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ABSTRACT 
 
Aims: This study assessed the neuroprotective effect of the aqueous extract of Garcinia kola on 
monosodium glutamate- induced toxicity in the cerebellar cortex of adult Wistar rats.  
Study Design: Twenty-five adult Wistar rats were randomly assigned into five groups (n=5): A, B, 
C, D, and E. Group A served as the control while the other groups served as the treated groups. 
Animals in group A were given feed and water liberally. 
Place and Duration of Study: This study was carried out in the Animal Holdings of the Department 
of Anatomy, Ladoke Akintola University of Technology Ogbomoso, Nigeria between September 
2011 and December, 2011. 
Methodology: Animals in group B received 2.5 g/kg of monosodium glutamate orally for 14 days, 
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group C received 200 mg/kg of Garcinia kola extract orally for 14 days, group D received 2.5 g/kg of 
monosodium glutamate and 200 mg/kg of Garcinia kola extract orally for 14 days and group E was 
pretreated with 200 mg/kg of Gracinia kola extracts orally for 14 days prior to the administration of 
2.5 g/kg of monosodium glutamate for 14 days. The brain was excised and weighed before fixing in 
10 % formal saline for histological processing. 
Results: The results reveal intact cerebellar neurons in group A, C and D. Group B reveals some 
cellular degeneration of cortical layers compared with other groups. Preservation of cerebellar 
tissue was observed in group B. Group E which was pretreated with Garcinia kola shows an 
appreciable preserved cerebellar tissue. 
Conclusion: This study concluded that Garcinia kola has protective effects on monosodium 
glutamate-induced cerebellar damage in adult Wistar rats. 
 

 
Keywords: Neuroprotective; Garcinia kola; monosodium glutamate; cerebellar cortex. 
 

1. INTRODUCTION 
  
The brain is particularly sensitive to oxidative 
stress injury because it has high rate of oxidative 
metabolic activity, high content of 
polyunsaturated fatty acids and relatively low 
antioxidant capacity compared to other tissues 
[1]. The 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 [2]. Neurodegenerative 
diseases such as Alzheimer’s Parkinson’s, 
Huntington’s and stroke are usually a 
consequence of excessive production of these 
free radicals from the oxidative stress [3]. 
Reactive oxygen species (ROS) are generated 
spontaneously in cells during metabolism and 
have been implicated in the aetiology of different 
degenerative diseases, such as heart diseases, 
stroke rheumatoid arthritis and cancer [4]. Lipid 
peroxidation is a crucial step in the pathogenesis 
of several disease states in adult and infant 
patients [5]. There is a globally increasing 
concern on the burden of neurological disorders 
in both the developed and developing countries. 
The oxygen radicals produced from oxidative 
stress are scavenged by antioxidants [6], which 
are produced endogenously or from nutritional 
supplements.  
 
There is a great deal of interest in edible plants 
that contain antioxidants and health – promoting 
phytochemicals as potential therapeutic agents. 
One of such plant is Garcinia Kola which is 
generally known as bitter kola in Nigeria that 
belongs to the family of tropical plant known as 
Guttiferae. Garcinia kola (Bitter kola) (G. kola) 
and its relatives are found in Nigeria and also in 
the humid lowland plain of West Africa extending 
from Sierra Leone to Zaire [7]. Bitter cola, False 
Kola, Garcinia or male kola are other common 

English names [5]. Investigators have carried out 
various studies on the extract of various 
components of the plant as a result of its wide 
spread consumption in different parts of Nigeria. 
The photochemical studies shown that Garcinia 
kola Nut (GKN) contains phenolic compounds, 
steroids, xanthines, benzophenones  [8,9], 
tannis, guttiferins and saponins [8]. Garcinia kola 
seeds contain energy-yielding nutrients and 
minute quantities of kolaviron [10].  The seeds of 
Garcinia kola are chewed as a masticatory 
substance to stimulate the flow of saliva and 
widely consumed as snacks [11]. Furthermore, 
reports from studies have indicated that Garcinia 
kola consists of a complex mixture of alkaloid, 
phenols and tannins [12]. The plant is referred to 
as a wonder plant because every part of this 
plant has been found to be of medicinal 
significance [13].   
 
The extracts possess anti-inflammatory [14], and 
antioxidant properties [15]. Antioxidants in the 
body protect brain cells and perform numerous 
important functions that improve health 
antioxidants terminate chain reactions in lipid 
peroxidation by removing free radical 
intermediates and inhibit other oxidation 
reactions [5]. The body internal production of 
antioxidants is not enough to neutralize all the 
free radicals and the production of antioxidants in 
the body declines with increasing age, 
consequently, supplementation from nutritional 
sources by increasing dietary intake of 
antioxidants help to boost the body’s antioxidant 
system with the hope of maintaining health and 
preventing diseases [5]. 
 
The cerebellum is a region of the brain that plays 
an important role in motor control. It may also be 
involved in some cognitive functions such as 
attention and language and in regulating fear and 
pleasure responses [16]. The cerebellum does 
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not initiate movement, but it contributes to 
coordination, precision and accurate timing. It 
receives input from sensory systems and from 
other parts of the brain and spiral cord and 
integrates these inputs to fine time motor activity 
[17]. The cerebellar cortex is divided into three 
layers. At the bottom lies the thick granular layer 
densely packed with granule cells, along with 
interneurons mainly the Golgi cells. In the middle 
lies the Purkinje layer that contains only the cell 
bodies of Purkinje cells. At the top lies the 
molecular layer which contains the flattened 
dendritic trees of Purkinje cells along with the 
huge array of parallel fibers penetrating the 
Purkinje cell dendritic trees at right angles. This 
outermost layer of the cerebellar cortex also 
contains two types of inhibitory interneurous, 
stellate and basket cells. Both stellate and basket 
cells form GABAergic synapse onto Purkinje cell 
dendrites [18]. Two types of neuron play 
dominant roles in the cerebellar circuit: Purkinje 
cells and granule cells. Three types of axons also 
play dominant roles: Mossy fibers and climbing 
fibers and parallel fibers. There are two main 
pathways through the cerebellar circuit; 
originating from Mossy and climbing fibers both 
eventually terminating in the deep cerebellar 
nuclei [18]. The Mossy fiber and climbing fiber 
inputs each carry fiber-specific information; the 
cerebellum also receives dopaminergic; 
serotonergic, noradrenergic and cholinergic 
inputs that presumably perform global 
modulation [19]. 
 
Monosodium glutamate (MSG) is commonly 
used as a flavour enhancer [20], which increases 
palatability and food selection in a meal 
[21].Glutamate is the main excitatory 
neurotransmitter in rat brain [22]. Glutamate in 
high doses produce neuro-endocrine 
abnormalities and neuronal degeneration [23] 
and oxidative damage in different organs [20,23]. 
 
The consumption of MSG may have some 
deleterious effects on the cerebellum of adult 
Wistar rats at higher doses [24]. In view of the 
previous reports on the effects of MSG on the 
brain, this study examines the neuroprotective 
effect of Garcinia kola on monosodium 
glutamate-induced cerebellar damage in Wistar 
rats. 
 

2. MATERIALS AND METHODS 
  
Twenty five adult Wistar rats of both sexes 
weighting 150-270g were procured from 
Olatunde Farm Osogbo, Nigeria. The rats were 

acclimatized for four weeks due to their smaller 
weights at the Animal Holdings of the 
Department  of Anatomy, Ladoke Akintola 
University of Technology Ogbomoso, Nigeria 
under 12hr light/dank cycle before the 
commencement of the experiment. The rats were 
maintained under standard laboratory conditions. 
The rats had free access to water and standard 
feed (Bovayay feeds, Ogbomoso, Nigeria). The 
animals were given adequate care in accordance 
with the Principle of Laboratory and Animal Care 
prepared by the National Academy of Sciences 
and published by the National Institute of Health 
[25]. All the rats were carefully assessed and 
screened at the end of the acclimatization period. 
The investigation was conducted in accordance 
with the principles and guidelines for animal 
research. 
 

2.1 Plant Materials and Extraction  
 

The nuts of Garcinia kola were purchased from a 
local market in Ogbomoso. The seeds were 
authenticated to be Garcinia kola in the 
Department of Pure and Applied Biology, Ladoke 
Akintola University. The seeds were chopped to 
smaller pieces after the outer coats were 
removed. They were washed and air- dried 
before they were finally ground to a fine powder 
using a mechanical blender. The aqueous extract 
was prepared by maceration following the 
method of one of the previous investigator [26].   
 

2.2 Chemicals              
 

A brand of monosodium glutamate (99.9% MSG) 
marketed by West African Seasoning Company 
Limited was bought from open market at 
Ogbomoso, Nigeria. Other chemicals were of 
certified analytical grade and were used without 
further purification. 
 

2.3 Experimental Design     
 

The twenty five Wistar rats were randomized into 
five groups of five rats each and they were 
subjected to the following treatment schedule.  
 

Group A: received only distilled water  
Group B: (MGS – treated group) received 2.5 

g/kg orally  
Group C: (Garcinia kola-treated group) received 

200 mg/kg orally. 
Group D: (Garcinia kola + MSG-treated group) 

received orally both treatments from B and C 
concurrently.  

Group E: (Group pretreated with Garcinia kola + 
MSG) received 200 mg/kg of Garcinia kola 
extract orally prior to 2.5 -MSG exposure. 
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The selection of the working close of Garcinia 
kola in this study was based on previous report 
[35]. The dose of MSG used in this study was 
selected based on the reports from previous 
investigators [27,28,29]. 
 

2.4 Administration of Monosodium 
Glutamate and Garcinia kola Extract  

 

Group A: Received only distilled water for 14 
days.  

Group B: Received 2.5 g/kg of MSG orally for a 
period of 14 days.  

Group C: Received aqueous extract of Garcinia 
kola (200 mg/kg) orally for 14 days. Group D 
received 2.5 gkg of MSG aqueous extract of 
Garcinia kola for 14 days. 

Group E: Received pretreatment of aqueous 
extract and 2.5 g/kg of MSG was 
administered orally for another 14 days. The 
rats were sacrificed by cervical dislocation on 
day 15 of the experiment. The brain of each 
rat was excised and weighed before fixing in 
10% formal saline for tissue processing.    

 

Histological study was carried out using the 
method of Carleton [30]. The techniques involved 
dehydration of the cerebellar tissues with graded 
ethanol concentrations (50%, 70%, 90% and 
100% respectively), clearing in xylene, followed 
by infiltration in paraffin wax for 2hr at 56ºC and 
embedding in paraffin wax for 48hr.  
 

Sectioning of the embedded tissue was done 
using a rotary microtome at 5 µm thick, before 
the sections were subjected to haematoxylin and 
eosin (H & E) staining procedure and 

examination of the slides was done under a light 
microscope. Permanent photomicrographs of the 
observations made were taken using a trinocular 
microscope with a digital camera attached to one 
of the eye pieces.  
 
The data obtained were analyzed using Analysis 
of Variance (ANOVA) and tested for significance 
using the student’s t test and P<0.05 was 
considered to be significant. 
 

3. RESULTS  
 
Table 1 below indicates the changes in the body 
weights of Wistar rats before and after the 
treatment.  All the groups except MSG –treated 
group B, generally show a slight decrease in the 
body weights during the period of study. While 
MSG –treated group B reveals ant increase in 
the body weight. However, no significance 
difference (p>0.05) in body weights between the 
control and treated groups Table 1. The body 
weights increased significantly ((P<0.05) from 
week 0 to week 3 in group B. Conversely, the 
body weights decreased significantly (P<0.05) 
from week 0 to week 3 in group C, D and E  
Table 1. 
 
Fig. 1 below shows the total brain weights in 
various groups following MSG exposure. The 
brain weight decreased significantly (P<0.05) in 
group B (MSG –treated) rats compared with 
control. Similarly, the brain weights slightly 
increased in the other treated groups compared 
with MSG –treated group in group B Fig. 1. 

 

 
 

Fig. 1. Effects of Garcinia kola extract on MSG- induced cerebellar damage in Wistar rats. Each bar 
indicates Mean ± S.E.M (P<0.05). Values in treated groups are significantly different from corresponding 

control (*p<0.05) 
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Table 1. Effects of Garcinia kola and MSG on the body weights of Wistar rats during the period 
of study 

 

Period (Weeks) Group A Group B Group C Group D Group E 

WEEK 0 212±12.7 182±9.0 200±7.0 234±11.2 235±3.15 
WEEK 1 204±12.0 184±9.7 191±12.2 236±8.6 237±6.2 
WEEK 2 205±16.2 182±8.7 182±13.1 223±8.5 204±5.98 
WEEK 3 205±13.1 187±9.6 171±17.4 223±10.6 186±3.97 

Values are mean ± S.E.M., n=5 

 
Control Group A: This section shows H & E 
stained cross sections of the cerebellar cortex 
with intact cortical layers. The three cortical 
layers appeared normal. The outer molecular 
layer, inner granular layer and a monolayer of 
flask shaped Purkinje cells in the Purkinje cell 
layer sandwiched between the inner granular and 
external molecular layers (Plate 1a). 
 
Treated Group B: This section shows H & E 
stained cross sections of the MSG-treated 
cerebellar cortex. This section reveals partial loss 
of the cortical neurons particular the Purkinje 
cells in the middle layer. The cortical layers 
appeared distorted with loss of some cellular 
components of the cortical layers (Plates 1b, 2b, 
3b and 4b). 
 
Treated Group C: The cross section of the 
cerebellar cortical layers of the Garcinia-kola-
treated group shows intact cortical layers. The 
three layers appeared normal (Plate 2a).  

Treated Group D: The cross section of the 
cerebellar cortical layers of the rats concurrently 
treated with MSG and Garcinia kola showing 
intact cortical layers. All the three cortical layers 
appeared normal and comparable with the 
control section and comparable with the control 
section. The cortical layers appear to have been 
preserved from distortion and loss of cortical 
neurons observed in Group B MSG – treated 
group (Plate 3a).   
 
Treated Group E: The cross section of the 
cerebellar cortical layers of the rats that were 
pretreated first with Garcinia kola before 
subsequent administration of MSG. This section 
similarly shows intact cortical layers. The 
preservation of the cortical layers from distortion 
and neuronal loss in the cortical layers in this 
group appeared to be less compared with the 
treated Group D rats (Plate 4a). 

 

  
 

A 
 

B 
 

Plate 1a.  Cross section of the cerebellar cortical layers of the rats in control group A. Section 
shows intact layers. Molecular layer (ML), purkinje cell layer (PCL), Granular layer (GL), 

Purkinje cell (white arrow), granule cell (blue arrow) X 400.  Plate 1b. Cross section of the 
cerebellar cortical layers of the rats in MSG-treated group (B). Section shows distorted layers 

and the punkinje cells become degenerated. Molecular layer (ML), purkinje cell layer (PCL), 
Granular layer (GL), Purkinje cell (white arrow), granule cell (blue arrow) X 400 
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A 

 
B 

 
Plate 2a. Cross section of the cerebellar cortical layers of the rats in Garcinia kola   treated 

(group C). Section shows intact cortical layers. Molecular layer (ML), purkinje cell layer (PCL), 
Granular layer (GL), Purkinje cell (white arrow), granule cell (blue arrow X 400. Plate 2b. Cross 
section of the cerebellar cortical layers of the rats in MSG -treated group (B). Section shows 

distorted layers and the punkinje cells become degenerated. Molecular layer (ML), purkinje cell 
layer (PCL), Granular layer (GL), Purkinje cell (white arrow), granule cell (blue arrow) X 400 

 

  
 

A 
 

B 
 

Plate 3a. Cross section of the cerebellar cortical layers of the rats in Garcinia kola and MSG 
(simultaneously) treated group (D). Section shows intact cortical layers. Molecular layer (ML), 

purkinje cell layer (PCL), Granular layer (GL), Purkinje cell (blue arrow), granule cell (white 
arrow), white matter layer (WML) X 400. Plate 3b. Cross section of the cerebellar cortical layers 

of the rats in MSG -treated group (B). Section shows distorted layers and the punkinje cells 
become degenerated. Molecular layer (ML), purkinje cell layer (PCL), Granular layer (GL), 

Purkinje cell (white arrow), granule cell (blue arrow) X 400 
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A 
 

B 
 

Plate 4a. Cross section of the cerebellar cortical layers of the rats in Garcinia kola- Pretreated 
and MSG - treated group (E). Section shows numerous purkinje cells. Molecular layer (ML), 
purkinje cell layer (PCL), Granular layer (GL), Purkinje cell (white arrow), granule cell (blue 
arrow), white matter layer (WML) X 400.  Plate 4b. Cross section of the cerebellar cortical 

layers of the rats in MSG -treated group (B). Section shows distorted layers and the punkinje 
cells become degenerated. Molecular layer (ML), purkinje cell layer (PCL), Granular layer (GL), 

Purkinje cell (white arrow), granule cell (blue arrow) X 400 
 

4. DISCUSSION     
 

The nervous system is the major communication 
network in the human body. Its normal 
functioning is strongly dependent on the 
maintenance of its structural integrity and many 
complex metabolic processes. However, the 
processes that disrupt normal structure or 
metabolism, or both are capable of producing 
neurological disease. The degenerative diseases 
of the central nervous system (CNS) encompass 
a hetereogenous group of disorders 
characterized by spontaneous progressive 
degeneration of neurons in specific regions of the 
brain, spinal cord, or both. 
 

Glutamate is the main excitatory neurotransmitter 
in rat brain [22]. High doses of glutamate 
produce neuro-endocrine abnormalities and 
neuronal degeneration [23]. Extensive cell death 
in the central nervous system is associated with 
all neuro-degenerative diseases. The prime 
factor for inducing the massive cell destruction 
observed in neuro-degeneration are neurotoxins 
[31]. 
 

Apoptotic and necrotic cell death which differ 
morphologically and biochemically have been 
described by previous investigators [27,32]. 
Accidental cell death is known as necrotic which 
could result from extrinsic insults to the cells 
such as toxic, thermal, osmotic and traumatic 

factors [33]. Conversely, pathological cell death 
is known as apoptotic and is an organized 
programmed cell death (PCD) that is mediated 
by intrinsic and active mechanism. 
 
Neuronal deterioration and loss in  the cerebellar 
cortex in MSG – treated rats in this study might 
be due to cell death occasioned by neurotoxic 
effect of MSG which was ameliorated or/ 
mitigated in rats that were treated with aqueous 
extract of Garcinia kola. Consumption of high 
doses of MSG may adversely affect the 
cerebellar cortex in wistar rats which 
consequently may result in tremor, unstable and 
uncoordinated movement, ataxia and loss of 
some cerebellar functions [27]. 
 
Similarly, some neurodegenerative changes in 
the frontal lobe of the cerebral cortex of wistar 
rats after MSG exposure have been reported 
[34]. It has been shown by dietary and 
epidemiological studies that flavonoid 
consumption from vegetables, fruits and plant 
derived beverages is particularly important for 
maintenance of neuronal health [35]. The present 
study has shown preservation of the cerebellar 
tissue from toxic effect of MSG as morphological 
damage has been prevented in rats that were 
exposure concurrently to extract of Garcinia kola 
and MSG. It has also been similarly reported that 
biflavonoids from Garcinia kola have anti-
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inflammatory properties [36], as well as natural 
antioxidant potentials [37,38]. 
 
The oral administration of monosodium 
glutamate at a dose of 2.5 g/kg in this study has 
resulted in degeneration and loss of some 
neuronal components of the cerebellar cortex in 
the MSG-treated rats. Some neurons appear 
distorted particularly degeneration and loss of 
Purkinje cells in the middle layer became more 
prominent in group B MSG – treated rats. 
 
The neuroprotective effect of Garcinia kola on 
the cerebellum has been reported in mice 
following 3-nitropropionic acid exposure [39]. 
Severe neurochemical damage has been 
reported in some brain regions of rats that were 
treated with MSG [40,41]. 
 
The results from this present study have shown 
that Garcinia kola has neuroprotective potentials 
on the cerebellar cortex of wistar rats as 
indicated by the preservation of the neuronal 
cells of the cerebellar cortex (Plates 3a and 4a) 
from the neurotoxic effect of the MSG which 
caused neuronal distortion and loss in MSG – 
treated rats (Plates 1b and 2b). The preservation 
of the cerebellar cortex architecture from 
neuronal degeneration and loss in group C, D 
and E following exposure to aqueous extract of 
Garcinia kola might be due to the previously 
reported anti-inflammatory and anti-oxidative 
properties of Garcinia kola which might have 
prevented MSG-induced oxidative damage      
that has been observed in MSG-treated rats in 
group B. 
 
There was no significant difference between the 
body weights of treated rats and control             
(Table 1). The significant increase in body 
weights   obtained in MSG- group in this study is 
consistent with the finding of previous 
investigator [42]. The brain weights decreased 
significantly in the MSG- treated rats. Fig. 1. The 
significant decreased in the brain weights in this 
group could be attributed to the toxic effects of 
MSG on the neuronal cells of the cerebellum of 
MSG- treated rats. Drug poisoning water 
intoxication, hypoxia and acute hyponatremia 
have been implicated in cell swelling [43].  
 
This finding is indicating the protective effect of 
Garcinia kola which prevented degeneration and 
loss in rats that were treated with this antioxidant 
substance. 
 

This study concluded that oral administration of 
2.5 g/kg body weight of MSG for 14 days 
resulted in degeneration and loss of cortical 
neurons particularly the Purkinje cells. However, 
the co-administration of aqueous extract of 
Garcinia kola and MSG resulted in neuro-
preservation of cortical neurons of the cerebellar 
cortex from toxic effect of MSG as seen in Group 
B MSG – treated rats. Further studies would be 
carried out particularly on antioxidant enzymes in 
relation to this study so as to corroborate this 
report.                  
 

5. CONCLUSION 
 
This study concluded that oral administration of 
2.5 g/kg body weight of MSG for 14 days 
resulted in degeneration and loss of cortical 
neurons particularly the Purkinje cells. However, 
the co-administration of aqueous extract of 
Garcinia kola and MSG resulted in neuro-
preservation of cortical neurons of the cerebellar 
cortex from toxic effect of MSG as seen in Group 
B MSG – treated rats. Further studies would be 
carried out particularly on antioxidant enzymes in 
relation to this study so as to corroborate this 
report.             
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