate the mechanisms involved in
his light-induced retinal damage and how to protect the retina
rom such damage. Light-induced retina degeneration in laboratory

nimals is a well-established model used to understand the patho-
hysiology of retinal degeneration [3] and to identify measures
hat prevent retinal degeneration. Light induced retinal degener-

∗ Corresponding author at: Department of Physiology, College of Health Sciences,
niversity of Ilorin, P.M.B. 1515, Ilorin, Nigeria.

E-mail address: owoyele@unilorin.edu.ng (B.V. Owoyele).

ttps://doi.org/10.1016/j.pathophys.2018.10.001
928-4680/© 2018 Elsevier B.V. All rights reserved.
ation is an appropriate model for the study of retina degenerative
diseases because light selectively affects the eyes without causing
degeneration in other part of the brain.

Oxidative stress results from excessive production of reac-
tive oxygen species that cause damage to cell components such
as the mitochondria, lipids, proteins and DNA, eventually lead-
ing to cell death. Oxidative stress is known to be involved in
vision-threatening diseases such as AMD  [4], and light-induced
retina degeneration pathophysiology has been attributed to oxida-
tive stress [5]. Several studies have proven that administration of
antioxidants can prevent light-induced retinal degeneration. How-
ever, most of these studies are in vitro [6,7]. Exposure of retinas to
bright light can generate more free radicals than intrinsic protec-
tion mechanism can revert [8].

Apoptosis is the final manifestation of retinal degeneration.
However, results are contradictory on the involvement of Caspase-
3 in apoptosis of the photoreceptors. While some authors reported
caspase-3 dependent apoptosis, others have reported a Caspase-3

independent mechanism [9,10].

Cocos nucifera oil (CNO) is derived from dried coconut fruit.
Various beneficial effects of CNO have been investigated in exper-
imental animals. Such beneficial effects include analgesic [11],

https://doi.org/10.1016/j.pathophys.2018.10.001
http://www.sciencedirect.com/science/journal/09284680
http://www.elsevier.com/locate/pathophys
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2.5.3. Measurement of antioxidant markers
Gluthathione activity was assessed following the procedure of
Fig. 1. Schematic representations of the experimental design.

nti-inflammatory [12], antimicrobial [13] and antioxidant [14]
ctivities.

The antioxidant activity of CNO is attributed to biologically
ctive components such as polyphenols, tocopherols, and medium-
hained fatty acids notably lauric acid [15]. Also, CNO is one of
he ketogenic diets [16]. Studies have confirmed that ketogenic
iets offer neuroprotective effects against neurodegenerative dis-
ase through antioxidative and anti-apoptotic mechanisms [17].

CNO is made up of 50% lauric acid which represents its most
ffective active agent [18]. Other constituents include �-tocopherol
19] and fatty acids such as palmitic, oleic, linoleic, caproic, and
aprylic acids [20]. Eight other phenolic compounds had been iden-
ified [21]. These are gallic acid, p-hydroxybenzoic, caffeic, ferulic,
nd syringic acids as well as catechins, epigallocatechins and epi-
atechins. The antioxidant activity of these phenolic substances has
een proven [21]. The phenolic substances are able to scavenge free
adicals.

Thus, CNO should be able to offer a protective effect on light-
nduced retinal degeneration, but no studies have yet investigated
his possibility. Therefore, the aim of this study is to examine the
ossible protective effect of CNO on light-induced retinal degen-
ration in male Wistar rats. The study also aims to investigate the
ossible mechanism(s) of the protective effect of CNO.

. Materials and methods

.1. Chemicals and reagents

A Malondialdehyde assay pack, catalase assay kit and glu-
athione assay pack were obtained from Sigma Aldrich Ltd, Nigeria.
he caspase-3 assay kit was obtained from Elab Science Biotech-
ology Co., Ltd, China. Other chemicals used were obtained from
tandard suppliers and they were of analytical grade.

.2. Extraction of Cocos nucifera oil

The solid endosperm of mature coconuts was crushed and made
nto a viscous slurry. About 500 ml  of water was added to the slurry
nd then squeezed through a fine sieve to obtain coconut milk.
he resultant coconut milk was left for about twenty-four hours
o facilitate the gravitational separation of the emulsion. Then the
il on top was scooped off and heated for about 5 min  to remove
oisture. The oil was finally filtered through a fine sieve and stored

n a bottle at room temperature.

.3. Experimental animals

Twenty adult Wistar rats weighing between 140 g and 180 g

ere used. They were housed in a standard cage in a 12-h light/12-h
ark cycle. CNO was administered orally by the use of oral cannula.
hysiology 26 (2019) 89–95

2.4. Experimental design

The entire experimental design is shown in Fig. 1. The Wistar rats
were randomly divided into four groups with each group containing
five rats. The groups were:

Control group (CG), who only received distilled water
Light Model Group (LMG), who were exposed to 5,000 lux of

white light for two hours and treated with distilled water.
The low Cocos nucifera oil (LCNO) group, who  were exposed to

5,000 lux of white light for two hours and received 5 ml/kg of CNO.
The high Cocos nucifera oil (HCNO) group, who  were exposed to

5,000 lux of white light for two hours and received 10 ml/kg of CNO.
The LCNO and HCNO groups were pretreated with CNO for 14

days before the light exposure and for another seven days after
the light-induced retinal degeneration. The LM and control groups
received distilled water throughout the experiment

Light exposure took place on the 14th day of the experiment. The
rats were dark adapted for 18 h before exposure to constant light
in a temperature-controlled reflective cage. Twenty minutes before
exposure, their pupils were dilated with tropicamide eye drops. The
rats were then exposed to two  hours of cool white fluorescent light
at a luminescence level of 5,000 lux as described by Wang et al. [22].
After exposure, they were returned to another 18 h of darkness as
described by Wang et al. [22].

2.5. Biochemical analysis

At the end of the experiment, rats were euthanised by cervical
dislocation and the eye balls enucleated. The retinas were isolated.
The left retinas were homogenised and centrifuged, then the super-
natants were assayed for malondialdehyde (MDA) concentration,
total antioxidant capacity (TAC), catalase and gluthatione activities.
Caspase-3 activity was used to determine photoreceptor apopto-
sis. The CNO used was also assayed for its phytochemical and lipid
profiles.

2.5.1. Determination of caspase-3 concentration
The caspase-3 concentration was measured using Sandwich-

ELISA method. The micro ELISA plate provided in the caspase-3
kit had been precoated with an antibody specific to CASP3. Stan-
dards or samples were added to the appropriate micro ELISA plate
wells and combined with the specific antibody. Then a biotinylated-
detection antibody specific for CASP3and an avidin-horseradish
peroxidase conjugate were added to each microplate well suc-
cessively and incubated. Free components were washed away.
The substrate solution was  added to each well. Only those wells
that contain CASP3, biotinylated detection antibody and avidin-
horseradish peroxidase conjugate appeared blue in colour. The
enzyme-substrate reaction was terminated by the addition of a sul-
phuric acid solution causing the colour to turn yellow. The optical
density was measured with a spectrophotometer at a wavelength
of 450 nm ± 2 nm.  This optical density is proportional to the con-
centration of CASP3. The concentration of caspase-3 in the samples
was calculated by comparing the optical density of the samples to
the standard curve.

2.5.2. Determination of lipid peroxidation in retinal tissue
The malondialdehyde concentration was assessed for lipid per-

oxidation following the assay method of Hunter et al. [23] and
modified by Gutteridge and Wilkins [24].
Beutler [25] and catalase activity was measured following the pro-
cedure of Aebi [26].
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Table  1
Phytochemical constituent of CNO.

S/No. Screened Phy-
tochemicals

Constituents

1.
2.
3.
4.
5.
6.
7.
8.

Terpenoids
Steroids
Anthraquinone
Tannins
Saponins
Flavonoids
Cardiac
glycoside
Alkaloids
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Fig. 2. Effects of CNO on Caspase-3 concentration in the retina of male Wistar rats.
Each value is the mean ± S.E.M. of five Wistar rats; *significantly (p < 0.05) different
compared with CG, HCNO and HCNO. CG = received distilled water throughout the
experiment, the histoarchitecture and cellular integrity were normal (H&E, x100).
LMG  = received distilled water and exposed to light. LCNO group = received 5 ml/kg
of  CN oil for 14 days prior to light exposure and 7 days after light exposure. HCNO
group = received 10 ml/kg of CN oil for 14 days prior to light exposure and 7 days
++: Very strong;++: Strong;+: Weak; –: Absent.

.6. Histological analysis

The right retinas and occipital cortices of the rats were separated
nd prepared for histological evaluation. The tissues were fixed in
0% formalin, dehydrated in graded alcohol, and later embedded in
araffin wax. The tissues were then cut into sections using a micro-
ome. This was then stained with hematoxylin eosin. The slides
ere examined under a light microscope and photomicrographs

aken.

.7. Statistical analysis

Data were expressed as means ± standard errors of the mean.
tatistical comparison was done using a one-way analysis of vari-
nce in SPSS (version 20). For intergroup comparison, post hoc
esting was performed using the Bonferroni test with a p < 0.05.

. Results

.1. Phytochemical components of Cocos nucifera oil

The results from the analysis of CNO shows that the phytochem-
cal components included terpenoids, steroids, and anthraquinone.
owever, the CNO did not have any tannins, saponins, flavonoids,
ardiac glycoside or alkaloids (Table 1).

.2. Lipid profile of Cocos nucifera oil

The lipid profile analysis shows that CNO has 60 mg/dl of
riglycerides, 75 mg/dl of cholesterol and 41 mg/dl of high density
ipoprotein (Table 2).

.3. Effect of light-induced retinal degeneration and Cocos
ucifera oil on caspase-3 concentration

Fig. 2 shows the mean concentration of caspase-3. There was a

ignificant increase in caspase-3 activity in LMG  compared to the
ther groups.

able 2
ose of lipids in every 1 dl of CNO.

S/No. Lipid
Component

Dose/Amount
(mg/dl)

1.
2.
3.

Triglycerides
Cholesterol
HDL

60
75
41

DL – High density lipoprotein.
after light exposure.

3.4. Effect of light-induced retinal degeneration and Cocos
nucifera oil on malondialdehyde

Fig. 3 shows the mean concentrations of MDA. There was  a sig-
nificant increase in the MDA  concentration of the LMG  compared
to the other groups. There was  also a significant decrease in the
MDA  concentration in the HCNO group compared to the other three
groups.
Fig. 3. Effects of CN oil on MDA  concentration in the retina of male Wistar rats.
Each value is the mean ± S.E.M. of five Wistar rats; *significantly (p < 0.05) different
compared with CG, HCNO and HCNO. # Significantly (p < 0.05) different compared
with CG, LMG, and LCNO. CG = received distilled water throughout the experiment,
the  histoarchitecture and cellular integrity were normal (H&E, x100). LMG  = received
distilled water and exposed to light. LCNO group = received 5 ml/kg of CN oil for 14
days  prior to light exposure and 7 days after light exposure. HCNO group = received
10  ml/kg of CN oil for 14 days prior to light exposure and 7 days after light exposure.
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Fig. 4. Effects of CNO on GSH concentration in the retina of male Wistar rats. Each
value is the mean ± S.E.M. of 5 Wistar rats; CG = received distilled water through-
out the experiment. LMG  = received distilled water and exposed to light. LCNO
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Fig. 5. Effects of CNO on Catalase concentration in the retina of male Wistar rats.
Each  value is the mean ± S.E.M. of five Wistar rats; *significantly (p < 0.05) different
compared with CG, HCNO and HCNO. CG = received distilled water throughout the
experiment, the histoarchitecture and cellular integrity were normal (H&E, x100).
LMG  = received distilled water and exposed to light. LCNO group = received 5 ml/kg
of  CN oil for 14 days prior to light exposure and 7 days after light exposure. HCNO
group = received 10 ml/kg of CN oil for 14 days prior to light exposure and 7 days
after light exposure.

Fig. 6. Effects of CNO on TAC in the retina of male Wistar rats. Each value is the
mean ± S.E.M. of five Wistar rats; *significantly (p < 0.05) different compared with
CG,  HCNO and HCNO. CG = received distilled water throughout the experiment., the
histoarchitecture and cellular integrity were normal (H&E, x100). LMG  = received
roup = received 5 ml/kg of CN oil for 14 days prior to light exposure and 7 days
fter light exposure. HCNO group = received 10 ml/kg of CN oil for 14 days prior to
ight exposure and 7 days after light exposure.

.5. Effect of light-induced retinal degeneration and Cocos
ucifera oil on glutathione peroxidase

Fig. 4 shows the mean concentrations of glutathione. The
ean concentrations of glutathione in the control, LMG, LCNO

nd HCNO groups were 0.427 ± 0.05 mM/ml,  0.294 ± 0.04 mM/ml,
.318 ± 0.054 mM/ml  and 0.381 ± 0.062 mM/ml,  respectively.
owever, no significant difference was observed between the four
roups.

.6. Effect of light-induced retinal degeneration and Cocos
ucifera oil on catalase concentrations

Fig. 5 shows the catalase activity of the groups. There was
 significant increase (p < 0.05) in catalase activity in the LMG
6.79 ± 0.402 �M/ml)  compared to the control (3.46 ± 0.384
M/ml), LCNO (2.751 ± 0.45 �M/ml)  and HCNO (4.477 ± 0.782
M/ml)  groups. These results show that the dosage of 5 ml/kg CNO,
ut not 10 ml/kg, reversed the increase in catalase concentration

nduced by light.

.7. Effect of light-induced retinal degeneration and Cocos
ucifera oil on total antioxidant capacity

Fig. 6 shows the TAC in the different groups. There was  signifi-
ant decrease in TAC in the LMG  compared to the other groups.

.8. Effect of light-induced retinal degeneration and Cocos
ucifera oil on retinal histology and thickness

Fig. 7 shows the retinal histology with all the layers showing
or all the groups. Fig. 8 shows the mean thickness of the retinas of
ach group. These means are 218.4 ± 5.58 �m,  113.42 ± 1.91 �m,
24.9 ± 2.22 �m,  and 218.65 ± 4.61 �m for the control, LMG, LCNO
nd HCNO groups, respectively. There was no significant difference

etween the retinal thickness of the HCNO group and the con-
rol group. There was however a significant decrease in the retinal
hickness of the LCNO group compared to the control and HCNO
roups.
distilled water and exposed to light. LCNO group = received 5 ml/kg of CN oil for 14
days prior to light exposure and 7 days after light exposure. HCNO group = received
10  ml/kg of CN oil for 14 days prior to light exposure and 7 days after light exposure.

3.9. Effect of light-induced retinal degeneration and Cocos
nucifera oil on occipital cortices

Fig. 9 shows the photomicrographs of the occipital cortices of
the four groups. Perineural vacoulations were found in the LMG,
LCNO, and HCNO groups.

4. Discussion
Studies on photochemical processes have suggested that the eye
is most susceptible to visible light and UV radiation [27]. The pho-
toreceptors and retinal pigmented epithelium are the parts of the
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Fig. 7. Effects of CNO on retinas of male Wistar rats. CG = received distilled water throughout the experiment. There is intact retina layer. (H&E, x100). LMG  = received distilled
water and were exposed to light, the retina layer was  intact but the thickness was  reduced. (H&E, x100). LCNO = received 5 ml/kg of CN oil for 14 days prior to light exposure
and  7 days after light exposure, the image shows distorted retinal layers with reduced re
light  exposure and 7 days after light exposure, the image shows intact retinal layers (H&E,
GCL:  Ganglion Cell Layer, IPL: Inner Plexiform Layer, INL: Inner Nuclear Layer, OPL: Outer

Fig. 8. Effects of CNO on retina thickness of male Wistar rats. Each value is the
mean ± S.E.M. of five Wistar rats; *significantly (p < 0.05) different compared with
CG,  HCNO and HCNO. # Significantly (p < 0.05) different compared with CG, LMG,
and HCNO. CG = received distilled water throughout the experiment. received dis-
tilled water throughout the experiment, the histoarchitecture and cellular integrity
were normal (H&E, x100). LMG  = received distilled water and exposed to light. LCNO
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roup = received 5 ml/kg of CN oil for 14 days prior to light exposure and 7 days after
ight exposure. HCNO group = received 10 ml/kg of CN oil for 14 days prior to light
xposure and 7 days after light exposure.

etina that are most susceptible to visible light [28]. Injury to these
arts plays a crucial role in the pathogenesis of retinal degenerative
iseases such as AMD  [29,30].

Antioxidants have been shown to prevent retinal degener-
tion in light-induced models; however, most of these studies
ave been in vitro [31,32]. Numerous studies have shown that
ocos nucifera exhibits a wide range of effects including anti-

nflammatory [12], hepatoprotective [33], antimalarial [34] and
ntioxidant [35] activities. Antioxidant activity is attributed to the
resence of polyphenols. Considering their antioxidant property,
olyphenols in CNO are expected to play a significant role in pre-
enting retinal degeneration.
MDA  is a biomarker for oxidative stress and has been implicated
n the pathogenesis of light-induced retinal neurodegeneration
36]. In our study, light exposure significantly increased MDA  con-
entrations in the LMG. This observation has also been noticed in
tina thickness. (H&E, x100). HCNO = received 10 ml/kg of CN oil for 14 days prior to
 x100). Number of animals per group were 5, but slides are representative samples.

 Plexiform Layer, ONL: Outer Nuclear Layer, PL: Photoreceptor Layer.

previous research [37,38]. The high concentration of MDA  noticed
in the LMG  is attributed to the high levels of polyunsaturated
fatty acids present in photoreceptors. The LCNO and HCNO groups
showed significant decreases in MDA  concentration compared to
the LMG. This shows that CNO exhibits a protective effect in reti-
nal degeneration through antioxidative mechanisms at 5 ml/kg and
10 ml/kg by body weight.

Glutathione is a soluble antioxidant that detoxifies lipid perox-
ides and hydrogen peroxide by donating electrons to the peroxides
thus reducing them to water and oxygen molecules [39]. Cata-
lase is another endogenous antioxidant that can inactivate reactive
oxygen species in cells [40]. During exposure to visible light, the
endogenous antioxidant enzymes become activated so as to offer
protection [41]. However, prolonged exposure to light can cause the
production of free radicals in excess amounts that can then over-
whelm intrinsic defence mechanisms and damage the retinas [42].
This overwhelming effect of reactive oxygen species is observed in
the significant decrease in TAC in the LMG. There was also a signifi-
cant increase in catalase activity in the LMG  and shows that catalase
is involved in combating oxidative activities in the retina.

There has been a long debate on the role of caspase-3 in the pro-
gression of light-induced retinal degeneration. Many researchers
have reported that caspase-3 is involved in light-induced reti-
nal degeneration [9,37] while others have argued that it is not
involved [43,10]. In our study, caspase-3 was  found to be involved
in the pathogenesis of light-induced retinal degeneration given the
observed significant increase in its concentration in the LMG. The
caspase-3 activity observed in the control group is not considered
abnormal because it is expressed in normal retinas; however, its
role in maintaining the morphology of normal retinas is not exactly
known [44]. The significant decrease in caspase-3 concentrations
in the LCNO and HCNO groups, compared to the LMG, showed that
CNO has anti-apoptotic activity. Thus, CNO may  protect retinas
through an anti-apoptotic mechanism.

This study showed that administration of CNO was able to
preserve the structure of retinal morphology and its thickness.
However, CNO was  not able to prevent reduction in the thickness of
the retinal layer at 5 ml/kg. In the LMG, there was  disruption of the
retinal layer and significant reduction in retinal thickness. Wang
et al. [22] did not observe disruption in the retinal layer in their

light model group, but they reported a significant reduction in reti-
nal thickness. This same observation was  also made by Wang et al.
[37] in pigmented rabbits exposed to 18,000 lx of bright white light
for two  hours.
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Fig. 9. Effects of CNO on occipital cortex of male Wistar rats. CG = received distilled water throughout the experiment, the histoarchitecture and cellular integrity were normal
(H&E,  x100). LMG = received distilled water and exposed to light, has occipital cortex with perineural vacoulation (PV). (H&E, x100). LCNO = received 5 ml/kg of CN oil for 14
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Light-induced retinal degeneration provides a retinal-specific
njury unlike other chemical methods of inducing retinal degen-
ration [45]. This study also assessed whether the degeneration
bserved in the retina was reflected in the occipital (visual) cortices.
o evidence of neurodegeneration was observed in the cortices of

he control group which were not exposed to light. There were,
owever, perineural vacuolations in the occipital cortices of the
MG, LCNO HCNO groups. Therefore, it is reasonable to attribute the
vidence of neurodegeneration observed in the occipital cortices of
he LMG, LCNO and HCNO groups to the loss of photoreceptors in
he retina. The caspace photoreceptor-dependent cortical degen-
ration theory has been promoted in various studies. Intense light
xposure activates rhodopsin, which, in turn, triggers pathological
hanges [46] that include morphological and biochemical changes
n the photoreceptors (the rod photoreceptor cell body, and espe-
ially in nocturnal rodents). These biochemical changes include
n increase in cellular caspase activity that signifies (though not
lways) DNA degradation [47,48]. Also, within minutes of intense
ight onset, there is an increase in light-induced oxidative stress
n the photoreceptors [49]. All of this can exacerbate visual cell
eath and lead to retinal degeneration [50] and consequential
ecrease in retinal thickness. A decrease in retinal thickness has
een linked with cortical degeneration or atrophy [51,52]. Our
resent study shows that CNO treatments improved antioxidant
efence, decreased caspase activity, improved retinal thickness,
nd protected against further cortical degeneration.

There are at least four possible mechanisms, apart from the
ntioxidant protective property, by which CNO may  have exerted
ts protective effect on the retinas of the rats exposed to light. First,
t may  be as a result of the high concentration of beneficial lipids
fatty acids) in the CNO (Table 2). Photoreceptors, especially the
ods’ outer segment disc membranes, contain the highest levels
f dietary docosahexaenoic acid compared to any other cellular
rganelle in the body [50]. These fatty acids are highly unsaturated

nd are vulnerable to oxidation by visible light [53] and molecu-
ar oxygen [54]. Hence, in light-induced retinal degeneration, CNO
ffers an optimal replacement for the dietary polyunsaturated fatty
cids that were lost to light-induced lipid peroxidation. Apart from
eural vacoulation (PV). (H&E, x100). HCNO = received 10 ml/kg of CN oil for 14 days
al vacoulation (PV). (H&E, x100). Number of animals per group were five, but slides

this, CNO contains saturated fats (Table 2) that are particularly
resistant to lipid peroxidation [55]. Thus, these fatty acids can
protect against the formation of free radicals. Second, the protec-
tive effect may  result from increased blood ketone concentrations
due to the consumption of coconut oil [56]. Increases in blood
ketone levels are known to lead to increases in brain-derived neu-
rotrophic factor (BDNF) [57,58]. BDNF is important for the growth,
survival, and maintenance of neurons; research has shown that,
by increasing BDNF concentrations, retinal cells can be protected
from degeneration [45]. Third the anti-inflammatory properties of
CNO may  have an effect. Anti-inflammatory substances have been
shown to protect against retinal degeneration [37]. Fourth, the
terpenoids and anthraquinone that are present in CNO may  pro-
vide a neuroprotective effect (Table 1). Studies have shown these
neuroprotective effects of terpenoids and anthraquinone through
antioxidative and anti-inflammatory mechanisms [59,60].

5. Conclusion

This research has shown that Cocos nucifera oil at a dose of
10 ml/kg of body weight can offer protection to retinal photore-
ceptor cells and histological integrity of the retina. This protective
function is probably caused by the ability of Cocos nucifera oil to
offer antioxidative protection and by inhibiting retinal cell apo-
ptosis. Further investigations are required to detect the active
compounds responsible for the probable anti-apoptotic action of
CNO.
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