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Abstract

Aim: To investigate the protective effects of kolaviron on brain weight and behavioural performance and
the histology of the hippocampus of adult Wistar rats following methamphetamine challenge.

Materials and Methods: Twenty four adult Wistar rats weighing between 150-200 g,  randomly
assigned into four groups of six each (Groups A, B, C, D) were used for this research. Group A served
as control, while groups B and C were given single dose methamphetamine (10 mg/kg) intraperitoneally
after group C was pre-treated with kolaviron (200 mg/kg) for 7 days and group D received cornoil (vehicle
for kolaviron) only.

Results: High level of methamphetamine-induced stereotypic movement was observed, and the onset
was delayed by kolaviron administration. Animals administered methamphetamine only, showed
significantly poor behavioural performance on the water maze after treatment when compared to the
other groups (P<0.05). Histological analysis revealed neuronal destruction of the pyramidal layer of the
hippocampus following methamphetamine administration. Kolaviron to some extent prevented destruction
of pyramidal cells of the hippocampus in pre-treated rats.

Conclusion: The present findings show the neuro-destructive effects of methamphetamine on
hippocampal neurons and its ability to negatively affect behaviour and that kolaviron could prevent such
behavioural deficit and also afford some protection to the hippocampus.

Introduction
There is a globally increasing concern on the

burden of neurological disease in both the developed
and developing countries. The burden of bearing these
diseases, both in consequences of mortality and morbidity
is huge. Thus research efforts towards curtailing the
consequences are continuous. Brain cells are damaged
and destroyed by oxidized compounds called free radicals
that are generated in the body by stress, exercise,
oxidation of food and other chemical reactions that occur

in the cell [1]. Neurodegenerative diseases such as
Alzheimer’s, Parkinson’s, Huntington’s, stroke and others
are usually a consequence of excess production of
these oxygen radicals from the oxidative stress [2].

The oxygen radicals produced from oxidative
stress, however, are mopped up by antioxidants [3],
produced endogenously or from nutritional supplements.
The production of antioxidants in the body declines as
one ages, thus necessitating supplementation from
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nutritional sources. Flavonoids are rich sources of
antioxidants. Antioxidants in the body protect brain cells
and provide numerous other functions important to health.
They have the ability to scavenge free radicals, making
them harmless. Flavonoids have been proposed to play
a useful role in protecting the central nervous system
against oxidative and excitotoxic stress [4].

Nutritional supplements of the antioxidants come
from plants sources. Garcinia kola (GK) is one of such
plants. Garcinia kola Heckel (family Guittiferae) is a herb
grown in Nigeria and has a characteristic astringent
bitter and resinous taste. The plant has been referred to
as a “wonder plant” because every part of it has been
found to be of medicinal importance. Garcinia kola is
used in folklore remedies for the treatment of ailments
such as liver disorders, hepatitis, diarrhoea, laryngitis,
bronchitis and gonorrhoea. The seed is masticatory and
also used to prevent and relieve colic, chest colds, and
cough and can as well be used to treat headache.
Studies have also reported the use of this plant for the
treatment of jaundice, high fever, purgative and as
chewing stick. The plant also found usefulness in the
treatment of stomach ache and gastritis [5, 6]. The
phytochemical compounds isolated from G. kola include
oleoresin, tannins, saponins, alkaloids, cardiac
glycosides. Other phytochemical compounds so far
isolated from G. kola seeds are biflavonoids such as
kolaflavone and 2-hydroxybi-flavonols. Two new
chromanols, garcioic and garcinal, together with
ä=tocotrienol were reportedly isolated from G. kola.
Garcinia kola is also used in folklore remedies for the
treatment of various infections caused by pathogens [7].
Kolaviron (KV) (Figure 1), the predominant constituent in
G. kola, contains biflavanones (GB1, GB2 and
kolaflavanone) and has been reported to prevent
hepatotoxicity mediated by several toxins [6, 8, 9].
Likewise, kolaviron exhibited hypoglycemic effects in
normal and alloxan- and streptozotocin-induced diabetic
animals [10, 11].  Also, kolaviron has been reported to
elicit strong antioxidant activity, both in vivo and in vitro
experimental models [12]. Due to the antioxidant
properties of kolaviron, it has the potential to protect the
neurons of the brain from toxic damage. A recent study
has shown kolaviron to protect the neurons against
gamma radiation induced oxidative stress in brain of
exposed rats [13].

Methamphetamine (METH) is known to induce
neurotoxicity in animal models, by the production of
reactive species thus resulting in oxidative stress [14,
15]. METH has been shown to cause neurodegeneration

in various parts of the brain including the striatum,
parietal cortex, thalamus and hippocampus [14, 16].
Most neurodegenerative diseases results in memory
impairment. The hippocampus has been shown to play
an important role in both long-term and short-term
memory as well as spatial navigation [17]. This study
was designed to investigate the protective effects of
kolaviron on the hippocampus following METH-induced
neuronal damage, as the need for the search for
neuroprotective substances continues to be necessity in
the bid to curtail the consequences of neurodegenerative
disorders.

Figure 1: Structure of kolaviron. GB (Garcinia biflavanone) [9].

Material and Methods
Animals: Twenty four adult male and female

Wistar strain albino rats weighing between 150-200 g
were obtained from the Animal Holing of the Department
of Anatomy and Cell Biology, Obafemi Awolowo
University, and used for this research. The rats were
randomly assigned into four groups of six rats each
(Groups A, B, C and D). Animals were housed in clean
plastic cages under natural light and dark cycles at room
temperature. Animals in all groups were fed normal
laboratory chow ad libitum and allowed free access to
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water. All animals were handled in accordance with the
guidelines for animal research as detailed in the NIH
Guidelines for the Care and Use of Laboratory Animals
(NIH Publication 1985).

Extraction of kolaviron: Extraction of Kolaviron
was achieved by the procedure previously described by
Iwu (1985) [5], and modified by Braide (1991) [18].
Briefly, Garcinia kola seeds were peeled and air dried in
the laboratory (25-28 0C) and ground into powdered
form. The powdered seeds were extracted with n-hexane,
in a Soxhlet extractor. The defatted, dried marc was
repacked and then extracted with methanol in a Soxhlet
extractor. The extract was concentrated and diluted to
twice its volume in distilled water and partitioned with
chloroform. The concentrated chloroform fraction gave
a yellow-brown solid known as kolaviron.

Animal treatment: Animals in group A were
administered normal saline only and served as control.
Animals in groups B, C, and D served as experimental
animals. Group B animals were administered
methamphetamine (the neurotoxin) only at 10 mg/kg
body weight [16]. Group C animals were pre-treated with
kolaviron (200 mg/kg body weight) for seven days prior
to administration of methamphetamine (10 mg/kg body
weight). Group D animals were administered corn-oil
only (vehicle for kolaviron) for seven days, in equivalent
volumes of group C.

Group A: Control, rats received normal saline
only; Group B: Methamphetamine (10 mg/kg body weight)
only; Group C: Kolaviron (200 mg/kg body weight) and
Methamphetamine; and Group D: Corn-oil (vehicle for
kolaviron).

Kolaviron and corn-oil were administered by
oral gavage and methamphetamine intraperitoneally.
Following the administration of methamphetamine,
animals were left for three days in their cages, to allow
for the expected effects of the drug on the hippocampus
[16]. Methamphetamine and corn-oil were obtained from
Sigma Chemicals, USA.

Morris Water Maze Study: The Morris Water
Maze was used to study behavioural differences in the
animals. The Morris water maze is one of the most
widely used tasks in behavioural neuroscience for
studying the psychological processes and neural
mechanisms of spatial learning and memory. Animals,
usually rats or mice, are placed in a large circular pool of
water and required to escape from water onto a hidden
platform whose location can normally be identified only
using spatial memory.

The apparatus consists of a large circular pool
(tank) about 6 ft in diameter and about 3 ft deep. The
inside of the tank was painted white and the outside
brown. It was filled up with tap water, measuring about
250C. A platform of 24 cm high and 10 cm in diameter
was placed at one quadrant of the pool. During training,
it was exposed 1 inch above the water. This teaches the
rat that there is a platform, and that it is the way to get out
of the water. Later, after the animal is trained and ready
for testing, the escape platform was 1 inch below the
water, and the water was made opaque by adding milk.
Pre-training and Learning phase (training) was done
across a single day. Behavioural study on the water
maze was carried out before treatment with METH and
kolaviron, and three days after the rats were treated with
METH and kolaviron, with a two weeks period between
the pre-treatment study and post-treatment.

Each animal underwent three consecutive trials
during training. During training each animal underwent
four sessions of three consecutive trials per session. All
animals completed a session before another session is
carried out. The latency (time taken to reach the platform)
was recorded manually with a stopwatch. If the animal
failed to climb onto the platform within 60 seconds, the
trial was stopped and the animal was removed from the
water and placed on the platform. The inter-trial interval
was 10 seconds, the animal remaining on the platform
during this period before beginning the new trial. At the
end of the three trials, the animal was removed and
placed under a lamp for warmth. The inter-session
interval was 1 h. One probe trial was performed after
training on the same day, in which the platform is
removed from the pool. The probe trial was performed to
verify that the animal understands of the location of the
platform and the strategy that the animal follows when it
discovers the platform is not there [19]. The number of
times the animal crossed the position of the removed
platform was counted as probe trial value.

Histological analysis: After undergoing the
water maze study on the third day following neurotoxin
administration, animals were weighed. The animals
were then sacrificed by cervical dislocation. The skulls
were opened so that the whole brain can be excised and
weighed using a Metler sensitive balance. They were
fixed in 10% formal calcium (pH 7.1), for twenty-four
hours for histological procedures. Brains were routinely
processed for paraffin wax embedding. Then, 6µm thick
paraffin cross sections containing hippocampal tissue
were mounted on slides and stained using routine
haematoxylin and eosin [20] method. Microscopy was
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conducted on an Olympus microscope (Tokyo, Japan)
and images were captured and processed by an attached
eyepiece camera.

Determination of Relative Brain Weight:
Relative brain weight (RBW) was calculated from body
weight at sacrifice and whole brain weight as follows:

Statistical Analysis: One-way ANOVA was
used to analyze data obtained from behavioural studies.
Primer for windows (McGraw-Hill, version 4.0.0.0) was
the statistical package used to analyse data. Results are
expressed as mean ± standard error of mean. P<0.05
was taken as accepted level of significant difference.

Results
Observations: METH-induced stereotypic

movements were observed in all 12 animals treated with
methamphetamine in groups B and C. The stereotypic
movement observed included circling, nail and/ or wood-
chip biting, sniffing, repetitive rearing, vigorous and
compulsive grooming. The onset of this symptom was
observed about 20 minutes following injection with
methamphetamine in group B rats. This onset was
delayed in group C rats as stereotypic movements were
observed about 50 minutes following methamphetamine
challenge. The symptom lasted for just 3 to 4 hours in the
rats except for two rats in Group B, where even on the
third day following injection, circling and continuous
sniffing were still observed for a few minutes. None of
these symptoms above were observed in groups A and
D rats, as they received no methamphetamine
administration.

Relative Brain Weight: The mean relative brain
weight (RBW) indicates that Group A rats had a mean
RBW of 0.95 ± 0.01, Group B had 0.92 ± 0.03, Group C
had 0.91 ± 0.03 and Group D had 0.96 ± 0.01. Comparing
the data statistically using ANOVA, results indicated no
significant different at P<0.05.

Figure 2: Pre-treatment Latency of rats on the water maze. Each bar
represents Mean ± SEM. * denotes P<0.05 compared to control. n=6.

Figure 3: Pre-treatment Probe Trial value of rats on the water maze.
Each bar represents Mean ± SEM. * denotes P<0.05 compared to
control. n=6.

Pre-treatment behavioural Studies: As shown
in figure 2 and 3, there was no significant difference
between control and treated groups, in the duration it
took animals to locate the platform (latency) and the
number of times the animals crossed the position of the
platform after it was removed (probe trial value).

Figure 4: Post-treatment Latency of rats on the water maze. Each bar
represents Mean ± SEM. * denotes P<0.05 compared to control. n=6.

Post-treatment behavioural Studies:
Following treatment with kolaviron and METH, animals
in group B had significantly longer duration to locate the
platform (latency) when compared to the control group
as well as when compared to groups C and D (Figure 4).
Group B animals also had a significantly lower probe trial
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values when compared to control group and other groups,
as the control animals and animals in groups C and D,
crossed the position of the platform significantly more
times than group B animals in the probe trial (Figure 5).

radiatum layer, showed less histological alteration of
neuronal fibres when compared to those of group B,
especially in the CA2 region. Cells of the hilus of DG and
CA4 regions were more demonstrated than those of
group B. The histology of group D animals (Figure 6d1
and 6d2), showed no observable difference from the
control group. Three distinct layers of the hippocampus
– stratum oriens, stratum pyramidale and stractum
radiatum were observed with no distinguishable
histological alterations. The cells were intact with well
stained nuclei. The regions of the principal cell layer of
the hippocampus proper (pyramidal layer) were also
intact through CA1 to CA4 and well demonstrated in this
group. The dentate gyrus (DG) was intact and well
stained. Its principal cell layer, the granular layer was
well demonstrated when compared to group A.

Figure 5: Post-treatment Probe Trial value of rats on the water maze.
Each bar represents Mean ± SEM. * denotes P<0.05 compared to
control. n=6.

H&E Staining: The normal histology of the
hippocampus for the control group showed three distinct
layers (Figure 6a1 and 6a2). They are stratum oriens,
stratum pyramidale and stractum radiatum. The cells
were intact with well stained nuclei. The regions of the
principal cell layer of the hippocampus proper (pyramidal
layer) were also intact through CA1 to CA4 and well
demonstrated in this group. The dentate gyrus (DG) was
intact and well stained. Its principal cell layer, the granular
layer was well demonstrated. As shown in Figure 6b1
and 6b2, the layers of the hippocampus were shown to
have histological alteration in group B (methamphetamine
treated rats). Observe the pyramidal layer of the
hippocampus with extensive vacuolations of the cells as
compared against the control group, thus indicating
neuronal cell death. It was also observed that cell death
was more in the CA1 and CA2 region than CA3. The cells
of the CA4 region, the hilus of DG and granular cell layer
of DG, were least affected.  The stratum radiatum also
shows extensive histological alterations of neuronal
fibres in the CA1 and CA2 regions when compared with
the control when compared with the control. The
hippocampus of group C (pre-treated with Kolaviron)
was also shown to have histological alteration when
compared with those of the control group and group D as
shown in Figure 6c1 and 6c2. The cells of the pyramidal
layer CA1-CA4 were more packed when compared to
those of group B and in the cells of the principal cell layer
of the hippocampus in group C, the nuclei of some of the
neurons were intact and well demonstrated. The stratum

Figure 6: Light micrographs of different layers and parts Hippocampus
of groups A (6a), B (6b), C (6c) and D (6d) rats. H&E x100. CA- Cornu
Ammonis, SO- Stratum Oriens, SP- Stratum Pyramidale (Pyramidal
layer), SR- Stratum Radiatum. (Straight arrows- intact neurons; dashed
arrows- vacuolations).
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Discussion
Methamphetamine (METH) administration

induces stereotypic movements in laboratory rats and
mice [15, 21]. In the present study, METH-induced
stereotypy was observed in all animals administrated
with METH. Stereotypy is a cardinal feature of a broad
range of neurologic and neuropsychiatric disorders and
is a major component of the behavioral syndrome induced
by psychomotor stimulant drugs [22] of which METH is
one of such drugs. In this study, Kolaviron (KV) was seen
to delay the onset of stereotypy induced by METH. This
may be due to its antioxidant properties as METH has
been shown to induce neurotoxity and subsequent
behavioural effects by the generation of reactive oxygen
species (ROS) from the increased extracellular dopamine
[15, 21, 23]. A study has shown that (-)-Epigallocatethin-
3-O-gallate (EGCG), a powerful antioxidant and the
most abundant polyphenol/flavonoid in green tea, inhibits
stereotypy following low dose of METH, cocaine and
caffeine [24]. Thus it is probable that at higher dose and/
or longer duration of administration, KV may not only
delay the onset of METH- induced stereotypy but may
significantly attenuate it, and possibly become a
candidate for the treatment of methamphetamine
dependence. In the study, there was no observed
significant difference in relative brain weight. This may
be due to the selective destructive nature of METH [15]
[16]. No available study has indicated significant
difference in brain weight following METH administration.

Behavioural studies in the water maze showed
that METH significantly affected the performance of
Wistar rats on the maze and that KV was able to prevent
such poor performance in pre-treated rats. Animals
administered with METH alone showed significantly
longer latency and reduced number of times they located
the platform during the probe trial after administration.
This indicates poorer learning and memory capacity.
The water maze is used to study the psychological
processes and neural mechanisms of spatial learning
and memory. The present behavioural studies have
shown that METH negatively affects learning and memory
and this indicates an injury to the hippocampus which is
involved in spatial/relational memory [25, 26] and that
pre-treatment with KV alienated such memory deficits,
indicating its ability to protect hippocampal neurons.

Histological findings in this study supports earlier
reports that METH, extensively destroys hippocampal
neurons [16] and that METH induces neurotoxicity in the
brain. Histological findings in this study showed higher
destruction of cells in the CA1 and CA2 regions than the

CA3 region of the pyramidal cell layer. The cells in the
CA4 region, the hilus of the DG and the DG, were least
affected by the effect of METH. The findings in this study
suggest that pre-treatment with kolaviron afforded
protection to hippocampal neurons as the cells of the
pre-treated group showed better histological integrity
than the group with METH only. This protection afforded
by kolaviron is probably due to its antioxidant ability [12]
thus preventing METH-induced neurotoxicity by the
production of reactive species that results in oxidative
stress [14, 15]. It is also probable that the level of
protection afforded in this study could have been highly
improved if kolaviron was given for a longer duration
and/or at a higher dose than that used in this study.

In conclusion, this study has been able to show
that kolaviron affords some protection to hippocampal
neurons, delay the onset of METH-induced stereotypic
movement, and improves behavioural performance of
rats on the water maze even after induced METH
neurotoxicity and thus preventing the learning and
memory deficit that would have resulted from such
damage to the hippocampus. In view of the observation,
from this study, we recommend further study into the
possible inhibitory effects of kolaviron on stereotypic
movement induced by psychostimulants such as METH
and the mechanism by which such inhibition is carried
out.
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