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a  b  s  t r  a  c  t

Multiple  sclerosis  is a demyelinating  condition  of  the  central  nervous  system  which  commonly  affects
young  adults.  Kolaviron,  a biflavonoid  isolate  of Garcinia  kola,  has  been  used  in  experimental  studies
which  explored  its anti-oxidative,  anti-inflammatory  and  anti-genotoxic  properties.  This  work  was  aimed
at unraveling  the  possible  ameliorative  effect  of  kolaviron  on  cuprizone-induced  demyelination  in the
prefrontal  cortices  of  Wistar  rats. A  total  of 28 adult  male  Wistar  rats  were  divided  into  four  groups
A–D. Group  A  received  corn  oil (Control),  group  B  received  0.2%  Cuprizone,  group  C  received  kolaviron
(200  mg/kg  bw),  while  group  D  rats  were  treated  concomitantly  with  both  kolaviron  and  cuprizone.  All
groups  were  treated  for  42  days,  after  which  behavioral,  histological,  immunohistochemical  and  biochem-
ical  analyses  were  carried  out on the prefrontal  cortices.  Cuprizone  significantly  down-regulated  the  level
of superoxide  dismutase,  exacerbated  lipid  peroxidation  and, reduced  spatial  memory.  Cuprizone  also
induced  peripheral  and  central  chromatolysis  alongside  with  atrophied  astrocytes  in the  prefrontal  cor-
tex.  These  alterations  were  significantly  prevented  in  kolaviron-treated  rats,  as kolaviron  sustained  the
integrity  of neuronal  and  non-neuronal  cells.  The  activity  of kolaviron  observed  in this  study  was  due  to
its  intrinsic  antioxidant  properties,  which  enabled  it to combat  oxidative  damage  induced  by cuprizone,
thereby  making  kolaviron  a potential  tool  in  neurodegeneration  therapy  of  demyelination  origin.

© 2018  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Multiple sclerosis (MS) is a neurodegenerative disease caused
by oxidative, inflammatory and autoimmune processes [1,2]. Its
pathologic hallmarks include demyelination, inflammation, axonal
loss and gliosis [2], occurring throughout the brain and spinal cord.
These abnormalities usually result into neuronal cell death and
damage to the white matter [2]. Some of the clinical manifestations
of MS  include sensory loss, loss of cognitive functions, depres-
sion and difficulty in movement [3,4,5]. In many Countries, MS
is a leading cause of non-traumatic neurologic disability among
young adults [3]. The underlying cause of MS  is unknown but is
thought to be multifactorial as it involves genetic predisposition to
environmental agents well as other immunological, metabolic and
biophysical factor [1,4].

∗ Corresponding author.
E-mail address: gabrielolaiya@yahoo.com (G.O. Omotoso).

Cuprizone (CPZ) [oxalic acid bis (cyclohexylidene hydrazide)]
is a selective and sensitive copper-chelating agent which targets
mature oligodendrocytes- the brain cells responsible for the pro-
duction of myelin [6,7]. A consistent pattern of demyelination
and depletion of oligodendrocytes population have been observed
in the corpus callosum and other brain areas such as the cere-
bellar peduncles, cortex, and dorsal hippocampal commissures
of cuprizone-treated animals [8,9,10]. Meanwhile, demyelinated
areas of the brain become populated by reactive astrocytes and
microglia coupled with the secretion of a battery of proinflam-
matory cytokines like TNF-�, interleukin-1�,  interferon and nitric
oxide which regulate the demyelination events [11,12]. The under-
lying mechanism of action of CPZ remains controversial; however,
some studies have reported that intoxication of rats with CPZ led
to increased production of free oxygen radicals. The occurrence of
oxidative stress and the activation of the immune system often lead
to effective induction of oligodendrocytes apoptosis and neuronal
cell death [8,9].

Kolaviron (Kv), a biflavonoid complex, is a natural antioxidant
and anti-inflammatory compound isolated from the seed of Garcina

https://doi.org/10.1016/j.pathophys.2018.04.004
0928-4680/© 2018 Elsevier B.V. All rights reserved.
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kola. The plant itself is used locally as a therapeutic agent for
treating several diseases due to its antiviral, antibacterial, anti-
fungal and analgesic properties [13,14]. The antioxidant and free
radicals-scavenging activities of Kv have been extensively investi-
gated [15–18]. According to Farombi et al. [18], Kv reduces damage
to proteins and lipids induced by Fe3+/EDTA/ascorbate mixtures
as well as prevents lipid peroxidation. In a dose-dependent pat-
tern, kolaviron inhibits intracellular reactive oxygen species (ROS)
production caused by hydrogen peroxide in HepG2 cells detected
as 2‘7‘-dichlorofluorescein diacetate fluorescence [19,20]. There-
fore, the ability of kolaviron to act as an antioxidant underscores
its potential role in the chemoprevention of chemically-induced
demyelination, and this possibility is being explored in the current
study. Meanwhile, our earlier study on cerebellar histology showed
that kolaviron is protective against cuprizone-induced neurotoxi-
city [21]. The current study was designed to explore kolaviron’s
ameliorative ability on cuprizone-induced toxicity in the prefrontal
cortex of Wistar rats.

2. Materials and methods

2.1. Animal acquisition and care

All protocols and treatment procedures were done according to
the Institutional Animal Care and Use Committee (IACUC) guide-
lines and as approved by the Faculty of Basic Medical Sciences Ethics
Review Committee, University of Ilorin, Nigeria. Twenty eight adult
male Wistar rats with an average weight of 180 ± 10 g were pur-
chased from a private animal holding at Flower Garden, Ilorin and
used for the research. These rats were kept in the Animal House of
the Faculty of Basic Medical Sciences, University of Ilorin. The rats
were daily fed with rat pellets procured from Ogo-Oluwa Feeds and
Flour Mill Limited, Sango, Ilorin. They had access to tap water ad
libitum. Proper ventilation was maintained by use of well-spaced
and gauzed cages and a hygienic environment was ensured. The
rats were allowed to acclimatize for 14 days.

2.2. Kolaviron isolation

The seeds of Garcinia kola (5.2 kg) were procured from the same
source at Oja-Oba market in Ilorin. The seeds were then authenti-
cated at the Department of Plant Biology, Faculty of Life Sciences,
University of Ilorin. It was confirmed by the curator that the seeds
were of uniform species and the specimen voucher number in
the herbarium is: UILH/001/1217. The seeds were then air-dried
at room temperature (28–30 ◦C) for three weeks. Subsequently,
kolaviron was isolated from the dry seed of kola and character-
ized according to the method of Iwu [22] as modified by Farombi
et al. [16]. The early stages of Kolaviron isolation was done at the
Laboratories of Pharmacology and Physiology Departments, Uni-
versity of Ilorin. The dried seeds were pulverized with an electric
blender into fine powdered seeds and then extracted with light
petroleum ether (boiling point (b.p.) 40–60 ◦C) in soxhlet extrac-
tor which was placed in an electric water bath for 24 h. After this,
the defatted, dried marc was repacked and extracted with acetone
(b.p. 56-60 ◦C) in the water bath for 14 h. Subsequently, the resul-
tant extract was concentrated and diluted twice its volume with
distilled water and then extracted with ethyl acetate (7.250 ml).
The concentrated ethyl acetate fraction gave a yellow solid which
is referred to as kolaviron. The purity and identity of kolaviron,
carried out at the Drug Metabolism Unit, Faculty of Basic Medical
Sciences, University of Ibadan, Nigeria, was determined by subject-
ing it to thin layer chromatography (TLC) using silica gel GF 254
coated plates and solvent mixture of methanol and chloroform in a
ratio 1:4 v/v. The separation revealed the presence of three bands

which were viewed under UV light at a wavelength of 254 nm with
Rf (ratio to front) values of 0.48, 0.71 and 0.76. The yield of kolav-
iron preparation in this study was  6.3%. Kolaviron was  kept at a
temperature of 4 ◦C before and after each use.

2.3. Method of administration

0.2 g of Cuprizone (Sigma-Aldrich CHEMIE GmbH) was added to
100 g of feeds daily for animals fed with 0.2% cuprizone diet [23],
while kolaviron was dissolved (200 mg/kg) in corn oil (Carlini, ALDI
Inc. Batavia) as solvent [15]. Administration of treatment solution
(corn oil and kolaviron) to rats across all groups was done orally
using oral cannula.

2.4. Animal grouping and treatment

The rats were randomly assigned into control and three treat-
ment groups with each group containing 7 rats. The rats in the
control group were administered 0.5 ml  corn oil (the vehicle for
kolaviron oral administration) [24], while the three treatment
groups B, C and D received 0.2% cuprizone, 200 mg/kg of kolaviron
[17] and both cuprizone and kolaviron for 42 days respectively.

2.5. Behavioural tests

2.5.1. Y-maze spontaneous alternation test
The Y-maze is used in various behavioral tests that commonly

assess learning and memory in rodents [25]. Alternation behavior
is based on the natural tendency in rodents to explore the maze
systematically entering each arm in turn. In the spontaneous alter-
nation task, the animal was placed in a Y maze and allowed to
move freely through the maze. Alternation behavior was defined
as consecutive entries into each of the three arms without repe-
tition. Therefore, spontaneous alternation was  assessed using a Y-
maze composed of three equally spaced arms (120◦, 41 cm long and
15 cm high). The floor of each arm was  made of plywood and 5 cm
wide. Each rat was  placed in one of the arm compartments and
was allowed to move freely until its tail completely enters another
arm. The sequence of arm entries was recorded. For each animal in
a group the Y-maze testing was  carried out for 5 min, three trials
and recorded for later analysis with a webcam. The videos were
analyzed by a neutral observer to eliminate bias.

2.5.2. Morris water maze test
The rats were placed in a small pool of water which contained an

escape platform hidden a few millimeters below the water surface.
Visual cue (a platform), was  placed in the pool in plain sight of the
animal. When released, the rats did swim around the pool in search
of this platform within the time frame of 3 min  and on subsequent
trials the rats were able to locate the platform more rapidly. This
improvement in performance occurred because the rat has learned
where the hidden platform was  located. The latency to find the
platform was measured in seconds [26].

2.5.3. Collection and preservation of brain samples for
histological, histochemical, immunohistochemical and
biochemical studies

Rats in each group were allowed 4 h rest in their cages after
the open field test prior to sacrifice. They were thereafter anaes-
thetized with ketamine (20 mg/kg, intra-peritoneal) and subjected
to transcardial perfusion with 50 ml  of 0.1 M PBS (pH 7.4) fol-
lowed by 500 ml  of 4% paraformaldehyde (PFA). The brain tissues
were excised, rinsed in 0.25 M sucrose 3 times for 5 min  each and
then post-fixed in 4% PFA for 24 h after which they were stored
in 30% sucrose at 4 ◦C until further processing. The tissues were
processed using Haematoxylin & Eosin, cresyl fast violet stains (for
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Fig. 1. Mean and standard error of mean of the percentage weight change of exper-
imental animals. A = corn oil [CO] (control), B = cuprizone [CPZ], C = kolaviron [KV],
and  D = CPZ + KV. ** and *** are p values less than 0.01 and 0.005 respectively.

Nissl bodies demonstration) and anti-glial fibrillary acidic protein
antibody (for astrocyte expression). The animals that were used for
enzymatic studies were sacrificed by cervical dislocation, to elimi-
nate the interference of ketamine-induced changes in biochemical
redox. Their brain tissues were excised, rinsed in 0.25 M sucrose 3
times for 5 min  each and placed in 30% sucrose solution and stored
at 4 ◦C. The homogenates were subsequently assayed using specific
biochemical kits for blood levels of glutathione peroxidase (GPx),
malondialdehyde (MDA), and superoxide dismutase (SOD).

2.5.4. Statistical analysis
All quantitative data were analyzed using GraphPad® prism

(version 6) and SPSS (version 20) software. The results of the
body weights, spontaneous alternation, Morris water maze, and
the oxidative enzymes were analysed using one way  ANOVA with
Tukey’s multiple comparisons test. Significance was set at 95% con-
fidence interval, and the results were represented as mean with
standard error of mean.

3. Results

3.1. Kolaviron restores CPZ-induced weight loss

The body weights of the experimental animals were obtained on
the first and last day of treatment, representing the initial and final
weights respectively. The percentage weight gain was obtained
and analyzed. CPZ-treated animals had a significantly lower body
weight compared to the control and kolaviron groups (p < 0.005 for
both). Animals co-treated with Kv and CPZ had significantly higher
body weights when compared with the CPZ group (p < 0.01). This
suggests that kolaviron played a role in sustaining the body weights
of Wistar rats against CPZ-induced weight loss. It was also noted
that the body weight of animals in the control group was signif-
icantly higher than that of the animals that were co-treated with
cuprizone and kolaviron (p < 0.01) (Fig. 1).

3.2. Kolaviron prevents long and short term memory loss

In the present study, the Wistar rats were subjected to Mor-
ris water maze and spontaneous alternation test at the end of the
treatment regimen to quantify the spatial and working memory
respectively. The escape latency period in the Morris water maze
is used as a measure of long term memory index in animal studies
[26,27]. CPZ-treated animals presented with a significantly higher
escape latency period in the Morris water maze relative to the Con-
trol and kolaviron group (p < 0.005) (Fig. 2). The percentage correct
alternation in the spontaneous alternation test is used to quantify
short term memory in animal studies [25]. Expectedly, cuprizone

Fig. 2. Escape latency of experimental animals in the Morris water maze: assess-
ment of spatial memory of rats. A = corn oil [CO] (control), B = cuprizone (CPZ),
C = kolaviron [KV], and D = CPZ + KV. Group B had a significantly higher escape
latency period when compared to all other groups (A, C, and D) (p < 0.005). There was
a  significant difference in the escape latency period of groups A and D (p < 0.01) as
well  as groups C and D (p < 0.05), while no significant difference was noticed between
groups A and C. ** and *** are p values less than 0.01 and 0.005 respectively.

Fig. 3. Percentage correct alternation of experimental animals in the Y-maze: Quan-
tifying the working memory of experimental animals. A = corn oil [CO] (control),
B  = cuprizone [CPZ], C = kolaviron [KV], and D = CPZ + KV. Group B had a significantly
lower percentage correct alternation relative to control (p < 0.01), KV (p < 0.01), and
CPZ + KlV (p < 0.05). There was also a significant difference between KV and CPZ + KV
groups (p < 0.05). * and ** are p values less than 0.05 and 0.01 respectively.

caused a reduction in the percentage correct alternation in ani-
mals that received CPZ diet relative to the control and kolaviron
groups (p < 0.01 for both) (Fig. 3). These findings suggest that CPZ
induced a reduction in the memory performance of the experimen-
tal animals; however, kolaviron prevented the perturbation of the
memory indices in animals that were treated concomitantly with
CPZ and kolaviron. Compared with the CPZ-treated rats, those ani-
mals treated with both CPZ and Kv had a significantly lower escape
latency period (p < 0.01) and a comparatively higher percentage
correct alternation (p < 0.05).

3.3. Frontocortical histomorphology, Nissl profile and astrocyte
expression

Histological presentation of the frontal cortices showed mild
morphological and histoarchitectural differences across the four
experimental groups. The external pyramidal layer of the frontal
cortex of animals treated with corn oil and kolaviron presented
with typical cellular density and proper cortical delineation of
cells. The pyramidal cells in these areas had large cell bodies
with adjoining conspicuous neuronal processes and supporting
cells all properly situated within their respective intact neuropils.
The soma and dendritic processes were properly stained and well
distributed. CPZ-treated animals presented with reduced cellular
density, neuronal cell size and bitty neuropils with collection of
nuclear debris. The vast majority of the pyramidal cells within this
layer were poorly stained with fragmented neuropils, as signs of
pyknosis. Animals that received a combined treatment of cuprizone
and kolaviron had a frontocortical histomorphological presenta-
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Fig. 4. Representative photomicrographs showing the general cytoarchitecture of the prefrontal cortex (PFC) of Wistar rats. A = corn oil [CO] (control), B = cuprizone [CPZ],
C  = kolaviron [KV], and D = CPZ + KV. Slides A and C presented with characteristically stained large pyramidal dendrites with apical and basal dendrites (neuronal processes)
jutting out of the soma (yellow arrows). These cells possessed intact neuropil with no signs of cellular fragmentation. CPZ-treated animals presented with reduced cellular
density and neuronal cell size with collection of nuclear debris. The vast majority of the pyramidal cells within this layer were poorly stained with fragmented neuropils as
signs  of pyknosis (yellow circles). CPZ + KV-treated animals presented with pyramidal cells in the external pyramidal layer with morphology similar to that seen in the corn
oil  and KV-treated tissues. Some of the cells in the CPZ + KlV group appeared pyknotic. Haemtoxylin and Eosin stain (scale bar = 25 �) (For interpretation of the references to
colour  in this figure legend, the reader is referred to the web  version of this article).

Fig. 5. Representative photomicrographs of the external pyramidal layer of PFC of Wistar rats showing Nissl substances of the neuronal cells. A = corn oil [CO] (control),
B  = cuprizone [CPZ], C = kolaviron [KV], and D = CPZ + KV. A and C presented with intensive chromatogenic pyramidal cells with prominent neuronal processes (apical and
basal  dendrites) projecting out of the cell body (yellow arrow). The apical and basal dendrites projecting out of these cells also appeared to be chromatogenic as they were
also  positively stained for Nissl substances. Conversely, CPZ-treated animals presented with chromatolytic and pyknotic pyramidal cells, indicated by poorly stained cell
bodies  of the aforementioned cells (yellow circles of Fig. 5B). CPZ + KV presented with mild chromatolytic changes (red arrows). Cresyl Fast Violet stain (scale bar = 25 �) (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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Fig. 6. Representative photomicrographs of the immunohistochemical staining of the astrocytes within the PFC of Wistar rats using anti-GFAP anti-body. A = corn oil [CO]
(control), B = cuprizone [CPZ], C = kolaviron [KV], and D = CPZ + KV. A and C presented with normal astrocyte distribution with no activation around the neuronal cells, with
generally low astrocytotic densities. CPZ-treated animals presented with hypertrophied astrocytes (red arrows) around the neuronal cells of the frontal cortex with increased
astrocytotic density as an indicator of astrocyte activation. CPZ + KV presented with few hypertrophied astrocytes and lower astrocyte density. GFAP stain (scale bar = 25 �)
(For  interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

tion that is similar to those of the control and kolaviron-treated
animals. Their pyramidal cells had large cell bodies with appre-
ciable cytoplasmic processes that were well seated within their
respective neuropils. The Nissl profile of the cells and astrocyte
expression within the external pyramidal layer of the frontal cor-
tex of the control and kolaviron-treated animals were normal.
The cells were properly stained suggesting intact Nissl bodies in
the cells. CPZ-treated animals presented with mild chromatolysis
and hypertrophied astrocytes. The cells of the external pyramidal
layer were not properly stained, suggesting that CPZ compro-
mised the integrity of the Nissl substance. Kolaviron prevented
cuprizone-induced chromatolytic changes and excessive expres-
sion of astrocytes in the external pyramidal layer of the frontal
cortex of animals that were concomitantly treated with both CPZ
and Kolaviron (Figs. 4–6).

3.4. Kolaviron boosts intrinsic antioxidant system to counteract
CPZ-induced neural redox imbalance

In the present study, we assayed for the activities of SOD and
GPx enzymes as well as lipid peroxidation (using MDA  as marker)
within the prefrontal cortex to ascertain the effects of CPZ and
Kv on reactive oxygen generation in the aforementioned brain
region. Kolaviron enhanced the activity of neural SOD activity rel-
ative to the control group (p < 0.01). CPZ significantly reduced the
level of SOD relative to the control (p < 0.005) and kolaviron group
(p < 0.005). Kv normalized the levels of neural SOD in the ani-
mals that were concomitantly treated with both CPZ and Kv as
we observed a significant increase in SOD level relative to the
CPZ-treated rats (p < 0.01), despite being lower than that of the con-
trol (p < 0.05) and kolaviron groups (Fig. 7). A similar pattern was
observed with GPx activities. CPZ-treated rats had a significantly
lower GPx level relative to control and kolaviron groups (p < 0.005

Fig. 7. Activities of superoxide dismutase in the PFC of experimental animals.
A  = corn oil [CO] (control), B = cuprizone [CPZ], C = kolaviron [KV], and D = CPZ + KV.
There was a significant decrease in SOD activities in B compared to A (p < 0.005), C
(p  > 0.005) and D (p > 0.01). SOD activities in D was also significantly less than those
in  A and C at p < 0.05 and 0.005 respectively. (*, **, and *** are p values less than 0.05,
0.01 and 0.005 respectively).

for both). Kolaviron sustained the level of GPx in rats treated with
CPZ and Kv, which had a significantly higher GPx  activity relative to
CPZ group (p < 0.05) (Fig. 8). Lipid peroxidation (MDA) was  higher
in CPZ-treated animals relative to the control group and kolaviron
group (p > 0.005 for both), while rats co-treated with CPZ and Kv had
a lower level of lipid peroxidation relative to the cuprizone-treated
animals (p > 0.05) (Fig. 9).

4. Discussion

Body weight reduction during CPZ intoxication has been
reported in various experimental studies [29]. This sometimes
might be due to poor feeding habit in experimental animals
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Fig. 8. Activities of Glutathione peroxidase in the PFC of experimental animals.
A  = corn oil [CO] (control), B = cuprizone [CPZ], C = kolaviron [KV], and D = CPZ + KV.
GPx  activities in B was significantly lower relative to A (p < 0.005), C (p > 0.005) and
D  (p > 0.005). GPx activities in D was also significantly lower than C at p < 0.005 and
0.005 respectively. The level of GPx in A was significantly lower than C (p < 0.05) (*
and *** are p values less than 0.05 and 0.005 respectively).

Fig. 9. Activities of malondialdehyde in the PFC of experimental animals. A = corn oil
[CO] (control), B = cuprizone [CPZ], C = kolaviron [KV], and D = CPZ + KV. MDA activ-
ities in B was significantly higher compared to A (p < 0.005), C (p > 0.005) and D
(p  > 0.01). MDA activities in D was also significantly higher than those in A and C
at  p < 0.005 and 0.05 respectively (* and *** are p values less than 0.05and 0.005
respectively).

exposed to CPZ diet; however, normal feeding habit resumes upon
withdrawal of CPZ. The mechanism by which CPZ causes weight
loss could be due to disruption of normal energy flow [30]. These
changes earlier reported were also corroborated by the current
study. Body weight maintenance is dependent on eating and dietary
patterns [31,32]. Therefore, it can be suggested that the observed
body weight reduction in this study is caused by reduced feeding
pattern and disruption of normal energy flow. Treatment with Kv
following CPZ intoxication resulted in significant elevation of body
weight when compared to the CPZ group. The possible mechanism
by which Kv preserves the body weight might be due to its ability
to prevent the normal disruption of energy flow and its ability to
prevent decrease in the eating pattern among rats treated with CPZ.

Damage to the white matter has been linked to emotional and
behavioral deficits [26,28]. The effectiveness of treatment can be
determined by measuring behavioural outcomes in neurodegener-
ation versus behavioral outcomes in therapeutic targets. Hence, a
correlative test for cellular and neuropathological changes in the
prefrontal cortex was done in this present study using the Morris
water maze test and the Y-maze test to determine the cognitive,
memory and exploratory activities among experimental animals
[25–27]. Our findings showed that CPZ intoxication resulted in
spontaneous alternation deficits in Y-maze test and significantly
increased the escape latency period in the Morris water maze test,
which is an indication of memory and cognitive impairment. The
impaired performance noticed in the activities of the CPZ-treated
rats is suggestive of anterior prefrontal lesions and studies have

shown a link between CPZ intoxication and reduced behavioral
performances. Cognitive, memory and exploratory processes are
dependent on the intact integrity of the myelin sheath. Kv treat-
ment was protective against behavioral deficits induced by CPZ
intoxication. Olajide et al. [33] reported an increase in exploratory
activities among rats treated with Kv after induction with NaN3
neurodegeneration. The mechanism involved in the protective role
of Kv against CPZ-induced behavioural deficits in this study might
be due to its ability to prevent dysfunctions in mitochondrial bio-
chemical redox and ROS production [34].

Normal metabolic processes often result in the production of
ROS [35]. However, there is a dynamic equilibrium that exists
between the production of reactive ROS and the antioxidant capac-
ity of the cell [20,36]. Disruption to this equilibrium predisposes
the cells to generation of excess free radicals and oxidative stress,
which eventually results into cell death and axonal loss [37]. Stud-
ies have linked oxidative stress to the pathogenic traits of MS  and
are suggested to cause alteration in the normal function of the elec-
tron transport chain [38,39]. Furthermore, the PFC regions appears
to be particularly vulnerable to free radicals as a result of their
reduced glutathione content, high proportion of polyunsaturated
fatty acids and high demand for substantial quantity of oxygen for
their proper metabolic activities [40–42]. SOD functions in the dis-
mutation of superoxides (O−3), a highly reactive oxygen species,
into H2O2, which is a less reactive oxygen species. GPx requires
glutathione (GSH) as an electron donor for the conversion of H2O2
to H2O and O2. Oligodendrocytes have low amounts of GSH and low
GPx activity [23].

Biancotti et al. [37] observed earlier a reduction in GSH content
during CPZ treatment, suggesting that cuprizone through a cascade
of events caused excessive generation of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) which cannot be catered
for by endogenous SOD and GPx [37]. These superfluous ROS and
RNS could exacerbate the rate of lipid peroxidation by continuous
degradation of neuronal cell membrane, thereby gaining access into
the intracellular environment and damaging the DNA component
of the cell. These structural alterations could be responsible for the
observed pyknotic and chromatolytic changes in the histochemical
tissue sections.

Furthermore, decrease in SOD level has been implicated in the
mechanism through which cuprizone induces demyelination due
to the decrease in Cu+ level which is required for the proper function
of SOD [43]. The decrease in GPx levels, which could either increase
or reflect oxidative state, has been implicated in the mechanis-
tic pathway by which cuprizone induces demyelination [23]. Xuan
et al. [44] documented significant increase in MDA  level following 4
weeks of CPZ intoxication in different regions of the brain. However,
kolaviron administration in the current work significantly reduced
the oxidative stress induced by CPZ intoxication, as evident by the
increased levels of SOD and GPx and decreased level of MDA  in
the prefrontal cortex of rats co-treated with cuprizone and kolav-
iron. Thus, supplementation with antioxidants which act as free
radical scavengers is indispensable for sustaining oligodendroglial
functions. It is therefore suggested that CPZ induces its damage
via excess production of H2O2, leading to generation of hydroxyl
radicals and eventual damage to membrane lipids, while Kv exerts
its effect by preventing H2O2 production and consequently lipid
peroxidation, by scavenging free radicals [4].

Morphological examination of the cuprizone-treated rats
revealed cytoarchitectural distortion, pyknosis and neuropil frag-
mentation in the prefrontal cortex of Wistar rats. Severe central
and peripheral chromatolytic changes and extreme reduction in the
cellular density, which may  be an indication of neuronal necrosis,
were also noticed. Furthermore, CPZ intoxication causes the forma-
tion of megamitochondria and oxidative stress leading to energy
flow disruption and shortage [23]. These energy flow disruption
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and depletion causes alteration in the proper functioning of the
endoplasmic reticulum resulting into extensive proliferation of ER
and a reduction in hydrophobic protein synthesis; these often leads
to cellular degeneration and disintegration of oligodendrocytes,
perikaryon and myelin sheath [9]. These cytotoxic properties of
CPZ may  account for the mechanism through which it induces cel-
lular degeneration and white matter demyelination. In this study,
rats treated concomitantly with Kv and CPZ showed a cortical mor-
phology which was similar to those observed in the control and Kv
treated group. The neuronal morphology in this group showed nor-
mal  neurons that were highly chromatogenic with normal cellular
density, and appreciable axon and dendrites within the neuropil.

Astrocytes have increasingly been implicated in most demyeli-
nating diseases and it is said to be involved in CPZ-induced
demyelination [19,23,45]. Activation of astrocytes results in exten-
sive astrogliosis in CPZ intoxication, and astrogliosis persists
(although less severe) through remyelination [19,23,45]. Using
the anti-l GFAP) antibody, we numerous hypertrophic astrocytes
around the neuronal cells with increased density in the prefrontal
cortex. These astrocytes were characterized by numerous cytoplas-
mic  vacuoles and possibly, extensive presence of glial filaments
which is an indication of astrogliosis. However, rats treated with
kolaviron in addition to cuprizone, exhibited similar morphology
in the PFC with those of the Control and the kolaviron-treated ani-
mals. The ability of the PFC to withstand CPZ-induced damage is as
a result of the intervention using Kv, which has conferred substan-
tial cytoprotection on the prefrontal cortex of rats by preventing
astrogliosis.

5. Conclusion

Kolaviron significantly counteracted cuprizone-induced neuro-
toxicity by eliciting significant protective effect on the prefrontal
cortex, thereby sustaining the integrity of neuronal and non-
neuronal cells. This action was due to its intrinsic antioxidant and
anti-inflammatory abilities to combat oxidative and inflammatory
damage induced by CPZ and as such may  be a potential tool in
neurodegeneration therapy of demyelinating origin.
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