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Protective role of functional food in cognitive deficit in young 
and senile rats
Hanan Naeim Attiaa and Kawkab A. Ahmedb 

Cognitive decline and neurodegenerative diseases pose 
a significant burden on healthcare resources both in 
developed and developing countries which is a major 
socio-economic and healthcare concern. Alzheimer’s 
disease is the most common form of progressive 
neurodegenerative dementia of the aged brain. Aluminum 
is a constituent of antacids, deodorants, kitchenware 
and food additives which allows easy access into the 
body posing risk to development of senile dementia of 
Alzheimer’s type. Virgin coconut oil was declared as a 
potential cognitive strengthener. Assessment of cognitive 
and memory-enhancing effects of virgin coconut oil 
in senile and young rats to gain vital insights into its 
effective use in the prevention of neurodegeneration in 
dementia/Alzheimer’s disease-like manifestations and 
alleviate cognitive dysfunction and learning impairment 
with neuronal damage imparted by daily oral intake 
of aluminum. Alzheimer’s disease-like symptoms and 
memory impairment were experimentally induced using 
oral anhydrous aluminum chloride given daily for five 
successive weeks in young and old age albino rats. 
Treatment groups received virgin coconut oil to assess 
protection during the experimental period. Behavioral 
test, Morris water maze was conducted before/after 

induction/treatment. At the end of the experimental 
period, cholinergic, dopaminergic, noradrenergic and 
serotonergic neurotransmission as well as brain-derived 
neurotrophic factor were being investigated, in addition 
to immunochemical and histopathological examination 
of targeted brain regions. Virgin coconut oil significantly 
improved cholinergic activity and monoaminergic 
neurotransmission. Moreover, immunochemical and 
histopathological examination revealed marked protection 
with virgin coconut oil against aluminum-induced 
Alzheimer’s disease-like pathology and cognitive deficit. 
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Introduction
Neurodegenerative diseases and cognitive deficits 
impose significant burden on healthcare resources both 
in developed and developing countries which is a major 
socio-economic and healthcare concern. Diet quality is a 
lifestyle risk factor contributing to chronic neurodegen-
erative diseases. Epidemiological, clinical and laboratory 
studies demonstrating the association between nutrition 
and cognition emphasized the importance of dietary 
intake (Pasinetti et al., 2011; Hu et al., 2013). Metal dysho-
meostasis was also implicated as a risk factor in many neu-
rodegenerative disorders, where Al was declared the most 
common neurotoxicant (Abd-Elhady et al., 2013; Hashmi 
et al., 2015; Mahboob et al., 2016). Damages to the central 
nervous system induced by Al included neuropathologi-
cal, neurochemical, neurophysiological and neurobehav-
ioral changes. The most notable were poor learning and 
behavioral functions, which involved a change in acetyl-
cholinesterase activity that impaired the learning ability 
of rats (Zatta et al., 2002), and the evidence on its implica-
tion in developing Alzheimer’s disease (AD) was claimed 
by numerous studies (Savory et al., 2006; Rondeau et al., 

2009; Garcia et al., 2010; Kawahara et al., 2011; Walton, 
2012; Walton, 2014; Kumar et al., 2015). Accordingly, 
research was directed to use Al model to mimic the clini-
cal manifestations and pathophysiological characteristics 
of AD in rats and mice with variable experimental period 
dependent on dose, route, age and duration of administra-
tion/exposure (Moshtaghie et al. 2013; Yassin et al., 2013; 
Bitra et al., 2014; Lakshmi et al., 2015; Justin Thenmozhi 
et al., 2015; Ali et al., 2016). Al is a constituent of antacids, 
deodorants, kitchenware, drinking water and food addi-
tives; thus it readily accesses the body. Therefore, closer 
attention was needed to highlight the possible impact 
of lifestyle, diet and other non-genetic modifiable risk 
factors that could emerge in younger adults in order to 
reduce the risk of cognitive decline in the elderly and 
development of early AD.

There is rising interest in nutraceuticals and functional 
food due to health trends probably as a result of increas-
ing life expectancy and aging population across the globe. 
Dietary antioxidants, vitamins and functional foods might 
have potentially protective effects against degenerative 
diseases. Virgin coconut oil (VCO) was one of the popular 
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dietary nutrients most closely associated with optimal 
function of the brain, since it was identified as a poten-
tial cognitive strengthener (Marina et al., 2009a; Marina et 
al., 2009b; Gopala et al., 2010). It could be an ideal nutra-
ceutical-based memory-enhancing agent that might pre-
vent or retard progression of cognitive deficit and other 
related forms of dementia in humans. Rahim et al. (2017) 
demonstrated that treatment with VCO enhanced and 
consolidated memory of healthy normal rodents. The 
presence of a special group of fat molecules known as 
medium-chain fatty acids was discovered in VCO, mak-
ing it ideal for ketogenic diet (KD). This group may con-
fer neuroprotection via adaptive changes that modulated 
brain energy metabolism (Fernando et al., 2015).

Based on the aforementioned declarations, this study 
aimed to assess the cognitive and memory-enhancing 
effects of VCO in young and senile rats to gain vital 
insights into its effective use in the prevention of neu-
rodegeneration and associated cognitive decline as well 
as alleviate functional/neuronal damage imparted by 
daily oral intake of aluminum. The influence of VCO 
protective effects on cholinergic activity, dopaminergic, 
noradrenergic and serotonergic neurotransmission was 
highlighted, in addition to neurotrophic factors, which 
might help to ameliorate impaired memory and cognition 
in AD patients, particularly at an early stage of the dis-
ease at young age. This target was achieved via behavio-
ral tests, biochemical estimations, immunochemical and 
histopathological examination of brain sections of young/
senile healthy untreated and VCO-treated rats.

Materials
Animals
Thirty-six male albino rats were purchased from the 
animal breeding unit of the National Research Centre 
(Dokki, Egypt); young rats aged 4 months (n = 18) and 
old rats aged >2.5 years (equivalent to +60 years human 
age) (n = 18). They were housed in clean plastic cages 
with free access to food (standard pellet diet) and water 
ad libitum, under standardized housing conditions (12 
hours light/dark cycle, at 23 ± 2°C and relative humid-
ity of 44%) in the laboratory room. Animals received 
human care, according to the criteria outlined in the 
‘Guide for the Care and Use of Laboratory Animals’. The 
Institutional Animal Care and Use Committee (VET. 
CU. IACUC) approved the experimental protocols and 
procedures (VetCU1111201805).

Methods
Anhydrous Aluminum Chloride (AlCl

3
) was obtained 

from Sigma (Saint Louis USA). Acetylcholine ester-
ase (AChE) kit was purchased from BƏN Biochemical 
Enterprise (Milano, Italy). VCO was provided by the Oil 
Production Unit of the National Research Centre (NRC, 
Egypt). Cold-pressed coconut oil contained the follow-
ing as percent of fat: lauric 48.5%; capric 6.4%; caproic 
acid 0.6%; caprylic 0.8%; myristic 17.6%; palmitic acid 

8.4%; stearic acid 2.5%; linoleic acid 6.5%; linolenic 
1.5%), in addition to biologically active unsaponifiable 
components like polyphenols (84 mg per 100 g oil) and 
tocopherols (33.12 mg per 100 g oil). Brain-derived neu-
rotrophic factor (BDNF) was estimated using ELISA kits 
(SinoGeneClon Biotech Co., Ltd, Hangzhou, China).

Induction of AD-like pathology in the rats was carried 
out by administration of anhydrous AlCl

3
 orally at a dose 

of 17 mg/kg body weight daily for five successive weeks, 
according to the procedure described by Krasovskiĭ et al. 
(1979).

Experimental protocol
The animals were divided into two major groups, young 
and old age. Each group will be classified into three sub-
groups (n = 6): Normal animals that were given distilled 
water orally [young control (YC) and old control (OC) 
group]. The remaining two groups were given anhydrous 
aluminum chloride (17 mg/kg, p.o.), daily for five consec-
utive weeks, then subdivided into untreated young (YU) 
and old (OU) as well as treated young (YT) and old (OT) 
groups. Treatment groups were given 0.28 ml VCO with 
the initiation of Al administration; this dose was equiva-
lent to 30 ml (2 tbsp) daily human recommended intake 
without any side effects, based on extrapolation of rat’s 
weight in comparison with human weight (Dulloo et al., 
1996; Jensen, 1999; Liau et al., 2011). Behavioral test, 
Morris water maze (MWM) was conducted before induc-
tion/treatment. At the end of the experimental period (5 
weeks), MWM task was repeated then biochemical esti-
mations (serum AChE and BDNF) were carried out after 
euthanization and decapitation. The targeted brain sec-
tions were immediately harvested and dissected on ice 
for determination of brain neurotransmitters (NA, DA, 
5-HT), AChE activity, in addition to immunohistochem-
ical and histopathological examination of different brain 
regions [hippocampus (HC) and cortex (CX)].

Behavioral test: assessment of cognitive performance 
by the Morris water maze task
The MWM is one of the most popular paradigms for test-
ing learning and memory (acquisition/retention) and was 
therefore utilized for the present study (Morris, 1984; 
Prakash and Kumar, 2009). The setup consisted of a large 
circular pool (150 cm in diameter, 40 cm in height), filled to 
a depth of 30 cm with water at (25 ± 1°C) divided into four 
equal quadrants labeled north south east and west, using 
two threads fixed at right angles to each other. The pool 
was placed in an illuminated room with several colored 
cues. These external cues remained unchanged through-
out the experimental period (5 weeks) and used as the ref-
erence memory. An escape platform (10 cm in diameter) 
was placed in one quadrant of the pool (center of the NE 
quadrant), 1 cm above the water level and remained in the 
same quadrant throughout the acquisition phase. MWM 
test consists of a two-phase trial: Maze acquisition phase 
(training): In this phase, animals received four consecutive 
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daily training sessions before and after induction/treatment 
of AD like symptoms, where asymptotic performance was 
achieved by the fourth day (Fig. 1a and b). Each animal 
was subjected to two consecutive trials with a trial inter-
val of approximately 30 seconds. The animal was gently 
placed in the water of the pool in the quadrant opposite to 
that of the platform, facing the wall of the pool. The animal 
was then allowed 60 seconds to locate the platform. When 
the animal reached the platform, it was allowed to stay for 
30 seconds before commencement of the next trial. If the 
animal failed to reach the platform within 60 seconds, it 
was gently guided to the platform and allowed to remain 
there for 30 seconds to prevent the onset of defeat behav-
iors (fatigue or discouragement) from developing. The 
latency to reach the visual platform (acquisition latency) 
was measured (s) (Fig. 2a). Maze retention phase or probe 
trial: Two hours after the final acquisition session, testing 
for retention of the learned task after removal of the plat-
form from the target quadrant was performed on the fourth 
day. Each animal was released facing the wall of the pool to 
swim freely in the pool for 120 seconds to assess memory 
retention. Latency to enter target quadrant, lingering time 
spent in the target quadrant and the number of crossings 
over the missing platform were all recorded to indicate 
the degree of memory consolidation that took place after 
learning (Fig. 2b).

Preparation of brain homogenate for biochemical 
estimations
At the end of the experimental period, after the final 
behavioral cognitive assessment, animals were euthanized 
then decapitated immediately. Serum was collected and 
frozen in aliquots at −80°C for biochemical analyses. The 
brain was rapidly harvested on ice, weighed then medially 
cut into two hemispheres. The HC and CX were carefully 
dissected from one hemisphere and immediately stored 
at −80°C. Frozen sections of cortical and hippocampal 
tissues were cut into small pieces and homogenized in 
phosphate buffer (pH 7.4) then centrifuged at 4000 rpm 
for 15 min/4°C. The supernatant was separated for bio-
chemical estimations. The other hemisphere was fixed in 

buffered formalin (10%) for immunohistochemical and 
histopathological examination.

Determination of brain neurotransmitters
Brain noradrenaline, dopamine and serotonin were esti-
mated in HC and CX using high-performance liquid chro-
matography (HPLC) system, Agilent technologies 1100 
series equipped with a quaternary pump (Quat pump, 
G131A model, Germany). Separation was achieved on 
PDS-reversed phase column (C18, 25 × 0.46 cm i.d.5 µm). 
The mobile phase consisted of potassium phosphate 
buffer/methanol 97/3 (v/v) and was delivered at a flow 
rate of 1.5 ml/min. Ultraviolet detection was performed 
at 270 nm and the injection volume was 20 µl. The con-
centration of both catecholamines and serotonin were 
determined. A linear standard curve was constructed by 
plotting peak areas versus the corresponding concentra-
tions. The concentration in samples was obtained from 
the curve.

Determination of acetylcholine esterase activity in 
serum/hippocampal tissue homogenate
AChE was estimated spectrophotometrically in serum 
and homogenized samples of the HC as per the man-
ufacturer’s instructions provided in the kit. Briefly, the 
enzyme activity was assessed according to the procedure 
by Ellman et al. (1961). Acetylthiocholine was hydro-
lyzed by AChE to acetic acid and thiocholine. The cat-
alytic activity was measured by following the increase 
of yellow anion, 5-thio-2-nitrobenzoate, produced from 
thiocholine when it reacted with 5,5′-Dithiobis(2-
nitrobenzoic acid. The absorbance in unit time (IU/
min) or (nmol/min/g tissue) at 405  nm is proportional 
to the activity of the cholinesterase in the serum or HC 
homogenate, respectively.

Estimation of serum brain-derived neurotrophic factor 
level
BDNF was determined in serum samples using Rat 
BDNF ELISA kit provided by SinoGeneClon Biotech 
Co., Ltd. According to the manufacturer’s instructions, 

Fig. 1

Training sessions of the animals in the acquisition trial; pre-induction/treatment (a) and post-induction/treatment (b) for 4 days. Asymptotic perfor-
mance (leveling and decline in latencies) was achieved by the fourth day in the last session.
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the concentration of BDNF in serum (ng/L) is deter-
mined by comparing OD to standard curve plotted and 
measured at wavelength 450 nm.

Histopathological and histochemical 
examinations
Specimens from the brains of all animals were collected 
and fixed in 10% neutral buffered formalin, washed, dehy-
drated, cleared and embedded in paraffin. Paraffin blocks 
were sectioned at 4–5 µm and stained with Hematoxylin 
and Eosin for routine histopathological examination and 
stained with Congo red for demonstration of amyloid 
plaques (Suvarna et al., 2018). Ten microscopic fields per 
section/rats (n = 6) were examined by a light microscope 
(Olympus BX50, Tokyo Japan) under high power magni-
fication (×400).

Immunohistochemical analysis
Glial fibrillary acidic protein immunohistochemistry
The brain sections were deparaffinized and rehydrated. 
The sections were incubated with glial fibrillary acidic 
protein (GFAP), mouse mAb (1:500) (Dako, N-series 
Ready- to use primary antibody). The immunostain-
ing was amplified and completed by Horseradish 
Peroxidase complex (Dako, REALTM EnVision TM/
HRP, Mouse ENV). Sections were developed and vis-
ualized using 3,3 diaminobenzidine (Dako, REALTM 
DAB + Chromogen). The substrate system produced 
a crisp brown end product at the site of the target anti-
gen. Sections were counterstained with hematoxylin. 
The sections were then dehydrated in alcohol, cleared in 
xylene and cover slipped for microscopical examination 
(Youssef et al., 2011). Quantification of GFAP was esti-
mated by measuring the area percent expression from 
five randomly chosen fields in each section and averaged 
using image analysis software (Image J, version 1.46a; 
NIH, Bethesda, Maryland, USA). The system measured 
the area percentage of GFAP positive expression.

Statistical analysis
Multiple comparisons were performed using one-way or 
two-way analysis of variance followed by the appropriate 
post hoc test, accordingly. Statistical significance was set 
at P ≤ 0.05. Statistical analyses will be performed using 
GraphPad Prism software (California, USA, version 5).

Results
Behavioral test: Morris water maze task
Figure 1 exhibited results of training sessions of the ani-
mals in the acquisition trial; pre-induction/treatment (a) 
and post induction/treatment (b) for 4 days. Asymptotic 
performance (leveling and decline) was achieved by 
the fourth day in the last training session. In the acqui-
sition phase, Fig. 2a illustrated significant effects of age 
[F

(1,31)
 = 27.7] and treatment [F

(2,31)
 = 27.1, P < 0.05] in 

the latency to enter target quadrant. Post-hoc analysis 

exhibited almost 2.5-fold rise in latency of untreated YU 
and OU rats, in comparison with their respective controls. 
Treatment of young and old age rats with VCO daily for 
5 weeks resulted in significant reduction in latency time. 
Noteworthy, young animals performed better (1.83 ± 0.17 
seconds) than senile rats (4.4 ± 0.6 seconds). In a similar 
manner, age and treatment exhibited extremely signifi-
cant difference in latency to reach platform in the acqui-
sition phase [F

(1,31)
 = 330.8, P < 0.05] and [F

(2,31)
 = 182.7, P 

< 0.05], respectively, in addition to significant interaction 
between age and treatment effects [F

(2,31)
 = 114.8, P < 

0.05].

Probe trial was carried out to test for consolidation/
retention memory in trained young and old age animals 
by removal of the platform from the target quadrant. 
Figure  2b revealed significant age and treatment dif-
ference in the latency to enter target quadrant [F

(1,31)
 = 

20.6, P < 0.05] and [F
(2,31)

 = 19.6, P < 0.05], respectively. 
Moreover, interaction between age and treatment was 
considered significant [F

(2,31)
 = 3.41, P < 0.05]. Post-hoc 

analysis in untreated young and old age groups signifi-
cantly manifested prolonged time to enter target quad-
rant to approximately 3-folds with respect to YC and OC. 
VCO treatment of young animals for 5 weeks signifi-
cantly lowered the latency time to half the value of YU, 
and was further lowered by 59% that of the old treated 
animals. Significant age [F

(1,31)
 = 6.97, P < 0.05] and treat-

ment [F
(2,31)

 = 11.4, P < 0.05] effects were observed in 
lingering time in addition to number of crossings; [F

(1,31)
 

= 11.2, P < 0.05] for age and [F
(2,31)

 = 12.9, P < 0.05] for 
treatment. OC animals swam with less lingering time and 
number of crossings as compared to YC according to post 
hoc analysis study; however this decrease was considered 
significant in the latter test only (22%). Untreated young 
and old animals revealed approximately 30% reduction in 
lingering time with respect to that of the YC and OC ani-
mals. On the other hand, administration of VCO to young 
rats reverted lingering time to normal values, unlike that 
of the old rats, whose value remained significantly 21% 
lower than that of the OC. Likewise, a significant depres-
sion in number of crossings in young and old untreated 
animals was noticed, however this effect was reversed to 
normal values in VCO-treated young rather than old age 
group (Fig. 2b).

Estimation of AchE Activity
Activity of AchE was determined in hippocampal tissue 
homogenate and serum, where a significant treatment 
difference was observed [F

(2,31)
 = 17.6, P < 0.05] and 

[F
(2,31)

 = 43.8, P < 0.05], respectively (Table 1). Age effect 
was not quite significant for hippocampal AchE activity 
[F

(1,31)
 = 2.93, P < 0.05], yet its effect was highly signifi-

cant in serum [F
(1,31)

 = 36.8, P < 0.05]. Untreated young 
and old rats recorded approximately 1.5- and 2-fold rise 
in hippocampal tissue homogenate and serum AchE 
activity, respectively, as compared to their respective YC 
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and OC groups (post-hoc analysis data). VCO treatment 
significantly ameliorated this elevation in young rather 
than old age rats.

Estimation of serum brain-derived neurotrophic factor 
level
Data in Table 1 revealed a significant age [F

(1,31)
 = 18.7,  

P < 0.05] and treatment [F
(2,31)

 = 10.4, P < 0.05] dif-
ference in serum BDNF concentration. Interaction 
between age and treatment was also considered 
slightly significant [F

(2,31)
 = 3.54, P < 0.05]. Post-hoc 

analysis recorded a 20% decline in serum BDNF 
level in old control animals in comparison with YC 
group. Furthermore, administration of Al to young rats 

induced a significant 24% depression in BDNF value 
with respect to YC animals. Whereas VCO daily treat-
ment normalized serum BDNF concentration in both 
young and old age groups.

Brain neurotransmitters in hippocampus and cortex
Noradrenaline level
A significant treatment effect was detected in the hip-
pocampal [F

(2,31)
 = 41, P < 0.05] and cortical [F

(2,31)
 = 100, 

P < 0.05] NA levels. Age effect [F
(1,31)

 = 68.5, P < 0.05] 
and interaction [F

(2,31)
 = 11.2, P < 0.05] were significant in 

cortical NA concentration. Post-hoc analysis in untreated 
young and old age animals revealed a striking elevation 
in concentration of NA to 2.5- and 4-folds in HC and CX, 

Fig. 2

Effect of daily oral intake of virgin coconut oil on latency to enter/ reach target quadrant/ platform, lingering time and number of crossings using 
MWM in aluminum-induced memory deficit of young and old age rats during acquisition phase (a) and probe trial performances (b). Values not 
sharing the same symbols differ significantly at P < 0.05. Each value represents mean ± SEM. MWM, Morris water maze.

Table 1 Effect of daily oral intake of virgin coconut oil on acetylcholine esterase activity (hippocampus/serum) and serum brain-derived 
neurotrophic factor level in aluminum-induced cognitive deficit and learning impairment in young and old rats

Groups Age

AchE

Serum BDNF (ng/L)HCP (nmol/min/g tissue) Serum (IU/ml/min)

Control Young 0.28a ± 0.02 233a ± 8.87 157.3a ± 7.44
Old 0.29a ± 0.02 350.9a ± 12.75 125.1b ± 1.83

Untreated Young 0.436b ± 0.03 570.3b ± 22.53 118.9b ± 4.66
Old 0.51b ± 0.06 757.2b ± 111.6 113.3b ± 2.41

Treated Young 0.29a ± 0.03 370.5a ± 47.11 150.9a ± 13.75
Old 0.34b ± 0.04 688.3b ± 87.33 129.2b ± 2.50

Values for each parameter (column) not sharing the same symbols differ significantly at P < 0.05. Each value represents mean ± SEM.
AchE, acetylcholine esterase; BDNF, brain-derived neurotrophic factor.
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respectively, as compared to that of YC and OC (Fig. 3). 
On the contrary, daily oral intake of VCO to young and 
senile animals partially restored hippocampal NA level 
(60%) and normalized that of CX of young rather than 
old age animals.

Dopamine level
No significant difference was detected in hippocampal 
DA level. However, significant treatment difference 
[F

(2,31)
 = 31.6, P < 0.05] and age difference [F

(1,31)
 = 15.5,  

P < 0.05] in cortical DA concentration were recorded, 
where untreated young and old rats elicited a marked 
rise in cortical DA level with respect to YC and OC. 
Meanwhile, treatment of demented young and old ani-
mals significantly restored DA concentration to near nor-
mal value in young but not old age group Fig. 3.

Serotonin level
As illustrated in Fig.  3, significant treatment and age 
effects in serotonin concentration of HC [F

(2,31)
 = 28.5, P 

Fig. 3

Histograms summarize the effect of VCO on noradrenaline, dopamine and serotonin in brain hippocampus (a) and cortex (b) of young and old age 
rats. Different letters denote significant effect at P < 0.05. Each value represents mean ± SEM. VCO, virgin coconut oil.
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< 0.05] and [F
(1,31)

 = 11.1, P < 0.05], respectively, and of 
CX [F

(2,31)
 = 38.5, P < 0.05] and [F

(1,31)
 = 18.3, P < 0.05], 

respectively, were recorded. Interaction between age 
and treatment was considered slightly significant in HC 
[F

(2,31)
 = 3.9, P < 0.05] and CX [F

(2,31)
 = 3.3, P < 0.05]. 

Post-hoc analysis revealed that Al-untreated animals suf-
fered from a significant decline in serotonin concentra-
tion in HC and CX to almost half that of YC and OC. 
Interestingly, VCO daily treatment normalized serotonin 
level in young rather than old aged rats.

Histopathological examination
Microscopically, brain of control young aged rats revealed 
the normal histological structure of cerebral CX (Fig. 4a). 
However, cerebral CX of control old aged rats exhibited 
necrosis and pyknosis of some neurons (Fig. 4b). Moreover, 
shrunken and necrotic neurons with pyknotic nuclei were 
seen in cerebral CX of young rats given AlCl

3
 (Fig. 4c), in 

addition to neuronophagia of necrotic neurons associated 
with small amyloid plaques and gliosis in some sections. 
Meanwhile, severe histopathological alterations were 
noticed in cerebral CX of old untreated rats. Examined 
sections from this group exhibited marked necrosis of 
neurons, neuronophagia and characteristic flame shaped 
neurofibrillary tangles (Fig. 4d). Additionally, deposition 
of eosinophilic amyloid plaque surrounded by astrocytes 
(Fig. 4e), multifocal gliosis and thickening in the wall of 
cerebral blood vessel (Fig. 4f) were recorded in this group. 
On the other hand, cerebral CX of young Al-untreated 
rats given VCO possessed mild histopathological changes 
manifested as necrosis of some cerebral neurons (Fig. 4g). 
Moreover, regressed lesions were noticed in cerebral CX 
of old untreated rats given VCO. Necrosis of some neu-
rons and neuronophagia was detected in examined sec-
tions from this group as well (Fig. 4h).

Regarding HC of control young rats, normal histological 
structure was observed (Fig.  5a), however no changes 
were seen in HC of OC rats, except for necrosis of spo-
radic pyramidal neurons (Fig.  5b). Meanwhile, HC of 
young untreated rats given aluminum chloride had 
shrunken pyramidal neurons with necrosis and pyknosis 
associated with neuronophagia (Fig. 5c). Marked necro-
sis and pyknosis of pyramidal neurons as well as flame 
shaped neurofibrillary tangles were also noticed in HC 
of old demented rats (Fig. 5d). On the contrary, remark-
able improved picture was recorded in HC of young 
rats treated with VCO, which restored normal pyramidal 
neurons (Fig.  5e), whereas only mild histopathological 
changes were recorded in HC of old rats treated with 
VCO, where examined sections from this group revealed 
degeneration of some pyramidal neurons (Fig. 5f) and a 
decrease in the number of necrotic neurons.

Congo red stain for demonstration of amyloid plaques
Microscopical examination of cerebral CX of YC and 
OC rats revealed no amyloid plaques (Fig. 6a and b). On 

the other hand, small red amyloid plaque was noticed in 
CX of young untreated rats (Fig. 6c). Moreover, severe 
reaction was seen in CX of old untreated rats, where the 
examined sections exhibited multiple amyloid plaques 
scattered in the cerebral CX (Fig. 6d). Contrarily, no amy-
loid plaques were detected in sections of young and old 
rats treated with VCO (Fig. 6e and f).

Glial fibrillary acidic protein immunohistochemistry
In line with Kamphuis et al. (2014), GFAP immunoreac-
tivity was detected in the astrocytes of HC. Microscopic 
examination of YC rats revealed normal small-sized 
astrocytes with lightly stained GFAP positive short pro-
cesses (Fig. 7a). However, moderate immunoreactivity of 
astrocytes in HC of OC rats as well as young untreated 
rats was seen (Fig. 7b and c). Meanwhile, strong immu-
noreactivity of hypertrophied astrocytes with deeply 
stained GFAP positive brown processes was detected in 
sections from old untreated rats (Fig.  7d). Conversely, 
sections from young rats treated with VCO exhibited 
normal immune-reactive astrocytes with lightly stained 
processes (Fig. 7e); however, moderate immune-reactive 
astrocytes (Fig. 7f) were seen in HC of old untreated rats 
given VCO. Figure 7g revealed the morphometric analy-
sis of GFAP immune-reactive astrocytes% in the HC of 
rats from different experimental groups. A remarkable 
significant treatment, age and interaction effects were 
recorded; [F

(2,25)
 = 1097, P < 0.05], [F

(1,25)
 = 287.2, P < 

0.05] and [F
(2,25)

 = 18.5, P < 0.05], respectively. Post-hoc 
analysis detected a significant rise in area % of GFAP 
in old versus YC. Likewise, higher area % of GFAP in 
Al-untreated old rats was observed as compared to that of 
young untreated group. VCO treatment significantly low-
ered these percentages with better improvement clearly 
seen in young treated animals.

Discussion
The current study was undertaken to investigate the pro-
tective role of VCO in cognitive deficit and other related 
forms of dementia such as AD, which contributes to the 
patient’s functional disability and loss of skills. Al is abun-
dantly consumed through drinking water, cookware and 
cosmetic products. Unfortunately, it was implicated in 
the etiology of neurodegenerative diseases including AD 
(Mattson et al., 1997; Tomljenovic, 2011). Hence, many 
studies emerged using the Al model to mimic the clini-
cal manifestations and pathophysiological characteristics 
of AD in rats and mice (Bitra et al., 2014; Lakshmi et al., 
2015; Justin Thenmozhi et al., 2015; Ali et al., 2016). In 
the current investigation, AD-like pathology and mem-
ory deficit were experimentally induced in young and 
old age rats by daily oral intake of anhydrous AlCl

3
 for 

five successive weeks, in order to assess the deleteri-
ous effects manifested in both age groups via behavio-
ral, biochemical, immunochemical and histopathological 
investigation. Earlier studies in normal adult healthy 



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

88 Behavioural Pharmacology 2020, Vol 31 No 1

rats indicated that VCO enhanced cognitive function via 
modulation of cholinergic function as well as downregu-
lation of oxidative stress (Marina et al., 2009a; Marina et 
al., 2009b; Anwar et al., 2012; Rahim et al., 2017), there-
fore this study did not include a negative control group to 
minimize animal number/suffering and rather highlight 
the risk of inevitable exposure to deleterious effects of Al 

in both age groups. The dose of VCO used in the study 
was equivalent to 30  ml (2 tbsp) daily human recom-
mended intake of MCT without any side effects (Dulloo 
et al., 1996; Jensen, 1999; Liau et al., 2011). The MWM 
setup was employed for testing learning and memory in 
rodents. This experiment tested the animals’ ability to 
search for a platform and memorize its location (Li et al. 

Fig. 4

Histological H&E stained sections from inner pyramidal layer of cerebral cortex: (a) young control rat with the normal histological structure; (b) old 
control rat with necrosis and pyknosis of some neurons (black arrow); (c) young untreated rat with shrunken and necrotic neurons with pyknotic 
nuclei (black arrow); (d–f) old untreated rat with: (d) flame-shaped neurofibrillary tangles (black arrows) and shrunken necrotized neurons and 
pyknotic nuclei associated with neuronophagia (red arrow); (e) deposition of eosinophilic amyloid plaque surrounded by astrocytes (black arrows); 
(f) multifocal gliosis (black arrow) and thickening in the wall of cerebral blood vessel (red arrow); (g) young rat treated with VCO having shrunken 
and necrotic neurons (black arrow); (h) old rats treated with VCO with neuronophagia of necrotic neurons (black arrow) (H&E, scale bar 25 µm). 
VCO, virgin coconut oil.
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2011). Training sessions pre- and post-injection of Al was 
successful since asymptotic performance was achieved 
by the fourth training day in all groups. We acknowledge 
that fixed release position of the animal in each trial/day 
might imply the use of egocentric non-spatial strategy to 
find the escape platform. However, during the training 
sessions and the actual test, the different search patterns 
were clearly observed; ranging sequentially from initial 
thigmotaxis, random search, scanning (for landmarks) 
and chaining (directional preference of the goal from the 
wall of the pool), to use of distant visual landmarks (distal 
cues set up in the lab room) where search/learning behav-
ior could be HC-dependent. Finally, we propose that allo-
centric (spatial) strategies could have developed by rats 
via focal search and directed swimming, which was very 
evident on the last day. According to Garthe et al. (2009), 

the development of a precise and place-specific pref-
erence depends on the integration of the relevant cues 
into an allocentric cognitive representation. Meanwhile, 
controversial reports have stated that the distinction of 
egocentric and allocentric navigation is quite difficult and 
both systems overlap, that is, there are gray areas in the 
resulting data about how well any given experiment or 
any given test is able to dissociate the two phenomena 
(Sherrill et al., 2013; Vorhees and Williams, 2014). Further 
analysis with highly sophisticated algorithms and com-
putational program would be required to confirm the 
hippocampal and non-hippocampal learning strategies 
whether be it spatial or non-spatial. In the current inves-
tigation, Al prolonged latency time to enter target quad-
rant and reach the platform in both young and old age 
untreated rats, hence indicating impairment in learning 

Fig. 5

Histological H&E stained sections from CA1 region of hippocampus: (a) young control rat with the normal histological structure; (b) old control rat 
having shrunken and necrotic sporadic pyramidal neurons (arrow); (c) young untreated rat with shrunken pyramidal neurons and pyknosis (arrow) 
associated with neuronophagia; (d) old untreated rat with shrunken pyramidal neurons, necrosis and pyknosis (short arrow) as well as flame-
shaped neurofibrillary tangles (long arrow); (e) young rats treated with VCO having normal pyramidal neurons; (f) old rats treated with VCO exhibit 
degeneration of some neurons (arrow) and decrease in the number of necrotic neurons (H&E, scale bar 25 µm). VCO, virgin coconut oil.
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and consolidation memory in both untreated groups, 
especially in old age rats. Poor learning and behavioral 
dysfunctions are very prominent involving a change in 
acetylcholinesterase activity affecting the learning skills 
of rats (Zatta et al., 2002). Moreover, untreated young 
and old animals frequently spent less time lingering in 
the target quadrant during probe trials compared to their 
respective controls. These results clearly imply that the 
control rats possessed superior memory and learning abil-
ity, so they could intentionally find the escape platform 
in the water maze test, more efficiently than Al-untreated 
rats. Demented animals swam along the wall of the pool 
without attention to direction indicating that young and 
old untreated rats failed to preserve and retrieve neural 
messages; hence, Al impaired manifestation of animals in 
the behavioral test as explained by Gong et al. (2006) and 
caused significant cognitive impairment. This result was 
contrary to Varner et al. (1994) and von Linstow Roloff et 
al. (2002), who declared no effect of Al on working/spatial 

memory in behavioral tests. This discrepancy could be 
attributed to the type of Al salt utilized and dosage 
administration, especially that it was added to drinking 
water and not given as a fixed-dose daily by oral gavage 
in our experiment. The present study demonstrated that 
treatment with VCO enhanced and consolidated memory 
of tested rodents, particularly in young age group, which 
performed better in both acquisition and probe trials in 
comparison with senile rats. One could assume that VCO 
imparted protection to brain regions related to learning 
and memory especially in young animals as compared to 
senile rats (as will be verified later in the histology report). 
VCO-induced memory improvement could be attributed 
to the presence of a natural source of medium-chain tri-
glyceride (MCT), a special group of fat molecules that 
is readily oxidized to ketones, a short-chain fatty acid, 
and easily cross the blood-brain barrier. They are then 
absorbed by neurons and oxidized in the mitochondria 
to provide rapid alternative energy source for the brain 

Fig. 6

Photomicrograph of cerebral cortex stained by Congo red for demonstration of amyloid plaques: (a) young control rat with no amyloid plaques; (b) 
old control rat with no amyloid plaques; (c) young untreated rat having small red amyloid plaque (arrow); (d) old untreated rat with multiple amyloid 
plaques (arrows); (e and f) young and old rats treated with VCO lacking amyloid plaques (scale bar 25 µm). VCO, virgin coconut oil.
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Fig. 7

Photomicrograph of hippocampus immune-stained by GFAP for demonstration of reactive astrocytes. (a) Young control rat have normal small-
sized astrocytes with lightly stained GFAP positive short processes. (b) Old control rat with moderate immunoreactivity of astrocytes. (c) Young 
untreated rat had moderate immunoreaction of astrocytes. (d) Old untreated rat revealing strong immunoreactivity with deeply stained GFAP 
positive brown processes. (e) Young rat treated with VCO had normal immunoreactive astrocytes with lightly stained processes. (f) Old rat treated 
with VCO with moderate immunoreactive astrocytes. (scale bar 50 µm). (g) Immunostaining area (%) of GFAP expression. Data are shown as 
mean ± SE; error bars exhibit the variations of determinations in terms of standard error. Two-way analysis of variance was used for data analysis, 
mean values with dissimilar superscript letters were significantly different (P < 0.05). GFAP, glial fibrillary acidic protein; VCO, virgin coconut oil.
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(Page et al. 2009; Sabitha and Vasudeva, 2010; Gandotra et 
al., 2014; Fernando et al., 2015)

AChE is a key enzyme involved in cholinergic neu-
rotransmission and is a significant protein marker that 
attracts wide attention in the study of Al-induced neu-
rodegeneration. AChE activity was estimated in the 
current investigation in both HC and serum in order to 
assess potential benefit of VCO in Al-induced memory 
deficit. According to the above mentioned behvioural 
assessment, Al-induced learning and behavioral dys-
function, possibly via alteration in AchE activity (Zatta 
et al., 2002). Amjad and Umesalma (2015) declared that 
AlCl

3
 is a cholinotoxin, which induces dysregulation of 

cholinergic and noradrenergic neurotransmission. Earlier 
studies have explained that over-activity of AChE may 
promote oxidative stress (Zatta et al., 2002). Consistent 
with the previous findings (Silva et al., 2007), a substantial 
increase in AChE activity was observed in AlCl

3
 expo-

sure of rats in the current study, which denoted impaired 
cholinergic function. Moreover, reports claimed that the 
reduction of neurons in the HC resulted in a low level of 
ACh in AD patients (Jung and Park, 2007). Meanwhile, 
VCO intake attenuated the elevation in hippocampal and 
serum AChE activity induced by Al in young age rats, 
which benefited more than their older counterpart. This 
could be attributed to cytokinins (phytohormones) found 
coconut, proposed to have anti-aging properties accord-
ing to Letham (1974) and Huan et al. (2004), in addition 
to active polyphenol compounds which could modulate 
acetylcholinesterase activity, hence improve cholinergic 
neurotransmission (Heo et al., 2002; Marina et al., 2009a; 
Marina et al., 2009b; Anwar et al., 2012; Mirjana et al., 
2013).

BDNF, the family of nerve growth factors and was 
reported to play an essential role in neuronal survival, 
differentiation and synaptic plasticity in the central 
nervous system (Lindsay et al., 1994; Lewin and Barde, 
1996). This protein was known to support cholinergic, 
dopaminergic and serotonergic neurotransmission in 
addition to neuropeptide containing neurons. Its involve-
ment in the pathogenesis of AD emerged in the last 
years (Connor et al., 1997; Durany et al., 2000; Mattson 
et al., 2004; Komulainen et al., 2008 Diniz and Teixeira, 
2011). The present investigation revealed substan-
tial downregulation in serum BDNF of OC animals as 
compared to YC group. Further drop in serum concen-
tration was observed in Al-untreated young and old age 
animals; however VCO reverted BDNF serum value to 
normal level in both age groups. This result was in line 
with Lommatzsch et al. (2005) who declared that BDNF 
levels in plasma decreased significantly with increasing 
age. In another human study conducted by Leyhe et al. 
(2008) and Karege et al. (2002), a significant reduction of 
BDNF serum concentration was paralleled by dimin-
ished BDNF levels in AD brains. This was a reflection 

of dystrophic support which contributed to progressive 
neurodegeneration. Accordingly, BDNF serum concen-
trations also varied over the course of the disease and 
are correlated with the severity of dementia (Laske et 
al., 2007). A reduced serum concentration of BDNF was 
already found at initial stages in AD patients compared 
to healthy age-matched people. Interestingly, Arancibia et 
al. (2008) hypothesized that BDNF may exert neuropro-
tective actions against toxic effects of amyloid-beta pep-
tides in regions related to cognitive functions. Coconut 
oil was claimed to be a major KD of particular interest 
due to the presence of the so-called MCT. This group 
modulated brain energy metabolism that promoted 
energy reserves and could possibly confer neuroprotec-
tion via increased BDNF expression due to glycolytic 
restriction, reduced neuroinflammation, modulation of 
ATP-sensitive potassium channels and enhanced neuro-
transmission (Kashiwaya et al., 2000). This could explain 
results obtained herein, where daily VCO administration 
stimulated upregulation of BDNF levels in young and 
old age rats with subsequent neuroprotection and sig-
nificant improvement in cognition as seen earlier in the 
behavioral test.

AD was known to cause neurochemical alterations of 
several neurotransmitters and pathological changes of 
respective receptor systems, particularly altered signal-
ing (hypo/hyper-function) of noradrenergic, serotonergic 
and dopaminergic neurotransmission (Mufson et al., 2008; 
Seo et al., 2008; Nava-Mesa et al., 2014). Therefore, corti-
cal and hippocampal neurotransmitters were evaluated in 
order to assess the effects of VCO on Al-induced AD-like 
pathological changes in rat brain. The HC was reported 
to be a prominent target brain region in most forms of 
dementia. It was established that damage to the HC 
accounted for many of the cognitive deficits observed in 
AD, particularly those concerned with long term memory 
(Götz and Ittner, 2008). Al-induced neurodegeneration 
was verified in the current results and earlier findings, 
where memory impairments along with compromised 
learning behavior, are the major neurodegenerative dis-
orders affecting HC according to Pal et al. (2012); Yuan 
et al. (2012); Starke et al. (2013); Moodley and Chan 
(2014); Shimizu et al. (2015). This could be explained by 
increased levels of free radicals and decreased levels of 
antioxidants following Al administration (Kumar et al., 
2011; Giorgianni et al., 2014), in addition to cell depletion 
in the HC and degeneration of cholinergic terminals in 
the cortical areas (Platt et al., 2001; Miu and Benga, 2006; 
Abdel Moneim, 2012).

In the present investigation, a marked elevation was 
noticed in the concentration of cortical NA and DA as 
well as hippocampal NA of Al-untreated young and 
senile rats. Nonetheless, contradictory results challenged 
these findings where Moshtaghie et al. (1996) proposed 
that Al accumulation in brain reduced catecholamines 
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content as a result of either decrease, prevention, pro-
duction or release. Other conflicting studies claimed 
that enhancement of dopaminergic function improved 
rodent performance in cognitive tests (Hersi et al., 1995) 
and contributed to information storage in the prefrontal 
CX, especially for the working memory (Floresco et al., 
1997). Contrary to our findings, Taghzouti et al. (1986) 
reported that DA transmission in the HC might likewise 
modulate spatial memory processing, enhance dopamin-
ergic function and improve rodent performance in cogni-
tive tests. According to Hersi et al. (1995), dopaminergic 
system was impaired along with cholinergic pathways in 
AD patients. One could justify this discrepancy by the 
hypothesis known as ‘inverted U shape’ curve. It was 
generally thought that the relationship between prefron-
tal CX catecholamine neurotransmission and cognitive 
function could be described as an ‘inverted U’ influence, 
with either too much or too little activation leading to 
suboptimal performance (Robbins and Arnsten, 2009), 
and possibly detrimental effects as observed in this study 
in Al-untreated animals especially in the senile group. 
Moreover, prominent elevation in NA was concurrent 
with a claim by Wang et al. (2013), who claimed that NA 
levels increased with age and was accompanied by cog-
nitive deficit. Higher levels of NA could be detrimen-
tal, despite its importance for cognitive functions under 
physiological conditions (Murchison, 2004). Additionally, 
other researches declared stress-induced cognitive 
impairment, under which conditions, NA release is sig-
nificantly elevated (Goldstein et al., 1996), and this ele-
vation along with dopamine impaired prefrontal CX 
and HC-dependent abilities such as working memory 
and attention regulation in transient stress conditions 
(Arnsten, 1998; Packard and Teather, 1998; Elliott and 
Packard, 2008). Similar research supported evidence that 
there was an optimal DA level for cognitive function , 
that is, performance would be compromised if DA lev-
els were either higher or lower than this optimal level 
(Ashby et al., 2015). Studies on the levels of NA and/or 
DA remain controversial, since stress induced by swim-
ming in MWM paradigm could also play a key role in 
addition to aluminum induced-neurological effects on 
hippocampal and cortical catecholamine neurotransmis-
sion. Interestingly, aluminum-untreated young and old 
age rats revealed a significant restoration of monoam-
ine levels following VCO daily administration, possibly 
via VCO-derived biologically active compounds such as 
polyphenols, tocopherols, sterols and squalene, that are 
known for their potent antioxidative potential (Abujazia 
et al., 2012), in addition to significant anti-inflammatory 
and antistress properties (Yeap et al., 2015). Therefore, 
modulation of noradrenergic and dopaminergic neuro-
transmission could be attributed to antioxidant re-equi-
libration by polyphenols in VCO, which could form 
Al-polyphenol complex, thus reducing the absorption of 
Al, hindering its accumulation in brain and preventing 

oxidative stress-induced brain injuries as proposed by 
Yokel (2002). Furthermore, it was reported that cerebral 
ketones in VCO may guard against apoptosis, inflamma-
tion and oxidative stress via attenuation of ROS (Veech et 
al., 2001; Ziegler et al., 2003; Krikorian et al., 2012).

The serotonergic system was proposed to be the most 
abundant monoaminergic system in the CNS when 
compared with noradrenergic and dopaminergic systems 
(Sirviö et al., 1994; Rodríguez et al., 2012). Serotonin or 
5-hydroxytryptamine (5-HT) was also claimed to be 
involved in cognitive mechanisms such as learning, short- 
and long-term memory, both in the frontal CX and HC 
(Cifariello et al., 2008; Lapiz-Bluhm et al., 2009; Jensen 
et al., 2014). Serotonergic system played a significant role 
in learning and memory, in particular by interacting with 
the cholinergic, glutaminergic, dopaminergic system. 
Specific receptors mediating its actions were located in 
crucial brain structures, primarily the septohippocampal 
complex and the nucleus basalis magnocellularis frontal 
CX (Smythies, 2005; Rodrigues et al., 2009). The current 
findings detected a marked depression in 5-HT concen-
tration in both HC and CX regions in untreated young 
and old animals. This is consistent with studies con-
ducted by Kumar (2002), who declared that long-term 
exposure of rats to Al lead to deleterious effects on sero-
toninergic neurotransmission with a substantial decrease 
of 5-HT level in HC along with cholinergic hypofunction 
and loss of cholinergic input. Nevertheless, VCO daily 
oral intake significantly improved serotonin level to near 
normal value in young rather than old age rats. This is 
in line with Gozlan et al. (1990), who observed age-de-
pendent decreases in 5-HT levels in the hypothalamus, 
striatum, HC and cerebral CX.

In the present study, the histopathological and immuno-
histochemical findings of the current research revealed 
necrosis of neurons, neuronophagia and characteristic 
flame-shaped neurofibrillary tangles as well as deposition 
of amyloid plaques associated with gliosis in the cerebral 
CX with noticed necrosis of pyramidal neurons in the 
HC of Al-untreated young and old rats. Moreover, prom-
inent reactive hypertrophied astrocytes were revealed in 
GFAP immunohistochemically stained sections of young 
and old untreated animals, which was more pronounced 
in some sections of old age group. According to Nisbet et 
al. (2015), amyloid plaques and intracellular Tau neurofi-
brillary tangles (NFTs) were neuropathological hallmarks 
of AD, which were surrounded by reactive astrocytes in 
addition to an increased expression of intermediate fila-
ments including GFAP. Diagrams presented herein sup-
ported a claim that Al directly enhanced beta-amyloid 
biosynthesis/burden in brain of experimental animals 
(Clauberg and Joshi, 1993; Justin et al., 2015). Astrocytes 
played a vital role in degradation of amyloid plaques 
through their processes which degrade amyloid deposits 
(Koistinaho et al., 2004), as they secreted inflammatory 
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mediators leading to neuronal injury (Johnstone et al., 
1999). Additionally, GFAP expression was highly associ-
ated with plaque and, to a lesser extent, with the number 
of neurofibrillary tangles (Vehmas et al., 2003). Recently, 
it was reported that reactive gliosis limited amyloid dep-
osition (Furman et al., 2012). VCO treatment to both age 
groups conferred protection against Al-induced neurode-
generation and preserved the normal histo-architectural 
pattern in the HC and CX. This proposition agreed with 
a study performed by Nafar and Mearow (2014) who 
investigated the effects of coconut oil supplementation 
directly on cortical neurons treated with amyloid pep-
tide in vitro, and concluded that neuron survival in cul-
tures co-treated with coconut oil and beta-amyloid was 
spared as compared to cultures exposed to beta-amyloid 
only. VCO being rich in active polyphenol compounds, 
could inhibit lipid peroxidation (Dosumu et al., 2010) 
and protect against beta-amyloid neurotoxicity (Menard 
et al., 2013). Moreover, cerebral ketones in VCO might 
be anti-oxidative, anti-inflammatory and anti-apoptotic 
(Veech et al., 2001; Ziegler et al., 2003; Krikorian et al., 
2012). Morris et al. (2003) claimed that a high intake of 
unsaturated and unhydrogenated fats as found in VCO 
may be protective against AD brain damage.

Conclusion
It is crucial to adopt early preventive measures to retard 
age-related cognitive impairment and dementia. This could 
be accomplished by changes in diet and lifestyle to mod-
ify brain function before the onset of irreversible demen-
tia and development of AD-like symptoms. Coconut oil 
consumption may provide a simple yet essential dietary 
supplement that could reduce the risk of AD-like mani-
festations and associated cognitive deficits in early rather 
than later stages, being fortunately nontoxic, inexpensive, 
palatable and widely available. In this study, VCO signif-
icantly improved memory and learning function, as well 
as serum BDNF, suppressed acetylcholinesterase over-ac-
tivity, modulated noradrenergic, dopaminergic and sero-
tonergic deficits and improved histo-architecture of HC/
CX. Therefore, one could suggest that VCO might con-
fer protection against memory dysfunction induced by Al 
intake/accumulation at early stages rather than later stages 
in life and possibly delay age-associated cognitive decline 
as well. VCO remains a compound of interest requiring 
further investigation through large cohort clinical data to 
reinforce positive findings declared by preclinical studies, 
small clinical trials, or anecdotal evidence.
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