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Abstract

Aim: Beneficial effects of virgin coconut oil (VCO) consumption to improve
cognition in menopausal females remain inconclusive. This study examined the
effect of VCO supplementation in aging cycling and non-cycling rodents to as-
sess its impact on cognition. Methods: Sprague-Dawley rats (10 - 18 months)
were randomly assigned to a supplemented VCO group (SVCO) that received
oral doses of 1.42 mL/kg/day VCO (n = 10) and a non-supplemented (NVCO)
group (n = 10). Their performance in a biased Y-maze discriminative learn-
ing paradigm was assessed over a 16-week period. Rats were initially allowed
3 minutes to explore the maze (habituated) and subsequently pre-trained in
the non-preferred, white chamber to associate the presentation of a tone with
a treat (reward). Training involved 4 daily trials initially for 3 weeks during
which rats were rewarded if they entered the white arm within 15 sec after
tone presentation. Time (days) to attain at least 75% correct responses (CR)
determined acquisition latency (AL). Memory retention (MR1) of the learned
task was assessed following a 1-week break from training and absence of sup-
plementation (session T1). Following an additional 2-week break, supple-
mentation of SVCO animals resumed and continued to week 16. In week 14,
all animals received re-training for 1 week (session T2) followed by another
1-week break and subsequent assessment of memory (MR2). Vaginal smear cy-
tology determinations were performed throughout the study to identify cycling
and non-cycling rats. Student’s t-test and ANOVA with Brown-Forsythe and
Tukey’s post-hoc tests were used to compare means. Results: C-SVCO rats
attained lower AL, and higher CR and MR scores vs their NVCO counter-
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parts (p < 0.05). At session T2, NC-SVCO rats out-performed other groups (p
= 0.048, F = 2.64), attaining highest CR scores between sessions (p = 0.026).
Conclusion: VCO supplementation attenuated cognitive decline with a more
positive impact on non-cycling rodents suggesting a beneficial effect on brain
health in females in menopausal transition.
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1. Introduction

Aging menopausal females are at increased risk of cognitive decline due in part
to the sudden decrease in bioavailable estrogen that causes diminished neuro-
protective effects on learning and memory [1] [2]. Women in the fifth decade of
life with reproductive organs intact, will begin the transition through perimeno-
pause to menopause at which stage ovarian secretion of estrogen and progeste-
rone will decline [3]. The reproductive estrous cycle of female rats starts at 50 to
60 days of age, and is a measure of the integrity of the hypothalamic-pituitary-
ovarian axis [4] [5]. Estrogen regulates the cycle, peaking by the end of proestrus
and returning to baseline at estrus [6]. Aged female rats enter a non-cycling
stage between 15 and 20 months of age, corresponding to the onset of meno-
pause in women [7].

Thus far, intervention strategies during the postmenopausal stage to correct
progressive memory impairment have not resulted in significant success for
those women experiencing cognitive decline. During the perimenopausal transi-
tion phase, humans and rodents share common features that include decline in
follicles, irregular cycling and fertility, steroid hormone fluctuations, and estro-
gen insensitivity [3]. Hormonal dysregulation may cause rodents to exhibit a
prolonged acyclic phase prior to frank ovarian failure. During this period, there
may also be persistent estrus [8] [9] [10] [11] in which FSH levels are elevated
and 17f-estradiol levels are normal, a hormonal milieu similar to human peri-
menopause [8] [12] [13].

The use of ovariectomized animals to model a menopausal-like state has pro-
vided substantial information on the physiological effects of postmenopausal
hormonal changes but provides limited information on the transition phase of
perimenopause, as well as the hormonal variations associated with the hypotha-
lamic-pituitary-ovarian axis. Chemical induction, using 4-vinylcyclohexene di-
epoxide or VCD for example, to induce a perimenopausal-like state in young
rodents, can induce acute toxicity effects with high mortality rates, lymphopenia
and hepatotoxicity [8]. Thus, studies of female rats that are transitioning nor-
mally between the cycling and non-cycling stages of their reproductive cycle may
provide useful information for intervention strategies. Timely intervention may

be key to retarding the cognitive impairment associated with normal aging, par-
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ticularly in women.

Virgin coconut oil (VCO) is an important cognitive nutritional supplement. It
has been found to enhance baseline metabolic activity, while providing ongoing
neuronal protection for the aging brain [14] [15]. Deranged brain glucose meta-
bolism leads to diminished executive function, and has been linked to the cogni-
tive decline of dementia. Ketones provide an important alternative to glucose,
and have been shown to be valuable to renewed activity in aging brain. VCO has
a high content of medium-chain fatty acids (MCTs) that can provide this alter-
native energy source for the brain [14], supporting its role as a dietary supple-
ment to improve cognitive function [15]. Lauric acid is reported to provide most
of the nutritional content and healing property of VCO and is a major compo-
nent of the MCTs [16] [17]. MCTs are also easily metabolized by the liver to
provide energy and are converted to ketones in astrocytes. Astrocytes provide
the initial cellular barrier encountered by nutrients and other substances and
there is evidence to suggest that they have a greater preference for fatty acids as
their main energy source. VCO therefore potentially provides both cellular nu-
trition and neuroprotection, in a form which is easily accessible via the gastroin-
testinal tract [16] [17]. The MCTs may therefore be important for brain energy
metabolism, producing ketone bodies which can be taken up by neurons to pro-
vide oxidative fuels during hypoglycemic and hypoxic states [18].

Like estrogen, VCO has properties against oxidative damage that are neuro-
protective and may provide significant benefits to learning and memory. The
aim of this study was therefore to investigate the effect of VCO supplementation
on learning and memory in aging Sprague-Dawley rats that are transitioning
normally between the cycling and non-cycling stages of their estrous cycle, to

assess whether it has any beneficial impact on age-related cognitive decline.

2. Materials and Methods

Subjects

Twenty female Sprague-Dawley rats, 14 to 22 months old (starting ages: 10 -
18 months), completed the study. Rats were obtained from the animal house fa-
cility following institutional ethical approval of the protocol by The University of
the West Indies (UWI), Mona Campus Ethics Research Committee (MREC).
Rats were housed three per cage in a behavioral laboratory and provided with
food and water ad /ibitum. Habituation, handling and other procedures were
followed in accordance with the National Institutes for Health guidelines on the
use and care of laboratory animals.

Each rat was weighed and coded at the start of the study, and its estrous cycle
status determined twice weekly in the first 4 weeks and then daily from week 10.
Recordings of their performance in the behavioral paradigm were collated with
their estrous cycle status at the end of the study. During the VCO supplementa-
tion phases of the study, animals were allowed water ad libitum but rat chow was

restricted over-night and provided in the morning. During the break periods in
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which training ceased, all animals were provided with food and water ad /ibitum.
Data collection was carried out blindly as treatment groups were unknown to the
experimenter who recorded the behavioral data. Figure 1 outlines the organiza-

tional flow chart of the procedures followed.

Mature Female Sprague-Dawley Rats
Starting Age: 10-18 months

randomized | selection

A 4 Y

SVCO Group = Virgin Coconut Oil (n=10) NVCO Group = No Virgin Coconut Oil (n=10)
daily VCO oral dosing + rat chow Rats fed standard rat chow for 16 weeks

Weeks1-4: Vaginal smear cvtology; Selection of rats showing 80% black arm preference duing a 3-min Y-maze exploration

' '

Group 1: C-SVCO Group 2: C-NVCO Group 3: NC-SVCO Group 4: NC-NVCO
Cycling. VCO suppl.rats || Cycling.No VCO suppl. Non-cycling. No VCO suppl. || Non-Cycling. VCO suppl.rats
n=7 n=7 n=3 n=3

I I | |

Y

Weeks 5-6; Y-maze Pre-training:
Rats associate tone with cereal reward

Y

Weeks 7-9: Y-maze Training (Session T1)= No.of Correct Responses (CR) to
tone presentation with reward recorded and Acquisition Latency(AL) assessed

Week10: 1 Weekbreak=no VCO,all rats fed standard rat chow and water; daily vaginal smear cytolog resumed
]

Week 11: Y-maze Memory Retention 1(M1) of the learnt task tested-1 test session
Groups % Correct Responses(CR) to discriminative task assessed, N= 20

v
I Weeks 12-13: 2 weeks break= no VCO; no training; all rats fed standard chow and water

A 2

Week14: 1week Re-training (Session T2); VCO supplementation to SVCO rats resumed.
Rats must enter Y-maze white arm within 15 sec after tone is presented to be rewarded(CR); AL assessed

Week 15: Norainng, SVCO rats contime to receie o1l supplementation, NVCO rats receive standard chow

Week 16; Y-maze Memory Retention 2 (M2): 1 test session
Groups % CR to discriminative task assessed; N=20

Figure 1. Organizational flow chart of the methodological procedures.
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Virgin coconut oil administration

A locally produced and commercially available (Manufacturer: Michael Black
Farms Ltd., Jamaica) 100% cold pressed virgin coconut oil (VCO) was used in
this study. Animals were randomly divided into: 1) a VCO-treated (SVCO)
group and 2) a non-VCO (NVCO) group representing the untreated controls.
SVCO animals received (between 10:00 am and 12:00 noon) a daily oral dose of
1.42 mL/kg of the cold pressed VCO, which was calculated as an average of the
dose range of 0.5 - 2.5 mL/kg recommended in humans [14] [15] [19]. NVCO
untreated rats only had access to standard rat chow and water throughout the 16
weeks of the study.

Estrous cycle staging

Vaginal smear cytology according to the method of [20] was conducted on all
animals by 12 noon on alternate days in weeks 1 to 4 and subsequently daily,
starting from week 10. Vaginal smears were morphologically characterized based
on all four phases of the 4-day cycle, namely, i) successively occurring proestrus,
estrus, metestus and diestrus (Ze. regular cyclers); ii) there was a prolonged
phase lasting 2 to 3 days (Ze. irregular cyclers); or iii) non-cycling, if there was a
persistent estrus or diestrus or no successive change in any phase over 10 days,
indicating an acyclic estrous cycle that was locked in phase (ie. non-cyclers).
There was no presumption of estrous status—that is, whether cycling or
non-cycling, based on the chronological age of the rat.

Vaginal secretions were obtained by carefully restraining the rat and gently
placing the tip of a plastic pipette, filled with 0.9% saline solution, into the va-
ginal opening. The vagina was then gently flushed three consecutive times with
10 pL of the same saline solution. Fluid collected from the final flush was placed
on a glass slide and observed under a light microscope using the 10x magnified
objective lens. Results from the final vaginal smear cytology were collated and
used to classify the animals into their final respective cycling/non-cycling
groups.

The Apparatus

A simple, wooden Y-maze was used to conduct the cue-directed, discrimina-
tion learning task according to a modified method of [21]. The Y-maze consisted
of 3 symmetrical arms separated by 120° (dimensions: 38 cm long x 13 cm wide
x 33 cm high) and differentiated by color, that is, each arm was painted black,
white or grey. The grey arm represented the neutral or starting arm of the
Y-maze.

The Discriminative Behavioral Paradigm

Habituation phase

Y-maze arm preference for each animal was determined at the beginning of
the study in week 1. Each animal was placed individually in the grey arm and al-
lowed 3 minutes to freely explore the maze. Arm preference was determined
based on the frequency of entries into, and length of time spent in each arm.

Rats that displayed a minimum 80% preference for the black arm based on these
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indices, were selected for the study.

Pre-training

In weeks 5 and 6, each rat was confined to the non-preferred, white arm and
trained to associate the presentation of a brief sound (tone) with a cereal treat
(reward). Each rat was allowed to eat the treat within 15 sec after presentation of
the tone or was removed from the arm unrewarded. Each animal received 4 tri-
als daily between 2:00 pm and 5:00 pm over a period of 10 days.

Training

A 15-day training period followed pre-training in weeks 7 to 9. Each rat was
individually placed in the grey arm and allowed to freely explore the maze for 1
min. In the subsequent 2 min, the tone was introduced and the rat was rewarded
with a cereal treat only when all 4 paws entered the white arm within 15 sec of
presentation of the tone. Each animal received 4 trials daily (between 2:00 pm
and 5:00 pm). A correct response (CR) was recorded when the rat placed all 4
paws in the white arm within 15 sec after presentation of the tone, and was re-
warded. An incorrect response meant that the animal entered the arm before the
tone was presented or did not enter the arm, and was not rewarded. The number
of days taken to learn to associate the tone with entry to the white arm to be re-
warded was recorded. The ‘learned’ task was measured in terms of acquisition
latency (AL), that is, the number of days taken to attain and maintain over a
5-day period, a minimum performance criterion of 75% CR.

End of Session T1: Assessment of memory retention of the learned task with
discontinuation of VCO supplementation

Memory retention (MR1) of the learned task, defined as the number of correct
responses performed by SVCO and NVCO animals, was assessed blindly in a
single session on the first day of week 11. This was done following a 7-day break
in week 10, during which animals received no further training and were pro-
vided only with standard rat chow and water ad libitum. After assessment of
MR1 in week 11, animals received an additional 2-week break from training and
were maintained on standard rat chow and water ad libitum.

End of Session T2: Assessment of memory retention following resumption of
VCO supplementation

In week 14, daily VCO supplementation by oral gavage was reinstated for the
SVCO rats and continued throughout weeks 15 and 16. NVCO control rats re-
ceived only standard rat chow during this period. Both SVCO and NVCO ani-
mals also received an additional 1-week of re-training in the discriminative
learning paradigm. The number of correct responses for each rat was recorded
and AL determined. Following an additional 1-week break from training while
maintaining SVCO animals on the daily oil supplement, memory retention
(MR?2) was again assessed in both SVCO and NVCO groups in week 16.

Data Analysis

Data were analyzed using one-way Analysis of Variance (ANOVA) and
Brown-Forsythe tests followed by the Tukey HSD post-hoc test (IBM SPSS for
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Statistics Version 23). Student’s t-test was also used to conduct pairwise com-
parisons of group means of the effect of VCO supplementation on the mean
percent correct responses (CR), rate of acquisition of learning (AL), and memo-
ry retention (MR) between VCO supplemented cycling and non-cycling rats as
well as their non-supplemented cycling and non-cycling counterparts. Results
are presented as means + SEM (standard error of the mean) with significance
taken at p < 0.05

3. Results

Effect of VCO Supplementation on Performance of Aging Rats at Training
Session 11

Chronologically, there were two aged cohorts of rats identified at the completion
of training session T1, namely, rats that were 12 - 14 months old (<14-mo-old) and
15-18 months old (=15-mo-old). Both < 14-mo-old SVCO and NVCO rats at-
tained more correct responses (CR) on the discriminative task than did older
rats. However, SVCO = 15-mo-old rats had higher CR scores than their
non-supplemented (NVCO) counterparts (p < 0.05) (Figure 2). Pairwise com-
parisons revealed significant increases in CR by SVCO < 14-mo-old rats com-
pared to NVCO = 15-mo-old rats (p = 0.04). Also, NVCO < 14-mo-old rats
made significantly more CR than NVCO 2 15-mo-old rats (p = 0.04). In general,
VCO supplementation improved the performance of older rats in the learning
paradigm (Figure 2).

100% 1 B Training Session 1: 12-14 Month Old Animals
O Training Session 1: 15-18 Month Old Animals

90%

80%

**

70%

60% -

50% -

40%

30%

Mean Percent Correct Responses

20%

10%

0% -

svco NVCO

Values are expressed as mean percent correct responses (CR) £ S.E.M. *p = 0.04 compared to NVCO
15 - 18 months old rats.

Figure 2. A comparison of the performances of virgin coconut oil supplemented (SVCO,
n = 10) and non-supplemented (NVCO, n = 10), 12 - 14 and 15 - 18 months old female
Sprague-Dawley rats following 3 weeks of training (sessions T1) in the discriminative
learning paradigm (N = 20).
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Reproductive Status versus Chronological Age of the Rats

At the end of week 4, results of the vaginal smear cytology revealed that 50%
of the <14 mo-old (younger) rats were identified as regular cyclers and 50% as
irregular cyclers. In contrast, 78% of the =15 mo (older) rats were identified as
acyclic, while 22% were identified as irregular cyclers. By week 10 of the study,
approximately 70% of rats irrespective of age, were identified as irregular cyclers
and 30% as non-cyclers. Two rats in the <14-mo-old age cohort became acyclic
and 4 rats in the 215-mo-old age cohort continued to show signs of irregular
cycling. Thus, 14 rats classified as “cycling rats” and 6 rats as “non-cycling rats”
completed the study. The unevenness in group numbers was as a result of the
higher mortality rate among the non-cycling, older aged rats and the transition
of two rats to the non-cycling group.

Effect of VCO Supplementation on Performance during Training sessions T1
and T2: Cycling vs Non-Cycling Rats

There was no difference in CR rates at sessions T1 and T2 between cycling,
supplemented (C-SVCO) and non-supplemented (C-NVCO) aging rats (Figure
3). However, supplemented groups achieved significantly higher mean percent CR
scores (p < 0.05) than did their non-cycling, non-supplemented (NC-NVCO)
counterparts during the first training session T1. NC-NVCO rats at session T1
displayed the poorest performance, attaining the lowest mean percent CR (37%)

score among the groups (Figure 3). During training session T2, non-cycling,

140.00% B Training Session 1 @ Training Session 2

120.00% -+

100.00% -1

80.00% +

60.00% -

40.00% -

Mean Percent Correct Responses

20.00% -

0.00% -

C-SsvCo C-NVCO NC-SVCO NC-NVCO

Values are expressed as mean percent CR + S.E.M. F = 2.64. *p < 0.05 compared to NC-NVCO at T1.
**p = 0.026 compared to NC-SVCO at T1.

Figure 3. A comparison of the correct responses (CR) at training sessions T1 and T2
among VCO supplemented cycling (C-SVCO) and non-cycling rats (NC-SVCO) and
their non-supplemented cycling (C-NVCO) and non-cycling (NC-NVCO) counterparts.
N = 20.
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supplemented (NC-SVCO) rats achieved a mean 88.33% CR score, out-performing
all other groups at p < 0.048 (F = 2.64). Additionally, pairwise comparison be-
tween training sessions T1 and T2 revealed that the NC-SVCO group achieved a
significantly higher mean percent CR score (p = 0.026; F = 2.64) following
re-training at session T2 (Figure 3).

Effect of VCO Supplementation on Acquisition Latencies during Training
Sessions T1 and T2: Cycling vs Non-Cycling Rats

All groups attained lower ALs during re-training at session T2 than at training
session T1 (Figure 4). During training session T1, VCO supplemented groups
(C-SVCO and NC-SVCO) attained relatively lower AL scores than their
non-supplemented counterparts. Non-supplemented rats regardless of estrous
status (C-NVCO and NC-NVCO) performed similarly on the discriminative
task at both sessions T1 and T2 (Figure 4). Pairwise comparisons revealed a sig-
nificantly lower AL times for both supplemented cycling (C-SVCO) and
non-cycling (NC-SVCO) groups than NC-NVCO at session T1 (p < 0.05). Of
note, NC-SVCO rats attained the shortest AL time (Ze. 1 day) to maintain 75%
CR following re-training during session T2, which was significantly lower than the
AL time scores achieved by C-SVCO rats (p = 0.014), and both C-NVCO and
NC-NVCO groups (p < 0.021) at session T1 (Figure 4). NC-NVCO rats also took
significantly longer times to maintain a 75% CR during session T1 compared to

14007 B Training Session 1: Acquisition Latency

& Training Session 2: Acquisition Latency

12.00 -

10.00 -

8.00 1 *

6.00 1

Acquisition Latency (Days)

4.00 1

2.00 1

0.00 -

C-svco C-NVCO NC-SVCO NC-NVCO

Values are expressed as mean AL + S.E.M. F = 2.38. *p < 0.05 compared to NC-SVCO in T2. **p <
0.05 compared to NC-NVCO in T1.

Figure 4. A comparison of the acquisition latencies (days) for training sessions T1 and T2
among VCO supplemented cycling (C-SVCO) and non-cycling rats (NC-SVCO) and
their non-supplemented cycling (C-NVCO) and non-cycling (NC-NVCO) counterparts.
n = 20.
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C-SVCO and NC-SVCO rats during re-training at session T2 (p = 0.037; F =
2.38).

On the final day of each training session, there was a fairly uniform perfor-
mance of the learned task by all groups. However, C-SVCO rats relatively
out-performed the other groups, attaining a 96.43% CR score; while the lowest
performer was the NC-NVCO group that attained only the minimum 75% CR in
the discriminative paradigm. ANOVA however revealed no significant differ-
ence in mean percent CR scores between groups on the final day of training ses-
sions T1 and T2.

Eftect of VCO Supplementation on Memory Retention of the Learned Task at
Weeks 11 and 16: Cycling vs Non-Cycling Rats

Memory retention of the learned task was fairly consistent across all groups
tested following the first 1 week break from training (MR1) with no significant
difference between groups. However, assessment of memory of the learned task
at MR2 revealed significantly higher CR scores achieved by C-SVCO, NC-SVCO
as well as C-NVCO groups than obtained for the NC-NVCO group (p < 0.05; F
= 6.672). Notably, NC-NVCO animals had the poorest recall and attained the
lowest CR scores at MR2 (p < 0.05) following re-training (Figure 5).

A Comparison of Performance on the Final Day of Re-training Sessions T2
and Memory Retention (MR2) of the Learned Task: Effect of Supplementation
on Cycling vs Non-Cycling Rats

140.00% E Memory Retention 1: Post 1-Week Break (No VCO)
E Memory Retention 2: Post 1-Week Break (VCO)

120.00%

100.00%

$ g

Mean Percent Correct Responses
5
g

20.00%

C-svCo C-NVCO NC-SVCO NC-NVCO

Values are presented as the mean percent CR + S.E.M. F = 6.672. *p < 0.05: compared to NC-NVCO
at M2.

Figure 5. A comparison of memory of the learned task at weeks 11 (Memory Retention 1)
and 16 (Memory Retention 2) following a 1-week cessation of training. Virgin coconut oil
supplementation was terminated at week 10 prior to testing at MR1 and was reinstated at
week 14, prior to testing of MR2 (n = 20).
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Performance in the discriminative task on the final day of re-training session
T2 was approximately similar across all groups, with NC-SVCO rats demon-
strating the highest CR scores. Assessment of memory retention (MR2) revealed
that C-SVCO rats maintained a consistently high CR score on the discriminative
task, while other groups demonstrated some extinction in memory of the
learned task (Figure 6). Notably, NC-SVCO rats performed equally well on the
memory retention test as C-NVCO rats, but attained a significantly higher CR
score than NC-NVCO rats (p < 0.05). That is, non-cycling, non-supplemented
rats attained the lowest mean percent CR score and exhibited the highest degree
of memory extinction of the learned task after re-training as compared with all
other groups (p < 0.05; F = 10.304).

140.00% 1 O Training Session 2: Final Day
B Memory Retention 2: Post 1-Week Break (VCO)

-
~
o

5
¢

*
80.00% + I

40.00% +

Mean Percent Correct Responses

20.00% +

0.00% - .

C-svCo C-NVCO NC-SVCO NC-NVCO

Values are presented as mean percent CR + SEM. F = 10.304. *p < 0.05 compared to M2 for
NC-NVCO.

Figure 6. A comparison of the mean percent correct responses of groups on the final day
of training session T2 and memory retention of the learned task (M2) following 3 weeks
of VCO reinstated supplementation (N = 20).

4. Discussion

This study aimed to determine the effect of virgin coconut oil (VCO) dietary
supplementation on discriminative learning and working memory in aging fe-
male rats that were transitioning normally between the cycling and non-cycling
phases of the estrous cycle. The results show a positive effect of VCO treatment
on the acquisition latency (AL) and memory retention (MR) of the discrimina-
tive-learned test, especially among the older, non-cycling (NC-SVCO) rats that
were among the 15 months and older cohort.

Chronological age alone however, is not an accurate measure to determine the
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integrity of the hypothalamic-pituitary axis and reproductive status in rodents.
Humans are known to enter menopause at varying ages, before or after the av-
erage age of 51 years [22] [23]. This is equivalent to between 15 and 20 months
in female rats entering reproductive senescence, a state similar to menopause in
women [7]. Circulating levels of estrogen, the hormone that is neuroprotective
to learning and memory function [24] [25] [26] [27] [28] are normally low in
both humans experiencing menopause and rodents in reproductive senescence.
In this study, aging rats were therefore grouped according to whether they were
transitioning between regular and irregular “cycling”, and those that had become
acyclic or “non-cycling”. During the first training phase for acquisition of the
new task, the “cycling” animals performed at a higher correct response rate,
which validates the methodological baseline of our laboratory. Data also revealed
that VCO supplementation starting prior to, and maintained during the
non-cycling period, significantly improved learning outcome and memory re-
tention in these acyclic rats. This was further highlighted by the significantly
poorer performance in acquisition latency of the discriminative task by un-
treated, non-cycling, (NC-NVCO) rats following retraining in week 14 and
memory retention of the task in week 16 (Figure 4 & Figure 6).

The ovarian cycle confers vulnerability on learning and memory functions of
the female brain after the loss of circulating estrogen. This was clearly demon-
strated in this study, as it was accompanied by the observation that non-cycling
animals that had received VCO demonstrated similar performance on the dis-
crimination-learning test as their cycling counterparts (Figure 3 & Figure 4).
Additionally, VCO supplementation significantly improved retention of the
memory of the previously learned task among these non-cycling rats (Figure 5
& Figure 6). In contrast, non-cycling (NC-NVCO) rats that were only fed stan-
dard rat chow were the poorest performers on the discrimination-learning test.
They took longer to learn the task and exhibited a faster rate of extinction of
memory of the learned task than all other groups (Figure 6). Our results also
show that notwithstanding their ovarian status, and even after the weeks without
supplementation with VCO, the NC-SVCO group performed significantly better
than their cycling counterparts that had not received the oil supplement
(C-NVCO). The NC-SVCO group also out-performed the NC-NVCO group on
all parameters. Additionally, whereas the data shown in AL1 provided evidence
that VCO-treated groups acquired 75% correct responses more quickly, infor-
mation revealed by AL2 showed the significant role of VCO-treatment for both
cycling and non-cycling animals upon retraining after a period of non-training
and removal from the paradigm (Figure 4), and the expected extinction of
memory of the discriminative learned task that would naturally ensue. At session
T2, the fastest learners were surprisingly the NC-SVCO group, a result that was
associated strongly with the administration of VCO. The NC-NVCO group were
indeed the slowest learners in both training sessions and exhibited the highest

rate of extinction of the memory of the learned task even after re-training.
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In this study, we have presented evidence that VCO enhanced learning and
memory retention in aging, cycling and non-cycling animals. This presents a
new opportunity for the protection of the female from age-related decline in ex-
ecutive function. Commencement of VCO therapy prior to the onset of meno-
pause and maintained during the menopausal transition may therefore improve
brain health. Studies conducted in humans and rodents with varying levels of
cognitive impairment have linked increased levels of ketones in the plasma with
improved memory performance [17] [29] [30]. VCO can provide the ketones
that can avert decreases in brain glucose metabolism, correct hypometabolism,
and thus maintain brain health during the aging process. VCO also contains
phenolic compounds which have been shown to improve cholinergic activity
and enhance memory retention [31] which support the conclusions of this study.
VCO and estrogen both have antioxidant properties which play essential roles in
neuroprotection [17] [28] [32]. Estrogen contains a phenolic hydroxyl group on
the A-ring of its chemical structure which is thought to provide its antioxidant
effects [28]. The removal of this group, and hence the reduction or absence of
estrogen, is thought to eliminate the antioxidant effects which leads to the oxida-
tive damage in brain tissues. Similarly, VCO contains compounds such as squa-
lene, polyphenols, sterols and tocopherols which are potent anti-oxidative agents
[28] [32]. This is akin to the mechanism of action of Ginko biloba extract, which
similarly exhibited potent mitigation of age-related cognitive decline and im-
pairment via reduction of the quantity of reactive oxygen species [33]. Oxidative
stress is thought to be a part of the normal aging process, thus making the com-
bined effects of estrogen and VCO supplementation significant factors to achieve

cognitive enhancement.

5. Conclusion

This work presents evidence which may impact not only women experiencing
age-related cognitive decline, but who have undergone oophorectomy, as it
opens up memory-enhancing therapy relevant to the younger female. The data
revealed a beneficial effect of VCO supplementation on discriminative learning
and working memory function in aging, cycling and non-cycling rodents. This
finding supports the moderate dietary use of virgin coconut oil to improve brain

health in women during the menopausal transition.
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