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Abstract

The objective of this study is to evaluate the possible effects of the aqueous extract of Garcinia kola at the dose of
1000 mg/kg (EAGK) on the decrease of vigilance. This decrease in alertness is due to fatigue and memory
impairment promoted by sleep deprivation for 7 consecutive days on wistar rats. 18 male rats aged 8 weeks
weighing between 200 and 220g, divided into 3 groups of 6 rats, were subjected to sleep deprivation using a
modified multiple platform. On the seventh day, the groups were subjected to different behavioral tests. It
appears from our results that: In terms of fatigue, the analysis of the results of the openfield and the elevated
cross labyrinth indicates that the rats treated with aqueous extract of Garcinia kola, present reduction of
anxiety. The exhaustive nation test shows that the rats treated with aqueous extract of Garcinia kola have a good
muscular performance. Regarding memory disorders, these rats treated with aqueous extract of Garcinia kola
and deprived of sleep do not show any sign of memory impairment in the Y- labyrinth and objects recognition
tests. In general, our results showed that the aqueous extract of Garcinia kola prevents the decrease in vigilance
through its anxiolytic effects that eliminate anxiety and improves muscle performance but especially that allow

increasing the learning capacity and the potential of memorization.

* Corresponding Author: N’da Kouassi Augustin P4 augustinkangah903@gmail.com
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Introduction

In humans and vertebrates in general, sleep can be
defined as a periodic state of tranquillity in which
sensory information processing is minimal and no
interaction with congener or the environment exists
(Borbely, 2000). In a broad sense, sleep is defined as
a period of inactivity. Sleep is divided into several
phases: pre-sleep or sleep - inducing, light, medium
and deep sleep, and finally REM (Rapid Eye
Movement) sleep. The first phases of sleep serve to
eliminate physical fatigue while REM sleep eliminates
mental fatigue. Loss of sleep, even of only a portion of
sleep, leads to significant changes in the
electrophysiological activity of the brain (Borbely,
2000 and Dijk et al, 1987). Among the main
neurobiological modifications found, the first
symptoms of sleep deprivation concern "high-level"
brain functions such as mood, central fatigue
(Dalsgaard and Secher, 2007) and cognitive functions
(Maquet, 2001; Banks and Dinges, 2007) such as
recognition disorders (Alzoubi et al., 2013) and
negative emotions (Pires et al., 2013). Yet, recent
surveys show that 80% of rural populations in
developing countries and 85% of sub-saharan
population use medicinal plants as their main
treatment and the majority of therapies involve the
exploitation of the active principle of medicinal plants
(WHO, 2002; Biyiti et al., 2004; Dibong et al., 2011a,
¢; Mpondo and Dibong, 2012). In Coéte d'Ivoire,
according to WHO/UNICEF (2005), traditional
medicine is experiencing unprecedented growth and
is the mainstay of primary health care for the majority
of the population thanks to its geographical, economic
and cultural accessibility. Nearly 1,500 species of
medicinal plants have been identified Adjanohoun
and Aké-Assi (1979), Aké-Assi (1984), Tra Bi (1997),
N'Guessan (2008) etc. These plants are used to treat
various pathologies (malaria, hemorrhoids,
rheumatism, dermatosis, febrile affection, sexual
impotence, etc.). One of its medicinal plants species
much used, is Garcinia kola. Through its compounds,
Garcinia kola seeds prevent or relieve colic disorders
or cure headaches or chest pain, suppress colds,
coughs and are often used in the treatment of
cirrhosis and hepatitis (Ogu and Agu, 1995). They

have a blood pressure regulating effect and relieve
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abdominal and ulcer pain (Alaje et al., 2014). They are
chewed and used as a stimulant or aphrodisiac (Vivien
and Faure, 1996). In these circumstances, it seemed
important to us to initiate a study of the effects of the
aqueous extract of Garcinia kola in traditional
treatments against fatigue and memory disorders

induced by sleep deprivation in the wistar rat.

Materials and methods

Materials

Plant material

The plant material consists of seeds of Garcinia kola,
bought on the market of Sikensi (Elibou), a city
located at 79.8 km from the economic capital of Cote
d'Ivoire it was identified by the laboratory of Botany
of the UFR Biosciences of the University Félix
Houphouét BOIGNY of Cocody from a herbarium of
the National Center of Floristics where a specimen

has been set down.

Animal material

The study involved white rats, of Wistar strain, 8
weeks old and weighing between 200g and 220g.
They were raised in the animal house of the UFR
Biosciences of the University Félix Houphouét
BOIGNY of Cocody (vivarium). The animals receive

food and water ad libitum.

Technical equipment

- Multiple platform reservoirs

- Square-shaped box (58 x 58 x 33cm), with the floor
divided into 25 tiles

- Elevated cross labyrinth

- Reservoir for the exhaustive swimming test

- Y- labyrinth

Methods

Sleep deprivation methods

The sleep deprivation method was as described by
Medeiros et al. (1998). Rats were divided into 3
groups of 6 male Wistar rats aged 8 weeks weighing
between 200 and 220g. Sleep deprivation was
performed on 2 groups of rats. Sleep deprivation of
these 2 groups of rats was possible through the use of
the multiple platform modified by Weiyue Zhang et

al. (2018). This involved placing rats in a 110 x 60 x
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4ocm3 lidless opaque plastic water reservoir
containing 14 circular platforms of 6.5cm diameter
with water up to 1cm from their top surface. Thus, the
rats could move inside the reservoir by jumping from
one platform to another. When they reached the sleep
phase, muscle atony set in, and they fell into the water
and woke up. Rats were fed with pellet chow diet and
water ad libitum. The process begins at 6:00 p.m. and
ends at 8:00 a.m. the next day, for a total of 14 hours
per day, for 7 days. The water in the tank is changed
daily during these 7 days.

Behavioral evaluation of the effects of EAGk on
fatigue

Open Field Test

This test was adapted from the study described by
Hall (1934) in rats. The test is based on the natural
tendency of rodents to explore an unfamiliar space,
which allows us to measure their locomotor and
exploratory activities. The device is square (70 x 70 x
4o0cm) and the floor has been divided into 25 tiles.
The experimenter is located one meter away from the
open field. He makes his observations from the
computer connected to a camera placed at a height
that allows him to visualize inside the device. The
animals (n = 5) were placed in the center of this
device. Observations were made on locomotors
capacity (number of squares crossed) and vertical
exploration (how often the animal stood up on its

hind legs, leaning or not on the wall) Almagro (1976).

Elevated Cross labyrinth Test

This test was previously described by Pellow et al.
(1986) in rats. The test is based on the preference of
rats to be in confined and dark places, which are more
reassuring for the animal, which allows to assess the
anxiety-like behavior in the animal. Thus, an animal
that explores more in the open arms will be described
as "low anxiety" and an animal that remains confined
in the closed arms of the device will be described as
"anxious". This test is notably used to evaluate the
effectiveness of anxiolytic molecules in rodents,
resulting in an increase in the time spent exploring in
open arms. The device is shaped like a cross and
raised to a height of 50cm from the ground. It

consists of two open arms (50 x 10cm) without walls,
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and two other arms closed by walls (50 x10 x 45c¢m) that
intersect, forming a central platform (10x10cm). The rat
is placed on this platform, facing an open arm, and freely
explores the apparatus for 5 minutes. The numbers of
entries in the open and closed arms as well as the
percentage of time spent in the open arms are measured
manually. The device is cleaned with 70% ethanol and

dried after each rat to limit olfactory traces.

Exhaustive swimming test

The exhaustive swimming test with weight loading
was performed as described with minor modifications
(Weiyue Zhang et al., 2018). On the last day of the
sleep deprivation process, each experimental groups
was subjected to the exhaustive swimming test with
constant loads (set at the base of the tail)
corresponding to 10% of their body weight. The
exhaustive swimming test was performed in a
swimming reservoir (70 x 30 x 110cm3) with 8ocm of
warm water (25 + 3°C) for 1 hour. The rats were then
removed from the pool, dried with a paper towel, and
returned to their original cages. The pool water was
replaced after each session. Exhaustion was
determined by observing the loss of coordinated
movements and the inability to swim. During the
tests, the time of immobility and the number of dives
were observed (Detke et al., 1995). A rat is considered
immobile when it moves enough to keep its head

above water Borsini and Meli (1988).

Behavioral evaluation of the effects of EAGk on
memory

Place recognition test in a Y- labyrinth

The protocol used was previously described in rats
(Dellu et al., 1992). It is based on the animal's natural
tendency to explore its environment. The spatial
recognition of the animal reflects an episodic type of
memory, since the animal must remember visited
arms during the "what and where" acquisition session
depending on the "when" delay used. Thus, the place
recognition test allows to evaluate the different
components of the episodic memory "what, where

and when" in a combined way.

The device is a black cardboard box labyrinth in the

shape of Y with three arms, marked A (starting arm),
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B (familiar arm) and C (new arm) (50 x 16 x 32cm).
The behavioral test is performed in two sessions, one
of acquisition, the other of reminder, separated by a
retention time chosen during the acquisition session,
one of the 3 arms of the labyrinth is kept closed "new
arm". The animal is then placed in the arm of the Y-
shaped labyrinth closest to the experimenter "starting
arm", facing the wall, and freely explores the two
accessible arms of the labyrinth (starting arm and

familiar arm) during 5 min.

After a retention time of one hour, during the
reminder session, the 3 arms of the labyrinth are
opened and the animal explores them freely for 2
min. The experimenter then measures the time spent
in each arm. An animal that remembers the starting
and familiar arms will then spend more time
exploring the new arm. The familiar arm is
randomized between animals so as not to introduce
bias related to a possible spatial preference. The
device is cleaned with 70% ethanol and then dried

after each rat's passage to limit olfactory traces.

Object recognition test (ORT)

The Object Recognition Test (ORT) is a relatively
quick and efficient way to test different phases of
learning and memory in rodents (Antunes and Biala,
2012). It was originally described by Ennaceur and
Delacour (1988) and used primarily in rats; however,
since then it has been successfully adapted for use in

mice (Lueptow, 2017).

This test assesses the rat's ability to recognize a new
object relative to a familiar object in a known
environment. After a habituation phase rats are
placed in a box (40x40cm) with two identical
unbreakable objects (D: 10cm, H: 15¢m). The rats are
left to explore freely for 10 min and the time spent
exploring each object is recorded by video, while the
test session consists in replacing a previously
explored object by a new one. Rodents have an innate
preference for new object; a rodent that remembers
the familiar object will spend more time exploring the
new object. An animal that does not have memory
problems will spend its exploration time on the new

object. Rats given a substance with an amnesia effect
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will have a cognitive deficit during training and a
memory lapse. During the test phase, the animal will
explore the familiar object as much as the new object,
suggesting that it has "forgotten" its training phase

(Sanderson et al., 2011).

The test is based on four sessions: a habituation
session, a training session, a short-term memory
(STM) session and a long-term memory (LTM)
session. During the habituation phase, the rat is
removed from its cage and placed in the middle of the
empty area, allowing it to explore the area for 5 min,
then the rat is removed and placed in a holding cage.
During the training phase, two identical objects (a; a)
are placed in opposite quadrants of the area, the
animal explores it for 10 min. During the short-term
memory phase, 2 hours after the training phase, the
rat is removed from its holding cage and placed in the
center of the area where identical objects (a; a) are
placed in opposite corners, the animal is allowed to
explore freely for 10 min. During the long-term
memory phase, a familiar and a new object (a; b) are
placed in opposite quadrants of the area and
exploration is performed for 10 min for each rat
(Lueptow, 2017). The variables measured during
short-term memory and long-term memories are:
-Total exploration frequency for both objects for each
session.

FF: frequency of exploration of the familiar object.
FN: frequency of exploration of the new object.

- The exploration index (EI) corresponds to the total
frequency of exploration of the objects.

EI=FN + FF

- The recognition index (RI) corresponds to the
proportion of frequency of visit of the new object by
the animal; it thus varies between 0 and 100%.
RI=[FN/ (FN + FF)] x100

Statistical analysis

All statistical analyses were made using Graphpad
Instat software. The results were expressed as mean +
SEM (Standard Error on the Mean). To analyze the
results of the different treatments, we used the
ANOVA (Analysis of Variance) test and the Student-
Newman-Keuls test to compare the means of the

controls and the treatments.
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Result and discussion

Result

Effects of EAGk on fatigue

Effect of EAGk on the level of motor and exploratory
activity by the open field test

During five minutes (Fig. 1A), the average of total
number of crossed tiles by control A rats was
significant (59.67+15.40). When the result of control
A rats is compared with the results of control B rats,
there is a decrease in the total number of crossed tiles
(27.83+6.40) or 53.36%. This decrease is highly
significant (Dunnett's: p < 0.0001). In the group of
rats that received EAGK, there was a 26.82% decrease
in the total number of crossed tiles (43.67+5.99), thus
not highly significant (Dunnett's: p < 0.05). Similarly,
in Fig. 1B we have a highly significant (Dunnett's: p <
0.0001) decrease in vertical exploration (65.02%)
between the group of control B rats (7.17+1.33) and
the group of control A rats (20.50+3.39) on one hand.
On the other hand, there was a marginally significant
(Dunnett's: p < 0.05) decrease in vertical exploration
of the rats that received EAGk (17.17+1.72) compared
to the control A rats grou (20.50+3.39). This decrease

was about 16.24%.
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Fig. 1. Effect of aqueous extract of Garcinia kola on
motor activity and vertical exploration of rats in an

open field test.

Cognitive effect of EAGk on anxiety level by the test
of elevated cross labyrinth

The results obtained by placing the animals in the
elevated cross labyrinth show that EAGk-treated rats

and control B rats differently explore this unfamiliar
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environment differently compared to control A rats.
In Fig. 2A, we see that the number of open-arm
entries (22.19%) decreased significantly (Dunnett's: p
<0.01) for control B rats (8.17+0.75) compared to
control A rats (10.50+0.84). For EAGk-treated rats
(11.33+1.03), there was a non-significant increase
(7.90%) (Dunnett's: p = 0.33) compared with control
A rats (10.50+0.84). The time spent by rats in open
arms (77.66%) is also highly significantly (Dunnett's:
p <0.0001) reduced in control B rats compared to the
control A rats group (15.67+1.75 Vs 3.50+1.05). Then,
when comparing the EAGk-treated rats to the control
A rats, the time spent in the open arms by the EAGk-
treated rats (18.67+2.16 Vs 15.67+1.75) has a
marginally significant (p <0.05) increase of about
19.14% (Fig. 2B). On the other hand, in Fig. 2C, the
comparison of control B rats to control A rats
(16.17+£1.17Vs 12.00+0.89), shows a highly significant
(Dunnett's: p <0.0001) increase in the number of
entries into the closed arms. And when the EAGk-
treated rats (14.00+0.89Vs 12.00+0.89), there was a
marginally significant (Dunnett's: p <0.05) increase in
the number of entries into the closed arms. These
increases are in the order of 34.75% and 16.66%,
respectively. Regarding the time spent in the closed
arms (Fig. 2D), there was a highly significant
(Dunnett's: p <0.0001) increase in time of control B
rats (199.8+11.48s) compared to the time spent in the
closed arms of control A rats (113.3+4.63s). On the
other hand, the time spent in the closed arms by EAGk-
treated rats (98.67+3.67) was significantly reduced
(Dunnett's: p <0.01) compared with the time spent in

the closed arms by control A rats (113.3+4.63s).

Effect of EAGk on level of muscle performance by
exhaustive swimming test

The result of the exhaustive swimming test (Fig. 3)
shows that the control B rats (51.00+10.32s) have a
highly significant (Dunnett's: p <0.0001) decrease in
swimming time than that of the control A rats
(1800+0.0s), which is 97.16% of swimming time
reduction. Also, the group of EAGk-treated rats
showed a highly significant (Dunnett's: p <0.0001)
decrease in swimming time compared to A control
rats (1365+71.57 Vs 1800+0.0s). This decrease is of
the order of 24.16%.
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Fig. 2. Effect of EAGk on rat anxiety in an elevated cross labyrinth test.
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Fig. 3. Effect of EAGk on rat swimming time in a

momory swimming test.

Effects of EAGk on memory

Effects of EAGk on spatial working memory capacity
The study of the effects of Garcinia kola consumption
on spatial working memory, in this Y- labyrinth test,
on rats deprived of REM sleep for 7 days, is

represented by the percentage of alternation in Fig. 4.

Indeed, when comparing the levels of percentage of
alternation between the different groups of rats, we
observe a significant decrease (p<0.05) in the number
of alternations of the group of rats deprived of REM
sleep for 7 days compared to the control group that
were not deprived of REM sleep. On the other hand
we have a non-significant decrease (p>0.05) between
the group of rats deprived of REM sleep but given the
aqueous extract of Garcinia kola for 7 days and the
control group that were not deprived of REM sleep.
When comparing the number of alternations of the
group of rats deprived of REM sleep but given the
aqueous extract of Garcinia kola for 7 days to the
group of rats deprived of REM sleep for 7 days and
not given the aqueous extract of Garcinia kola, there

was a significant increase (p<0.05). These results
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show that EAGK,

following sleep deprivation for 7 days.
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Fig. 4. Effect of EAGk on rat spatial working memory
capacity in a Y-labyrinth test.

Effects of EAGk on recognition memory capacity in
an object recognition test

Effects of EAGk on recognition short-term memory (STM)
The results in Fig. 5 show a difference in object
recognition index between non-sleep deprived control
rats and sleep deprived rats for 7 days, treated or not.
Indeed, the object recognition indexes of the rats that
were not deprived of sleep and those deprived of sleep
but treated with Garcinia kola have a percentage
higher than 50% or respectively 70.05% and 74.40%.
On the other hand, the group of rats deprived of sleep
and which did not receive any treatment, presents a
percentage of object recognition index of 34.82%.
Thus, the value of the percentage of the short-term
recognition index is not statistically significant
between the sleep deprived rats treated with Garcinia
kola and the non-sleep deprived control rats. In
addition, those of the sleep deprived and untreated
rats, have a significantly (p< 0.001) lower percentage
of the short-term recognition index than the non-

sleep deprived control rats.

Recognition index (%) STRM

EAGK Control B Control A

Treatments

Fig. 5. Effect of EAGk on the short-term recognition

memory capacity of rats in an object recognition test.
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Cognitive effects of EAGK on long-term recognition
memory (LTM)

The analysis of the long-term recognition indixes
shows that after 24 hours, the recognition index of the
non-sleep deprived rats (68.06%) and those deprived
of sleep but treated with Garcinia kola (71.49%) is not
significant. On the other hand, the sleep deprived and
untreated rats have a percentage of object recognition
index of 33.80%, therefore, this long-term recognition
index is significantly lower (p< 0.001) than that of the

non-sleep deprived control rats (Fig. 6).
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Fig. 6. Effect of EAGk on the long-term recognition

memory capacity of rats in an object recognition test.

Discussion

In this study, we were interested in the effect of EAGk
consumption on fatigue and memory disorder. It is
made possible from a several behavioral test

performed on wistar rats.

Regarding fatigue, analysis of the open field results
indicated that after sleep deprivation of 14 hours per
day for 7 consecutive days, locomotor and exploratory
activity in control B rats decreased significantly. Rats
that received EAGk treatment had a little decrease in
locomotors and exploratory activity. These results
showed a decrease in psychomotor activity in sleep-
deprived rats. However, in the treated rats with
EAGK, there was an improvement in the performance
of locomotors and exploratory activity. Therefore, we
can say that EAGk is an effective against fatigue.
These results were in agreement with the data of
Weiyue Zhang et al. (2018) in the study on "A central
fatigue model for rats using a modified multi-
platform method" which show that rodents have the

instinct of thigmotaxis, that is to say, once they are
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put in the open field, they tend to move quickly to
leave the new environment. But at the same time,
they are curious about that environment and are eager
to explore it by prancing vertically and making
horizontal movements. So this decrease in activity in
sleep-deprived rats demonstrated an anxious emotion.
Indeed, sleep deprivation and the desire to explore a
new environment generates an anxiety emotion as
evidenced by Ahn (2013). According to him, the
conflict between two motivations reflects the anxious
mood. But, for those who received the EAGK, this state
of anxiety is hardly noticed. The same data was

obtained with the study of black cumin seed oil in rats.

According to Perveen et al. (2014), the treatment with
black cumin significantly increases the number of
central tiles run by the rats in the open field test and
therefore black cumin has an effect on anxiety.
Moreover, the results of the elevated cross labyrinth
indicated a high level of anxiety in the group of B
control rats and virtually no anxiety in the group of
rats receiving EAGk treatment. This is reflected in a
decrease in the time spent in the open arms of the
control B group of rats when compared to the control
A group, and no observable change between the group
of rats receiving EAGKk treatment and the control A
batch of rats. Thus, all these results suggest that
EAGk behaves like an anxiolytic. Indeed, the increase
in the number of entries and the time spent in the
open arms are considered to be the most
representative indexes of anxiolytic activity (Pellow et
al., 1986). In this device, rats normally prefer to
spend much of their time in the closed arms. This
behavior appears to reflect an aversion to open arms
that is generated by fear of open spaces. Drugs that
increase exploration of open arms are considered
anxiolytic and the reverse is true for anxiogens

(NicDhonnchadha et al., 2003).

The open field test and the elevated cross labyrinth
test have shown that sleep deprivation is associated
with altered locomotor activity and elevated anxiety
in the animal. However, when the animal was
subjected to EAGk treatment over a period of time,
the alteration in locomotors activity and anxiety did

not set in. The same observation is made at the level
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of muscular performance. Indeed, the action of EAGk
on sleep-deprived rats is observed during the
exhaustive swimming test. In this test, the swimming
time of the A control rats was longer than that of the
rats receiving EAGk treatment. It was longer
compared to that of control B rats. These results
showed that sleep deprivation induces poor muscle
performance due to fatigue, but under the effect of
EAGK, there was a resistance to muscle fatigue. These
obtained results, are identical to the results of
Rahman et al, 2017 in the study of Nigella sativa seed
extract. This author was able to demonstrate that the
hydroalcoholic extract of Nigella sativa relieve
physical fatigue. The effect of these extracts on fatigue
due to their constituents. Indeed, many investigations
have highlighted the richness of Nigella oil in
thymoquinone (TQ), polyphenols (Cheikh-Rouhou et
al., 2007 and Cheikh-Rouhou et al., 2008), flavonoids
(Merfort, 1997), folic acid, vitamin E, potassium,
calcium, iron, sodium and selenium (Al-saleh et al.,
2006). The similarity of these compounds could
justify the actions of EAGk on fatigue, namely the
elimination of anxiety and the improvement of

muscular performance.

Behavioral tests of the open field and elevated cross
labyrinth have shown that EAGk has an effect on
fatigue. However, when this fatigue persists, it leads
to muscle pain and memory impairment (Finsterer,
2012). In this case focusing on memory disorders in

the second part of our study seemed important to us.

First, we were interested in spatial working memory
capacity through the Y-labyrinth test. In this test, rats
deprived of sleep for 7 days showed a significant
decrease in percentage of alternation compared to
non-sleep deprived rats. While the rats receiving
EAGk treatment had a non-significant decrease in
percentage of alternation compared to non-sleep
deprived rats. These data reflected the fact that rats
deprived of sleep for 7 days, were unable to remember
the previously visited arm since there is a very low
number of alternations, thus reflecting an alteration
related to sleep deprivation. However, this was not
observed in the treated rats. So, they managed to

establish a difference between the arms visited. These
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results showed that EAGKk prevents the degradation of

learning memory and especially memorization.

Indeed, in other researches where we do not have
treatment as in the fear conditioning paradigm, sleep
deprivation just after learning disrupts spatial
memory formation (Smith & Rose, 1996; Smith &
Rose, 1997). Also, sleep deprivation before
conditioning in human beings permitted to reduce the
encoding of temporal (Harrison & Horne, 2000; Yoo
et al.,, 2007), verbal (Drummond & Brown, 2001;
Drummond et al., 2000) and emotional (Walker &
Stickgold, 2006) memories. These findings made in
his research and absent in our study here, effectively
show that the EAGk has an action on the capacity of
spatial working memory. This action is also observed
at the level of recognition memory through short-
term memory and long-term memory through the
object recognition test (O.R.T.). In this part of our
study, sleep deprivation of rats for 7 days resulted in a
decrease in the short-term recognition index
compared to the short-term recognition index of non-
sleep deprived rats and was less than 50 percent. In
sleep-deprived rats treated with EAGK, the short-term
recognition index decreases relative to the short-term
recognition index of non-sleep-deprived rats but is
above 50%. We have the same observations with the
long-term recognition index. These results showed
that for sleep deprived rats, we have a decrease in the
object recognition index reflecting neurobehavioral
variation such as reduced learning efficiency and

memory potential (Gasmi et al., 2017).

Also prevented the formation of new object
recognition memory (Palchykova et al., 2006) where
the animal learns to associate an environment but not
where the animal learns to associate a stimulus, such
as a sound (Graves et al., 2003); Vecsey et al., 2009).
This is not the case with the treated rats. EAGk
appears to show an improvement in memory disorder
due to sleep deprivation. This observation is similar
to studies by Lu et al. (2017) on Rh1 ginsenoside, one
of the saponins and chemical constituents of ginseng
(Panax ginseng) root. They tested Rh1i in sleep
deprivation-induced cognitive disorder and it appears

to improve memory in normal mice and mice made
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amnesic by introducing scopolamine. This similarity
of results leads us to consider that chronic
consumption of Garcinia kola could be considered a
solution to memory disorder better than cognitive
enhancing drugs (Valeria et al., 2013). Cognitive
enhancers, such as modafinil, donepezil, caffeine, and
nicotine, which are used to improve cognitive
performance, have beneficial effects on cognitive
tasks such as attention and working memory in

humans, primates, and sleep-deprived rodents.

They are able to prevent sleep deprivation-induced
long-term memory disorder in aversive-motivated
emotional memory tasks (Minzenberg and Carter,
2008; Piérard et al., 2007). However, these cognitive
stimulants have side effects, including addiction,
which makes their use difficult. Garcinia kola
contains saponins (Harborne, 1984) and vitamin E
(Kirk and Sawyer, 1998), which gives it the power to
reverse sleep deprivation-induced cognitive disorder
(Valeria et al., 2013). Thus, like ginsenoside Rhzi,
Garcinia kola has beneficial effects on memory
disorder in behavioral tests, particularly in
hippocampus-dependent tasks (Wang et al., 20009;

Hou et al., 2014, Smith et al., 2014).

In general, our results have shown that the aqueous
extract of Garcinia kola has on the one hand, an
action on fatigue (physical and central) by eliminating
stress and improving muscle performance. On the
other hand, the aqueous extract of Garcinia kola has
an action on memory. It increases the efficiency of

learning and the potential of memorization.

Fatigue and memory are two important elements in
maintaining vigilance. Vigilance is a physiological
state of the organism that receives and responds to
stimuli (Koella W.P., 1982). It is a state of awake and
attentive consciousness. It is characterized not only
by an ability to react appropriately to any stimulation,
but also by a capacity to remember events that occur
during a given period of time. And so the actions of
the aqueous extract of Garcinia kola, on fatigue and
memory, are made possible by its constituents that

give it anxiolytic and energy properties.
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Conclusion

All this work has demonstrated that there is an action
of the aqueous extract of Garcinia kola against the
decline in vigilance through fatigue and memory
problems. The aqueous extract of Garcinia kola acts
through its anxiolytic and energetic effects that
eliminate stress, improves muscle performance and
increases the efficiency of learning capacity and
memory potential. These results are consistent with

many observations made in humans.
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