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Abstract

Purpose of Study This study was aimed at assessing the protective mechanisms of Kolaviron

on the cerebellum in a rat model of demyelination.

Methods: Twenty-eight male Wistar rats wengsed for the study. They wer@ndomly divided

into 4 groups and each group had 7.r@&oup A (control) received corn oil (0.5'ml/kg/day),

Group B received 0.2% cuprizofepz), Group C was treated wi00 mg/kg/day oKolaviron

(kv), while Group D received 0.2%uprizone (cpzand 200 mg/kg/daitolaviron (kv), for 6
weeks.Cuprizone powder was mixed with the regular diet while kv was dissolved in corn oil and
administered orallyBehaviaal test was conducteat the temination of the experiment.
Thereafterthe animals were sacrificeohd their brains were removed with excision of the
cerebellum. Part of theerebelli underwentssue processing with a series of 5 um thick sections cut

from paraffin blocks for histologi cal and immunohistochemicalssessment, while the remaining
cerebellatissues werbomogeizedfor.spectrophotometric assays of oxidative stress

parameters.

ResultsFindings revealedhinimal weight gainfollowing CPZ treatment, but significant weight
increase in kolaviroitreated rats. CPZ treatment was associated with reductrmrmber of line
crossedrearing frequencyearing durationcenter square entand center square duratjdsut
increaseirfreezing time whichwere reversedignificantlyin kolavirontreated animals.
Oxidative markers such as SOD and GPx were reduced iAr€@R&d rats with elevated MDA
level. However, these were reversed significantly bpdministration of CPZ with kolaviron.
At the tissue level, the cerebellar corteascharacterizetby poorly defined layersryptic
granules, chromatolytiandpyknotic Purkinje cells witlevidence ohypertrophic astrogliosis
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Conclusion:CPZ treatmensignificanty depressslocomotor and exploratory activities well
as increaseoxidative stress and cerebellar toxiciywever, kolaviron irgrvention
significantly enhancelsehavioral functionsameliorate€€PZ-inducedcerebellar degeneration
and considerably regulates oxidative stress markers in the cerebellum of rat model of

demyelinating diseases.

Keywords: demyelinatiig diseasgcerebellumcuprizone kolaviron, oxidative stress



1. Introduction

Demyelination is a condition that causes loss of myelin with relative preservation of axons. It
results from diseases that damage myelin sheaths or the fforetimg cells of the central

nervous system (CNS), oligodendrocytes. Loss of myglonsidereas the cause of many
diseases of the CNS (Love, 2006). Demyelination or focal white matter injury-can occur in any
location in the central nervous systefthfnad Satriotomg Fazal Nadeau& Doré, 2015). The

most common form of demyelination is seen in multiple sclerosis (M&)ugh thevolume of
white matter lesions in the cerebellum is small compared to othemopéine CNS, the lesions

are detrimental to health (Ahmadtlal., 2015). Recent insight into the function of the cerebellum
indicates that the cerebellunot only control movement but also plays rolenator learning,
cognitive behavior, sensation and adaptation, following injury due to changes in the strength of
the connections among its neurons (Houk-and Miller, 2001; Diedrichsen and Bastian, 2014). It
was reported that the defining clinical manifestation of MS is associated with cerebellar
demyelinationWeinshenker, Issa & Baskervi)l&996;Rot, Ledinek & Jazbe?008). Despite
these interesting findings, there is paucity of information regardingptihecular, cellular and
behaviaal characterization of the cerebellum in demyatiing diseases. Understandswgh
characterizatiomould helpidentify the underlyng mechanism involved in demyeliratiand
potential therapeutic targets

Due.to.the rise in the prevalence of some demyelinating diseases, various animalhaoeelel

been used to study afidd preventive measures or possiblre for these conditions. &h
cuprizone model, a toximduced demyelinatigrhas been frequently used, as it represents a

reversible demyelination and remyelination syst&ipg, Clarner, Dang, Copray & Beyer


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=26322013
https://www.ncbi.nlm.nih.gov/pubmed/?term=Satriotomo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26322013
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2009; Faiziet al, 2016).

Cuprizone [oxalic acid bis(cyclohexylidenehydrazide)] (CPZ), is a copper chelator that induces
demyelination in regions where white matter are located in the CNS of rodent €gaths

2014). Its underlying mechanism remains controversial; however stuave reported that

rodents fed with cuprizone diet had megamitochondria, elevated level of free radicals due to
(oxidative stress), an uncoupling of the oxidative phosphorylation process, oligodendrocyte
apoptosis, disturbance of neurotransmitter honasastsynaptic dysfunetion-and axonal
degeneration (Kipet al, 2009; Norkutest al, 2009; Hesset al,, 2010;Skripuletz, Gudi,
Hackstette & Stangel2011;Tandler and Hoppel, 1978/akabayashi, Asano, & Kuron&975.
Although cuprizone toxicity targe oligodendrocytes,.otheragroglia especially astrocytes

could possibly be affected.

Astrocytes are specialised glial cells which provide structural and functional support for neurons
(kovr ea andThByareiovalyed ig §ydaptggenesis, andeagulating the

communication between already formed synaptic connections{@utatti and Hallock 2013).
Astrocytes participate.in the control of brain homeostasis, and the intrinsic brain defense system

(Kettenmann and Verkhratskynaking them respahwhenever an insult to the brain occurs.

On the contrary, treatment and management of complex demyelinating diseases could possibly
be achieved through the use of the phytochemical constituents of certain plants with medicinal
values(Omotoso, Gbadamosghfolabi, Abdulwahab & Akinlolu, 2018)Kolaviron (Kv) is one

of such phytochemicals duettwe propertiesattributed to if{Olaleye and Farombi, 2006;

Farombi, Abarikwu, Adedara & Oyeyen2007).Kv is a biflavonoid complexsolated from the

seed ofGarcina kola(bitter kola). The plant is used as herbal remedy for treating several disease
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conditions due to its antiviral, antibacterial, antifungal and analgesic properties, amongst other
activities (Olaleye and Farombi, 2006; Farombal, 2007). Kdaviron inhibits excesge

production of nitric oxide (NO), expression of cell death regulatory protein and neuronal
cytoskeletal dysregulation (Olajid al, 2016).The main aim of the study was to assess the
cellular, molecular and behavioral changssogiated with cuprizone toxicity in the cerebellum

of Wistar ratsfollowing kolaviron intervention

2. Materials and Methods

Twenty eight male Wistar rats, 9 weeks old, were purchased from a private Animal Holding,
Tanke, llorin.The ratsverehoused in the Animatouseofithe Faculty of Basic Medical

Sciences, University of llorin and were allowedatizlimatize for 7 daybefore the onset of the
experiment. They were fed on iow and watead libitum Ethical approval was sought for

and obained from the College of Health Sciences Ethical Committee, University of llorin,
Nigeria. Animal handlingrad protocols were carried oatcordng to the prescribed guidelines

of the Ethical Committeearcinia kolaseeds were procured from a marketanih, Nigeria

and verified at the herbarium of BagaDepartment, Faculty of Lifecknces, University of

Il orin witth verificati on wasprobued from Bignakric® 01/ 121
(Germany) while ghosphate buffered solution (PBS; pH A@s freshly prepared. Superoxide
Dismutase (SOD), Glutathione Peroxidase (GPx) and Malondialdehyde (MDA) assay kits were
purchased from Abcam®, USA. Rats af@iial Fibrillary Acidic Protein(GFAP) were acquired

from Cell Signaling Technologies, Massachusetts, USA.

2.1 Isolation and identification of Kolaviron from Garcinia kola



The methods utilized in the isolation and identification of kolaviron were as earlier described by
Farombi, Shrotriya, & &rh (2009) and Olajidet al (2017). These involved drying Gfarcinia
kolaseeds at room temperature, pulverization, extracsomedl as thessessmerand

confirmationof the purity and identity of the extragolaviron)obtained from these processes

2.2 Animal Grouping and Treatment

The rats were randomly grouped into four ¢@ssedabeledasA-D (n = 7).GroupA received

0.5 ml of corn oil (COpnd served as the Control, while grdipeceivedd.2% CPZ diet (Praet

et al, 2015) group C receive@00 mg/kg v of Kv (Farombiet al, 2009;0motoso, Olajide,
Gbadamosi, Rasheed & Izugdt018), andgroupD receivedothKv (200 mg/kg bw) and CPZ
(0.2%)diet. Corn oil served as the vehicle in which Kv was dissolved for ease of oral
administration. Cuprizone diet was constituted.to 0.2% by mixing 0.2 g CPZ with 100 g standard

rat diet. Treatment lasted for 42 days.

2.3 Behavigal Study

The open field test was carried out to determine the locomotor activity and exploratory
behaviours ofats.Eachrat was placedtthe center of an opéfireld box (Yanet al, 2015) and
tested for 10 minthe rats in this location usually have freedom of movenidmg activites of
eachratwererecorded by a videoamerasituatedabove the area. Following the completion of
the exercise, the following data were obtained: number of line crossed (NLC), center squared
duration (CSD), center square entry5g), freezing duration (FD), rearing frequency (RF) and

rearing duration (RD).

2.4 Tissue Preparation



Sequel tdast administration and behavad study,theratsmeant for histological and
immunohistochemical evaluatiovereanesthesizedsing20 mg/kgbw ketamine intra

peritoneally and swgequently perfuselanscardidy with 0.4 M phosphate buffefPBS

followed by4% paraformaldehyde (PFA). The brain tisswere theeafterexcised, rinsed in

0.25 M sucroseolutionthricefor 5 min each and then peBked in 4% PFA for 24 durs The
cerebell were excised anprocessed routinely to obtain paraffin wambedded block3 he

tissues were stained usikig@ematoxylin and Eosin and Cresyl fast vipsetdescribed by

Fischer, Jacobson and R¢26805) and Bancroft and Stevens (1982) respectiVélg.rats used

for enzyme studies were sacrificed by cervical dislocation, Their‘brains were immediately
removed and rinsed in 0.25 M sucrose solution thrice-for 5 min each and thereafter placed in

30% sucrose at 4°C.

2.5 Immunohistochemistry

Serial sections of the cerebellummeéaken from paraffin blockand processed as earlier

described by Olajidet al (2017).Immundistochemistryvas carried out according to the

method described by Goldstein and Watkins (2008)le the tissues were stained with agital
fibrillary acidic protein (GFAP) antibody (as primary antibody) and thereafter treated with
biotinylated secondary antibody (goat anatibbit)in order to detedhe GFAP-positive cells
(astrocytes)n'the ceebellum The mounted slides were viewaith the aid ofan Olympus

binocular research microscope (Olympus, New Jersey, USA) connected to an Amscope Camera

(5.0 MP).

2.6 Preparation of Tissue Sample for Biochemical Analyses



Cerebellar tissethomogenate wagmepared with cold 0.25 M sucroselutionusing an

automated homogenizer at 4°C. The tissue homogenate was centrifuged for 10 min in a
microcentrifugewith a centrifugal force of 16099 xghesupernataistobtained were thereafter

aspirated into plaibottles and analysed for the activities of superoxide dismutase (SOD),

glutathione peroxidase (GPx) and malondialdehyde (MV®&)c or di ng to.t he manu

instruction in theébiochemical kits

2.7 Data Analysis

All quantitative data were analyzed using the GraphPad Prism.®software (versiimeGjata
obtainedwerepresented as mean and standard error of mean, A W@V A wi t h Tukeyds
multiple comparisons tes$tatisticalsignificance was also determineuth p values less than

0.05 considered to be significant.

3. Results

3.1 Physical Observation and Weight Change

During the course-of this'study, the feeding pattern amongeated with cuprizoneeduced

during the first two weeks of treatment, howeveirtfeeding pattern gradually returned to
normal. Also those given Kolaviron experienced an increase in eaten habit but after the fourth
week of administration their feeding habit dropped slightly. The animals treated with both
cuprizone and Kolaviroshowel increase feeding pattern during the early stage of
administration however there was observable gradual decline in their feeding patierals
treated with CPZhowed no appreciable weight gain (Fi§.and B). The group treated with Kv
and those thaeceived Kv and CPZ concomitantly showed a significant weight gain when
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compared with the group that was treated with CPZ only. However, when compared with the

control group, there was a reduction in weight (E&y.and B).
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3.2 Kolaviron Prevented Cuprizoneinduced Locomotor and Exploratory Deficits

The outcomes of the open field test performed suggested that demyelinating and degenerative
changes seem iCPZ caused a decrease in locomotor and exploratory actipki€sq01).
Kolaviron treatment was found to be protective against cuprizah&eed behavioural deficits,

which recorded a change in locomotor and exploratory activities edrapared toth€PZ

group (Fig 2.

Figure 2: Behavioral tests for locomotion and exploratory activities
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3.3Inhibition of cerebellar oxidative toxicity and enhancement of antioxidant defense

system byKolaviron

Theactivities of endogenous oxidatieazymes were assessed to show their involvement in
cuprizoneinduceddemyelinaton and to understand the mechanistic inhibitory roles of Kv.
Results from spectrophotometric assay of SOD profile from cerebellar homogenates showed a
normal SOD level in the cerebellum of rats in the control and Kv groups with significant increase
seen ingroup C. The SOD level significantly reduced in rats intoxicated. with CPZ when
compared with other groups. However, rats that received both CPZ 'and Kv concomitantly
showed a significant increase in SOD level when compared with the group that received CPZ
only (Fig. 3A). The GPx level of cerebellar lysates was exam{iégl 3B) and findings

revealed thathe controland kolavirortreatedratshad elevate@Px levels compad to rats

treated with CPAnda combination of CPZ-and. K¥urthermore, animals eeated with CPZ

and Kv recorded higher GPx level compad with the CPAreated ratsMDA level was also
assessed to determitie degree dipid peroxidation in cerebellar lysates across groups. The
resuls (Fig. 3C) showed that Katreated rats had decreased expression of MDA in the cerebellar
homogenate, while CR#eated had increased MDA level when compare to the other groups.
Theratstreated concomitantly with Kv @nCPZ showed a significant dovagulation of MDA

expression. when compared to the group that was treated with CPZ only.
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Figure 3: Assessment of biochemical oxidative markers (superoxide dismutase, SOD;

glutathione peroxidase, GPx and malondialdehyde, MDA)
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3.4 Kolaviron prevents demyelination,.@doplasmicreticulum stress and gtoarchitectural

degenerationinduced bycuprizone. intoxication

Histochemistry of the cerebellum was demonstrated using HaEmatoxylin and Eosirgnd
CFV (cresyl fast violetstaining methods. Figuseshowed panoramic view and high power
magnification.ofthe microarchitecturef cerebellaicortices with distinct cell types and cell
layers Both-the Control an#v-treated rathiadwell arranged cerebellar layers withvious
somaand dendrites that pegt deep into the molecular layers, having alilea shape nucleus
with well-stained whitematter regions. Also the granuleell layers in the groups ogoriseof
well-arranged small granule celMeuronal morphology of rats intoxicated with CPZ showed

fragmented cerebellar layers with cryptic granules, degenerating Purkinje cells with pyknotic cell
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bodies and short dendritic processes. However, rats treated with both CPZ and Kv showed

cerebellar layers and neuronal morphology that are similar to tkiaé abntrol groups.

Figure 4: Histological demonstration of the cerebellar cortex of rats

HAEMATOXYLIN & EOSIN

Figure 4. Haematoxylin and Eosin (Magnification x40 and x4@Jympus binocular research

microscope (Olympus, New. Jersey, USA)
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Figure 5: Histochemicaldemonstration of the cerebellar cortex and Immunohistochemical

expression of astrocytes
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Figure 5 A- Cresyl fast violet ((Magnification x40 and x40®); GFAP= glial fibrillary acidic
protein immunaistochemicaktaining with antGFAP primary antibodyMagnificationx400).

Olympus binocular-research microscope (Olympus, New Jersey, USA)
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3.5 Kolaviron Prevents Cuprizonelnduced Cerebellar Astrogliosis

GFAP immunohistochemistry method was used in this study to demonstrate astrocytic
morphology and disibution in the cerebellar cortex of Wistar rats. GFAP immunopositive cells
within the cerebellar cortex @ontrol and Kvtreated ratappearedaantyaround neurons and

in between layers, with regular processes, distribution and sizes within the nedovgver,
increased astrocytic densities with reactive astroglia within granule cell layer-and hypertrophic
cells appeared within the cerebellar layers in CPZ treatedltegsexpression of astgtes

within the cerebellar cortex of rats treated withahd CPZ had close,similarities with the

Control and those treated with Kv onBystrocytic processes, cellular distribution and size were

normal inControl and Kvtreated rats

4. Discussion

The maintenance of body weight is dependent on normal efievggnd energy disruption is
associated with the mechanism involved in cupriziodeced toxicity Gudi, Gingele

Skripuletz& Stangel2014).Eating and dietareimportantfactors to considan contrdling

body weight (Drapeaat al, 2004). Reduced feeding habit during the first 2 weeks of CPZ
consumption and gradual improvement in feeding habit after CPZ diet withdrawal have been
reported Sachset al, 2014; Praegt al, 2015; Steelmaat al, 2015. Therefore, it is suggestive
that the observed body weight reduction in this study was céysediuced feeding pattern and

disruption of energy normal flow. Kv treatment significarmghgevented CPAssociated weight
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loss, probably by itability to prevent normal energy disruption owing to its ability to mop up
excess free radical that might le reason for the disruption.

As a correlative test for cellular and neuropathological changes in the cerebellar cortex in this
study, exploratory activities of rats weassessed using tbheen field tes{Gouldet al, 2010).

Our results showed a sigizi&nt reduction in exploratory activities @PZtreatedrats;

corroborating a previous study by Fagtial (2016). However, kolaviron significantly

courtered these effect¥herefore, iis deducedhat locomotor and expladi@ry activities are
dependenon intact integrity of myelin sheath. Report of increase in exploratory activities of rat
following Kolaviron treatment after NaNnducedneurodegeneration has been documented
(Olajideet al, 2016).

Decrease in SORnd GPXevels, as observed. in tleeirrent studyhas been implicated in the
mechanism through which cuprizone induces demyelinaBan¢otti, Kumar & de Vellis,
2008;Withericket al, 2010; Praegt al,2014). Faizet al (2016) reported a decrease in SOD
level following administrabn of CPZ due to theeducedevel of Cu™ that was needed for

proper functioning of SOD.Kv. treatment improvibgsea nt i o x i dsaithinthe | ev el
cerebellar cortex of rat&OQDcatalyzes the dismutatiaf superoxide (@) radical (Sun and
Trumpower, 2003; Hayyaet al, 2016); ifupregulagdby Kv, it couldprevent the cytotoxic

effects of Q" moleculesthereby preventing oxidative related damage. Glutathione peroxidase
(GPx)is'an enzyme capable of detoxifynegctiveoxygen specieROS and neucleophilic
compounds that va the ability to initiate lipid hydroperoxidases to their corresponding alcohols
and water respectively (Mullet al, 2007).Lipid peroxidation and oxidative strefgslowing

CPZ treatment has been previously documerXearet al, 2015) However, treatment of rats
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with Kv showed a significant reduction in MDA level, suggesting that Kv was able to inhibit
lipid peroxidation due to its antioxidant properties.

CPZinduced cerebellar injury showed various degrees of structural damage to the cellular
components and the normal architectural pattern of the cerebellum.altezagonan cellular
morphology otthe cerebellum following CPZ treatmeadversely affectsignal processingnd
the functionality of thesynapticcomplexandtheseare common features in patients‘with
demyelinating diseases (Kutzelnigpal, 2007; Roet al., 2008)

Furthermore, CPZ intoxication causes the formation of megamitochondria antivexedeess
leading to energy flow disruption and shortage (Tandler and Hoppel, 1973). The energy flow
disruption and depletion causes alteratiothe proper functioning of the endoplasmic
reticulum which is important in neuronplotan synthesis. This often causeslular
degeneration and disintegration of oligodendrocytes perikaryon and myelin sheatlet(Braet
2014). Theneurdoxic natureof CPZ mayexplain themechanisméy which it induces cellular
degeneration and white mattdemyelination. Interestingly, ragézen kolaviron concomitantly
showed cerebellar morphologlyat wassimilar to the ControlThe ability of Kv to restore the
chromatogenic nature of.the Nissl substance following-@Bidced @amageamight be due to its
ability to prevent ER.stress and inhibit the pathways that leads to failure of protein production
owing to its ‘antioxidative property and ROS scavenging ability.

Studies have shown an increase in astrocytic activity following one week CPZ intoxication
(Zattaet al, 2005). Activation of astrocytemuldresult in extensive astrogliosihich may
persist throughhe periodof remyelination (Zaaraouwt al, 2008; Gudet al, 2009).In the

current workchanges observeah the cerebellurwere characteristiof reactive astrogliosis,
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which were however absent imet cerebellar cortex of raieated with kolaviron, suggesting a
cytoprotective role for kolaviron.

In conclusion Kolaviron exhibited neuroprotection against behavioural deficit, oxidative stress,
astrogliosis, demyelination and cortical neuronal damage induced by cuprizone in.adult male
Wistar rats. These findings provide a lead on potentials of kolaviron as a neuroproetective agent

against demyelinating diseases
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Legends
Figure 1: Body weight changes across treated groups: A= control, B = cuprizone, C = Kolaviron
and D = cuprizone plus Kolaviron. Figure 1A showed the initial and final weights, with all the
groups having increasexdkeight difference, though the CRjZoup had very minimal weight
difference. In Figure 1B, the control group (A) had the highest weight gain, while the. CPZ
treated group (B) had the least weight gain with statistically significant difference compared to
thecontrol (p<0.001). Weight gain in Kiveated group (C) was also high with statistically
significant difference compared with the control (p<0.01); the difference between -theatad
group and CPZreated group was statistically significant (p<0.0019ight gain in CPZ+Kv
group (D) was significantly higher than the GB@ly group.(B) (p<0.05), but lower than the
control group (A) (p<0.001) and Kiveated group (C) (p<0.01). Key: * = p <0.05, ** = p <0.01

and *** = p<0.001).

Figure 2 (AF)

Figure 2: Laomotor and exploratory activities of rats across the groups. A= control, B =
cuprizone, C = Kolaviron and D = cuprizone and Kolaviron. In comparison with CPZ and
CPZ+Kv treatment groups, animals given kolaviron treatrhadincrease in number of line
crossed(A)(p<0.001; p<0.01 respectively), rearing freque(i)y(p<0.001: Kv versus CPZ
groups), rearing duratiof€) (p<0.001; p<0.05 respectively), center square €iifjyp<0.01:

Kv versus CPZ groups))and center square durafi®)np<0.001: Kv versu€PZ groups).but
there was a decrease in freezing t{fRewhen compared with the groups treated with cuprizone

and Kv only (p<0.001; (p<0.05 respectively). Animals simultaneously treated with CPZ and
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kolaviron had generally significantly improved numbéfine crossedA) (p<0.05), rearing
frequency(B) (p<0.05), rearing duratiofC) (p<0.01), center square en{y) (p<0.05) and

center square duratidi) (p<0.01) compared with the CPZ groups.

Figure 3A showed statistically significant decrease pesoxide dismutase (SOD)-activity in
CPZtreated group B compared with the control (p<0.001}i€ated group.C (p<0.001) and
CPZ+Kv treated group D (p<0.05); Kweated group had the highest. SOD level with statistically
significant difference compared thithe control (p<0.01) and CR#eated group B (p<0.001);
while CPZ+KYv treated group D had a significant increase compared tdar€&&d group B
(p<0.05), and a significant decrease compared to.the control (p<0.01) d@rehted groups

(p<0.001).

Figure3B showed the activity of glutathione peroxidase (GPx) across the groups. GPx activity
was least in CPZreated group compared to the control (p<0.001)}tr€ated groups (p<0.001)
and CPZ+Kv treated group D, (p<0.05).-€eatment of CPZ + Kv led to sidiuant increase in
GPx level when compared with CPZ group (p<0.05), though not reaching the enzyme level in

Kv group (p<0:001):

In Figure 3C, the level of malondialdehyde (MDA) was significantly elevated in CPZ group
compared with control (p<0.001) and Kwup (p<0.001), whereas simultaneous administration

of cuprizone and kolaviron led to increased MDA level compared to the control (p<0.05) and Kv
group (p<0.001) which had the least MDA level. However, CPZ+Kv group had a lower level of

MDA compared withthe CPZtreated group, though not statistically significant.
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Figure 4: Representative photomicrographs of tistology of the cerebellar cortices of rats.
Thedifferent cortical layers were demonstrateailecular cell layer (M), Purkinje cell layer (P),
granule cell layer (G) and the medullary layer of white matter {W§. structure of the
cerebellar cortices of the Control and-Keated rats appeared relativetyrmal. CPZreatment
resulted in fragmeed granule cell layers and neuropils, cryptic granule,aelisch were

loosely arrangeddegeneration dPurkinje cells angresence o$hort dendrigs. Neuronal
morphology and cerebellar layersriats cetreated with Kv and CPZppeared normal with the

presence oheurons with normaoma, axons andendrites (H & E x40 and x400)

Figure 5 (A and B): Representative photomicrographs showing the Nissl pr@fjlend
immunohistochemical demonstration of asytes (B)using CFV and arglial fibrillary acidic
protein GFAP) respectively Fig. 5Ashowed both panoramic view and high power
magnification of the cerebellar cortex stained with CFV across groups. Rats treated with either
CO (A) or Kv (C) showed well stained intensity and cellular densityimghanular layer and
white matter layer with deeply stained and well expressed Purkinje cells (yellow dotted circles)
and granule cells,(yellow arrows). Rats fed with CPZ (B) presented poorly stained intensity and
cellular density within the granular layeith chromatolytic Purkinje cells (red dotted circles)
and granule cells (red arrows). However, rats treated with®BZ and Kwshowed
improvement in the staining intensity and cellular density, also the deeply stained and well
expressed Purkinje cells (yellow dotted circles) and granule cells (yellow arrows). GFAP
immunopositive cellgFig. 5B) (black arrows) appearedantyaround neuronsn the Control

and Kwtreated groups, with relatively normal architect@®Ztreated rats showed evidence of
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increased astrocytic densities with reactive astroglia witteigranule cell layer and
hypertrophic cellsMeanwhile, theatsco-treated withCPZand Kvhad close similarities with

thoseof the Control and Kiatreated groupgMagnification CFV= x40 and x400; GFAP = x400)
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